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WATER SUPPLY AND DISTRIBUTION

TABLE P2903.1
REQUIRED CAPACITIES AT POINT OF OUTLET DISCHARGE

SB(:B:TESSEURF\’/FI,II‘I-é FLOW RATE (gpm) FLOW PRESSURE (psi)
Bathtub, balanced-pressprp, thermostatic or combination balanced- 4 20
pressure/thermostatic mixing valve
Bidet, thermostatic mixing valve 2 20
Dishwasher 2.75
Laundry tray 4
Lavatory 0.8
Shower, balanced—p.ressgrf:, thermostatic or combination balanced- 5 50 20
pressure/thermostatic mixing valve
Sillcock, hose bibb 5
Sink 1.75 8
Water closet, flushometer tank 1.6 20
Water closet, tank, close coupled 20
Water closet, tank, one-piece 6 20
For SI: 1 pound per square inch = 6.895 kPa, 1 gallon per minute = 3.785 L/m.
a. Where the shower mixing valve manufacturer indicates a lower flow rating for the mixing valve, the lower value shall be applied. [ |

TABLE P2903.2
MAXIMUM FLOW RATES AND COMSUMPTION FOR PLUMBING FIXTURES, AND FIXTURE FITTINGS ® AND APPLIANCES

PLUMBING FIXTURE

MAXIMUM FLOR RATE

OR FIRTURE FITTING OR QUANTITY
Lavatory faucet 22 1.5 gpm at 60 psi
Shower head? 2.0 2:2 gpm at 80 psi

Sink faucet

2.2 gpm at 60 psi

Water closet

1.6 1.28 gallons per flushing cycle

Dishwasher (Residential)

6.5 gallons per cycle or less (Energy Star/Watersense

Certified) (c)

Washing Machine

Water factor or 8 or lower (Energy Star/Watersense

Certified) (c)

For SI: 1 gallon per minute = 3.785 L/m.
1 pound per square inch = 6.895 kPA.

a. A handheld shower spray is also a shower head

b. Consumption tolerances shall be determined from referenced standards

c. Water factor in gallons per cycle per cubic foot

Exception: All fixtures, fittings and appliances with U.S. Environmental Agency WaterSense® (EPA) Label

P2903.3.1 Maximum pressure. The static water pressure
shall be not greater than 80 psi (551 kPa). Where the main
pressure exceeds 80 psi (551 kPa), an approved pressure-
reducing valve conforming to ASSE 1003 or CSA B356
shall be installed on the domestic water branch main or
riser at the connection to the water service pipe.

P2903.4 Thermal expansion control. A means for con-
trolling increased pressure caused by thermal expansion shall
be installed where required in accordance with Sections
P2903.4.1 and P2903.4.2.

P2903.4.1 Pressure-reducing valve. For water service
system sizes up to and including 2 inches (51 mm), a
device for controlling pressure shall be installed where,
because of thermal expansion, the pressure on the down-
stream side of a pressure-reducing valve exceeds the pres-
sure-reducing valve setting.
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P2903.4.2 Backflow prevention device or check valve.
Where a backflow prevention device, check valve or other
device is installed on a water supply system using storage
water heating equipment such that thermal expansion
causes an increase in pressure, a device for controlling
pressure shall be installed.

P2903.5 Water hammer. The flow velocity of the water dis-
tribution system shall be controlled to reduce the possibility
of water hammer. Water-hammer arrestors shall be installed
in accordance with the manufacturer’s instructions. Water-
hammer arrestors shall conform to ASSE 1010.

P2903.6 Determining water supply fixture units. Supply
loads in the building water distribution system shall be deter-
mined by total load on the pipe being sized, in terms of water
supply fixture units (w.s.f.u.), as shown in Table P2903.6, and
gallon per minute (gpm) flow rates [see Table P2903.6(1)].
For fixtures not listed, choose a w.s.f.u. value of a fixture with
similar flow characteristics.
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WATER SUPPLY AND DISTRIBUTION

TABLE P2903.6
WATER-SUPPLY FIXTURE-UNIT VALUES FOR VARIOUS PLUMBING FIXTURES AND FIXTURE GROUPS

TYPE OF FIXTURES OR GROUP OF FIXTURES WATER-SUPPLY FIXTURE-UNIT VALUE (w.s.f.u.)
Hot Cold Combined
Bathtub (with/without overhead shower head) 1.0 1.0 1.4
Clothes washer 1.0 1.0 1.4
Dishwasher 14 — 1.4
Full-bath group with bathtub (with/without shower head) or shower stall 1.5 2.7 3.6
Half-bath group (water closet and lavatory) 0.5 2.5 2.6
Hose bibb (sillcock)? — 2.5 2.5
Kitchen group (dishwasher and sink with or without food-waste disposer) 1.9 1.0 2.5
Kitchen sink 1.0 1.0 1.4
Laundry group (clothes washer standpipe and laundry tub) 1.8 1.8 2.5
Laundry tub 1.0 1.0 1.4
Lavatory 0.5 0.5 0.7
Shower stall 1.0 1.0 1.4
Water closet (tank type) — 2.2 22

For SI: 1 gallon per minute = 3.785 L/m.
a. The fixture unit value 2.5 assumes a flow demand of 2.5 gpm, such as for an individual lawn sprinkler device. If a hose bibb or sill cock will be required to
furnish a greater flow, the equivalent fixture-unit value may be obtained from this table or Table P2903.6(1).

TABLE P2903.6(1)
CONVERSIONS FROM WATER SUPPLY FIXTURE UNIT TO GALLON PER MINUTE FLOW RATES

SUPPLY SYSTEMS PREDOMINANTLY FOR FLUSH TANKS SUPPLY SYSTEMS PREDOMINANTLY FOR FLUSHOMETER VALVES
Load Demand Load Demand
(Water supply fixture units) (Gallons per minute) (cuzfnﬁ?) per (Water Suunlz:)sl)y fixture (Gallons per minute) | (Cubic feet per minute)

1 3.0 0.04104 — — —

2 5.0 0.0684 — — —

3 6.5 0.86892 — — —

4 8.0 1.06944 — — —

5 9.4 1.256592 5 15.0 2.0052
6 10.7 1.430376 6 17.4 2.326032
7 11.8 1.577424 7 19.8 2.646364
8 12.8 1.711104 8 22.2 2.967696
9 13.7 1.831416 9 24.6 3.288528
10 14.6 1.951728 10 27.0 3.60936
11 15.4 2.058672 11 27.8 3.716304
12 16.0 2.13888 12 28.6 3.823248
13 16.5 2.20572 13 29.4 3.930192
14 17.0 2.27256 14 30.2 4.037136
15 17.5 2.3394 15 31.0 4.14408
16 18.0 2.90624 16 31.8 4.241024
17 18.4 2459712 17 32.6 4.357968
18 18.8 2.513184 18 334 4.464912
19 19.2 2.566656 19 342 4.571856
20 19.6 2.620128 20 35.0 4.6788

(continued)
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motors unless part of a listed self-contained spa or hot
tub. [680.43(D)(2)]

3. Metal raceway and metal piping that are within 5 feet
(1524 mm) of the inside walls of the hot tub or spa and
that are not separated from the spa or hot tub by a per-
manent barrier. [680.43(D)(3)]

4. All metal surfaces that are within 5 feet (1524 mm) of
the inside walls of the hot tub or spa and that are not

separated from the hot tub or spa area by a permanent
barrier. [680.43(D)(4)]

Exception: Small conductive surfaces not likely to
become energized, such as air and water jets and
drain fittings, where not connected to metallic pip-
ing, towel bars, mirror frames, and similar nonelec-
trical equipment, shall not be required to be bonded.
[680.43(D)(4) Exception]

5. Electrical devices and controls that are not associated
with the hot tubs or spas and that are located less than 5
feet (1524 mm) from such units. [680.43(D)(5)]

E4204.5.1 Methods. All metal parts associated with the
hot tub or spa shall be bonded by any of the following
methods:

1. The interconnection of threaded metal piping and
fittings. [680.43(E)(1)]

2. Metal-to-metal mounting on a common frame or
base. [680.43(E)(2)]

3. The provision of an insulated, covered or bare solid
copper bonding jumper not smaller than 8 AWG.It
shall not be the intent to require that the 8 AWG or
larger solid copper bonding conductor be extended
or attached to any remote panelboard, service equip-
ment, or any electrode, but only that it shall be
employed to eliminate voltage gradients in the hot
tub or spa area as prescribed. [680.43(E)(3)]

E4204.5.2 Connections. Connections to bonded parts
shall be made in accordance with Section E3406.13.1.

SECTION E4205
GROUNDING

E4205.1 Equipment to be grounded. The following equip-
ment shall be grounded:

1. Through-wall lighting assemblies and underwater lumi-
naires other than those low-voltage lighting products
listed for the application without a grounding conduc-
tor.

2. All electrical equipment located within 5 feet (1524
mm) of the inside wall of the pool, spa or hot tub.

3. All electrical equipment associated with the recirculat-
ing system of the pool, spa or hot tub.

4. Junction boxes.
5. Transformer and power supply enclosures.
6. Ground-fault circuit-interrupters.
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SWIMMING POOLS [ELECTRICAL PROVISIONS]

7. Panelboards that are not part of the service equipment
and that supply any electrical equipment associated
with the pool, spa or hot tub. (680.7)

E4205.2 Luminaires and related equipment. Other than
listed low-voltage luminaires not requiring grounding, all
through-wall lighting assemblies, wet-niche, dry-niche, or
no-niche luminaires shall be connected to an insulated copper
equipment grounding conductor sized in accordance with
Table E3908.12 but not smaller than 12 AWG. The equip-
ment grounding conductor between the wiring chamber of the
secondary winding of a transformer and a junction box shall
be sized in accordance with the overcurrent device in such
circuit. The junction box, transformer enclosure, or other
enclosure in the supply circuit to a wet-niche or no-niche
luminaire and the field-wiring chamber of a dry-niche lumi-
naire shall be grounded to the equipment grounding terminal
of the panelboard. The equipment grounding terminal shall be
directly connected to the panelboard enclosure. The equip-
ment grounding conductor shall be installed without joint or
splice. [680.23(F)(2) and 680.23(F)(2) Exception]

Exceptions:

1. Where more than one underwater luminaire is sup-
plied by the same branch circuit, the equipment
grounding conductor, installed between the junction
boxes, transformer enclosures, or other enclosures in
the supply circuit to wet-niche luminaires, or
between the field-wiring compartments of dry-niche
luminaires, shall be permitted to be terminated on
grounding terminals. [680.23(F)(2)(a)]

2. Where an underwater luminaire is supplied from a
transformer, ground-fault circuit-interrupter, clock-
operated switch, or a manual snap switch that is
located between the panelboard and a junction box
connected to the conduit that extends directly to the
underwater luminaire, the equipment grounding
conductor shall be permitted to terminate on ground-
ing terminals on the transformer, ground-fault cir-
cuit-interrupter, clock-operated switch enclosure, or
an outlet box used to enclose a snap switch.
[680.23(F)(2)(b)]

E4205.3 Nonmetallic conduit. Where a nonmetallic conduit
is installed between a forming shell and a junction box, trans-
former enclosure, or other enclosure, a 8 AWG insulated cop-
per bonding jumper shall be installed in this conduit except
where a listed low-voltage lighting system not requiring
grounding is used. The bonding jumper shall be terminated in
the forming shell, junction box or transformer enclosure, or
ground-fault circuit-interrupter enclosure. The termination of
the 8 AWG bonding jumper in the forming shell shall be cov-
ered with, or encapsulated in, a listed potting compound to
protect such connection from the possible deteriorating effect
of pool water. [680.23(B)(2)(b)]

E4205.4 Flexible cords. Other than listed low-voltage light-
ing systems not requiring grounding, wet-niche luminaires
that are supplied by a flexible cord or cable shall have all
exposed noncurrent-carrying metal parts grounded by an
insulated copper equipment grounding conductor that is an
integral part of the cord or cable. This grounding conductor
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SWIMMING POOLS [ELECTRICAL PROVISIONS]

shall be connected to a grounding terminal in the supply junc-
tion box, transformer enclosure, or other enclosure. The
grounding conductor shall not be smaller than the supply con-
ductors and not smaller than 16 AWG. [680.23(B)(3)]

E4205.5 Motors. Pool-associated motors shall be connected
to an insulated copper equipment grounding conductor sized
in accordance with Table E3908.12, but not smaller than 12
AWG. Where the branch circuit supplying the motor is
installed in the interior of a one-family dwelling or in the
interior of accessory buildings associated with a one-family
dwelling, using a cable wiring method permitted by Table
E4202.1, an uninsulated equipment grounding conductor
shall be permitted provided that it is enclosed within the outer
sheath of the cable assembly. [680.21(A)(1) and (A)(4)]

E4205.6 Feeders. An equipment grounding conductor shall
be installed with the feeder conductors between the ground-
ing terminal of the pool equipment panelboard and the
grounding terminal of the applicable service equipment. The
equipment grounding conductor shall be insulated, shall be
sized in accordance with Table E3908.12, and shall be not
smaller than 12 AWG.

E4205.6.1 Separate buildings. A feeder to a separate
building or structure shall be permitted to supply swim-
ming pool equipment branch circuits, or feeders supplying
swimming pool equipment branch circuits, provided that
the grounding arrangements in the separate building meet
the requirements of Section E3607.3. The feeder equip-
ment grounding conductor shall be an insulated conductor.
(680.25(B)(2)]

E4205.7 Cord-connected equipment. Where fixed or sta-
tionary equipment is connected with a flexible cord to facili-
tate removal or disconnection for maintenance, repair, or
storage, as provided in Section E4202.2, the equipment
grounding conductors shall be connected to a fixed metal part
of the assembly. The removable part shall be mounted on or
bonded to the fixed metal part. [680.7(C)]

E4205.8 Other equipment. Other electrical equipment shall
be grounded in accordance with Section E3908. (Article 250,
Parts V, VI, and VII; and 680.6)

SECTION E4206
EQUIPMENT INSTALLATION

E4206.1 Transformers and power supplies. Transformers
and power supplies used for the supply of underwater lumi-
naires, together with the transformer or power supply enclo-
sure, shall be listed for swimming pool and spa use. The
transformer or power supply shall incorporate either a trans-
former of the isolated-winding type with an ungrounded sec-
ondary that has a grounded metal barrier between the primary
and secondary windings, or a transformer that incorporates an
approved system of double insulation between the primary
and secondary windings. [680.23(A)(2)]

E4206.2 Ground-fault circuit-interrupters. Ground-fault
circuit-interrupters shall be self-contained units, circuit-breaker
types, receptacle types or other approved types. (680.5)

E4206.3 Wiring on load side of ground-fault circuit-inter-
rupters and transformers. For other than grounding con-
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ductors, conductors installed on the load side of a ground-fault
circuit-interrupterortransformerusedtocomplywith theprovisions
of Section E4206.4, shall not occupy race-ways, boxes, or
enclosures containing other conductors except where the other
conductorsareprotectedbyground-faultcircuitinterruptersorare
grounding conductors. Supply conductors to afeed-through type
ground-fault circuit inter-rupter shall be permitted in the same
enclosure.Ground-fault circuitinterruptersshallbepermittedina
panelboardthat containscircuits protected by otherthan ground-
fault circuit interrupters. [680.23(F)(3)]

E4206.4 Underwater luminaires. The design of an underwater
luminaire supplied from a branch circuit either directly or by way of
a transformer or power supply meeting the requirements of Section
E4206.1, shall be such that, where the fixture is properly installed
without a ground-fault circuit-interrupter, there is no shock hazard
with any likely combination of fault conditions during normal use
(not relamping). In addition, a ground-fault circuit-interrupter shall
be installed in the branch circuit supplying luminaires operating at
more than the low-voltage contact limit, such that there is no shock
hazard during relamping. The installation of the ground-fault circuit-
interrupter shall be such that there is no shock hazard with any likely
fault-condition combination that involves a person in a conductive
path from any ungrounded part of the branch circuit or the luminaire
to ground. Compliance with this requirement shall be obtained by
the use of a listed underwater luminaire and by installation of a
listed ground-fault circuit-interrupter in the branch circuit or a listed
transformer or power supply for luminaires operating at more than
the low-voltage contact limit. Luminaires that depend on sub-
mersion for safe operation shall be inherently protected against the
hazards of overheating when not submerged.[680.23(A)(1), (A)(3),
(A)(7) and (A)(3)]

E4206.4.1 Maximum voltage. Luminaires shall not be installed
for operation on supply circuits over 150 volts between
conductors. [680.23(A)(4)]

E4206.4.2 Luminaire location. Luminaires mounted in walls
shall be installed with the top of the fixture lens not less than 18
inches (457 mm) below the normal water level of the pool,
except where the luminaire is listed and identified for use at a
depth of not less than 4 inches (102 mm) below the normal water
level of the pool. A lumi-naire facing upward shall have the lens
adequately guarded to prevent contact by any person or shall be
listed for use without a guard. [680.23(A)(5) and (A)(6)]

E.4206.4.3 When underwater light fixtures are installed for
swimming or bathing pools, these fixtures shall not exceed the
following maximum output/ performance standards:

1. 15 volts (RMS) for sinusodial alternating current

2. 21.2 volts peak for nonsinusoidal alternating current

3. 30 volts continuous direct current

4. 12.4 volts peak for direct current that is interrupted at a
rate of 10 to 200 Hertz

5. The maximum incandescent lamp size shall be 300 watts

E4206.5 Wet-niche luminaires. Forming shells shall be
installed for the mounting of all wet-niche underwater lumi-naires
and shall be equipped with provisions for conduit entries.
Conduit shall extend from the forming shell to a suit-able junction
box or other enclosure located as provided in Section E4206.9.
Metal parts of the luminaire and forming shell in contact with the
pool water shall be of brass or other approved corrosion-resistant
metal. [680.23(B)(1)]

The end of flexible-cord jackets and flexible-cord conduc-tor
terminations within a luminaire shall be covered with, or
encapsulated in, a suitable potting compound to prevent the entry of
water into the luminaire through the cord or its con-
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