WELLHEAD COMPLETION AND PUMPING EQUIPMENT

Introduction
The wellhead is the portion of the water well extending above ground. Because of a
contamination risk, state law prohibits buried wellheads.

The well cap is designed to keep rainwater, insects, and small animals out of the well. Newer
well caps have screened air vents that allow atmospheric air to enter the well as water is
withdrawn from the well. This results in a more sanitary water supply. Broken well caps or
damaged screens should be replaced. All well caps in Michigan must be approved prior to
use.

Wellhead Completion and Pumping Equipment Rules
Rule 157(a)
Well caps and seals shall be:

* Weathertight

* Vermin proof

* Provide for venting

» Tightly secured to casing

Rule 157
A casing vent shall be provided on all well caps and seals
Except:

» Deep well, single pipe packer jet installations

* Flowing wells

Rule 157
A vent shall be:
» Screened
* Pointed downward
» Terminate 12 inches above ground or floor
* 24 inches above any known flood level

Rule 151 Room housing pumping equipment or well casing
» Above ground surface or in an approved basement offset
* Pumping equipment may be in a crawl space if water does not accumulate
* Must provide for access to system components for maintenance and repair

Rule 155 Water Service Lines
» Buried portion under positive pressure at all times
* No check valve at pressure tank unless pipe is protected
e Plastic 160 psi minimum
* Approved materials

Rule 141 Connection to casing-Above grade
* 12 inches above grade
» Connection may be:
threaded
welded
rubber expansion seal



bolted flanges
well cap
pump base

Rule 142 Connection to casing-Below Grade

May be:
e Threaded
« Welded

» Approved pitless adapter
* Not submerged during installation

Rule 153 Pumps
* No unprotected openings
* Watertight connection to casing
* Priming not required for ordinary use
» Plastic drop pipe - approved materials, no splices, not used with packer-jet assembly
* Approved lubricants for sub pumps

Rule 154 Water Suction Lines

* Approved materials

» Protected by one of the following methods:
a. Fully exposed 12 inches above floor of basement, basement offset, pump room
b. Fully exposed 12 inches above ground surface
c. Concentric piping under system pressure
d. Concentric piping drained to basement
(20 feet max length, positive drainage, watertight at casing)

Rule 140 Pressure tanks
Bladders, diaphrams, coatings, or lining materials in contact with water must meet the
specifications listed

Rule 156 Pressure tanks
* Shall be in an approved pump room, well house, crawl space, basement offset, or
basement
* Buried tanks must be approved
* If pump can exceed working pressure of the tank, a pressure relief valve shall be
installed

Rule 158 Sampling faucets
» Down-turned faucet
* Not less than 8 inches above floor
* In a convenient location at the pressure tank or as near to the well as possible

Rule 156 Venting of gases
» Toxic or flammable gases shall be vented
* Vent shall discharge to outside atmosphere

The Water Well Equipment Approval List is available for download from the
DNRE Well Construction Unit website at www.michigan.gov/degwaterwellconstruction.
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uring the 19405 in the United
Sates, electricity generally be-
came available in rural areas

dueto the expansion of rural electrifica-
tion under the federal Rural Electrifica-
tion Administration (REA), As a vesult,
the tiresome job of hand pumping and
hauling water from domestic water wells
was, in many areas, replaced with mo-
tor-driven pumps, Generally speaking,
the motor-driven water pumps mosk in
use today are centrifugal pamps and can
be classified as either fel pumps or sub-
mersible well pumps. Jet pumps are
aboveground and can be further bro-
ken down into shallow well and deep
well jet pumps. Submersible pumps, as
their name implies, are submerged in
the well water,

Shallow & deep well jet pumps

A shallow well jet pump, limited by
atmoespheric pressure, can lift water
about 25 feet. Deep well jets are most
effective to about 100 fest. [et [pumps
essentially operate on the principal of
filling a wacuum. (Imagine sucking on a
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straw and removing the air and, as this
is dome, the liguid rises fo Gl the vacuum
that's been created.} Since jel pumps
don't pump or evacuate ain they use
walter in the system o move water from
the well o the pump and into the house-
hold wister system.

Jet pumpa draw water from a well
by creating a vacuum through the come-
bined efforts of the impeller and dif-
fuser as well as the jet ejector, which is
made up of & nozele and venturi {see
Figure 11, As the impeller moves water
out of the pump housing, it pulls water
from the well, This water passes through
a nozzle, which constricts the flow of
the water through its progressively nar-
rower apening, thereby increasing the
speed (velocityd of the water and creat-
ing & partial vacuum at the end of the
nozzle. In many pump manuals, this is
tompared to the nozzle on a garden
hose. Onee the water passes through the
nozzle, it moves into a larger-diameter
venturi that slows down the water and
increases the pressure in the pump, The
water then enters the pump housing
where the impeller moves a portion of
the water into the household water Sy
tem while some of the water is recincu-
lated by the impeller and used to draw
mare water ot of the well. This recircu-
fated water is referred to as “drive wa-
ter.”

Spotting the ejector

I'he fundamental difference be-

Figure 1. Shallow well jet pump
cutaway r
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tween a shallow well el pump and a
deep well jet pump is the location of the
jet gjector. A shallow well jet pump has
the jet ejector attached to the pump
housing and is aboveground like the
pump. A deep well jeb pump has the jet
epector assembly down in the well, ei-
ther submerged or close to the pump-
ing level of the water.

A typical deep weil jet pump instal-
lation uses a two-pipe svstem. One pipe
is catied the pressure or drive pipe that
semids drive water from the surface pump
(see Figure 21 to the jet ejector nozzle,
creating a partial vacuum that fills with
well water. This drive water along with
well water flows up the second pipe (suc-
tion pipel to the pump on the surface
Anather type of deep well jet installa-
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tiom is called a “packer style” and uses
the well's casing, usually 2-inch, as the
pressure pipe feeding the packer jet as-
sembly—fitted tightly into the well cas-
ing—with drive water. The well water
and drive water then flow to the surface
pump through the suction pipe, as in the
two-pipe installation (see Figure 7),

The installation of the jet ejector
down in the well allows the deep well
jel pump to evercome the restrictions
of an aboveground jet ejector and the
25-foot suction limit. Both shallow well
and deep well jets use foot valves or
check valves in drilled-well applications.
In driven wells using well points, a shal-
low well installation uses a check valve
near the jet ejector while deep well in-
stallations use a foot valve at the bot-
tom of the suction pipe to keep the pipe
Full of water between pump cycles (see
Figure 2.,

Figure 2, Deep well jet pump
cutaway
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The depth from which the water
is drawn and the ability to build sig-
nificant pressure limit the performance
of jet pumps, For example, a typical ¥
horsepower (hpl shallow well jet pump
will enly produce about 8 gallons per
minute (gpm} at a 15-fool suction lift
at 40 pounds per square inch (psi).
Likewise, a typical Y2 hp deep well jet
pump will only pump 5.5 gpm from a
6l-foot water level, Nevertheless, jet
pumps remain popular as over 400,000
are sold annually in the United States
{see Table 1),

Submersible water well pumps

Simply put, submersible water well
pumps “push” the water out of the well
rather than “pull” the water out like jet
pumps, Submersible well pumps are
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Table 1. Water System Council regional shipments [units)
Jet Pumps

Submersible Pumps

Moarthwest ...

Northeast ...
Mid=Atlantie ...
Southeast ...

Midwest ...
Southwest ...

Total ... .....'.._..'f..m.ﬁz

All Pumps

91,594 Northeast . 126213

150,755  Mid-Atlantic .. 225,349

175,347  Southeast ..... 381,114

44673 Northwest ... .. 58,211

~143.600  Midwest ... 219,743
113,910
28.373

2L 87291
Mid-Atlzntic 140,285
Southeast .............. 151,808
Morthwast .............. 49,314
Midwest...... 146,536
Southwest 114,557
' [ SOUOPNRIOG, . . . } |

Tﬂl" SeaEdEtaEEprnrRag ?“?,.’.’2:

Southaast ..

Northsast ...
Mid-Atlantic ...

83,062
147,181
. 180,473

Northeast ..............
Wid-Atlantic ...
whinminr G553

20,358
et A

Morthwest ...
Midwest ..

West ..
Total ......... .ﬂﬂ,llil

complete units with a pump end made
up of a series of matching impellers and
diffusers called stages, and an attached
motor to turn the impellers and diffus-
ers in the pump end. The submersible
pump is submerged in the water down
in the well and drives the water up the
discharge piping to the pressure tank.
Submersible pump performance is
a function of capacity and pressure. A
submersible pump is designed to delives
certain flows at given pressures from
specific pumping levels. The design of
the impellers and diffuser determine the
capacity and pressure of a submersible
pump end. Capacity is, for the most part,
based on the width of the impeller and
diffuser. The pressure is dependent on
the diameter of the impeller, the num-

Southwest . I:Z:Z:ﬁ
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ber of impellers, and the speed at which
the impellers rolate, Most U.S. residen-
tial submersible pumps are 4-inch pumps
coupled with constant speed, 4-inch mo-
tors operating at 3,450 revolutions per
minute (rpm).

Pump mamufacturers normally de-
sign their pumps to fall into ranges such
as 10-25 gpm, Within these gpm ranges,
a number of motor choices will be of-
fered based on the proper combination
of capacity to pumping level to horse-
power. It's important to remember that
harsepowaer by itself isn't the arbiter of
submersible pump performance. Selec-
tion of a pump based solely on horse-
pOWer is a COmmMon error.

Eesidential submersible pump mo-
tors are manutactured in either a 2-wire
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or J=wire configuration. A 2-wire pump
motor deesn’t have a control box with a
motor start capacitor, but rather includes
the start capacitor in the submerged
pump moter. A -wire pump motor is
wired directly to the pressure switch and
F-wire submersible pump motors are
wired from the well to a wall-mounted
control box with relay and start capadi-
tor and then to the pressure switch,

Weighing the pros and cons

The clearest benefit of the submers-
ible pump over the jet pump is the abil-
ity to deliver higher capacities from
decper levels at significant pressures to
the household water system, OF course,
a negative is that a submersible pump
must be pulled from the well to be ser-
viced; not so with a jet pump, unless il's
a deep well installation with a faulty jet
ejector (sce Figure 3).

Mationally, submersible water well
pumps have become more popular than
jet pumps in residential well installa-
tions; however, there are arcas where
jet pumps clearly outstrip submersible
pump installations. Generally, jet pumps
are more common in warmer climates
and areas with higher water tables isec
Tabde 1).

Emerging pump technology
Within the last several years pamp
manufacturers have recognized an in-
creasing demand from private water
svstem consumers for a “constamt pres-
sure” municipal type water system, Es-
sentially, a constant pressure private
water system eliminates the pressure
and volume fluctuations experienced in
traditional private water systems and
aperates much like a municipal supply.
A traditional private water system in-
cludes a pump with a fixed pumping ca-
pacity and is controlled by & pressure
switch which normally turns the pump
on amd off in a 20 psi range. (A common
pressure switch setting is 406", that
means the pump turns on when the
water system priessure drops below 40
psi and the pump shuts off when the

Figure 3. Typical components
of a submersible pump water
system

system pressure reaches 6 psi.} Because
of a constant speed motor a regular jet
ar submersible pump can'tincrease vol-
ume based on demand. Likewise, be-
cause of the 200 psi pressure differential
trom the pressure switch, a traditional
private water svstem doesn't deliver the
normal steady pressure of a municipal
water supply.

Using variable speed motor tech-
nology, several pump manufacturers
have introduced “constant pressure”
submersible pumping systems. These
systems, still very much in the develop-
ing stages, maintain a reasonably con-
stant volume and pressure profile as the
demand tor water varies.

Conclusion

This is an exciting time in the pri-
vate water system and water well pump
industry. As larger homes are being
built on private wells, with correspond-
ingly larger water supply needs, the chal-
lenges of sizing an adequate private

water supply system have never been
greater. The challenge for the private
water system installer is to make sure
thit the right pump and water system
have been installed to produce the wa-
ter needs—supply and pressure—that
the water treatment equipment, plumb-
ing fixtures and lifestyle of the con-
sumer demand.
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TYPES AND CHARACTERISTICS OF PUMPS
USED IN PRIVATE WATER SUPPLY SYSTEMS

WELL
TYPE

PUMP TYPE

NORMAL
CAPACITY
RANGE
(GPH)

PRACTICAL
SUCTION
LIFT (FT) *

MAX.
PRACTICAL
PUMPING

DEPTH (FT)

USUAL
DISCHARGE
PRESSURE
RANGE
(PSI)

REMARKS

SHALLOW WELL

Shallow Well
Jet (Jet on

pump)

200-1500

20-25

25

20-40
30-50

1. Simple in
construction.

2. Easy to service.

3. Can be used with 1
inch & larger wells.

4. Less efficient
hydraulics.

Piston or
Reciprocating

200-800

20-25

25

20-40
30-50
40-60

1. Adaptable to low
capacity & high head.
2. Handles air without
losing prime.

3. No longer widely
used.

4. Can be used with 1
inch & larger wells.

Straight
Centrifugal
(Single &
multi stage)

500-2000

15-20

20

20-40
30-50

1. Suitable for high
capacities.

2. Efficient hydraulics.
3. Can be used with 1
inch & larger wells.

4. Simple & easy to
service.

DEEP WELL

Deep Well
Jet (single
and multi
stage)

(Jet in well)

200-600

15-20
(ft. below jet)

200

20-40
30-50
40-60

1. Simple in
construction &
operation.

2. No moving parts in
well.

3. Less efficient
hydraulics.

4. Can be installed on
2 inch & 3 inch wells.
5. Can be located
away from well.

Submersible

200-3000

Pump &
motor
submerged

600

30-50
40-60
50-70

1. Suitable for deep
settings.

2. Adaptable to frost
proof installations.

3. Efficient hydraulics.
4. Available in wide
range of heads &
capacities.

5. Only available for 3
inch or larger wells.

Piston or
Reciprocating

200-800

20-25

150

20-40
30-50
40-60

1. Suitable for deep
settings.

2. Adaptable to frost
proof installations.

3. Efficient hydraulics.

* Practical suction at sea level. Reduce 1 foot for each 1000 feet above sea level.




ELECTRICAL CODE REQUIREMENTS
FOR WELL & PUMP INSTALLATIONS

Introduction

The electrical wiring of a water well and pump installation is regulated by the Michigan
Electrical Administrative Act (MEAA) (1956 PA 217) for licensing and exceptions, rather than
the Michigan Water Well Construction and Pump Installation Code (Part 127, 1978 PA 368).
Registered Water Well Drilling and Pump Installation Contractors are exempt from having an
electrical license for residential single-family installations only.

Local and state electrical inspectors have authority for enforcement of electrical code
provisions. Local health department officials who inspect water wells should refer electrical
code violations to the electrical inspector or building official having jurisdiction.

Permits for the electrical circuit for the pump are required to be obtained from the electrical
code official. Permits may be obtained by registered well drillers and pump installers.

Electrical hook-ups for water wells serving the public and all other wells that do not serve a
single-family dwelling (such as agricultural irrigation wells, fire protection wells, and nonpotable
industrial wells) must be performed by a licensed electrical contractor.

The MEAA and the state electrical code are implemented by:

Michigan Department of Energy, Labor & Economic Growth
Bureau of Construction Codes

Electrical Division

2501 Woodlake Circle, Second Floor

Okemos, MI 48864

(517) 241-9320

Mailing Address: P.O. Box 30254, Lansing, Ml 48909

Michigan's electrical code is the National Electrical Code 1999, with special Michigan

amendments. The NEC 1999 and NEC Handbook 1999 are available from the National Fire
Protection Association, Batterymarch Park, P.0. Box 9146, Quincy, MA 02269-9959, phone 1-
800-344-3555.




Electrical Code Requirements for a Typical Submersible Pump Installation at a Single-
Family Residence:

l. Electrical cable from submersible pump to wellhead:
A. Cable Material: Type UF with surface marking of "submersible water pump cable"
or "pump cable."

B. Cable protection: The cable inside the casing shall be protected from damage by
the use of cable guards, or by securely attaching the cable to the drop pipe.

Il. Underground electrical cable from well to house:
A. Cable Material:
1. Direct bury - Type UF or USE.
2. Inside a raceway or conduit - Type RHW, TW, THW, THHW, THWN,
XHHW, or ZW.

B. Conduit Raceway:
1. The electrical cable or wiring on the outside of the casing shall be

protected by a rigid conduit from the well cap/seal to a point belowgrade.

a. Therigid conduit must be securely attached to the well cap/seal and
must extend belowgrade to the minimum depth required for the cable
(See #3 below).

b. The rigid conduit must be provided with an electrical bushing or fitting at
the point where the cable enters and leaves the conduit. This
bushing or fitting protects against cable damage due to abrasion.

2. Types of conduit approved for submersible pump installations:
a. Rigid Metal Conduit - must be galvanized.
b. Rigid Nonmetallic Conduit - must be grey (color designated for
electrical components) PVC plastic, schedule 40 or 80.
C. Intermediate Metal Conduit

3. Minimum depth of bury:

Feeder/raceway type Minimum bury depth
Direct bury cable w/noraceway ................cccovienne. 24 inches
Rigid metal conduit from well to building ................ 6 inches
Rigid nonmetallic conduit from well to building ........ 18 inches

Any of the above under a driveway or parking area .. 18 inches

4. Splices and taps - Direct bury conductors or cables, when underground,
shall be permitted to be spliced and tapped without the use of splice
boxes. The splices and taps shall be made by approved methods and
with identified materials.

[1I. Cables under a building: - Must be installed in a raceway.

V. Cables through a foundation or basement wall:
A. Type UF cable shall not be embedded in poured cement, concrete, or aggregate.



B. The cable must be protected from damage by the use of rigid conduit with
approved bushings. The conduit shall be sealed after cable installation to
prevent the passage of moisture through the conduit.

V. Cable from the foundation or basement inside wall to the first point of attachment

in the building:

A. The cable must be enclosed in conduit. The conduit may be any one of the

following types:

N>R~ WNE

Intermediate Metal Conduit

Rigid Metallic Conduit

Rigid Nonmetallic Conduit

Electrical Metallic Tubing

Flexible Metallic Tubing

Flexible Metal Conduit

Liquidtight Flexible Metal Conduit
Liquidtight Flexible Nonmetallic Conduit

B. The conduit shall be used only with those types of fittings identified for such use.

VI. Grounding Requirements:

A. Submersible pumps - The frame of the submersible pump motor must be bonded
to the equipment grounding conductor installed with the branch circuit.

B. Steel casing with submersible pump.

1. Where a submersible pump is used in steel well casing, the well casing
shall be bonded to the pump circuit equipment grounding conductor.

2. The casing may be grounded by one of the following methods:
a. With the use of a "U" bolt type electrical grounding clamp (a water

bond clamp) on the outside of the casing. The ground wire extends
from the grounding clamp into the conduit on the outside of the
casing and then into the well cap for bonding to the branch circuit
equipment grounding conductor. An inhibitor paste should be used
on the grounding clamp and casing at the bonding location to prevent
corrosion,

OR

For those pitless adapters using a support pipe hanging from the top
of the casing, a grounding lug may be tapped into the support bridge
resting on the top edge of the casing. The ground wire would extend
from the grounding lug in the bridge to the equipment ground wire.

3. Clamp-on saddle type pitless adapters should not be used as the point of
attachment (bonding) for the casing grounding conductor. Dielectric
corrosion may cause failure of the pitless adapter "U" bolt or damage to
the saddle of the adapter.



4. Holes shall not be drilled into the casing wall for grounding lug installation.
Drilling a hole in the well casing violates R 325.1627 of Part 127, 1978 PA
368.

C. Metal well cap/seals - Where a submersible pump is used, and the well cap/seal is
metal, the cap/seal shall be grounded as follows:

1. The grounding conductor shall be installed such that the cap can be
loosened and removed without disconnecting the grounding conductor.

2. A grounding lug shall be provided on the inside of the well cap. The
grounding lug shall be aluminum or copper.

3. The well cap/seal grounding conductor shall be bonded to one of the
following:
a. The pump circuit equipment grounding conductor.

b. The equipment grounding bus of the panelboard supplying the
submersible pump.
C. A steel casing which has been grounded as required in VI-B above.

Electrical Troubleshooting for Pumps

The examination to become a Michigan Registered Water Well Drilling Contractor or Pump
Installer includes a hands-on submersible pump electrical troubleshooting exercise. The
exercise tests whether an applicant can correctly diagnose an electrical problem such as a
faulty main motor winding, broken motor lead, or damaged wire insulation.

Training on pump troubleshooting is available through the Ground Water & Wells
Fundamentals Course, co-sponsored by the Michigan Ground Water Association, Inc. and the
Department of Environmental Quality. Information about the course dates, location, and cost
can be obtained by visiting MGWA's website at www.michigangroundwater.com.

Pump troubleshooting training materials are also available from pump or motor manufacturers.
Some examples are Franklin Electric’'s Submersible Pump Motor Application, Installation,
Maintenance Manual, available online at www.franklin-electric.com/Manual/contents.html. or
Goulds Pump’s Single Phase Service Manual for Jets and Subs, at
www.goulds.com/pdf/GSSINGLE.pdf.




