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btoc below top of casing 
BTS Bioreactor Trench Sump 
CC Cow Creek Formation 

CSSA Camp Stanley Storage Activity 
DO Dissolved oxygen 

DOC Dissolved organic carbon 
ft Feet 

GAC Granular activated carbon 
gpm Gallons per minute 

HDPE High density polyethylene 
HOA Hand off automatic 
HSP Health and Safety Plan 

MPMW Multi port monitoring well 
MSL Mean sea level 
MW Monitoring well 
NTP Notice to proceed 
O&M Operation and Maintenance 
ORP Oxidation reduction potential 

Parsons Parsons Infrastructure and Technology 
psi Pounds per square inch 

PVC Polyvinyl chloride 
RCRA Resource Conservation and Recovery Act 

SWMU Solid Waste Management Unit 
TAC Texas Administrative Code 

TCEQ Texas Commission on Environmental Quality 
TOC Total organic carbon 

toc top of casing 
VOC Volatile organic compound 
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SECTION 1 
INTRODUCTION 

The purpose of this O&M Plan is to describe the procedures to be followed during 
normal operation of the system.  The Plan provides a detailed description of the injection 
system, including specifications of system components, data to be collected during 
normal system operation, system maintenance procedures, and general site maintenance 
to facilitate effective system operations.  The Plan furthermore provides CSSA with a set 
of procedures for monitoring the equipment used for operating the SWMU B-3 bioreactor 
as well as monitoring the effectiveness of the bioreactor at reducing the concentrations of 
VOCs in the aquifer underlying SWMU B-3. 

This Operations and Maintenance (O&M) Plan documents the necessary activities to 
be performed during operation and maintenance of the Solid Waste Management 
(SWMU) B-3 bioreactor and injection system installed at Camp Stanley Storage Activity 
(CSSA) in Boerne, Texas.  

Section 2 provides a description of the pilot study remedial (bioreactor) system to be 
operated at the Site, including detailed description of the system components.  Section 3 
describes the system operation and monitoring requirements, Section 4 presents the 
system maintenance activities to be performed, and Section 5 discusses reporting 
requirements.  The Texas Commission on Environmental Quality (TCEQ) Authorization 
Letter(s) for the underground injection of CS-MW16 groundwater is included in 
Appendix A.  Product manuals and literature of system components are included in 
Appendix B through I.  Field data forms to be used during O&M activities are included in 
Appendix J.   

1.1 HEALTH AND SAFETY 
CSSA and Parsons Infrastructure and Technology (Parsons) are committed to 

performing the O&M activities at the B-3 site in a safe manner.  A Health and Safety 
Plan (HSP) has been prepared that addresses worker safety during performance of the 
O&M activities at the site.  The HSP identifies potential safety hazards associated with 
the O&M work activities and describes safety procedures that must be implemented to 
ensure that the work can be completed without incident.  A copy of the HSP is 
maintained at CSSA.   

All personnel performing O&M activities at the site must read the HSP to become 
familiar with the potential work hazards and the safety procedures to be followed.  After 
familiarizing themselves with the HSP, all employees must sign the HSP 
Acknowledgement Form maintained at CSSA.  The procedures presented in the HSP 
must be followed by Parsons Employees and subcontractors at all times while on CSSA.  
The HSP will be updated as needed to address new site work hazards or incorporate work 
tasks as they are identified.   
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1.2 SITE DESCRIPTION 
CSSA is located in northwestern Bexar County about 19 miles northwest of San 

Antonio, Texas.  The installation consists of 4,004 acres immediately east of State 
Highway 3351 and approximately one-half mile from Interstate Highway 10.  Additional 
background information regarding CSSA is located in CSSA’s Environmental 
Encyclopedia (Volume 1-1, Background Information Report). 

SWMU B-3 was a landfill area thought to have been used primarily for garbage 
disposal and trash burning from the 1950’s through the 1980s.  The trench areas were 
reportedly closed in 1990-1991.  In 1991, chlorinated hydrocarbons were detected in 
groundwater from Well CS-16, approximately 500 feet north-northwest of SWMU B-3.  
The VOC concentrations, which were above drinking water standards, prompted several 
investigations aimed at identifying possible source areas that could be contributing to the 
contamination.  SWMU B-3, along with nearby SWMU O-1 (oxidation pond), was 
identified as potential sources of groundwater contamination within the inner 
cantonment. 

As part of the Resource Conservation and Recovery Act (RCRA) Administrative 
Consent Order, a pilot study using a bioreactor was conceptualized, designed, and 
constructed at SWMU B-3.  The bioreactor is designed to remediate the affected 
groundwater and unsaturated zone underlying SWMU B-3.  The design included 
excavation, removal, and offsite disposal of affected soil, debris, and waste contained 
within six trenches.  The waste is believed to be a likely source of contaminants 
impacting the underlying fractured limestone (bedrock) and groundwater. 

Based on the general design of the bioreactor, a request for a Class V Aquifer 
Remediation Injection Well was submitted to the Industrial and Hazardous Waste Permits 
Section of the Waste Permits Division at the Texas Commission on Environmental 
Quality (TCEQ) in May 2006.  The permit application was approved July 20, 2006 and 
TCEQ Authorization Number 5X2600431; WWC 12002216; 
CN602728206/RN104431655 was assigned to the SWMU B-3 injection system.  An 
amendment to CSSA’s Class V Aquifer Remediation Injection permit was submitted 
November 26, 2006 to authorize the use of a sixth trench that was encountered during 
removal actions at SWMU B-3.  A copy of the Class V Aquifer Remediation Injection 
Well permit authorization letter and correspondence related to amendments are presented 
in Appendix A. 
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SECTION 2 
SYSTEM DESCRIPTION 

The general concept (see Figure 2.1) is to pump water approximately 400 feet from 
recovery wells CS-MW16-LGR and CS-MW16-CC to a 5,000-gallon storage tank.  
Level switches within the storage tank will be set to communicate directly with the two 
water delivery wells to maintain an available water supply in the water tank for the 
bioreactor.  A transfer pump is used to pump water from the storage tank to the network 
of pipes buried approximately 1.5 ft below a gravel surface which overlay’s the 
SWMU B-3 gravel/mulch filled trenches.  Water from the storage tank will be sprayed 
into the gravel/tree mulch mixture in each trench through downward-pointing discharge 
nozzles located at 10-foot centers along 1.5-inch flexible high density polyethylene 
(HDPE) pipe.  In order to prevent overfilling of the bioreactor, a level switch is included 
in monitoring sump 1-1 (Trench 1 - sump 1) to control the application of water from the 
transfer pump. This sump, 1-1 is located in the deepest portion of Trench 1, which is west 
and downslope of all the other trenches.  Additional transducers may be added to the 
other remaining trenches to provide simultaneous monitoring locations to assess 
subsurface flows within the bioreactor. 

Figure 2.1 General Components of the Bioreactor  
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Water will be pumped into each trench to create saturated conditions within a portion 
of the gravel/tree mulch mixture.  The capability of the bioreactor to reduce the 
concentrations of contaminants associated with CS-MW16-LGR and CS-MW16-CC as 
well as in the subsurface will be accessed through periodic sampling of groundwater 
monitoring wells located around SWMU B-3.  To further enhance anaerobic degradation, 
possible future plans may call for amending the groundwater from the CS-16 wells with 
an organic substrate that would be added to the bioreactor via an eductor located between 
the transfer pump and the piping network over the trenches. 

2.1 BIOREACTOR CONSTRUCTION 
The details associated the construction of the bioreactor are provided in “B-3 

Bioreactor Construction Report” (Parsons, February 2007).   

2.2 MAJOR EQUIPMENT 
Equipment was installed to provide, control and maintain a flow of water from the 

two CS-MW-16 wells.  The process diagram depicting the equipment and the controls 
regulating the flow of water through the system is shown in Figure 2.2. 

2.2.1 Recovery Well Pumps 
The existing submersible pumps on 2-inch pipe with electric cable were placed into 

CS-MW-16LGR and CS-MW-16CC wells in 2002.  These pumps will be used to supply 
recovered groundwater for injection into SWMU B-3.  A 1-inch diameter flex-pipe line 
was also installed to facilitate water level probe access along with QED low-flow pump 
(sampling) in CS-MW-16LGR and transducer in both CS-MW-16 wells.  Pump details, 
including operations and maintenance instructions and parts listing is provided in 
Appendix B. 

2.2.2 System Transfer Pump 
An end suction centrifugal pump manufactured by Price® Pump Co. was installed to 

pump water from the storage tank to the bioreactor based upon the water level detected in 
the bioreactor.  The pump is bolted to a site constructed concrete pad and is connected to 
the storage tank with a 2-inch suction hose and schedule 80 polyvinyl chloride (PVC) 
line.  A 1.5-inch line installed from the pump to the bag filter and then from the bag filter 
to the 3-inch header connects the pump to the distribution system.  Since portions of the 
line between the storage tank and the distribution line are above ground, precautions will 
be taken to prevent line damage during freezing weather conditions.  Additional 
information about the pump is provided in Appendix C.   
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2.2.3 Storage Tank 
A 5000-gallon former transport tanker was placed on the north side of the bioreactor 

and secured so that the tanker would not move.  The former transport tank will serve as 
temporary storage for ground water from the two CS-MW-16 wells and is set to supply 
water on demand to the bioreactor.  Monthly inspections will be conducted to monitor the 
condition of the tank and noted in the field logbook. 

2.2.4 Bag Filter System 
The sprayer openings are small, a 0.063-inch orifice for the 1.7 gallons per minute 

(gpm) spray nozzle and a 0.094-inch orifice for the 2.5 gpm spray nozzle; therefore, it is 
necessary to remove possible sediment from the water to reduce the potential for 
clogging of the spray heads.  As shown in Figure 2.2, bag filter equipment was installed 
downstream of the transfer pump in between the pump and the distribution system.  The 
bag filter equipment, manufactured by Krystil Klear Filtration® consists of a single 
chamber with a coarse mesh basket and a bag filter fitted inside the mesh basket.  The 
replacement of the bag filters should follow the schedule recommended by the 
manufacturer, or more frequently as determined by use in the field.  Additional 
information about the bag filter equipment is provided in Appendix D. 

2.2.5 Eductor for Incorporation of Additive  
An eductor system is designed to be located down stream of the bag filter equipment 

and will be used in the future if it is necessary to pump additional additive into the 
bioreactor.  A container of oil or similar microbial enhancement amendment can be 
placed near the eductor and an intake pipe will be placed in the container.  The additive 
will be drawn into the flow system via the eductor as water passes through the piping and 
will be subsequently distributed uniformly with the injected groundwater.  

2.3 TRENCH AND INJECTION PIPING LAYOUT 
The details associated with excavation trenches are provided in “B-3 Bioreactor 

Construction Report” (Parsons, February 2007).  There are six trenches within SWMU 
B-3 which are to be utilized for injection of recovered groundwater.  The injection piping 
from the transfer piping is constructed of 1.5-inch HDPE piping with pressure type 
fittings.  Injection nozzles are located in each trench and are brass spray nozzles with 
orifice openings of 0.063-inch for the 1.7 gpm spray nozzle, and a 0.094-inch orifice for 
the 2.5 gpm spray nozzle.  Nozzle specifications are provided in Appendix E. 

2.4 INSTRUMENTS AND CONTROL 
Two sets of controllers were installed to monitor and control the conveyance of 

water from the two CS-16 wells to the bioreactor.  The first set of controllers maintains 
the flow of water between the storage tank and the two wells, CS-MW16-LGR and CS-
MW16-CC.  The storage tank is equipped with a high, medium, and low level switches 
set to communicate with each well, which is equipped with pressure transducers that are 
set to detect low water level (pump is turned off) and high water level (pump is restarted 
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after well has recovered).  The control equipment for these two wells is located in the 
GAC building and Hand or Manual, Off and Automatic (HOA) switches for each pump 
are located at the well heads.  The second set of controllers maintains the flow of water 
between the storage tank and the bioreactor.  The high, medium, and low level switches 
in the storage tank are set to also communicate with the transfer pump based on the water 
level detected in monitoring sump 1-1.  The control equipment for the transfer pump 
includes an HOA switch located near the transfer pump.  Product information for 
controllers and instruments are provided in Appendix F. 

2.4.1 Pressure Gauges and Flow Meters  
The monitoring and reporting of flow volumes discharged into the subsurface is 

required by TCEQ and must be reported in scheduled (monthly and/or quarterly) UIC 
authorization reports.  Instruments to monitor line pressures and volume of injection 
water are provided for the B-3 bioreactor System.  Pressure gauges are located at various 
locations between the storage tank and the main header as shown in the design drawings 
in “B-3 Bioreactor Construction Report” (Parsons, February 2007.).  In addition, flow 
meters are installed to provide injection volumes in each of the six trenches, as well as 
extraction volumes from the extraction wells. A K factor of 98.0 is used for flow meters 
installed on 1.5” lines, and a K factor of 25.4 is used for flow meters installed on 3” lines. 
The lines that lead to injection nozzles in each trench are equipped with FT415 
SeaMetrics flow meters to obtain discrete volumes injected into each trench.  Product 
information for the FT415 SeaMetrics flow meters are provided in Appendix G.   

2.4.2 Liquid Level Switches 
Multiple sets of water level indicators are required for the automation system to 

operate effectively.  One set is installed within the storage tank and is comprised of three 
Magnetrol, model C10, liquid level switches. These switches indicate high, medium, and 
low levels within the storage tank.  One model T20, Magnetrol liquid level switch is 
installed in sump 1-1, to communicate the water level within the trench to the control 
system which, in turn, controls the transfer pump.  Product information for the liquid 
level switches are provided in Appendix H. 
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SECTION 3 
SYSTEM OPERATION AND MONITORING 

3.1 SITE ACCESS 
Camp Stanley is an active military installation.  Security regulations mandate that the 

base be informed about any operation that are to take place inside the installation borders.  
Visitors and subcontractors need to contact the base 48 hours in advance with personal 
information to obtain entrance permit.  Entry to the base occurs through the main gate 
situated in the south-west corner of the base, on FM 3351. Access related issues are 
coordinated through the CSSA Environmental Office. 

3.2 NORMAL OPERATION PROCEDURES 
During normal operation, the system will be pumping groundwater from two wells, 

CS-MW16-LGR and CS-MW16-CC.  The extracted groundwater is pumped into the 
storage tank and subsequently through a bag filter to remove suspended solids that could 
cause fouling of the spray nozzles and ultimately into trenches filled with deciduous tree 
mulch/gravel mixture.  The following sections outline the steps in the operation of the 
bioreactor.  The intent of operating and controlling the groundwater recovery system 
(CS-MW16 wells) and the bioreactor transfer pumping system (5,000 gallon storage 
tank) is to maximize the throughput of water to the bioreactor. 

3.2.1 Pumping water from CS-16 to Storage Tank 
Submersible pumps in Wells CS-MW16-CC and CS-MW16-LGR are expected to 

pump water at a combined, sustainable flow rate of approximately 30 gpm to the 
5,000-gallon storage tank located approximately 400 feet through a buried 2-inch PVC 
line.  Note that the 30 gpm rate is an estimated average rate that may fluctuate depending 
on aquifer recharge resulting from rainfall events.  Each well is equipped with a pressure 
transducer that is set to signal deactivation of the pump if the water level gets too low 
during the drawdown phase and will also signal the pump when the water level is high 
enough for the pump to restart after the recovery phase of the well.  The different 
scenarios controlling the operation of the well pumps (water levels in recovery well and 
5,000 gallon storage tank) are identified in Table 3.1.   

In addition to the controller associated with the water level transducer for each of the 
CS-16 wells, there is a second controller connected to level switches located in the 5,000-
gallon storage tank.  The controllers for the transducers are located at the B-3 transfer 
tank control panel.  There is an HOA switch at each pump that should be kept in the 
automatic mode where both the well transducer and the storage tank level switches 
control the activation of the pump.   
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Table 3.1 Scenarios Dictating Activation of the  
Submersible Pumps at CS-16 

Water Level in Well 
Water Level in 5000-
gallon Storage Tank 

Activation of Both or One 
CS-16 Well Based on 

Water Levels in Well and 
Storage Tank 

1. During drawdown phase and 
above the low level turn-off 
depth. 

Below the high level turn-
off.  On 

2.  During drawdown phase and 
above the low level turn-off 
depth. At the high level turn-off. Off 

3. During recovery phase and 
above the low level turn-off 
depth, but also below the 
high level restart. 

Below the high level turn-
off.  Off 

4. During recovery phase and 
above the low level turnoff 
depth. At the high level turn-off. Off 

5. High level is attained (i.e., 
completion of recovery 
phase) 

Below the high level turn-
off.  On 

6. High level is attained (i.e., 
completion of recovery 
phase) At the high level turn-off. Off 
Note:  Controllers are switches that start or stop operations under certain conditions. 

Generally, the controllers associated with the recovery wells will allow recovery 
well pumps to operate when there is sufficient water in the wells and sufficient 
volume capacity in the 5,000 gallon storage tank. 

3.2.2 Pumping Water from Storage Tank to the Bioreactor 
Water will enter the northern end of the tank and the stored water will be pumped 

from the tank with an end-suction centrifugal transfer pump located between the storage 
tank and the bioreactor.  The operation of the transfer pump will be controlled by the 
water level indicated by a level switch in bioreactor trench sump 1-1 in Trench 1.  This 
sump is located in the deepest portion of the bioreactor and should provide a 
representative water level elevation of the saturated conditions across the base of the 
bioreactor in Trenches 1 through 5.  There is an HOA switch at the transfer pump that 
should be kept in the automatic mode where both the sump water level switch and the 
storage tank level switches control the activation of the transfer pump.  The different 
scenarios controlling the operation of the transfer pump are identified in Table 3.2. 
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Table 3.2 Scenarios Dictating Activation/Deactivation  
of the Transfer Pump 

Water Level in Bioreactor 
Sump 

Water Level in 5000-
Gallon Storage Tank 

Response of Transfer Pump 
Based on Signal from a 
Sump or a Tank Level 

Switch 
1. Below the high level turn- 

off switch and water level 
rising in Trench 1 with 
transfer pump operating. 

Above the low level turn-
off.  Continues operating 

2. Below the high level turn-
off switch and water level 
rising in Trench 1 with 
transfer pump operating. 

Water level reaches the low 
level turn-off. Turns off 

3. Below the high level turn-
off switch and water level 
dropping in Trench 1 with 
transfer pump off.  

Water level rising in tank 
and reaches the medium-
level turn-on (switch set 
just below the high level 
switch). Turns on 

4. Pump has been off and 
water level recedes below 
the sump level switch. 

Water level at high-level 
switch. Turns on 

5. Pump has been on and 
water rises to the sump 
level switch. 

Water level above low-
level turn-off switch. Turns off 

Generally, the controllers at the 5,000 gallon storage tank will operate the transfer 
pump when there is sufficient volume of water in the 5,000 gallon storage tank and 
sufficient volume capacity within trench 1.   

3.3 LOCKOUT/TAGOUT 
When the system is being shut down to perform any electrical or piping service it is 

necessary to follow the lockout/tagout procedure to prevent potential injuries, prevent 
exposure to contaminated materials, and reduce the potential for spillage of contaminated 
groundwater.  Maintenance and repair activities requiring lockout/tagout procedures 
include work on the submersible pumps, pressure transducers, storage tank, and bag filter 
system.  Each time a lockout/tagout becomes necessary, the authorized person shall log 
the activity to be performed, the name of the person carrying out the activity, the date, 
and the time in the Logout/Tagout Log form included in Appendix I; after completing the 
maintenance activity the authorized person shall proceed to file the filled out tag used 
during the activities in the Lockout/Tagout folder, to be preserved as a safety record. 

Phase I – Locking, Blocking or Releasing Energy: 

♦ The authorized person notifies all affected people on site that a 
lockout/tagout procedure is ready to begin. 
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♦ The authorized person will turn off the power to the system and lockout 
the power switch.   

♦ The authorized person releases or restrains all stored energy (i.e. venting 
residual pressure in the filter, or closing the valve upstream of the section 
of piping affected to isolate it before performing the necessary work) 

♦ All locks and tags are checked for defects. If any are found, the lock or tag 
is discarded and replaced. 

♦ The authorized person places a personalized lock or tag on the energy 
isolating device. 

♦ The authorized person tries to start the system to ensure that it has been 
isolated from its energy source. The system is then de-energized again 
after this test. If the work to be performed is of an electrical nature, it will 
be necessary to test the affected components with a volt-meter to ensure 
that they are not energized. 

♦ The system is now ready for service or maintenance. 

Phase II – Returning the System to Normal Operation: 
1. The authorized person checks the system to be certain no tools have been left 

behind. 
2. All safety guards are checked to be certain that they have been replaced properly, 

if applicable. 
3. All affected people on site are notified that the system is about to go back into 

normal operation. 
4. The authorized person performs a secondary check of the area to ensure that no 

one is exposed to danger. 
5. The authorized person removes the lock and/or tag from the energy isolating 

device and restores energy to the system. 

3.4 SYSTEM MONITORING 
Monitoring of the system operation will be performed to measure the effectiveness 

of the groundwater recovery and treatment processes and to assess performance and 
maintenance requirements for the system components.  Data to be collected for 
compliance with UIC requirements of the groundwater recovery and bioreactor 
operations include:  

• water elevation measurements; 
• contaminant concentrations which include: 

 Volatile Organic Compounds (VOCs), 
 Total Dissolve Solids (TDS),  
 and pH;   

• injection volumes; and 
• system pressure readings. 
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Performance monitoring measurements include: 

• Dissolved Organic Carbon (DOC), 
• Methane, Ethane, Ethene, 
• Dissolved Hydrogen, 
• Temp, Specific Conductivity, 
• Oxidation Reduction Potential (ORP), 
• Dissolved Oxygen (DO), 
• Dehalococcides populations, including vcrA reductase, TCE reductase, 

BAV1, 
• Total Organic Carbon (TOC), 
• Carbon Dioxide, 
• Alkalinity, 
• Nitrogen, Nitrate + Nitrite, 
• Additional ions including Sulfate, Chloride, Ferrous Iron, Manganese, 
• Soil gas monitoring for PCE, TCE, breakdown products, and 
• rainfall totals. 

The methods for collecting the data listed above and the end use of the data are 
described in the following sections. 

Periodic monitoring and sampling will also be implemented to assess the 
effectiveness of the bioreactor to:  

1)  treat the contaminants in the groundwater being pumped to the trench, and  

2)  treat the contaminants present in the materials surrounding and underlying the 
excavation trenches. 

3.4.1 Monitoring of Treatment within the Bioreactor 
To evaluate the contaminant concentrations of the water pumped from the CS-MW-

16 wells to the bioreactor, a water sample will be collected from a sampling port located 
prior to the injection nozzles.  In addition, water samples will be collected from the 
bioreactor sumps periodically in accordance with this O&M plan’s monitoring schedule. 
Water levels and water quality measurements will be recorded weekly for all the 
bioreactor sumps at least the first six months of operation and periodically thereafter.  
Transducers may be installed in at least one sump per trench to measure simultaneous 
fluctuating water levels in the bioreactor, A summary of the monitoring (both 
performance and regulatory monitoring) and sample collection schedule is presented in 
Table 3.3.  Additional details such as proper sample collection methods are provided in 
the CSSA Sampling and Analysis Plan and associated amendments (Parsons, December 
2005) which include additional details associated with the test methods such as container 
type(s) and preservative(s).  

3.4.2 Monitoring the Treatment of Zones Underlying the Bioreactor 
Four Multi-Port Monitoring Wells (MPMW) or Westbay® wells were installed 

around B-3 to monitor the groundwater percolating through the formation underlying B-
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3.  Through use of the multi-port system in each well, a representative sample can be 
collected from six to nine, discrete monitored zones that are each sealed at the top and 
bottom with permanent well packers to evaluate possible migration patterns of treated 
groundwater from the bioreactor to the underlying aquifer.  Locations of the four MPMW 
wells are shown in Figure 3.1.  A summary of the discrete intervals and the sample port 
depths relative to the top of casing (TOC) is provided in Table 3.4.  The cross section in 
Figure 3.2 depicts the location of each sample port relative to elevation and within the 
rock formation.   Water levels or elevation head can be recorded in each zone by 
lowering a device that can access each port one at a time.  Through the following formula 
the pressure reading can be converted to a water level elevation: 

 

Water Level 
4335.0

)( APD −−
=  Where D = depth of sample port below reference point 

 P = pressure of zone 

 A = Atm pressure at well head 

 

A summary of the monitoring and samples to be collected is presented in Table 3.6.  
Appendix I provides a copy of the Westbay® monitoring well operations and repair 
manual. 

3.4.3 Monitoring of Surrounding Monitor Wells 
In addition to monitoring water levels and collecting samples from the MPMWs, 

samples will also be collected from four monitoring wells and all intervals of the four 
MPMWs that surround the site on a quarterly basis.  The locations of these four wells and 
the MPMW’s are shown in Figure 3.3.  Figure 3.4 shows the topographical survey and 
the trench sump locations for the bioreactor.  The list of these monitoring wells is 
identified in Table 3.5. 
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Table 3.3 
Class V Aquifer Remediation Injection Well Permit #5X2600431 

Sampling and Monitoring Schedule for the B3 Bioreactor Pilot Study  
CSSA – Boerne, Texas  

 Sampling or Monitoring Location Parameter(s) Sampling Frequency Reporting 
Frequency 

Flow meters (6) for each trench on downstream side of 
the header and one flow meter on the upstream side of 
the header 

Injection volume  Twice per month (record)  Monthly  

Pressure gages (4) on both sides of the transfer pump, 
at the bag filter and on the header 

Pressure on  the transfer pump  Twice per month (record) 
Monthly 

Sampling port (1) on the upstream side of the 
distribution header  

- pH (field) and TDS (lab) 
- VOCs (b) 

Twice per month  
Monthly  

Trench sumps (5) (b) - pH (field) and TDS (lab) 
- VOCs (b) 

Monthly  Quarterly  

C
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MPMWs (4) (b)  - TDS (lab) 
- VOCs (b) 

Quarterly Quarterly  

Flow meters (6) for each trench on downstream side of 
the header and one flow meter on the upstream side of 
the header 

Injection volume  Monthly (record) Semi-Annual 

Pressure gages (4) on both sides of the transfer pump, 
at the bag filter and on the header 

Pressure on  the transfer pump  Monthly (record)  
Semi-Annual 

Sampling port (1) on the upstream side of the 
distribution header  

- pH (field) and TDS (lab) 
- VOCs (a) 

Monthly 
Semi-Annual 

Trench sumps (5) (b) - pH (field) and TDS (lab) 
- VOCs (a) 

Quarterly Semi-Annual  

Pr
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MPMWs (4) (b)  - pH (field) and TDS (lab) 
- VOCs (a) 

Quarterly  Semi-Annual 

Notes: 

(a) Standard list of VOCs tested at CSSA 
(b) Bioreactor trench sumps (BTS) include: Trench 1 – 1-1, 1-2 and 1-3; Trench 2 – 2-1 and 2-2; Trench 3 – 3-1 and 3-2;  Trench 4 – 4-1; Trench 5 – 5-1 and 5-2;  

Trench 6 – 6-1 and 6-2.  Samples are collected from all trench sumps which includes the  injection of CS-MW16 groundwater. 
Multi-port monitoring wells (MPMW) include: CS-WB05 (9 sampling ports), CS-WB06 (6 sampling ports), CS-WB07 (6 sampling ports) and CS-WB08 (6 sampling ports).  
MPMW will be sampled quarterly and include only Zone LGR-03B for each MPMW.  
Surrounding monitor wells includes: CS-MW1-LGR,  CS-B3-MW01-LGR,  CS-D-LGR, CS-MW16-LGR and CS-MW16-CC. 
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Table 3.4 
List of Multi-Port Monitoring Wells 

(Top of Casing) (Ft. BTOC) Top of Interval Base of Interval Primary Secondary
LGR-01 32 - 109 1210.93 1133.93 99
LGR-02 114 - 192 1128.93 1050.93 182
LGR-03 197 - 272 1045.93 970.93 216 262

LGR-04A 277 - 286 965.93 956.93 277
LGR-04B 291 - 342 951.93 900.93 329

BS-01 347 - 390 895.93 852.93 362
CC-01 395 - 444 847.93 798.93 432
CC-02 449 - 482 793.93 760.93 460

UGR-01 12 - 30 1223.20 1205.20 20
LGR-01 35 - 103 1200.20 1132.20 93
LGR-02 108 - 184 1127.20 1051.20 174
LGR-03 189 - 270 1046.20 965.20 207 260
LGR-04 275 - 335.5 960.20 899.70 320
UGR-01 9 - 24 1226.13 1211.13 14
LGR-01 29 - 100 1206.13 1135.13 90
LGR-02 105 -185 1130.13 1050.13 175
LGR-03 190 - 267 1045.13 968.13 208 257
LGR-04 272 - 336.75 963.13 898.38 318
UGR-01 12 - 48 1241.26 1205.26 38
LGR-01 53 - 125 1200.26 1128.26 115
LGR-02 130 - 203 1123.26 1050.26 193
LGR-03 208 - 283 1045.26 970.26 228 273
LGR-04 288 - 357.5 965.26 895.76 341

Notes:
BTOC - Below Top of Casing
(a) Top of Casing (TOC) elevations surveyed by Baker and Associates located in San Antonio, Texas.
(b) For each well there is one zone where both the upper (primary) and lower (secondary) portions are monitored.

Elevation (a)
Well

CS-WB05

1235.13

1242.93

Sampling Port (b)
(Ft BTOC)Elevation (Ft MSL)Interval

Zone

CS-WB08 1253.26

CS-WB07

CS-WB06 1235.20
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Table 3.5 
List of Surrounding Monitoring Wells 

Well ID 
TOC Elev. 
(Ft MSL) 

Screen 
Interval Depth 

below TOC 
(Ft bgs) 

Pump 
Depth 

(Ft bgs) 

Pump 
Elevation 
(Ft MSL) 

Depth to 
LGR/BS 
Contact 
(Ft bgs) 

Planned 
Performance 
Monitoring 
Frequency 

CS-MW1-LGR 1220.73 288 – 313 300 920.73 319 
Baseline + 
Quarterly 

CS-MW2-LGR 1237.08 318 – 343 330 907.08 347 
Baseline + 
Quarterly 

CS-MW-D-LGR 1257.27 296 – 321 283 974.27  
Baseline + 
Quarterly 

CS-B3-MW01 1242.84 277 - 287 284 958.84  
Baseline + 
Quarterly 

bgs = below ground surface 
MSL = mean sea level 
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Table 3.6 
B-3 O&M Monitoring Schedule 

 

 
Recurrence 

Interval Activity 

Weekly Trench Sumps and MPMWs Water Level 
Measurements 

Monthly Trench 1 Sumps, Uppermost Interval of WB-
05, WB-07 Performance Sampling 
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m
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Quarterly Trench Sumps, MPMWs, and Surrounding 
Wells Performance Sampling 

Bi-Monthly Headers and Flow Meter Measurements 

Bi-Monthly Transfer Pump and Filter Pressure Readings 

Monthly Sampling Port Monitoring (pH, TDS, VOCs) 

Monthly Trench Sumps Sampling (ph, TDS, VOCs) 

R
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y 

R
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m
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t 

Monthly Uppermost Interval MPMWs Sampling (TDS, 
VOCs) 

   
Activities begin on Week 53 of Bioreactor operations 
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SECTION 4 
SYSTEM MAINTENANCE 

4.1 BIOREACTOR INSPECTION 
The bioreactor will be inspected weekly to determine if the components are 

operating properly.  Future plans call for the possible installation of equipment to monitor 
the equipment remotely.  Items to include in the inspection include the following:  

• Condition of all visible piping; 

• Condition of berms identifying any erosional features that may be indicative of 
surface drainage not being collected in the bioreactor;  

• Readings will be collected from pressure gages, flow meters and water levels in 
the bioreactor sumps weekly; 

• Conditions of the storage tank; 

• Replacement of bag filter, as necessary.  

A System Operation and Maintenance logbook will be maintained documenting all 
maintenance activities associated with bioreactor system operations, as well as, 
documenting monthly system inspections.   

4.2 MAINTENANCE 
To reduce the potential for unexpected equipment shutdown, a maintenance schedule 

will be incorporated based on the required maintenance specified by the equipment 
manufacturers.   

4.2.1 Filter Bag Replacement 
The filters in the bag filtration system must be replaced when they become plugged 

with particulates.  The filters will be replaced when the pressure drop across the filter 
increases and negatively impacts the capacity of the transfer pump due to high head loss 
within the treatment system.  To prevent the pressure drop across the filter from 
exceeding safe levels, the filters will be changed if the pressure drop is determined to be 
12 pounds per square inch (psi) or greater during a weekly site visit.  Spare filters will be 
stored in the GAC building at CSSA Outfall 002. The procedure for replacing the filter 
follows: 

1. Turn off the system and initiate lockout/tagout procedures in Subsection 3.2.3. 
2. Close the ball valve before and after the filter system to isolate the filter from 

further flow. 
3. Carefully bleed off residual pressure inside the filter vessel by slowly opening the 

vent on the top of the vessel.  Think Safety! 
4. Loosen the retaining lugs and remove the lid from the top of the vessel. 
5. Replace used filters with new ones and place used filters in 55-gal container. 
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6. Realign the vessel lid and tighten the retaining lugs. 
7. Open the ball valves before and after the filter system. 
8. Turn the recovery system back on. 
9. Check the filter vessel for leaks. 

Replacement of the bag filters will be documented on the System Operation and 
Maintenance Form (Appendix J) to reflect the replacement date of the filters, new filter 
sizes, and condition of the old filters. 

4.2.2 Recovery Pump Maintenance 
Pump maintenance will be performed to maintain optimum pump operation, 

maximize pump life, and to repair pump problems.  At a minimum, pump maintenance is 
scheduled to be performed annually, tentatively scheduled 12 months after initial start-up.   
During the annual pump maintenance events, each pump will be removed from its well, 
inspected for wear and damage, and any necessary/recommended repairs made to ensure 
optimal performance.  Pump maintenance may also be performed when determined 
necessary based on pump performance, such as diminishing groundwater yield.  
Additionally, any time a recovery well will be idled for periods greater than 1 month, the 
pump in that well will either be operated for at least two hours each month or removed 
from the well.  This is done to prevent accumulation of calcium or iron precipitation on 
the idle pump components which may foul the pump and/or shorten the pump life.   

During the annual pump maintenance, or more frequently should it become 
necessary, worn or malfunctioning components will be repaired or replaced.  Two spare 
groundwater pumps are stored in the treatment compound to minimize system down time 
during such maintenance events.  In the event that a pump malfunctions, it will be pulled 
for service and repaired, as necessary, and a spare pump will be installed in its place.  The 
faulty pump will become a spare after it is repaired. 

In the event that a pump must be removed from a well, the following procedures 
requiring a two-man crew will be followed: 

1. Turn off power and initiate lockout/tagout procedures per Subsection 3.3. 
2. Disconnect the pipe coupling in the discharge pipe within the well box. 
3. Loosen the bolts in the well seal on top of the recovery well so the discharge pipe 

easily moves through the opening in the seal. 
4. Lift the pump from the well by hand until the first flush-thread pipe connection is 

observed in the discharge pipe.  
5. One crew member will secure the discharge pipe below the pipe joint using a pipe 

wrench while the other crew member loosens and removes the top section of pipe. 
6. Care must be taken to secure and manage the electrical cables and steel support 

cables that attach to the pressure transducer and the pump.  These wires/cables 
should be secured to the discharge pipe by plastic cable ties which must be cut 
and removed to manage the wiring and cable.  CAUTION:  The transducer cable 
includes an internal vented tube.  Careful handling of this cable is necessary to 



B-3 Bioreactor  
Operation and Maintenance Manual  System Maintenance 

Draft CSSA Bioreactor O&M 2008 UpdateAL.doc 4-3 July 2008 

prevent pinching or kinking of the cable which may damage and obstruct the vent 
tube. 

7. Continue to remove sections of the pipe while managing the wires and cables, 
until the last section of pipe is brought to the surface.  Carefully lay the pump and 
pipe next to the well without allowing dirt to plug the pump head. 

8. Make necessary repairs to pump or transducer. 
9. Carefully reinsert the pump in the well. 
10. Reinstall the pump assembly in the well by reversing the removal instructions.  

New cable ties should be used to re-secure the transducer and pump lead wires to 
the discharge pipe as it reinserted into the well.  CAUTION:  Carefully insert the 
pump and piping assembly into the well without pinching or kinking the 
transducer cable which could block the internal vent tube.  

11. Turn the system back on. 

4.3 SPILL PREVENTION AND CONTAINMENT PLAN 
To reduce the potential for offsite drainage from the site, the following guidelines 

will be incorporated: 

1) Construction of a berm along the and western side of the site to help retain 
water in the bioreactor; 

2) Maintain a stand of vegetation along the west side of Trench 1 to reduce the 
potential for the development of erosional features along the west side of the 
site; and 

3) Precautions, such as storm water diversion berms, will be taken to prevent 
overfilling of the bioreactor with stormwater infiltration. 

4) Level controller located in trench 1 monitoring sump 1 which will cease 
injection of water upon reaching high level. 

4.4 SITE MAINTENANCE 
During each visit, the following activities will take place: 

• The site will be inspected to ensure no obstructions are present that could 
impact normal operation. 

• The area around the treatment area and bioreactor will be inspected.  Ensure 
that access to the compound is clear of tree branches and debris.   

• Buried water and electrical lines will be inspected to ensure that the lines are 
still properly covered, and that no apparent leaks are present. 

See the System Operation and Maintenance Form in Appendix J for a list of 
necessary activities to perform during each site visit. 
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SECTION 5 
REPORTING REQUIREMENTS 

Since the bioreactor design called for the discharge of affected water from both wells 
CS-MW16-LGR and CS-MW16-CC into the subsurface via a buried water distribution 
system, it was necessary to apply for a Class V Aquifer Remediation Injection Well 
Permit through the Industrial and Hazardous Waste Permits Section of the Waste Permits 
Division at the TCEQ.  The permit application was accepted on July 20, 2006 and the 
following TCEQ Authorization Number was assigned to the SWMU B-3 injection 
system:  No. 5X2600431; WWC 12002216; CN602728206/RN104431655.  A copy of 
the authorization letter is presented in Appendix A. 

As stated in the letter, there are four requirements that must be met as set by the 
Remediation Division and the UIC rules provided by 30 Texas Administrative Code 
(TAC) Chapter 331.   

Requirement 1. All injection wells are to be constructed to meet the standards 
provided in 30 TAC 331.132 and completed well logs or construction diagrams submitted 
to the UIC Permits Team, Industrial and Hazardous Waste Permits Section, at mail code 
MC-130 upon completion. Since a subsurface water distribution system instead of an 
injection well was proposed and accepted in the permit application, this requirement is 
not applicable to the B3 bioreactor. 

Requirement 2.  Operational and status changes shall be reported to and approved by 
the UIC Permits Team.  Any changes to the operation of the B3 bioreactor not presented 
in a monitoring report can be provided to the UIC Permits Team via a letter. 

Requirement 3. Closure (plugging) of injection wells, points and/or trenches shall 
comply with the standards provided in 30 TAC 331.133.  Closure reports including 
plugging reports and injection well monitoring data (injection volumes, pressures and 
results) shall be submitted to the UIC Permits Team, Industrial and Hazardous Waste 
Permits Section, at mail code MC-130 within 60 days of completion of injection or 
plugging activities.  If closure activities do proceed in the future for  SWMU B-3, then 
the most suitable option for closure of the trenches, and the recommended option will be 
presented to the UIC Permits Team.  The volume of water (cumulative) as well as the 
chemical data results will be presented in each monitoring report submitted to the UIC 
Permits Team.   Additional discussion on the chemical data monitoring is presented in 
Requirement 4. 

Requirement 4.  Injection volumes, pressures, and concentrations of contaminants 
(including pH and total dissolved solids) in the injected groundwater shall be sampled 
bimonthly at the point of re-injection (prior to fluids being released into the trenches) and 
submitted to the UIC Permits Team, Industrial and Hazardous Waste Permits Section, at 
mail code MC-130 on a monthly basis.  The concentration of contaminants in the trench 
bioreactor monitoring sumps and the surrounding monitoring wells shall be sampled 
monthly and submitted to the UIC Permits Team, Industrial and Hazardous Waste 
Permits Section, at mail code MC-130 on a quarterly basis.   The twice monthly and 
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monthly monitoring and sampling program is presented in Section 4.  The sampling and 
monitoring program will adhere to Requirement 4.    

Table 5.1 outlines the monitoring and reporting activities scheduled during months 
13 through 24 of the O&M period.   
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Table 5.1 
B-3 O&M Activities Outline Months 13 – 24 

Month Monday Tuesday Wednesday Thursday Friday Week Reporting

1 2 53 Month 11 Performance Report
5 6 7 8 9 54

12 13 14 15 16 55
19 20 21 22 23 56
26 27 28 29 30
2 3 4 5 6 58 Quarter 4 Performance Report
9 10 11 12 13 59

16 17 18 19 20 60
23 24 25 26 27 61
30

1 2 3 4
7 8 9 10 11 63

14 15 16 17 18 64
21 22 23 24 25 65
28 29 30 31

1
4 5 6 7 8 67

11 12 13 14 15 68
18 19 20 21 22 69
25 26 27 28 29 70
1 2 3 4 5 71
8 9 10 11 12 72 Quarter 5 Performance Report

15 16 17 18 19 73
22 23 24 25 26 74
29 30

1 2 3
6 7 8 9 10 76

13 14 15 16 17 77
20 21 22 23 24 78
27 28 29 30 31
3 4 5 6 7 80

10 11 12 13 14 81
17 18 19 20 21 82
24 25 26 27 28 83
1 2 3 4 5 84
8 9 10 11 12 85 Quarter 6 Performance Report

15 16 17 18 19 86
22 23 24 25 26 87
29 30 31

1 2
5 6 7 8 9 89

12 13 14 15 16 90
19 20 21 22 23 91
26 27 28 29 30

2 3 4 5 6 93
9 10 11 12 13 94

16 17 18 19 20 95
23 24 25 26 27
2 3 4 5 6 97
9 10 11 12 13 98 Quarter 7 Performance Report

16 17 18 19 20 99
23 24 25 26 27 100
30 31

1 2 3
6 7 8 9 10 102

13 14 15 16 17 103
20 21 22 23 24 104
27 28 29 30

1
4 5 6 7 8 106

11 12 13 14 15 107
18 19 20 21 22 108
25 26 27 28 29 109
1 2 3 4 5 110
8 9 10 11 12 111 Quarter 8 Performance Report

Monthly Sampling and UIC Sampling Semi-Annual UIC Report submittal
Quarterly Sampling Quarterly Performance Report

June           
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B3 UIC Semi-Annual Report

B3 UIC Semi-Annual Report
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May,          
2009          

Month 25

57

62

66

75

79

88

92

96

101

January,        
2009          

Month 21

February,       
2009          

Month 22

March,         
2009          

Month 23

April,          
2009          

Month 24

September,     
2008          

Month 17

October,       
2008          

Month 18

November,     
2008          

Month 19

December,      
2008          

Month 20

May,          
2008          

Month 13

June,          
2008          

Month 14

July,           
2008          

Month 15

August,        
2008          

Month 16
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ITT
Goulds Pumps
33GS, 40GS, 55GS, 60GS, 75GS, 80GS
REPAIR PARTS
60 Hz High Capacity 4" Submersible pumps

Goulds Pumps is a brand of ITT Residential and  
Commercial Water.

www.goulds.com

Engineered for life

Residential Water Systems
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	 	 	 	 	 	 Current	4-TEP	Models
	
Item	No.	 Description

	 HP	 33GS	 40GS	 55GS	 60GS	 75GS	 80GS
	 	 		 1	 6	 —	 —	 —	 —	 —
	 	 	 1½	 8	 5	 5	 4	 —	 —
	 	 	 2		 10	 6	 7	 5	 —	 —
	 	 Number	of	stages	 3	 14	 8	 9	 7	 7	 5
	 	 	 5	 22	①	 14	 15	①	 11	①	 11	 9
	 	 	 7½	 34	②	 21	①	 22	②	 17	①	 16	 14
	 	 	 10		 44	②	 —	 29	②	 —	 21	②	 —
	 1	-	4	 Discharge	head	assembly	 	 7K2841	 7K2841	 7K2841	 7K2841	 7K2841	 7K2841
	 2	 Check	valve	poppet	 	 7K1366	 7K1366	 7K1366	 7K1366	 7K1366	 7K1366
	 3	 Check	valve	seal	and	seat	assembly	 	 7K2123	 7K2123	 7K2123	 7K2123	 7K2123	 7K2123
	 4	 Check	valve	retaining	ring	 	 7K1364	 7K1364	 7K1364	 7K1364	 7K1364	 7K1364
	 5	 Adapter	ring	 	 7K1597	 7K1597	 7K1597	 7K1597	 7K1597	 7K1597
	 6	 Shaft	retaining	ring	 	 7K817	 7K817	 7K817	 7K817	 7K817	 7K817
	 7	 Upper	Shaft	sleeve	 	 7K1571	 7K1571	 7K1571	 7K1571	 7K1571	 7K1571
	 8	 Bearing	spider	(upper	&	some	int.)	①	 	 7K1593	 7K1593	 7K1593	 7K1593	 —	 —
	 9	 Bearing	①	②	 	 7K2756	 7K2756	 7K2756	 7K2756	 7K2756	 7K2756
	 10	 Upthrust	washer	 	 7K1575	 7K1575	 7K1575	 7K1575	 7K1575	 7K1575
	 11	 Diffuser	 	 7K1590	 7K1590	 7K1591	 7K1591	 7K1592	 7K1592
	 12	 Impeller	 	 7K1739	 7K1587	 7K1779	 7K1588	 7K1787	 7K1589
	 13	 Bowl	 	 7K1584	 7K1584	 7K1585	 7K1585	 7K1586	 7K1586
	 14	 Diffuser	shaft	sleeve	 	 —	 —	 7K1571	 7K1571	 7K1573	 7K1573
	 15	 Intermediate	shaft	sleeve	①	 	 7K1572	 7K1572	 7K1572	 7K1572	 —	 —
	 16	 Intermediate	bearing	spider	②	 	 7K2246	 —	 7K2246	 —	 7K2246	 —
	 17	 Lower	shaft	retaining	ring	②	 	 7K1629	 —	 7K1629	 —	 7K1629	 —
	 18	 Shim	 	 7K1574	 7K1574	 7K1574	 7K1574	 7K1574	 7K1574
	 19	 Stainless	steel	strainer	 	 7K1370	 7K1370	 7K1370	 7K1370	 7K1370	 7K1370
	 20	 Cable	guard	screws	 	 13K91	 13K91	 13K91	 13K91	 13K91	 13K91
	 21	 Motor	adapter	 	 7K1363	 7K1363	 7K1363	 7K1363	 7K1363	 7K1363
	 	 	 1	 7K2082	 —	 —	 —	 —	 —
	 	 	 1½	 7K2912	 7K2912	 7K2923	 7K2675	 —	 —
	 	 	 2	 7K2888	 7K2716	 7K2721	 7K2923	 —	 —
	 	 	 3	 7K2022	 7K2912	 7K2327	 7K2340	 7K2733	 7K1636
	 22	 Casings	 5	 7K2913	 7K2022	 7K2924	 7K2931	 7K2936	 7K2939
	 	 	 Upper	 7½	 7K2328	

7K2916
	 7K2332	

7K2932	 7K2937	 7K2940
	 	 	 Lower	 7½	 7K2983	 	 7K2335
	 	 	 Upper	 10	 7K2984	

—
	 7K2331	

—
	 7K2333	

—
	 	 	 Lower	 10	 7K2011	 	 7K2925	 	 7K2938	
	 	 	 1	 7K1605	 —	 —	 —	 —	 —
	 	 	 1½	 7K1606	 7K1610	 7K1662	 7K1661	 —	 —
	 	 	 2	 7K1768	 7K1605	 7K1663	 7K1662	 —	 —
	 	 	 3	 7K1631	 7K1606	 7K1784	 7K1663	 7K1631	 7K1648
	 23	 Shaft	and	coupling	assemblies	 5	 7K1769	 7K1631	 7K1785	 7K1664	 7K1689	 7K1649
	 	 	 Upper	 7½	 7K2269	

7K1611
	 7K2262	

7K1665	 7K1871	 7K1650
	 	 	 Lower	 7½	 7K2303	 	 7K2301
	 	 	 Upper	 10	 7K2275	

—
	 7K2276	

—
	 7K2277	

—
	 	 	 Lower	 10	 7K2311	 	 7K2310	 	 7K2309	
	 	 	 1	 7K2763	 —	 —	 —	 —	 —
	 	 	 1½	 7K1891	 7K2228	 7K2233	 7K2229	 —	 —
	 	 	 2	 7K1414	 7K2763	 7K2677	 7K2233	 —	 —
	 24	 Cable	guards	 3	 7K2906	 7K1891	 7K1923	 7K2677	 7K2777	 7K2900
	 	 	 5	 7K1635	 7K2906	 7K2851	 7K1423	 7K2762	 7K1927
	 	 	 7½	 7K1721	 7K2908	 7K2758	 7K2761	 7K2764	 7K2773
	 	 	 10	 7K2679	 —	 7K2759	 —	 7K2765	 —
①	 Indicates	model	with	one	intermediate	bearing	spider.
②	 Indicates	model	with	split	cases	and	shafts.
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13K114
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Features
n Powered for Continuous Operation: All rat-

ings are within the working limits of the motor 
as recommended by the motor manufacturer. 
Pump can be operated continuously without 
damage to the motor. 

n Field Serviceable: Units have left hand 
threads and are field serviceable with common 
tools and readily available repair parts.

n Sand Handling Design: Our face clearance, 
floating impeller stack has proven itself for 
over 40 years as a superior sand handling, 
durable pump design.

n FDA Compliant Non-Metallic Parts: Impellers, 
diffusers and bearing spiders are constructed 
of glass filled engineered composites. They are 
corrosion resistant and non-toxic.

n Discharge Head/Check Valve: Cast 303 stain-
less steel for strength and durability. Two cast-
in safety line loops for installer convenience. 
The built-in check valve is constructed of stain-
less steel and FDA compliant BUNA rubber for 
abrasion resistance and quiet operation.

n Motor Adapter: Cast 303 stainless steel for 
rigid, accurate alignment of pump and mo-
tor. Easy access to motor mounting nuts using 
standard open end wrench.  

n Stainless Steel Casing: Polished stainless steel 
is strong and corrosion resistant.

n Hex Shaft Design: Six sided shafts for positive 
impeller drive.

n Engineered Polymer Bearings: The propri-
etary, engineered polymer bearing material is 
strong and resistant to abrasion and wear. The 
upper bearing is mounted in a durable engi-
neered composite bearing spider for excellent 
abrasion resistance.

ITT
Goulds Pumps
33GS, 40GS, 55GS, 
60GS, 75GS, 80GS
60 Hz High Capacity  
4" Submersible Pumps

Goulds Pumps is a brand of ITT  
Residential and Commercial Water.

www.goulds.com

Engineered for life

Residential Water Systems

49287
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GOuLDs PuMPs
Residential Water Systems

SpecificationS

Horsepower Code
      15 = 11⁄ 2
      20 = 2
      30 = 3
      50 = 5
      75 = 71⁄ 2
    100 = 10

GPM at Best
Efficiency

33   GS   20  4   1     2   ( C )

GS Pump Series

Voltage
1 = 115 V
2 = 230 V
3 = 380 V
4 = 460 V
7 = 575 V

Phase
1 = 1 Phase 3 Wire
2 = 1 Phase 2 Wire
3 = 3 Phase 3 Wire

4 = 4" Motor

Blank = w/ F.E. Motor
C = CentriPro Motor

33, 40, 55, 60, 75, 80

® Canadian Standards Association

ul®

Underwriters Laboratories

“GS” SerieS MaterialS of conStruction

  Flow  Horse- Best 
Discharge

 Minimum 
 Model Range power Efficiency  Well Rotation①

  GPM Range GPM Connection Size
 33GS 10 – 50 1 – 10 33 2” 4” CCW
 40GS 20 – 65 1½ – 7½ 40 2” 4” CCW
 55GS 20 – 80 1½ – 10 55 2” 4” CCW
 60GS 40 – 80 1½ – 7½ 60 2” 4” CCW
 75GS 40 – 100 3 – 10 75 2” 4” CCW
 80GS 50 – 120 3 – 7½ 80 2” 4” CCW
① Rotation is counterclockwise when observed from pump discharge end.

 Part Name   Material
 Discharge Head AISI 303 SS
 Check Valve Poppet AISI 304 SS
 Check Valve Seal BUNA, FDA compliant
 Check Valve Seat AISI 304 SS
 Check Valve Retaining Ring AISI 302 SS
 Bearing Spider – Upper Glass Filled Engineered Composite
 Bearing Proprietary Engineered Polymer
 Klipring AISI 301 SS
 Diffuser Lexan®

 Impeller Noryl®

 Bowl AISI 304 SS
 Intermediate Sleeve*  AISI 304 SS, Powder Metal
 Intermediate Shaft Coupling* AISI 304 SS, Powder Metal
 Intermediate Bearing Spider* Glass Filled Engineered Composite
 Intermediate Bearing Spider* AISI 303 SS 
 Shim AISI 304 SS 
 Screws – Cable Guard AISI 304 SS
 Motor Adapter AISI 303 SS
 Casing 

AISI 304 SS
 Shaft 
 Coupling AISI 304 SS, Powder Metal
 Cable Guard AISI 304 SS
 Suction Screen AISI 304 SS

*See repair parts for where used.

ANSI/NSF 61 - Drinking Water System Components 4P49

Goulds Pumps is ISO 9001 Registered.

ul®

CLA
SSIFIED

EPH

noMenclature aGencY liStinGS
All factory assembled, complete pump/motor assemblies are UL778 
and CSA listed. All pumps and motors comply with ANSI/NSF 61-
1992. Motors are UL778 recognized.

Water enD Data

 Series Model Required H.P. Stages
 Water End

     Length (in) Wt (lbs)
  33GS10 1 6 14.2 8
  33GS15 1.5 8 16.6 9
  33GS20 2 10 19.1 10
 33GS 33GS30 3 14 24 13
  33GS50 5 22 35.2 19
  33GS75 7.5 34 50.6 27
  33GS100 10 44 62.8 33
  40GS15 1.5 5  12.9 8
  40GS20 2 6  14.2 8
 40GS 40GS30 3 8  16.6 9
  40GS50 5 14  24.0 13
  40GS75 7.5 21  34.0 18
  55GS15 1.5 5  17.1 10
  55GS20 2 7  21.2 12
 

55GS
 55GS30 3 9  25.3 15

  55GS50 5 15  39.1 22
  55GS75 7.5  22  54.1 32
  55GS100 10  29  98.4 39
  60GS15 1.5 4 15.0 8
  60GS20 2 5 17.1 9
 60GS 60GS30 3 7 21.2 10
  60GS50 5 11 30.9 14
  60GS75 7.5  17 43.2 19
  75GS30 3 7 24.1 14
 

75GS
 75GS50 5 11 34.8 19

  75GS75 7.5  16 48.2 27
  75GS100 10  21 63.8 35
  80GS30 3 5 21.4 10
 80GS 80GS50 5 9 29.4 13
  80GS75 7.5  14 42.8 24

See price book for complete order numbers.
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GOuLDs PuMPs
Residential Water Systems

neMa Motor
• Corrosion resistant stainless steel construction.

• Built-in surge arrestor is provided on single phase  motors 
through 5 HP.

• Stainless steel splined shaft.

• Hermetically sealed windings.

• Replaceable motor lead assembly.

• UL 778 recognized.

• NEMA mounting dimensions.

• Control box is required with 3 wire single phase units.

• Three phase units require a magnetic starter with three leg 
protection. Magnetic starter and heaters must be ordered 
separately.

centripro 4" SinGle-phaSe MotorS

 Order No. Type HP Volts Length (in) Weight (lb)
 M10422 2 Wire  1 230 13.3 24.5
 M15422 PSC 1.5 230 14.9 28.9
 M10412 

3 Wire
 1 230 11.7 23.1

 M15412  1.5 230 13.6 27.4

franklin electric 4" SinGle-phaSe MotorS

 Order No. Type HP Volts Length (in) Weight (lb)
 S06942 2 Wire  1 230 11.8 24
 S07942 SP 1.5 230 15.1 31
 S06940  1 230 11.8 24
 S07940  1.5 230 13.6 28
 S08940 

3 Wire
 2 230 15.1 33

 S09940  3 230 19.1 41
 S09940HT  3 230 22.2 55
 S10940  5 230 28.2 70

franklin electric 4" three-phaSe MotorS

 Order No. HP Volts Length (in) Weight (lb)
 S06978  200
 S06970 1 230 11.8 24
 S06975  460  
 S07978  200
 S07970 

1.5
 230 

11.8 24
 S07975  460  
 S07979  575  
 S08978  200
 S08970 

2
 230 

13.6 28
 S08975  460  
 S08979  575  
 S09978  200
 S09970 

3
 230 

16.1 35
 S09975  460  
 S09979  575  
 S09978HT 

3
  200

 S09970HT 
High

  230 
19.2 42

 S09975HT 
Thrust

 460  
 S09979HT  575  
 S10978  200
 S10970 

5
 230 

22.2 55
 S10975  460  
 S10979  575  
 S119784  200
 S119704 7.5 230 28.2 70
 S119754  460  
 S129724 10 460 30.5 75

3.75"

3.90"
Effective
diameter

with cable
guard

MOTOR

W.E.

DISCHARGE 1¼" NPT
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Model 33GS

     Depth to Water in Feet/Ratings in GPM (Gallons per Minute)
    20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 520 560 600
   0  48 45 41 36 30 22 11
   20 44 39 34 28 19
   30 39 33 27 17
   40 32 25 15
   50 24 14
   60 12
 Shut-off PSI  67 58 50 41 32 24 15 6
   0  50 48 46 43 40 37 32 26 19
   20 48 45 43 39 35 31 24 17
   30 45 42 39 35 30 23 15
   40 42 38 34 29 22 14
   50 38 33 28 21 12
   60 33 27 20 11
 Shut-off PSI  95 86 78 69 60 52 43 34 26 17 
   0   49 48 46 44 41 38 35 32 28 22 
   20 49 47 45 43 40 38 34 31 26 21 14
   30 47 45 42 40 37 34 30 25 20 13
   40 44 42 40 37 33 29 24 19 11
   50 42 39 36 33 29 24 18
   60 39 36 32 28 23 16 
 Shut-off PSI  121 112 103 95 86 77 69 60 51 43 34 26 
   0    49 48 46 45 43 41 40 38 35 33 31 28 24 20 15  
   20 50 49 47 46 44 43 41 39 37 35 32 30 27 23 19 13
   30 49 47 46 44 42 41 39 37 34 32 29 26 22 18 12
   40 47 45 44 42 40 38 36 34 32 29 25 22 17 11
   50 45 44 42 40 38 36 34 31 28 25 21 16 
   60 43 42 40 38 36 33 31 28 24 20 15
 Shut-off PSI  170 161 152 144 135 126 118 109 100 92 83 74 66 57 48 40 31 23 

SELECTION CHART  

Horsepower Range 1 – 3, Recommended Range 10 – 50 GPM, 60 Hz, 3450 RPM

             Depth to Water in Feet/Ratings in GPM (Gallons per Minute)
    50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350
   0  50 48 46 44 41 38 35 31 27 20 11 
   20 50 48 46 44 41 38 35 32 27 21 11  
   30 49 47 45 43 40 37 34 30 25 17   
   40 48 46 44 41 39 36 32 27 21 12    
   50 47 45 43 40 37 34 30 25 18    
   60 46 44 42 39 36 32 28 22 13    
 Shut-off PSI  264 242 220 199 177 156 134 112 91 69 47 26  
   0    50 48 47 46 44 42 40 38 36 33 31 27 23 19 14 
   20   50 49 47 46 44 42 41 38 36 34 31 28 24 19 14  
   30  50 49 48 46 45 43 42 40 37 35 32 29 26 22 17 12  
   40  50 49 47 46 44 43 41 39 36 34 31 28 24 20 15   
   50  49 48 47 45 43 42 40 38 35 33 30 26 22 17 12   
   60 50 49 47 46 44 43 41 39 37 34 31 28 24 20 15    
 Shut-off PSI  415 393 371 350 328 306 285 263 241 220 198 176 155 133 111 90 68 47 
   0       49 48 46 45 43 42 41 40 39 38 36 34 31 28 25 22 18 13 
   20      50 48 46 45 43 42 41 40 39 38 36 34 31 29 25 22 18 14 
   30      49 47 45 44 43 42 41 40 38 37 35 33 30 27 24 20 16 12 
   40     50 48 46 45 44 43 42 40 39 38 36 34 32 29 26 22 18 14
   50     49 47 45 44 43 42 41 40 39 37 35 33 30 27 24 20 16 12 
   60    50 48 46 45 44 43 42 41 39 38 36 34 32 29 26 22 19 14
 Shut-off PSI  551 529 508 486 464 443 421 399 378 356 334 313 291 269 248 226 205 183 161 140 118 96 75 53

33GS30

33GS15

33GS10 1

1½

2

3

33GS20

  HP PSI

33GS50 5

7½33GS75

1033GS100

Pump
Model

Pump
Model
  HP PSI

Horsepower Range 5-10, Recommended Range 10 – 50 GPM, 60 Hz, 3450 RPM
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Model 40GS

             Depth to Water in Feet/Ratings in GPM (Gallons per Minute)
    20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 440 480 520 560 600 640
   0  65 59 53 46 35
   20 58 51 43 31
   30 50 41 28
   40 40 25
   50 22
   60 
 Shut-off PSI  57 49 40 31 23 14 
   0   63 58 53 47 38 25
   20 61 57 51 44 35
   30 56 50 43 33
   40 49 42 31
   50 40 29
   60 26
 Shut-off PSI  71 62 53 45 36 27 19 10 
   0    63 59 56 51 47 41 33 20
   20 65 62 58 54 50 45 38 32 30
   30 61 58 54 49 44 37 28
   40 57 53 48 43 36 26
   50 52 48 42 35 24
   60 47 41 33 21
 Shut-off PSI  97 88 80 71 62 54 45 36 28 19 10 
   0      65 64 62 60 58 56 53 51 48 45 42 38 33 26
   20    65 63 61 59 57 55 52 50 47 44 41 36 31 23
   30   64 63 61 59 57 54 52 50 47 44 40 36 30 21
   40  64 62 60 58 56 54 52 49 46 43 39 35 29 20
   50 64 62 60 58 56 54 51 49 46 43 39 34 28
   60 62 60 58 56 53 51 48 45 42 38 33 26
 Shut-off PSI  178 169 161 152 143 135 126 117 109 100 91 83 74 65 57 48 39 31 22 
   0          65 64 63 62 61 60 59 57 56 54 53 49 44 38 30
   20        65 64 63 62 61 59 58 57 55 54 52 50 48 43 37 28
   30       65 64 63 62 61 59 58 57 55 53 52 50 48 45 40 32 22
   40      65 64 63 62 60 59 58 56 55 53 51 49 47 45 42 36 27 
   50     65 64 62 61 60 59 58 56 55 53 51 50 47 45 42 39 31 20 
   60   65 64 63 62 61 60 59 57 56 54 53 51 49 47 44 41 38 35 25
 Shut-off PSI  271 263 254 245 237 228 219 211 202 194 185 176 168 159 150 142 133 124 116 107 90 72 55 38 

SELECTION CHART  

Horsepower Range 1½ – 7½, Recommended Range 20 – 65 GPM, 60 Hz, 3450 RPM

40GS75

40GS50

40GS30

40GS20

40GS15 1½

2

3

5

7½

  HP PSIPump
Model
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Model 55GS

     Depth to Water in Feet/Ratings in GPM (Gallons per Minute)
    20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500
   0 78 71 64 54 42 24
   20 61 51 37
   30 49 35
   40 32
   50 
   60 
 Shut-off PSI   52 43 35 26 17 9
   0  76 71 65 58 50 41 28
   20 69 63 56 48 37 24
   30 62 55 46 35 21
   40 54 45 34
   50 43 32
   60 29
 Shut-off PSI   76 67 58 50 41 32 24 15 
   0  80 76 72 68 63 58 52 44 35
   20 75 71 67 62 56 49 42 32
   30 70 66 61 55 48 40 30
   40 65 60 54 47 39 28
   50 59 53 46 37 26
   60 52 45 36 25
 Shut-off PSI   102 94 85 76 68 59 50 42 33 24 
   0    80 78 76 73 71 68 65 62 58 55 50 46 40 34 27 
   20  80 77 75 73 70 67 64 61 57 53 49 44 39 32 25
   30 79 77 75 72 70 67 64 60 57 53 48 43 38 31 24
   40 77 74 72 69 66 63 60 56 52 47 42 37 30 23
   50 74 71 69 66 63 59 55 51 47 42 36 29 22 
   60 71 68 65 62 59 55 51 46 41 35 28 20
 Shut-off PSI   178 169 161 152 143 135 126 117 109 100 91 83 74 65 57 48 39 31 

  HP PSI

SELECTION CHART  

Horsepower Range 1½ – 5, Recommended Range 20 – 80 GPM, 60 Hz, 3450 RPM

55GS50

55GS30

55GS20

55GS15 1½

2

3

5

     Depth to Water in Feet/Ratings in GPM (Gallons per Minute)
    20 60 100 140 180 220 260 300 340 380 420 460 500 540 580 620 660 700 740 780 820 860 900 940 980
   0   79 76 73 70 66 62 58 52 46 39 31 22 
   20  78 76 73 69 66 61 57 52 45 38 30 20  
   30 80 77 74 71 67 63 59 54 48 41 33 24   
   40 78 75 72 69 65 61 56 51 44 37 28    
   50 76 73 70 67 63 58 53 47 40 32 23  
   60 75 72 68 64 60 55 50 43 36 27 
 Shut-off PSI   261 243 226 209 191 174 157 139 122 105 88 70 53 36
   0   80 78 76 75 73 71 68 66 63 60 56 51 47 41 35 28
   20  80 78 76 74 73 70 68 65 62 59 55 51 46 40 33 26
   30  79 77 75 73 71 69 67 64 61 57 53 48 42 36 29 22
   40 79 78 76 74 72 70 68 65 62 59 55 50 45 39 32 25
   50 78 77 75 73 71 69 66 63 60 56 52 47 42 35 28 21
   60 77 76 74 72 70 67 65 61 58 54 49 44 38 31 24
 Shut-off PSI   353 336 319 301 284 267 250 232 215 198 180 163 146 128 111 94 76 59

  HP PSI

Horsepower Range 7½ – 10, Recommended Range 20 – 80 GPM, 60 Hz, 3450 RPM

55GS100

55GS75 7½

10

Pump
Model

Pump
Model
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Model 60GS

             Depth to Water in Feet/Ratings in GPM (Gallons per Minute)
    20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480
   0  75 64 51
   20 60 47
   30 44
   40 
   50 
   60 
 Shut-off PSI  45 36 28 19 
   0   73 63 52
   20 70 60 48
   30 58 46
   40 44
   50 
   60 
 Shut-off PSI  58 50 41 32 24 15 6
   0    77 70 62 54 45
   20  74 67 59 51 42
   30 73 66 58 50 40
   40 65 57 48
   50 56 47
   60 45
 Shut-off PSI  86 77 68 60 51 42 34 25 
   0       75 70 65 60 55 49 43
   20     73 69 64 59 53 47 41
   30    73 68 63 58 52 47 40
   40  76 72 67 62 57 52 46 39
   50 76 71 66 62 56 51 45 38
   60 70 66 61 55 50 44
 Shut-off PSI  140 131 123 114 105 97 88 79 71 62 53 45 36
   0           78 75 72 69 66 62 59 55 51 47 42
   20        80 77 74 71 68 65 61 58 54 50 46 41
   30       80 77 74 71 68 64 61 57 53 49 45 40
   40      79 76 73 70 67 64 60 56 52 48 44 40
   50     79 76 73 70 67 63 60 56 52 48 43
   60    78 76 73 69 66 63 59 55 51 47 43
 Shut-off PSI  224 215 207 198 189 181 172 163 155 146 137 129 120 111 103 94 85 77 68 59 51 

SELECTION CHART  

Horsepower Range 1½ – 7½, Recommended Range 40 – 80 GPM, 60 Hz, 3450 RPM

60GS75

60GS50

60GS30

60GS20

60GS15 1½

2

3

5

7½

Pump
Model  HP PSI
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Model 75GS

Pump
Model

  HP PSI             Depth to Water in Feet/Ratings in GPM (Gallons per Minute)
    20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520
   0     80 67 52
   20   77 63 47
   30  75 61 45
   40 73 58 42
   50 56 39
   60 37
 Shut-off PSI  77 69 60 51 43 34 25
   0       90 83 75 65 55 44
   20      80 72 62 51 41
   30     79 70 60 50
   40    78 69 59 48
   50   77 67 57 47
   60  75 66 55 45
 Shut-off PSI   120 111 102 94 85 76 68 59 50 42 33
   0             80 75 68 61 54 47 40
   20           79 73 66 59 52 45
   30          78 72 65 58 51 44
   40         77 71 64 57 50 43
   50        76 70 63 56 49 42
   60       75 69 62 55 48 41
 Shut-off PSI        146 137 129 120 111 103 94 85 77 68 59 51 42
   0            100 97 95 92 88 85 81 76 72 67 62 56 51 45 40
   20          99 96 94 91 87 84 79 75 70 65 60 55 49 44
   30         99 96 94 91 87 83 79 74 69 64 59 54 48 43
   40        98 96 93 90 86 82 78 74 69 64 58 53 48 42
   50       98 95 92 89 86 82 77 73 68 63 57 52 47 41
   60     100 97 95 92 89 85 81 77 72 67 62 57 51 46 40
 Shut-off PSI  272 263 254 246 237 228 220 211 202 194 185 176 168 159 150 142 133 124 116 107 98 90 81 72 64 55

SELECTION CHART  

Horsepower Range 3 – 10, Recommended Range 40 – 100 GPM, 60 Hz, 3450 RPM

75GS75

75GS50

75GS30 3

5

7½

75GS100 10
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GOuLDs PuMPs
Residential Water Systems

Model 80GS

             Depth to Water in Feet/Ratings in GPM (Gallons per Minute)
    20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480
   0  114 100 82 63
   20 94 77 57
   30 74 53
   40 50
   50 
   60 
 Shut-off PSI  55 46 38 29 20 
   0    115 106 98 89 79 68 55
   20 120 112 104 95 86 75 64 51
   30 111 102 94 84 74 62
   40 101 92 83 72 60
   50 91 81 70 58
   60 79 69 56
 Shut-off PSI  107 98 90 81 72 64 55 46 38 29 
   0      118 113 107 101 95 89 82 75 68 60
   20   122 117 111 105 100 93 87 80 73 66 
   30  121 116 110 105 99 92 86 79 72 65
   40 120 115 109 104 98 91 85 78 71 63
   50 114 109 103 97 90 84 77 70 62 
   60 108 102 96 89 83 76 69 61 
 Shut-off PSI  171 162 153 145 136 127 119 110 101 93 84 75 67 58 49 

SELECTION CHART  

Horsepower Range 3 – 7½, Recommended Range 50 – 120 GPM, 60 Hz, 3450 RPM

80GS75

80GS30 3

7½

Pump
Model

  HP PSI

80GS50 5
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GOuLDs PuMPs
Residential Water Systems
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GOuLDs PuMPs
Residential Water Systems
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Grundfos 60 Hz Motors • 4-6-8-10" Submersibles

1/3 .25 230 1.75 2.6 4.6 25.7 59 0.77 6.8-8.2 S 900 79952101 96465614
1/2 .37 115 1.60 7.5 12 55 62 0.76 1.1-1.3 R 900 79922102 96465574

230 1.60 3.8 6 34.5 62 0.76 5.2-6.3 R 900 79952102 96465616
3/4 .55 230 1.50 5.6 8.4 40.5 62 0.75 3.2-3.8 N 900 79952103 96465618

1 .75 230 1.40 7.0 9.8 48.4 63 0.82 2.5-3.1 M 900 79952104 96465620

1 1/2 1.1 230 1.30 10.1 13.1 62 64 0.85 1.9-2.3 L 900 79952105 96465622

1/3 .25 115 1.75 5.1 9 29 59 0.77 1.55-1.9 2.4-3 M 900 79423101 96465571

230 1.75 2.6 4.6 14 59 0.77 6.8-8.3 17.3-21.1 L 900 79453101 96465603
1/2 .37 115 1.60 7.5 12 42.5 61 0.76 .9-1.1 1.9-2.35 L 900 79423102 96023039

230 1.60 3.8 6 21.5 62 0.76 4.7-5.7 15.8-19.6 L 900 79453102 96465606
3/4 .55 230 1.50 5.6 8.4 31.4 62 0.75 3.2-3.9 14-17.2 L 900 79453103 96465608

1 .75 230 1.40 7.0 9.8 37 63 0.82 2.6-3.1 10.3-12.5 K 900 79453104 96465610

1 1/2 1.1 230 1.30 8.9 11.6 45.9 69 0.89 1.9-2.3 7.8-9.6 H 900 79453105 96465612

2 1.5 230 1.25 10.6 13.2 57 72 0.86 1.5-1.8 3.4-4.1 G 1500 79454506 96449947

3 2.2 230 1.15 14.8 17 77 74 0.93 1.2-1.4 2.45-3 F 1500 79454507 96449948

5 3.7 230 1.15 23.9 27.5 110 77 0.92 .65-.85 2.1-2.6 F 1500 79454509 96449949

1/2 .37 208 1.60 2.2 3.5 24.5 70 0.87 2.24 N 900 79322002 96465633

230 1.60 2.0 3.15 15.7 69 0.72 8.1 N 900 79302002 96465624

460 1.60 1.0 1.6 7.85 69 0.72 6.92 N 900 79362002 96465638
3/4 .55 208 1.50 3.4 5.1 24.5 69 0.7 4.6 N 900 79322003 96465634

230 1.50 3.1 4.6 22.3 69 0.7 5.7 N 900 79302003 96465626

460 1.50 1.5 2.3 11.2 69 0.7 23.2 N 900 79362003 96465639

1 .75 208 1.40 4.3 6 30 71 0.73 3.72 M 900 79322004 96465635

230 1.40 3.9 5.4 27 71 0.73 4.7 M 900 79302004 96465627

460 1.40 1.9 2.7 13.5 71 0.73 19 M 900 79362004 96465650

1 1/2 1.1 208 1.30 6.2 8.1 44.6 75 0.72 2.68 M 900 79322005 96465636

230 1.30 5.6 7.3 40.3 75 0.72 3.12 M 900 79302005 96465629

460 1.30 2.8 3.7 20.1 75 0.72 15.9 K 900 79362005 96465651

575 1.30 2.2 2.9 16.1 75 0.72 25.2 K 900 79392005 –

2 1.5 208 1.25 7.7 9.6 53 77 0.75 1.9 L 900 79322006 96465637

230 1.25 7.0 8.7 48 76 0.75 3 J 900 79302006 96465630

460 1.25 3.5 4.4 24 76 0.75 12.1 J 900 79362006 96465652

575 1.25 2.8 3.5 19.2 76 0.75 18.8 J 900 79392006 –

3 2.2 208 1.00 10.8 10.8 – 89 0.84 2.12 – 1500 79324507 96405806

208/230 1.15 10.6 12.2 56 77 0.75 2.2 H 1500 79304507 96405801

460 1.15 5.3 6.1 28 77 0.75 9 H 1500 79354507 96405810

575 1.15 4.2 4.8 22 77 0.75 13 H 1500 79395507 –

5 3.7 208 1.15 18.1 20.8 – 80 0.82 1.2 – 1500 79324509 96405807

208/230 1.15 17.2 19.8 108 80 0.82 1.2 H 1500 79304509 96405802

440/460 1.15 8.6 9.9 54 80 0.82 5 H 1500 79354509 96405811

575 1.15 6.9 7.9 54 80 0.82 7.3 H 1500 79394509 –

7 1/2 5.5 208/230 1.15 21.7 25 130 81 0.82 0.84 H 1500 79305511 96405805

440/460 1.15 11.1 12.8 67 81 0.82 3.24 J 1500 79355511 96405814

575 1.15 9.2 10.6 53 81 0.82 5.2 J 1500 79395511 –

10 7.5 440/460 1.15 15.7 18 90 81 0.80 1.16 H 1500 79355512 96440318

575 1.15 12.5 14.4 72 81 0.80 1.84 H 1500 79395512 –

HP Kw Voltage
Service
Factor

GRUNDFOS
MATERIAL NO.

4 Inch (Two Wire) Motors -  Control Box Not Required

Nameplate
Number

Full
Load*

Service
Factor

AMPERAGE Line-to-Line
Resistance KVA

Code
Max.

Thrust
Locked
Rotor

Power
FactorEff. % Black-Yellow Red-Yellow

SINGLE PHASE

4 Inch (Three Wire) Motors
SINGLE PHASE

4 Inch Motors
THREE PHASE

*This is a calculated value.



33333

1/3 .25 230 8 5 10 – – – – – –
1/2 .37 115 25 15 20 – – – – – –

230 15 7 10 – – – – – –
3/4 .55 230 20 10 15 – – – – – –
1 .75 230 25 12 20 – – – – – –

1 1/2 1.1 230 30 20 25 – – – – – –

HP Kw Voltage

4 Inch (Two Wire) Motors -  Control Box Not Required

Siemens (4)
Fast

Acting
Time
Delay

FUSE(5) OVERLOADS

Allen
Bradley (2)

General
Electric (3)

Circuit
Breaker

NEMA
Starter

Size

4 Inch (Three Wire) Motors
SINGLE PHASE

4 Inch Motors
THREE PHASE

IEC
Starter

Size
Cutler

Hammer (1)

1/3 .25 115 15 9 15 – – – – – –
230 8 5 10 – – – – – –

1/2 .37 115 25 15 20 – – – – – –
230 15 7 10 – – – – – –

3/4 .55 230 20 10 15 – – – – – –
1 .75 230 25 12 20 – – – – – –

1 1/2 1.1 230 30 20 25 – – – – – –
2 1.5 230 35 20 30 – – – – – –
3 2.2 230 45 30 40 – – – – – –
5 3.7 230 70 45 60 – – – – – –

1/2 .37 208 7 4 10 00 A H2106B-3 J12 255A K26
230 6 3 10 00 A H2106B-3 J11 232A K24
460 3 2 10 00 A 104 J4 193A K21

3/4 .55 208 10 6 10 00 A 108 J17 420A K32
230 9 5 10 00 A 107 J16 380A K29
460 5 3 10 00 A 105 J8 174A K21

1 .75 208 15 8 15 00 A 108 J19 510A K34
230 15 7 10 00 A 108 J18 463A K33
460 6 3 10 00 A 105 J10 232A K23

1 1/2 1.1 208 20 15 20 00 A 109 J23 750A K41
230 20 10 15 00 A 109 J22 680A K39
460 9 5 10 00 A 107 J15 343A K28
575 7 4 10 00 A 106 J12 255A K26

2 1.5 208 25 15 20 0 B 110 J25 910A K43
230 20 15 20 0 B 109 J24 825A K43
460 10 6 10 00 A 108 J17 420A K32
575 8 5 10 00 A 107 J15 343A K28

3 2.2 208 40 25 35 0 C 111 J30 147B K56
208/230 35 20 30 0 C 110 J28 122B K53

460 20 9 15 0 A 109 J21 618A K37
575 15 7 10 0 A 108 J19 510A K34

5 3.7 208 60 35 45 1 D 112 J34 220B K61
208/230 50 30 45 1 D 112 J33 199B K60
440/460 30 15 25 0 B 110 J26 100B K50

575 25 15 20 0 A 109 J24 825A K43
7 1/2 5.5 208/230 65 40 60 1 E 112 J36 265B K64

440/460 35 20 30 1 C 111 J29 135B K54
575 30 20 25 1 B 110 J27 111B K50

10 7.5 440/460 50 30 40 1 D 112 J32 181B K60
575 40 25 35 1 C 111 J30 147B K56

Grundfos 60 Hz Motors • 4-6-8-10" Submersibles

Notes:
(1) These overloads are for both NEMA and IEC Freedom series starters by EATON Cutler-Hammer.  The complete part number is H2_B-3.

This information was collected from EATON Cutler-Hammer catalog number CA08102001E.
(2) These overload heater coils are for the Allen Bradley Bulletin 509 Starter.  This information was collected from the Allen Bradley catalog

number A115-CA001A-EN-P.
(3) These overloads are designed for use with GE NEMA starters.  Complete part numbers are CR123L____.  For use with GE CR124 single element overloads.

This information was collected from page 1-107 of the Control Catalog, Rev. 07/03.
(4) These overloads are designed for Siemens NEMA Overload Relays.  This information was collected from page 8/151 of the

2006 Siemens Industrial Control Catalog.
 (5) The Fuses and Circuit Breakers were calculated from the NEC table 430.52.

Starters and overloads should always be sized by a licensed electrician  that is familiar with local codes and standards.  The overloads for submersible motors should
be Class 10 Quick trip ambient compensated.

SINGLE PHASE



Grundfos 60 Hz Motors • 4-6-8-10" Submersibles

7 1/2 5.5 208/230 1.15 23.9/23.9 27.5/27.5 118.3/132 80.5 0.76 0.56 H 1500 78305511 96405781

440/460 1.15 11.5 13.2/13.2 56.8/59.4 80.5 0.76 2.4 G 1500 78355511 96405794

575 1.15 9.2 10.6 48 80.5 0.76 4.07 H 1500 78395511 –

10 7.5 208/230 1.15 31.7/30.9 36.5/35.5 153.3/170.4 82.5 0.79 0.41 H 1500 78305512 96405782

440/460 1.15 15.1/14.8 17.4/17 74.8/78.2 82 0.79 1.8 G 1500 78355512 96405795

575 1.15 11.8 13.6 63 82 0.79 3.1 G 1500 78395512 –

15 11 208/230 1.15 47/43.9 54/50.5 232.2/252.5 82.5 0.82 0.25 H 7000 78305514 96405783

440/460 1.15 22.2/21.3 25.5/24.5 109.7/115.2 82.5 0.82 1.16 G 7000 78355514 96405796

575 1.15 17.0 19.6 92 82.5 0.82 1.9 G 7000 78395514 –

20 15 208/230 1.15 60.9/58.7 70/67.5 329/364.5 84 0.81 0.2 J 7000 78305516 96405784

440/460 1.15 29.1/28.7 33.5/33 164.2/171.6 84 0.82 0.8 H 7000 78355516 96405797

575 1.15 23.0 26.4 137 84 0.82 1.32 H 7000 78395516 –

25 18.5 208/230 1.15 76.5/74.3 88/85.5 431.2/470.3 84.5 0.80 0.156 J 7000 78305517 96405785

440/460 1.15 36.5/35.7 42/41 210/217.3 84.5 0.80 0.62 H 7000 78355517 96405798

575 1.15 28.7 33 175 84.5 0.80 1.04 H 7000 78395517 –

30 22 208/230 1.15 87.8/84.3 101/97 464.6/514.1 85 0.83 0.13 H 7000 78305518 96405786

440/460 1.15 41.7/40.4 48/46.5 225.6/237.2 85 0.83 0.55 G 7000 78355518 96405799

575 1.15 32.2 37 189 84.5 0.83 0.92 G 7000 78395518 –

40 30 440/460 1.15 57.8/55.7 66.5/64 305.9/320 64 0.82 0.39 H 7000 78355520 96405800

HP Kw Voltage

6 Inch (Three Wire) Motors

Service
Factor Full Load

AMPERAGE

Service
Factor

Locked
Rotor

THREE PHASE

Eff %
Power
Factor

Calculated

Line-to-Line
Resistance

Black-Yellow Red-Yellow
KVA
Code

GRUNDFOS
MATERIAL NO.

Nameplate
Number

Max.
Thrust

44444

*This is a calculated value.



Grundfos 60 Hz Motors • 4-6-8-10" Submersibles

7 1/2 5.5 208/230 70 45 60 1 E 113 J36 293B K64

440/460 35 20 30 1 C 111 J29 135B K55

575 30 18 30 1 B 110 J27 111B K50

10 7.5 208/230 90 60 80 2 F 114 J39 352B K70

440/460 45 30 40 1 D 112 J32 181B K58

575 35 20 30 1 C 111 J29 147B K55

15 11 208/230 150 90 125 2 H 116 J42 593B K75

440/460 70 40 60 2 E 113 J35 265B K63

575 50 30 50 2 D 112 J33 199B K60

20 15 208/230 200 110 150 3 J 117 J44 710B K77

440/460 90 50 80 2 F 114 J38 352B K69

575 70 40 60 2 E 113 J36 265B K64

25 18.5 208/230 225 150 200 3 K – J70 950B K85

440/460 110 65 100 2 G 115 J39 464B K72

575 90 50 80 2 F 114 J38 352B K69

30 22 208/230 300 150 225 3 L – J71 107C K87

440/460 125 75 110 3 H – J42 464B K72

575 100 55 80 3 G – J39 352B K70

40 30 440/460 175 100 150 3 J – J44 710B K77

6 Inch (Three Wire) Motors
THREE PHASE

HP Kw Voltage Siemens (4)
Fast

Acting
Time
Delay

FUSE(5) OVERLOADS

Allen
Bradley (2)

General
Electric (3)

Circuit
Breaker

NEMA
Starter

Size

IEC
Starter

Size
Cutler

Hammer (1)

55555

Notes:
(1) These overloads are for both NEMA and IEC Freedom series starters by EATON Cutler-Hammer.  The complete part number is H2_B-3.

This information was collected from EATON Cutler-Hammer catalog number CA08102001E.

(2) These overload heater coils are for the Allen Bradley Bulletin 509 Starter.  This information was collected from the Allen Bradley catalog
number A115-CA001A-EN-P.

(3) These overloads ae designed for use with GE NEMA starters.  Complete part numbers are CR123L____.  For use with GE CR124 single element overloads.
This information was collected from page 1-107 of the Control Catalog, Rev. 07/03.

(4) These overloads are designed for Siemens NEMA Overload Relays.  This information was collected from page 8/151 of the
2006 Siemens Industrial Control Catalog.

(5) The Fuses and Circuit Breakers were calculated from the NEC table 430.52.

Starters and Overloads should always be sized by a licensed electrician that is familiar with local codes and standards.  The Overloads for submersible motors
should be Class 10 Quick trip ambient compensated.



3 2.2 230 1.15 9.9 11.4 – 78 0.81 2.08 J 1500 79305807 96415732
460 1.15 5.0 5.7 – 78 0.81 8.00 J 1500 79355807 96415734
575 1.15 4.0 4.55 – 78 0.81 12.00 J 1500 79395807 96415736

5 3.7 230 1.15 15.7 18 – 80.5 0.82 1.12 K 1500 79305809 96415733
460 1.15 7.9 9.05 – 80.5 0.83 4.20 K 1500 79355809 96415735
575 1.15 6.5 7.5 – 80.5 0.83 6.40 K 1500 79395809 96415737

HP Kw Voltage

4 Inch Industrial Motors

Service
Factor Full Load*

AMPERAGE

Service
Factor

Locked
Rotor

THREE PHASE

Eff %
Power
Factor

Line-to-Line
Resistance

KVA
Code

GRUNDFOS
MATERIAL NO.

Nameplate
Number

Max.
Thrust

6 Inch (Three Wire) Industrial Motors
THREE PHASE
7 1/2 5.5 230 1.15 23.9 27.5 457.25 77.5 0.82 0.477 K 4400 78305311 96415738

460 1.15 12.0 13.8 81.42 78 0.82 1.833 K 4400 78195811 96415744
10 7.5 230 1.15 30.4 35 206.5 81.5 0.86 0.393 J 4400 78305312 96415739

460 1.15 15.3 17.6 103.84 81.5 0.86 1.493 K 4400 78195812 96415745
15 11 230 1.15 44.3 51 244.8 82.5 0.86 0.27 G 4400 78305314 96415740

460 1.15 22.2 25.5 122.4 82 0.86 1.067 H 4400 78195814 96415746
20 15 230 1.15 60.4 69.5 403.1 84 0.86 0.17 J 4400 78305316 96415741

460 1.15 30.0 34.5 200.1 83.5 0.86 0.657 K 4400 96415747 96415747
25 18.5 230 1.15 72.2 83 473.1 84.5 0.86 0.143 J 4400 78305317 96415742

460 1.15 36.1 41.5 236.55 84.5 0.86 0.553 J 4400 78195817 96415748
30 22 230 1.15 86.5 99.5 557.2 84 0.86 0.116 H 4400 78305318 96415743

460 1.15 43.5 50 280 84 0.86 0.483 J 4400 78195818 96415749

*This is a calculated value.

Grundfos 60 Hz Motors • 4-6-8-10" Submersibles

66666



Grundfos 60 Hz Motors • 4-6-8-10" Submersibles

3 2.2 230 30 17 25 0 C 110 J28 122B K52
460 15 9 15 0 C 109 J21 618A K37
575 12 7 10 0 A 108 J18 463A K33

5 3.7 230 50 30 40 1 D 112 J32 181B K60
460 25 15 20 1 D 110 J25 910A K49
575 20 11 20 0 B 109 J23 750A K42

HP Kw Voltage

4 Inch Motors Industrial Motors

Siemens (4)
Fast

Acting
Time
Delay

FUSE(5) OVERLOADS

Allen
Bradley (2)

General
Electric (3)

Circuit
Breaker

NEMA
Starter

Size

6 Inch (Three Wire) Industrial Motors
THREE PHASE

IEC
Starter

Size
Cutler Hammer

Overload (1)

7 1/2 5.5 230 75 45 60 1 E 114 J36 293B K64
460 40 25 30 1 C 111 J30 147B K55

10 7.5 230 100 60 80 2 F 114 J38 352B K70
460 50 30 40 1 D 112 J32 181B K60

15 11 230 140 80 125 2 H 116 J42 520B K76
460 65 40 60 2 E 113 J35 265B K64

20 15 230 200 110 150 3 J 117 J44 710B K77
460 90 60 80 2 F 114 J38 352B K69

25 18.5 230 225 150 200 3 K 117 J46 866B K83
460 110 70 90 2 G 115 J40 464B K72

30 22 230 275 150 225 3 L - J71 107C K87
460 130 80 125 3 H - J41 520B K75

THREE PHASE

Notes:
(1) These overloads are for both NEMA and IEC Freedom series starters by EATON Cutler-Hammer.  The complete part number is H2_B-3.

This information was collected from EATON Cutler-Hammer catalog number CA08102001E.

(2) These overload heater coils are for the Allen Bradley Bulletin 509 Starter.  This information was collected from the Allen Bradley catalog
number A115-CA001A-EN-P.

(3) These overloads ae designed for use with GE NEMA starters.  Complete part numbers are CR123L____.  For use with GE CR124 single element overloads.
This information was collected from page 1-107 of the Control Catalog, Rev. 07/03.

(4) These overloads are designed for Siemens NEMA Overload Relays.  This information was collected from page 8/151 of the
2006 Siemens Industrial Control Catalog.

(5) The Fuses and Circuit Breakers were calculated from the NEC table 430.52.

Starters and Overloads should always be sized by a licensed electrician that is familiar with local codes and standards.  The Overloads for submersible motors
should be Class 10 Quick trip ambient compensated.

77777



Grundfos 60 Hz Motors • 4-6-8-10" Submersibles

50 37 460 1.15 68.7 79 470 84 0.83 0.378 G 13000 96476890 96023200

HP Kw Voltage

6 Inch (460V) Motors

Service
Factor Full Load

AMPERAGE

Service
Factor

Locked
Rotor

THREE PHASE

Eff %
Power
Factor

Line-to-Line
Resistance

KVA
Code

GRUNDFOS
MATERIAL NO.

Nameplate
Number

Max.
Thrust

8 Inch (460V) Motors
THREE PHASE

40 30 460 1.15 55.7 64 380 83 0.85 0.35 K 13000 96530180 96023204

50 37 460 1.15 67.8 78 550 84 0.85 0.25 J 13000 96530182 96023205

60 45 460 1.15 80.4 92.5 640 86 0.85 0.18 K 13000 96476891 96023206

75 55 460 1.15 97.4 112 580 86 0.86 0.15 J 13000 96476892 96023207

100 75 460 1.15 130.4 150 570 87 0.86 0.13 J 13000 96476893 96023208

125 92 460 1.15 160.0 184 600 87 0.87 0.09 J 13000 96476894 96023209

150 110 460 1.15 191.3 220 580 86 0.87 0.08 J 13000 96511375 96023210

10 Inch (460V) Motors
THREE PHASE

100 75 460 1.15 133.9 154 570 87 0.84 0.092 J 13000 – 96023211

125 92 460 1.15 165.2 190 550 87 0.83 0.7 J 13000 96540300 96023212

150 110 460 1.15 194.8 224 580 88 0.84 0.055 J 13000 96540301 96023213

175 132 460 1.15 230.4 265 570 88 0.85 0.045 J 13000 96521619 96023214

200 147 460 1.15 265.2 305 620 87 0.82 0.04 K 13000 96540302 96023215

250 190 460 1.15 352.2 405 610 87 0.79 0.033 K 13000 96463669 96023217

88888

*This is a calculated value.



50 37 460 225 125 175 3 N 117 J46 866B K83

HP Kw Voltage

6 Inch (460V) Motors

Siemens (4)Standard
Time
Delay

FUSE OVERLOADS

Allen
 Bradley (2)

General
Electric (3)

Circuit
Breaker

NEMA
Size

THREE PHASE

IEC
Size

Cutler
Hammer (1)

40 30 460 175 100 150 3 N 117 J43 710B K76

50 37 460 225 125 175 3 – 117 J46 866B K83

60 45 460 250 150 200 4 – 105 J70 950B K86

75 55 460 300 175 250 4 – 105 J72 107C K88

100 75 460 400 225 350 4 – 106 J75 155C K92

125 92 460 500 300 400 5 – 107 J14 100B K94

150 110 460 600 350 500 5 – 107 J16 111B K96

8 Inch (460V) Motors
THREE PHASE

100 75 460 400 250 350 4 – 106 J75 155C K92

125 92 460 500 300 400 5 – 107 J15 100B K96

150 110 460 600 350 500 5 – 107 J17 122B –

175 132 460 700 400 600 5 – 108 J18 135B –

200 147 460 800 500 700 5 – 108 J20 165B –

250 190 460 1100 600 1000 6 – 107 J14 – –

10 Inch (460V) Motors
THREE PHASE

Notes:
(1) These overloads are for both NEMA and IEC Freedom series starters by EATON Cutler-Hammer. The complete part number is H2___B-3.

This information was collected from EATON Cutler-Hammer catalog number CA08102001E.

(2) These overload heater coils are for the Allen Bradley Bullitin 509 Starter.  This information was collected from the Allen Bradley catalog
number A115-CA001A-EN-P.

(3) These overloads are designed for use with GE NEMA starters.  Complete part numbers are CR123L_ _ _ _.  For use with GE CR124 single element overloads.
This information was collected from page 1-107 of the Control Catalog Rev. 07/03.

(4) These overloads are designed for Siemens NEMA Overload Relays.  This information was collected form page 8/151 of the 2006 Siemens Industrial
Control Catalog.

(5) The Fuses and Circuit Breakers were calculated from the NEC table 430.52.

Starters and Overloads should always be sized by a licensed electrician that is familiar with local codes and standards.
The Overloads for submersible motors should be Class 10 Quick trip Ambient compensated.

Grundfos 60 Hz Motors • 4-6-8-10" Submersibles
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HP Kw KVA

1/3 1.5 1.9

1/2 2 2.5

3/4 3 3.8

1 4 4.8

1 1/2 5.9 7

2 7 9

3 10 12

5 15 18.75

7 1/2 25 33

10 35 31.5

15 49 60

20 66 81

25 82 102

30 96 116

40 125 153

50 138 162

60 163 192

75 200 233

100 269 320

125 382 461

150 456 543

175 546 642

200 606 740

250 776 982

Notes:
These values were calculated by using the following formulas:

Single Phase:  (3 X FLA)V X PF/1000

Three phase through 100 HP:
(3 X FLA) V X PF X1.73/1000

Three phase 125 and above:
(3.5 X FLA) V X PF X1.73/1000

This is a guide.  The generator manufacturer should be asked
to assist in sizing all generators.

Generator Sizing

Grundfos 60 Hz Motors • 4-6-8-10" Submersibles
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Submersible Smallest KVA Rating — Each Transformer

Three- Phase Total Effective Open WYE or DELTA WYE or DELTA
Motor HP Rating KVA Required * 2 Transformers 3 Transformers

1.5 3 ** 2 1
2 4 ** 2 1.5
3 5 ** 3 2
5 7.5 ** 5 3

7.5 10 ** 7.5 5
10 15 ** 10 5
15 20 ** 15 7.5
20 25 15 10
25 30 20 10
30 40 25 15
40 50 30 20
50 60 35 20
60 75 40 25
75 90 50 30

100 120 65 40
125 150 85 50
150 175 100 60
175 200 115 70
200 230 130 75

* Pump motor KVA requirements only -- does not include allowances for other loads
** This is also the KVA required for single phase motors

Transformer Capacity
Required for Three-Phase Motors

Grundfos 60 Hz Motors • Electrical Requirements

1111111111

Motor Cooling
(refer to page 12 of the Troubleshooting section

of this Service Manual)

Total Resistance
of Drop Cable

(refer to page 16 of the Troubleshooting section
of this Service Manual)



Motor Service to Entrance

         Motor Rating                Copper Wire Size

VOLTS HP 14 12 10 8 6 4 2 0 00 000 0000 250 300

115  1/3 130 210 340 540 840 1300 1960 2910
 1/2 100 160 250 390 620 960 1460 2160

230  1/3 550 880 1390 2190 3400 5250 7960
 1/2 400 650 1020 1610 2510 3880 5880
 3/4 300 480 760 1200 1870 2890 4370 6470
1 250 400 630 990 1540 2380 3610 5360 6520

1 1/2 190 310 480 770 1200 1870 2850 4280 5240
2 150 250 390 620 970 1530 2360 3620 4480
3 120 190 300 470 750 1190 1850 2890 3610
5 180 280 450 710 1110 1740 2170

7 1/2 200 310 490 750 1140 1410
10 250 390 600 930 1160

VOLTS HP 14 12 10 8 6 4 2 0 00 000 0000 250 300

208 1 1/2 310 500 790 1260
2 240 390 610 970 1520
3 180 290 470 740 1160 1810
5 170 280 440 690 1080 1660

7 1/2 200 310 490 770 1180 1770
10 230 370 570 880 1330 1640
15 250 390 600 910 1110 1340
20 300 460 700 860 1050 1270
25 370 570 700 840 1030 1170
30 310 470 580 700 850 970 1110

230 1 1/2 360 580 920 1450
2 280 450 700 1110 1740
3 210 340 540 860 1340 2080
5 200 320 510 800 1240 1900

7 1/2 230 360 570 890 1350 2030
10 270 420 660 1010 1520 1870
15 290 450 690 1040 1280 1540
20 350 530 810 990 1200 1450
25 280 430 650 800 970 1170 1340
30 350 540 660 800 970 1110 1270

460 1 1/2 1700
2 1300 2070
3 1000 1600 2520
5 590 950 1500 2360

7 1/2 420 680 1070 1690 2640
10 310 500 790 1250 1960 3050
15 540 850 1340 2090 3200
20 410 650 1030 1610 2470 3730
25 530 830 1300 1990 3010 3700
30 430 680 1070 1640 2490 3060 3700
40 790 1210 1830 2250 2710 3290
50 640 980 1480 1810 2190 2650 3010
60 830 1250 1540 1850 2240 2540 2890
75 1030 1260 1520 1850 2100 2400

100 940 1130 1380 1560 1790
125 1080 1220 1390
150 1050 1190
200 1080 1300
250 1080

575 1 1/2 2620
2 2030
3 1580 2530
5 920 1480 2330

7 1/2 660 1060 1680 2650
10 490 780 1240 1950
15 530 850 1340 2090
20 650 1030 1610 2520
25 520 830 1300 2030 3110
30 680 1070 1670 2560 3880
40 790 1240 1900 2860 3510
50 1000 1540 2310 2840 3420
60 850 1300 1960 2400 2890 3500
75 1060 1600 1970 2380 2890 3290

100 1190 1460 1770 2150 2440 2790

FOOTNOTES:
1. If aluminum conductor is used, multiply lengths by 0.5.  Maximum allowable length of aluminum is considerably shorter than copper wire of

same size.
2. The portion of the total cable which is between the service entrance and a 3Ø motor starter should not exceed 25% of the total maximum

length to assure reliable starter operation.  Single-phase control boxes may be connected at any point of the total  cable length.
3. Cables #14 to #0000 are AWG sizes, and 250 to 300 are MCM sizes.

THREE PHASE    60 HZ

SINGLE PHASE    60 HZ

Grundfos 60 Hz Motors • Maximum Cable Motor Length
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Most Common Problem Situations

2

Poor Motor Cooling*
A submersible pump motor is cooled by the flow of water past its outer housing as the pump is
pumping. The water must flow past the motor at a certain velocity for proper cooling to take place, and
the minimum velocity needed is different for each diameter motor.

MINIMUM VELOCITY OF WATER PAST MOTOR*

4" diameter motor ............... .25 feet per second
6" diameter motor ............... .5 feet per second
8" diameter motor ............... .5 feet per second
10" diameter motor ............ .5 feet per second

To determine whether water is flowing past the motor at a high enough velocity, note where the motor
diameter and outside sleeve or casing diameter intersect on the following chart. The Gallons Per
Minute scale indicates the minimum flow required to keep the motor properly cooled.

Insufficient cooling can sometimes result when:
(1) The screen is located above or at the pump, so that the

water cascades down into the pump's suction intake
without first flowing past the motor.

(2) The casing diameter is so large that the water is drawn
into the pump's suction intake from the side without
first flowing past the motor.

These problems can be solved by fitting the pump and motor
into a Flow Inducer Sleeve. This sleeve attaches to the pump and
forces water to pass around it and enter the pump's
suction intake from below the motor.

If the diameter of the well's casing is too small for a
sleeve inducer, a rigid tube (usually 1/4" inside diameter)
can be tapped into the discharge piping above the pump (but
below any check valves) with the other end positioned below the
motor and pointing upwards.

Correct screen position
for proper cooling

Cascading water from screen
does not flow past motor

Flow Inducer Sleeve forces
water past motor

4" 6" 8" 10"
motor motor motor motor

4 inches ....................... 1.2 GPM -- -- --
5 ..................................... 7 -- -- --
6 ..................................... 13 10 -- --
7 ..................................... 21 28 -- --
8 ..................................... 30 45 10 --

10 .................................. -- 85 55 30
12 .................................. -- 140 110 85
14 .................................. -- 198 180 145
16 .................................. -- 275 255 220
18 .................................. -- -- -- 305

MOTOR
DIAMETER

MINIMUM FLOW REQUIREMENTS FOR SUBMERSIBLE MOTORS*

WELL CASING OR
FLOW INDUCER SLEEVE

(internal diameter in inches)

MINIMUM
FLOW
(GPM)

(to ensure proper
motor cooling)

*Grundfos motors have a more effective internal cool ing design;
therefore, a cool ing sleeve is not required in water up to 30° C
(86° F).  However, all motors will have a longer l ife with a cool ing
sleeve installed.



Pumping Sand
All submersible water pumps are designed with the idea they will be used to pump clean, clear water. Some design changes can be
made to enable them to better handle situations that don't meet this ideal, but only to a limited degree.

No situation shortens the life of submersible pump more than pumping silt or SAND.

Effect On Pump Will Be First Noticed By... Design Changes To Deal With The Problem

SAND works its way into all
moving parts of the pump,
grinding bearings, impellers,
and all other components as
they spin against each other.

There is no way to eliminate all pump damage due to
pumping sand. The effects can only be minimized.

Since sand tends to be carried along with flow rates
greater than 5-8 feet per second (water velocity), an
enlarged drop pipe can reduce the water velocity and
thereby reduce the chance sand can enter the pump.
Of course, if the water velocity drops below the chart
on the previous page, motor cooling may become a
problem.

Reduced flow (GPM) and head, since
the perfect fit of the impellers and
other components will be slowly
worn away and the pump will
become less and less efficient.

At some point, the pump's
performance will become so poor it
becomes quite apparent that
something is seriously wrong.

If the pump is pulled out of the well
and the impellers and other moving
components are examined, uniform
wear (not random pitting, which
might indicate that pump may have
been cavitating) can be seen on
virtually every moving part.

Well
Casing

Impeller

Split Cone

Split Cone Nut

Top Bearing

Shaft

Most Common Problem Situations
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Upthrust Condition
Pumps are designed with the expectation that the correct size
pump will be used in the right situation. An 80 gallon per
minute pump which can produce about 600 feet of head (at the
same time it delivers 80 GPM) is designed so that if it is used in
this situation, the pump will operate at its best efficiency and
all its components will have a long life. The perfomance curve
to the right shows the most efficient operating range for this
type of pump.

If the pump is not operated within this range, problems can
occur.

One such problem can occur when a pump is installed and run
in a situation in which it will produce far GREATER flow (GPM)
than it was designed for. In other words, the pump is oversized
for what is really needed. When such a pump is started, the
initial thrust (upward water surge) generated by the spinning
impellers is so much GREATER than the downward thrust it is
expecting to overcome (such as the force of the different water
pressure, the weight of the impellers and shaft, etc.), that the
entire stack of impellers within the pump is lifted upwards (UPTHRUST).  Pumps are manufactured with bearings designed to handle
intermittent upward water surges up to a certain degree.  If the actual flow is much greater than this, an upthrust condition exists.  The
force of this UPTHRUST will first put pressure on the motor’s thrust bearing.  If and when this bearing wears out, the pump’s components
will begin to absorb the upthrust as they grind against each other.  Upthrust is especially damaging when the pump is started and the
drop pipe is empty -- causing a great upthrust of water since no head is present.  Check valves in the drop pipe will prevent this from
occuring.

Usually, the UPTHRUST condition lasts for only a few seconds until the water pressure above the impellers acts as a counterforce to press
the impeller stack down onto the motor shaft.  Sometimes, however, if the pump is producing far more flow than for which it was
designed, the upthrust condition can continue until the pump is stopped.

BEFORE AFTER DAMAGE CAUSED
pump starts pumping pump starts pumping

Weight of water and
 impellers pushes down

Initial surge of water thrusts
impellers upwards

Once the motor’s thrust
bearing is worn, the pump
components begin wearing

Performance
Curve for

85S200-14

Impeller

Split Cone

Split Cone Nut

Top Bearing

Shaft

Most Common Problem Situations
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OPERATING OUTSIDE THE RANGE

H
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FLOW
Gallons Per Minute (GPM)
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Most Efficient
Operating Range
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ReducedCooling }



Downthrust Condition
Pumps are designed with the expectation that the correct size
pump will be used in the right situation. An 80 gallon per minute
pump which can produce about 600 feet of head (at the same
time it delivers 80 GPM) is designed so that if it is used in this
situation, the pump will operate at its best efficiency and all its
components will have a long life. The perfomance curve at right
shows the most efficient operating range for this type of pump.

If the pump is not operated in this range, problems can occur.

One such problem can occur when a pump is installed and run in
a situation in which it will produce HEAD in the range of shut-off
pressure (left part of the curve, as shown above).  Although the
pump is designed to operate over the full curve, if it does not
produce enough flow the weight of the shaft and the pressure of
the water in the drop pipe is not counterbalanced, causing
possible wear to the bearings in the pump and motor.  This can
occur if a valve has been closed down so far that the flow is
greatly restricted or when the pump is pumping water faster
than the well can refill itself.

In addition to causing possible bearing damage, operating the
pump in a downthrust condition is an inefficient use of energy and may not allow for proper motor cooling (see page 2).

Impeller

Split Cone

Split Cone Nut

Top Bearing

Shaft

BEFORE AFTER DAMAGE CAUSED
pump starts pumping pump starts pumping

After motor’s thrust bearing
has worn out, pump

components begin to show
equal wear from grind ing

Weight of water and
 impellers pushes down

Impellers can produce so
 much pressure they can grind

down against each other

Most Common Problem Situations
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The best way to check for motor bearing damage is with a shaft height gauge.  Refer to the Dismantling & Reassembly section of this
manual for complete instructions.

Performance
Curve for

85S200-14
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Pump Won't Start
Possible Cause Check This By . . . Correct This By . . .

Low or no power at the motor

Fuses are blown or the circuit breakers
have tripped.

(3-phase motors only)
Motor starter overloads are burned or
have tripped

(3-phase motors only)
Starter does not energize

Defective controls

Motor or cable is defective

(1-phase motors only)
Defective capacitor

Defective pressure switch or the
tubing to it is plugged.

The pump is mechanically bound or
stuck

Check for voltage at the control box or panel. See
page 11 for instructions.

Turn off the power and remove the fuses. Check
for continuity with an ohmmeter as shown on
page 13.

Check for voltage on the line and load side of the
starter. Check the amp draw and make sure the
heater is sized correctly.

Energize the control circuit and check for voltage
at the holding coil.

Check all safety and pressure switches for defects.
Inspect the contacts in control devices.
Turn off the power and disconnect the motor
leads from the control box. Measure the lead-to-
lead resistance of the drop cable with an
ohmmeter (set to R x 1). Measure the lead-to-
ground values with a megohmmeter (set to R x
100K). See pages 12 and 13. Compare these
measurements to the rated values for your motor.
Turn off the power and discharge the capacitor by
shorting the leads together. Check it with an
analog ohmmeter (set to R x 100K). See page 11 or
use an audible capacitor tester.
Watch the pressure gauges as the pressure switch
operates. Remove the tubing and blow through it.
Turn off the power, pull the pump, and manually
rotate the pump shaft. Also check the motor shaft
rotation, the shaft height, and the motor's amp
draw (to see if it indicates a locked rotor).

If there is no voltage at the control panel, check
the feeder panel for tripped circuits and reset
those circuits.
Replace the blown fuses or reset the circuit
breaker. If the new fuses blow or the circuit
breaker trips, the electrical installation, motor,
and wires must be checked for defects.
Replace any burned heaters or reset. Inspect
the starter for other damage. If the breaker
trips again, check the supply voltage. Ensure
that heaters are sized correctly and the trip
setting is appropriately adjusted.
If there is no voltage, check the control circuit
fuses. If there is voltage, check the holding coil
for weak connections. Ensure that the holding
coil is designed to operate with the available
control voltage. Replace the coil if defects are
found.
Replace worn or defective parts or controls.

If an open or grounded winding is found, pull
the pump from the well and recheck the
measurements with the lead separated from
the motor. Repair or replace the motor or
cable.

When the meter is connected to the capacitor,
the needle should jump toward 0 (zero) ohms
and slowly drift back to infinity (         ).
Replace the capacitor if it is defective.
Replace as neccessary.

If the pump shaft doesn't rotate, remove the
pump and examine it. If necessary, dismantle it
and check the impellers for obstruction. Check
for motor corrosion.

1

2

3

4

5

6

8

7

9

Pump Does Not Produce Enough Flow (GPM)
Possible Cause Check This By . . . Correct This By . . .

Shaft is turning in the wrong
direction.

Pump is operating at the wrong
speed (too slow)

Check valve is stuck (or installed
backwards)

Parts in the pump are worn

or

Impellers, Inlet Strainer, or Well
Screen is clogged

The water level in the well may be
too low to supply the flow desired

or

Collapsed well

Broken shaft or coupling

There are leaks in the fittings or
piping

Check to make sure the electrical connections in
the control panel are correct.

Check for low voltage (as shown on page 11) and
phase imbalance (as shown on page 10)

Pull the pump and reove the check valve.

Install a pressure gauge, start the pump, and
gradually close the discharge valve. Read the
pressure at shutoff. (Do not allow the pump to
operate for an extended period at shutoff).

Using a depth gauge, check the drawdown in the
well while the pump is operating.

Pull pump and inspect

Pull the pump out of the well.

Turn off the power.  Correct the wiring. For
single phase motors, check the wiring diagram
on the motor. For three phase motors, simply
switch any two power leads.
Replace defective parts or contact power
company, as applicable.

Re-install or replace.

Convert the PSI you read on the gauge to Feet
of Head by:

PSI x 2.31 ft

Add to this number the number of feet
(vertically) from the gauge down to the water's
pumping level.
Refer to the pump curve for the model you are
working with to determine the shutoff head
expected for that model. If those figures and
yours do not match, remove the pump and
inspect impellers, chambers, etc., for clogging.

If the pumping water level (including
drawdown) is not AT LEAST 3 FEET above the
pump's inlet strainer, either:
1. Lower the pump further down

the well.
2. Throttle back the discharge

valve to decrease the flow,
thereby reducing drawdown.

Replace as necessary.

The suction pipe, valves, and fittings must be
made tight. Repair any leaks and retighten all
loose fittings.

10

11

12

13

14

15

16

When Something Goes Wrong. . .
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When Something Goes Wrong
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Fuses Blow or Heaters Trip
Possible Cause Check This By . . . Correct This By . . .

Improper voltage

The starter overload is set too low.

(3-phase motors only)
Current is imbalanced.

The wiring or connections are faulty.

(1-phase motors only)
Capacitor is defective

Fuse, heater, or starter are the wrong
size

The control box location is too hot

(1-phase motors only)
Wrong control box

Defective pressure switch

The motor is shorted or grounded.

Poor motor cooling

Bad motor thrust bearing

Check the voltage at the control box or panel. See
page 11 for instructions.

If the incoming voltage is + or -10%, check the
wire size and then measure the distance between
the pump motor and the pump control panel.

Cycle the pump and measure the amperage. See
page 10 for instructions.

Check the current draw on each lead to the motor.
See page 11 for instructions.

Check to make sure the wiring is correct and there
are no loose terminals.

Turn off the power and discharge the capacitor.
Check start and run capacitors with an ohmmeter
(set at R x 100K). See page 11 for instructions.

Check the fuses and heaters against the motor
manufacturer's specification charts.

Touch the box with your bare hand during the
hottest part of the day -- you should be able to
keep your hand on it without burning.

Check requirements for the motor against the
control box specifications.

Watch gauges as pressure switch operates.

Turn  off the power and disconnect the wiring.
Measure the lead-to-lead resistance with an
ohmmeter (set to R x1). Measure the lead-to-
ground resistance (set to R x100K).  Compare
these measurements to the rated values for your
motor.

Find the internal diameter of the well casing (or
sleeve, if used) on the chart on page 2 and check
for proper cooling.

Measure for high amps as explained on page 10.

If  voltage varies by more than 10%  (+ or -),
contact the power company.

Rewire with correct gauge. Undersized wire and
a great distance between the control panel and
the pump motor increases resistance and
decreases the voltage by the time it reaches the
pump motor.
Increase the heater size (use a slo-bio) or adjust
the trip setting. Do not, however, exceed the
recommended rating.

The current imbalance must be within 5% of
each other.  If they are not, check the wiring
and the power supply.

Tighten any loose terminals and replace any
damaged wire.

When the meter is connected to the capacitor,
the needle should jump towards 0 (zero) ohms
and then slowly drift back to infinity (        ).
Replace the capacitor if it is defective.
Replace as necessary.

Shade, ventilate, or move the control box so its
environment does not exceed 120°F.

Replace as necessary.

Replace as necessary.

If you find an open or grounded winding,
remove the motor and recheck the leads. If OK,
check the leads for continuity and for bad
splice.

Increase the pump flow (GPM) so proper
cooling is possible (see chart on page 2) or pull
the pump out of the well and add a sleeve with
a smaller internal diameter (see chart on page 2).
If amps are too high, pull the pump and replace
the motor.

Pump Cycles Too Often
Possible Cause Check This By . . . Correct This By . . .

Check the pressure setting on the switch. Check
the voltage across closed contacts.

Check the tank size and amount of air in the tank.
The tank size should be about 10 gallons for each
GPM needed (16 GPM = 160 gal.).  At the pump
cut-in pressure, the tank should be about 2/3 filled
with air.
Pump air into the tank or diaphragm chamber.
Check the diaphragm for leaks. Check the tank and
piping for leaks with  soapy water. Check the air-
to-water ratio in the tank.

Examine them for dirt or erosion.

Check the setting and operation of the level
control.

Check the yield of the well (determined by the
well-test) against the pump’s performance curve.

Refer to the tank’s operating and installation
instructions and make sure it is installed correctly.

Adjust the pressure switch with a screwdriver
or replace it if defective.

Replace the tank with one that is the correct
size.

Repair as necessary.

Repair or replace as necessary.

Readjust the level control setting (according to
the manufacturer's instructions) or replace it if
defective.
Reduce the flow by throttling back the valve.

or
Change the pump.

Repair or replace as needed.

The pressure switch is defective or is
not properly adjusted.

The tank is too small

There is insufficient air charging of the
tank or piping is leaking.

Plugged snifter valve or bleed orifice
(causing pressure tank to be water-
logged)

Leak in the pressure tank or piping.

The level control is defective or is not
properly set.

Pump is oversized for the application.
It is outpumping the yield of the well
and pumping itself dry.
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Amperage Check
To check the electrical current (measured in amperes, or "amps") use an ammeter.
Instructions
1. Make sure the pump is running
2. Set the rotary scale on the front of the ammeter to the highest scale.
3. Open the control box and place the jaws of the ammeter

around the wire to be measured.
4. Slowly rotate the scale on the ammeter back towards 0 (zero)

until an exact reading is shown.
5. Record the measurement
6. Repeat for the other wires.

Evaluation
If the amp draw exceeds the service factor amps for the pump (as listed in the
Motors section of the Service Manual), then:
····· The motor starter may have  burned contacts
····· The terminals in the starter or terminal box may be loose
····· There may be a winding defect. Check the winding and insulation resistance (see

pages 12 and 13)
····· The motor windings may be shorted or grounded
····· The pump may be damaged in some way and may be causing a motor overload.
····· A voltage supply or current imbalance (3-phase only) may exist. Follow the steps

below to determine if this is true.
····· The insulation on the drop cable may be torn, exposing the cable.

Current Imbalance On Three-Phase Motors
If the motor is connected to three-phase power, the
balance of those three phases can be checked in the
following way:
1. Measure the amperage of each wire as instructed

above and record these figures.
2. Add together the total amperage measured by the

three wires.
3. Divide this number by three to get the average

amperage reading for the three wires.
4. Check over your numbers and

determine which wire has the greatest difference
from the average.

5. Take that number  and subtract it from the
average to determine the amount of difference.

6. Divide the difference by the average.
7. Multiply this number by 100 to obtain the percent

of current imbalance for that particular hookup.
8. Turn POWER OFF
9. Repeat these steps for the other two possible

hookup installations so that each motor lead is
connected to a different power lead than it was
before.

Evaluation
If the the current imbalance is greater than 5% on all three hookups, then:

····· If the largest difference in amps is consistently drawn from the same power lead (L1, L2, or L3 above), contact the power company.
Your voltage should be balanced to within + or - 5%.

····· If the largest difference in amps is consistently drawn from the same motor lead (A, B, or C above), there is likely a problem with the
motor. Check the items listed under "Evaluation" near the top of this page.

If the current imbalance exceeds 5% one or two of the legs, use the hookup that has the least difference and check the motor for some of
the other problems listed under "Evaluation" near the top of this page.

Measurement and Testing
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IncomingIncomingIncomingIncomingIncoming
powerpowerpowerpowerpower
leadsleadsleadsleadsleads

MotorMotorMotorMotorMotor
leadsleadsleadsleadsleads

(where A, B, and C represent each motor lead or each set of leads joined together
to make a single motor lead)

Hookup 1Hookup 1Hookup 1Hookup 1Hookup 1 Hookup 2Hookup 2Hookup 2Hookup 2Hookup 2 Hookup 3Hookup 3Hookup 3Hookup 3Hookup 3

L1 L2 L3 L1 L2 L3 L1 L2 L3

A B C C A B B C A

Example:
A = 51 amps C = 50 amps B = 50 amps
B = 46 amps A = 49 amps C = 48 amps
C = 53 amps B = 51  amps A = 52 amps

Total = 150 Total = 150 Total = 150
150/3 = 50 150/3 = 50 150/3 = 50

- 46 = 4 - 49 = 1 - 48 = 2
4/50 = .08 or 8 % 1/50 = .02 or 2 % 2/50 = .04 or 4 %

Incoming
Power
Supply

To
Pump
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To check the condition of any capacitor on single phase motors, use an
ohmmeter.

Instructions:
1. Turn the POWER OFF.
2. Disconnect the capacitor from the power source.
3. Discharge the capacitor by touching its leads together.
4. Set the scale selector on the ohmmeter to R x 100K.
5. Connect the leads of the ohmmeter to the black and orange wires of

the capacitor.
6. Watch the ohmmeter scale.
7. Disconnect one lead from the capacitor for approximately 30 seconds. The needle

should return to the last reading taken.

Evaluation
If the capacitor is OK, the needle should swing towards zero and then float back
towards infinity (∞).  If the needle drops and remains at zero, the capacitor is
probably shorted. If the needle remains at a high value, there is an open circuit.
CAUTION:  This test may indicate a good capacitor even though it may have lost some capacitance, making the motors
run noisy or draw high amps.  To safeguard against this, the capacitor can be checked with a capacitor meter.

}

CheckingCheckingCheckingCheckingChecking
Single PhaseSingle PhaseSingle PhaseSingle PhaseSingle Phase
PowerPowerPowerPowerPower

Capacitor Check

To check the supply voltage, use a voltmeter (or amprobe) with the power on.

Instructions
1. Set the voltmeter to the highest scale
2. Remove the cover of the control box...BE CAREFUL -- POWER IS STILL BEING

SUPPLIED TO THE CIRCUIT. Do not touch the voltmeter leads together while
they are in contact with the power lines.

3. Touch the ends of the voltmeter leads as follows:

Single Phase Motors
Touch one voltmeter lead to each of the lines supplying power to the
control ( L1  and  L2  , or L1  and N  for 115V circuits).

Three Phase Motors
Touch a voltmeter lead to the following:

····· Power leads L1  and  L2

····· Power leads L2  and  L3

····· Power leads L3  and  L1

····· Two fuses
····· Two contact points
····· Two heaters

Evaluation
When the motor is under load, the voltage should be -10% and +6% of the nameplate voltage. Any variation larger than this
can cause damage to the motor windings and should be noticeable as a high amp problem.

If The Motor Nameplate Reads . . . Then the minimum and maximum voltage should be . . .
Minimum Maximum

115V (single phase) 105 volts 121 volts
208V (single or three phase) 188  " 220 "
230V "              " 210 " 243 "
460V (three phase) 414 " 487 "
575V "               " 518 " 609 "

Any variations larger than these may indicate a poor electrical supply. The motor should not be operated under these
conditions. Contact your power supplier to correct the problem or change the motor to one requiring the voltage you are
receiving.

Supply Voltage Check

These tests should give a reading of full line
voltage.
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Motor Winding Resistance (lead-to-lead)
To check the electrical condition of the drop cable, splice, and motor windings, a resistance check with an ohmmeter is required.

Instructions:
1. Turn the POWER OFF.
2. Disconnect all electrical leads to the drop cable.
3. Set the scale selector on the ohmmeter to R x 1 (if you expect ohm

values under 10) or R x 10 (for ohm values over 10).
4. Touch the leads of the ohmmeter to two motor leads:

Single Phase Motors
Touching the leads of the ohmmeter to the black and yellow leads will
measure the main winding’s resistance for Franklin and Grundfos 402 motors.
The red and yellow leads will be the start winding’s resistance.
Three Phase Motors
Touching the leads of the ohmmeter to any two black leads will measure
that winding's resistance. Repeat for all three possible lead combinations.

5. Watch the ohmmeter scale and record this figure.  Subtract the ohm
resistance for the drop cable (chart below) from the number.  Compare the
remaining figure with the one shown in the Motors section of this manual.

OHMMETER

R x 000 R x 000

R x 000 R x 000

R x 000 R x 000

R x 000 R x 000

If: Then:
Ohm values are normal Motor windings are okay
One ohm value is less than normal That motor winding may be

starting to short
One ohm value is greater than normal That winding may be starting to open
Some ohm values are greater than The leads may be connected
normal (>25%) and some are less incorrectly, or have a break in the
than normal (± 25%) insulating jacket

If ohm readings are not normal and you want to verify the problem is not with the splice or drop cable, remove the lead from the motor and
check the resistances from pin to pin directly at the motor.  If the motor checks out okay, the fault is in the lead or splice (see page 14).

Total Resistance of Drop Cable (from control box to motor and back)

The values shown are for
copper conductors.  If
aluminum conductor
drop cable is used, the
resistance will be higher
for each foot of cable of
the same size.

Copper ÷ .61 = Aluminum

0

250

500

750

1000

1250

1500

.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

DROP CABLE OHMS

FE
ET

O
F

C
A

B
LE

#14 CABLE

#12 CABLE

#10
CABLE

#8
CA

BL
E

#6
C

A
B

LE

#4
C

A
B

LE

#2
C

A
B

LE

#0
C

A
B

LE



Measurement and Testing

13

Insulation Resistance
(lead-to-ground)
To check the insulation resistance of the drop cable, splice, and motor leads, a megohmmeter is
required.

Instructions:
1. Turn the POWER OFF.
2. Disconnect all electrical leads to the drop cable.
3. Set the scale selector on the megohmmeter to R x 100, touch its leads together, and adjust

the indicator to zero.
4. Touch the leads of the megohmmeter to each of the motor leads and to ground (i.e. L1 to

ground; L2 to ground, etc.). The well casing, if made of steel, makes an excellent ground.
5. Watch the megohmmeter scale and compare this figure with the chart below.

Evaluation: In general, any ohm value above 1,000,000 ohms indicates everything is OK. The
following table gives more specifics.

MEGOHMMETER

R x 000 R x 000

R x 000 R x 000

R x 000 R x 000

R x 000 R x 000

Fuses
To check the condition of electrical fuses, an ohmmeter is required.

Instructions:
1. Turn the POWER OFF at the main disconnect or power source.
2. Remove the fuse.
3. Set the scale selector on the ohmmeter to R x 1.
4. Touch each lead of the ohmmeter to one end of the fuse.

Evaluation:
A good fuse should have zero (0) ohm reading. If the ohm value is near or past
infinity, the fuse must be replaced.

OHMMETER

R x 000 R x 000

R x 000 R x 000

R x 000 R x 000

R x 000 R x 000

OHM VALUE MEGAohm VALUE                                      THIS INDICATES THAT ...

If The Motor HAS NOT Yet Been Installed:
2,000,000 (or more) 2.0 It is a new motor
1,000,000 (or more) 1.0 It is a used motor than can be used again (insulation OK)

If The Motor HAS Been Installed:
(means that ohm readings will be for the

drop cable plus the motor)

500,000 - 1,000,000 0.5 - 1.0 The motor is in reasonably good condition
20,000 - 500,000 .02 - 0.5 The motor may have been damaged by lightning or has damaged

leads.
10,000 - 20,000 .01 - .02 The motor has certainly been damaged or has damaged leads.

The pump should be pulled and repairs made to the motor leads
or replace the motor completely. The motor may still operate,
but probably not for long.

less than 10,000 0 - .01 The motor has failed or the motor lead insulation has been completely
destroyed. The pump must be pulled and the motor lead (drop
cable) repaired or the entire motor replaced. The motor will not run
in this condition.



OHMMETER

R x 000

R x 000

R x 000

R x 000

R x 000

R x 000

R x 000

R x 000
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Cable and Splice Condition
To check the electrical condition of the cable and splice insulation, a megohmmeter is required.

Instructions:
1. Turn the POWER OFF.
2. Remove the cable from the motor and electrical supply.
3. Submerge the cable in a steel barrel of water. Make sure both ends stay out of the water.

Salt may be added to increase the conductance of the water.
4. Set the megohmmeter to R x 100K. Zero-adjust the ohmmeter by touching its two leads

together.
5. Touch one megohmmeter lead to the steel barrel and other to a bare cable lead.
6. If the megohmmeter drifts towards zero (0), either that lead or the splice for that lead has a

leak (fault). To find out if it is the splice:

a. Raise the splice for that lead out of the water.
b. Repeat step 5.
c. If the megohmmeter drifts towards infinity,

the fault is in the splice.
d. If the megohmmeter drifts towards zero (0), the fault is somewhere else in

that lead. Gradually pull the rest of that cable lead out of the water until
the megohmmeter drifts towards infinity. When it does, the leak is at that
point in the cable lead.

7. Repeat for each of the motor leads.

Evaluation:
Any faulty leads should be replaced using waterproof electrical tape.

Checking the Relay
(SINGLE-PHASE CONTROL BOXES ONLY)(SINGLE-PHASE CONTROL BOXES ONLY)(SINGLE-PHASE CONTROL BOXES ONLY)(SINGLE-PHASE CONTROL BOXES ONLY)(SINGLE-PHASE CONTROL BOXES ONLY)
To check the electrical condition of the relays on single phase control
boxes, an ohmmeter is required.

Specific instructions for checking the relay differ from control box to
control box. Refer to the inside cover of your control box.

OHMMETER

R x 000

R x 000

R x 000

R x 000

R x 000

R x 000

R x 000

R x 000
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Overload Protection
To check the electrical condition of the thermal overloads, an ohmmeter is required.

Instructions:
1.  Turn the POWER OFF.
2.  Set the scale selector on the ohmmeter to R x 1.
3.  Touch one of the ohmmeter leads to an overload protector and one to terminal 1,

 then terminal 3.  Repeat for each overload protector.

Evaluation:
If the ohm values are 0.5 ohms or less, the overload protectors should still be functional.
If not, they should be replaced.



Definitions

Before a centrifugal water pump can operate, the water must enter the pump under a certain minimum amount of pressure.
For submersible pumps, this minimum is easily reached, since the pump is submerged in water and both the atmospheric
pressure (14.7 psi) and the pressure of the water in the well are present. The amount of pressure (expressed in feet of head)
required for a given pump to operate is known as its Net Positive Suction Head Required.

This number is determined  by extensive testing of the pump by the manufacturer. These requirements are normally shown
in graphical form (an NPSH curve) for a pump at every  flow (GPM) within the flow range for which the pump is designed.
As a pump's flow (GPM) increases, the NPSHR needed to continue that flow (without cavitating) also increases.

The amount of pressure (expressed in feet of head) that is actually available to a pump is known as its Net Positive Suction
Head Available. Since the NPSH Available to the pump is almost always greater than the NPSH Required (for submersible
pumps, that is), they are usually not a cause for any concern when sizing a pump or troubleshooting.

For submersible pumps, NPSH Required should not be confused with Total Dynamic Head, which is the
amount of head the pump must produce to deliver water at the desired flow rate (GPM) in a given situation.
Total Dynamic Head (or TDH, as it is sometimes called) is explained below.

NET POSITIVE SUCTION HEAD  (two types)

TOTAL DYNAMIC HEAD

When selecting (or "sizing") a pump, two questions must be
answered:

1. How much flow is needed ?
(expressed in Gallons Per Minute)

2. How much head must the pump produce ?
(known as Total Dynamic Head)

To determine the Total Dynamic Head the pump must
produce, 5 pieces of information are needed:

STATIC WATER LEVEL

DRAWDOWN
(as the pump is pumping)

TANK ELEVATION

TANK PRESSURE
(multiply by 2.31 to
convert psi to feet of head)

FRICTION LOSSES

THE TOTAL
OF THESE 5 NUMBERS IS
THE AMOUNT OF HEAD
THE PUMP MUST PRODUCE

AAAAA

BBBBB

CCCCC

DDDDD

EEEEE
A

+++++

+++++

+++++

+++++
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AFFINITY  LAWS
The mathematical relationships which permit the head, capacity, brake horsepower (BHP), and NPSH of centrifugal
pumps to be predicted based on small changes in impeller diameter size or shaft speed (RPM) changes. These relation-
ships are:

For diameter changes at a constant RPM:

D1 GPM1

D2 GPM2=====

Head changes to the square ratio of the
ratio of the diameter change.

         2
D1 H1

D2 H2=====

BHP  changes to the cube of the ratio of
the diameter change

         3
D1 BHP1

D2 BHP2=====

)(

)( =====(
              3
RPM1 BHP1

RPM2 BHP2

Head is affected by the square
of the ratio of RPM change

and
BHP is affected by the cube of
the ratio of the RPM change

For RPM changes:

              2
RPM1 NPSH1

RPM2 NPSH2=====(RPM1 GPM1

RPM2 GPM2=====
Flow changes in direct proportion to
the ratio of the diameter change.

=====(
             2
RPM1 H1

RPM2 H2 })

)

)

Conversion Formulas

HEAD
(in feet) ===== Pressure (PSI)  x  2.31

Specific Gravity (for water, 1.0 at ambient temperatures)

PUMP EFFICIENCY
Of The Pump

FOOT POUNDS

DEGREES FARENHEIT

=====
GPM  x  HEAD  x  Specific Gravity

3960  x  Brake Horsepower

Newton Meters (or Nm) x .7376

(Degrees Celsius x 9/5) + 32

BRAKE HORSEPOWER
Horsepower Delivered to the Pump Shaft ===== GPM  x  HEAD  x  Specific Gravity (for water, 1.0 at ambient temps)

3960  x  Efficiency Of Pump

===== =====
ATMOSPHERIC PRESSURE
Pressure of the Atmosphere Pushing
Down (at sea level)

14.7 PSI 34 feet of HEAD

PRESSURE
(PSI) ===== HEAD (in ft)  x  Specific Gravity (for water, 1.0 at ambient temperatures)

2.31

Engineering
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Water Vapor Pressure and Specific Gravity
Specific Vapor Vapor
Gravity Weight Pressure Pressure

°F °C (1 at 60°F) (Lbs per cubic foot) (PSIA) (in feet)

32 0 1.002 62.42 0.0885 0.204
40 4.4 1.001 62.42 0.1217 0.281
45 7.2 1.001 62.40 0.1475 0.340
50 10.0 1.001 62.38 0.1781 0.411
55 12.8 1.000 62.34 0.2563 0.591
60 15.6 1.000 62.34 0.2563 0.591
65 18.3 .999 62.31 0.3056 0.839
70 21.1 .999 62.27 0.3631 0.839
75 23.9 .998 62.24 0.4298 0.994
80 26.7 .998 62.19 0.5069 1.172
85 29.4 .997 62.16 0.5959 1.379
90 32.2 .996 62.11 0.6982 1.617
95 35.0 .995 62.06 0.8153 1.890

100 37.8 .994 62.00 0.9492 2.203
110 43.3 .992 61.84 1.275 2.965
120 48.9 .990 61.73 1.692 3.943
130 54.4 .987 61.54 2.223 5.196
140 60.0 .985 61.39 2.889 6.766
150 65.6 .982 61.20 3.718 8.735
160 71.1 .979 61.01 4.741 11.172
170 76.7 .975 60.79 5.992 14.178
180 82.2 .972 60.57 7.510 17.825
190 87.8 .968 60.35 9.339 22.257
200 93.3 .964 60.13 11.526 27.584

212 (boiling point) 100.0 .959 59.81 14.696 35.353
220 104.4 .956 59.63 17.186 41.343
240 115.6 .948 59.10 24.97 60.77
260 126.7 .939 58.51 35.43 87.05
280 137.8 .929 58.00 49.20 122.18
300 148.9 .919 57.31 67.01 168.22
320 160.0 .909 56.66 89.66 227.55
340 171.1 .898 55.96 89.66 227.55
360 182.2 .886 55.22 153.04 398.49
380 193.3 .874 54.47 195.77 516.75
400 204.4 .860 53.65 247.31 663.42
420 215.6 .847 52.80 308.83 841.17
440 226.7 .833 51.92 381.59 1056.8
460 237.8 .818 51.02 466.9 1317.8
480 248.9 .802 50.00 566.1 1628.4
500 260.0 .786 49.02 680.8 1998.2

Engineering
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Water Properties at Different Altitudes
     ALTITUDE      BAROMETER READING          ATMOS. PRESSURE

Boiling Point
Feet Meters IN. HG. MM. HG PSIA   Feet of Water Of Water F°

-1000 -304.8 31.0 788 15.2 35.2 213.8
-500 -152.4 30.5 775 15.0 34.6 212.9

0 0.0 29.9 760 14.7 33.9 212.0
+500 +152.4 29.4 747 14.4 33.3 211.1

+1000 304.8 28.9 734 14.2 32.8 210.2
1500 457.2 28.3 719 13.9 32.1 209.3
2000 609.6 27.8 706 13.7 31.5 208.4
2500 762.0 27.3 694 13.4 31.0 207.4
3000 914.4 26.8 681 13.2 30.4 206.5
3500 1066.8 26.3 668 12.9 29.8 205.6
4000 1219.2 25.8 655 12.7 29.2 204.7
4500 1371.6 25.4 645 12.4 28.8 203.8
5000 1524.0 24.9 633 12.2 28.2 202.9
5500 1676.4 24.4 620 12.0 27.6 201.9
6000 1828.8 24.0 610 11.8 27.2 201.0
6500 1981.2 23.5 597 11.5 26.7 200.1
7000 2133.6 23.1 587 11.3 26.2 199.2
7500 2286.0 22.7 577 11.1 25.7 198.3
8000 2438.4 22.2 564 10.9 25.2 197.4
8500 2590.8 21.8 554 10.7 24.7 196.5
9000 2743.2 21.4 544 10.5 24.3 195.5
9500 2895.6 21.0 533 10.3 23.8 194.6

10000 3048.0 20.6 523 10.1 23.4 193.7
15000 4572.0 16.9 429 8.3 19.2 184.0
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1 WELL CAP
2 CONDUIT CONNECTOR
3 CONDUIT
4 PITLESS ADAPTER
5 SAFETY ROPE
6 CHECK VALVE
7 ELECTRICAL CABLE
8 TORQUE ARRESTOR
9 ELECTRICAL PUSH-IN CONNECTOR

10 PIPE
11 PUMP
12 LIGHTNING ARRESTOR
13 DISCONNECT SWITCH
14 TANK
15 PRESSURE SWITCH
16 PRESSURE GAUGE
17 UNIONS AND PIPE FITTINGS
18 RELIEF VALVE
19 GATE VALVE
20 TANK VALVE (FAUCET) DRAIN

Typical Components for
Grundfos Submersible Pump

Water System

FIGURE 8-A
Components found in a typical automatic groundwater pumping system
including a submersible pump, pressure tank, and pressure control
accessories.

PART 1: INTRODUCTION
General
This section will provide the technical information needed
to properly select GRUNDFOS groundwater products. The
information applies primarily to domestic groundwater
systems using 4-inch wells with submersible or jet pumps,
pressure tanks, and accessories. It is important to be familiar
with typical system components and their basic hydraulic
principles to ensure a better understanding of the more
technical information found later in this section.

Prior to selecting the pump, the basic system requirements
must be determined. System capacity and system pressure
must be calculated and friction losses determined to ensure
proper system performance. These calculations are covered
in detail in Part 1. In Part 2, information is provided on
proper cable selection. Also provided in Part 3 are
miscellaneous technical data and formulas commonly used
in the selection of domestic groundwater systems.

Typical System Components
Domestic groundwater systems are made up of a pump,
storage tank, and accessories to operate the system
automatically. Pumps are generally of the submersible or
jet variety and include the pump and motor as a unit. Refer
to Figure 8-A for the components found in a typical automatic
groundwater pumping system.

In a closed, automatic water system a pressure tank is
used to store water and maintain system pressure between
specified limits (such as 30 to 50 psi). As the water level in
the tank rises, tank air is compressed in the upper part of
the tank until the upper pressure limit is reached (i.e., 50
psi). At this “cut-out” point a pressure switch opens the
electrical circuit to the motor and the pump stops.

The compressed air in the tank acts like a spring pushing
down on the water to create system pressure. When a valve
is opened in the water system, the air pressure in the upper
part of the tank forces the water to flow out of the tank and
into the system. As the water is drawn from the tank, the
air occupies a larger space and the pressure drops until the
lower limit is reached (i.e., 30 psi). At this “cut-in” point the
pressure switch closes the electrical circuit to the motor
and the pump starts. A cycle is thereby completed.

In an open, automatic water system the pump is used to fill
a large, elevated storage tank which utilizes gravity to maintain
system pressure. Tank level controls are used to cycle the
pump to maintain water levels within prescribed limits.

Refer to the following illustrations for schematic layouts of
typical domestic groundwater systems and components:
Figure 8-B (Submersible Pump - Closed System), Figure 8-C
(Submersible Pump - Open System), Figure 8-D (Shallow Well
Jet Pump), and Figure 8-E (Deep Well Jet Pump).

Part 1 – INTRODUCTION

Part 2 – CABLE SELECTION

Part 3 – MISC. TECHNICAL DATA, FORMULAS,
AND CONVERSIONS

TECHNICAL & PUMP SELECTION INFORMATION
SECTION 6
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Closed Groundwater System with Submersible Pump

A. STATIC WATER LEVEL (in feet): vertical distance from the top
of the well to the standing water level or water table.

B. DRAWDOWN (in feet): reduction in the water level during
pumping (varies with well yield and pump capacity).

C. PUMPING WATER LEVEL or LIFT (in feet): C = A + B.

D. FRICTION LOSSES in the WELL (in feet): friction losses
caused by the drop pipe and fittings between the pump and the
top of the well.

E. TOTAL LIFT in the WELL (in feet): E = A + B + D.

F. STATIC DISCHARGE HEAD (in feet): for PRESSURE TANK
SYSTEMS it is the elevation rise in feet of the pressure tank,
discharge nozzles, etc., above the top of the well plus the
pressure (in feet) required at that level.

G. FRICTION LOSSES in the DISCHARGE SYSTEM (in feet):
friction losses caused by piping, valves, and fittings between
the top of the well and the point of discharge.

H. TOTAL DISCHARGE HEAD (in feet): H = F + G.

J. TOTAL PUMPING HEAD (in feet): J = E + H.

K. SETTING OF PUMP (in feet): vertical distance from the top of
the well to the top of the pump.

L. OVERALL LENGTH (in feet): vertical distance from the top of
the well to the bottom of the pump.

M. SUBMERGENCE (in feet): M = K - C.

Q. CAPACITY (in gpm or gph): rate of pumping.

Open Groundwater System with Submersible Pump

A. STATIC WATER LEVEL (in feet): vertical distance from the top
of the well to the standing water level or water table.

B. DRAWDOWN (in feet): reduction in the water level during
pumping (varies with well yield and pump capacity).

C. PUMPING WATER LEVEL or LIFT (in feet): C = A + B.

D. FRICTION LOSSES in the WELL (in feet): friction losses
caused by the drop pipe and fittings between the pump and the
top of the well.

E. TOTAL LIFT in the WELL (in feet): E = A + B + D.

F. STATIC DISCHARGE HEAD (in feet): for OPEN DISCHARGE
SYSTEMS it is the elevation of the highest water level above the
top of the well.

G. FRICTION LOSSES in the DISCHARGE SYSTEM (in feet):
friction losses caused by piping, valves, and fittings between
the top of the well and the point of discharge.

H. TOTAL DISCHARGE HEAD (in feet): H = F + G.

J. TOTAL PUMPING HEAD (in feet): J = E + H.

K. SETTING OF PUMP (in feet): vertical distance from the top of
the well to the top of the pump.

L. OVERALL LENGTH (in feet): vertical distance from the top of
the well to the bottom of the pump.

M. SUBMERGENCE (in feet): M = K - C.

Q. CAPACITY (in gpm or gph): rate of pumping.

FIGURE 8-C
Figure 8-C illustrates a schematic layout of an OPEN groundwater pumping
system using a submersible pump and an elevated storage tank set for automatic
operation. A level control on the storage tank controls the cycling of the pump.

FIGURE 8-B
Figure 8-B illustrates a schematic layout of a CLOSED goundwater pumping
system using a submersible pump and pressure tank set for automatic operation.
A pressure switch controls the cycling of the pump.
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FIGURE 8-E
Figure 8-E illustrates a schematic layout of an DEEP WELL groundwater pumping
system using a deep well JET PUMP designed for settings to 100 feet.  The
pressure tank is set for automatic operation with a pressure switch controlling
the cycling of the pump.

FIGURE 8-D
Figure 8-D illustrates a schematic layout of a SHALLOW WELL groundwater
pumping system using a shallow well JET PUMP designed for setting to 25 feet.
The pressure tank is set for automatic operation with a pressure switch controlling
the cycling of the pump.

CLOSED GROUNDWATER SYSTEM WITH
SHALLOW WELL JET PUMP

A. Statics Water Level (in feet): vertical distance from the top of
the well to the standing water level or water table.

B. Drawdown (in feet): reduction in the water level during pumping
(varies with well yield and pump capacity).

C. Pumping Water Level or Lift (in feet): C = A + B.

D. Friction Losses in the Suction System (in feet): friction losses
caused by suction piping between the pump and foot valve.

E. Total Suction Lift (in feet): E = A + B + D + I.

F. Static Discharge Head (in feet): for Pressure Tanks Systems
it is the elevation rise in feet of the pressure tank, discharge
nozzles, etc., above the pump plus the pressure (in feet) discharge
nozzles, etc., above the pump plus the pressure (in feet) required
at that level. For Open Discharge Systems it is the elevation in
feet of the highest water level above the pump.

G. Friction Losses in the Discharge System (in feet): friction
losses caused by piping, valves, and fittings between the top of
the well and the point of discharge.

H. Total Discharge Head (in feet): H = F + G.

I. Elevation of the Pump above the Top of the Well (in feet).

J. Total Pumping Head (in feet): J = E + H.

K. Setting of the Foot Valve or Strainer (in feet): vertical dis-
tance from the top of the well to the top of the foot valve or
strainer.

L. Overall Length (in feet):  vertical distance from the top of the
well to the bottom of the foot valve or strainer.

M. Submergence (in feet):  M = K - C.

Q. Capacity (in gpm or gph):  rate of pumping.

CLOSED GROUNDWATER SYSTEM WITH
SHALLOW WELL JET PUMP
A. Static Water Level (in feet): vertical distance from the top of the

well to the standing water level or water table.
B. Drawdown (in feet): reduction in the water level during pumping

(varies with well yield and pump capacity).
C. Pumping Water Level or Lift (in feet): C = A + B.
D. Friction Losses in the Suction System (in feet):  friction

losses caused by suction piping between the pump and foot
valve.

E. Total Suction Lift (in feet): E = A + B + D + I.
F. Static Discharge Head (in feet): for PRESSURE TANK

SYSTEMS it is the elevation rise in feet of the pressure tank,
discharge nozzles, etc., above the pump plus the pressure (in
feet) discharge nozzles, etc., above the pump plus the pressure
(in feet) required at that level. For OPEN DISCHARGE SYSTEMS
it is the elevation in feet of the highest water level above the
pump.

G. Friction Losses in the Discharge System (in feet): friction
losses caused by piping, valves, and fittings between the top of
the well and the point of discharge.

H. Total Discharge Head (in feet): H = F + G.
I. Elevation of the Pump above the Top of the Well (in feet).
J. Total Pumping Head (in feet): J = E + H.
K. Setting of the Foot Valve or Strainer (in feet): vertical distance

from the top of the well to the top of the foot valve or strainer.
L. Overall Length (in feet):  vertical distance from the top of the

well to the bottom of the foot valve or strainer.
M. Submergence (in feet):  M=K–C.  The ejector should be set as

close to the bottom of its maximum depth rating as the well will
permit.

Q. Capacity (in gpm or gph):  rate of pumping.
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Head and Pressure
Head and pressure are related in a very simple and direct manner.
Since water has known weight, we know that a 231 foot long, one-
inch square pipe holds 100 pounds of water.  At the bottom of the
one-inch square pipe we refer to the pressure as 100 pounds per
square inch (psi).  For any diameter pipe 231 feet high, the pressure
will always be 100 psi at the bottom.  Refer to Figure 8-F.

Head is usually expressed in feet and refers to the height, or elevation,
of the column of water.  In Figure 8-F we see that a column of water
231 feet high creates a pressure reading of 100 psi.  That same
column of water is referred to as having 231 feet of head.  Thus, for
water, 231 feet of head is equivalent to 100 psi.  Or, 2.31 feet of head
equals 1 psi.

It should be noted that head and pressure readings for non-flowing
water depend on the elevation of the water and not on the volume of
water nor the size or length of piping.

Flow and Friction Loss
Flow is measured as the volume of water moved over a given
length of time.  This is generally referred to as gallons per minute
(gpm) for larger flows and gallons per hour (gph) for smaller flows.
When water moves through a pipe, it must overcome resistance to
flow caused by friction as it moves along the walls of the pipe as well
as resistance caused by its own turbulence.  Added together, these
losses are referred to as friction losses and may significantly
reduce system pressure.

Figure 8-G illustrates the relationship of flow and friction loss.  For
any flow through a level pipe the gauge pressure at the pipe inlet will
be greater than the gauge pressure at the pipe outlet.  The difference
is attributed to friction losses caused by the pipe itself and by fittings.

In general, friction losses occur or are increased under the following
conditions:

1. Friction losses result from flow through any size or length of
pipe (Figure 8-G).

2. Friction losses increase as the flow rate increases or as the
pipe size decreases (if the flow rate doubles for a given pipe
size, friction losses quadruple, Figure 8-G).

3. Friction losses increase with the addition of valves and
fittings to the system (Figure 8-G).

Power is required to push water to a higher elevation, to increase
outlet pressure, to increase flow rates, and to overcome friction
losses. Good system design and common sense indicate that friction
losses should be minimized whenever possible. The costs of larger
pumps, bigger motors, and increased power consumption to
overcome friction losses must be balanced against the increased
cost of larger, but more efficient, system piping. In either case,
unnecessary valves and fittings should be eliminated wherever
possible.

Submersible Pumps vs. Jet Pumps
Submersible and jet pumps are both used in domestic groundwater
systems. When high flow rates and pressure settings are required
at high operating efficiencies, submersible pumps are generally
preferred. Submersible pumps have the advantage of performing
well both in shallow well applications as well as at depths to 2,000
feet. An extensive range of submersible pump models is also available
allowing a precise match to exact system requirements.

Convertible jet pumps are sometimes an economical alternative to
submersibles, especially in shallow well installations of 25 feet or
less. The pumps are less expensive, installation is simplified, and
they are easily converted for deep well installations down to 100 feet
(Figure 8-H).

In “weak” well applications where the pump lowers the water level in
the well faster than the well can replenish itself, a deep well jet pump
with a tail pipe is particularly effective when flow requirements are
relatively small. By adding 35 feet of tail pipe below the jet assembly
with the foot valve attached to the bottom, it will not be possible to pull
the well down and allow air to enter the system. Pump delivery
remains at 100% of the rated capacity down to the level of the jet
assembly. If the water level falls below that point, flow decreases in
proportion to the drawdown as shown in Figure 8-l. When pump
delivery equals well inflow, the water level remains constant until the
pump shuts off. At 33.9 feet of drawdown the pump will no longer
deliver water but the foot valve will remain fully submerged.

FIGURE 8-G
As shown in these illustrations friction losses increase with addi-
tional flow

FIGURE 8-F
Figure 8-F illustrates the relationship between head and pressure.

5 Gal.5000 Gal.

50 psi 50 psi

231 ft.
HEAD

100 psi 100 psi

115.5 ft.

30 psi 25 psi

300 gph300 gph

30 psi 10 psi
600 gph 600 gph

300 gph

5 psi30 psi300 gph

C:  30 psi - 5 psi = 25 psi pressure drop
(or 25 psi x 2.31 = 57.8 feet of friction loss)

A:  30 psi - 25 psi = 5 psi pressure drop
(or 5 psi x 2.31 = 11.5 feet of friction loss)

B:  30 psi - 10 psi = 20 psi pressure drop
(or 20 psi x 2.31 = 46.2 feet of friction loss)



6-5

FIGURE 8-H
Figure 8-H illustrates a convertible jet pump set for deep well use (to
100 feet).

Final Pump Selection
Final pump selection will depend upon specific application
requirements and cost considerations. Regardless of the pump type,
system flow and head requirements (discussed in detail in Part 2)
must be determined prior to actual pump selection.

Flow requirement will be determined by the size of the house or
farm (including the number of bathrooms, outlets and appliances),
the size of family, and the number of farm animals, if applicable.

Total Pumping Head must be calculated to ensure that the pump
selected will meet all head or discharge pressure requirements.
Total pumping head is the combination of the total suction lift (or lift in
well), plus the pump discharge head (consisting of the elevation
from the pumping water level to pressure tank plus pressure tank
discharge pressure), plus all system friction losses.

Total Dynamic Head is equivalent to total pumping head plus velocity
head. In most residential systems, velocity head is negligible. Because
of this, the velocity head term has been left out of future examples
and formulas. From the information gathered on flow and head
requirements, a specific submersible or jet pump may be selected
and an appropriately sized pressure tank ordered.

FIGURE 8-I
Figure 8-I illustrates the use of a tail pipe on a deep well convertible
jet pump to compensate for weak well conditions.
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33.9 Ft. Maximum Drawdown:  0% of
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29 Ft. Below Ejector:  17% of
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28 Ft. Below Ejector:  25% of
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25 Ft. Below Ejector:  40% of
the Rated GPM is Produced
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Static Water Level
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Submersible Pump Cable Selection
Charts (60 Hz)

CABLE LENGTH SELECTION TABLES

CALCULATING MIXED CABLE SIZES

FIGURE 8-Q(1)
Example of Mixed Cable Installation

PART 2:  CABLE SELECTION

Step 2–Since 250 feet is the maximum allowable cable length for the
#12 cable, calculate the percent used by the 115-foot run. (115 ft. ÷
250 ft. = 46%)

Step 3–With 46% of the total allowable cable used between the
service entrance and the well head, 54% remains for use in the well
(100% - 46% = 54%). Therefore, the 270 feet of cable required in the
well can utilize only 54% of the total feet allowed in the table.

Step 4–From Table 8-Q(2) determine the proper size cable required
for the 2 HP pump set at 270 feet. (Remember, you are limited to
54% of the length listed in the table.) A check of #10 cable at 2 HP
indicates that only 210 feet of this cable could be used (390 ft. x 54%
= 210 ft.). Since this is less than the 270 required, the next larger size
should be tried. For #8 cable, 54% of 620 feet = 335 feet. The #8
cable is suitable for use in the well at a pump setting of 270
feet.

See Chart 8-Q(2) next page.

The following table (Table 8-Q(2)) lists the recommended copper
cable sizes and various cable lengths for submersible pump motors.
Proper wire size will ensure that adequate voltage will be supplied to
the motor.

This table complies with the 1978 edition of the National Electric
Table 310-16, Column 2 for 75°C wire. The ampacities (current
carrying properties of a conductor) have been divided by 1.25 per
the N.E.C., Article 430-22, for motor branch circuits based on motor
amps at rated horsepower.

To assure adequate starting torque, the maximum cable lengths are
calculated to maintain 95% of the service entrance voltage at the
motor when the motor is running at maximum nameplate amps.
Cable sizes larger than specified may always be used and will reduce
power usage.

The use of cables smaller than the recommended sizes will
void the warranty. Smaller cable sizes will cause reduced
starting torque and poor motor operation.

In a submersible pump installation any combination of cable sizes
may be used as long as the total percentage length of the individual
cables does not exceed 100%. Mixed cable sizes are most often
encountered when a pump is being replaced with a larger horsepower
model and part of the old cable will be left in place.

In the following example, a 2 HP, 230 volt, 1 phase pump is being
installed to replace a smaller model. The 115 feet of buried #12 cable
located between the service entrance and the well head will be used
in the replacement installation. The well driller must be able to calculate
the required size of cable in the well to connect the new motor at a
setting of 270 feet.

Cable Size Calculation:
Step 1–Check Table 8-Q(2) to see if the 115 feet of existing #12
cable is large enough to provide current to the larger 2 HP
replacement pump. The table tells us that #12 cable is adequate for
a maximum length of 250 feet.

115 Ft. of Existing #12 Cable
(46% of Allowable Cable)

Service
Entrance

(Main Fuse Box
from Meter)

Pump Control Pump Control

Cable

270 Ft.
#8 Cable
(54% of

Allowable
Cable)

Pump Motor
(2 Hp, 230V,
1 Ph Motor)
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(Motor Service to Entrance)TABLE 8-Q(2)
Single Phase 60Hz

MAXIMUM MOTOR CABLE LENGTH

Motor Rating Copper Wire Size

Volts    HP 14 12 10 8 6 4 2 0 00 000 0000 250 300
115 1/3 130 210 340 540 840 1300 1960 2910

1/2 100 160 250 390 620 960 1460 2160
1/3 550 880 1390 2190 3400 5250 7960

230 1/2 400 650 1020 1610 2510 3880 5880
3/4 300 480 760 1200 1870 2890 4370 6470
1 250 400 630 990 1540 2380 3610 5360 6520

11⁄2 190 310 480 770 1200 1870 2850 4280 5240
2 150 250 390 620 970 1530 2360 3620 4480
3 120 190 300 470 750 1190 1850 2890 3610
5 180 280 450 710 1110 1740 2170

71⁄2 200 310 490 750 1140 1410
10 250 390 600 930 1160

Volts    HP 14 12 10 8 6 4 2 0 00 000 0000 250 300
 208 11⁄2 310 500 790 1260

2 240 390 610 970 1520
3 180 290 470 740 1160 1810
5 170 280 440 690 1080 1660

71⁄2 200 310 490 770 1180 1770
10 230 370 570 880 1330 1640
15 250 390 600 910 1110 1340
20 300 460 700 860 1050 1270
25 370 570 700 840 1030 1170
30 310 470 580 700 850 970 1110

230 11⁄2 360 580 920 1450
2 280 450 700 1110 1740
3 210 340 540 860 1340 2080
5 200 320 510 800 1240 1900

71⁄2 230 360 570 890 1350 2030
10 270 420 660 1010 1520 1870
15 290 450 690 1040 1280 1540
20 350 530 810 990 1200 1450
25 280 430 650 800 970 1170 1340
30 350 540 660 800 970 1110 1270

460 11⁄2 1700
2 1300 2070
3 1000 1600 2520
5 590 950 1500 2360

71⁄2 420 680 1070 1690 2640
10 310 500 790 1250 1960 3050
15 540 850 1340 2090 3200
20 410 650 1030 1610 2470 3730
25 530 830 1300 1990 3010 3700
30 430 680 1070 1640 2490 3060 3700
40 790 1210 1830 2250 2710 3290
50 640 980 1480 1810 2190 2650 3010
60 830 1250 1540 1850 2240 2540 2890
75 1030 1260 1520 1850 2100 2400

100 940 1130 1380 1560 1790
125 1080 1220 1390
150 1050 1190
200 1080 1300
250 1080

575 11⁄2 2620
2 2030
3 1580 2530
5 920 1480 2330

71⁄2 660 1060 1680 2650
10 490 780 1240 1950
15 530 850 1340 2090
20 650 1030 1610 2520
25 520 830 1300 2030 3110
30 680 1070 1670 2560 3880
40 790 1240 1900 2860 3510
50 1000 1540 2310 2840 3420
60 850 1300 1960 2400 2890 3500
75 1060 1600 1970 2380 2890 3290

Three Phase 60Hz

CAUTION:  Use of wire size smaller than listed will void warranty.

Notes: 1. If aluminum conductor is used, multiply lengths by 0.5 Maximum allowable length of aluminum is considerably shorter than copper wire of
same size.

2. The portion of the total cable which is between the service entrance and a 3ø motor starter should not exceed 25% of the total maximum
length to assure reliable starter operation.  Single-phase control boxes may be connected at any point of the total cable length.

3. Cables #14 to #0000 are AWG sizes, and 250 to 300 are MCM sizes.
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Calculating Discharge Rate by Using
The Horizontal Open Discharge Method
The most reliable method of measuring flow is to use a flow meter.
When a flow meter is not available, however, it is possible to estimate
the discharge capacity by constructing an “L” shaped measuring
stick similar to that shown in Figure 8-V. With the water flowing from
the pipe, place the long end of the “L” on top of the pipe. Position the
“L” so that the end of the short 4-inch side just touches the stream of
water as the stream slants downward. Note the horizontal distance
“X” from this point to the open end of the discharge pipe. With the
value “X” and and the nominal inside diameter of the pipe, use Table
8-X to find the discharge rate in gallons per minute.

EXAMPLE: Horizontal distance ”X” is measured to be 12 inches.
The size of the pipe Is known to be 11⁄2" (nominal diameter). Find 12
inches in the left hand column of the chart and move across to the
11⁄2" pipe size column. Table 8-X indicates that the discharge rate is
40.0 gallons per minute.

Calculating Low Capacity Outlets: A simple procedure for
measuring low capacity outlets such as small pump outlets, hose
spigots, and faucets is to record the amount of time it takes to fill a
container of known size.

EXAMPLE: Select a container of known size such as a 5-gallon
paint bucket. With a watch, measure, in seconds, the amount of time
it takes to fill the bucket. If it takes 30 seconds to fill a 5-gallon bucket,
Table 8-W indicates that the flow is 10.0 gallons per minute. To obtain
gallons per hour (gph) multiply 10.0 x 60 to obtain 600 gph.

NOTE: Multiply gallons per minute (GPM) by 60 to obtain gallons
per hour (GPH).

Calculating Distance to Water Level
Install 1⁄8" or 1⁄4" pipe or tubing into the well so that the end of the
tubing extends 10 to 20 feet below the lowest possible pumping
water level. Be sure that all joints in the tubing are airtight. As the
tubing is lowered into the well measure its length. Record the mea-
surement.

Capacity of
Container
(Gallons)

TABLE 8-W
Discharge Rate in Gallons Per Minute (GPM) for Low Capacity
Systems

TABLE 8-X
Discharge Rate in Gallons Per Minute (GPM) for Large Capacity Systems

Once the tubing is fixed in a stationary position at the top of the well,
connect an air line and pressure gauge.  With a tire pump or other air
supply, pump air into the line until the pressure gauge reaches a
point where it doesn't read any higher.  Record the pressure gauge
reading at this point.

Figure 8-Y illustrates a typical method for measuring distance to
water level:

X = Distance to water level (in feet).  This figure to be
determined.

Y = Total length of air line (in feet).

Z = Length of submerged air line.  This value is obtained from
the pressure gauge reading which reads in pounds per
square inch (psi).  Multiply the pressure gauge reading
by 2.31 to obtain the length of the submerged air line in
feet.

Distance to water level (X) = (Y) - (Z)
= The total length of the air line (Y) minus the length of the

submerged portion of the air line (Z).

Figure 8-Y
Calculating the distance to water level.

PART 3:  MISC. TECHNICAL DATA, FORMULAS, AND CONVERSION

10 15 20 30 45 60 90 120

1 6.0 4.0 3.0 2.0 1.3 1.0 .7 .5

3 18.0 12.0 9.0 6.0 4.0 3.0 2.0 1.5

5 30.0 20.0 15.0 10.0 6.7 5.0 3.3 2.5

10 60.0 40.0 30.0 20.0 13.3 10.0 6.7 5.0

Discharge Rate in Gallons Per Minute (GPM)

Time (in seconds) to Fill Container

Nominal Pipe Size (in Inches)
1 1 1⁄4" 1 1⁄2" 2" 2 1⁄2" 3" 4" 5" 6" 8"
Discharge Rate in Gallons Per Minute (GPM)

4 5.7 9.8 13.3 22.0 31 48 83

5 7.1 12.2 16.6 27.5 39 61 104 163

6 8.5 14.7 20.0 33.0 47 73 125 195 285

7 10.0 17.1 23.2 38.5 55 85 146 228 334 380

8 11.3 19.6 26.5 44.0 62 97 166 260 380 665

9 12.8 22.0 29.8 49.5 70 110 187 293 430 750

10 14.2 24.5 33.2 55.5 78 122 208 326 476 830

11 15.6 27.0 36.5 60.5 86 134 229 360 525 915

12 17.0 29.0 40.0 66.0 94 146 250 390 570 1000

13 18.5 31.5 43.0 71.5 102 158 270 425 620 1080

14 20.0 34.0 46.5 77.0 109 170 292 456 670 1160

15 21.3 36.3 50.0 82.5 117 183 312 490 710 1250

16 22.7 39.0 53.0 88.0 125 196 334 520 760 1330

17 41.5 56.5 93.0 133 207 355 550 810 1410

18 60.0 99.0 144 220 375 590 860 1500

19 100.0 148 232 395 620 910 1580

20 156 244 415 650 950 1660

21 256 435 685 1000 1750

Horiz.
Dist. (X)
Inches

FIGURE 8-V

Gauge
Shrader or Tire Valve

Example:
Assume that the air line is 100 feet long
and the pressure gauge reads 8 psi.
Calculate the distance to water level (X).

8 psi x 2.31 = 18.5 feet

(X) = 100 feet (Y) - 18.5 feet (Z)

= 81.5 feet = distance to water level
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Motor BHP  =   Power input x Motor Efficiency (%)
                                                 100

    =   1.34 x kw input x Motor Efficiency (%)
                                                   100

PUMP EFFICIENCY:
Pumps and motors, like all machines, are not 100% efficient.  Not
all of the energy supplied to them is converted into useful work.
Pump efficiency is the ratio of power output to power input, or:

Efficiency (%) = Power Output x 100
                                Power Input

Pump Eff. (%) =        WHP x 100
                            Pump BHP (Input)

                       =   GPM x Total Pumping Head x 100
                                   3960 x Pump BHP (Input)

Motor Eff. (%)  =   Motor BHP (Output) x 100
                                      1.34 x kw input

Plant Eff. (%)   =    GPM x Total Pumping Head x 100
                                            5,300 x kw Input

ELECTRIC POWER (AC):

E = Electrical pressure (volts).  Similar to hydraulic head.

I = Electrical current (amps).  Similar to rate of flow.

W = Electrical power (watts) = E x I x PF

kw = Kilowatt (1,000 watts)

kw-hr. = Kilowatt-hour = 1,000 watts for one hour

Apparent Power = E x I = volt-amperes

PF = Power Factor = Useful Power ÷ Apparent Power

Power Calculations for Single-Phase Power
W (Watts) = E x I x PF
NOTE:  When measuring single-phase power use a single-phase
wattmeter.

Input HP to motor = W ÷ 746 = 1.34 x kw

Power Calculations for Three-Phase Power
W (Watts) = 1.73 x E x I x PF
Where:  E = effective (RMS) voltage between phases

 I = average current in each phase
NOTE:  When measuring three-phase power use either (1) three-
phase wattmeter, (2) single-phase wattmeters, or the power
company's revolving disc wattmeter.

When calculating power with a revolving disc wattmeter use the
following formulas:

kw input = K x R x 3.60
                           t

Input HP (to motor) = K x R x 3,600
                                            746 x t

= K x R x 4.83
     t

TEMPERATURE CONVERSIONS:

Degrees C = 5 x (Degrees F - 32)
9

Degrees F = (9 x Degrees C) + 32
5

Area of a Circle:
Area = π r 2

Circumference of a Circle:
Circumference = 2 π r

r = radius
π = 3.14

Volume of a Tank or Cistern:
3.14 x (radius of tank)2 x (ht. of tank) x 7.48 = Gallons
Radius and height of tank measured in feet
7.48 = number of gallons per cubic foot of water

WORK, POWER, AND EFFICIENCY:
The amount of work required to lift 1 pound to a height of 1 foot is
defined as 1 ft.-lb.  To lift 100 pounds to a height of 60 feet is 100
pounds x 60 feet = 6,000 ft-lbs.  This amount of energy remains the
same whether it takes one minute or one hour to lift the weight.  The
rate of working, however, is referred to as power and was 6,000 ft-
lbs. per minute in the first case and 100 foot pounds per minute in the
second case.

Power can be represented either mechanically or electrically.  Me-
chanical power is measured in horsepower (HP).  One HP is the
theoretical power required to raise 33,000 pounds to a height of one
foot in one minute, or:

1 HP = 33,000 ft.-lb./minute
     = 550 ft.-lb./second

Electrical power is measured in watts(w) or kilowatts(kw), and:

1,000 w = 1 kw = 1.34 hp, or
1 HP = 745 w = 0.746 kw

WATER HORSEPOWER (WHP):
Water horsepower is the power required to raise water at a specified
rate against a specified head, assuming 100% efficiency.

WHP = GPM x Total Pumping Head
3,960

BRAKE HORSEPOWER (BHP):
Brake horsepower is based on test data and can be either the horse-
power developed at the motor shaft (motor output) or that absorbed at
the pump shaft (pump input).

Pump BHP  =                WHP x 100
Pump Efficiency (%)

    =      GPM x Total Pumping Head x 100
 3,960 x Pump Efficiency (%)

FORMULAS
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Motor BHP (output) = Input HP x Motor Eff.(%)
                                                    100

Where K = Meter constant = watts per revolution of revolving disc
(value of K is marked on the meter nameplate or on the revolving
disc).  Where current transformers are used, multiply meter constant
by current transformer ratio.

R = Number of disc revolutions counted.
t = Time in seconds for R revolutions.

CALCULATING OPERATING COSTS OF PUMPS:
Costs in Cents per 1,000 Gallons:

Cost (¢) = kw Input x r x 1,000
                            GPH

Cost in Cents per Acre-Inch

Cost (¢) = kw Input x r x 452.6
                            GPM

Where:  r = cost of power in cents per kw-hr.

1/2" 3/4" 1" 1 1/4" 1 1/2" 2" 2 1/2" 3" 4"
ID ID ID ID ID ID ID ID ID

GPM GPH 0.622" 0.824" 1.049" 1.380" 1.610" 2.067" 2.469" 3.068" 4.026"
2 120 4.8
3 180 10 2.5
4 240 17.1 4.2
5 300 25.8 6.3 1.9
6 360 36.5 8.9 2.7
7 420 48.7 11.8 3.6
8 480 62.7 15 4.5
9 540 78.3 18.8 5.7
10 600 95.9 23 6.9 1.8
12 720 32.6 9.6 2.5 1.2
14 840 43.5 12.8 3.3 1.5
16 960 56.3 16.5 4.2 2
20 1,200 86.1 25.1 6.3 2.9
25 1,500 38.7 9.6 4.5 1.3
30 1,800 54.6 13.6 6.3 1.8
35 2,100 73.3 18.2 8.4 2.4
40 2,400 95 23.5 10.8 3.1 1.3
45 2,700 29.4 13.5 3.9 1.6
50 3,000 36 16.4 4.7 1.9
60 3,600 51 23.2 6.6 2.7
70 4,200 68.8 31.3 8.9 3.6 1.2
80 4,800 89.2 40.5 11.4 4.6 1.6
90 5,400 51 14.2 5.8 2
100 6,000 62.2 17.4 7.1 2.4
120 7,200 24.7 10.1 3.4
140 8,400 33.2 13.5 4.5 1.2
160 9,600 43 17.5 5.8 1.5
200 12,000 66.3 27 8.9 2.3
260 15,600 45 14.8 3.7
300 18,000 59.6 19.5 4.9

NOMINAL SIZE OF FITTING AND PIPE
TYPE OF FITTING PIPE AND 1/2" 3/4" 1" 1 1/4" 1 1/2" 2" 2 1/2"

AND APPLICATION FITTING  EQUIVALENT LENGTH OF PIPE(IN FEET)  
Insert Coupling Plastic 3 3 3 3 3 3 3

Threaded Adapter    
(Plastic to Thread) Plastic 3 3 3 3 3 3 3
90o Standard Elbow Steel 2 2 3 4 4 5 6

 Plastic 2 2 3 4 4 5 6
Standard Tee Steel 1 2 2 3 3 4 4

(Flow Through Run) Plastic 1 2 2 3 3 4 4
Standard Tee Steel 4 5 6 7 8 11 13

(Flow Through Side) Plastic 4 5 6 7 8 11 13
Gate Valve1 Steel 1 1 1 1 2 2 2

Swing Check Valve1 Steel 5 7 9 12 13 17 21

1/2" 3/4" 1" 1 1/4" 1 1/2" 2" 2 1/2" 3" 4"
ID ID ID ID ID ID ID ID ID

GPM GPH 0.622" 0.824" 1.049" 1.380" 1.610" 2.067" 2.469" 3.068" 4.026"
2 120 4.1
3 180 8.7 2.2
4 240 14.8 3.7
5 300 22.2 5.7 1.8
6 360 31.2 8 2.5
7 420 41.5 10.6 3.3
8 480 53 13.5 4.2
9 540 66 16.8 5.2
10 600 80.5 20.4 6.3 1.7
12 720 28.6 8.9 2.3 1.1
14 840 38 11.8 3.1 1.4
16 960 48.6 15.1 4 1.9
20 1,200 60.5 22.8 6 2.8
25 1,500 38.7 9.1 4.3 1.3
30 1,800  12.7 6 1.8
35 2,100  16.9 8 2.4
40 2,400  21.6 10.2 3 1.1
45 2,700 28 12.5 3.8 1.4
50 3,000  15.4 4.6 1.7
60 3,600  21.6 6.4 2.3
70 4,200  28.7 8.5 3 1.2
80 4,800  36.8 10.9 3.8 1.4
90 5,400 45.7 13.6 4.8 1.8
100 6,000 56.6 16.5 5.7 2.2
120 7,200 23.1 8 3
140 8,400 30.6 10.5 4 1.1
160 9,600 39.3 13.4 5 1.4
200 12,000 66.3 20.1 7.6 2.1
260 15,600 32.4 12.2 3.4
300 18,000 42.1 15.8 4.4

Friction Loss Table – SCH 40 STEEL PIPE
(Friction Loss in Feet of Head Per 100 Feet of Pipe)

Friction Loss Table – SCH 40 PVC
(Friction Loss in Feet of Head Per 100 Feet of Pipe)

Friction Loss Table – VALVES and FITTINGS
(Friction Loss in Equivalent Number of Feet of Straight Pipe)

NOTES:
Based on schedule 40 steel and plastic fittings.
Figures given are friction losses in terms of Equivalent Lenghts of
straight pipe.

 Friction loss figures are for screwed valves and are based on
equivalent lengths of steel pipe.

FRICTION LOSS TABLES

FORMULAS
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U.S. IMPERIAL CUBIC CUBIC ACRE POUNDS CUBIC
GALLONS GALLONS INCHES FEET FEET METERS  LITERS

                                                  MULTIPLY BY:
(1) U.S. GALLON 1 0.833 231 0.1337 3.07x10-6 8.34 0.003785 3.785
(1) IMPERIAL GALLON 1.201 1 277.4 0.1605 3.69x10-6 10.01 0.004546 4.546
(1) CUBIC INCH 0.00433 0.00360 1 0.000579 — 0.0361 1.64x10-5 0.0164
(1) CUBIC FOOT 7.48 6.23 1728 1 2.30x10-5 62.4 0.02832 28.32
(1) ACRE FOOT 325,850 271,335 — 43,560 1 2.7x106 1233.5 1.23x106

(1) POUND 0.120 0.0998 27.7 0.0160 3.68x10-7 1 4.54x10-4 0.454
(1) CUBIC METER 264.2 220 61,024 35.315 8.11x10-4 2202 1 1000
(1) LITER 0.2642 0.220 61.024 0.0353 8.11x10-7 2.202 0.001 1

UNITS OF VOLUME AND WEIGHT

 NOTES: Weight equivalent basis water at 60°F.

LBS. FEET METERS INCHES
PER OF OF OF KILOGRAMS

SQUARE WATER WATER MERCURY ATMOSPHERES PER
INCH SQUARE CM

                                         MULTIPLY BY:
(1) LB. PER SQUARE INCH 1 2.31 0.704 2.04 0.0680 0.0703
(1) FOOT OF WATER 0.433 1 0.305 0.881 0.02945 0.0304
(1) METER OF WATER 1.42 3.28 1 2.89 0.0966 .1
(1) INCH OF MERCURY 0.491 1.135 0.346 1 0.0334 0.0345
(1) ATMOSPHERE (at Sea Level) 14.70 33.96 10.35 29.92 1 1.033
(1)  KILOGRAM PER SQUARE CM 14.22 32.9 10 28.96 0.968 1

  NOTES: Equivalent units are based on density of fresh water at 68°F.
Equivalent units are based on density of mercury at 32°F.

Each 1,000 feet of ascent decreases pressure about 1⁄2 pound per square inch.

UNITS OF FLOW

UNITS OF PRESSURE AND HEAD

(1) Mile = 5280 Ft. = 1760 Yds. = 1.61 km = 1609 Meters
(1) Meter = 3.281 Ft. = 39.37 In. = 0.000621 Miles = 0.001 km
(1) Kilometer = 1000 m = 1093.61 Yds. = 0.62137 Miles = 3281 Ft.

UNITS OF LENGTH
(1) Inch = 0.0833 Ft. = 0.0278 Yd. = 25.4 mm = 2.54 cm
(1) Ft. = 12 Inches = 0.333 Yd. = 30.48 cm = 0.3048 Meter
(1) Yard = 36 Inches = 3 Ft. = 91.44 cm = 0.9144 Meters

CONVERT FROM

CONVERT TO

CONVERT FROM

CONVERT TO

U.S. MILLION CUBIC CUBIC
GALLONS U.S. FEET METERS LITERS

PER GALLONS PER PER PER
MINUTE PER DAY SECOND HOUR SECOND

MULTIPLY BY:
(1) U.S. GALLON PER MINUTE 1 0.001440 0.00223 0.2271 0.0631
(1) MILLION U.S. GALLONS PER DAY 694.5 1 1.547 157.7 43.8
(1) CUBIC FOOT PER SECOND 448.83 0.646 1 101.9 28.32
(1) CUBIC METER PER HOUR 4.403 0.00634 0.00982 1 0.2778
(1) LITER PER SECOND 15.85 0.0228 0.0353 3.60 1

CONVERT TO

CONVERT FROM

CONVERSION TABLES
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4-INCH SUBMERSIBLES
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5S EASY SELECTION CHART

See 5S performance curves for higher head models.
SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.

        5 GPM
SELECTION CHARTS FLOW RANGE PUMP OUTLET

(Ratings are in GALLONS PER MINUTE-GPM) (1.2 TO 7 GPM) 1 " NPT

DEPTH TO PUMPING WATER LEVEL (LIFT) IN FEET

PUMP 

MODEL HP PSI 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 340 400 460 520 600 700 800 900 1000 1100

0 7.1 6.7 6.2 5.8 5.3 4.8 4.3 3.2 2.1

20 7.0 6.6 6.1 5.7 5.2 4.6 4.0 2.8 1.6

5S03-9 1/3 30 6.5 6.0 5.6 5.1 4.6 3.8 2.9 1.5

40 6.7 6.0 5.5 5.1 4.4 3.8 2.4

50 6.2 5.5 4.9 4.4 3.4 2.5 1.3

60 5.6 4.9 4.2 3.5 1.9

SHUT-OFF PSI: 102 94 85 76 68 59 50 42 33 24 16 7

0 7.1 6.8 6.4 6.1 5.8 5.5 5.2 4.8 4.5 3.9 2.3

20 7.3 7.0 6.7 6.3 6.0 5.7 5.4 5.1 4.7 4.3 3.7 3.1 2.0

5S05-13 1/2 30 7.2 6.9 6.6 6.3 6.0 5.7 5.4 5.0 4.7 4.2 3.7 2.8 2.0

40 7.2 6.9 6.6 6.3 5.9 5.6 5.3 5.0 4.6 4.2 3.5 2.8 1.6

50 6.8 6.5 6.2 5.9 5.6 5.3 4.9 4.6 4.0 3.5 2.6 1.6

60 6.5 6.2 5.8 5.5 5.2 4.9 4.5 4.0 3.3 2.6 1.3

SHUT-OFF PSI: 152 143 134 126 117 108 100 91 82 74 65 56 48 39 30 13

0 7.1 6.9 6.7 6.4 6.2 6.0 5.8 5.6 5.1 4.2 2.7

20 7.1 6.8 6.6 6.4 6.2 5.9 5.7 5.5 5.3 5.0 4.5 3.2

5S07-18 3/4 30 7.0 6.8 6.6 6.3 6.1 5.9 5.7 5.5 5.2 5.0 4.7 4.0 2.5

40 7.2 7.0 6.8 6.5 6.3 6.1 5.9 5.6 5.4 5.2 4.9 4.7 4.4 3.5 1.5

50 7.2 7.0 6.7 6.5 6.3 6.1 5.8 5.6 5.4 5.1 4.9 4.6 4.3 3.9 2.9

60 7.1 6.9 6.7 6.5 6.2 6.0 5.8 5.6 5.3 5.1 4.9 4.6 4.3 3.9 3.4 2.1

SHUT-OFF PSI: 213 204 195 187 178 169 161 152 143 135 126 117 109 100 91 74 48 22

0 7.1 6.9 6.7 6.6 6.4 6.2 5.8 5.3 4.7 3.8 1.7

20 7.1 6.9 6.7 6.5 6.3 6.1 6.0 5.8 5.4 4.8 4.0 2.8

5S10-22 1 30 7.0 6.8 6.7 6.5 6.3 6.1 5.9 5.7 5.6 5.2 4.6 3.6 2.1

40 7.0 6.8 6.6 6.5 6.3 6.1 5.9 5.7 5.5 5.4 5.0 4.3 3.1 1.3

50 7.2 7.0 6.8 6.6 6.4 6.2 6.1 5.9 5.7 5.5 5.3 5.1 4.7 3.9 2.5

60 7.1 6.9 6.8 6.6 6.4 6.2 6.0 6.0 5.7 5.5 5.3 5.1 4.9 4.4 3.5 1.7

SHUT-OFF PSI: 245 237 228 219 211 202 194 185 176 168 159 150 142 124 98 72 46 12

0 7.1 7.0 6.8 6.7 6.4 5.9 5.4 4.9 4.1 2.1

20 7.1 6.9 6.8 6.6 6.5 6.3 6.0 5.5 5.1 4.5 3.4

5S15-26 1 1/2 30 7.1 6.9 6.7 6.6 6.4 6.3 6.1 5.8 5.4 4.8 4.2 2.9

40 7.0 6.9 6.7 6.6 6.4 6.3 6.1 6.0 5.6 5.2 4.6 5.6 2.4

50 7.0 6.9 6.7 6.5 6.4 6.2 6.1 5.9 5.8 5.5 5.0 4.4 3.6 1.7

60 7.0 6.8 6.7 6.5 6.4 6.2 6.1 5.9 5.8 5.6 5.3 4.8 4.1 3.1

SHUT-OFF PSI: 269 260 252 243 234 226 217 208 200 191 174 148 122 96 61 18

0 7.1 7.0 6.7 6.3 5.9 5.5 6.7 4.1 2.6

20 7.1 6.9 6.8 6.7 6.4 6.0 5.6 5.2 4.6 3.5 1.6

5S15-31 1 1/2 30 7.0 6.9 6.8 6.6 6.5 6.2 5.9 5.5 5.1 4.4 3.2 0.9

40 7.0 6.9 6.8 6.6 6.5 6.4 6.1 5.7 5.3 4.9 4.2 2.8

50 7.1 7.0 6.9 6.7 6.6 6.5 6.3 6.2 6.0 5.6 5.2 4.7 4.0 2.3

60 7.1 7.0 6.8 6.7 6.6 6.5 6.3 6.2 6.1 5.8 5.4 5.0 4.5 3.7 1.7

SHUT-OFF PSI: 320 311 303 294 285 277 268 259 251 233 207 181 155 121 77 34
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7S EASY SELECTION CHART

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.

7 GPM
SELECTION CHARTS FLOW RANGE PUMP OUTLET

(Ratings are in GALLONS PER MINUTE-GPM)   (3 TO 10 GPM) 1 " NPT

DEPTH TO PUMPING WATER LEVEL (LIFT) IN FEET
PUMP 

MODEL HP PSI 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 340 400 460 520 600 700 800 900 1000 1100

20 10.0 9.5 8.7 8.0 7.2 6.4 5.0 3.7 1.8

7S03-8 1/3 30 9.3 8.7 7.9 7.1 6.1 5.1 2.6

40 8.5 7.8 7.0 6.1 4.5 2.9 1.5

50 7.6 6.9 5.8 4.7 2.3

60 6.7 5.8 3.9 2.0

SHUT-OFF PSI: 86 77 69 60 52 43 34 26 17 8

0 9.9 9.5 8.9 8.4 7.8 7.3 6.7 6.0 5.0 4.0

20 9.8 9.3 8.8 8.2 7.7 7.1 6.5 5.8 4.7 3.5 1.8

7S05-11 1/2 30 10.1 9.7 9.2 8.7 8.1 7.6 7.0 6.4 5.6 4.7 2.9

40 9.6 9.2 8.6 8.1 7.5 6.9 6.2 5.6 4.3 3.0 1.5

50 9.1 8.5 8.0 7.4 6.8 6.2 5.3 4.3 2.2

60 8.4 7.9 7.3 6.8 6.0 5.3 3.8 2.3

SHUT-OFF PSI: 122 113 105 96 87 79 70 61 53 44 35 27 18 10

0 10.2 9.9 9.5 9.2 8.8 8.4 8.0 7.6 7.1 6.7 5.6 2.9

20 10.1 9.8 9.4 9.0 8.6 8.2 7.8 7.4 7.0 6.5 6.1 5.4 3.6

7S07-15 3/4 30 10.0 9.7 9.4 9.0 8.6 8.2 7.8 7.4 6.9 6.5 5.9 5.4 4.5 1.8

40 10.0 9.7 9.3 8.9 8.5 8.1 7.7 7.3 6.9 6.4 5.9 5.2 4.5 3.2 1.0

50 9.9 9.6 9.2 8.9 8.5 8.1 7.6 7.2 6.8 6.4 5.8 5.2 4.2 3.2 1.6

60 9.5 9.2 8.8 8.4 8.0 7.6 7.2 6.7 6.2 5.7 4.9 4.2 2.8 1.4

SHUT-OFF PSI: 170 101 153 144 135 127 118 110 101 92 84 75 66 58 49 32 6

0 10.1 9.8 9.6 9.3 9.0 8.7 8.4 8.0 7.4 6.4 4.8

20 10.0 9.8 9.5 9.2 8.9 8.6 8.3 7.9 7.6 7.3 6.6 5.3 2.8

7S10-19 1 30 10.0 9.7 9.5 9.2 8.9 8.5 8.2 7.9 7.6 7.3 6.9 6.2 4.6 1.4

40 10.0 9.7 9.4 9.1 8.8 8.5 8.2 7.8 7.5 7.2 6.9 6.5 5.6 3.7

50 10.2 9.9 9.7 9.4 9.1 8.8 8.4 8.1 7.8 7.5 7.2 6.8 6.5 6.0 5.0 2.4

60 10.1 9.9 9.6 9.3 9.0 8.7 8.4 8.1 7.8 7.4 7.1 6.8 6.4 6.0 5.5 4.2

SHUT-OFF PSI: 218 209 200 192 183 174 166 157 148 140 131 123 114 105 97 79 53 27

0 10.1 9.9 9.7 9.5 9.3 8.8 8.1 7.4 6.7 5.5

20 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.3 7.6 6.9 6.1 4.4

7S15-26 1 1/2 30 10.0 9.8 9.6 9.4 9.2 9.0 8.7 8.5 8.0 7.3 6.6 5.7 3.7

40 10.1 10.0 9.8 9.6 9.4 9.1 8.9 8.7 8.5 8.2 7.8 7.1 6.3 5.2 2.9

50 10.1 9.9 9.7 9.6 9.3 9.1 8.9 8.7 8.4 8.2 8.0 7.5 6.8 5.9 4.7 1.9

60 10.1 9.9 9.7 9.5 9.3 9.1 8.9 8.6 8.4 8.2 7.9 7.7 7.2 6.5 5.5 4.1

SHUT-OFF PSI: 274 265 257 248 239 231 222 213 205 196 187 179 161 135 110 84 49

0 0 10.6 10.5 10.4 10.4 10.3 10.1 9.6 9.1 8.4 7.3 5.7

20 46.2 10.5 10.5 10.4 10.3 10.3 10.2 10.0 9.8 9.2 8.6 7.8 6.6 4.8

7S20-32 2 30 69.3 10.5 10.5 10.4 10.3 10.2 10.1 10.0 9.9 9.6 9.0 8.3 7.5 6.2 4.3

40 92.4 10.5 10.5 10.4 10.3 10.2 10.1 10.0 9.9 9.7 9.4 8.8 8.0 7.2 5.8 3.9

50 116 10.5 10.4 10.3 10.2 10.1 10.0 9.8 9.7 9.5 9.1 8.5 7.7 6.8 5.4 3.3

60 139 10.5 10.4 10.3 10.2 10.1 10.0 9.8 9.7 9.5 9.3 8.9 8.2 7.4 6.4 5.0

SHUT-OFF PSI: 343 334 326 317 308 300 291 282 274 265 256 239 213 187 161 126 83

7 GPM
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10S EASY SELECTION CHART

See 10S performance curves for higher head models.
SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.

10 GPM
SELECTION CHARTS FLOW RANGE PUMP OUTLET

(Ratings are in GALLONS PER MINUTE-GPM) (5 TO 14 GPM)     1 1/4" NPT

DEPTH TO PUMPING WATER LEVEL (LIFT) IN FEET
PUMP 

MODEL HP PSI 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 340 400 460 520 600 700 800 900 1000 1100

20 14.0 13.2 12.4 10.6 8.9 5.3

10S03-6 1/3 30 13.2 11.8 10.4 8.4

40 11.9 10.1 8.3

50 9.8 7.5

60 7.7 3.9

SHUT-OFF PSI: 64 55 47 38 29 21 12 3

0 14.1 13.4 12.4 11.4 10.4 9.5 8.3 6.6 3.5

20 13.9 13.1 12.1 11.1 10.1 9.2 7.9 5.8 2.0

10S05-9 1/2 30 13.8 13.0 12.0 11.0 10.0 9.0 7.6 5.3 1.2

40 12.8 11.8 10.8 9.8 8.8 7.3 4.8

50 11.7 10.7 9.7 8.6 7.0 4.3

60 10.5 9.5 8.4 6.7 3.7

SHUT-OFF PSI: 100 92 83 74 66 57 48 40 31 23 14 5

0 14.3 13.8 13.2 12.5 11.7 11.0 10.2 9.5 8.7 7.6 6.0

20 14.2 13.6 12.9 12.2 11.5 10.7 10.0 9.3 8.4 7.2 5.4 2.6

10S07-12 3/4 30 14.1 13.5 12.9 12.1 11.4 10.6 9.9 9.2 8.2 7.0 5.0 2.0

40 14.0 13.4 12.8 12.0 11.3 10.5 9.8 9.0 8.1 6.7 4.7 1.4

50 13.3 12.6 11.9 11.1 10.4 9.7 8.9 7.9 6.5 4.2

60 12.5 11.8 11.0 10.3 9.6 8.8 7.7 6.2 3.8

SHUT-OFF PSI: 137 129 120 111 103 94 85 77 68 59 51 42 33 25 16

0 14.1 13.6 13.1 12.5 11.9 11.3 10.7 10.1 9.6 8.2 3.8

20 13.9 13.5 12.9 12.3 11.7 11.1 10.5 10.0 9.4 8.7 7.9 5.2

10S10-15 1 30 13.9 13.4 12.8 12.2 11.6 11.0 10.5 9.9 9.3 8.6 7.7 6.6 2.6

40 14.2 13.8 13.3 12.7 12.1 11.5 10.9 10.4 9.8 9.2 8.5 7.6 6.3 4.6

50 14.1 13.7 13.2 12.6 12.1 11.4 10.9 10.3 9.7 9.1 8.3 7.4 6.1 4.3 1.7

60 13.6 13.1 12.6 12.0 11.4 10.8 10.2 9.6 9.0 8.2 7.2 5.9 3.9

SHUT-OFF PSI: 174 165 157 148 139 131 122 113 105 96 87 79 70 61 53 35 10

0 14.2 13.9 13.6 13.3 12.9 12.5 12.0 11.2 9.9 8.5 6.3

20 14.1 13.9 13.5 13.1 12.7 12.3 11.9 11.5 11.0 10.2 8.9 6.9 2.9

10S15-21 1 1/2 30 14.1 13.8 13.5 13.1 12.7 12.3 11.8 11.4 11.0 10.5 9.7 8.3 5.7

40 14.1 13.8 13.4 13.0 12.6 12.2 11.8 11.3 10.9 10.5 10.1 9.2 7.5 4.1

50 14.0 13.7 13.3 13.0 12.5 12.1 11.7 11.3 10.8 10.4 10.0 9.6 8.7 6.5 2.0

60 14.2 14.0 13.6 13.3 12.9 12.5 12.1 11.6 11.2 10.8 10.4 9.9 9.5 9.1 8.0 5.1

SHUT-OFF PSI: 237 229 220 211 203 194 185 177 168 159 151 142 133 125 107 81 55 29

0 14.1 13.9 13.7 13.4 12.8 11.8 10.8 9.8 8.3 4.7

20 14.1 13.8 13.6 13.3 13.0 12.7 12.0 11.0 10.0 9.0 7.1 1.5

10S20-27 2 30 14.0 13.8 13.5 13.3 12.9 12.6 12.3 11.6 10.6 9.7 8.6 6.2

40 14.2 14.0 13.8 13.5 13.2 12.9 12.6 12.2 11.9 11.2 10.3 9.3 8.1 5.2

50 14.2 14.0 13.7 13.5 13.2 12.8 12.5 12.2 11.9 11.5 10.9 9.9 8.9 7.4 3.8

60 14.1 13.9 13.7 13.4 13.1 12.8 12.5 12.1 11.8 11.5 11.1 10.5 9.5 8.4 6.6 2.1

SHUT-OFF PSI: 285 276 268 259 250 242 233 224 216 207 198 181 155 129 103 68 25

0 13.8 13.2 12.5 11.9 10.9 9.6 7.9 4.8

20 13.9 13.7 13.3 12.7 12.0 11.3 10.3 8.9 6.7 2.7

10S30-34 3 30 13.9 13.7 13.5 13.1 12.4 11.7 11.0 10.0 8.5 6.0 1.3

40 14.0 13.8 13.7 13.5 13.3 12.8 12.2 11.5 10.8 9.7 8.0 5.1

50 14.0 13.8 13.6 13.4 13.2 13.0 12.6 11.9 11.2 10.5 9.4 7.5 4.2

60 13.8 13.6 13.4 13.2 13.0 12.8 12.3 11.6 10.9 10.2 9.0 6.9 3.1

SHUT-OFF PSI: 332 324 315 306 298 289 272 246 220 194 159 116 73 29
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16S EASY SELECTION CHART

See 16S performance curves for higher head models.
SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.

     16 GPM
SELECTION CHARTS         FLOW RANGE PUMP OUTLET

(Ratings are in GALLONS PER MINUTE-GPM)         (10 TO 20 GPM)     1 1/4 " NPT

DEPTH TO PUMPING WATER LEVEL (LIFT) IN FEET
PUMP 

MODEL HP PSI 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 340 400 460 520 600 700 800 900 1000 1100

20 20.3 18.2 14.1 10.0 5.0

16S05-5 1/2 30 17.3 14.4 8.0 1.6

40 12.7 8.0 4.0

50 6.5

60 2.9

SHUT-OFF PSI: 58 49 40 32 23 14

0 20.5 19.2 17.5 15.8 12.8 9.8 5.2

20 20.1 18.8 16.9 15.2 11.8 8.5 4.3

16S07-8 3/4 30 21.2 19.9 18.4 16.9 14.3 11.8 7.5 3.2 1.6

40 19.7 18.3 16.3 14.3 10.8 7.2 3.6

50 17.9 16.3 13.5 10.7 6.2 1.7

60 15.7 13.5 9.6 5.8 2.9

SHUT-OFF PSI: 97 88 80 71 62 54 45 36 28 19 10

0 20.8 19.8 18.8 17.3 15.9 13.7 11.4 8.0 4.7

20 20.5 19.4 18.3 16.8 15.3 12.9 10.5 7.0 3.5 1.8

16S10-10 1 30 20.3 19.3 18.1 16.8 14.8 12.8 9.8 6.7 3.3

40 20.2 19.1 18.0 16.4 14.8 12.2 9.6 5.9 2.3

50 20.0 19.0 17.7 16.3 14.2 12.0 8.8 5.6 2.8

60 18.8 17.6 15.8 14.1 11.3 8.6 4.8

SHUT-OFF PSI: 123 115 106 97 89 80 71 63 54 45 37 28 19 11

0 21.0 20.3 19.6 18.8 18.0 16.9 15.8 14.3 10.7 3.3

20 20.1 19.3 18.5 17.7 16.6 15.4 13.8 12.2 10.0 5.1

16S15-14 1 1/2 30 20.7 20.0 19.2 18.4 17.4 16.5 15.1 13.7 11.8 9.8 7.3 2.4

40 20.6 19.8 19.1 18.3 17.4 16.0 15.0 13.3 11.6 9.3 7.0 4.3

50 20.4 19.8 18.9 18.2 17.2 16.1 14.7 13.2 11.2 9.1 6.5 3.9 2.0

60 20.3 19.6 18.8 18.0 17.1 15.8 14.5 12.8 11.0 8.6 6.3 3.4

SHUT-OFF PSI: 167 158 149 141 132 123 115 106 97 89 80 71 63 54 37 28

0 21.2 20.6 20.0 19.5 18.9 18.2 16.7 13.5 8.8 2.7

20 20.4 19.8 19.3 18.7 18.0 17.3 16.4 14.3 10.0 4.2

16S20-18 2 30 20.3 19.8 19.2 18.6 17.9 17.2 16.3 15.3 12.8 7.9 1.9

40 20.3 19.7 19.1 18.5 17.8 17.1 16.1 15.2 13.9 11.1 5.7

50 20.2 19.6 19.0 18.3 17.7 16.8 16.0 14.9 13.8 12.3 9.2 3.2

60 20.1 19.5 18.9 18.3 17.5 16.8 15.8 14.8 13.5 12.3 10.6 7.0

SHUT-OFF PSI: 194 186 177 168 160 151 142 134 125 116 108 90 65 39 13

0 19.6 18.3 16.5 14.2 9.8 2.1

20 20.3 19.9 19.5 18.6 17.0 14.8 11.8 6.5

16S30-24 3 30 20.3 19.8 19.4 19.0 18.0 16.3 13.7 10.4 4.7

40 20.2 19.8 19.3 18.9 18.4 17.3 15.3 12.5 8.9 2.8

50 20.2 19.8 19.3 18.8 18.3 17.8 16.7 14.3 11.3 7.3

60 20.1 19.7 19.2 18.8 18.3 17.8 17.2 15.8 13.3 9.8 5.5

SHUT-OFF PSI: 239 230 221 213 204 195 187 169 143 117 91 57 13

0 21.5 20.4 18.7 16.5 13.4 8.9 2.1

20 20.9 19.6 17.7 15.2 11.5 6.1

16S50-38 5 30 21.4 20.5 19.2 17.2 14.5 10.5 4.5

40 21.1 20.2 18.8 16.7 13.7 9.3 2.7

50 21.6 20.7 19.8 18.4 16.1 12.8 8.0 0.8

60 21.3 20.4 19.4 17.9 15.4 11.9 6.6

SHUT-OFF PSI: 314 288 262 227 184 141 98 54 11
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25S EASY SELECTION CHART

See 25S performance curves for higher head models.
SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.

25 GPM
SELECTION CHARTS FLOW RANGE PUMP OUTLET

(Ratings are in GALLONS PER MINUTE-GPM)   (18 TO 32 GPM) 1 1/2" NPT

DEPTH TO PUMPING WATER LEVEL (LIFT) IN FEET
PUMP 
MODEL HP PSI 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 340 400 460 520 600 700 800 900 1000 1100

20 18.6 6.5 3.3

25S05-3 1/2 30 10.5

40

50

60

SHUT-OFF PSI: 31 22 13 5

0 34.5 29.8 23.9 18.1

20 32.9 28.6 21.8 15.1 7.5

25S07-5 3/4 30 27.1 22.5 12.3 2.0

40 19.5 11.8 5.8

50 10.1

60 4.1

SHUT-OFF PSI: 57 48 39 31 22 13

0 31.3 28.5 24.3 20.2 12.7 5.1

20 33.2 30.3 27.6 22.9 18.3 10.4 2.5 1.3

25S10-7 1 30 33.0 29.9 26.5 23.1 13.0 9.6 4.8

40 29.4 26.6 21.3 16.2 8.2

50 25.3 21.5 14.3 7.0 3.5

60 19.7 13.9 7.0

SHUT-OFF PSI: 83 74 65 57 48 39 31 22 13 5

0 32.2 30.0 27.9 24.8 21.6 16.3 10.8

20 31.5 29.3 27.2 23.7 20.3 14.5 8.8 4.4

25S15-9 1 1/2 30 31.3 29.1 26.4 23.7 18.9 14.2 7.8 1.5

40 30.8 28.6 26.3 22.6 18.8 12.8 6.8 3.4

50 30.6 28.4 25.5 22.5 17.4 12.3 6.2

60 27.8 25.5 21.3 17.2 11.0 4.8 2.4

SHUT-OFF PSI: 109 100 91 83 74 65 57 48 39 31 22 13

0 33.1 31.1 29.3 27.6 25.1 22.5 18.5 14.5 9.3

20 32.5 30.6 28.8 27.0 24.3 21.5 17.3 13.0 7.8 2.5

25S20-11 2 30 32.0 30.3 28.7 26.4 24.2 20.6 16.9 12.0 7.0 3.5

40 31.8 30.1 28.2 26.3 23.3 20.4 15.9 11.4 6.3

50 31.5 29.8 28.1 25.7 23.3 19.4 15.6 10.4 5.3 2.7

60 31.3 29.6 27.6 25.6 22.4 19.3 14.5 9.8 4.9

SHUT-OFF PSI: 135 126 118 109 100 92 83 74 66 57 48 40 31 23

0 32.3 31.0 29.8 28.4 27.1 25.2 20.7

20 31.8 30.6 29.3 28.0 26.6 24.6 22.7 19.8 13.5

25S30-15 3 30 33.0 31.7 30.4 29.2 27.8 26.2 24.5 22.1 19.7 16.4 9.3

40 32.8 31.5 30.3 29.0 27.5 26.0 24.0 21.9 19.0 16.1 12.4 4.9

50 32.6 31.3 30.0 28.7 27.4 25.7 23.8 21.3 18.8 15.3 12.0 8.2 2.2

60 32.4 31.1 29.8 28.6 27.0 25.5 23.3 21.2 18.1 15.0 11.3 7.6 3.8

SHUT-OFF PSI: 170 161 152 144 135 126 118 109 100 92 83 74 66 48

0 32.5 30.3 28.0 25.3 19.9 10.2

20 32.3 30.8 28.6 25.9 22.5 15.8 5.0

25S50-26 5 30 32.1 31.3 29.9 27.7 24.7 20.8 13.5 2.5

40 32.0 31.3 30.5 29.1 26.7 23.3 18.9 11.0

50 32.7 31.8 31.2 30.4 29.7 28.2 25.5 21.8 16.8 8.5

60 32.5 31.8 31.0 30.3 29.6 28.8 27.3 24.3 20.0 14.6 5.8

SHUT-OFF PSI: 253 245 236 227 219 210 193 167 141 115 80 37

49287
Highlight

49287
Highlight

49287
Highlight

49287
Highlight
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40 GPM
SELECTION CHARTS   FLOW RANGE PUMP OUTLET

(Ratings are in GALLONS PER MINUTE-GPM)        (24 TO 55 GPM) 2 " NPT

DEPTH TO PUMPING WATER LEVEL (LIFT) IN FEET
PUMP 

MODEL HP PSI 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 340 400 460 520 600 700 800 900 1000 1100

20 46.2 33.0

1 30 69.3
40S10-3 40 92.4

50 116

60 139

SHUT-OFF PSI: 0 28 19 11 2

0 0 52.0 41.0 24.0

20 46.2 57.0 50.0 37.0 18.0

40S15-5 1 1/2 30 69.3 48.0 34.0 15.0

40 92.4 31.0 11.0

50 116 7.0

60 139
SHUT-OFF PSI: 0 52 44 35 26 18 9

0 0 54.0 49.0 40.0 29.0 15.0

20 46.2 53.0 46.0 37.0 25.0 10.0

40S20-7 2 30 69.3 52.0 45.0 35.0 23.0 8.0

40 92.4 51.0 44.0 33.0 21.0 5.0

50 116 42.0 32.0 18.0 2.0

60 139 30.0 16.0

SHUT-OFF PSI: 0 77 68 59 51 42 33 25 16 7

0 0 53.0 47.0 41.0 32.0 22.0

20 46.2 51.0 45.0 38.0 29.0 19.0

40S30-9 3 30 69.3 50.0 44.0 37.0 28.0 17.0

40 92.4 54.0 50.0 43.0 35.0 26.0 15.0

50 116 54.0 49.0 42.0 34.0 24.0 13.0

60 139 48.0 41.0 33.0 23.0 11.0
SHUT-OFF PSI: 0 102 94 85 76 68 59 50 42 33 24 16 7

0 0 53.0 49.0 44.0 39.0 32.0 25.0 16.0

20 46.2 52.0 48.0 43.0 37.0 30.0 22.0 13.0

40S50-12 5 30 69.3 51.0 47.0 42.0 36.0 29.0 21.0 12.0

40 92.4 51.0 46.0 41.0 35.0 28.0 20.0 11.0

50 116 54.0 50.0 45.0 40.0 34.0 26.0 18.0 9.0

60 139 53.0 49.0 45.0 39.0 33.0 25.0 17.0 8.0
SHUT-OFF PSI: 0 130 122 113 104 96 87 78 70 61 52 44 35 26 18

0 0 52.0 49.0 46.0 42.0 37.0 26.0

20 46.2 51.0 48.0 45.0 40.0 35.0 30.0 24.0

40S50-15 5 30 69.3 51.0 48.0 44.0 40.0 35.0 29.0 23.0 16.0

40 92.4 51.0 47.0 43.0 39.0 34.0 28.0 21.0 14.0

50 116 50.0 47.0 43.0 38.0 33.0 27.0 20.0 13.0

60 139 50.0 46.0 42.0 37.0 32.0 26.0 19.0 12.0

SHUT-OFF PSI: 0 141 132 124 115 107 98 89 81 72 63 55 37 11

0 0 49.0 41.0 29.0 15.0

20 46.2 53.0 51.0 48.0 43.0 32.0 19.0
40S75-21 7 1/2 30 69.3 52.0 50.0 48.0 45.0 39.0 27.0 13.0

40 92.4 52.0 50.0 48.0 45.0 42.0 35.0 22.0 6.0

50 116 52.0 50.0 47.0 44.0 41.0 38.0 30.0 16.0

60 139 51.0 49.0 47.0 44.0 41.0 38.0 34.0 25.0 10.0
SHUT-OFF PSI: 0 181 172 163 155 146 137 129 111 85 59 33

0 0 51.0 45.0 37.0 23.0

20 46.2 52.0 47.0 39.0 29.0 14.0
40S75-25 7 1/2 30 69.3 54.0 50.0 44.0 35.0 25.0

40 92.4 54.0 52.0 48.0 41.0 32.0 21.0

50 116 53.0 52.0 50.0 45.0 38.0 28.0

60 139 53.0 51.0 49.0 47.0 43.0 34.0 24.0

SHUT-OFF PSI: 0 203 194 186 177 160 134 108 82 47

0 0 53.0 49.0 41.0 27.0

20 46.2 54.0 50.0 44.0 35.0 20.0
40S100-30 10 30 69.3 52.0 48.0 42.0 32.0 16.0

40 92.4 51.0 46.0 39.0 28.0 12.0

50 116 49.0 43.0 36.0 25.0 8.0
60 139 52.0 47.0 41.0 33.0 21.0

SHUT-OFF PSI: 222 196 170 144 110 66 23

40S EASY SELECTION CHART

* 6" Motor
See 40S performance curves for higher head models.
SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.

*40S100-30

40 GPM
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60S EASY SELECTION CHART

* 6" Motor
SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.

60 GPM
SELECTION CHARTS FLOW RANGE PUMP OUTLET

(Ratings are in GALLONS PER MINUTE-GPM)   (40 TO 75 GPM) 2 " NPT

DEPTH TO PUMPING WATER LEVEL (LIFT) IN FEET

PUMP 

MODEL HP PSI 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 340 400 460 520 600 700 800 900 1000 1100

20 72.3 64.5 38.6 12.7 6.3

60S20-4 2 30 58.6 44.9 22.4

40 30.4

50 17.9

60

SHUT-OFF PSI: 46 37 29 20 11 3

0 74.8 66.8 58.8 34.3

20 77.8 72.9 63.8 54.8 27.4

60S30-5 3 30 76.0 64.3 47.3 30.0 15.0

40 60.4 49.9 25.0

50 40.4 19.4 9.8

60 22.0

SHUT-OFF PSI: 60 51 42 34 25 16 8

0 77.5 73.8 68.4 63.1 52.2 41.3

20 76.3 72.4 66.6 61.1 48.3 35.8 17.9

60S50-7 5 30 76.0 71.3 66.5 57.8 49.2 24.6

40 75.1 71.0 64.6 58.2 43.8 29.4 14.8

50 69.7 64.6 54.8 44.9 22.5

60 62.3 55.3 38.7 22.0 11.0

SHUT-OFF PSI: 88 80 71 62 54 45 36 28 19 10

0 74.8 71.7 67.3 63.0 55.6 48.2 32.8 17.3

20 73.8 70.5 65.9 61.3 53.0 44.8 27.5 10.2 5.1

60S50-9 5 30 76.5 73.5 69.6 65.7 59.4 53.2 40.7 28.1 14.0

40 76.2 72.8 69.3 64.3 59.4 50.3 41.0 20.5

50 75.5 72.5 68.3 64.2 57.3 50.4 36.3 22.2 11.1

60 71.7 68.1 62.7 57.3 47.1 36.8 18.4

SHUT-OFF PSI: 115 106 98 89 81 72 63 55 46 37 29 20 11 3

0 77.3 75.4 73.1 70.7 67.8 64.8 60.7 50.0 21.5

20 76.8 74.8 72.3 69.9 66.8 63.8 59.3 55.0 47.9 28.9

7 1/2 30 76.6 74.3 72.1 69.3 66.6 62.8 59.2 53.3 47.7 38.2 14.3

*60S75-13 40 76.2 74.1 71.6 69.1 65.8 62.7 57.9 53.3 45.6 37.9 25.0 6.0

50 75.9 73.6 71.3 68.4 65.6 61.7 57.7 51.6 45.4 35.0 24.7 12.3

60 75.5 73.3 70.8 68.2 64.8 61.4 56.3 51.3 43.1 34.8 20.8 6.8

SHUT-OFF PSI: 152 143 134 126 117 108 100 91 82 74 65 56 48 30 4

0 76.5 75.0 73.3 69.8 63.1 52.6 35.8

20 76.1 74.6 72.8 71.2 69.2 64.7 55.8 40.0 14.2

*60S100-18 10 30 75.9 74.3 72.7 70.8 68.9 66.7 61.6 50.9 31.5

40 75.7 74.1 72.3 70.6 68.5 66.5 63.9 58.0 45.0 20.7

50 75.4 73.8 72.1 70.2 68.3 66.0 63.7 60.7 53.6 37.5 10.0

60 75.2 73.6 71.8 70.0 67.8 65.8 63.1 60.5 56.8 48.2 28.3

SHUT-OFF PSI: 186 177 169 160 152 143 134 126 117 100 74 46 22
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75S EASY SELECTION CHART

* 6" Motor Performance is the same at Best Efficiency Point only, consult
factory for actual performance.
SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.

75 GPM
SELECTION CHARTS FLOW RANGE PUMP OUTLET

(Ratings are in GALLONS PER MINUTE-GPM)     (45 TO 95 GPM) 2" NPT

DEPTH TO PUMPING WATER LEVEL (LIFT) IN FEET
PUMP 

MODEL HP PSI 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 340 400 460 520 600 700 800 900 1000 1100

20 69.6 45.8 22.9

75S20-3 2 30 36.2

40 12.4

50

60

SHUT-OFF PSI: 32 23 14 6

0 89.8 90.2 78.8 67.6

20 96.3 86.8 74.8 62.9 31.5

75S30-5 3 30 85.8 74.2 51.8 29.5 14.8

40 70.2 57.1 28.6

50 35.3

60 24.2

SHUT-OFF PSI: 58 49 41 32 23 15

0 93.3 86.5 79.6 72.0 64.5 46.9 29.4

20 97.4 91.3 84.7 77.5 69.4 61.3 40.3 19.4 9.8

75S50-8 5 30 96.9 90.1 83.3 76.3 69.3 56.3 43.1 21.6

40 95.5 89.1 82.3 75.4 66.5 57.5 28.8

50 88.0 81.2 73.9 66.7 51.2 35.8 17.9

60 80.2 73.3 63.2 53.0 26.5

SHUT-OFF PSI: 98 90 81 72 64 55 46 38 29 20 12 3

0 97.8 93.3 88.8 84.3 79.8 75.1 70.4 63.7 43.4

20 96.5 92.0 87.4 82.9 78.3 73.5 68.8 61.4 54.0 38.8 11.8

*75S75-11 7 1/2 30 95.7 91.3 86.8 82.2 77.6 73.1 67.3 61.4 50.3 39.3 19.7

40 95.2 90.6 86.0 81.5 77.0 72.0 67.0 58.9 50.8 33.5 16.3 8.2

50 94.3 89.9 85.3 80.8 76.2 71.6 65.3 59.0 46.6 34.2 17.1

60 97.9 93.8 89.2 84.6 80.1 75.6 70.3 65.2 56.1 47.0 23.5

SHUT-OFF PSI: 151 142 133 125 116 107 99 90 81 73 64 55 47 38 29 12

0 96.7 93.4 90.0 86.5 83.2 76.3 64.7 40.9

20 95.7 92.4 88.9 85.5 82.1 78.7 75.2 67.4 49.3 12.5

*75S100-15 10 30 95.3 91.8 88.4 85.0 81.5 78.2 74.8 70.9 61.6 37.1

40 98.0 94.7 91.3 87.8 84.4 81.0 77.7 74.1 70.6 66.0 54.0 19.9

50 97.3 94.3 90.8 87.3 83.9 80.5 77.1 73.7 69.7 65.8 59.8 43.5

60 97.0 93.7 90.3 86.8 83.3 80.0 76.6 73.0 69.3 64.5 59.6 51.5 21.7

SHUT-OFF PSI: 178 170 161 152 144 135 126 118 109 100 92 83 66 40 14
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FLOW RANGE: 1.2 - 7 GPM OUTLET SIZE: 1" NPT NOMINAL DIA. 4"

5S03-9 (1/3 HP)

5S07-18 (3/4 HP)

5S10-22 (1 HP)

5S15-26 (11/2 HP)

5S15-31 (11/2 HP)

5S20-39DS (2 HP)

5S30-48DS (3 HP)

5S05-13 (1/2 HP)

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.
4" MOTOR STANDARD, 3450 RPM.

OPERATING RANGE: 1.2 to 7GPM
CAPACITIES BELOW 1.2 GPM
ARE NOT AVAILABLE

Performance conforms to ISO 9906. 1999 (E) Annex A
Minimum submergance is 2 feet.

5 GPM MODEL 5SPERFORMANCE CURVES
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NOTES: Specifications subject to change without notice.
Valox®  is a registered trademark of General Electric Co.
Vectra®  is a registered trademark of Hoechast Calanese Corporation.
Ryton®  is a registered trademark of Phillips 66.

DIMENSIONS AND WEIGHTS

MATERIALS OF CONSTRUCTION

NOTES: All models suitable for use in 4" wells.
Weights include pump end with motor in lbs.

Fig. A

1"

5 GPM

COMPONENT SPLINED SHAFT (9-26 Stgs.) CYLINDRICAL SHAFT (31-48 Stgs.)
Check Valve Housing 304 Stainless Steel 304 Stainless Steel
Check Valve 304 Stainless Steel 304 Stainless Steel
Diffuser Chamber 304 Stainless Steel 304 Stainless Steel 
Impeller 304 Stainless Steel 304 Stainless Steel
Suction Interconnector 304 Stainless Steel 304 Stainless Steel
Inlet Screen 304 Stainless Steel 304 Stainless Steel
Pump Shaft 304 Stainless Steel 431 Stainless Steel
Straps 304 Stainless Steel 304 Stainless Steel
Cable Guard 304 Stainless Steel 304 Stainless Steel
Priming Inducer 304 Stainless Steel 316 Stainless Steel
Coupling 329/420/431 Stainless Steel 329/420/431 Stainless Steel
Check Valve Seat NBR/304 Stainless Steel NBR/316 Stainless Steel
Top Bearing NBR/304 Stainless Steel NBR/316 Stainless Steel
Impeller Seal Ring NBR/PBT (Valox®) NBR/PPS (Ryton®)
Intermediate Bearings NBR 304 Stainless Steel
Shaft Washer Not Required LCP (Vectra®)
Split Cone Not Required 304 Stainless Steel
Split Cone Nut Not Required 316 Stainless Steel

MOTOR DISCH. DIMENSIONS IN INCHES APPROX.

MODEL NO. FIG. HP SIZE SIZE A B C D E SHIP WT.

5S03-9 A 1/3 4" 1" NPT 22.3 8.8 13.5 3.8 3.9 27
5S05-13 A 1/2 4" 1" NPT 26.4 9.5 16.9 3.8 3.9 31
5S07-18 A 3/4 4" 1" NPT 31.7 10.7 21.0 3.8 3.9 34
5S10-22 A 1 4" 1" NPT 36.1 11.8 24.3 3.8 3.9 42
5S15-26 A 1 1/2 4" 1" NPT 41.2 13.6 27.6 3.8 3.9 46
5S15-31 A 1 1/2 4" 1" NPT 47.1 13.6 33.5 3.8 3.9 58
5S20-39DS A 2 4" 1" NPT 55.2 15.1 40.1 3.8 3.9 65
5S30-48DS A 3 4" 1" NPT 70.0 20.6 45.8 3.8 3.9 90

MODEL 5S TECHNICAL DATA
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CAPACITY (GPM)

3450
RPM

7S03-8 (1/3 HP)

7S05-11 (1/2 HP)
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7S07-15 (3/4 HP)

7S10-19 (1HP)

7S15-26 (11/2 HP)

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.
4" MOTOR STANDARD, 3450 RPM.

OPERATING RANGE: 3 to 10 GPM
CAPACITIES BELOW 3 GPM
SEE MODEL 5S

FLOW RANGE: 3 -10 GPM  OUTLET SIZE: 1" NPT NOMINAL DIA. 4"

Performance conforms to ISO 9906. 1999 (E) Annex A
Minimum submergance is 2 feet.

7S20-32 (2 HP)

7 GPM MODEL 7SPERFORMANCE CURVES
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1"

NOTES: Specifications subject to change without notice.
Valox®  is a registered trademark of General Electric Co.

NOTES: All models suitable for use in 4" wells.
Weights include pump end with motor in lbs.

Fig. A

MATERIALS OF CONSTRUCTION

DIMENSIONS AND WEIGHTS

7 GPM

MOTOR DISCH. DIMENSIONS IN INCHES APPROX.

MODEL NO. FIG. HP SIZE SIZE A B C D E SHIP WT.

7S03-8 A 1/3 4" 1" NPT 21.5 8.8 12.7 3.8 3.9 27
7S05-11 A 1/2 4" 1" NPT 24.7 9.5 15.2 3.8 3.9 30
7S07-15 A 3/4 4" 1" NPT 29.2 10.7 18.5 3.8 3.9 33
7S10-19 A 1 4" 1" NPT 33.6 11.8 21.8 3.8 3.9 36
7S15-26 A 1 1/2 4" 1" NPT 41.2 13.6 27.6 3.8 3.9 46
7S20-32 A 2 4" 1" NPT 48.5 14.0 34.5 3.8 3.9 59

COMPONENT SPLINE SHAFT
Check Valve Housing 304 Stainless Steel
Check Valve 304 Stainless Steel
Diffuser Chamber 304 Stainless Steel
Impeller 304 Stainless Steel
Suction Interconnector 304 Stainless Steel
Inlet Screen 304 Stainless Steel
Pump Shaft 304 Stainless Steel
Straps 304 Stainless Steel
Cable Guard 304 Stainless Steel
Priming Inducer 304 Stainless Steel
Coupling 316/431 Stainless Steel
Check Valve Seat NBR/304 Stainless Steel
Top Bearing NBR
Impeller Seal Ring NBR/PBT (Valox ®)
Intermediate Bearings NBR

MODEL 7S TECHNICAL DATA
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MODEL 10S

10S03-6 (1/3 HP)

10S05-9 (1/2 HP)

10S07-12 (3/4 HP)

10S10-15 (1HP)

10S15-21 (11/2 HP)

10S20-27 (2 HP)

10S30-34 (3 HP)

10S50-48DS (5 HP)

10S50-58DS (5 HP)

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.
4" MOTOR STANDARD, 3450 RPM.

Performance conforms to ISO 9906. 1999 (E) Annex A
Minimum submergance is 2 feet.

FLOW RANGE: 5 -14 GPM OUTLET SIZE: 11/4 " NPT  NOMINAL DIA. 4"

OPERATING RANGE: 5 to 14GPM
CAPACITIES BELOW 5 GPM
SEE MODEL 7S

10 GPMPERFORMANCE CURVES
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MATERIALS OF CONSTRUCTION

DIMENSIONS AND WEIGHTS
11/4"11/4"

Fig. A

Fig. B

NOTES: All models suitable for use in 4" wells, unless otherwise noted.
Weights include pump end with motor in lbs.
* Built into sleeve 11/4" MPT discharge, 5" min. well dia.

NOTES: Specifications subject to change without notice.
Valox®  is a registered trademark of General Electric Co.
Vectra®  is a registered trademark of Hoechast Calanese Corporation.
Ryton®  is a registered trademark of Phillips 66.
* Stainless Steel option available.

10 GPM

MOTOR DISCH. DIMENSIONS IN INCHES APPROX.

MODEL NO. FIG. HP SIZE SIZE A B C D E SHIP WT.
10S03-6 A 1/3 4" 1 1/4" NPT 19.9 8.8 11.1 3.8 3.9 26
10S05-9 A 1/2 4" 1 1/4" NPT 23.0 9.5 13.5 3.8 3.9 29
10S07-12 A 3/4 4" 1 1/4" NPT 26.7 10.7 16.0 3.8 3.9 32
10S10-15 A 1 4" 1 1/4" NPT 30.3 11.8 18.5 3.8 3.9 34
10S15-21 A 1 1/2 4" 1 1/4" NPT 37.1 13.6 23.5 3.8 3.9 44
10S20-27 A 2 4" 1 1/4" NPT 43.5 15.1 28.4 3.8 3.9 49
10S30-34 A 3 4" 1 1/4" NPT 54.7 20.6 34.1 3.8 3.9 83
10S50-48DS A 5 4" 1 1/4" NPT 71.3 23.6 47.7 3.8 3.9 115
10S50-58DS* B 5 4" 1 1/4" MPT 88.2 23.6 64.5 3.8 4.3 142

COMPONENT SPLINED SHAFT (6-27 Stgs.) CYLINDRICAL SHAFT (34-48 Stgs.) DEEP SET (58 Stgs.)
Check Valve Housing 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Check Valve 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Diffuser Chamber 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Impeller 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Suction Interconnector 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Inlet Screen 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Pump Shaft 304 Stainless Steel 431 Stainless Steel 431 Stainless Steel
Straps 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Cable Guard 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Priming Inducer 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Coupling 316/431 Stainless Steel 316/431 Stainless Steel 316/431 Stainless Steel
Check Valve Seat NBR/304 Stainless Steel NBR/316 Stainless Steel NBR/316 Stainless Steel
Top Bearing NBR NBR/316 Stainless Steel NBR/316 Stainless Steel
Impeller Seal Ring NBR/PBT (Valox®) NBR/PPS (Ryton®) NBR/PPS (Ryton®)
Intermediate Bearings NBR 304 Stainless Steel NBR/316 Stainless Steel
Shaft Washer Not Required LCP (Vectra®) LCP (Vectra®)
Split Cone Not Required 304 Stainless Steel 304 Stainless Steel
Split Cone Nut Not Required 316 Stainless Steel 304 Stainless Steel
Sleeve Not Required Not Required 316 Stainless Steel
Sleeve Flange Not Required Not Required Zincless Bronze*

MODEL 10S TECHNICAL DATA
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FLOW RANGE: 10 -20 GPM OUTLET SIZE: 11/4 " NPT  NOMINAL DIA. 4"

CAPACITY (GPM)
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3450
RPM

16S05-5 (1/2 HP)

16S07-8 (3/4 HP)

16S10-10 (1 HP)

16S15-14 (11/2 HP)

16S20-18 (2 HP)

16S30-24 (3 HP)

16S50-38 (5 HP)

16S75-56DS (71/2 HP)

16S100-75DS (10 HP)

Performance conforms to ISO 9906. 1999 (E) Annex A
Minimum submergance is 2 feet.

OPERATING RANGE: 10 to 20 GPM
CAPACITIES BELOW 10 GPM
SEE MODEL 10S

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.
4" MOTOR STANDARD, .5 -5 HP/3450 RPM.
6" MOTOR STANDARD,7.5 -10HP/3450 RPM.

MODEL 16S16 GPMPERFORMANCE CURVES
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MATERIALS OF CONSTRUCTION

DIMENSIONS AND WEIGHTS

NOTES: All models suitable for use in 4" wells, unless otherwise noted.
Weights include pump end with motor in lbs..
* Built into sleeve 11/4" MPT discharge, 6" min. well dia.

Fig. A

11/4"

NOTES: Specifications are subject to change without notice.
Valox®  is a registered trademark of General Electric Co.
Vectra®  is a registered trademark of Hoechast Calanese Corporation.
Ryton®  is a registered trademark of Phillips 66.
*Stainless Steel option available.
** If using 4" non-standard motors, refer to 329/420/431 Stainless Steel for coupling.
    A coupling key is not required.

16 GPM

11/2"

Fig. B

MOTOR DISCH. DIMENSIONS IN INCHES APPROX.

MODEL NO. FIG. HP SIZE SIZE A B C D E SHIP WT.

16S05-5 A 1/2 4" 1 1/4" NPT 19.7 9.5 10.2 3.8 3.9 27
16S07-8 A 3/4 4" 1 1/4" NPT 23.4 10.7 12.7 3.8 3.9 29
16S10-10 A 1 4" 1 1/4" NPT 26.2 11.8 14.4 3.8 3.9 32
16S15-14 A 1 1/2 4" 1 1/4" NPT 32.8 15.1 17.7 3.8 3.9 36
16S20-18 A 2 4" 1 1/4" NPT 36.0 15.1 20.9 3.8 3.9 40
16S30-24 A 3 4" 1 1/4" NPT 46.5 20.6 25.9 3.8 3.9 64
16S50-38 A 5 4" 1 1/4" NPT 61.1 23.6 37.5 3.8 3.9 94
16S75-56DS* B 7 1/2 6" 1 1/4" MPT 93.0 24.2 68.8 5.4 4.6 220
16S100-75DS* B 10 6" 1 1/4" MPT 109.9 25.4 84.5 5.4 4.6 245

COMPONENT SPLINED SHAFT (5-24 Stgs.) CYLINDRICAL SHAFT (38 Stgs.) DEEP SET (56-75 Stgs)
Check Valve Housing 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Check Valve 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Diffuser Chamber 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Impeller 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Suction Interconnector 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Inlet Screen 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Pump Shaft 304 Stainless Steel 431 Stainless Steel 431 Stainless Steel
Straps 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Cable Guard 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Priming Inducer 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Coupling 316/431 Stainless Steel 316/431 Stainless Steel 329/416 Stainless Steel**
Check Valve Seat NBR/304 Stainless Steel NBR/316 Stainless Steel NBR/316 Stainless Steel
Top Bearing NBR NBR/316 Stainless Steel NBR/316 Stainless Steel
Impeller Seal Ring NBR/PBT (Valox®) NBR/PPS (Ryton®) NBR/PPS (Ryton®)
Intermediate Bearings NBR 304 Stainless Steel NBR/316 Stainless Steel
Shaft Washer Not Required LCP (Vectra®) LCP (Vectra®)
Split Cone Not Required 304 Stainless Steel 304 Stainless Steel
Split Cone Nut Not Required 316 Stainless Steel 304 Stainless Steel
Sleeve Not Required Not Required 316 Stainless Steel
Sleeve Flange Not Required Not Required 304 Stainless Steel
Coupling Key Not Required Not Required 302/304 Stainless Steel**

MODEL 16S TECHNICAL DATA
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FLOW RANGE: 18 -32 GPM OUTLET SIZE: 11/2 " NPT  NOMINAL DIA. 4"

0 5 10 15 20 25 30
0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

H
E

A
D

 (
F

E
E

T
)

3450
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25S05-3 (1/2 HP)

25S07-5 (3/4 HP)

25S10-7 (1 HP)

25S15-9 (11/2 HP)

25S20-11 (2 HP)

25S30-15 (3 HP)

25S50-26 (5 HP)

25S75-39DS (71/2 HP)

25S100-52DS (10 HP)

OPERATING RANGE: 18 to 32 GPM
CAPACITIES BELOW 18 GPM
SEE MODEL 16S

CAPACITY (GPM)

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.
4" MOTOR STANDARD, .5 -5 HP/3450 RPM.
6" MOTOR STANDARD,7.5 -10HP/3450 RPM.

Performance conforms to ISO 9906. 1999 (E) Annex A
Minimum submergance is 2 feet.

25 GPM MODEL 25SPERFORMANCE CURVES

49287
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49287
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MATERIALS OF CONSTRUCTION

DIMENSIONS AND WEIGHTS

NOTES: All models suitable for use in 4" wells, unless otherwise noted.
Weights include pump end with motor in lbs.
* Built into sleeve 11/2" MPT discharge, 6" min. well dia.

NOTES: Specifications are subject to change without notice.
Valox®  is a registered trademark of General Electric Co.
Vectra®  is a registered trademark of Hoechast Calanese Corporation.
Ryton®  is a registered trademark of Phillips 66.
*Stainless Steel option available.
** If using 4" non-standard motors, refer to 329/420/431 Stainless Steel for coupling.
    A coupling key is not required.

25 GPM

Fig. A

11/2"

11/2"

Fig. B

MOTOR DISCH. DIMENSIONS IN INCHES APPROX.
MODEL NO. FIG. HP SIZE SIZE A B C D E SHIP WT.

25S05-3 A 1/2 4" 1 1/2" NPT 18.1 9.5 8.6 3.8 3.9 26
25S07-5 A 3/4 4" 1 1/2" NPT 20.9 10.7 10.2 3.8 3.9 28
25S10-7 A 1 4" 1 1/2" NPT 23.7 11.8 11.9 3.8 3.9 29
25S15-9 A 1 1/2 4" 1 1/2" NPT 27.1 13.6 13.5 3.8 3.9 34
25S20-11 A 2 4" 1 1/2" NPT 30.3 15.1 15.2 3.8 3.9 37
25S30-15 A 3 4" 1 1/2" NPT 39.1 20.6 18.5 3.8 3.9 59
25S50-26 A 5 4" 1 1/2" NPT 51.2 23.6 27.6 3.8 3.9 76
25S75-39DS A 7 1/2 6" 1 1/2" NPT 66.8 24.2 42.6 5.4 4.6 168
25S100-52DS* B 10 6" 1 1/2" MPT 90.9 25.4 65.5 5.4 5.4 226

COMPONENT SPLINED SHAFT (3-26 Stgs.) CYLINDRICAL SHAFT (39 Stgs.) DEEP SET (52 Stgs)
Check Valve Housing 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Check Valve 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Diffuser Chamber 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Impeller 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Suction Interconnector 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Inlet Screen 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Pump Shaft 304 Stainless Steel 431 Stainless Steel 431 Stainless Steel
Straps 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Cable Guard 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Priming Inducer 304 Stainless Steel 304 Stainless Steel 304 Stainless Steel
Coupling 316/431 Stainless Steel 316/431 Stainless Steel 329/416 Stainless Steel**
Check Valve Seat NBR/304 Stainless Steel NBR/316 Stainless Steel NBR/316 Stainless Steel
Top Bearing NBR NBR/316 Stainless Steel NBR/316 Stainless Steel
Impeller Seal Ring NBR/PBT (Valox®) NBR/PPS (Ryton®) NBR/PPS (Ryton®)
Intermediate Bearings NBR 304 Stainless Steel NBR/316 Stainless Steel
Shaft Washer Not Required LCP (Vectra®) LCP (Vectra®)
Split Cone Not Required 304 Stainless Steel 304 Stainless Steel
Split Cone Nut Not Required 316 Stainless Steel 304 Stainless Steel
Sleeve Not Required Not Required 316 Stainless Steel
Sleeve Flange Not Required Not Required 304 Stainless Steel
Coupling Key Not Required Not Required 302/304 Stainless Steel**

MODEL 25S TECHNICAL DATA

49287
Highlight

49287
Highlight

49287
Highlight

49287
Highlight

49287
Highlight

49287
Highlight



4-21

FLOW RANGE: 24 - 55 GPM OUTLET SIZE: 2 " NPT  NOMINAL DIA. 4"

CAPACITY (GPM)
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3450
RPM

40S10-3 (1 HP)

40S15-5 (11/2 HP)

40S20-7 (2 HP)

40S30-9 (3 HP)

40S50-12 (5 HP)

40S50-15 (5 HP)

40S75-21 (71/2 HP)*

40S75-25 (71/2 HP)*

40S100-30 (10 HP)*

40S150-37DS (15 HP)

40S150-44DS (15 HP)

40S200-50DS (20 HP)

40S200-58DS (20 HP)

40S200-66DS (20 HP)
OPERATING RANGE: 24 to 55 GPM
CAPACITIES BELOW 24 GPM
SEE MODEL 25S

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.
4" MOTOR STANDARD, 1-10 HP/3450 RPM.
6" MOTOR STANDARD,15-20 HP/3450 RPM.
* Also available with 6" motor.

Performance conforms to ISO 9906. 1999 (E) Annex A
Minimum submergance is 5 feet.

40 GPM MODEL 40SPERFORMANCE CURVES
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2"

MATERIALS OF CONSTRUCTION

2"

Fig. A

Fig. B

DIMENSIONS AND WEIGHTS

NOTES: Specifications are subject to change without notice.
Vectra®  is a registered trademark of Hoechast Calanese Corporation.
*Stainless Steel option available.

NOTES: All models suitable for use in 4" wells, unless otherwise noted.
Weights include pump end with motor in lbs.
* Also available with 6" motor.
** Built into sleeve 2" MPT discharge, 6" min. well dia.

40 GPM

MOTOR DISCH. DIMENSIONS IN INCHES APPROX.
MODEL NO. FIG. HP SIZE SIZE A B C D E SHIP WT.

40S10-3 A 1 4" 2" NPT 24.6 11.8 12.8 3.8 3.9 32
40S15-5 A 1 1/2 4" 2" NPT 29.7 13.6 16.1 3.8 3.9 37
40S20-7 A 2 4" 2" NPT 34.5 15.1 19.4 3.8 3.9 41
40S30-9 A 3 4" 2" NPT 43.3 20.6 22.7 3.8 3.9 65
40S50-12 A 5 4" 2" NPT 51.3 23.6 27.7 3.8 3.9 78
40S50-15 A 5 4" 2" NPT 56.2 23.6 32.6 3.8 3.9 84
40S75-21* A 7 1/2 4" 2" NPT 74.6 29.6 45.0 3.8 3.9 120
40S75-25* A 7 1/2 4" 2" NPT 81.2 29.6 51.6 3.8 3.9 124
40S100-30* A 10 4" 2" NPT 103.7 43.9 59.8 3.8 3.9 181
40S150-37DS A 15 6" 2" NPT 99.5 28.0 71.5 5.4 5.4 244
40S150-44DS A 15 6" 2" NPT 111.0 28.0 83.0 5.4 5.4 340
40S200-50DS** B 20 6" 2" MPT 136.0 30.6 105.4 5.4 5.5 319
40S200-58DS** B 20 6" 2" MPT 149.2 30.6 118.6 5.4 5.5 334
40S200-66DS** B 20 6" 2" MPT 162.4 30.6 131.8 5.4 5.5 394

COMPONENT CYLINDRICAL SHAFT (3-44 Stgs.) DEEP SET (50-66 Stgs.)
Check Valve Hous ing 304 Stainless  Steel 304 Stainless  Steel
Check Valve 304 Stainless  Steel 304 Stainless  Steel
Diffuser Cham ber 304 Stainless  Steel 304 Stainless  Steel
Im peller 304 Stainless  Steel 304 Stainless  Steel
Suction Interconnector 304 Stainless  Steel 304 Stainless  Steel
Inlet Screen 304 Stainless  Steel 304 Stainless  Steel
Pum p Shaft 431 Stainless  Steel 431 Stainless  Steel
Straps 304 Stainless  Steel 304 Stainless  Steel
Cable Guard 304 Stainless  Steel 304 Stainless  Steel
Prim ing Inducer 304 Stainless  Steel 304 Stainless  Steel
Coupling 316/431 Stainless  Steel ** 329/ 416 Stainless  Steel
Check Valve Seat NBR/316 Stainless  Steel NBR/316 Stainless  Steel
Top Bearing NBR/316 Stainless  Steel NBR/316 Stainless  Steel
Im peller Seal Ring NBR/316 Stainless  Steel NBR/316 Stainless  Steel
Interm ediate Bearings NBR/316 Stainless  Steel NBR/316 Stainless  Steel
Shaft Washer LCP (Vectra®) LCP (Vectra®)
Split Cone 304 Stainless  Steel 304 Stainless  Steel
Split Cone Nut 304 Stainless  Steel 304 Stainless  Steel
Sleeve Not Required 316 Stainless  Steel
Sleeve Flange Not Required 304 Stainless  Steel

MODEL 40S TECHNICAL DATA
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SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.
4" MOTOR STANDARD, 3450 RPM.
* Also available with 6" motor.

FLOW RANGE: 40 -75 GPM OUTLET SIZE: 2 " NPT  NOMINAL DIA. 4"

CAPACITY (GPM)

3450
RPM

60S20-4 (2 HP)

60S30-5 (3 HP)

60S50-7 (5 HP)

60S50-9 (5 HP)

60S75-13 (71/2 HP)*

60S100-18 (10 HP)*

OPERATING RANGE: 40 to 75 GPM
CAPACITIES BELOW 40 GPM
SEE MODEL 40S
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Performance conforms to ISO 9906. 1999 (E) Annex A
Minimum submergance is 5 feet.

60 GPM MODEL 60SPERFORMANCE CURVES
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DIMENSIONS AND WEIGHTS

MATERIALS OF CONSTRUCTION

Fig. A

2"

NOTES: All models suitable for use in 4" wells, unless otherwise noted.
Weights include pump end with motor in lbs..
* Also available with 6" motor.

NOTES: Specifications are subject to change without notice.
Vectra®  is a registered trademark of Hoechast Calanese Corporation.

60 GPM

MOTOR DISCH. DIMENSIONS IN INCHES APPROX.
MODEL NO. FIG. HP SIZE SIZE A B C D E SHIP WT.

60S20-4 A 2 4" 2" NPT 32.6 15.1 17.5 3.8 3.9 39
60S30-5 A 3 4" 2" NPT 40.7 20.6 20.1 3.8 3.9 64
60S50-7 A 5 4" 2" NPT 48.8 23.6 25.2 3.8 3.9 75
60S50-9 A 5 4" 2" NPT 53.9 23.6 30.3 3.8 3.9 80
60S75-13* A 7 1/2 4" 2" NPT 70.1 29.6 40.5 3.8 3.9 105
60S100-18* A 10 4" 2" NPT 97.3 43.9 53.4 3.8 3.9 160

COMPONENT CYLINDRICAL SHAFT (4-18 Stgs.)
Check Valve Hous ing 304 Stainless  Steel
Check Valve 304 Stainless  Steel
Diffuser Cham ber 304 Stainless  Steel 
Im peller 304 Stainless  Steel
Suction Interconnector 304 Stainless  Steel
Inlet Screen 304 Stainless  Steel
Pum p Shaft 431 Stainless  Steel
Straps 304 Stainless  Steel
Cable Guard 304 Stainless  Steel
Prim ing Inducer 304 Stainless  Steel
Coupling 316/431 Stainless  Steel**
Check Valve Seat NBR/316 Stainless  Steel
Top Bearing NBR/316 Stainless  Steel
Im peller Seal Ring NBR/316 Stainless  Steel
Interm ediate Bearings NBR/316 Stainless  Steel
Shaft Washer LCP (Vectra®)
Split Cone 304 Stainless  Steel
Split Cone Nut 304 Stainless  Steel
  

MODEL 60S TECHNICAL DATA
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FLOW RANGE: 45 - 95 GPM OUTLET SIZE: 2" NPT NOMINAL DIA.: 4"

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.
4" MOTOR STANDARD,2-10 Hp 3450 RPM.
* Also available with 6" motor, performance is the same only at Best Effeciency point.
Consult factory for actual performance.

CAPACITY (GPM)

H
E

A
D

 (
F

E
E

T
)

3450
RPM

75S20-3 (2 HP)

75S30-5 (3 HP)

75S75-12 (71/2 HP)*

75S100-16 (10 HP)*

OPERATING RANGE: 45 to 95 GPM
CAPACITIES BELOW 45GPM
SEE MODEL 60S

Performance conforms to ISO 9906. 1999 (E) Annex A
Minimum submergance is 5 feet.

75S50-8 (5 HP)

75 GPM MODEL 75SPERFORMANCE CURVES



4-26

DIMENSIONS AND WEIGHTS

MATERIALS OF CONSTRUCTION

NOTES: All models suitable for use in 4" wells, unless otherwise noted.
Weights include pump end with motor in lbs.
* Also available with 6" motor, performance is the same only at Best Efficiency point. Consult factory for
actual performance.

Fig. A

2"

NOTES: Specifications are subject to change without notice.
Vectra®  is a registered trademark of Hoechast Calanese Corporation.

75 GPM

MOTOR DISCH. DIMENSIONS IN INCHES APPROX.
MODEL NO. FIG. HP SIZE SIZE A B C D E SHIP WT.

75S20-3 A 2 4" 2" NPT 30.0 15.1 14.9 3.8 3.9 38
75S30-5 A 3 4" 2" NPT 40.7 20.6 20.1 3.8 3.9 64
75S50-8 A 5 4" 2" NPT 51.4 23.6 27.8 3.8 3.9 78

75S75-12* A 7 1/2 4" 2" NPT 67.5 29.6 37.9 3.8 3.9 100
75S100-16* A 10 4" 2" NPT 92.1 43.9 48.2 3.8 3.9 155

COMPONENT CYLINDRICAL SHAFT (3-16 Stgs.)
Check Valve Hous ing 304 Stainless  Steel
Check Valve 304 Stainless  Steel
Diffuser Cham ber 304 Stainless  Steel 
Im peller 304 Stainless  Steel
Suction Interconnector 304 Stainless  Steel
Inlet Screen 304 Stainless  Steel
Pum p Shaft 431 Stainless  Steel
Straps 304 Stainless  Steel
Cable Guard 304 Stainless  Steel
Prim ing Inducer 304 Stainless  Steel
Coupling 316/431 Stainless  Steel**
Check Valve Seat NBR/316 Stainless  Steel
Top Bearing NBR/316 Stainless  Steel
Im peller Seal Ring NBR/316 Stainless  Steel
Interm ediate Bearings NBR/316 Stainless  Steel
Shaft Washer LCP (Vectra®)
Split Cone 304 Stainless  Steel
Split Cone Nut 304 Stainless  Steel

MODEL 75S TECHNICAL DATA
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GRUNDFOS STAINLESS STEEL PUMPS
FOR GROUNDWATER APPLICATIONS
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GRUNDFOS STAINLESS STEEL PUMPS

STAINLESS STEEL CONSTRUCTION

Grundfos submersibles feature rugged and durable stainless steel construction for all vital pump components.  Impellers,
diffusers, shafts, vanes, cable guards, couplings...even the nuts and bolts are stainless steel.  Grundfos’ 4-inch pump
systems include the stainless steel pump, motor, and control box and are delivered ready to install.

Computer-aided design and manufacturing techniques ensure that each pump  is built to exacting tolerance and performs
to industry-leading standards.  Grundfos state-of-the-art production equipment includes extensive use of robotics and
advanced quality assurance procedures.  You can rely on quality Grundfos’ groundwater products for outstanding pump
performance and best value.

SUBMERSIBLES

4-INCH and LARGER WELLS
The 4-inch submersibles line covers all flow requirements
from 1.2 to 95 gpm and heads to 2000 feet.  This broad
range ensures proper pump selection for all domestic
groundwater system applications.

6, 8, & 10-INCH and LARGER WELLS
For high flow requirements, this submersible line includes
6, 8, and 10-inch models for flows up to 1,400 gpm and
heads to 2100 feet.

Grundfos offers 18 models of submersible pumps
designed for domestic and industrial applications with
flow rates from five to 1,400 gpm. Horsepower range
extends from 1/3 hp to 250 hp. These pumps are
marketed through more than 300 distributors and nearly
2,000 dealers nationwide.

THE STAINLESS STEEL ADVANTAGE

TOP PUMP PERFORMANCE
Grundfos pumps are built to work hard with every component designed for maximum hydraulic efficiency.  With the
inherently smooth surfaces of fabricated stainless steel, peak performance is maintained over many years of service.

RELIABLE OPERATION
Highly advanced design and manufacturing techniques minimize the number of moving parts.  This, plus Grundfos’ use
of rugged stainless steel construction, make GRUNDFOS groundwater pumps the toughest, most reliable pumps on the
market.  With Grundfos you can rely on getting the water you need, when you need it.

LONG PUMP LIFE
Stainless steel is the best available material to resist wear and corrosion in water system applications.  Compare
Grundfos’ stainless steel construction to the best the other manufactures have to offer.  Grundfos stainless steel pumps
are designed to operate efficiently and effectively for a long, long time.
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GRUNDFOS STAINLESS STEEL PUMPS

Convertible Jet Pumps

SQ/SQE SUBMERSIBLE PUMPS

3-Inch SQ/SQE Submersible Well Pumps
3-Inch and Larger Wells

SQ/SQE pumps are suitable for both continuous and
intermittent operation for a variety of applications:
· Domestic water supply
· Small waterworks
· Irrigation
· Tank applications

SQ, SQE pumps offer the following features:
· Dry-Run protection
· High efficiency pump and motor
· Protection against up-thrust
· Soft-start
· Over-voltage and under-voltage protection
· Overload protection
· Over-temperature protection
· High starting torque

Additionally, the SQE pumps offer:
· Constant pressure control
· Variable speed
· Electronic control and communication

The SQ and SQE pump models incorporate an innovative
motor design.  With the use of permanent-magnet technol-
ogy within the motor, the SQ/SQE pumps deliver un-
matched performance.  By combining permanent-magnet
motors and Grundfos’s own micro frequency converter, we
are now able to control and communicate with the pump in
ways never before possible.  A few of the features that

come out of this combination
are Constant Pressure
Control, Soft-Start, and
integrated Dry-Run protec-
tion.  These are just a few of
the many features that the
SQ/SQE pumps can offer.

The SQ pump models
operate at a constant speed
much like today’s conven-
tional pumps.  The difference
between it and traditional
pumps is you get all the
benefits of an electronically controlled permanent-
magnet motor that cannot be accomplished with a
conventional induction motor. The SQ pumps are
available for single phase power. They use a simple
2-wire design making installation easy.

The SQE uses the Grundfos “Smart Motor”. Like
the SQ model, we still use the high efficiency
permanent magnet motor, but we give this motor
the ability to communicate.  The “Smart Motor”
communicates via the CU301 status box through
the power leads. It is not necessary to run any
additional wires down the well.  By being able to
communicate with the pump you can have Constant
Pressure Control and the ability to change the pump
performance while the pump is installed in the well.
Like the SQ motor, this is also a 2-wire motor
designed for single-phase operation.

TYPE KEYS

SP Example 10 S 05 - 9

Rated gallons per minute

Material of construction

Horsepower

Number of pump stages

SQ/SQE Example 10 SQ E 05 - 160

Rated gallons per minute

Basic version (without communication)

Electronic communication

Horsepower

Total Dynamic Head in (ft) at rated flow
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GRUNDFOS INSTRUCTIONS

US    Installation and operating instructions

SP4”
4-Inch Stainless Steel 
Submersible Pumps

Please leave these instructions with the pump for future reference.

WATER QUALITY
DRINKING WATER

SYSTEM COMPONENTS
ANSI/NSF 61

65 GM
30°C/86°F

PUMP END ONLY



SAFETY WARNING

WARNING: Reduced risk of electric shock during operation of this pump requires the 
provision of acceptable grounding. If the means of connection to the supply connected 
box is other than grounded metal conduit, ground the pump back to the service by 
connecting a copper conductor (at least the size of the circuit supplying the pump) to the 
grounding screw provided within the wiring compartment.

NOTICE: This product is designes for pumping water only. Third party agency 
evalustions are based on pumping water only.

Pre-Installation Checklist

1. Well Preparation
If the pump is to be installed in a new well then the well should be fully developed and bailed 
or blown free of cuttings and sand. The stainless steel construction of the GRUNDFOS 
submersibles make it resistant to abrasion; however, no pump made of any material can 
forever withstand the destructive wear that occurs when constantly pumping sandy water.

If this pump is used to replace an oil-filled submersible or oil-lubricated line-shaft turbine in 
an existing well, the well must be blown or bailed clear of oil.

2. Make Sure You Have The Right Pump
Determine the maximum depth of the well, and the draw-
down level at the pump’s maximum capacity. Pump selection and 
setting depth should be based on this data.

3. Pumped Fluid Requirements
CAUTION: Submersible well pumps are designed for pumping 
clear, cold water; free of air or gases. Decreased pump 
performance and life expectancy can occur if the water is not 
cold, clear or contains air or gasses. Water temperature should not 
exceed 102°F.

A check should be made to ensure that the installation depth of 
the pump will always be at least three feet below the 
maximum drawdown level of the well. The bottom of the 
motor should never be installed lower than the top of the 
screen or within five feet of the well bottom.

Ensure that the requirement for minimum flow past the motor is 
met, as shown in the table below:

NOTES: For proper motor cooling, a flow inducer 
or sleeve must be used if the water enters the 
well above the motor or if there is insufficient 
water flow past the motor. The minimum water 
velocity past 4” motors is 0.25 feet per second.

Minimum Water Flow Requirements for 
Submersible Pump Motors

     MINIMUM        CASING OR SLEEVE            MIN. GPM FLOW
   DIAMETER            I.D. IN INCHES             PASSING THE MOTOR

       4-Inch                         4                                     1.2
                                          5                                      7
                                          6                                     13
                                          7                                     21
                                          8                                     30

1



4. Splicing the Motor Cable
If the splice is carefully made, it will be as efficient as any other portion of the cable, and 
will be completely watertight. There are a number of cable splicing kits available today – 
epoxy filled, rubber-sealed and so on. Many perform well if the manufacturer’s directions 
are followed carefully. If one of these kits is not used, we recommend the following 
method for splicing the motor cable.

Examine the motor cable and drop cable carefully for damage. Cut the motor leads 
off in a staggered manner. Cut the ends of the drop cable so that the ends match up 
with the motor leads. Be sure to match the colors. Strip back and trim off one-half inch 
of insulation from each lead, making sure to scrape the wire bare to obtain a good 
connection. Be careful not to damage the copper conductor when stripping off the 
insulation. Insert a properly sized Sta-kon-type connector on each pair of leads, again 
making sure that colors are matched. Using Sta-kon crimping pliers, indent the lugs. Be 
sure to squeeze down hard on the pliers, particularly when using large cable. Form a 
piece of electrical insulation putty tightly around each Sta-Kon. The putty should overlap 
on the insulation of the wire. Use a good quality tape such as #33 Scotch Waterproof 
or Plymouth Rubber Company Slipknot Grey. Wrap each wire and joint tightly for a 
distance of about 2-1/2 inches on each side of the joint. Make a minimum of four passes 
over each joint and overlap each pass approximately one inch to assure a completely 
watertight seal.

INSTALLATION PROCEDURES

1. Attach the Pump to the Motor
When attaching the pump to the motor we recommend the pump be bolted down in a 
cross pattern around the four bolts. Starting from the back (opposite the cable opening) 
and using a cross pattern, tighten the motor bolts to 13.5 ft-lbs, using progressive 
tightening until torque is met. (See figure 1 for example).

PRE-INSTALLATION CHECKLIST

2

1
3

2
4cable opening

Figure 1



INSTALLATION PROCEDURES

2. Attach the Pump to the Pipe
A back-up wrench should be used when riser pipe is attached to the pump. The pump 
should only be gripped by the flats on the top of the discharge chamber. Under no 
circumstances grip the body of the pump, cable guard or motor. When tightened down, 
the threaded end of the first section of the riser pipe or the nipple must not come in 
contact with the check valve retainer in the discharge chamber of the pump. After the 
first section of the riser pipe has been attached to the pump, the lifting cable or elevator 
should be clamped to the pipe. Do not clamp the pump. When raising the pump and 
riser section, be careful not to place bending stress on the pump by picking it up by 
the pump-end only. It is recommended that plastic-type riser pipe be used only with the 
smaller domestic submersibles. The manufacturer or representative should be contacted 
to ensure the pipe type and physical characteristics are suitable for this use. Use the 
correct joint compound recommended by the specific pipe manufacturer. Besides making 
sure that points are fastened, we recommend the use of a torque arrestor when using 
plastic pipe.

3. Lower the Pump Into the Well
Make sure the electrical cables are not cut or damaged in any way when the pump is 
being lowered in the well. Do not use the power cables to support the weight of the pump.

To protect against surface water entering the well and contaminating the water source, 
the well should be finished off above grade utilizing a locally approved well seal or 
pitless adaptor unit. We recommend that steel riser pipes always be used with the larger 
submersibles. A pipe thread compound should be used on all joints. Make sure that the 
joints are adequately tightened in order to resist the tendency of the motor to loosen the 
joints when stopping and starting.

The drop cable should be secured to the riser pipe at approximately every 10 ft/3 m to 
prevent sagging, looping and possible cable damage. Nylon cable clips or waterproof tape 
may be used. The cable splice should be protected by securing it with clips or tape just 
above each joint.

Figure 2 Figure 3

Check Valves: A check valve should always be installed at the surface of the well and one 
at a maximum of 25 feet above static water level. In addition, for installations deeper than 
200 feet, check valves should be installed at no more than 200 foot intervals.

IMPORTANT: Plastic pipe tends to stretch 
under load. This stretching must be taken 
into account when securing the cable to the 
riser pipe. Leave three to four inches of slack 
between clips or taped points. This tendency 
for plastic pipe to stretch will also affect the 
calculation of the pump setting depth. As a 
general rule, you can estimate that plastic 
pipe will stretch to approximately 2% of its 
length. When plastic riser pipe is used, it is 
recommended that a safety cable be attached 
to the pump to lower and raise it. The 
discharge chamber of GRUNDFOS 4-inch 
submersibles is designed to accommodate 
this cable. (See Figures 2 & 3.)

3



4. Electrical Connections

WARNING: Reduced risk of electric shock during operation of this pump requires 
the provision of acceptable grounding. If the means of connection to the supply 
connected box is other than grounded metal conduit, ground the pump back to the 
service by connecting a copper conductor (at least the size of the circuit supplying 
the pump) to the grounding screw provided within the wiring compartment.

Verification of the electrical supply should be made to ensure the voltage, phase and 
frequency match that of the motor. Motor electrical data can be found on page 6. If 
voltage variations are larger than ± 10%, do not operate the pump. Single-phase motor 
control boxes should be connected as shown on the wiring diagram mounted on the 
inside cover of the control box supplied with the motor. The type of wire used between 
the pump control boxes should be approved for submersible pump application. The 
conductor insulation should be type RW, RUW, TW or equivalent.

A high-voltage surge arrestor should be used to protect the motor against lightning and 
switching surges. Lightning voltage surges in power lines are caused when lightning 
strikes somewhere in the area. Switching surges are caused by the opening and closing 
of switches on the main high-voltage distribution power lines.

The correct voltage-rated surge arrestor should be installed on the supply (line) side 
of the control box or starter (See Figure 4a & 4b). The arrestor must be grounded in 
accordance with the National Electric Code and local governing regulations.

PUMPS SHOULD NEVER BE STARTED UNLESS THE PUMP IS TOTALLY 
SUBMERGED. SEVERE DAMAGE MAY BE CAUSED TO THE PUMP AND MOTOR IF 
THEY ARE RUN DRY.
The control box shall be permanently grounded in accordance with the National 
Electric Code and local governing codes or regulations. The ground wire should be a 
bare stranded copper conductor at least the same size as the drop cable wire size. 
Ground wire should be as short a distance as possible and securely fastened to a true 
grounding point. True grounding points are considered to be: a grounding rod driven into 
the water strata; steel well casing submerged into the water lower than the pump setting 
level; and steel discharge pipes without insulating couplings. If plastic discharge pipe and 
well casing are used, a properly sized bare copper wire should be connected to a stud 
on the motor and run to the control panel. Do not ground to a gas supply line. Connect 
the grounding wire to the ground point first, then to the terminal in the control box.

Figure 4a Figure 4b

Single Phase Hookup Three Phase Hookup

INSTALLATION PROCEDURES
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Single-Phase 2-Wire Wiring Diagram
for Submersible Motors

Three-Phase Wiring Diagram
for Submersible Motors

4. Starting the Pump for the First Time
A.   Attach a temporary horizontal length of pipe to the riser pipe.
B.   Install a gate valve and another short length of pipe to the temporary pipe.
C.   Adjust the gate valve one-third of the way open.
D.   Verify that the electrical connections are in accordance with the wiring diagram.
E.   After proper rotation has been checked, start the pump and let it operate until the 

water runs clear of sand, silt and other impurities.
F.   Slowly open the valve in small increments as the water clears until the valve is all 

the way open. The pump should not be stopped until the water runs clear.
G.  If the water is clean and clear when the pump is first started, the valve should still 

be opened until it is all the way open.

Single-Phase 3-Wire Control Box
for Submersible Motors

INSTALLATION PROCEDURES
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MOTOR INFORMATION

6

Grundfos motors specifications

1- Phase motors

3-Phase motors

HP Ph Volt Service
factor

Amperage Full load Max.
thrust 
(lbs)

KVA 
code Nameplate

no.
SF Start Eff. (%) Pwr fact.

4-inch, single phase, 2-wire motors (control box not required)

1/3 1 230 1.75 4.6 25.7 59 77 900 S 79952101

1/2 1 115 1.60 12.0 55 62 76 900 R 79922102

1/2 1 230 1.60 6.0 34.5 62 76 900 R 79952102

3/4 1 230 1.50 8.4 40.5 62 75 900 N 79952103

1 1 230 1.40 9.8 48.4 63 82 900 M 79952104

1 1/2 1 230 1.30 13.1 62 64 85 900 L 79952105

4-inch, single phase, 3-wire motors

1/3 1 115 1.75 9.0 29 59 77 900 M 79423101

1/3 1 230 1.75 4.6 14 59 77 900 L 79453101

1/2 1 115 1.60 12.0 42.5 61 76 900 L 79423102

1/2 1 230 1.60 6.0 21.5 62 76 900 L 79453102

3/4 1 230 1.50 8.4 31.4 62 75 900 L 79453103

1 1 230 1.40 9.8 37 63 82 900 K 79453104

1.5 1 230 1.30 11.6 45.9 69 89 900 H 79453105

2 1 230 1.25 13.2 57 72 86 1500 G 79454506

3 1 230 1.15 17.0 77 74 93 1500 F 79454507

5 1 230 1.15 27.5 110 77 92 1500 F 79454509

HP Ph Volt Service
factor

Amperage Full load Max.
thrust 
(lbs)

KVA 
code Nameplate 

no.
SF Start. Eff. (%) Pwr fact.

4-inch, three phase, 3-wire motors

1 1/2 3

3

3

3

230 1.30 7.3 40.3 75 72 900 K 79302005

460 1.30 3.7 20.1 75 72 900 K 79362005

575 1.30 2.9 16.1 75 72 900 K 79392005

3

230 1.25 8.7 48 76 75 900 J 79302006

460 1.25 4.4 24 76 75 900 J 79362006

575 1.25 3.5 19.2 76 75 900 J 79392006

3

230 1.15 12.2 56 77 75 900 H 79302006

460 1.15 6.1 28 77 75 900 H 79362007

575 1.15 4.8 22 77 75 900 H 79395507

5

208/230 1.15 18.6/17.4 108 80 82 1500 H 79304509

440/460 1.15 8.65/8.65 54 80 82 1500 H 79354509

575 1.15 7.9 54 80 82 1500 H 79394509

7 1/2

208/230 1.15 27.0/25.0 130 81 82 1500 H 79305511

440/460 1.15 12.8/12.6 67 81 82 1500 J 79355511

575 1.15 10.6 53 81 82 1500 J 79395511

10 3

3

440/460 1.15 18.0/18.6 90 81 80 1500 H 79355512

575 1.15 14.4 72 81 80 1500 H 79395512

Line-to-Line
resistance ( )

Blk-Yel Red-Yel

6.8-8.2

1.1-1.3

5.2-6.3

3.2-3.8

2.5-3.1

1.9-2.3

1.55-1.9 2.4-3

6.8-8.3 17.3-21.1

0.9-1.1 1.9-2.35

4.7-5.7 15.8-19.6

3.2-3.9 14-17.2

2.6-3.1 10.3-12.5

1.9-2.3 7.8-9.6

1.5-1.8 3.4-4.1

1.2-1.4 2.45-3

0.65-0.85 2.1-2.6

Line-to-Line
resistance ( )

Blk-Yel Red-Yel

3.9

15.9

25.2

3.0

12.1

18.8

2.2

9.0

13.0

1.2

5.0

7.3

0.84

3.24

5.2

1.16

1.84

HP

1/3
1/3
1/2
1/2
3/4
1

1.5
2
3
5

MS402B
MS402B
MS402B
MS402B
MS402B
MS402B
MS402B
MS4000
MS4000
MS4000

SA-SPM5
SA-SPM5
SA-SPM5
SA-SPM5
SA-SPM5
SA-SPM5
SA-SPM5
SA-SPM5
SA-SPM5
SA-SPM5

GRUNDFOS 
MOTOR MODEL

GRUNDFOS
CONTROL BOX

GRUNDFOS
STANDARD #’s

GRUNDFOS 
RUN CAP/DELUXE #’s

RATING

GRUNDFOS Control Box SA-SPM5

VOLT

115
230
115
230
230
230
230
230
230
230

91126150
91126151
91126152
91126153
91126154
91126155
91126212
91126214
91126216
91126218

–
–
–
–
–

91126211
91126213
91126215
91126217
91126219

*All Grundfos 4” motors have a ground (green wire)



The key to long submersible motor life is good cooling. Most submersible pumps rely 
on moving heat away from the motor by forced convection. The ambient/produced 
fluid is typically drawn by the motor in the course of pumping to accomplish this task. 
Submersible motors used in the water supply industry are typically designed to operate 
at full load in water up to 30°C (86°F), provided the flow velocity can be maintained at a 
minimum of 0.5 feet per second (fps).

Required Cooling Flow and Velocity

AWWA specifications state the maximum motor diameter and the minimum inside 
diameter of the well shall be in such relationship that under any operating condition the 
water velocity past the motor shall not exceed 12 fps (3.7 m/s) nor be less than 0.5 fps 
(0.15 m/s). The AWWA specification are principally applicable to motors 6-inch and larger, 
as most 4-inch motor designs are based on a minimum cooling flow velocity of 0.25 fps 
(0.08 m/s) at rated ambient temperature. Table 8 relates flow, casing and motor size 
requirements to accomplish minimum cooling velocity.

Table 8: Minimum Submersible Cooling Flow Requirements

         Casing/Sleeve                           4” Motor                              6” Motor              
             I.D. (inches)                              (0.25 fps)                                (0.5 fps)               
                                                                  
                     
                    4                                        1.2                                       –                  
                    5                                        7.0                                       –                  
                    6                                         13                                       9                  
                    7                                         20                                      25                 
                    8                                         30                                      45                 
                   10                                         50                                      90                 
                   12                                         80                                     140                
                   14                                        110                                    200                
                   16                                        150                                    280                
                   18                                          –                                      380

Notes:   1.  Minor irregularities associated with motor shape and diameter variations 
between manufactures are not accounted for in the table.

             2.  At the velocity specified in the table the temperature differential between 
the motor surface and ambient water will range from 5° - 15°C (10-30°F).

MOTOR INFORMATION

(gpm)

Some submersible motor manufactures require no cooling fluid flow past the motor, 
when the produced fluid temperature is 20°C (68°F) or less. Cooling by free convection 
in such cases, is only permitted in the vertical position and is contingent on no adverse 
operating conditions present such as; poor power, high stop/start frequency, presence 
of incrustating deposits on the motor surface, etc. Detramental operating conditions are 
difficult to identify or predict, and for this reason, the minimum cooling flow should be 
provided whenever possible - regardless of the ambient fluid temperature.
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MOTOR INFORMATION

Typical Motor Jacket/Shroud Configurations. 

The motor shroud is generally of the next nominal diameter of standard pipe larger than 
the motor or the pump, depending on the shroud configuration used. The tubular/pipe 
material can be plastic or thin walled steel (corrosion resistant materials preferred). The 
cap/top must accommodate power cable without damage and provide a snug fit, so that 
only a very small amount of fluid can be pulled through the top of the shroud. The fit 
should not be completely water tight as ventilation is often required to allow escape of the 
air or gas that might accumulate. The shroud body should be stabilized to prevent rotation 
and maintain the motor centered within the shroud. The shroud length should extend to a 
length of 1-2 times the shroud diameter beyond the bottom of the motor when possible. 
Shrouds are typically attached immediately above the pump intake or at the pump/column 
correction. 

A typical motor sleeve/shroud selection example is sited below and illustrated in Figure 8:

If a well feeds water from above the pump, has a casing/chamber too small to allow a 
motor jacket/sleeve on the pump, and does not have adequate level and flow to allow 
raising the pump above the inflow, it is difficult to properly cool the motor. When possible, 
the casing depth should be increased to allow flow to come from below the motor. If this is 
not practical, adequate flow past the motor can usually be attained by employing a motor 
jacket with a stringer pipe or by using a jet tube.

Figure 8: Typical Motor Jacket Installation Scenarios

Pump

Top of Sleeve
Closed and
Clamped or
Bolted to Pump
Above Intake

Flow Inducer
Sleeve

Spacers at 3 or
4 Points Around
the Inside of
the Sleeve are
Recommended to Hold
Motor Centered and Avoid
Loosening Top During Installation

Pump Intake

Motor

All Water Flows
Past Motor

Casing

Fluid Entry

Pump

Jacket

Motor

Typical Flow Inducer Sleeve Cutaway View
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Single-Phase     60 Hz
MOTOR  RATING                                                                              COPPER WIRE SIZE (AWG)

     VOLTS         HP             14              12             10                8                6                 4                2               0              00

      115         1/3          130          210        340          540         840        1300       1960       2910

                      1/2          100          160        250          390         620         960        1460       2160

      230         1/3          550          880       1390        2190       3400       5250       7960

                      1/2          400          650       1020        1610       2510       3880       5880

                      3/4          300          480        760         1200       1870       2890       4370       6470

                       1           250          400        630          990        1540       2380       3610       5360      6520

                    1-1/2        190          310        480          770        1200       1870       2850       4280      5240

                       2           150          250        390          620         970        1530       2360       3620      4480

                       3           120          190        300          470         750        1190       1850       2890      3610

                       5           180          280        450          710        1110       1740       2170

Three-Phase     60 Hz
  MOTOR  RATIN                                                                COPPER WIRE SIZE (AWG)

       VOLTS              HP              14              12               10                8                 6                 4                 2

        208            1-1/2         310          500          790         1260

                             2            240          390          610          970         1520

                             3            180          290          470          740         1160        1810

                                          5170         280         4690        1080                                        1660

        230            1-1/2         360          580          920         1450

                             2            280          450          700         1110        1740

                             3            210          340          540          860         1340        2080

                             5                            200          320          510          800         1240        1900

        460            1-1/2        1700

                             2           1300        2070

                             3           1000        1600        2520

                             5            590          950         1500        2360

        575            1-1/2        2620

                             2           2030

                             3           1580        2530

                             5            920         1480        2330

FOOTNOTES:

1. If aluminum conductor is used, multiply lengths by 0.5. Maximum allowable length of aluminum is 
considerably shorter than copper wire of same size.

2. The portion of the total cable which is between the service entrance and a 3Ø motor starter should not 
exceed 25% of the total maximum length to ensure reliable starter operation. Single-phase control boxes 
may be connected at any point of the total cable length.

3. Cables #14 to #0000 are AWG sizes, and 250 to 300 are MCM sizes.

MOTOR INFORMATION
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How to Measure

By means of a voltmeter, which 
has been set to the proper scale, 
measure the voltage at the control 
box or starter. On single-phase units, 
measure between line and neutral.

What it Means

When the motor is under load, the 
voltage should be within ± 10% of the 
nameplate voltage. Larger voltage 
variation may cause winding damage. 
Large variations in the voltage indicate 
a poor electrical supply and the pump 
should not be operated until these 
variations have been corrected.

If the voltage constantly remains high or 
low, the motor should be changed to the 
correct supply voltage.

CURRENT
MEASUREMENT

How to Measure

By use of an ammeter, set on the 
proper scale, measure the current on 
each power lead at the control box. 
See page 6, for motor amp draw 
information.

Current should be measured when 
the pump is operating at a constant 
discharge pressure with the motor 
fully loaded.

What it Means

If the amp draw exceeds the listed 
service factor amps (SFA), check for the 
following:

1.  Loose terminals in control box or 
possible cable defect. Check winding 
and insulation resistances.

2.  Too high or low supply voltage.

3.  Motor windings are shorted.

4.  Pump is damaged causing a motor 
overload.

WINDING
RESISTANCE

How to Measure

Turn off power and disconnect the 
drop cable leads in the control box. 
Using an ohmmeter, set the scale 
selectors to Rx1 for values under 
10 ohms and Rx10 for values over 
10 ohms.

Zero-adjust the meter and measure 
the resistance between leads. 
Record the values. Motor resistance 
values can be found on page 6.

What it Means

If all the ohm values are normal, and 
the cable colors correct, the windings 
are not damaged. If any one ohm value 
is less than normal, the motor may be 
shorted. If any one ohm value is greater 
than normal, there is a poor cable 
connection or joint. The windings or 
cable may also be open.

If some of the ohm values are greater 
than normal and some less, the drop 
cable leads are mixed. To verify lead 
colors, see resistance values on page 6.

INSULATION
RESISTANCE

How to Measure

Turn off power and disconnect the 
drop cable leads in the control box. 
Using an ohm or mega ohmmeter, 
set the scale selector to Rx 100K 
and zero-adjust the meter. Measure 
the resistance between the lead 
and ground (discharge pipe or well 
casing, if steel).

What it Means

For ohm values, refer to table below. 
Motors of all Hp, voltage, phase and 
cycle duties have the same value of 
insulation resistance.

SUPPLY
VOLTAGE

OHM VALUE                       MEGAOHM VALUE CONDITION OF MOTOR AND LEADS

                                                     Motor not yet installed:
2,000,000 (or more)                 2.0 New Motor.

1,000,000 (or more)                 1.0 Used motor which can be reinstalled in the well.

                                                     Motor in well (Ohm readings are for drop cable plus motor):
500,000 - 1,000,000             0.5 - 1.0 A motor in reasonably good condition.

20,000 - 500,000                 0.02 - 0.5 A motor which may have been damaged by lightning or with damaged 
leads. Do not pull the pump for this reason.

10,000 - 20,000                  0.01 - 0.02 A motor which definitely has been damaged or with damaged cable. 
The pump should be pulled and repairs made to the cable or the motor 
replaced. The motor will still operate, but probably not for long.

less than 10,000                    0 - 0.01 A motor which has failed or with completely destroyed cable insulation. 
The pump must be pulled and the cable repaired or the motor replaced. 
The motor will not run in this condition.

TROUBLESHOOTING
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Pump Won’t Start

No power at the motor If there is no voltage at the control panel, 
check the feeder panel for tripped circuits and 
reset those circuits.

Fuses are blown or the 
circuit breakers have 
tripped

Turn off the power and remove the fuses. 
Check for continuity with an ohmmeter.

Replace the blown fuses or reset the circuit 
breaker. If the new fuses blow or the circuit 
breaker trips, the electrical installation, motor, 
and wires must be check for defects.

(3-phase motors only)
Motor starter overloads 
are burned or have tripped

Check for voltage on the line and load side 
of the starter. Check the amp draw and 
make sure the heater is sized correctly.

Replace any burned heaters or reset. Inspect 
the starter for other damage. If the heater trips 
again, check the supply voltage. Ensure that 
heaters are sized correctly and the trip setting 
is appropriately adjusted.

(3-phase motors only)
Starter does not energize

Energize the control circuit and check for 
voltage at the holding coil.

Defective controls Replace worn or defective parts or controls.

Motor or cable is defective If an open or grounded winding is found, 
remove the motor from the well and recheck 
the measurements with the lead separated 
from the motor. Repair or replace the motor 
or cable.

(1-phase motors only)
Defective capacitor

Turn off the power and discharge the capacitor 
by shorting the leads together. Check it with 
an analog ohmmeter (set to R x 100k).

When the meter is connected to the capacitor, 
the needle should jump toward 0 (zero) ohms 
and slowly drift back to infinity (Ą). Replace 
capacitor if it is defective.

Defective pressure switch 
or the tubing to it is 
plugged

Watch the pressure gauges as the pressure 
switch operates. Remove the tubing and blow 
through it.

Replace as necessary.

The pump is mechanically 
bound or stuck

Turn off the power and manually rotate the 
pump shaft. Also check the motor shaft rota-
tion, the shaft height, and the motor’s amp 
draw (to see if it indicates a locked rotor).

If the pump shaft doesn’t rotate, remove the 
pump and examine it. If necessary, dismantle 
it and check the impellers and seal for 
obstruction. Check for motor corrosion.

           POSSIBLE CAUSE                                    CHECK THIS BY...                                               CORRECT THIS BY...

Check for voltage at the control box or panel.

Turn off the power and disconnect the motor 
leads from the control box. Measure the lead-
to-lead resistance with an ohmmeter (set to R 
x 1). Measure the lead-to-ground values with 
an ohmmeter (set to R x 100K).

Check all safety and pressure switches for 
defects. Inspect the contacts in control devices.

If there is no voltage, check the control circuit 
fuses. If there is voltage, check the holding coil 
for weak connections. Ensure that the holding 
coil is designed to operate with the available 
control voltage. Replace the coil if defects are 
found.

           POSSIBLE CAUSE                               CHECK THIS BY...                                                   CORRECT THIS BY...

(3-phase motors only)
Shaft is turning in the 
wrong direction

Correct the wiring. For single phase motors, 
check the wiring diagram on the motor. For three 
phase motors, simply switch any two power 
leads.

Pump is operating at the 
wrong speed (too slow)

Check for low voltage and phase 
imbalance.

Replace defective parts or contact power 
company, as applicable.

Check valve is stuck (or 
installed backwards)

Remove the check valve. Re-install or replace.

Parts or fittings in the 
pump are worn
– or –
Impellers or Inlet Strainer 
is clogged

Install a pressure gauge near the 
discharge port, start the pump, and 
gradually close the discharge valve. 
Read the pressure at shutoff. (Do 
not allow the pump to operate for 
an extended period at shutoff.)

The water level in the well 
may be too low to supply 
the flow desired
– or –
Collapsed well

Check the drawdown in the well 
while the pump is operating.

Pull pump and inspect. Replace as necessary.

There are leaks in the 
fittings or piping

Pull the pump out of the well. The suction pipe, valves, and fittings must be 
made tight. Repair any leaks and retighten all 
loose fittings.

Pump Does Not Produce Enough Flow (GPM)

Broken shaft or coupling

Check to make sure the electrical 
connections in the control panel are 
correct.

If the pumping water level (including drawdown) 
is not AT LEAST 3 FEET above the pump’s inlet 
strainer, either:
1. Lower the pump further down the well.
2. Throttle back the discharge valve to decrease 

the flow, thereby reuding drawdown.

Convert the PSI you read on the gauge to Feet 
of Head by:

PSI x 2.31 ft/PSI = ______ ft.
Specific Gravity

Add to this number the number of feet 
(vertically) from the gauge down to the water’s 
pumping level.
Refer to the pump curve for the model you are 
working with to determine the shutoff head you 
should expect for that model. If that head is 
close to the figure you came up with (above), 
the pump is probably OK. If not, remove the 
pump and inspect impellers, chambers, etc.
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           POSSIBLE CAUSE                                    CHECK THIS BY...                                               CORRECT THIS BY...

Improper voltage Check the voltage at the control box or 
panel.

If the voltage varies by more than 10% (+ or 
-), contact the power company.

If the incoming voltage is OK, check the 
wire size and the distance between the 
pump motor and the pump control panel.

Rewire with correct gauge. Undersized 
wire and a great distance between the 
control panel and the pump motor increases 
resistance and decreases the voltage by the 
time it reaches the pump motor.

The starter overloads are 
set too low

Cycle the pump and measure the 
amperage.

Increase the heater size or adjust the 
trip setting. Do not, however, exceed the 
recommended rating.

Fuses Blow or Heaters Trip

(3-phase motors only)
The three-phase current is 
imbalanced

Check the current draw on each lead to 
the motor.

The current draw on each lead must be 
within 5% of each other (+ or -). If they are 
not, check the wiring.

The wiring or connections 
are faulty

Check to make sure the wiring is correct 
and there are no loose terminals.

Tighten any loose terminals and replace any 
damaged wire.

(1-phase motors only)
Capacitor is defective

Turn off the power and discharge the 
capacitor. Check the capacitor with an 
ohmmeter (set at R x 100k). See page 15 
for instructions.

When the meter is connected to the 
capacitor, the needle should jump toward 
0 (zero) ohms and then slowly drift back to 
infinity (¥). Replace capacitor if it is defective.

Fuse, heater, or starter are 
the wrong size

Check the fuses and heaters against the 
motor manufacturer’s specification charts.

Replace as necessary.

The control box location 
is too hot

Touch the box with your bare hand during 
the hottest part of the day – you should be 
able to keep your hand on it without burning.

Shade, ventilate, or move the control box so 
its environment does not exceed 120°F.

(1-phase motors only)
Wrong control box

Check requirements for the motor against 
the control box specifications.

Replace as necessary.

The motor is shorted or 
grounded.

Turn off the power and disconnect the 
wiring. Measure the lead-to-lead resistance 
with an ohmmeter (set to R x 1). Measure 
the lead-to-ground values with an ohmmeter 
(set to R x 100K) or a megaohmmeter. 
Compare these measurements to the rated 
values for your motor.

If you find an open or grounded winding, 
remove the motor and recheck the leads. If 
OK, check the leads for continuity and for 
bad splice.

Defective pressure switch Watch gauges as pressure switch 
operates.

Replace as necessary.

Poor motor cooling Find the internal diameter of the well 
casing (or sleeve, if used).
For proper cooling, the flow of water 
must not be less than the GPM shown 
across the bottom scale on page __.

Throttle up the pump flow (GPM) so proper 
cooling is possible.
– or –
Pull the pump out of the well and add a 
sleeve with a smaller internal diameter.

Pump Cycles Too Often

The pressure switch is 
defective or is not properly 
adjusted

Check the pressure setting on the switch. 
Check the voltage across closed contacts.

Readjust the pressure switch or 
replace it if defective.

The tank is too small Check the tank size and amount of air 
in the tank. The tank volume should be 
approximately 10 gallons for each Gallon-
Per-Minute of pump capacity. At the pump 
cut-in pressure, the tank should be about 
2/3 filled with air.

Replace the tank with one that is the 
correct size.

There is insufficient air 
charging of the tank or 
piping is leaking

Pump air into the tank or diaphragm chamber. 
Check the diaphragm for leaks. Check the 
tank and piping for leaks with soapy water. 
Check the air-to-water ratio in the tank.

Repair as necessary.

Plugged snifter valve or bleed 
orifice (causing pressure tank 
to be waterlogged)

Examine them for dirt or erosion. Repair or replace as necessary.

Leak in the pressure tank 
or piping

Apply soapy water to pipes and tank, then 
watch for bubbles, indicating leaks.

Repair or replace as necessary.

The level control is defective 
or is not properly set

Check the setting and operation of the 
level control.

Readjust the level control setting 
(according to the manufacturer’s 
instructions) or replace it if defective.

Pump is oversized for the 
application. It is outpumping 
the yield of the well and 
pumping itself dry.

Check the yield of the well (determined 
by the well-test) against the pump’s 
performance curve.

Reduce the flow by throttling back 
the valve.
– or – 
Change the pump.

           POSSIBLE CAUSE                                           CHECK THIS BY...                                        CORRECT THIS BY...

TROUBLESHOOTING
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LIMITED WARRANTY

Products manufactured by GRUNDFOS are warranted to the original user only to be free of 
defects in material and workmanship for a period of 24 months from date of installation, but 
not more than 30 months from date of manufacture. GRUNDFOS’ liability under this warranty 
shall be limited to repairing or replacing at GRUNDFOS’ option, without charge, F.O.B. 
GRUNDFOS’ factory or authorized service station, any product of GRUNDFOS’ manufacture. 
GRUNDFOS will not be liable for any costs of removal, installation, transportation, or any 
other charges which may arise in connection with a warranty claim. Products which are 
sold but not manufactured by GRUNDFOS are subject to the warranty provided by the 
manufacturer of said products and not by GRUNDFOS’ warranty. GRUNDFOS will not be 
liable for damage or wear to products caused by abnormal operating conditions, accident, 
abuse, misuse, unauthorized alteration or  repair, or if the product was not installed in 
accordance with GRUNDFOS printed installation and operating instructions.

To obtain service under this warranty, the defective product must be returned to the 
distributor or dealer of GRUNDFOS products from which it was purchased together with 
proof of purchase and installation date, failure date, and supporting installation data. Unless 
otherwise provided, the distributor or dealer will contact GRUNDFOS or an authorized 
service station for instructions. Any defective product to be returned to GRUNDFOS or a 
service station must be sent freight prepaid; documentation supporting the warranty claim 
and/or a Return Material Authorization must be included if so instructed.

MANUFACTURER WILL NOT BE LIABLE FOR ANY INCIDENTAL OR CONSEQUENTIAL 
DAMAGES, LOSSES, OR EXPENSES ARISING FROM INSTALLATION, USE, OR ANY 
OTHER CAUSES. THERE ARE NO EXPRESS OR IMPLIED WARRANTIES, INCLUDING 
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, WHICH EXTEND 
BEYOND THOSE WARRANTIES DESCRIBED OR REFERRED TO ABOVE. EXCEPT AS 
EXPRESSLY HEREIN PROVIDED THE GOODS ARE SOLD “AS IS”, THE ENTIRE RISK 
AS TO QUALITY AND FITNESS FOR A PARTICULAR PURPOSE, AND PERFORMANCE 
OF THE GOODS IS WITH THE BUYER, AND SHOULD THE GOODS PROVE DEFECTIVE 
FOLLOWING THEIR PURCHASE, THE BUYER AND NOT THE MANUFACTURER, 
DISTRIBUTOR, OR RETAILER ASSUMES THE ENTIRE RISK OF ALL NECESSARY 
SERVICING OR REPAIR.

Some jurisdictions do not allow the exclusion or limitation of implied warranties of 
merchantability and fitness for a particular purpose, of incidental or consequential damages 
and some jurisdictions do not allow limitations on how long implied warranties may last or 
require you to pay certain expenses as set forth above. Therefore, the above limitations or 
exclusions may not apply to you. This warranty gives you specific legal rights and you may 
also have other rights which vary from jurisdiction to jurisdiction.
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Products: AC Motors: JMWDM3711T: Baldor Electric Company, a leader in energy efficient electric motors, linear motors and adjustable speed drives industry
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AC Motors | Pump |   

Specifications: JMWDM3711T  

Catalog Number: JMWDM3711T

Specification Number: 37H883T968

Horsepower: 10

Voltage: 208-230/460

Hertz: 60

Phase: 3

Full Load Amps: 26.2-23.8/11.9

Usable at 208 Volts: N/A

RPM: 3450

Frame Size: 215JM

Service Factor: 1.15

Rating: 40C AMB-CONT

Locked Rotor Code: H

NEMA Design Code: B

Insulation Class: F

Full Load Efficiency: 87.5

Power Factor: 90

Enclosure: TEFC

Baldor Type: 3730M

DE Bearing: 6309

ODE Bearing: 6206

Electrical Specification Number: 37WGT968

Mechanical Specification Number: 37H883

Base: RG

Mounting: F1

* For certified information, contact your local Baldor office.  
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http://www.baldor.com/products/product.asp?orderBy=&page=&product=AC+Motors&family=Pump%7Cvw%5FACMotors%5FPump
http://www.baldor.com/about/locations.asp


Performance Data: JMWDM3711T

* For certified information, contact your local Baldor office. 

Product Nameplate Data : 

Rated Output 10 HP Hertz 60 NEMA Nom. Eff. 87.5

Volts 208-230/460 Phase 3 Power Factor 90

Full Load Amps 26.2-23.8/11.9 NEMA Design Code B Service Factor 1.15

Speed 3450 LR KVA Code H Rating - Duty 40C AMB-CONT

 
(Typical performance - Not guaranteed values)

General Characterstics at 460 V, 60 Hz, 10 HP

Full Load Torque 15.1 LB-FT Starting Current 87.2 Amps

Start Configuration DOL No-Load Current 3.5 Amps

Break Down Torque 57.2 LB-FT Line-line Resistance @ 25° C 1.04 Ohms

Pull-Up Torque 29.5 LB-FT Temperature Rise, C @ FL (in deg) 65

Locked-Roter Torque 34.2 LB-FT Temp. Rise @ S.F. Load (in deg) 76

Load Characteristics at 460 V, 60 Hz , 10 HP 

% of Rated Load 25 50 75 100 125 150 S.F.

Power Factor 67 82 88 90 91 91 91

Efficiency 75.6 84.2 87.3 87.8 87.4 86.2 87.6

Speed (rpm) 3570 3546 3521 3493 3462 3427 3474

Line Amperes 4.76 6.87 9.33 11.9 14.7 17.7 13.6

 



Parts List for JMWDM3711T

 JMWDM3711T Replacement Parts 
List 

Print Page | Close Window 

Catalog Number JMWDM3711T

Specification Number 37H883T968

Description 10HP,3450RPM,3PH,60HZ,215,JM,3730M,TEFC

Plant BALDOR FT SMITH/REC WHSE #5

Replacement Parts
Material Number Description Qty. List Price Units

37FN3002A01 EXT FAN, PLASTIC 1 $ 24.00 EA

37CB1001A01W WHITE EPOXY CONDUIT BOX, MACH 1 $ 45.00 EA

37CB1001W 37CB1001 W/WHITE EPOXY 1 $ 45.00 EA

37GS1016A01 NEOPRENE KOBX GASKET W/LIP (WHITE) 1 *CALL EA

37EP3101A94MW FRONT TEFC L&M 206 BRG W/O GRSR (WHITE) 1 $ 120.00 EA

37EP3101A94DW FRONT TEFC L&M 206 BRG W/O GRSR 1 $ 149.00 EA

37EP3401T08MW FACE MT EP, ENCL, 213TC-215TC, W/WHITE E 1 $ 108.00 EA

37EP3401T08DW DRILLED EP W/WHITE EPOXY 1 $ 109.00 EA

07FH4011 WASHDOWN IEC FH W/AUTOPHORETIC PRIMER 1 $ 17.00 EA

36CB4518 36 LIPPED CB LID AUTOPHORETIC 1 $ 3.00 EA

37GS3010 1/16"WHITE LID GASKET 1 $ 2.00 EA

HA3104S14 THRUBOLT 12.125LG SS 4 $ 12.00 EA

* Please contact your nearest Baldor Sales Office to obtain price on these items. 

 

http://www.baldor.com/products/partslist.asp?1=1&catalog=JMWDM3711T12/11/2006 1:16:42 PM

javascript:window.print()
javascript:top.window.close()






B-3 Bioreactor  
Operation and Maintenance Manual  Appendix C 

Draft CSSA Bioreactor O&M 2008 UpdateAL.doc  July 2008 

Appendix C 
 Product Information  

Price ® Pump Co. XT150 Centrifugal Pump and Baldor Pump Motor 



Price Pump Co. Type XT/XL Page 12 of 12 I&O IN155

Caution:
Before installing,
repairing or
performing
maintenance on this
pump, read these
instructions
completely.

If pump has been used
to pump hazardous
materials be certain
that all materials have
been removed prior to
working on the pump.

Warning!!
Ground motor before
connection to electrical
power supply!! Failure
to ground motor can
cause severe or fatal
electrical shock 
hazard!!

Do not ground to gas
supply line!!

Match voltage to
nameplate voltage on
motor. Incorrect
voltage can cause fire
or seriously damage
motor, voiding
warranty.

Before disassembling
be certain all liquid is
removed from the
pump.
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General Terms Of Sale For Products
1. GENERAL
A.  Seller's price is based on these sales terms and conditions. This contract
shall represent the final, complete and exclusive statement of the agreement
between the parties and may not be modified, supplemented, explained or
waived by parol evidence, any Terms and Conditions contained in Buyer's
purchase order or request for quotation, any course of dealings between the
parties, Seller's performance or delivery, or in any other way. The Terms and
Conditions of this contract may only be modified or waived in a written
document signed by an Officer of Seller. These terms are intended to cover all
activity of Seller and Buyer hereunder, including sales and use of products,
parts and work and all related matters (references to products include parts
and references to work include construction, installation and start-up). Any
reference by Seller to Buyer's specifications and similar requirements are only
to describe the products and work covered hereby and no warranties or other
terms therein shall have any force of effect. Any information provided by
Seller, including but not limited to suggestions as to specific equipment does
not imply any guarantee of specific suitability and/or material compatibility in
a particular application since many factors outside the control of Seller may
affect the suitability of products in a particular application. Catalogs, circulars
and similar pamphlets of the Seller are issued for general information
purposes only and shall not be deemed to modify the provisions hereof.

B. The agreement formed hereby and the language herein shall be construed
and enforced under the Uniform Commercial Code as in effect in the State of
California on the date hereof.

2. TAXES
Any sales, use or other similar type taxes imposed on this sale or on this
transaction are not included in the price. Such taxes shall be billed separately
to the Buyer. Seller will accept a valid exemption certificate from the Buyer if
applicable; however, if an exemption certificate previously accepted is not
recognized by the governmental taxing authority involved and the Seller is
required to pay the tax covered by such exemption certificate.  Buyer agrees
to promptly reimburse Seller for the taxes paid.

3. PERFORMANCE, INSPECTION AND ACCEPTANCE
A. Unless Seller specifically assumes installation, construction or start-up
responsibility, all products shall be finally inspected and accepted within
thirty (30) days after arrival at point of delivery.  Products not covered by the
foregoing and all work shall be finally inspected and accepted with thirty (30)
days after completion of the applicable work by Seller. All claims whatsoever
by Buyer (including claims for shortages) excepting only those provided for
under the WARRANTY AND LIMITATION OF LIABILITY and PATENTS
Clauses hereof must be asserted in writing by Buyer within said thirty (30)
day period or they are waived.  If this contract involves partial performance,
all such claims must be asserted within said thirty- (30) day period for each
partial performance. There shall be no revocation of acceptance. Rejection
may be only for defects substantially impairing the value of products or work
and Buyer's remedy for lesser defects shall be those provided for under the
WARRANTY AND LIMITATION OF LIABILITY Clause.

B. Seller shall not be responsible for non-performance or for delays in
performance occasioned by any causes beyond Seller's reasonable control,
including, but not limited to, labor difficulties, delays of vendors or carriers,
fires, governmental actions, or shortages of material, components, labor, or
manufacturing facilities. Any delays so occasioned shall affect a
corresponding extension of Seller's performance dates, which are, in any
event, understood to be approximate. In no event shall Buyer be entitled to
incidental or consequential damages for late performance or for a failure to
perform. Seller reserves the right to make partial shipments and to ship
products, parts or work which may be completed prior to the scheduled
performance date.

C. In the event that Seller has agreed to mount motors, turbines, gears, or
other products which are not manufactured by Seller and which are not an
integral part of Seller's manufactured product, and a delay in the delivery of
such products to Seller occurs that will cause a delay in Seller's performance
date, Seller reserves the right to ship its product upon completion of
manufacture and to refund an equitable portion of the amount originally
included in the purchase price for mounting without incurring liability for
non-performance.

D. Seller reserves to itself the right to change its specifications, drawings and
standards if such changes will not impair the performance of its products, and
parts, and further that such products, and parts, will meet any of Buyer's
specifications and other specific product requirements which are a part of this
agreement.

E. The manufacture and inspection of products and parts shall be to Seller's
Engineering and Quality Assurance standards plus such other inspections,
tests of documentation as are specifically agreed to by Seller. Requirements
for any additional inspection, tests, documentation, or Buyer witness of
manufacture, test, and/or inspection shall be subject to additional charges.

4.  TITLE AND RISK OF LOSS  
Title and risk of loss shall pass to buyer upon delivery of products at the
designated Ex Works place (Incoterms 1990) unless other wise agreed by the
parties.

5. EROSION AND CORROSION  
It is specifically understood that products and parts sold hereunder are not
warranted for operation with erosive or corrosive fluids.  No product or part
shall be deemed to be defective by reason of failure to resist erosive or
corrosive action of any fluid and Buyer shall have no claim whatsoever
against Seller therefore.             

6. WARRANTY AND LIMITATION OF LIABILITY
A.Seller warrants only that its product and parts, when shipped, will be free
from defects in materials and workmanship.  With respect to products and
parts not manufactured by Seller, Seller's only obligation shall be to assign to
Buyer, to the extent possible, whatever warranty Seller requires from the
manufacturer. All claims for defective products or parts under this warranty
must be made in writing immediately upon discovery and, in any event,
within one (1) year after initial start-up or eighteen (18) months after
shipment, whichever first occurs, and all claims for defective work must be
made in writing immediately upon discovery and in any event, within one (1)
year of completion thereof by Seller.
Defective items must be held for Seller's inspection and returned to the
original f.o.b. point upon request. 
THE FOREGOING IS EXPRESSLY IN LIEU OF ALL OTHER
WARRANTIES WHATSOEVER, EXPRESS, IMPLIED AND
STATUTORY, INCLUDING WITHOUT LIMITATION, THE IMPLIED,
WARRANTIES OF MERCHANTABILITY AND FITNESS.   

B. ANY PRODUCT (S) SOLD HEREUNDER WHICH IS NOT
MANUFACTURED BY SELLER IS NOT WARRANTED BY SELLER and
shall be covered only by the express warranty, if any, of the manufacturer
thereof.

C.  Upon Buyer's submission of a claim as provided above and its
substantiation, Seller shall at its option either (i) repair or replace its product,
part or work at the original place of delivery, or (ii) refund an equitable
portion of the purchase price.

D. THE FOREGOING IS SELLER'S ONLY OBLIGATION AND BUYER'S
EXCLUSIVE REMEDY FOR BREACH OF WARRANTY AND, EXCEPT FOR
GROSS NEGLIGENCE, WILLFUL MISCONDUCT, AND REMEDIES
PERMITTED UNDER THE PERFORMANCE, INSPECTION AND ACCEPTANCE
AND THE PATENTS CLAUSES HEREOF, THE FOREGOING IS BUYER
EXCLUSIVE REMEDY AGAINST SELLER FOR ALL CLAIMS ARISING
HEREUNDER OR RELATING HERETO WHETHER SUCH CLAIMS ARE
BASED ON BREACH OF CONTRACT.  TORT (INCLUDING NEGLIGENCE) OR
OTHER THEORIES.  BUYER'S FAILURE TO SUBMIT A CLAIM AS PROVIDED
ABOVE SHALL SPECIFICALLY WAIVE ALL CLAIMS FOR DAMAGES OR
OTHER RELIEF, INCLUDING BUT NOT LIMITED TO CLAIMS BASED ON
LATENT DEFECTS.  IN NO EVENT SHALL BUYER BE ENTITLED TO
INDIRECT, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES, NOR
FOR DAMAGES FOR LOSS OF USE, LOST PROFITS OR REVENUE,
INTEREST, LOST GOODWILL, WORK OR PRODUCTION STOPPAGE,
IMPAIRMENT OF OTHER GOODS, INCREASED EXPENSES OF OPERATION,
OR THE COST OF PURCHASING REPLACEMENT POWER OR OTHER
SERVICES BECAUSE OF SERVICE INTERRUPTIONS.  FURTHERMORE, IN
NO EVENT SHALL SELLER'S TOTAL LIABILITY FOR DAMAGES OF BUYER
EXCEED THE PURCHASE PRICE OF THE PRODUCTS OR PARTS
MANUFACTURED BY SELLER AND UPON WHICH SUCH LIABILITY IS
BASED.  ANY ACTION ARISING HEREUNDER RELATED HERETO,
WHETHER BASED ON BREACH OF CONTRACT, TORT (INCLUDING
NEGLIGENCE) OR OTHER THEORIES, MUST BE COMMENCED WITHIN ONE
(1) YEAR AFTER THE CAUSE OF ACTION ACCRUES OR IT SHALL BE
BARRED.

7. PURCHASER'S REPRESENTATIONS & WARRANTIES
Purchaser represents and warranties that the products(s) covered by this
contract shall not be used in or in connection with a nuclear facility or
application. The parties agree that this representation and warranty is material
and is being relied on by seller. This provision may be modified in a separate
writing signed by an officer of PPC.

8. PATENTS
Seller agrees to assume the defense of any suit for infringement of any patents
brought against Buyer to the extent of such suit charges infringement of an
apparatus or product claim by Seller's product in and of itself, provided (i)
said product is built entirely to Seller's design, (ii) Buyer notifies Seller in
writing of the filing of such suit within ten (10) days after the service of
process thereof, and (iii) Seller is given complete control of the defense of
such suit, including the right to defend, settle and make changes in the product
for the purpose of avoiding infringement of any process or method claims,
unless infringement of such claims is the result of following specific
instruction furnished by Seller.  

9. EXTENT OF SUPPLY
Only products as listed in Seller's proposal are included in this agreement.  It
must not be assumed that Seller has included anything beyond same.  

10. MANUFACTURING SOURCES
To maintain delivery schedules, Seller reservplants on a world-wide basis.
11.  TERMS OF PAYMENT  
Net 30 days from date of invoice.

Effective: January 1, 1999

Price® Pump Company

Type XT/XL
Installation, Operating and

Maintenance Manual

Type XL

Type XT



Close Coupled Motor Pumps

These pumps require no special
care in mounting, although it is
suggested that they be firmly
bolted to a level surface.  Adequate
air movement over motor will help
prevent overloads.

Power Frame Mounted Pumps

These pumps must be mounted on
a rigid steel base that will not warp
or flex.  Each pump must be
mounted such that the pump shaft
centerline is on center with the
driver shaft centerline. Pad
and/or shims will be required on
either pump, driver or both. The
two shafts should not touch each
other and the distance between
them depends on the coupling used
to connect them.  Misalignment
will cause bearing failure and
void warranty.  Pumps are rough
aligned at the factory but must
be realigned after shipment and
installation. Pulley driven pump
must have pulleys inline and good
belt tightness practices 
followed.

Direction of Rotation

Note: Motor shaft rotation is
viewed from the suction end of
pump. A rotational arrow is shown
on the front of the pump volute
casing. Incorrect rotation can cause
pump damage, failure or reduced
performance, voiding warranty. It
is best to check rotation by

momentarily energizing or jogging
the motor prior to filling pump
with liquid.

Warning! Do not operate pump
without liquid for more than a
few seconds, as damage will
result to mechanical seal.

PLUMBING

All piping should be supported
independently of the pump. Piping
should not exert any stress on the
pump connections.

Suction Piping Horizontal
Pumps

Suction line must provide adequate
suction pressure and smooth liquid
flow for proper pump operation.
Air entrapment in the suction line
because of leaks or improper
design may cause the pump to lose
prime and fail. This pump is not
self-priming, therefore the suction
must be flooded at start up. Also,
the suction line must provide
sufficient pressure and smooth
flow to pump inlet to prevent pump
cavitation. A length of straight pipe
a minimum of 5 times the pump
inlet diameter and preferably 10
times the diameter should be
installed in the suction line where it
enters the pump. Elbows, fittings
or valves installed close to the
suction can disrupt liquid flow and
cause malfunction. Suction lines
must be at least the same size as
the pump inlet or larger if possible.

Price Pump Co. Type XT/XL Page 2 of 12 I&O IN155

Visit Our Web Site
www.pricepump.com

* Check out The Centrifugal Pump University and take the
Interactive Pump Test.

* Find technical information for all Price Pump models.

* Locate a local distributor at www.pumpnet.com

* Printable I&O Manuals in PDF Format.
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Price Pump Co. recommends against
using foot valves in the suction line
to maintain liquid in the pump
when it’s not operating. If foot
valves are used due to suction lift
conditions they must be properly
maintained to avoid leaks resulting
from wear or fouling. Suction
piping must be designed to prevent
air from being trapped in high
spots in the piping. This condition
may cause the pump to vapor lock
as the air bubble moves into the
pump.

Discharge Piping
For flow and discharge head
control it is advisable to install a
valve (globe, ball, or other
adjustable and non-leak type) in
the discharge line close to the
pump. The valve may be closed
during system repairs to prevent
backflow. By installing a check
valve in the discharge line
backflow can also be prevented
during maintenance or during
periods of pump stoppage.

OPERATION
Priming-
All centrifugal pumps must be
filled with liquid prior to start up.
For the pump illustrated in this
manual completely fill the volute
and suction lines prior to operation.
It is suggested that during initial
start up the discharge valve be
closed and then opened as the
motor develops full rpm’s. If pump
does not build up pressure as motor

speed increases, shut down and
make sure that liquid flow into
pump is not restricted (see
“Troubleshooting”).

Note: A centrifugal pump’s flow
and head (pressure) will vary with
the amount of resistance (friction
and flow restrictions) in the
discharge line. As a valve on the
discharge line opens the flow and
motor amp draw will increase and
head will drop. As a valve on the
discharge is closed the flow and
amp draw will decrease and the
head will increase. If resistance in
the discharge line is not sufficient
the pump will operate at a
condition of maximum (or
"choked") flow, also sometimes
called "end of performance curve."
Maximum horsepower is required
to operate at this point and motor
overload may result. If excessive
amp draw and motor overload is
recurring, reduce the system flow
by installing a valve on the
discharge line and restricting flow.
Alternatively, reduce pump head by
trimming impeller to a smaller
diameter. Consult local Price Pump
dealer for assistance.
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1.Pump fails to build pressure:
Check for:

a.Pump not primed.
b.Incorrect rotation.
c.Driver speed too low.
d.Suction line restricted.
e.Driver failure.
f. Plugged or damaged impeller.
g.Pump or impeller undersized.
h.Pump cavitation.
i. Improper impeller clearance.

2.Pump fails to provide enough
flow.
Check for:

a.System resistance too high.
b.Pump undersized.
c.Pump not primed.
d.Driver speed too low.
e.Poor suction conditions.
f. Improper impeller clearance.

3.Excessive noise or vibration
during operation.
Check for:

a.Motor bearing failing.
b.Pump cavitating.
c. Improper impeller clearance.

4.Leaking mechanical seal.
Check for:

a. Improper assembly.
b.Worn or cracked seal faces.
c.Abrasive material in fluid.
d.Liquid flashing at seal faces

(fluid temperature too high).
e.Seal pressure rating too low for

the service.
f. Chemical attack of seal parts.
g.Seal operated dry or with a liquid

having poor lubricating
properties.

5.Pump gradually loses pressure
and head.
Check for:

a. Increasing temperature causing
cavitation or liquid vaporization.

b.Driver failure.
c. Suction lift too high.
d.Air entering suction line.

6.Motor/pump overheating.
Check for:

a.Excessive flow and amp draw
(Throttle discharge).

b.Low voltage or frequency.
c.Flow too low with resulting heat

rise.
d.Bearing failure.
e.System temperature too high.

TROUBLESHOOTING



DISASSEMBLY 
1. Disconnect power source from

motor.

2. Disconnect electrical connections,
tagging wires carefully to preserve
correct rotation.  Loosen pump
base.

3. Remove pump and motor
assembly to repair area.  Observe
position of all parts prior to
disassembly.  
(Note:  volute may be left in
piping.)

4. Remove 8 volute bolts and
remove volute from pump.

5. Remove impeller. Remove
impeller lockdown by turning
CCW.  Slide impeller off of the
shaft.  Save shaft key.

6. Remove seal head from the shaft.
On type 9 seal, loosen set screws
and slide seal from shaft.  On type
21, remove seal by sliding it off of
the shaft.

7. Remove the four motor bolts and
remove bracket from motor.

8. Remove seal seat from bracket.
Use wooden or plastic dowel to
tap the seat from the bracket.
Diagram A

9. Remove shaft or shaft sleeve.
Heat shaft sleeve to approximately

300oF and use a bearing puller to
remove the sleeve.

REASSEMBLY 
1. Clean seal cavity of the bracket

thoroughly.

2. Thoroughly clean pump shaft.
Assure that the shaft is not
grooved and that there is no
evidence of pitting or fretting.
Polish the shaft with extra fine
emery cloth and clean the
keyway.

3a. On 56C motors, (stub shaft
pumps only), ensure all debris
and burrs are removed from the
motor shaft.  Align halfdog
setscrew with motor keyway
while sliding stub shaft over the
motor shaft.  Set height
(diagram A).  Tighten all set
screws.

TYPE XT/XL MAINTENANCE AND
REPAIR

2-7/8”
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Reassembly Instructions
continued on next page
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3b.  On JM style motors, apply
Loctite RC/609 to inside
diameter of shaft sleeve. Install
shaft sleeve onto motor shaft
making sure that the groove for
the Teflon® sleeve gasket is
facing the pump end.  Clean
excess Loctite from shaft.  Be
sure sleeve is seated against
motor shaft shoulder.

4. For Type 21, 8, and 9 seals:
Place the bracket on a firm
surface with the seat cavity
(pump end) up.  Then place a
small amount of vegetable oil on
the seat cup or "O" ring seat.
Place the seat in the seal cavity
with the polished face up toward
the pump end.  Evenly push seat
into seat cavity with fingers,
then then gently tap seat into
place with a wooden dowel or
plastic rod (2" outside diameter).
To help ensure the seat is not
damaged, place the cardboard
disk supplied with the seal under
the end of the dowel to prevent
damaging the seat face.

5. Place bracket on motor
(aligning the base if applicable).
Secure bracket to motor with
four motor bolts and washers.

6. Install seal head assembly:

For Type 21:
a. Lubricate shaft and

elastomer with vegetable oil.

b. Install rotary seal head onto
pump shaft and slide 
toward seat using a twisting
motion until carbon face
touches seal seat.

c. For 145JM through 215JM
frame pumps, install new
sleeve gasket into shaft
sleeve.  For 254JM through
256JM, install new gasket
into hub of impeller.

d. Install seal spring and
retainer over shaft sleeve.

e. Install impeller onto motor
shaft being careful to align
keyway of impeller with
keyway in motor shaft.  Push
impeller on until impeller
bottoms out on shaft sleeve.
Install key in keyway.

f. Install impeller lockdown 
gasket and impeller
lockdown.  Tighten securely.

For Type 8 or Type 9:
a. Do not remove metal clips from

seal head assembly.  Place seal
on shaft sleeve sliding gently
past shoulder.

b. Slide seal head toward seat until
carbon face contacts ceramic
seat.  Tighten seal head
setscrews to shaft sleeve using
short arm allen wrench supplied
with seal or repair kit.  Remove
clips in seal head and discard.

c. For 145JM through 215JM
frame pumps, install new sleeve
gasket into shaft sleeve.  for
254JM through 256JM, install
new gasket into hub of impeller.

d. Install impeller onto motor
shaft, being careful to align
keyway of impeller with
keyway in motor shaft.  Push
impeller on until impeller
bottoms out on shaft sleeve.
Install key in keyway.

e. Install impeller lockdown
gasket and impeller lockdown.
Tighten securely.

7. Install new volute gasket.
Ensure that all of the mating
surfaces of the gasket joint are
cleaned to bare metal.

8. Install volute and secure with 8
bolts and tighten evenly.

9. Rotate pump shaft by hand to
ensure impeller does not rub
against volute.

10.  Return pump to installation,
reconnect electric connections.

11. Start pump momentarily to
observe shaft rotation.  If
rotation corresponds to the
rotation arrow on the pump, it
may be put into service.  If
rotation is incorrect, switch
any two leads on 3-phase
motors to change rotation.
Check wiring diagram of

motor for single phase rotation
correction.

12. Remove top pipe plug (if
applicable) from the front of
volute and prime pump
thoroughly, making sure all
air is purged.  Turn shaft one
revolution and then refill.
Replace the pipe plug.

13. Start pump allowing
adequate time to purge all air
from system.  Observe any
gauges, flow meters, etc., to
see if pump performs
properly.
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A. Volute AI   Threaded BF   Threaded AB   Threaded SS   Threaded SS   Flanged 
   1 x 1-1/2 - 6    (XT100  Threaded,  XL100  Flanged) 2601 2601 2603 2629 2605 
   1-1/2 x 2 - 6    (XT150  Threaded) 2607 2607 2609 2626  
   1/2 x 3 - 6    (XL150  Flanged)     2611 
   2 x 3 - 6    (XT200  Threaded,   XL200  Flanged) 2613 2613 2615 2627 2617 
B. Impeller Specify diameter   **      
   1 x 1-1/2 - 6    (XT100  Threaded,  XL100  Flanged) 2602-dia 2604-dia 2604-dia 2606-dia 2606-dia 
   1-1/2 x 2 - 6    (XT150  Threaded) 2608-dia 2610-dia 2610-dia 2612-dia  
   1-1/2 x 3 - 6   (XL150  Flanged)     2612-dia 
    2 x 3 - 6     (XT200  Threaded,  XL200  Flanged) 2614-dia 2616-dia 2616-dia 2618-dia 2618-dia 
 Note:  For Dbl seal add DS  (Sample: 2614DS-dia)      
C. Bracket (std) 0131 0131 0132 0979 0979 
    Double Seal 0131-1 0131-1 N/A 0979-1 0979-1 
    Single Flush 0131-2 0131-2 0132-2 0979-2 0979-2 
    Quench 0131-3 0131-3 N/A 0979-3 0979-3 
    Internal Flush 0131-4 0131-4 N/A 0979-4 0979-4 
 Bracket for 213/215 JM 3405 3405 N/A 3388 3388 
    O-ring 3405-0 3405-0 N/A N/A N/A 
    Double Seal 2405-1 3405-1 N/A 3388-1 3388-1 
    Single Flush 3405-2 3405-2 N/A 3388-2 3388-2 
    Quench 3405-3 3405-3 N/A 3388-3 3388-3 
    Internal Flush 3405-4 3405-4 N/A 3388-4 3388-4 
    Internal Flush w/ Quench 3405-5 3405-5 N/A 3388-5 3388-5 
D1. Shaft Sleeve (for std JM motor) 0127 0126 0126 0127 0127 
D2. Stub Shaft 5/8” ID (56C) opt 0329-1 0329-1 0329-1 0329-1 0329-1 
D3. Stub Shaft 7/8” ID (143TC/145TC/182C/184C) 

  option (Not Shown) 
0328-1 0328-1 0328-1 0328-1 0328-1 

E. Volute Gasket 0124 (Syn Fiber) 0124 (Syn 
Fiber) 

0124 (Syn 
Fiber) 

0301 (PTFE) 0301 (PTFE) 

F. Pipe Plug (2 rqd Threaded, 1 rqd Flanged) 0557 0557 0558 0559 0559 
G. Volute Bolts (8 rqd) 0583 0583 0587 0724 0724 
H1. T.21 Single Seal/Seat  0121 (std B*) 0121 (std B*) 0121 (std B*) 0122 (std V*) 0122 (std V*) 
 B* = Buna V* = Fluorocarbon 
**For Double Seal Impellers (add “DS”to Impeller P/N For Example:   2602DS) 

Continued on Back… 

 

XT/XL PARTS LIST 
 Effective:  May 17, 2001 

For Sizes: 
  1 x 1½ - 6 
  1½ x 2 - 6 (Threaded Only) 
  1½ x 3 - 6 (Flanged Only) 
  2  x  3 - 6 

AI = All Iron 
AB = All Bronze 
BF = Bronze Fitted 
SS = Stainless Steel 

Note:  Pumps available in Threaded or Flanged  
          Connections as noted below 

(Xtxlparts.doc)   rev A 

 
 



Price® Pump Company 
21775 8th Street East  w  P.O. Box Q  w  Sonoma,  CA  95476-0329  w  (707) 938-8441  w  Fax (707) 938-0764 

 

XT/XL PARTS LIST 
Effective:  May 17, 2001 

Continued 

 
 
 
 
 
 
  All Models 
H2. T.9 PTFE Single Seal/Seat (opt) 0123 
    Seat Pin T.9 (not shown) 0890 
H3. T.21 Double Seal/Seat (opt) Specify P/N 
    Double Seal Plate (2 rqd) 0309 
    Plate Gasket, PTFE (2 rqd) 0505 
    Plate Bolts (6 rqd) 0977 
H4. Seal Quench (opt):  
    Buna Lip Seal 0756 
    Fluorocarbon Lip Seal 0757 
    PTFE Lip Seal 0758 
    Lip Seal Plate 0309-2 
    Plate Gasket, PTFE 0505 
    Plate Bolts (3 rqd) 0977 
H5. T.9 PTFE Double Seal/Seat (opt) 0670 
    Double Seal Plate (2 rqd) 0309-1 
    Plate Gasket, PTFE (2 rqd) 0505 
    Plate Bolts (6 rqd) 0977 
    Seat Pin T.9 (2 rqd not shown) 0890 
J. Impeller Lockdown 0978 
K. Lockdown Gasket, PTFE 0245 

 
   All Models 
 L. Motor Bolts  
     All Bronze pumps (4 rqd)  0587 
     Stainless Steel pumps (4 rqd) 0593 
     AI & BF pumps (4 rqd) and 

      order Washers (4 rqd) 
0593 
1137 

  Motor Bolts for 3405 & 3388 brackets  
     All Bronze pumps N/A 
     Stainless Steel pumps (4req) 1189 
     AI & BF pumps (4 req) and 1189 
        order Washers (4 req) 1199 
 M. Sleeve Gasket, PTFE 0245 
 N. Impeller Shaft Key 0135 
 P1. JM Motor Specify P/N 
 P2. ‘C’ Face Motor (not shown) Specify P/N 
     Base Plate (not shown) 0199 
 P3. Air Motor Specify P/N 
 P4. Power Frame 5480 
 Q. 12 Volt Clutch (opt) 1983 
     Key for Clutch (2 ea) 0136 
     Lockbolt for Clutch 0567 
     Lockbolt Washer for Clutch 0564 
    
    

 
 
 
 
 
 
 

 
 
 
 

XL/XT Repair Parts Kits 
All Iron P/N 0659    Syn. Fiber Gasket - SS Shaft Sleeve - Sleeve Gasket - Loctite - Imp. Lockdown Gasket 
CIBF   P/N 0658    Syn. Fiber Gasket - BR Shaft Sleeve - Sleeve Gasket - Loctite - Imp. Lockdown Gasket 
SS P/N 1019    PTFE Gasket - SS Shaft Sleeve - Sleeve Gasket - Loctite - Imp. Lockdown Gasket 
  Note:  Seal/seat must be ordered in addition to repair kit.         
  Options:  1½” T.21 & T.9 Single & Double. 
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Appendix D 
Product Information  

Krystil Klear Filtration ® Model 88 Bag Filter 



Krystil Klear Filtration -- Filter Housings, Filter Bags, Liquid Filter Bags, Liquid Housings

Model 88 Single Liquid Bag Housing

Features and 
Options 

Housing Operation Vessel Construction 

Specifications 
Build a Part 

Number 
Schematics and 

Dimensions 

 
Krystil Klear's model 88 
Single Series of Liquid Bag 
Housings offer two depths, 
a 15" and a 30" housing 
depending upon the needed 
surface area and volume of 
fluid to be filtered. 

 

FEATURES

 
●     Carbon, 304, or 316 

stainless steel 
material 

●     150 PSI pressure 
rating 

●     Low pressure drop 
●     Quick swing closure 

with eye nuts 
●     Viton seals - lid & basket 
●     Differential, drain, and vent ports 
●     Adjustable support legs 
●     316 stainless steel strainer basket 
●     2-part epoxy finish on carbon vessels 

Our 88 series effectively removes dirt, pipe scale, and other 
contaminants from process liquids such as water, chemical, and 
petroleum products. Quality construction and design assure 
protection for all down-stream equipment. 

http://www.krystilklear.com/PRODUCTS/L88/ (1 of 2)12/11/2006 1:38:52 PM

http://www.krystilklear.com/PRODUCTS/L88/index.php3
http://www.krystilklear.com/PRODUCTS/L88/index.php3
http://www.krystilklear.com/PRODUCTS/L88/housing.php3
http://www.krystilklear.com/PRODUCTS/L88/vessel.php3
http://www.krystilklear.com/PRODUCTS/L88/specs.php3
http://www.krystilklear.com/PRODUCTS/L88/partnum.php3
http://www.krystilklear.com/PRODUCTS/L88/partnum.php3
http://www.krystilklear.com/PRODUCTS/L88/dimensions.php3
http://www.krystilklear.com/PRODUCTS/L88/dimensions.php3
http://www.krystilklear.com/PRODUCTS/contact.php3?product=Model+88+Single+Liquid+Bag+Housing


Krystil Klear Filtration -- Filter Housings, Filter Bags, Liquid Filter Bags, Liquid Housings

SPECIFICATIONS
Housing lid has a 3-bolt swing closure with a vent port. Connections are (__) inch (NPT)
(FLG) with a (side inlet and bottom outlet)(side inlet and side outlet)(side inlet and 90 
degree bottom outlet). Housing is supplied with two differential pressure ports to 
measure the differential pressure across the filter bag. A two-part epoxy finish is applied 
on the carbon steel vessels to maximize the life of the housing; stainless steel vessels 
are supplied with a satin finish. Basket material is constructed of 316 stainless steel with 
9/64" perforations to act as a strainer or to accept a #1 or #2 size liquid bag. Basket 
seals onto a Viton o-ring in the basket support. Adjustable tripod leg assembly is 
supplied with housing. Vessels are rated at a 150 pounds per square inch design. 

 

 
Basket Data for Model 88 with flow rates to 220 gpm

Depth Nominal 
(inches) 

Diameter 
(inches) 

Surface Area (sq. 
ft.) 

Volume (cu. 
in.) 

15 6.7 2.3 500 

30 6.7 4.4 1000 

http://www.krystilklear.com/PRODUCTS/L88/specs.php312/11/2006 1:40:49 PM

http://www.krystilklear.com/PRODUCTS/contact.php3?product=Model+88+Single+Liquid+Bag+Housing


Krystil Klear Filtration -- Filter Housings, Filter Bags, Liquid Filter Bags, Liquid Housings

Housing Operation Diagram
Unfiltered liquid enters 
the housing above the 
filter bag or strainer 
basket; flows down into 
the housing; and 
continues through the 
element. Solids are 
trapped inside the filter 
bag or strainer and easily 
removed when the 
housing is serviced. Our 
standard o-ring seal 
between the basket and 
the housing ensures a 
postive seal to prevent 
bypass. 

 

Basket Data for Model 
88 with flow rates to 220 gpm

Depth Nominal 
(inches) 

Diameter 
(inches) 

Surface Area (sq. 
ft.) 

Volume (cu. 
in.) 

15 6.7 2.3 500 

30 6.7 4.4 1000 

http://www.krystilklear.com/PRODUCTS/L88/housing.php312/11/2006 1:41:15 PM

http://www.krystilklear.com/PRODUCTS/contact.php3?product=Model+88+Single+Liquid+Bag+Housing


Krystil Klear Filtration -- Filter Housings, Filter Bags, Liquid Filter Bags, Liquid Housings

VESSEL CONSTRUCTION
Our model 88 single vessels are designed for operating up to 150 PSI at 300 degrees 
Fahrenheit. The housing design provides a large sump area at the bottom of the basket 
for particulate accumulation. This design utilizes the filter more efficiently and prolongs 
the element life. 

The 316 S.S. basket seals onto a viton o-ring to eliminate particulate bypass between 
the basket and seat. Optional mesh-lined strainer baskets and o-rings are available. 
Please refer to their individual brochures in our liquid catalog. 

 

 
A vent in the housing lid and a drain port in the housing speed evacuation and filling. 
Gauge ports are located on the body of the housing to install gauges for monitoring the 
differential pressure across the bag. Permanently piped housings are opened with simple 
tools without disturbing the piping. Swing bolts with eye-nuts allow easy opening and 
closing of the swing-lid. No need to remove any hardware. 

As a standard finish, all vessels are blast cleaned and painted inside and out with a 2-
part epoxy. Stainless steel vessels are supplied with a satin finish.

http://www.krystilklear.com/PRODUCTS/L88/vessel.php312/11/2006 1:41:37 PM

http://www.krystilklear.com/PRODUCTS/contact.php3?product=Model+88+Single+Liquid+Bag+Housing


Krystil Klear Filtration -- Filter Housings, Filter Bags, Liquid Filter Bags, Liquid Housings

Dimensions
All dimensions are approximate... 

88-15

Pipe 
Size A B C D E F G H I J K wt. 

2 5.3 6.7 24.7 25.9 7.0 24.7 26.2 3.4 25.7 2.3 

1 105-125# skid 
wt. 3 5.4 7.1 24.7 26.5 7.0 24.7 26.5 5.0 26.3 3.1 

4 5.4 7.1 24.7 26.6 7.0 24.7 29.1 6.3 26.9 3.8 

 

88-30

Pipe 
Size A B C D E F G H I J K wt. 

2 5.3 6.7 36.2 37.4 7.0 36.2 37.7 3.4 37.2 2.3 

1 125-145# skid 
wt. 3 5.4 7.1 36.2 38.0 7.0 36.2 39.2 5.0 38.7 3.1 

4 5.4 7.1 36.2 38.1 7.0 36.2 40.6 6.3 38.9 3.8 

Adjustable support legs have 12" bolt circle and a 16" height adjustment.

http://www.krystilklear.com/PRODUCTS/L88/dimensions.php312/11/2006 1:44:00 PM

http://www.krystilklear.com/PRODUCTS/contact.php3?product=Model+88+Single+Liquid+Bag+Housing


Krystil Klear Filtration--Building a Part Number

http://www.krystilklear.com/PRODUCTS/L88/build.php312/11/2006 1:42:26 PM



Krystil Klear Filtration--Building a Part Number

http://www.krystilklear.com/PRODUCTS/L88/build.php312/11/2006 1:42:37 PM



Krystil Klear Filtration--Building a Part Number

http://www.krystilklear.com/PRODUCTS/L88/build.php312/11/2006 1:42:59 PM
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FullJet ® Standard Type G Spray Nozzles 
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Appendix F 
Product Information  

SWMU B-3 Instrument Controls 
 















41015
Note
This is actually a 3" PVC stilling well
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Product Information  

FT415 Flow Computer 
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Appendix H 
Product Information  

Magnetrol Liquid Level Switch model C10 and T20 
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Westbay® Monitoring Well  

Operations and Repair Manual 



Schlumberger
W A T E R  S E R V I C E S

Westbay MOSDAX Sampler Probe - Model 2531

OPERATIONS MANUAL
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NOTICE 
Operation of Westbay System equipment should only be 
undertaken by qualified instrument technicians who have 
been trained by Westbay authorized personnel. 

This document contains proprietary information.   No part of 
this document may be photocopied, reproduced or 
translated to another language without the prior written 
consent of Westbay Instruments Inc.   The information 
contained in this document is subject to change without 
notice. 

DO NOT OPEN THE SAMPLER 

All  warranties expressed or  implied will be void if, after 
examination by Westbay Instruments Inc.  personnel, it is 
established that any of the instrument housings have been 
opened without prior authorization from Westbay 
Instruments Inc. 

DO NOT LET THE SAMPLER FREEZE 

Extreme care should be taken to avoid freezing the 
MOSDAX Sampler probe.   Permanent transducer damage 
may result from freezing. 

 

Manual Revision:  1.13     20 October 2006 

Issued for Serial No.:  

Date:  

Signature:  

 

 

 
 

© Westbay Instruments Inc 
2531V1_13.doc 
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1. DESCRIPTION 

1.1   MOSDAX Sampler Probe, Model 2531 

 The MOSDAX Sampler is a downhole probe designed to collect fluid pressure information 
and fluid samples from Westbay System monitoring wells.   Each MOSDAX pressure sensor is 
calibrated over its full pressure range for nonlinearity and temperature variation.  MOSDAX 
Sampler probes are available in a variety of pressure ranges to permit operation to various depths.  
The shoe and valve motors can be operated from the surface.  The power for the shoe and valve 
motors is supplied from the surface. 

1.2   MOSDAX Automated Groundwater Interface (MAGI), Model 2536 

 The MOSDAX Sampler can be operated directly by the keypad on the MOSDAX Automated 
Groundwater Interface (MAGI), or by a Hand Held Controller (HHC) connected to the MAGI, or 
with a computer running Microsoft Windows (2000 or higher) and Westbay software connected to 
the MAGI.  The MAGI translates the signals between the computer or HHC and the MOSDAX 
Sampler.  The MAGI requires 12 volt DC power to operate. 

Older versions of MOSDAX sampling equipment may incorporate a Model 2522 MOSDAX 
PC Interface (MPCI) and HHC rather than a MAGI.  For such systems, reference to the MAGI in 
this document can be considered as reference to the MPCI and HHC. 

1.3   Cable Reels 

 The manual cable reel can operate all Westbay probes and tools to a depth of 300m (1,000 ft) 
on a single-conductor cable.  The manual reel is hand operated with an internal brake to control the 
speed of descent of the probe in the well.  The two-pin cable connects the MAGI to the reel and the 
signals pass through a slipring located in the hub of the reel into the control cable.  For maintenance 
information, see the appropriate cable reel manual. 

Motorized cable reels are available for deeper applications. 

1.4   Sample Containers 

 Sample containers can be used with the MOSDAX Sampler.  The nonvented stainless steel 
sample containers maintain samples under formation pressure while the sampler and container are 
brought to the surface. 
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2.   PRESSURE PROFILING  

2.1   Items Required  

• MOSDAX Sampler Probe, Model 2531 
• MAGI,  Model 2536 with: 

  one two-pin data cable 
 one three-pin power cable 
 hand held controller with cable and user’s guide (optional) 
 computer running Windows 2000 or higher with one nine-pin computer cable and 

MProfile software (optional) 

• MOSDAX-compatible winch with cable 

• Sheave with counter and tripod 

• 12 VDC, 2 Amp power source (Battery pack, car/truck battery, or transformer) 

• Water level measuring tape 

• MProfile User's Guide for computer or the Handheld Controller Operations Manual 

• Westbay Casing Log showing depths to ports and couplings in hole to be tested. 

2.2   Surface Checks 

1. Remove the MOSDAX Sampler from its storage case.  Inspect the probe housing and 
body for any damage.  Please contact Westbay for advice on any cover tube damage. 

2. Assemble the tripod and counter over the well.  Run the cable over the counter. 

3. Connect the probe to the cable.  Before attaching, inspect the O-ring at the top of the 
probe and lubricate with silicon.  The O-ring should be clean and intact.  Tighten the nut 
hand tight only. 

4. Connect the two-pin cable from the MPCI to the cable reel.  With the MPCI OFF connect 
the three-pin cable from the MPCI to the 12 v power supply.  

5. Connect the 9 pin cable from computer or HHC to the MPCI and turn the MPCI ON. 

6. Perform the following surface checks to ensure that the location arm and the shoe 
mechanisms are operating normally:  Release the location arm.  The location arm should 
extend smoothly.  The number of revolutions used to release the location arm is displayed 
and should be 15 to 16 revolutions.  If  a smaller number of revolutions is reported, 
retract the arm and repeat.  Place the probe in a piece of Westbay casing or coupling.  
Activate the shoe.  The shoe should extend and hold the probe firmly in the coupling or 
casing.  The display should indicate 16 to 19 revolutions.  A reading of  23 revolutions 
indicates the probe is activated in open air.  Retract the backing shoe. 
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7. Check that the face plate for sampling and the plastic plunger are installed on the 
sampler. 

8. The probe is now ready to be lowered down the well. 

2.3   Pressure Measurement Procedures 

1. Obtain the completed Westbay Casing Log. 

2. With the location arm retracted, lower the probe into the Westbay casing to immediately 
below the lowest measurement port coupling to be monitored.  If magnetic collars have 
been installed on the well, the Collar Detect Command can be used to detect the collars.  
The Collar Detect Command is cancelled by pressing any key. 

3. Release the location arm.  The display should update and beep after the arm is released. 

4. Raise the probe about 0.5 m (1.5 ft) above this measurement  port.  If the probe is 
accidentally lifted above the next higher coupling, it will be necessary to retract the 
location arm and lower the probe to below the measurement port and release the arm. 

5. Lower the probe gently until the location arm rests in the measurement port. 

6. Record the pressure and temperature inside the Westbay casing. 

7. Optional: If a water level tape is available, measure and record the depth to water in the 
Westbay casing. 

8. Activate the shoe.  The pressure on the display should change to the formation pressure. 

9. When the reading has stabilized, record the formation pressure. 

10. Once the pressure has been recorded, retract the shoe. 

11. Record the pressure of the fluid in the Westbay casing.  This reading should be similar to 
that recorded in Step 6.  If a large difference is noted between the readings, record the 
water level inside the Westbay casing again using the water level tape. 

12. The three pressure readings plus the time and water level constitute a complete set of 
readings at a measurement port coupling. 

13. Continue up the Westbay casing to obtain the pressure data from other measurement 
ports. 

14. Take one last set of pressure and temperature readings at the surface.  These readings 
should be similar to those recorded in Step 2. 

CAUTION: If a water level tape was used, remove the water level tape from the 
Westbay casing before removing the sampler probe from the well to 
prevent them from becoming jammed. 
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3.   FLUID SAMPLING 

3.1  Items Required 

• MOSDAX Sampler, Model 2531 
• MAGI,  Model 2536 with: 

  one two-pin data cable 
 one three-pin power cable 
 hand held controller with cable and user’s guide (optional) 
 computer running Windows 2000 or higher with one nine-pin computer cable and 

MProfile software (optional) 

• MOSDAX-compatible winch with cable 

• Sample containers and connecting tubes 

• Westbay Casing Log 

• Groundwater Sampling Field Data Sheet 

• 12 VDC, 2 amp power source (battery pack, car/truck, or transformer) 

• Counter and tripod 

• Westbay Sampling Kit including vacuum pump 

3.2   Surface Checks and Preparation      

1. Set up the MOSDAX Sampler probe following Steps 1 through 8 of Section 2.2. 

2. Attach the sample containers. 

3. Release the location arm.  Locate the probe in the vacuum coupling. 

4. Activate the shoe in the vacuum coupling. 

5. Close the sampler valve.  The motor should run about 5 seconds.  The display should 
indicate one revolution. 

6. Use the vacuum pump to apply a vacuum through the vacuum coupling.  The vacuum 
should remain constant.  If the vacuum is not maintained, inspect for leaks at the face seal 
of the probe, the connection to the pump and at the probe sampling valve. 

7. Once a vacuum has been maintained, open the sampler valve.  Apply a vacuum again to 
check that all connections are sealed. 

8. Close the sampler valve.  A vacuum has now been applied to the sample bottles. 

9. Retract the shoe. 
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3.3   Drillhole Sampling 

1. Check recent pressure logs of the hole and ensure that the head inside the Westbay casing 
is lower than the head outside the measurement port to be sampled. 

2. After completing the surface checks, follow Steps 1 to 5 of Section 2.3 to locate the 
sampler at the measurement port in the monitoring zone to be sampled. 

3. Record the pressure reading. 

4. Activate the probe and record the formation pressure. 

5. Open the sampler valve.  The pressure should drop and then slowly increase as the bottles 
fill.  When the pressure in the bottle equals the zone pressure from Step 4, the bottle is 
full.  Wait a maximum of two minutes per sample bottle even if the pressures are not 
equal. 

6. Close the sampler valve and retract the shoe. 

7. Record the pressure reading.  A reading the same as in Step 3 indicates that the sample is 
OK. 

8. Reel the sampler to the surface and remove it from the Westbay casing. 

9. Do not open the sampler valve as damage to the probe or injury to the operator 
could occur. 

10. Remove the cap from the bottom sample bottle and open the valve on the bottle to release 
the pressure and to transfer the sample. 

11. Open the sampler valve to allow the sample to flow from the bottles.  Once the pressure 
in the sampler and bottles has decreased to atmospheric, the bottles may be disconnected 
to speed the process. 

12. Take particular care in handling pressurized samples. 

3.4   Rinsing Instructions 

 Rinse the sampler around the face seal and the bottom connector.  With the sampler valve 
open, flush the interior of the sampler from the bottom connector.  Rinse the sample bottles and 
connectors. 

Note: Project specific procedures for decontaminating the sampler and sample 
bottles are the responsibility of the project manager and are not covered in 
this manual.   
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4.   Care and Maintenance 
 The MOSDAX Sampler System must be routinely maintained for optimum performance.  

The procedures outlined here are required to keep the instrument operating properly.  For any 
additional information or advice, please contact Westbay Instruments Inc. 

4.1   MAGI 

 The MAGI should be cleaned to remove dirt and dust and inspected for damage or wear.  If 
any part requires replacement, contact Westbay for information. 

4.2   Cable Reels and Control Cable 

 The cable reels should be kept clean and protected from damage.  The cable and cable head 
should be inspected for kinks and corrosion.  Rehead the cable if necessary.  For more information 
concerning cable reels and the control cable,  refer to the appropriate reel manual. 

4.3   MOSDAX Sampler Probe 

1. Never allow the probe to freeze or the pressure transducer may be damaged. 

2. Clean and inspect the probe for dents and scratches on the cover tube.  Clean the threads 
with a nylon brush, such as a toothbrush.  DO NOT use a wire brush.  Protect the O-rings 
from damage and dirt. 

4.3.1   Face Seal 

 Inspect the face seal and replace if damaged or worn. 

1. Remove the two screws holding the face plate to the probe body and lift the face plate 
off. 

2. Remove the face seal and plunger.  Set the location arm assembly aside.  Clean the 
plunger and probe body. 

3. When reinstalling the face plate hold the face seal, plunger and location arm assembly in 
place.  Replace the two screws the hold the face plate on the probe. 

4.3.2  Location Arm 

 Release the location arm.  Check that the arm moves smoothly and freely and check for 
damage and sharp edges due to wear.  Replace the location arm if necessary. 

1. Release the location arm.  Remove the two screws and face plate (Section 4.3.1). 

2. Remove the location arm with its spring and pivot pin.  Clean and inspect all parts and 
replace if needed. 

3. Insert the spring and pivot in the location arm and place the assembly in the probe body.  
Place the face plate over the face seal and location arm and tighten the two screws.  



SECTION 4.3.2 SUPPLEMENT 
 

WESTBAY Probe Location Arm replacement 
 

a) It is easier when the arm is first extended to the "out" 
position (Fig. A). Do this before powering down and 
disconnecting the probe. 

b) Remove the face seal slowly and stabilize the arm as it is 
under tension from the spring (Section 4.3.2.2) and may 
suddenly pop out. Observe the position and orientation of the 
parts as they are removed (Fig. B). 

c) Insert the hook of bent leg of the spring into the tiny hole on 
the neck of the new arm and align the spring coil opening 
alongside the larger hole in the arm with the spring leg 
positioned directly against the arm and over the pivot facing 
out (Fig. C-1). The metal pivot pin goes through the hole in 
the arm and through the spring coil (Fig. C-2). The straight 
leg of the spring leads under the pivot into the smaller side 
slot on the side of the main arm aperture, parallel with the 
probe. Place the assembly into its space in the probe body 
(Fig. C-3). The arm assembly has to be held in place while 
replacing the face seal to counter the force of the slightly 
compacted spring (Fig.C-4). 

d) Replace the face seal by sliding it toward the top of the probe 
and sliding the top edge into the slot while at the same time 
allowing the arm to protrude through the face seal. The arm 
should remain in the extended position while screwing down 
the face seal. 

e) Check to see that the arm can be freely, manually pushed in 
and that it pops back out when released. Attach the probe to 
the cable and mechanically retract the arm using the MAGI 
commands. 

Parsons, 11/21/07 



Figure A - Arm is extended out at start of replacement operation. 
 
 
 

 



Figure B - Disassembled face seal and location arm. 
 
 
 

 



Figure C-1 - Orientation of spring relative to arm. 
 
 
 

 

spring 



Figure C-2 - Position of spring and pivot in the arm. 
 
 
 

 



Figure C-3 - Placement of arm assembly. 
 
 
 

 

top of probe 



Figure C-4 - Top view of arm and spring placement. 
 
 
 

 

top of probe 
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Check that the arm is moving freely and the face seal insert and plunger are held securely 
in place. 

4.3.3   Shoe Replacement 

 Activate the shoe and inspect for damage or wear.  The shoe should rotate freely about the 
pivot pin.  When the shoe is retracted it should retract quickly and smoothly back into the 
probe.  The shoe may be replaced in the following manner: 

1. Release the location arm and extend the shoe to expose the pivot pin. 

2. Unscrew the shoe pivot pin from the lever arm and remove the shoe. 

3. Place a new shoe in the lever arm and install the shoe pivot pin. 

4.3.4   Actuator Nut  

 The actuator nut needs to be routinely cleaned to remove  particles of grit which can interfere 
with its movement.  Remove the actuator nut in the following manner: 

1. Remove the two set screws that hold in the lever arm pivot pin.  Using the Allen key, 
push the lever pivot pin out of the probe body. 

2. Remove the set screws on the side of the probe body that holds the plastic support block. 

3. Remove the screw closest to the top of the probe. 

4. Lift out the lever arm, guide plate, shoe, spring and plastic support block as one unit. 

5. Use the Clean Nut Command to remove the actuator nut from the actuator screw.  Turn 
off the MPCI and remove the nut  from the probe. 

6. Clean the actuator nut with the cleaning tap.  Use the Clean Nut Command and clean the 
actuator screw with a nylon brush.  DO NOT use a wire brush. 

7. Apply a thin coating of silicone lubricant to the actuator screw.  Place the actuator nut in 
the probe body against the actuator screw and retract the arm to thread the nut onto the 
actuator  screw.  Allow the nut to travel along the full length of the screw.  YOU MAY 
HAVE TO REPEAT THIS OPERATION. 

8. Install the single unit from Step 4 in the probe body.  Install the lever arm pin through the 
probe body, lever arm, and spring.  Lock the pin in position with two set screws. 

9. Install the top screw into the guide plate and install the set screws to secure the support 
block. 

5.   CALIBRATION 
 The Westbay System permits frequent or periodic calibration of the transducers used for 

pressure measurement.  Contact Westbay for details. 
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6.    SPARE PARTS LIST 

Item Part No. or Size Qty 
Face Seal Insert 200302 5 
Plunger (see Note 1) 5 
Location Arm 252112 5 
Shoe 252313 5 
Pin 3 (Location Arm) 252320 2 
Spring 2 (Location Arm) 252319 2 
Pin 1 (Shoe) 252316 2 
Spring 1 (Shoe Lever) 252318 2 
Pan Head Screw # 4-40 x 1/4 - inch 2 
Pan Head Screw # 6-32 x 3/16 - inch 2 
Pan Head Screw # 6-32 x 1/2 - inch 2 
Hex Socket Head Screw # 8-32 x 1/8 - inch 4 
Hex Socket Head Screw # 10-32 x 3/16 - inch 4 
Hex Socket Set Screw # 8-32 x 5/16 - inch 2 
Allen Key 5/64 - inch 1 
Allen Key 3/32 - inch 1 
Actuator Nut Tap 208001 1 
Cablehead Parts:   
O-ring # 111 B 2 
Termination Sleeve 251805 1 
Termination Insert 251806 1 
Feedthru Connector 251814 1 
Bushing 1 251812 1 
Bushing 2 251813 1 
O-Ring  # 108 V 1 
O-Ring  # 010 V 1 
O-Ring  # 004 V 1 
Boot JF0602CF 1 
Contact JF0603CF 1 
Cable Heading Tool 208100 1 
1. Plunger appropriate to type of measurement port to be accessed. 

 

 



Groundwater Sampling
Field Data Sheet

Project: Date:

Monitoring Well No.: Start Time: Atm. Rdg:

Sampling Zone No(s).: End Time: Atm. Rdg:

Operators:

Comments
(volume recovered)

Additional Comments: (pH, turbidity, S.C., etc.)

Pressure in 
Westbay     

(      )

Land 
Probe

Sample Collection Checks
(probe located at sampling zone in Westbay casing)

Pressure in 
Westbay     

(      )
Shoe Out

Zone 
Pressure    

(      )

Open 
Valve

Zone 
Pressure    

(      )

Close 
Valve Shoe In

Surface Function Tests
(probe in flushing collar)

Shoe Out Close 
Valve

Close 
Valve

Position
Sampler

Apply 
Vacuum

Locate 
Port Arm OutP

or
t N

o.

R
un

 N
o.

Check 
Vacuum

Open 
Valve



Pic.1 Computer Interface Units, old and new:
MPCI model 2522 (left) and MAGI model 2536 (right) 



Pic.2 MPCI unit showing typical set-up configuration

2-pin data cable

3-pin power cable

Serial plug for computer/
Hand-held controller

On/Off switch

Red LED light/
Power indicator



Pic.3 Testing 12 VDC Power Supply using Multimeter

Should indicate greater
than 12.00 V DC for
good battery

Multimeter set to
20 V range.
Note: choose DC
range, not AC

Black lead to Negative (-) battery terminal
Red lead to Positive (+) battery terminal



Pic.4 Testing Power Cable Voltage
(should indicate greater than 12.00 V DC for good battery and cable)

Test 12 VDC power supply
Using A and C sockets (top left and bottom)
On power cable connector

Ensure that power cable leads
are connected to battery
Red to positive (+)
Black to Negative (-)

Multimeter set to
Measure voltage in 
DC range (not AC)



Pic.5 Testing Power output from MPCI or MAGI using data cable
(should be greater than 48 V) Note: MPCI/MAGI must have
power ‘on’ and be connected to power supply.

Red multimeter lead to A-socket
Black multimeter lead to B-socket

Multimeter set at 200 V range

Multimeter set to
Measure voltage in 
DC range (not AC)

Note for MPCI users: serial connector for
handheld controller or computer must be 
plugged into MPCI when doing this test



Pic.6 Checking power output at cablehead (should be greater than 48 V)
Note: MPCI/MAGI must have power ‘on’ and be connected to power supply.

Black lead to cablehead jacket
Red lead to cablehead pin

Note for MPCI users: serial connector for
handheld controller or computer must be 
plugged into MPCI when doing this test



Pic.7 Test multimeter “open” resistence

Set multimeter to resistance (Ω)Ω)
Range: 200 or greater

Keep multimeter leads separated

Display indicates infinite 
(off-scale) resistance for 
good meter performance



Pic.8 Test multimeter “closed” resistence

Keep multimeter leads in contact

Display indicates zero 
resistance for good 
meter performance



Pic.9 Test wireline ‘A-A’ resistance (approx. 27 ΩΩ/1000 ft)

Black lead to A-socket
of data cable

Red lead in contact with
cablehead pin



Pic.10 Test wireline ‘B-B’ resistance (should be less than ‘A-A’)

Red lead to cablehead housing

Black lead to ‘B’ socket of data cable



Pic.11 Test wireline ‘A-B’ resistance at cablehead
(should be off-scale)

Red lead in contact with cablehead pin
Black lead in contact with cablehead housing

Note: multimeter should be set 
to 10 Mega-ohm (or greater) 
resistance (ΩΩ) range

Keep fingers clear from
Meter lead contacts!



Pic.11 Test wireline ‘A-B’ resistance at data cable
(should be off-scale)

Red lead in ‘A’ socket of data cable
Black lead in ‘B’ socket of data cable

Note: multimeter should be set 
to 10 Mega-ohm (or greater) 
resistance (ΩΩ) range



Damage to Cable (Kink)

Pic.1 Identification of Cable Damage



Loosen Set Screws (2)

Pic.2 Cablehead Disassembly (1): Loosen set Screws



Hold
Turn

Pic.3 Cablehead Disassembly(2): Unscrew Housing From Body

Housing
Body



Pic.4 Cablehead Disassembly(3):
Slide Housing and Cablehead Nut Past Damage Point

Damage Point (kink)

Slid
e

Housing

Nut



Pic.5 Cut Cable above Damage Point



Pic.6a Clamp Cable in Termination Jig



Pic.6b Leave 3.5 inches Cable Exposed



Pic.6c Slide Termination Insert Over Cable

Termination:
Tapered End Leads



Pic.7a Unwind Outer-layer Strands (start)



Pic.7b Unwind Outer Layer Strands (finish)



Pic.8 Clipping Outer Wire Strands (6 strands out of 18)

Clip 6 strands close against edge of insert



Push sleeve down
over insert (partially)

Pic.9 Partially Push Sleeve Down on Insert Using Jig
(enough to bend strands down along insert)



Pic.10 Trim Outer Wire Strands to Base of Insert.



Pic.11 Unwind inner-layer strands of armor
(exposing the insulated conductor wire)

Inner Strands

Insulated Copper Conductor



Pic.12 Clip 5 of the 12 inner armor strands close to the top of the insert



Pic.13 Bend down Remaining Inner Wire Strands
(Use jig and termination sleeve)



Pic.13 Trim Inner Wire Strands to Base of Insert



Pic.14 Mix epoxy



Pic.15 Apply epoxy.  Cover the trimmed armor strands with epoxy



Pic.16 Using the termination jig, push the termination sleeve completely
down over the insert

Push sleeve down over insert



Pic.17 Termination Sleeve completely pushed down over insert

Remove From Jig, Wipe Off Excess Epoxy
(making sure that both top and bottom of insert
are well-sealed) and let cure (typically 24 hours).



Pic.18 Apply silicon lubricant to the insulated conductor wire



Pic.20 Slide the rubber boot towards the cablehead termination (final position)

Note: Solder guide-wire to end of copper
conductor wire, prior to sliding rubber boot 
(easier to slide boot and less chance of damaging
conductor wire).



Pic.21 Solder 1/8 inch exposed copper wire (use wire strippers)
into contact insert

Body

Contact Insert

Solder
Solder Gun

1/8” Exposed Copper Wire
(Inside Contact Insert)

Note: Best Practice is to secure Contact 
Insert in Cable-heading Jig before 
soldering copper conductor wire to the 
Contact Insert.



Pic.22 Slide the rubber boot down over the contact insert
(when the solder has cooled)



Pic.23 Create a loop in the conductor wire before sliding the cablehead
housing down over the termination

Termination



Pic.24 Thread the cablehead housing onto the body
(Do not twist the body! –this can damage the conductor wire)

Attach Housing to Body
Hold Body
(Do Not Twist!)

Thread housing onto the body



Pic.25 Tighten the housing to the body
Tighten the set screws to complete re-assembly of the cablehead

Turn
Hold

Set Screws(2)

Housing

Body



Pic.26 Exploded view of cablehead assembly

Spearhead

Termination

Boot
(with contact inside)

2 Set Screws

Housing Nut

Bulkhead
Assembly

Body



Pic.27 Exploded view of bulkhead assembly
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SWMU B-3 Tree Mulch Bioreactor Bioreactor Monitoring

Sump Depth Sump Water 
Level pH Temp. SpCond. ORP DO

(ft BTOC) (ft BTOC) (deg. C) (mS/cm) (mg/L)

B3-T1-1 12.9
B3-T1-2 12.4
B3-T1-3 12.85
B3-T2-1 9.67
B3-T2-2 10.01
B3-T3-1 9.96
B3-T3-2 7.4
B3-T4-1 6.32
B3-T5-1 9.33
B3-T5-2 7.98
B3-T6-1 11.45
B3-T6-2 12.34
B3-UIC

Meter
Date/Time: 

T-1
T-2
T-3
T-4
T-5
T-6

B-3 (Total)
CS-MW16-LGR
CS-MW16-CC

PB-1 - PB-2 = PB-1 - PB-2 = PB-1 - PB-2 = PB-1 - PB-2 = PB-1 - PB-2 =

Notes:

Bag Filter Pressure Reading (Pressure Drop (PB-1) - (PB-2)= *Note: If bag filter pressure drop is > or = 20 psi change fliter.

Thursday Friday

Rate (gpm) / Cumulative Total (gal)

WednesdayMonday Tuesday 

Personnel:
Trench Sumps Water Levels ('BTOC)

B-3 Transfer System Monitoring
Flow Meters Readings

Sump ID Trench 
Currently 

Being Used (√)
Date: Time:

Notes

Week___



SWMU B-3 Tree Mulch Bioreactor

Sample Sample
Date Time at TOC (psi)

CS-WB08-LGR-04

CS-WB08-LGR-03B

341

273

Personnel

Zone
Pressure (psi)

Pressure

CS-WB05-CC-02

CS-WB05-CC-01

CS-WB05-BS-01

CS-WB05-LGR-04B

CS-WB05-LGR-04A

CS-WB05-LGR-03A

CS-WB05-LGR-02

CS-WB05-LGR-01

CS-WB05-LGR-03B

318

CS-WB06-UGR-01

CS-WB07-UGR-01

CS-WB07-LGR-01

CS-WB06-LGR-01

CS-WB06-LGR-02

CS-WB06-LGR-03A

CS-WB06-LGR-03B

320CS-WB06-LGR-04

228

Well Interval

14

CS-WB08-UGR-01

CS-WB08-LGR-01

208

175

90

115

CS-WB08-LGR-02

CS-WB08-LGR-03A

CS-WB07-LGR-02

CS-WB07-LGR-03A

CS-WB07-LGR-03B

CS-WB07-LGR-04

193

260

277

93

20

460

432

207

257

38

Sampling Port

216

182

99

Depth (ft BTOC)

362

329

174

262

Pressure in
MP (psi)

Weekly Water Level Monitoring

Week ___



SWMU B-3 Tree Mulch Bioreactor

Notes

Nitrogen, Nitrate + Nitrite
Sulfate, Chloride, Ferrous Iron, Manganese
Hydrogen (after bioreactor operational for 1 year)

Hydrogen Sulfide
Alkalinity

TOC (Total Organic Carbon)
Methane, Ethane, Ethene

Volume Required: 0.5 L
VOCs (Volatile Organic Compounds)

As part of monthly monitoring, Sumps 1-1, 1-2, 1-3, and uppermost saturated intervals of WB05 and WB-07
will be sampled for Performance list of analyses. Sumps in any trench that has beeen used during the
previous 30 days will be sampled for Regulatory list of analyses. TDS has to be added to the list of

TDS (Total Dissolved Solids)

Performance
(√) (√)

RegulatoryTemp SpCond ORP DO

Notes

CS-WB07-LGR-04

pHMPMWs

CS-WB07-LGR03B

CS-WB08-LGR-04

CS-WB05-LGR04A

CS-WB08-LGR03B

VOCs (Volatile Organic Compounds)
Volume Required: 1.5 L

analyses for Sumps 1-1, 1-2, and 1-3 if Trench 1 has been used in the previous 30 days.
Performance list of analyses

DOC (Dissolved Organic Carbon)

Carbon Dioxide

Personnel

Sample 
Date

Sample 
Time

Monthly Monitoring

Regulatory list of analyses

CS-WB05-LGR04B

CS-WB05-BS-01

CS-WB07-LGR03A

CS-WB05-LGR-01

CS-WB05-LGR-02

CS-WB05-LGR03A

CS-WB05-LGR03B

CS-WB05-CC-01

CS-WB05-CC-02

CS-WB07-LGR-02

CS-WB06-UGR-01

CS-WB06-LGR-01

CS-WB06-LGR-02

CS-WB06-LGR03A

CS-WB06-LGR03B

CS-WB06-LGR-04

CS-WB07-UGR-01

CS-WB07-LGR-01

CS-WB08-LGR-02

CS-WB08-LGR03A

CS-WB08-UGR-01

CS-WB08-LGR-01

Month ___ Page 4



SWMU B-3 Tree Mulch Bioreactor

CS-D

CS-WB08-LGR-01

CS-WB08-LGR03A

CS-WB08-LGR-02

CS-WB07-LGR-01

CS-WB07-UGR-01

CS-WB06-LGR-04

CS-WB06-LGR03B

CS-WB06-LGR03A

CS-WB06-LGR-02

CS-WB06-LGR-01

CS-WB06-UGR-01

CS-WB07-LGR-02

CS-WB05-CC-02

CS-WB05-CC-01

CS-WB05-LGR03B

CS-WB05-LGR03A

CS-WB05-LGR-02

CS-WB05-LGR-01

CS-WB07-LGR03A

CS-WB05-LGR04B

Personnel

Sample 
Date

Sample 
Time

Quarterly Monitoring

CS-WB08-LGR03B

CS-WB05-BS-01

CS-WB08-UGR-01

CS-WB07-LGR-04

pHMPMWs

CS-WB07-LGR03B

CS-WB08-LGR-04

CS-WB05-LGR04A

Temp SpCond ORP DO Regulatory Performance
(√) (√)

CS-MW1-LGR

B3-MW01

CS-MW16-LGR

CS-MW16-CC

Quarter ___



SWMU B-3 
Tree Mulch Bioreactor

Lockout/Tagout 
Log

PARSONS

Start FinishName Activity Requiring Lockout/Tagout Date
Time

J:\745\745953 CSSA DY02\03000 B-3 Bioreactor\Bioreactor O&M Update\Draft O and M Plan\Appendix J - Field Monitoring Forms\B-3 Field Forms 7-2008.xls\Lockout

CSSA
Boerne, TX
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