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PREFACE

This book is your guide to getting your code questions answered with less stress.
It is your ticket to simplifying the cryptic code that you work with on a daily 
basis. The code is large and can be complicated. I’ve translated the code into 
easy-to-use terms for people in the field. See the code as a real-world guide instead
of some foreign language that only some people can begin to sift through. This is
your chance.

How important is understanding the code? It is essential for professionals in
the trade. Building without code compliance is an expensive mistake. Many good
builders and contractors mean well and still stray from the code. This is often due
to the code being difficult to understand and follow. Not anymore. This book will
walk you through the code requirements chapter by chapter.

Laid out in the same basic sequence as the code book, this book can be used
in conjunction with your code book. While this book is not a replacement for your
code book, it is a strong enhancement to it. Use the books together as resources to
make your job or your business more productive.

Thumb through the pages here. Notice the tip boxes. You will find that some
key components of the code are highlighted in the tip boxes. Go ahead, take a
peek. While you are at it, pick a few topics that you are either familiar with or con-
fused about, and look them up. See for yourself how easy this book makes it to put
your mind at ease on code issues.

You might find another book that attempts to do what this one does, but if you
are looking for one guide to the code that you can trust, this is it.
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CHAPTER 1

DEFINITIONS

Definitions are not exactly exciting reading, but they can play a vital role in the
plumbing code. It would be easy to justify skipping this chapter, but I urge you not
to. I’ve been plumbing since the mid-1970s, hold a master’s license, and have
owned my own plumbing company since 1979. In addition to fieldwork and run-
ning my business, I’ve taught code classes and apprenticeship classes at Central
Maine Technical Center. During all these years I’ve seen countless plumbers who
could not give the proper definition of a term. For example, are you sure what the
difference is between a stack vent and a vent stack? If you even thought of hesi-
tating on this question, don’t skip this chapter.

There are many cases of industry slang that conflicts with proper definitions.
Local sayings can be fine for getting the job done, but they don’t cut it on license
testing, and they can make it difficult to communicate with suppliers. For exam-
ple, most plumbers in my region have a pet name for trap adapters. People in this
area know what they are talking about, but if they move to another location, not
knowing that the part they are requesting is technically a trap adapter could be a
problem.

If you are in charge of permit acquisitions, take-offs, and similar tasks where
using the right word or term can be crucial, you must be up to speed on the defi-
nitions as set forth by the plumbing codes. We will use this chapter to learn and
understand the correct terms and definitions. Don’t feel that you have to memo-
rize them, but become familiar enough to be comfortable when interpreting your
local code book.
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WORDS, TERMS, AND DEFINITIONS

ABS: Acrylonitrile-Butadiene-Styrene

ACCEPTED ENGINEERING PRACTICE: Any practice that conforms to ac-
cepted principles, tests, or standards. The accepted principles, tests, or standards
must be approved by technical or scientific authorities.

ACCESS: Fixtures, appliances, and equipment that require access may be gov-
erned by one of two means of access. In essence, access refers to some means of
making devices reachable. The means of access can be considered accessible (if
the removal of a panel or plate is required for access) or ready (if a device can be
reached immediately without the removal of a concealment device).

ACCESS COVER: An access cover is a device used to conceal plumbing that is
required to be accessible. It is common for access covers to be secured with screws
or bolts that can be removed easily.

ACCESSIBLE: When a device is deemed accessible, it is within code require-
ments for it to be concealed by a removable panel or plate. This is not to be con-
fused with a device that is required to be readily accessible, in which case the re-
moval of a concealment device is not allowed. 

ADAPTER FITTING: Any approved fitting that can be used to connect pipes
and fittings that would not otherwise fit together is an adapter fitting.

ADMINISTRATIVE AUTHORITY: A broad range of people and organiza-
tions act as an administrative authority. For example, your local plumbing inspec-
tor can be considered an administrative authority. In addition to individuals, code
boards, code departments, and code agencies can be considered administrative au-
thorities. An authorized representative of an administrative authority is also an ad-
ministrative authority.

AIR ADMITTANCE VALVE: A one-way valve designed to allow air to enter
a plumbing drainage system is an air admittance valve. The valve closes automat-
ically by gravity and seals the vent terminal at zero differential pressure and un-
der positive internal pressures. Many field plumbers refer to these devices as me-
chanical vents. Air admittance valves are intended to allow air to enter a drainage
system without the need for a vent that extends to open air through a roof or wall.
Another feature of an air admittance device is the prevention of sewer gas from
entering a building. It is common for these valves to be installed under sinks and
lavatories during remodeling work.

AIR BREAK: Don’t confuse an air break with an air gap. Both can be found in
drainage systems, but they are not the same. An air break is a piping arrangement
in which a drain from a fixture or device discharges indirectly into another fixture,
as in the case of a clothes washer discharging into a laundry sink. The indirect dis-
charge must be made above the trap seal and below the flood level rim.
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AIR GAP (DRAINAGE): There are air gaps in both drainage and water distribu-
tion systems. When dealing with a drainage system, an air gap is the unobstructed
vertical distance through the open air between the outlet of a waste pipe and the
flood level rim of the receptacle receiving the discharge. An example of this would
be a condensate pipe that terminates above a floor drain. The distance from the
discharge pipe to the floor drain would be considered the air gap.

AIR GAP (WATER DISTRIBUTION): An unobstructed vertical distance
through open air between the lowest opening from any pipe or faucet supplying
water to a tank, plumbing fixture, or other device and the flood level rim of a re-
ceptacle is considered to be an air gap.

ALTERNATIVE ENGINEERED DESIGN: It is possible for engineers and
others to create plumbing systems that perform in accordance with the intent of
the plumbing code, even though the system may not be piped in direct relation to
the code. When this is done, the system is known as an alternative engineered de-
sign. So long as the system protects public health, safety, and welfare, it can be ap-
proved by a local administrative authority.

ANCHORS: See Supports.

ANTISIPHON: Devices designed to prevent siphonage are called antisiphon de-
vices.

APPROVED: Anything meeting the required standards of an administrative au-
thority or code official can be considered approved.

APPROVED TESTING AGENCY: Groups or organizations established prima-
rily to implement testing for conformance to approved standards required by an
administrative authority are known as approved testing agencies or approved
agencies.

AREA DRAIN: Devices installed to collect storm or surface water from an open
area, such as an areaway, are called area drains.

ASPIRATOR: A device supplied with water or another fluid under positive pres-
sure that passes through an integral orifice or construction that causes a vacuum is
an aspirator. It is not uncommon for aspirators to be called suction devices that are
similar to ejectors. 

BACKFLOW: Whenever water, other liquids, mixtures, or other substances flow
into a potable water system from a source not intended to mix with the potable sys-
tem, the act is known as backflow. For example, a water hose that has a fertilizer
watering device attached to it and that is connected to a hose bibb could create a
potentially deadly backflow if the contents of the watering device were to be
sucked into the potable water system. The simple installation of a backflow pre-
venter can avoid such disasters.

BACKFLOW CONNECTION: Any type of plumbing connection that is not
protected from backflow can be considered a backflow connection.
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BACKPRESSURE: A potential backflow problem can exist when backpressure
occurs. Any pressure created in a water distribution system this is in excess of the
pressure in the water distribution system itself can cause backflow. The pressure
causing this risk is known as backpressure.

BACKPRESSURE, LOW HEAD: Pressure that is less than, or equal to, 4.33
pounds per square inch (psi) or the pressure exerted by a 10-foot column of water.

BACKFLOW PREVENTER: Any device designed to prevent backflow into a
potable water system is a backflow preventer.

BACKSIPHONAGE: If there is contaminated backflow into a potable water sys-
tem, it is called backsiphonage. This can occur when the pressure in a potable wa-
ter system falls below atmospheric pressure of the plumbing fixtures or devices. 

BACKWATER VALVE: Some sewers and building drains are subject to back-
flow. When this is the case, backwater valves are installed to prevent drainage and
waste from backing up into the building drain or sewer. You can think of a back-
water valve as something of a check valve. Drainage and waste can flow out of the
pipe in the proper direction, but cannot back up into the pipe beyond the backwa-
ter valve.

BALLCOCK: Ballcocks are most often found in toilet tanks. A water supply valve
that is operated by means of a float and used to fill a tank with water is a ballcock.
Modern versions of ballcocks are equipped with antisiphon devices that prevent
water in a toilet tank from being sucked back into the potable water supply system. 

BASE FLOOD ELEVATION: Reference points are established that determine
the peak elevation of a potential flood based on the likelihood of a flood within a
100-year period. Such reference points are known as base flood elevations. The
base point takes into consideration the wave height of any flooding that may oc-
cur. All base flood elevation points are established within the guidelines of local
building code requirements.

BATHROOM: Any room equipped with a bathing unit, such as a bathtub or
shower, is considered to be a bathroom.

BATHROOM GROUP: A bathroom group consists of any group of plumbing fix-
tures that may or may not include a bidet or an emergency floor drain, and that does
include a water closet, a lavatory, and a bathing unit, such as a bathtub or shower.
All fixtures in a bathroom group are located together on the same floor level.

BATTERY OF FIXTURES: Whenever there are two or more similar fixtures in-
stalled side by side that discharge into a common horizontal waste or soil branch,
a battery of fixtures is created. One common example of this would be a battery
of urinals on the wall of a public restroom.

BEDPAN STEAMER: Any fixture used to scald bedpans or urinals by the direct
application of steam or boiling water is know as a bedpan steamer or a bedpan
boiler—the two names are interchangeable.

1.4 CHAPTER 1



BEDPAN WASHER AND STERILIZER: Plumbing fixtures installed for the
purpose of washing bedpans and in which the contents of the fixture are allowed
into the sanitary drainage system are called bedpan washers. Also included in this
classification are fixtures that drain into the sanitary drainage system, but also pro-
vide for disinfecting utensils by scalding them with steam or hot water.

BEDPAN WASHER HOSE: Devices that are installed adjacent to a water closet
or clinical sink and are supplied with hot and cold water for the purpose of clean-
ing bedpans are called bedpan washer hoses.

BOILER BLOWOFF: The emptying of discharge or sediment from a boiler is
done through a boiler blowoff.

BRANCH: Any part of a piping system that is not a riser, a main, or a stack.

BRANCH, FIXTURE: See Fixture Branch.

BRANCH, HORIZONTAL: See Horizontal Branch.

BRANCH INTERVAL: The distance along a soil or waste stack that corresponds
to the story height of a building (but not less than eight feet) within which the hori-
zontal branches from one floor or story of a building are connected to a stack.

BRANCH VENT: Any vent that connects one or more individual vents with a
vent stack or a stack vent.

BRAZED JOINT: A joint made by the joining of metal parts with alloys that melt
at temperatures higher than 840°F. but lower than the melting temperature of the
parts being joined.

BUILDING: A structure that is occupied or intended for occupancy by people.

BUILDING DRAIN: A building drain is the lowest drainage piping that receives
the discharge from soil, waste, and other drainage pipes inside a building.
Building drains extend to a length of up to 30 inches beyond the walls of a struc-
ture and convey their contents into what becomes the building sewer once the pipe
is extended beyond the 30-inch limit.

BUILDING DRAIN, COMBINED: Some jurisdictions allow a building drain to
convey both sewage and storm water in a single pipe. When this is the case, the
pipe is known as a combined building drain.

BUILDING DRAIN, SANITARY: A building drain that conveys only sewage.

BUILDING DRAIN, STORM: A building drain that conveys storm water or
other drainage but not sewage.

BUILDING SEWER: A pipe that begins about 30 inches away from a building
and conveys sewage from the building to a public sewer or a private sewage dis-
posal system.

BUILDING SEWER, COMBINED: One that conveys both sewage and storm
water.

DEFINITIONS 1.5



BUILDING SEWER, SANITARY: One that conveys only sewage.

BUILDING SEWER, STORM: One that conveys storm water or other drainage
but not sewage.

BUILDING SUBDRAIN: Any portion of a drainage system that does not drain
by gravity into a building sewer.

BUILDING SUPPLY: A pipe that supplies water to a building from a water me-
ter or other water source. Building supplies are often referred to as water services.

BUILDING TRAP: A device installed in the building drain or building sewer to
prevent the circulation of air between the drainage system of the building and the
building sewer. These devices are no longer common.

CERTIFIED BACKFLOW ASSEMBLY TESTER: Someone who is ap-
proved to test and maintain backflow assemblies to the satisfaction of the admin-
istrative authority.

CESSPOOL: A lined excavation in the earth that collects the discharge from
drainage systems and retains organic matter while allowing liquids to seep
through the bottom and sides of the lining to be absorbed in the ground.

CHEMICAL WASTE: See Special Wastes.

CIRCUIT VENT: Any vent connecting to a horizontal drainage branch that vents
two to a maximum of eight traps or trapped fixtures connected in a battery of fix-
tures.

CISTERN: A storage tank that is normally used to collect and store storm water
for uses not associated with potable water.

CLEANOUT: An opening in a drainage system that allows access for the removal
of obstructions in the piping. The most common type of cleanout is a removable
plug or cap, but a removable fixture, such as a water closet, can also be considered
a cleanout, as can a removable trap on a plumbing fixture, such as a sink.

CLINIC SINK: Sinks with a flush rim, an integral trap with a visible trap seal,
and the basic flushing and cleansing characteristics of a water closet that are in-
tended to receive the discharge from bedpans are known as clinic sinks.

CODE: Regulations set forth and adopted by local jurisdictions to dictate proper
plumbing procedures as enforced by the administrative authority.

CODE OFFICIAL: An individual authorized to enforce the local code requirements.

COMBINATION FIXTURE: A sink or laundry tray that has two or three com-
partments in a single unit, or a fixture that combines a sink with a laundry tray.

COMBINATION THERMOSTATIC/PRESSURE BALANCING VALVE:
A mixing valve able to sense water temperature from the outlet location and main-
tain it by regulating the temperature of incoming hot and cold water. 
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COMBINATION WASTE AND VENT SYSTEMS: A system designed to ac-
cept the drainage of sinks and floor drains without the standard use of vertical
vents. These systems utilize horizontal wet venting in oversized pipes as an alter-
native to routine vertical venting.

COMBUSTIBLE CONSTRUCTION: Any structure containing building mate-
rials that will ignite and burn at a temperature of 1392°F. or less.

COMMON: A word used to describe any part of a plumbing system that is meant
to serve more than one fixture, building, system, or appliance.

COMMON VENT: A vent that serves more than one fixture and that is con-
nected at the junction of the fixture drains or to a fixture branch that is serving the
fixtures.

CONCEALED FOULING SURFACE: Any surface of a plumbing fixture that
is not readily visible and that is not scoured or cleansed with each operation of the
fixture.

CONDUCTOR: Storm water piping found inside a building that conveys storm
water from a roof to a storm drain, combined building sewer, or some other ap-
proved location.

CONFINED SPACE: An area that has a volume less than 50 cubic feet per 1,000
Btu/h of the aggregate input rating of all fuel burning appliances installed in the
area.

CONSTRUCTION DOCUMENTS: Materials that typically consist of graphics,
blueprints, specifications, descriptions, and other requirements needed to obtain a
building permit. It is expected that the documents will be drawn to scale when rel-
evant. 

CONTAMINATION: Any impairment of water quality in a potable water sys-
tem that may cause public heath problems, such as through poisoning or the
spread of disease.

CONTINUOUS VENT: Any vertical vent that is a continuation of the drain for
which it serves as the vent.

CONTINUOUS WASTE: A piping arrangement that connects the drains from
multiple fixtures to a common trap, as in the case of a double-bowl kitchen sink
connected to a single trap.

CPVC: Chlorinated Poly Vinyl Chloride.

CRITICAL LEVEL: A measurement that is used to establish the minimum
height at which a backflow preventer or vacuum breaker can be installed above
the flood level rim of a fixture or receptor. Any space below the critical level is as-
sumed to present a risk of backflow. When obvious markings are not evident to
establish a critical level, the bottom of the device is considered to be the critical
level.
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CROSS CONNECTION: Any connection or arrangement that allows the possi-
bility of contamination of a potable water system.

DEAD END: Any branch of a soil, waste, or vent pipe or building drain or build-
ing sewer that extends for a length of two feet or more and ends with a plug, cap,
or other closed fitting.

DEPARTMENT HAVING JURISDICTION: Any agency or organization, in-
cluding but not limited to the administrative authority, that has the authority to in-
terpret and enforce the plumbing code.

DEPTH OF WATER SEAL: A measurement of liquid, usually water, that
would have to be removed from a trap to allow air to pass through.

DESIGN FLOOD ELEVATION: An elevation that is determined by using data
specified on a community’s legally designated flood hazard map to identify a
flood level that includes wave height.

DEVELOPED LENGTH: The full length of a section of piping, including fit-
tings, when measured along the centerline of the pipe and fittings.

DIAMETER: Except where otherwise stated, diameter is considered to be the
nominal diameter as designated commercially.

DISCHARGE PIPE: Any pipe that conveys the discharge from plumbing fix-
tures and/or appliances.

DOMESTIC SEWAGE: Liquid and water-borne wastes that come from ordinary
household use, do not contain industrial wastes, and can be disposed of satisfacto-
rily. There is no need for special treatment to prepare domestic sewage for disposal.
In other words, domestic sewage can be disposed of in a sanitary public sewer or pri-
vate sewage disposal system without any preliminary treatment necessary.

DOWNSPOUT: A piping arrangement that extends down the exterior of a build-
ing and that carries storm water from a roof to a building storm drain, combined
building sewer, or other means of satisfactory disposal. 

DRAIN: A pipe that carries waste water or water-borne wastes in a building
drainage system is a drain.

DRAINAGE FITTINGS: Special fittings used in a drainage system that are re-
cessed and tapped to eliminate ridges on the inside of installed pipe. They differ
from standard cast-iron fittings in that the latter have a bell and spigot design that
does not offer the same smooth service that is created with drainage fittings.

DRAINAGE SYSTEM: Any piping located within private or public buildings
that conveys sewage, rainwater, or other liquid waste to a point of disposal.
Excluded from the drainage system is any main or public sewer system or sewage
treatment or disposal plant.

DRAINAGE SYSTEM, GRAVITY: A drainage system that drains entirely by
gravity to a building sewer.
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DRAINAGE SYSTEM, SANITARY: A drainage system that carries sewage
but not storm, surface, or ground water.

DRAINAGE SYSTEM, STORM: A drainage system that conveys storm water,
surface water, condensate waste, and other similar liquids.

DURHAM SYSTEM: A special type of soil or waste drainage system that is cre-
ated with threaded pipe or tubing and that utilizes recessed drainage fittings.

EFFECTIVE OPENING: This term can have multiple meanings. Generally, it
refers to the minimum cross-sectional area at a point where water supply dis-
charge is measured or expressed in terms of the diameter of a circle. In cases
where the opening is not circular in shape, the diameter measurement of a circle
of equivalent cross-sectional area is used. In addition to these conditions, effec-
tive opening can also apply to an air gap.

EMERGENCY FLOOR DRAIN: A floor drain that does not receive the dis-
charge of any drain or indirect waste pipe, and that protects against damage from
accidental spills, fixture overflows, and leakage.

ESSENTIALLY NONTOXIC TRANSFER FLUIDS: There are many types of
fluids that can be considered essentially nontoxic when they have a Gosselin rating of 1.
The most common fluids of this type include: propylene glycol, polydimethylsilox-
ane, mineral oil, hydrochlorofluorocarbon, chlorofluorocarbon, and hydrofluorocar-
bon refrigerants, as well as FDA-approved boiler water additives for steam boilers.

ESSENTIALLY TOXIC TRANSFER FLUIDS: Any soil, waste, or gray wa-
ter or fluids that have a Gosselin rating of 2 or more are considered to be essen-
tially toxic transfer fluids. These fluids can include: ethylene glycol, hydrocarbon
oils, ammonia refrigerants, and hydrazine.

EXISTING INSTALLATIONS: Plumbing work and systems that were in-
stalled prior to the effective date of the current plumbing code, for which a permit
was issued, are considered to be existing installations.

EXISTING WORK: See Existing Installations.

FAUCET: A device attached to the end of a water supply pipe that makes it pos-
sible to draw water that is being held in the pipe.

FILL VALVE: This is a water valve that supplies water to a device, such as a wa-
ter closet. The device is opened or closed by means of a float or similar device.
Antisiphon devices are an integral part of a fill valve. The antisiphon device is po-
sitioned on the discharge side of a water supply control valve.

FIXTURE: See Plumbing Fixture.  

FIXTURE BRANCH: This term can have two meanings. A fixture branch can
be a drain that serves two or more fixtures and discharges into another drain or
stack. When related to a water supply system, a fixture branch is a water supply
pipe that runs from a water distribution pipe to a fixture.
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FIXTURE DRAIN: A section of drainpipe that runs from the trap of a fixture to
a junction with another drainpipe.

FIXTURE FITTING: A fixture fitting is a fitting that controls the volume and/or
directional flow of water to a fixture. Fixture fittings are generally attached to a
fixture but may simply be accessible from the fixture. A waste fitting is a combi-
nation of components that conveys the sanitary waste from the outlet of a fixture
to the connection to the sanitary drainage system.

FIXTURE SUPPLY: A pipe or tube that connects a fixture to a branch water
supply or to a main water supply pipe.

FLAMMABLE VAPOR OR FUMES: A concentration of flammable con-
stituents in air that exceeds 25 percent of its lower flammability limit.

FLOODED: A condition that occurs when a fixture is filled with liquid that rises
to the flood level rim.

FLOOD LEVEL RIM: The upper edge of a fixture where water will overflow
the fixture if its height is greater than the edge of the fixture.

FLOOD HAZARD AREA: A flood hazard area or zone is established by choos-
ing the greater of one of two areas. The two considerations are the area within a
floodplain subject to a 1 percent or greater chance of flooding in a given year and
an area that is designated as a flood hazard area on a community’s flood hazard
map or as otherwise legally designated. 

FLOW PRESSURE: A measurement of water pressure in a pipe that is near a
faucet or water outlet. The flow pressure is established when the faucet or water
outlet is in a full-open position.

FLUSH TANK: A tank that is usually controlled by a ballcock and equipped with
a flush valve that holds water that is released on demand to flush the contents of
a bowl or other portion of a fixture, as in the case of water closets and urinals.

FLUSH VALVE: A valve located at the base of a flush tank that provides for the
flushing of water closets and similar fixtures.

FLUSHOMETER TANK: A device designed to be installed within an air accu-
mulator vessel for the purpose of discharging a predetermined quantity of water
to fixtures for flushing purposes.

FLUSHOMETER VALVE: A valve that provides a predetermined quantity of
water to fixtures for flushing purposes and is actuated by direct water pressure.
The valve gradually closes to reseal fixture traps and to avoid water hammer.

GANG OR GROUP SHOWER: Two or more showers in a common area.

GRADE: An amount of slope or fall of a pipe in reference to a horizontal plane.
Grade is also frequently called pitch. While grade or pitch can be a factor in var-
ious types of piping, it is most commonly encountered when working with
drainage systems.
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GREASE INTERCEPTOR: A passive interceptor device whose rated flow ex-
ceeds 50 gallons per minute (GPM) installed in a sanitary drainage system to in-
tercept oily and greasy wastes from a wastewater discharge.

GREASE-LADEN WASTE: An effluent discharge that is a byproduct of food
processing, food preparation, or other source in which grease, fats, and oils enter
an automatic dishwasher prerinse station, sink, or other appurtenance.

GREASE TRAP: A passive interceptor device whose rated flow is 50 GPM or less.

HANGERS: See Supports.

HIGH HAZARD: See Contamination.

HORIZONTAL BRANCH: Any pipe that extends laterally from a soil or waste
stack or building drain, with or without vertical sections or branches, receives the
discharge from one or more fixture drains, and conducts its contents to a soil or
waste stack or to a building drain.

HORIZONTAL PIPE: A pipe or fitting that makes an angle of less than 45 de-
grees with the horizontal.

HOT WATER: Water with a temperature equal to or greater than 120°F.

HOUSE DRAIN: See Building Drain.

HOUSE SEWER: See Building Sewer.

HOUSE TRAP: See Building Trap.

INDIRECT WASTE PIPE: A pipe that discharges into a drainage system
through an air break or air gap without attaching directly to the drainage piping.

INDIVIDUAL SEWAGE DISPOSAL SYSTEM: Any approved system that
uses a septic tank, cesspool, or mechanical treatment to dispose of domestic
sewage in a way that does not rely on a public sewer or public treatment facility.

INDIVIDUAL VENT: A single vent that vents a fixture trap and that either con-
nects to a vent system above the fixture being served or terminates into open air.

INDIVIDUAL WATER SUPPLY: Any water supply, other than an approved
public water supply, that serves one or more families.

INDUSTRIAL WASTE: All liquid or water-borne waste from industrial or com-
mercial processes, except domestic sewage.

INTERCEPTOR: A device that separates and retains deleterious, hazardous, or
undesirable matter from normal waste. Interceptors may be operated automatically
or manually and must allow normal waste and sewage to pass through the device.

INVERT: The lowest portion of the inside of a horizontal pipe.

JOINT, BRAZED: A joint made by joining metal parts with alloys that melt at
temperatures higher than 840°F. but lower than the melting temperature of the
parts being joined.
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JOINT, EXPANSION: A piping arrangement that allows for the expansion and
contraction of the piping system. Loops, return bends, and return offsets are used
to create expansion joints. The primary need for this type of arrangement is found
where there may be a rapid change of temperature, such as in power plants and
steam rooms.

JOINT, FLEXIBLE: A type of joint between two pipes that will allow one pipe
to be moved without moving the other pipe.

JOINT, MECHANICAL: See Mechanical Joint.

JOINT, SLIP: A joint that is made by means of a washer or a special type of
packing compound in which one pipe is slipped into the end of an adjacent pipe.

JOINT, SOLDERED: A joint obtained by joining metal parts with metallic mix-
tures or alloys that melt at a temperature up to and including 840°F.

NOTE: There are no definitions which begin with the letter K.

LABELED: Materials, fixtures, equipment, and devices bearing the label of an
approved agency.

LAVATORIES IN SETS: Two or three lavatories that are served by a single trap.

LEAD-FREE PIPE AND FITTINGS: Pipes and fittings containing no more
than 8.0 percent lead.

LEAD-FREE SOLDER AND FLUX: Solder and flux containing no more than
0.2 percent lead.

LEADER: Exterior drainage pipe that conveys storm water from a roof or gutter
drain to an approved means of disposal.

LIQUID WASTE: Any discharge from a fixture, appliance, or appurtenance in
connection with a plumbing system that does not receive fecal matter.

LISTED: See Labeled.

LISTING AGENCY: Any agency approved by the administrative authority that
is responsible for the listing and/or labeling of materials and the ongoing inspec-
tion, testing, and reporting of the materials.

LOCAL VENT STACK: A type of vent used in connection with bedpan wash-
ers. The vent is a vertical pipe to which connections are made from the fixture side
of traps and through which vapor or foul air is removed from the fixtures of de-
vices being vented.

LOT: A single or individual parcel or area of land that is legally recorded or val-
idated by any means acceptable to the administrative authority on which a build-
ing is situated or which is the site of any work regulated by the code. This includes
yards, courts, and unoccupied spaces legally required for the building or works,
and owned by or in the lawful possession of the owner of the building or works.
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LOW HAZARD: See Pollution.

MACERATING TOILET SYSTEMS: An assembly that consists of a water
closet and sump with a macerating pump that is designed to collect, grind, and
pump wastes from the water closet and up to two other fixtures connected to the
sump. 

MAIN: A principal pipe artery to which branches are connected.

MAIN SEWER: See Public Sewer

MAIN VENT: A principal pipe artery of a vent system to which the vent branches
may be connected.

MANIFOLD: See Plumbing Appurtenance.

MAY: A permissive term.

MECHANICAL JOINT: Typically, a joint that is made by applying compres-
sion along the centerline of the pieces being joined. The joint may be part of a cou-
pling, fitting, or adapter. Mechanical joints are not screwed, caulked, threaded,
soldered, solvent cemented, brazed, or welded. 

MEDICAL GAS SYSTEM: A complete system used to deliver medical gases
for direct patient application from a central supply system through piping net-
works with pressure and operating controls, alarm warning systems, and related
components, and extending to station outlet valves at patient use points.

MEDICAL VACUUM SYSTEM: A system consisting of central vacuum-pro-
ducing equipment with pressure and operating controls, shutoff valves, alarm-
warning systems, gauges, and a network of piping extending to and terminating
with suitable station inlets at locations where patient suction may be required.

MOBILE HOME PARK SEWER: Part of a horizontal piping drainage system
that begins two feet downstream from the last mobile home site and conveys it to
a public sewer, private sewer, individual sewage disposal system, or some other
point of disposal.

NONPOTABLE WATER: Water that is not safe for drinking or personal or culi-
nary use.

NUISANCE: A nuisance can be any inadequate or unsafe water supply or sewage
disposal system. If work regulated by the code is done in a way to be dangerous
to human life or detrimental to health and property, the act is a nuisance. Any pub-
lic nuisance known in common law or equity jurisprudence is also a nuisance in
this sense.

OCCUPANCY: The purpose for which a building or portion thereof is utilized or
occupied.

OFFSET: Any combination of elbows or bends in a line of piping that brings one
section of the pipe out of line but into a line parallel with the other section.
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OIL INTERCEPTOR: See Interceptor.

OPEN AIR: Fresh air outside a structure.

PB: Polybutylene.

PE: Polyethylene.

PERSON: A natural person, an heir, an executor, administrator, or assign, also in-
cluding a firm, corporation, municipal or quasi-municipal corporation, or govern-
mental agency. Singular includes plural and male includes female.

PIPE: Any cylindrical conduit or conductor conforming to the particular dimen-
sions commonly known as pipe size.

PLUMBING: Any business, trade, or work that has to do with the installation, re-
moval, alteration, maintenance, or repair of plumbing and drainage systems or parts
thereof. This work relates to the connection of sanitary drainage systems, storm
drainage systems, venting systems, and public or private water supply systems.

PLUMBING APPLIANCE: A special class of plumbing fixtures that is meant
to perform special functions. Fixtures that depend upon motors, controls, heating
elements, pressure-sensing, or temperature-sensing elements can all be appli-
ances. 

PLUMBING APPURTENANCE: A device that is an adjunct to a basic piping
system and plumbing fixtures. Appurtenances do not demand any additional wa-
ter supply and do not add any discharge load to a fixture or drainage system.

PLUMBING FIXTURE: A receptacle or device that is either permanently or
temporarily connected to a water distribution system of the premises and demands
a supply of water therefrom, discharges waste water, liquid-borne waste materi-
als, or sewage either directly or indirectly to the drainage system of the premises,
or requires both a water supply connection and a discharge to the drainage system
of the premises.

PLUMBING OFFICIAL: See Administrative Authority.

PLUMBING SYSTEM: Includes a water supply and distribution pipes, plumb-
ing fixtures, traps, water-treating equipment, water-using equipment, soil pipes,
waste pipes, vent pipes, sanitary sewers, storm sewers, and building drains. The
system can also include connections, devices, and appurtenances within a struc-
ture or premises.

POLLUTION: Impairment of the quality of potable water in an amount sufficient
to cause disease or harmful physiological effects and conforming in bacteriological
and chemical quality to the requirements of the Public Health Service Drinking
Water Standards or the regulations of the public health authority having jurisdiction.

POTABLE WATER: Water that is safe and suitable for drinking, culinary pur-
poses, and domestic purposes.
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PP: Polypropylene.

PRESSURE: Typical amount of force exerted by a homogeneous liquid or gas,
per unit of area, on the wall of a container or conduit.

PRESSURE, RESIDUAL: The usable amount of water pressure available at a
fixture or water outlet after allowances have been made for pressure drops caused
by friction loss, head, and other reasons for decreased pressure.

PRESSURE, STATIC: The amount of pressure present when there is no flow.

PRESSURE BALANCING VALVE: A mixing valve that receives both hot and
cold water and keeps the pressure stable by compensating for fluctuations in ei-
ther the hot or cold water.

PRIVATE: As used in the plumbing code, this refers to plumbing fixtures that
are not intended for use by the general public. Fixtures installed in residences,
rooms of hotels and motels, and other facilities intended for use by either a fam-
ily or an individual are considered private.

PRIVATE SEWAGE DISPOSAL SYSTEM: Most often consists of a septic
tank that allows effluent to discharge into a subsurface septic field. However, any
sewage disposal system that meets code criteria and that does not discharge into
a public sewer can be considered a private system.

PRIVATE SEWER: Any pipe that receives drainage from more than one build-
ing drain and then conveys the drainage to a public sewer or private sewage dis-
posal system.

PUBLIC SEWER: A common sewer that is controlled by any public authority.

PUBLIC USE: Any use that is not defined as private.

PUBLIC WATER MAIN: A primary water supply pipe that is controlled by any
public authority.

PVC: Polyvinyl Chloride.

QUICK-CLOSING VALVE: Any valve or faucet that closes automatically
when released manually or that is controlled by a mechanical means for closing
quickly.

READY ACCESS: Means of direct access to a fixture or device. To qualify as
ready access the access must be possible without any need for the removal of a
panel, the opening of a door, or any other obstruction. Additionally, access must
be possible without the need of a ladder or other similar device.

RECEPTOR: An approved fixture or device that is used to accept the discharge
from indirect waste pipes and is able to be cleaned readily.

REDUCED PRESSURE PRINCIPLE BACKFLOW PREVENTER: Any
backflow preventer that contains two independently acting check valves. The
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check valves are internally force-loaded to a normally closed position and sepa-
rated by an intermediate chamber in which there is an automatic relief means of
venting to atmosphere, internally loaded to a normally open position between two
tightly closing shutoff valves and with means for testing for tightness of the
checks and opening of relief means.

REGISTERED DESIGN PROFESSIONAL: An architect or engineer who is
registered or licensed to practice his or her profession within the guidelines of the
governing agency.

REGULATING EQUIPMENT: Any valve or control used in a plumbing sys-
tem that is required to be either accessible or readily accessible.

RELIEF VALVE, PRESSURE: A valve that is pressure-actuated and held
closed by a spring or other means that serves to relieve pressure automatically
when a set pressure is reached.

RELIEF VALVE, TEMPERATURE AND PRESSURE: A relief valve that
opens when a set pressure or a set temperature is reached.

RELIEF VALVE, TEMPERATURE: A relief valve that opens when a set tem-
perature is reached.

RELIEF VENT: Any vent that provides air circulation between drainage and
vent systems.

REMOTE OUTLET: When used for sizing water piping, a remote outlet is the
furthest outlet dimension, measuring from the meter, either the developed length
of the cold water piping or through the water heater to the furthest outlet of the hot
water piping.

RIM: The unobstructed open edge of a fixture.

RISER: Any water supply pipe that extends vertically for one full story or more
to convey water to branches or fixtures.

ROOF DRAIN: Any drain that is installed to receive water from a roof and then
convey the water to a suitable discharge location.

ROUGH-IN: Any part of a plumbing system that is installed prior to the installa-
tion of plumbing fixtures. 

SAND INTERCEPTOR: See Interceptor.

SELF-CLOSING FAUCET: Any faucet that closes automatically once deacti-
vation of the opening means is created.

SDR: Standard dimensional ratio.

SEEPAGE PIT: Any lined excavation in the ground that accepts discharge from
a septic tank and then allows the effluent to seep into the earth from the bottom
and sides of the seepage pit.
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SEPARATOR: See Interceptor.

SEPTIC TANK: Any approved container, usually made of concrete, that is
buried in the ground and accepts the discharge from a drainage system or pipe.
Septic tanks must be watertight and designed to retain solids and digest organic
matter via a period of detention and to allow effluent to flow into a septic field or
other approved discharge destination.

SEWAGE: Liquid waste that contains animal or vegetable matter in suspension
or solution and may include liquids containing chemicals in solution.

SEWAGE EJECTOR: A device that lifts or pumps sewage by entraining the
sewage in a high-velocity jet of steam, air, or water.

SEWAGE PUMP: A mechanical device, other than an ejector, that is installed
permanently to remove sewage or liquid waste from a sump.

SEWER, BUILDING: See Building Sewer.

SEWER, PUBLIC: See Public Sewer.

SEWER, SANITARY: A sewer that conveys sewage without combining storm,
surface, or ground water with the sewage.

SEWER, STORM: A sewer that conveys storm water, surface water, conden-
sate, cooling water, and similar liquid wastes.

SHALL: A mandatory term.

SHIELDED COUPLING: Any approved elastomeric sealing gasket that is
equipped with an approved outer shield and a mechanism for tightening. 

SHOCK ARRESTOR: See Water Hammer Arrestor.

SINGLE FAMILY DWELLING: A structure that is constructed for the purpose
of housing the property owner and family. The structure must be the only dwelling
located on a parcel of ground with typical accessory buildings, but no other homes.

SIZE AND TYPE OF TUBING: See Diameter.

SLIP JOINT: An adjustable tubing connection that consists of a compression
nut, a friction ring, and a compression washer and is designed to fit a threaded
adapter fitting or standard taper pipe thread.

SLOPE: See Grade.

SOIL PIPE: Any pipe that conveys sewage containing fecal matter to a building
drain or building sewer.

SOLDERED JOINT: A joint created by joining metal parts with metallic mix-
tures or alloys that melt at a temperature below 800°F. and above 300°F.

SPECIAL WASTES: Any waste that requires special handling or treatment. 
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SPILL-PROOF VACUUM BREAKER: An assembly of one check valve that
is force-loaded closed and an air-inlet vent valve that is forced-loaded open to at-
mosphere downstream of the check valve, and located between and including two
tightly closing shutoff valves and a test cock.

STACK: A vertical pipe that is part of a soil, waste, or vent system and rises to a
height of at least one story.

STACK VENT: A continuation of a soil or waste stack above the highest hori-
zontal drain connected to the stack.

STACK VENTING: Using a stack vent to vent a soil or waste stack.

STERILIZER, BOILING TYPE: A fixture of a nonpressure type utilized for
boiling devices for disinfection. 

STERILIZER, INSTRUMENT: A device used to sterilize instruments.

STERILIZER, PRESSURE: A device used for sterilization that consists of a
vessel using steam under pressure for the sterilization process.

STERILIZER, PRESSURE INSTRUMENT WASHER: A pressure vessel fix-
ture that washes and sterilizes instruments.

STERILIZER, UTENSIL: A sterilizer used to sterilize utensils.

STERILIZER, WATER: A device used to sterilize water and then store steril-
ized water.

STERILIZER VENT: A pipe or stack that is connected indirectly to a drainage
system at a lower terminal to receive the vapors from nonpressure sterilizers or the
exhaust vapors from pressure sterilizers. The vent then transports the vapors di-
rectly to open air. Other names for a sterilizer vent can include: vapor, steam, at-
mospheric, or exhaust vent.

STORM DRAIN: See Building Drain, Storm.

STORM SEWER: See Sewer, Storm.

STRUCTURE: Anything that is built or constructed or any portion thereof.

SUBSOIL DRAIN: A drain used to collect subsurface or seepage water and con-
vey it to an approved disposal location.

SUMP: A container or pit located below the normal grade of a gravity system
that is used to accept sewage or liquid waste that will be pumped out of the hold-
ing device.

SUMP PUMP: An electric pump that works automatically to remove the contents
of a sump that does not contain raw sewage.

SUMP VENT: A vent from a pneumatic sewage ejector or similar device that ex-
tends to open air.
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SUPPORTS: Devices used to support and or secure pipes, fixtures, and equipment.

SWIMMING POOL: Any structure, container, or other device that contains an
artificial body of water for the purposes of swimming, diving, or recreational
bathing and that has a depth of two feet or more at any point.

TAILPIECE: A pipe or tube that connects the outlet of a plumbing fixture to a
trap.

TEMPERED WATER: Water with a temperature range from 85°F to 120°F.

THERMOSTATIC VALVE: Also known as a temperature control valve, this
valve is designed to mix hot and cold water while compensating for temperature
fluctuations to maintain an even water temperature at the point of delivery.

TRAP: A fitting or device that holds water to prevent the emission of sewer gas
without materially affecting the flow of sewage or waste water through a pipe.

TRAP ARM: A section of pipe that extends from a fixture drain’s trap to a drain.

TRAP PRIMER: A device or system used to maintain a suitable amount of wa-
ter in a trap that sees seldom use and that would potentially dry up without the aid
of the primer.

TRAP SEAL: The vertical distance between the weir and the top of the dip of a
trap.

TYPE A DWELLING UNIT: Any dwelling unit designed and built for accessi-
bility in accordance with the provisions of CABO/ANSI A117.1.

TYPE B DWELLING UNIT: Any dwelling unit designed and built in accor-
dance with the provisions of CABO/ANSI A117.1.

UNCONFINED SPACE: Any room, space, or area that has a volume equal to at
least 50 cubic feet per 1000 Btu/h of the aggregate input rating of all fuel-burning
appliances installed in the room, space, or area. 

UNSANITARY: A condition that creates a risk to public health and sanitary principles.

UNSTABLE GROUND: Earth that does not provide a uniform bearing for the
barrel of a sewer pipe between the joints at the bottom of the pipe trench.

VACUUM: Pressure that is less than that exerted by the atmosphere.

VACUUM BREAKER: See Backflow Preventer.

VACUUM RELIEF VENT: A device that doesn’t allow excessive pressure to
develop in a pressure vessel.

VENT: A pipe used to ventilate a plumbing system to prevent trap siphonage and
backpressure or to equalize the air pressure within the drainage system.

VENT PIPE: See Vent.
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VENT STACK: A vertical pipe that is installed to provide air circulation to a
drainage system.

VENT SYSTEM: A pipe or system of piping used to ventilate a plumbing sys-
tem to prevent trap siphonage and backpressure or to equalize the air pressure
within the drainage system.

VENTED APPLIANCE CATEGORIES: Category I is an appliance that oper-
ates with a nonpositive vent static pressure and with a vent gas temperature that
avoids excessive condensate production in the vent. Category II is an appliance
that operates with a nonpositive vent static pressure and with a vent gas tempera-
ture that may cause excessive condensate production in the vent. Category III is
an appliance that operates with a positive vent static pressure and with a vent gas
temperature that avoids excessive condensate production in the vent. Category IV
is an appliance that operates with a positive vent static pressure and with a vent
gas temperature that may cause excessive condensate production in the vent.

VERTICAL PIPE: A pipe or fitting that is installed in a vertical position or that
doesn’t make an angle of more than 45 degrees with the vertical.

WALL-HUNG WATER CLOSET: A water closet that is mounted on a wall so
that the fixture does not touch the floor.

WASTE: Discharge from any fixture, appliance, area, or appurtenance that does
not contain fecal matter.

WASTE PIPE: A pipe that conveys only waste.

WATER CONDITIONING OR TREATING DEVICE: A device that condi-
tions or treats a water supply to change its chemical content or to remove sus-
pended solids through filtration.

WATER-DISTRIBUTING PIPE: A pipe in a building that conveys potable wa-
ter from a building supply pipe to plumbing fixtures and water outlets.

WATER HAMMER ARRESTOR: A device used to absorb pressure surge that
occurs when water flow is suddenly stopped in a water supply system.

WATER MAIN: A water-supply pipe that provides water for public or commu-
nity usage.

WATER OUTLET: Any discharge opening through which water is supplied to
a fixture or into the atmosphere, except into an open tank that is part of a water
supply system, into a boiler or heating system, or into any devices or equipment
requiring water to operate but which are not part of a plumbing system. 

WATER PIPE, RISER: Any water supply pipe that rises at least one full story
to convey water to branches or a group of fixtures.

WATER PIPE, WATER DISTRIBUTION: A pipe within a building that con-
veys water from a water service pipe, or from a water meter when the meter is lo-
cated in the building, to a point of utilization.

1.20 CHAPTER 1



WATER PIPE, WATER SERVICE: A pipe from a water main, or other potable
water source, or from a meter when the meter is at the public right of way, to the
water distribution system in the building being served.

WATER SUPPLY SYSTEM: Components used to create a water supply system
can include a water service pipe, water distribution pipes, and all needed connect-
ing pipes, fittings, and control valves, as well as all appurtenances in or adjacent
to a structure.

WELDED JOINT OR SEAM: A joint or seam that is obtained by joining metal
parts in a plastic molten state.

WELDER, PIPE: A person who specializes in the welding of pipes and who
holds a valid certificate of competency from a recognized testing laboratory. 

WELL, BORED: Any well that is created by boring a hole in the earth with an
auger and fitting with a casing.

WELL, DRILLED: Any well made with a drilling machine and fitted with a cas-
ing or screen.

WELL, DRIVEN: Any well created when a pipe is driven into the earth.

WELL, DUG: A well created by digging a large-diameter hole in the ground and
installing a casing.

WET VENT: Any vent that serves as both a vent and drain.

WHIRLPOOL BATHTUB: A bathtub that is fitted with a circulating piping sys-
tem designed to accept, circulate, and discharge bath water when used.

NOTE: No definitions beginning with the letter X.

YOKE VENT: A pipe that connects upward from a soil or waste stack to a vent
stack for the purpose of preventing pressure changes in the stacks.

NOTE: No definitions beginning with the letter Z.
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CHAPTER 2

ADMINISTRATIVE POLICIES
AND PROCEDURES

The first step toward financial independence as a plumber is a clear understand-
ing of the plumbing code. Unlicensed plumbers are not allowed to work in many
jurisdictions. Your license is your ticket to respectable paychecks and a solid fu-
ture. The administrative section of the code is part of your job. This is especially
true if you are a master plumber. Now, let’s see how the administrative policies
and procedures for the plumbing code will affect you.

EXISTING PLUMBING

The plumbing code requires any alterations or repairs to an existing plumbing sys-
tem to conform to the general regulations of the code as they would apply to new
installations. No alteration or repair shall cause an existing plumbing system to be-
come unsafe. Further, the alterations or repairs shall not be allowed to have a detri-
mental effect on the operation of the existing system.

For example, if a plumber is altering an existing system to add new plumbing,
he or she must make all alterations in compliance with code requirements. It
would be a violation of the code to add new plumbing to a system that was not
sized to handle the additional load of the increased plumbing.

There are provisions in the codes to allow existing conditions that are in violation
of the current code to be used legally. If an existing condition was of an approved type
prior to the current code requirements, that existing condition may be allowed to con-
tinue in operation so long as it is not creating a safety or health hazard.

2.1



Fastfact
The plumbing code is intended to be interpreted by the local code enforce-
ment officer. The interpretation of the code officer may not be the same as
yours, but it is the code officer’s option to determine the meaning of the code.

Fastfact
The plumbing code requires any alterations or repairs to an existing plumb-
ing system to conform to the general regulations of the code as they would
apply to new installations.
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If the use or occupancy of a structure is being changed, the change must be ap-
proved by the proper authorities. It is a violation of the plumbing code to change
the use or occupancy without the proper approvals. For example, it would be a
breach of the code to convert a residential dwelling to a professional building
without the approval of the code enforcement office.

SMALL REPAIRS

Small repairs and minor replacements of existing plumbing may be made without
bringing the entire system into compliance with the current plumbing code standards.
These changes must be made in a safe and sanitary method and must be approved. 

For example, it would be permissible to repair a leak in a half-inch pipe with-
out changing the half-inch pipe to a three-quarter-inch pipe, even if the current
code required a three-quarter-inch pipe for the present use. You would also be al-
lowed to replace a defective S-trap with a new S-trap, even though S-traps are not
in compliance with the current code requirements. In general, if you are only do-
ing minor repair or maintenance work, you are not required to update the present
plumbing conditions to current code requirements.

It is incumbent upon the owner of a property to keep the plumbing system in
good and safe repair. The owner may designate an agent to assume responsibility
for the condition of the plumbing, but it is mandatory that the plumbing be kept
safe and sanitary at all times.



Tradetip
Always obtain a plumbing permit and required inspections when replacing a
water heater.

Tradetip
In general, if you are only doing minor repair or maintenance work, you are
not required to update the present plumbing conditions to current code re-
quirements.
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EXISTING STRUCTURES

If a building is moved to a new location, the building’s plumbing must conform to
the current code requirements of the jurisdiction where the structure will be lo-
cated. In the event that a structure is to be demolished, it is the owner’s, or the
owner’s designated agent’s, responsibility to notify all companies, persons, and
entities having utilities connected to the structure. These utilities may include, but
are not limited to, water, sewer, gas, and electrical connections.

Before the building can be demolished or moved, the utilities having connec-
tions to the property must disconnect and seal their connections in an approved man-
ner. This applies to water meters and sewer connections as well as other utilities.

MATERIALS

All materials used in a plumbing system must be approved for use by the code en-
forcement office. These materials shall be installed in accordance with the re-
quirements of the local code authority. The local code officer has the authority to

! Codealert
When there is a change in occupancy a code officer must approve the proposed
new use. The change must not result in any hazard to the public health, safety,
or welfare.



Fastfact
The local code officer has the authority to alter the provisions of the plumb-
ing code, so long as the health, safety, and welfare of the public are not en-
dangered. 
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alter the provisions of the plumbing code, so long as the health, safety, and wel-
fare of the public are not endangered. 

A property owner, or that owner’s agent, may request a variance from the stan-
dard code requirements when conditions warrant a hardship. It is the code offi-
cer’s decision as to whether or not the variance should be granted. The application
for a variance and the final decision of the code officer shall be in writing and filed
with the code enforcement office.

The use of previously used materials is open to the discretion of the local code
officer. If the used materials have been reconditioned, tested, and are in working
condition, the code officer may allow their use in a new plumbing system.

Alternative materials and methods not specifically identified in the plumbing
code may be allowed under certain circumstances. If the alternatives are equal to
the standards set forth in the code for quality, effectiveness, strength, durability,
safety, and fire resistance, the code officer may approve the use of the alternative
materials or methods. Where the requirements of reference standards or manufac-
turer’s installation instructions do not conform to minimum provisions of the
code, the provision of the code shall apply.

Before alternative materials or methods are allowed for use, the code officer
can require adequate proof of the properties of the materials or methods. Any costs
involved in testing or providing technical data to substantiate the use of alterna-
tive materials or methods shall be the responsibility of the permit applicant.

ENFORCEMENT

Administration and enforcement of the plumbing code is the job of code officers.
They are appointed by the executive authority for the community. Code officers

! Codealert
Where there is a conflict between a general requirement and a specific require-
ment, the specific requirement governs.



?Did you know
Once a permit is issued by the code officer, it is the officer’s duty to inspect
all work to ensure that it is in compliance with the plumbing code. When code
officers inspect a job, they are looking for more than just plumbing. These in-
spectors will be checking for illegal or unsafe conditions on the job site. If
there are unsafe conditions on the site or the plumbing is found to be in viola-
tion of the code, the code officer will issue a notice to the responsible party.

Fastfact
Plans and specifications may not be required for the issuance of a plumbing
permit. However, if plans and specs are required, they may require a riser di-
agram and a general blueprint of the structure.
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may not be held liable on a personal basis when working for a jurisdiction. Legal
suits brought against code officers arising from on-the-job disputes will be de-
fended by the legal representative for the jurisdiction.

The primary function of code officers is to enforce the code. Code officers are
also responsible for answering questions pertinent to the materials and installation
procedures used in plumbing. When application is made for a plumbing permit,
the code officer is the individual who receives the application. After reviewing a
permit application, the code officer will issue or deny a permit.

Once a permit is issued by the code officer, it is the officer’s duty to inspect
all work to ensure that it is in compliance with the plumbing code. When code of-
ficers inspect a job, they are looking for more than just plumbing. These inspec-
tors will be checking for illegal or unsafe conditions on the job site. If the safety
conditions on the site or the plumbing is found to be in violation of the code, the
code officer will issue a notice to the responsible party.

Code officers normally perform routine inspections in person. However, in-
spections may be performed by authoritative and recognized services or individ-
uals other than the code officers. The results of all inspections shall be docu-
mented in writing and certified by an approved individual.

If there is ever any doubt as to the identity of a code officer, you may request
to see the inspector’s identification. Code officers are required to carry official
credentials while discharging their duties. 



?Did you know
If the description of the work deviates from the plans and specifications sub-
mitted with the permit application, it may be necessary to apply for a supple-
mentary permit. The supplementary permit will be issued after a revised set of
plans and specs has been given to the code officer and approved. The revised
plans and specifications must show all changes in the plumbing that are not in
keeping with the original plans and specs.

?Did you know
Any application for a permit to install new plumbing might require a site plan.
The site plan must identify the locations of the water service and sewer con-
nections. The location of all vent stacks and their proximity to windows or
other ventilation openings must be shown.
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Another aspect of the code officer’s job is the maintenance of proper records.
Code officers must maintain a file of all applications, permits, certificates, inspec-
tion reports, notices, orders, and fees. These records are required to be maintained
for as long as the structure they apply to is still standing, unless otherwise stated
in other rules and regulations.

PLUMBING PERMITS

Most plumbing work, other than minor repairs and maintenance, requires a per-
mit. This permit must be obtained prior to the commencement of any plumbing
work. The code enforcement office provides forms to individuals wishing to ap-

! Codealert
All new plumbing work, even on existing plumbing, must meet the provisions
of the current code requirements. The exception to this is if the work is done
in the same manner and arrangement as it was in the existing work and is not
hazardous and is approved.



?Did you know
The plans submitted with a permit application will be labeled as approved
plans by the code officer. One set of the plans will be retained by the code en-
forcement office. A set of approved plans must be kept on the job site. The ap-
proved plans kept on the job must be available to the code officer or an author-
ized representative for inspection at all reasonable times.

� Pro pointer
If the description of work deviates from the plans and specifications submit-
ted with the permit application, it may be necessary to apply for a supplemen-
tary permit. The supplementary permit will be issued after a revised set of
plans and specs has been given to the code officer and approved. The revised
plans and specifications must show all changes in the plumbing that are not in
keeping with the original plans and specs. 

Plans and specifications may not be required for the issuance of a plumb-
ing permit. However, if plans and specs are required, they may require a riser
diagram and a general blueprint of the structure. The riser diagram must be
very detailed. The diagram must indicate pipe size, direction of flow, eleva-
tions, fixture-unit ratings for drainage piping, horizontal pipe grading, and fix-
ture-unit ratings for the water distribution system.
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ply for plumbing permits. The application forms must be properly completed and
submitted to the code enforcement officer.

Permits are to be obtained by the person or agent who will install all or part of
any plumbing system. The applicant must meet all qualifications required of a per-
mit applicant. It is also required that the full name and address of the applicant be
stated in the permit application. 

The permit application shall give a full description of the plumbing to be done.
This description must include the number and type of plumbing fixtures to be in-
stalled. The location where the work will be done and the use of the structure hous-
ing the plumbing must also be disclosed.

The code officer may require a detailed set of plans and specifications for the
work to be completed. Duplicate sets of the plans and specs may be required so
that copies can be placed on file in the code enforcement office. 



Tradetip
There are many plumbing codes in use. Each local jurisdiction generally
takes an existing code and amends it to local needs. To be sure of your local
code requirements, you must check with the local code enforcement office.

� Pro pointer
Plumbing permits bear the signature of the code officer or an authorized rep-
resentative. The plans submitted with a permit application will be labeled as
approved plans by the code officer. One set of the plans will be retained by the
code enforcement office. A set of approved plans must be kept on the job site.
The approved plans kept on the job must be available to the code officer or an
authorized representative for inspection at all reasonable times.
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If plumbing to be installed is an engineered system, the code officer may re-
quire details on computations, plumbing procedures, and other technical data. Any
application for a permit to install new plumbing might require a site plan. The site
plan must identify the locations of the water service and sewer connections. The
location of all vent stacks and their proximity to windows or other ventilation
openings must be shown.

In the event that new plumbing is being installed in a structure served by a pri-
vate sewage disposal system, there are yet more details to be included in the site
plan. When a private sewage system is used, the plan must show the location of
the system and all technical information pertaining to the proper operation of the
system.

There are time limits involved with permits. If work is not started within six
months of the date a permit is issued, the permit may become void. If work is
started, but then stalled or abandoned for a period of six months, the permit may

! Codealert
Provisions of the plumbing code are not deemed to nullify any provisions of
local, state, or federal laws.



be rendered useless. A permit may be revoked if the code officer finds that the per-
mit was issued based on false information. 

All work performed must be done according to the plans and specifications
submitted to the code officer in the permit application process. All work must be
in compliance with the plumbing code. Code officers are required to conduct in-
spections of the plumbing being installed during the installation and upon comple-
tion of the installation. 

MULTIPLE PLUMBING CODES

There are many plumbing codes in use. Each local jurisdiction generally takes an
existing code and amends it to local needs. To be sure of your local code require-
ments, you must check with the local code enforcement office. This book is writ-
ten to explain good plumbing procedures. However, various jurisdictions have
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?Did you know
It is possible to obtain permission to begin work on part of a plumbing system
before the entire system has been approved. For example, you might be given
permission to install the underground plumbing for a building before the en-
tire plumbing system is approved. These partial permits are issued by the code
officer with no guarantee that the remainder of the work will be approved. If
you proceed to install the partial plumbing, you do so at your own risk with
regard to the remainder of the job not yet approved.

! Codealert
Code officers are authorized to inspect and evaluate systems, equipment,
buildings, devices, premises, and spaces and areas to be used prior to issuing a
permit.

! Codealert
Code officers have the authority to waive some code requirements when a
modification is needed for a specific reason.



different opinions of what good plumbing procedures are. Some states, counties,
or towns adapt an exiting code without much revision. Other areas make signifi-
cant changes in the established code that is used as a model. It would not be un-
heard of to find a jurisdiction working with regulations from multiple plumbing
codes. In light of these facts, always check with your local authorities before per-
forming plumbing work.
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! Codealert
A permit holder who fails to allow access for a full inspection can be held re-
sponsible for the expense of making the concealed work accessible.

! Codealert
A code officer can accept reports of approved inspection agencies when the
agencies meet all requirements as to qualifications and reliability.



Tradetip
Generally, any existing condition that is not a hazard to health and safety is
allowed to remain in an installation.

3.1

CHAPTER 3

GENERAL REGULATIONS

General regulations are a substantial part of the plumbing code. It is somewhat the
skeleton upon which the plumbing code is fleshed out. Before you can work ef-
fectively with the code, you must know and understand the general regulations.

EXISTING CONDITIONS

The first regulations we are going to examine have to do with existing conditions.
This is an area where many people have difficulty in determining their responsi-
bilities as provided by the plumbing code. Generally, any existing condition that
is not a hazard to health and safety is allowed to remain in existence. However,
when existing plumbing is altered, it may have to be brought up to current code
requirements.

While the code is normally based on new installations, it does apply to exist-
ing plumbing that is being altered. These alterations may include repairs, renova-
tions, maintenance, replacements, and additions. The question of when work on
existing plumbing must meet code requirements is one that plagues many
plumbers. Let’s address this question and clear it up.



Tradetip
When you add new plumbing to an old system, you must be concerned with
the size and ability of the old system to handle the new installation.
Increasing the number of fixture units entering an old pipe may force you to
increase the size of the old pipe.

?Did you know
Where undue hardship exists in bringing an existing system into compliance,
the code officer may grant a variance.
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The code is only concerned with changes being made to existing plumbing.
As long as the existing plumbing is not creating a safety or health hazard and is
not being altered, it does not fall under the scrutiny of most plumbing codes. If you
are altering an existing system, the alterations generally must comply with the
code requirements, but there may be exceptions to this rule. For example, if you
are replacing a kitchen sink and there is no vent on the sink’s drainage, code would
require you to vent the fixture. Where undue hardship exists in bringing an exist-
ing system into compliance, the code officer may grant a variance.

In the case of the kitchen sink replacement, such a variance may be in the form
of a permission to use a mechanical vent. Whenever you encounter a severe hard-
ship in making old plumbing come up to code, talk with your local code officer.
The code officer should be able to offer some form of assistance, either in the form
of a variance or advice on how to accomplish your goal. 

Since the code does come into play with repairs, maintenance, replacements,
alterations, and additions, let’s see how it affects each of these areas. If you are re-
pairing a plumbing system, you must be aware of code requirements. 

Do you need to apply for a plumbing permit to replace a faucet? No, faucet re-
placement does not require a permit, but it does require the replacement to be
made with approved materials and in an approved manner 

Routine maintenance of a plumbing system must be done according to the code,
but it does not require a permit. Alterations to an existing system may require the is-
suance of a permit, depending upon the nature of the alteration. In any case, alter-
ations must be done with approved materials and in an approved manner. 

You can get yourself into deep water when adding on to an existing system.
When you add new plumbing to an old system, you must be concerned with the



Tradetip
Beware of the change-in-use regulations. If you do commercial plumbing,
this regulation can have a particularly serious effect on your plumbing costs
and methods.

?Did you know
If no health or safety hazards exist, nonconforming plumbing may be repaired
to keep it in service.
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size and ability of the old plumbing. Increasing the number of fixture units enter-
ing an old pipe may force you to increase the size of the old pipe. This can be very
expensive, especially when the old pipe happens to be the building drain or sewer. 

Beware of the change-in-use regulations. If you do commercial plumbing, this
regulation can have a particularly serious effect on your plumbing costs and meth-
ods. If the use of a building is changed, the plumbing may also have to be changed.
The change-in-use regulations come into play most often on commercial proper-
ties, but they can affect a residential building.

Assume for a moment that you receive a request to install a three-bay sink in
a convenience store. You discover that the store’s owner is having the sink in-
stalled so that he may prepare food for a new deli in the store. This store has never
been equipped for food preparation and service. What complications could arise
from this situation? First, zoning may not allow the store to have a deli. Second,
if the use is allowed, the plumbing requirements for the store may soar. There
could be a need for grease traps, indirect wastes, and a number of other possibili-

� Pro pointer
Remember this: You do need a permit to replace a water heater. Even if the
replacement heater is going in the same location and connecting to the same
existing connections, you must apply for a permit and have your work in-
spected. An improperly installed water heater can become a serious hazard,
capable of causing death and destruction. Your failure to comply with the
code in these circumstances could ruin your life and the lives of others.



Fastfact
When a permit is required, it must be obtained before any work is started.
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ties. When you are asked to perform plumbing that involves a change of use, in-
vestigate your requirements before committing to the job.

The remaining general regulations of the plumbing code are easily understood.
By reading your local code book you should have no trouble in understanding the
regulations. Now, let’s move on to permits.

PERMITS

Permits are generally required for many plumbing jobs. When a permit is re-
quired, it must be obtained before any work is started. Minor repairs and drain
cleaning do not require the issuance of permits. In most cases plumbing permits
can only be obtained by master plumbers or their agents. In some cases, however,
homeowners may be granted plumbing permits for work to be done by themselves
in their own homes. Permits are obtained from the local code enforcement office,
and that office provides the necessary forms for permit applications.

The information required to obtain a permit will vary from jurisdiction to ju-
risdiction. You may be required to submit plans, riser diagrams, and specifications
for the work to be performed. At a minimum, you will probably be required to ad-
equately describe the scope of work to be performed, the location of the work, the
use of the property, and the number and type of fixtures being installed.

The amount of information required to obtain a permit is determined by the lo-
cal code officer. It is not unusual for the code officer to require two sets of plans
and specifications for the work to be performed. The detail of the plans and specs
is also left up to the judgment of the code officer. Requirements may include de-
tails of pipe sizing, grade, fixture units, and any other information the code offi-
cer may deem pertinent.

� Pro pointer
When adding on to a plumbing system, you will normally need to apply for a
permit. Adding new plumbing will come under the authority of the plumbing
code and will generally require an inspection.



� Pro pointer
If your work will involve working with a sewer or water service, expect to be
asked for a site plan. The site plan should show the locations of the water serv-
ice and sewer. If you will be working with a private sewage disposal system,
its location should be indicated on the site plan. Once your plans are approved,
any future changes to the plans must be submitted to and approved by the code
officer.

Fastfact
It is possible to obtain a partial permit. This is a permit that approves a por-
tion of work proposed for completion. When time is of the essence, it may
be possible to obtain a partial permit, but there is risk involved. 
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Plumbing permits must be signed by the code officer or an authorized repre-
sentative. If you submitted plans with your permit application, the plans will be la-
beled with appropriate wording to establish that they have been reviewed and ap-
proved. If it is later found that the approved plans contain a code violation, the
plumbing must be installed according to code requirements, regardless of whether
the approved plans contain a nonconforming use. Most jurisdictions require a set
of approved plans to be kept on the job site and available to the code officer at all
reasonable times.

It is possible to obtain a partial permit. This is a permit that approves a portion
of work proposed for completion. When time is of the essence, it may be possible
to obtain a partial permit, but there is risk involved. Assume, for example, that you
obtained permission and a permit to install your underground plumbing but had
not yet been issued a permit for the remainder of the job. As winter approaches,

! Codealert
Shower liners must not be perforated within 1 inch above the finished thresh-
old. The liners are required to be graded at a rate of 1⁄4 inch to the foot toward
the drain.



?Did you know
How can a plumbing permit become void? If you do not begin work within a
specified time, normally six months, your permit will be considered aban-
doned. When this happens, you must start the entire process over again to ob-
tain a new permit.

Fastfact
The code book is a guide, not the last word. The last word comes from the
code enforcement officer. This is an important fact to remember.
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you decide to install your groundwork so that the concrete floor can be poured
over the plumbing, before freezing conditions arrive. This is a good example of
how and why partial approvals are good but can result in problems.

You have installed your underground plumbing and the concrete is poured.
After a while you are notified by the code officer that the proposed above-grade
plumbing is not in acceptable form and will require major changes. These changes
will affect the location and size of your underground plumbing. What do you do
now? Well, you are probably going to spend some time with a jackhammer or con-
crete saw. The underground plumbing must be changed, or the above-ground
plumbing must be redesigned to work with the groundwork. In either case, you
have trouble and expense that would have been avoided if you had not acted on a
partial approval. Partial approvals have their place, but use them cautiously.

How can a plumbing permit become void? If you do not begin work within a
specified time, normally six months, your permit will be considered abandoned.
When this happens, you must start the entire process over again to obtain a new
permit. Plumbing permits can be revoked by the code official. If it is found that
facts given during the permit application were false, the permit may be revoked.
If work stops for an extended period of time, normally six months, a permit may
be suspended.

CODE ENFORCEMENT

Code enforcement is generally performed on the local level by local officers.
These individuals are frequently referred to as inspectors. It is their job to inter-
pret and enforce the regulations of the plumbing code. Since code enforcement of-



Fastfact
Every job that requires a permit also requires an inspection. Many jobs re-
quire more than one inspection.
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ficers have the duty of interpreting the code, there may be times when a decision
is reached that appears to contradict the code book. The code book is a guide, not
the last word. The last word comes from the code enforcement officer. This is an
important fact to remember. Regardless of how you interpret the code, it is the
code officer’s decision that is final.

Inspections

Every job that requires a permit also requires an inspection. Many jobs require
more than one inspection. In the plumbing of a new home there may be as many
as four inspections. One inspection would be for the sewer and water service in-
stallation. Another inspection might be for underground plumbing. Then you
would have a rough-in inspection for the pipes that are to be concealed in walls
and ceilings. Then, when the job is done, there will be a final inspection.

These inspections must be done while the plumbing work is visible. A test of
the system is generally required, with pressure from either air or water. Normally
the inspection is done by the local code officer, but not always. The code officer
may accept the findings of an independent inspection service. 

Plumbing inspectors are generally allowed the freedom to inspect plumbing at
any time during normal business hours. These inspectors cannot enter a property
without permission unless they obtain a search warrant or other proper legal au-
thority. Permission for entry is frequently granted by the permit applicant when
the permit is signed.

Both backflow assemblies and air gaps must be inspected to ensure that they
will operate properly. Backflow preventers and double check-valve assemblies
must be inspected when they are installed, immediately after any repairs or relo-

� Pro pointer
Any test results submitted to a code office from an independent testing agency
must come from an agency that is approved by the code jurisdiction. Before
independent inspection results will be accepted, the inspection service must be
approved by the code officer. This is also the case when independent inspec-
tion services are used to inspect prefabricated construction.



� Pro pointer
Code officers have the power to issue a stop work order. This order requires
all work to stop until code violations are corrected. These orders are not used
casually; they are used when an immediate danger is present or possible.
Code officers do have a protocol to follow in the issuance of stop work or-
ders. If you ever encounter a stop work order, stop working. These orders
are serious, and violation of a stop work order can deliver more trouble than
you ever imagined.

Fastfact
If you feel you have received an unfair ruling from a code officer, you may
make a formal request to an appeal board to have the decision changed.
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cation, and on a routine annual basis. All testing and inspection must be done in
accordance with the requirements of local codes. Other devices falling under these
same testing requirements include:

• Reduced pressure principle backflow preventer assemblies

• Double check valve assemblies

• Pressure vacuum breaker assemblies

• Reduced pressure detector fire protection backflow prevention assemblies

• Double check detector fire protection backflow preventers

• Hose connection backflow preventers

• Spill-proof vacuum breakers.

What Powers Do Plumbing Inspectors Have?

Plumbing inspectors can be considered the plumbing police. These inspectors
have final authority over any plumbing-related issue. If plumbing is found to be
in violation of the code, plumbing inspectors may take several forms of action to
rectify the situation.

Normally, inspectors will advise the permit holder of the code violations and
allow a reasonable time for correction. This advice will come in the form of writ-
ten documents and will be recorded in an official file. If the violations are not cor-



?Did you know
Code officers are empowered to authorize the disconnection of utility services
to a building in the case of an emergency or when there is a need to eliminate
an immediate danger to life or property. Code officers are to attempt to notify
residents and owners of the intent to disconnect utility service when time al-
lows. If residents and owners cannot be notified prior to disconnection, they
shall be notified in writing as soon as practical thereafter.

� Pro pointer
Code officers have the power and duty to condemn a property where severe
health or safety risks exist. It is up to the owner of each property to maintain
the plumbing in a safe and sanitary manner.
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rected, the code officer will take further steps. Legal counsel may be consulted.
After a legal determination is made, action may be taken against the permit holder
in violation of the plumbing code. This could involve cash fines, license suspen-
sion, license revocation, and in extreme cases jail.

When code officers inspect a plumbing system and find it to be satisfactory,
they will issue an approval of the system. This allows the pipes to be concealed
and the system to be placed into operation. In certain circumstances code officers
may issue temporary approvals. These temporary approvals are issued for portions
of a plumbing system when conditions warrant them.

When a severe hazard exists, plumbing inspectors have the power to condemn
property and force occupants to vacate the property. This power would only be
used under extreme conditions where a health or safety hazard was present.

What Can You Do To Change A Code Officer’s Decision?

If you feel you have received an unfair ruling from a code officer, you may make
a formal request to an appeal board to have the decision changed. Your reasons for
an appeal must be valid and pertinent to specific code requirements. Your appeal
could be based on what you feel is an incorrect interpretation of the code. If you
feel the code does not apply to your case, you have reason for an appeal. There are
other reasons for appeal, but you must specify why the appeal is necessary and
how the decision you are appealing is incorrect.



TIPS ON HEALTH AND SAFETY

Health and safety are two key issues in the plumbing code. These two issues are,
by and large, the reasons for the plumbing code’s existence. The plumbing code
is designed to assure health and safety to the public. Public health can be endan-
gered by faulty or improperly installed plumbing. Code officers have the power
and duty to condemn a property where severe health or safety risks exist. It is up
to the owner of each property to maintain the plumbing in a safe and sanitary man-
ner.

When it comes to safety, there are many more considerations than just plumb-
ing pipes. Most safety concerns arise in conjunction with plumbing but not from
the plumbing itself. It is far more likely that a safety hazard will result from the
activities of a plumber on other aspects of a building. An example would be cut-
ting so much of a bearing timber that the structure becomes unsafe. Perhaps a
plumber removes a wire from an electric water heater and leaves it exposed and
unattended; this could result in a fatal shock to someone. The list of potential
safety risks could go on for pages, but you get the idea. It is your responsibility to
maintain safe and sanitary conditions at all times.

A part of maintaining sanitary conditions includes the use of temporary toilet
facilities on job sites. It is not unusual for the plumbing code to require toilet fa-
cilities to be available to workers during the construction of buildings. These fa-
cilities can be temporary, but they must be sanitary and available.
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Tradetip
Trusses must not be cut, drilled, notched, spliced, or otherwise altered in any
way without the written concurrence and approval of a registered design pro-
fessional. Additionally, trusses must not be used to support additional loads,
such as mechanical systems and equipment, without verification that the
truss is capable of supporting the additional load safely.

! Codealert
Commercial food waste grinders require a drain with a minimum diameter of
1.5 inches. The drain is to be connected and trapped separately from other fix-
tures or sink components.
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PIPE PROTECTION

It is the plumber’s responsibility to protect plumbing pipes. This protection can
take many forms. Here we are going to look at the basics of pipe protection. You
will gain insight into pipe protection needs that you may have never considered
before.

Backfilling

When backfilling over a pipe, you must take measures to prevent damage to the
pipe. The damage can come in two forms, immediate damage and long-term dam-
age. If you are backfilling with material that contains large rocks or other foreign
objects, the weight or shape of the rocks and objects may puncture or break the
pipe. The long-term effect of having large rocks next to a pipe could result in stress
breaks. It is important to use only clean backfill material when backfilling pipe
trenches.

Even the weight of a large load of backfill material could damage the pipe or
its joints. Backfill material should be added gradually. Layers of backfill should
not be more than 6 inches deep before they are compacted. Each layer of this back-
fill should be compacted before the next load is dumped. Backfill material both
under and beside a pipe must be compacted for pipe support.

Tradetip
It is important to use only clean backfill material when backfilling pipe
trenches.

?Did you know
Backfill material should be added gradually. Layers of backfill should not be
more than 6 inches deep before they are compacted. Each layer of this backfill
should be compacted before the next load is dumped. Backfill material both un-
der and beside a pipe must be compacted for pipe support. The crown of a
buried pipe must be covered by at least 12 inches of tamped earth. Backfill ma-
terial is to be installed under and beside a pipe to provide compacted support.
All materials must be installed in accordance with the most restrictive recom-
mendations, whether they are dictated by the code or the pipe manufacturer.



?Did you know
When a pipe penetrates an exterior wall, it must pass through a sleeve. The
sleeve should be at least two pipe sizes larger than the pipe passing through it.

The crown of a buried pipe must be covered by at least 12 inches of tamped
earth. Backfill material is to be installed under and beside a pipe to provide com-
pacted support. All materials must be installed in accordance with the most restric-
tive recommendations, whether they are dictated by the code or the pipe manufac-
turer. However, if there is a conflict between the code and the manufacturer’s
installation instructions, the provisions of the code apply. The exception to this
rule is when the manufacturer’s instructions are more restrictive than those of the
code. In other words, you must abide by the instructions or code language that is
the most restrictive.

Flood Protection

If a plumbing installation is made in an area subject to flooding, special precau-
tions must be taken. High water levels can float pipes and erode the earth around
them. If your installation is in a flood area, consult your local code officer for the
proper procedures in protecting your pipes.

Floodproofing must be in accordance with the requirements of the
International Building Code.

Essentially, plumbing systems installed in structures that are built in flood
hazard areas must be located above the design flood elevation. There are, how-
ever, exceptions to this rule. Some systems can be installed below the design flood
elevations under certain circumstances. Plumbing equipment, supplies, and de-
vices located below a design flood elevation must be designed and installed in a
way that prevents water from entering or accumulating within the components and
systems. A system must be constructed to resist hydrostatic and hydrodynamic
loads and stresses, including the effects of buoyancy, during any occurrence of
flooding. The types of systems and equipment that may be allowed to be installed
below a design flood elevation include:
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! Codealert
Most plumbing is prohibited in elevator shafts. However, floor drains, sumps,
and sump pumps are allowed when the plumbing is indirectly connected to the
plumbing system.



• Water service pipes

• Pump seals in individual water supply systems where the pump is located below
the design flood elevation

• Covers on potable water wells must be sealed, except where the top of the cas-
ing well or pipe sleeve is at least 1 foot above the design flood elevation

• Sanitary drainage piping

• Storm drainage piping

• Vent systems

• Manhole covers must be sealed, except where elevated to or above the design
flood elevation

• Water heaters

• All other plumbing fixtures, faucets, fixture fittings, and piping systems and
equipment.

Plumbing systems, pipes, and fixtures located in a flood hazard area that is
subject to high-velocity wave action must not be mounted on or penetrate through
walls intended to break away under flood loads.

� Pro pointer
Normally, exterior water supply piping must be installed at least 6 inches be-
low the frost line and not less than 12 inches below finished grade level.
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� Pro pointer
If corrosive soil is suspected, you may have to protect entire sections of un-
derground piping.

! Codealert
Commercial food waste grinders require a drain with a minimum diameter of
1.5 inches. The drain shall be connected and trapped separately from other fix-
tures or sink components.



Penetrating an Exterior Wall

When a pipe penetrates an exterior wall, it must pass through a sleeve. The sleeve
should be at least two pipe sizes larger than the pipe passing through it. Once the
pipe is installed, the open space between the pipe and the sleeve should be sealed
with a flexible sealant. By caulking around the pipe you eliminate the invasion of
water and rodents. If the penetration is through a fire-resistive material, the space
around the sleeve must be sealed with an approved, fire-resistive material.

Freezing

Pipes must be protected against freezing conditions. Outside, this means placing
the pipe deep enough in the ground to avoid freezing. The depth will vary with ge-
ographic locations, but your local code officer can provide you with minimum
depths. Normally, exterior water supply piping must be installed at least 6 inches
below the frost line and not less than 12 inches below finished grade level.
Aboveground pipes in unheated areas must be protected with insulation or other
means of protection from freezing.

Corrosion

Pipes that tend to be affected by corrosion must be protected. This protection can
take the form of a sleeve or a special coating applied to the pipe. For example, cop-
per pipe can have a bad reaction when placed in contact with concrete and should
be protected with a sleeve. The sleeve can be a foam insulation or some other type
of noncorrosive material. Some soils are capable of corroding pipes. 
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! Codealert
Pipes, other than cast-iron and galvanized pipe, must be protected from dam-
age when it penetrates sections of concealed areas. This type of protection is
required if the pipe is within 1.5 inches of the finished surface of the concealed
area. Steel plates with a thickness of 0.0575 inch must be installed to protect
pipes when protection is required.

! Codealert
Pipes that pass through concrete or cinder walls and floors must be protected
from corrosion.



Seismic Zones

Pipes hung in seismic zones 3 and 4 that are hubless cast iron 5 inches in diame-
ter and larger that are suspended in exposed locations over public or high traffic
areas must be supported on both sides of the coupling if the length of the pipe ex-
ceeds 4 feet.

FIRESTOP PROTECTION

Any DWV or stormwater piping penetrations of fire-resistance materials and en-
closures must be protected in accordance with all code requirements. Plans and
specifications must detail clearly how penetrations of fire-resistive materials and
spaces will be firestopped for adequate protection before a permit will be issued.
All firestopping materials must be code approved. There are a number of ratings
that pertain to firestopping. For example, an F Rating is the time period that the
penetration firestop system limits the spread of fire through the penetration when
tested in accordance with ASTM E 814. If you run across a T Rating, you are deal-
ing with the time period that the penetration firestop system, including the pene-
trating item, limits the maximum temperature rise of 325 degrees F above its ini-
tial temperature through the penetration on the nonfire side when tested in
accordance with ASTM E 814.
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Tradetip
Pipe connections can require a variety of adapters when combining pipes of
different types. It is important to use the proper methods when making any
connections, especially when you are mating different types of pipes.

� Pro pointer
Male and female adapters have long been an acceptable method of joining op-
posing materials, but today the options are much greater. You can use com-
pression fittings and rubber couplings to match many types of materials to
each other. Special insert adapters allow the use of plastic pipe with bell-and-
spigot cast iron.



?Did you know
Condensate piping must maintain a minimum horizontal slope in the direction
of discharge that is at least one-eighth unit vertical in 12 units horizontal.

Combustible Installations

All ABS and PVC DWV piping installations must be protected in accordance with
the appropriate fire-resistant rating requirements in the building code. These list
the acceptable area, height, and type of construction for use in specific occupan-
cies to assure compliance and integrity of the fire-resistance rating prescribed.

All penetrations must be protected by an approved penetration firestop instal-
lation. The systems must have an F Rating of at least one hour, but not less than
the required fire-resistance rating of the assembly being penetrated. Systems that
protect floor penetrations must have a T Rating of at least one hour but not less
than the required fire-resistance rating of the floor being penetrated. Floor pene-
trations contained within the cavity of a wall at the location of the floor penetra-
tion do not require a T Rating. No T Rating is required for floor penetrations by
piping that is not in direct contact with combustible material.

When piping penetrates a rated assembly, noncombustible piping must not be
connected to combustible piping unless it can be shown that the transition com-
plies with all code requirements. Before any piping is concealed, the installation
must be inspected and approved.

Noncombustible Installations

The basic rules that we just covered for plastic pipe apply to metallic pipe. There
are, however, some differences. For example, concrete, mortar, or grout may be
used to fill the annular spaces around cast iron, copper, or steel piping. The nom-
inal diameter of the penetrating item should not exceed 6 inches, and the opening
size should not exceed 144 square inches. Thickness of the firestop should be the
same as the assembly being penetrated. Unshielded couplings are not to be used
to connect noncombustible piping unless it can be demonstrated that the fire-re-
sistive integrity of the penetration is maintained. 
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! Codealert
Urinals installed for use by the public or employees must occupy a separate
area with walls or partitions to provide privacy. Check your local code require-
ments for heights and widths of privacy shields.



The Inspection Process

The inspection process for firestopping is handled by the administrative authority.
An external examination covers the assembly type, insulation type and thickness,
type and size of any sleeve, type and size of penetrant, size of opening, orientation
of penetrant, annular space, and rating. The approved drawing should be submit-
ted for the compliance inspection.

An internal examination is usually made with a contractor present and pre-
pared to make repairs. The contractor is asked to cut into the firestop enough to re-
veal the type and backing materials and the type and amount of the material. Then
the contractor repairs the cut and the code officer inspects the repair. Assuming
that all goes well, the inspection is then approved.

PIPE CONNECTIONS

Pipe connections can require a variety of adapters when combining pipes of dif-
ferent types. It is important to use the proper methods when making any connec-
tions, especially when you are mating different types of pipes. There are many
universal connectors available to plumbers today. These special couplings are al-
lowed to connect a wide range of materials. Threaded joints on iron pipe and fit-
tings must have standard taper pipe threads. Threads on tubing must be of an ap-
proved type. When flared joints are made for soft copper tubing, they must be
made with approved fittings. The tubing must be reamed to the full inside diame-
ter, resized to round, and expanded with a proper flaring tool.
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! Codealert
Shower pan liners must be tested for leaks before being used to build showers
on. The liner must hold a minimum of 2 inches of potable water for not less
than 15 minutes.

! Codealert
Floor drains must have removable strainers and the drain must be of such a
type to allow proper cleaning as needed. The drain must be accessible.



CONDENSATE DISPOSAL

Liquid combustion byproducts of condensing appliances must be collected and
discharged to an approved plumbing fixture or disposal area in accordance with
the manufacturer’s installation instructions. All piping used to handle the conden-
sate must be made of an approved, corrosion-resistant material and must not be
smaller than the drain connection on the appliance. Condensate piping must main-
tain a minimum horizontal slope in the direction of discharge that is at least one-
eighth unit vertical in 12 units horizontal.

Equipment containing evaporators of cooling coils must be provided with a
condensate drainage system. The system must be designed and installed in accor-
dance with code requirements. Condensate drainage from all cooling coils and
evaporators must be conveyed from the drain pan outlet to an approved place of
disposal. It must not be allowed to dump into a street, alley, or other area so as to
cause a nuisance.

The components used to create a condensate drainage system may be made of
any of the following materials:

• Galvanized steel

• Copper

• Polybutylene

• Cross-linked polyethylene
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! Codealert
Condensate disposal from cooling coils and evaporators must be conveyed
from drain pans to approved places of disposal. The grading for a condensate
drain is to be a minimum of 1⁄8 inch per foot. Streets, alleys, and other areas
where condensate drainage may cause a nuisance are not suitable discharge lo-
cations.

! Codealert
Water-level monitoring devices are required on condensate drainage systems
when down-flow units and all other coils do not have a secondary drain. The
monitor must be equipped to shut down if the primary drain becomes re-
stricted. Devices installed in drain lines are not permitted.



• Polyethylene

• ABS

• PVC

• CPVC

• Cast iron.

All components used to build a condensate drainage system must be rated for
the pressure and temperature requirements of the system. Waste lines must not be
less than .75 inch in internal diameter. The size is not allowed to decrease from the
drainage pan connection to the place of disposal. If multiple drainpipes are con-
nected to a single disposal pipe, the piping must be sized to meet total flow re-
quirements. Horizontal sections of piping must be installed uniformly and with
proper pitch.

If there is risk of damage to any building component, a secondary drainage
system is required. There are different ways to comply with this requirement. One
way is to install an auxiliary pan with a separate drain under the coils on which
condensation will occur. This pan must discharge to a conspicuous location to
alert people that the primary drain is not functioning. This pan must have a mini-
mum depth of 1.5 inches and it must be not less than 3 inches larger than the unit
or the coil dimensions in width and length. The pan must be made of corrosion-
resistant material. When metal pans are used, they must have a minimum thick-
ness of 0.0276 inches.

Another option is to use a separate overflow drainpipe that is connected to the
main drain pan. This drain, too, must discharge into a conspicuous point. The sec-
ondary drain is required to connect to the drain pan at a location higher than the
primary discharge pipe.
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! Codealert
Auxiliary and secondary drain systems may be required in some condensate
drainage designs. An auxiliary pan must have its own drain. The point of dis-
charge must be conspicuous so that occupants or others will notice the dis-
charge and bring it to the attention of proper people. Drainage pans are re-
quired to have a minimum depth of 1.5 inches.

! Codealert
The minimum allowable diameter for a condensate drain is 3⁄4 inch. 
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A third option is to use an auxiliary drain pan without a separate drain. This
pan must be equipped with a water level detection device. The device will be de-
signed and installed to cut off the equipment being served if the water reaches a
high level. 

All condensate drains must be trapped in accordance with the appliance man-
ufacturer recommendations. Equipment efficiencies must conform to the
International Energy Conservation Code. 

TESTING A DWV SYSTEM

Drainage systems are to be tested with air or water, depending on local regula-
tions. This test can be done either on sections of piping or on an entire system.
When a system is tested, all openings must be tightly closed, with the exception
of the highest opening, when water is used. The system must be filled to a point
where it overflows, when water is used. If a section of piping is being tested, such
as the underground piping, the highest opening must be at least 10 feet high.
Eventually all piping must be tested. A test is to last for a minimum of 15 minutes,
with the system retaining all water contained during the test. 

A final test on a DWV system may involve the use of smoke. This requirement
is at the option of the code officer. If a smoke test is required, all traps are to be
filled with water and then a pungent, thick smoke is introduced into the plumbing
system. Once the smoke is evident at roof vent terminals, the vent openings must
be capped. A pressure equal to a 1-inch water column must be maintained for a
period of at least 15 minutes.

Tests that require a pressure of 10 psi or less, must be done with a test gauge
that has increments of 0.10 psi or less. If a test requires a pressure of greater than

! Codealert
Toilet facilities are required in all occupancies and can be either separate or
combined with public facilities.

! Codealert
Tables are often used to determine the number and type of plumbing fixtures
that are required in a building. In the event that your calculations for the num-
ber of people to use the facility is a fractional number, round up to the next
highest number for your sizing procedures.



GENERAL REGULATIONS 3.21

10 but less than 100 psi, it must be done with a test gauge calibrated in increments
of 1 psi or less. When a pressure of more than 100 psi is required, the test gauge
must have increments of 2 psi or less.

WORKING WITH THE SYSTEM INSTEAD OF AGAINST IT

Code officers are expected to enforce the regulations set forth by the code.
Plumbers are expected to work within the parameters of the code. Naturally,
plumbers and code officers will come into contact with each other on a regular ba-
sis. This contact can lead to some disruptive actions. 

The plumbing code is in place to help people, not hurt them. It is not meant to
ruin your business or to place you under undue hardship in earning a living. It re-
ally is no different than our traffic laws. The traffic laws are there to protect all of
us, but some people resent them. Some plumbers resent the plumbing code. They
view it as a vehicle for the local jurisdiction to make more money while they, the
plumbers, are forced into positions to possibly make less money.

When you learn to understand the plumbing code and its purpose, you will
learn to respect it. You should respect it; it shows the importance of your posi-
tion as a plumber to the health of our entire nation. Whether you agree with the
code or not, you must work within its constraints. This means working with the
inspectors.

When inspectors choose to play hardball, they hold most of the cards. If you
develop an attitude problem, you may be paying for it for years to come. Even if
you know you are right on an issue, give the inspector a place to escape; nobody
enjoys being ridiculed in his or her profession. 

The plumbing code is largely a matter of interpretation. If you have questions,
ask your code officer for help. Code officers are generally more than willing to

! Codealert
Piping for shower-head risers must be secured in an approved manner.

! Codealert
Directional signage is required to be located in a corridor or aisle, at the en-
trance to facilities.
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give advice. It is only when you walk into their offices with a chip on your shoul-
der that you are likely to hit the bureaucratic wall. Like it or not, you must learn
to comply with the plumbing code and to work with code officers. The sooner you
learn to work with them on amicable terms, the better off you will be.

Little things can mean a lot. Apply for your permit early. This prevents the
need to hound the inspector to approve your plans and issue your permit. Many ju-
risdictions require at least 24 hours’ advance notice for an inspection request, but
even if your jurisdiction doesn’t have this rule, be considerate and plan your in-
spections in advance. By making life easier for the inspector, you will be helping
yourself.

TABLE 3.1 Condensate drain sizing. Copyright © 2009 by International Code
Council, Inc. Reprinted with permission. All rights reserved.



CHAPTER 4

FIXTURES

Fixtures are a part of the final phase of plumbing. When you are planning a plumb-
ing system, you must know which fixtures and types are required and how they
must be installed. If your rough-in measurements are wrong, the fixtures will pres-
ent problems when it comes time to install them. This chapter will guide you
through the many fixtures available and how they may be used.

WHAT FIXTURES ARE REQUIRED?

The number and type of fixtures required depends on local regulations and the use
of the building where they are being installed.

SINGLE-FAMILY RESIDENCE

When you are planning fixtures for a single-family residence, you must include
certain fixtures. If you choose to install more than the minimum, that’s fine, but
you must install the minimum number of required fixtures. The minimum number
and type of fixtures for a single-family dwelling are as follows:

• One toilet

• One lavatory

• One bathing unit

• One kitchen sink

• One washing machine hookup. 

4.1
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MULTI-FAMILY BUILDINGS

The minimum requirements for a multi-family building are the same as those for
a single-family dwelling, but each dwelling in the building must be equipped with
the minimum fixtures. There is one exception--the laundry hookup. With a multi-
family building, laundry hookups are not required in each dwelling unit. A laun-
dry hookup for common use may be required when there are 20 or more dwelling
units. For each interval of 20 units, you must install a laundry hookup when this
code is in effect. 

For example, in a building with 40 apartments, you would have to provide two
laundry hookups. If the building had 60 units, you would need three hookups. This
ratio is not always the same. Sometimes a dwelling-unit interval is 10 rental units
and the local requirements could require one hookup for every 12 rental units but
no fewer than two hookups for buildings with at least 15 units.

NIGHTCLUBS AND RESTAURANTS

With businesses and places of public assembly such as nightclubs, the ratings are
based on the number of people likely to use the facilities. In a nightclub, the min-
imum requirements are usually as follows:

• One toilet for every 40 people

• Fixtures located in a unisex toilet or bathing room can be counted in determin-
ing the minimum required number of fixtures for assembly and mercantile oc-
cupancies only

?Did you know
The minimum requirements for a multi-family building are the same as those for
a single-family dwelling, but each dwelling in the building must be equipped
with the minimum fixtures. There is one exception—the laundry hookup.

Fastfact
When installing separate bathroom facilities, the number of required fixtures
will be divided equally between the two sexes, the exception being that sep-
arate facilities shall not be required for dwelling units and sleeping units.
Separate facilities are not required for private facilities.
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• Lavatories—one lavatory for every 75 people

• One service sink

• One drinking fountain for every 500 people

• Zero bathing units.

Drinking fountains are not required in establishments, such as restaurants,
where water is served. When drinking fountains are required, bottled water dis-
pensers can be substituted for up to 50 percent of the requirement.

DAY-CARE FACILITIES

The minimum number of fixtures for a day-care facility are usually:

• One toilet for every 15 people

• One lavatory for every 15 people

• One bathing unit for every 15 people

• One service sink 

• One drinking fountain for every 100 people.

Some local codes only require the installation of toilets and lavatories in day-
care facilities. This information will be found in your local code and will cover all
the normal types of building uses. 

In many cases, facilities will have to be provided in separate bathrooms to ac-
commodate each sex. When installing separate bathroom facilities, the number of
required fixtures will be divided equally between the two sexes, unless there is
cause and approval for a different appropriation. Separate facilities are not re-
quired for private facilities.

Local codes may also not require separate facilities in the following buildings:
offices with less than 1200 square feet, retail stores with less than 1500 square
feet, restaurants with less than 500 square feet, self-serve laundries with less than
1400 square feet, and hair salons with less than 900 square feet. Separate facilities
are not required for private facilities. Mercantile occupancies in which the maxi-

� Pro pointer
Some types of buildings do not require separate facilities. For example, some
jurisdictions do not require residential properties or small businesses where
less than 15 employees work or where less than 15 people are allowed in the
building at the same time to have separate facilities.
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TABLE 4.1 Maximum number of required plumbing fixtures. Copyright © 2009 by
International Code Council, Inc. Reprinted with permission. All rights reserved.
(continued on next page)
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TABLE 4.1 Maximum number of required plumbing fixtures. Copyright © 2009 by
International Code Council, Inc. Reprinted with permission. All rights reserved.
(continued from previous page)
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mum occupant load is 50 or less and food and beverages are not being served are
not required to have separate facilities.

EMPLOYEE AND CUSTOMER FACILITIES

There are some special regulations pertaining to employee and customer facilities.
For employees, toilet facilities must be available to employees within a reasonable
distance and with relative ease of access. The general code requires these facili-
ties to be in the immediate work area; the distance an employee is required to walk
to the facilities may not exceed 500 feet. The facilities must be located in a man-
ner so that employees do not have to negotiate more than one set of stairs for ac-
cess to the facilities. There are some exceptions to these regulations, but in gen-
eral, these are the rules.

Toilet facilities in buildings other than assembly or mercantile cannot be in-
stalled more than one story above or below the employees’ regular working area
and the path of travel to the toilet facilities cannot exceed 500 feet. There is a po-
tential exception for maximum travel distance when the building is used for fac-
tory or industrial purposes. 

Fastfact
There are some special regulations pertaining to employee and customer 
facilities.

?Did you know
It is expected that customers of restaurants, stores, and places of public assem-
bly will have toilet facilities. This is usually based on buildings capable of
holding 150 or more people. Buildings with an occupancy rating of less than
150 people are not normally required to provide toilet facilities unless the
building serves food or beverages. When facilities are required, they may be
placed in individual buildings or, in a shopping mall situation, in a common
area not more than 500 feet from any store or tenant space. These central toi-
lets must be placed so that customers will not have to use more than one set of
stairs to reach them. The accessible route to public facilities shall not pass
through kitchens, storage rooms, closets, or similar spaces.
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When toilet facilities for employees are located in covered malls, the travel
distance must not exceed 300 feet. There are exceptions to this rule, so check your
local requirements. Facilities in covered malls are based on total square footage.
Toilet facilities must be installed in each individual store or in a central toilet area
located no more than 300 feet from the source of travel for individuals using the
facility. Travel distance is measured from the main entrance of any store or ten-
ant space.

HANDICAP FIXTURES

Handicap fixtures are not cheap; you cannot afford to overlook them when bid-
ding a job. The plumbing code will normally require specific minimum require-
ments for handicap-accessible fixtures in certain circumstances. It is your respon-
sibility to know when handicap facilities are required. There are also special
regulations pertaining to how handicap fixtures shall be installed. 

?Did you know
Some jurisdictions use a square-footage method to determine minimum re-
quirements in public places. For example, retail stores are rated as having an
occupancy load of one person for every 200 square feet of floor space. This
type of facility is required to have separate facilities when the store’s square
footage exceeds 1500 square feet. A minimum of one toilet is required for each
facility when the occupancy load is up to 35 people. One lavatory is required
in each facility for up to 15 people. A drinking fountain is required for occu-
pancy loads up to 100 people. Drinking fountains may not be installed in pub-
lic restrooms. Pay bathroom facilities are allowed, but these facilities must be
installed in addition to the minimum plumbing requirements for free facilities.

Public plumbing facilities must be identified with legible signs for each sex.
The signage must be readily visible and near the entrance to the toilet facility.

Tradetip
Handicap fixtures are not cheap; you cannot afford to overlook them when
bidding a job. The plumbing code will normally require specific minimum
requirements for handicap-accessible fixtures in certain circumstances.
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When you are dealing with handicap plumbing, you must combine the local
plumbing code with the local building code. These two codes work together in es-
tablishing the minimum requirements for handicap plumbing facilities. When you
step into the field of handicap plumbing, you must play by a different set of rules.
Handicap plumbing is like a different code all unto itself. 

WHERE ARE HANDICAP FIXTURES REQUIRED?

Most buildings frequented by the public are required to have handicap-accessible
plumbing fixtures. The following handicap examples are based on general code
requirements. 

Single-family homes and most residential multi-family dwellings are exempt
from handicap requirements. A rule-of-thumb for most public buildings is the in-
clusion of one toilet and one lavatory for handicap use.

Hotels, motels, inns, and the like are required to provide a toilet, lavatory,
bathing unit, and kitchen sink, where applicable, for handicap use. Drinking foun-
tains may also be required. Drinking fountains must not be installed in public rest-
rooms. This provision will depend on both the local plumbing and building codes.
If plumbing a gang shower arrangement, such as in a school gym, at least one of
the shower units must be handicap-accessible. 

HANDICAP TOILET FACILITIES

When you think of installing a handicap toilet, you probably think of a toilet that
sits high off the floor. But do you think of the grab bars and partition dimensions

Tradetip
When you are dealing with handicap plumbing, you must combine the local
plumbing code with the local building code.

� Pro pointer
Most buildings frequented by the public are required to have handicap-
accessible plumbing fixtures.



required around the toilet? Some plumbers don’t, but they should. The door to a
privacy stall for a handicap toilet must provide a minimum of 32 inches of clear
space for wheelchair access. The distance between the front of the toilet and the
closed door must be at least 48 inches. It is mandatory that the door open outward,
away from the toilet. Think about it: how could a person in a wheelchair close the
door if the door opened in to the toilet? These facts may not seem like your prob-
lem, but if your inspection doesn’t pass, you don’t get paid.

The width of a water closet compartment for handicap toilets must be a mini-
mum of five feet. The length of the privacy stall shall be at least 56 inches for wall-
mounted toilets and 59 inches for floor-mounted models. Unlike regular toilets,
which require a rough-in of 15 inches to the center of the drain from a sidewall,
handicap toilets require the rough-in to be at least 18 inches off the sidewall.

Next are the required grab bars. Sure, you may know that grab bars are re-
quired, but do you know the mounting requirements for the bars? Two bars are re-
quired for each handicap toilet. One bar should be mounted on the back wall and
the other on the sidewall. The bar mounted on the back wall must be at least three
feet long. The first mounting bracket of the bar must be mounted no more than 6
inches from the sidewall. Then, the bar must extend at least 24 inches past the cen-
ter of the toilet’s drain.

The bar mounted on the sidewall must be at least 42 inches long. The bar
should be mounted level and with the first mounting bracket located no more than
one foot from the back wall. The bar must be mounted on the sidewall that is clos-
est to the toilet. This bar must extend to a point at least 54 inches from the back
wall. If you do your math, you will see that a 42-inch bar is pushing the limits on
both ends. A longer bar will allow more assurance of meeting the minimum re-
quirements.

When a lavatory will be installed in the same toilet compartment, the lavatory
must be installed on the back wall. The lavatory must be installed in a way that its
closest point to the toilet is no less than 18 inches from the center of the toilet’s
drain. When a privacy stall of this size and design is not suitable, another way to
size the compartment to house a handicap toilet and lavatory is available. There
may be times when space restraints will not allow a stall with a width of five feet.
In these cases, you may position the fixture differently and use a stall with a width
of only three feet. In these situations, the width of the privacy stall may not exceed
four feet.
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?Did you know
Door sizes and other building code requirements must be observed when deal-
ing with handicap facilities. There are local exceptions to these rules; check
with your local code officers for current, local regulations.



The depth of the compartment must be at least 66 inches when wall-mounted toi-
lets are used. The depth extends to a minimum of 69 inches with the use of a floor-
mounted water closet. The toilet requires a minimum distance from sidewalls of 18
inches to the center of the toilet drain. If the compartment is more than three feet
wide, grab bars are required, with the same installation as described before. 

If the stall is made at the minimum width of three feet, grab bars, with a min-
imum length of 42 inches, are required on each side of the toilet. These bars must
be mounted no more than one foot from the back wall, and they must extend a
minimum of 54 inches from the back wall. If a privacy stall is not used, the side-
wall clearances and the grab bar requirements are the same as listed in these two
examples. To determine which set of rules to use, you must assess the shape of the
room when no stall is present.

If the room is laid out in a fashion like the first example, use the guidelines for
grab bars listed there. If, on the other hand, the room tends to meet the description
of the last example, use the specifications in that example. In both cases, the door
to the room may not swing into toilet area.

HANDICAP FIXTURES

Handicap fixtures are designed for people with less physical ability than the gen-
eral public. The differences may appear subtle, but they are important. Let’s look
at the requirements a fixture must meet to be considered a handicap fixture.

In assembly and mercantile occupancies, unisex toilet and bathing rooms must
be provided in accordance with the local code. An accessible unisex toilet room is
required when an aggregate of six or more male or female water closets are re-
quired. In buildings with mixed-use occupancy, only the water closets required for
the assembly or mercantile occupancy shall be used to determine the unisex toilet
room requirement. A unisex bathing room is required in recreational facilities
where separate-sex bathing rooms are provided. There is an exception. When a
separate-sex bathing room has only one shower or bathtub, a unisex bathing room
is not required.

Accessible toilet facilities must comply with all code requirements. The facil-
ities must consist of only one water closet and only one lavatory. Unisex bathing
rooms are to be considered a unisex toilet room. As usual, there are exceptions. A
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� Pro pointer
When unisex toilet and bathing rooms are installed, they must be located on
an accessible route. The rooms must not be located more than one story above
or below separate-sex toilet room. Travel distance is not to exceed 500 feet.
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separate-sex toilet room that contains no more than two water closets, no urinals,
or one water closet and one urinal will be considered a unisex toilet room.

Unisex toilet rooms installed in passenger transportation facilities and airports
must have a travel route from separate-sex toilet rooms that does not require pas-
sage through security checkpoints. 

A clear floor space of not less than 30 inches by 48 inches is required beyond
the area of the door swing when a door opens into a unisex toilet or bathing room.
Doors providing privacy for unisex toilet and bathing rooms must be securable
from within the room. A sign that complies with code requirements is required to
designate a unisex toilet or bathing room. Directional signage shall be provided at
all separate-sex toilet and bathing rooms indicating the location of the nearest uni-
sex toilet or bathing room.

Toilets

Toilets will have a normal appearance, but they will sit higher above the floor than
a standard toilet. A handicap toilet will rise to a height of between 16 and 20
inches off the finished floor; 18 inches is a common height for most handicap toi-
lets. Toilets are required to have a minimum of 30 inches center-to-center between
other fixtures and walls. An open space of 21 inches is required in front of the toi-
let. The same is true for bidets. Urinals require a center-to-center open space of 30
inches. There are many choices in toilet style, including the following:

• Siphon jet

• Siphon vortex

• Siphon wash

• Reverse trap

• Blowout.

Sinks and Lavatories

Handicap sinks, lavatories, and faucets may appear to be standard fixtures, but
their method of installation is regulated and the faucets are often unlike a standard
faucet. Handicap sinks and lavatories must be positioned to allow a person in a
wheelchair to use them easily. 

The clearance requirements for a lavatory are numerous. There must be at
least 21 inches of clearance in front of the lavatory. This clearance must extend

� Pro pointer
Handicap sinks and lavatories must be positioned to allow a person in a wheel-
chair to use them easily.
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30 inches from the front edge of the lavatory, or countertop, whichever protrudes
the furthest, and to the sides. If you can sit a square box, with a 30 inch by 30 inch
dimension, in front of the lavatory or countertop, you have adequate clearance for
the first requirement. This applies to kitchen sinks and lavatories.

The next requirement calls for the top of the lavatory to be no more than 35
inches from the finished floor. For a kitchen sink the maximum height is 34 inches.
There is also knee clearance to consider. The minimum allowable knee clearance
requires 29 inches in height and 8 inches in depth. This is measured from the face
of the fixture, lavatory, or kitchen sink. Toe clearance is another issue. A space 
9 inches high and 9 inches deep is required as a minimum for toe space. The last
requirement deals with hot water pipes. Any exposed hot water pipes must be in-
sulated or shielded, to prevent users of the fixture from being burned.

Sink and Lavatory Faucets

Handicap faucets frequently have blade handles. The faucets must be located no
more than 25 inches from the front edge of the lavatory or counter, whichever is
closest to the user. Handicap faucets can use wing handles, single handles, or push
button operation, but the operational force required by the user shall not be more
than five pounds.

Bathing Units

Handicap bathtubs and showers must meet the requirements of approved fixtures,
like any other fixture, but they are also required to have special features and in-
stallation methods. The special features are required under the code for approved
handicap fixtures. The clear space in front of a bathing unit is required to be a min-
imum of 1440 square inches. This is achieved by leaving an open space of 30
inches in front of the unit and 48 inches to the sides. If the bathing unit is not ac-
cessible from the side, the minimum clearance is increased to an area with a di-
mension of 48 inch by 48 inch.

Handicap bathtubs are required to be installed with seats and grab bars. A grab
bar for handicap use must have a diameter of at least 1.25 inch. The diameter may
not exceed 1.5 inches. All handicap grab bars are installed 1.5 inches from walls.
The design and strength for these bars are set forth in the building codes.

?Did you know
Handicap faucets can use wing handles, single handles, or push button opera-
tion, but the operational force required by the user shall not be more than 5
pounds.
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The seat may be an integral part of the bathtub, or it may be a removable, af-
ter-market seat. The grab bars must be at least two feet long. Two of these grab
bars are to be mounted on the back wall, one on top of the other. The bars are to
run horizontally. The lowest grab bar must be mounted 9 inches above the flood-
level rim of the tub. The top grab bar must be mounted a minimum of 33 inches
but no more than 36 inches above the finished floor. The grab bars should be
mounted near the seat of the bathing unit.

Additional grab bars are required at each end of the tub. These bars should be
mounted horizontally and at the same height as the highest grab bar on the back
wall. The bar over the faucet must be at least two feet long. The bar on the other
end of the tub may be as short as one foot. 

The faucets in these bathing units must be located below the grab bars. The
faucets used with a handicap bathtub must be able to operate with a maximum
force of five pounds. A personal, hand-held shower is required in all handicap
bathtubs. The hose for the hand-held shower must be at least five feet long.

If the shower is intended to be used with a seat, its dimensions should form a
square with 3 feet of clearance. The seat should be no more than 16 inches wide
and mounted along the sidewall. This seat should run the full length of the shower.
The height of the seat should be between 17 and 19 inches above the finished
floor. There should be two grab bars installed in the shower. These bars should be
located between 33 and 36 inches above the finished floor. The bars are mounted
in an “L” shape. One bar should be 36 inches long and run the length of the seat,
mounted horizontally. The other bar should be installed on the sidewall of the
shower. This bar should be at least 18 inches long.

� Pro pointer
Lavatories in employee and public toilet rooms must be located in the same
room as the required water closet.

� Pro pointer
Two types of showers are normally used for handicap purposes. The first type
allows the user to leave a wheelchair and shower while sitting on a seat. The
other style of shower stall is meant for the user to roll a wheelchair into the
stall and shower while seated in the wheelchair.
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The faucet for this type of shower must be mounted on the wall across from
the seat. The faucet must be at least 38 inches but not more than 48 inches above
the finished floor. A hand-held shower must be installed. The hand-held shower
can be in addition to a fixed showerhead, but there must be a hand-held shower,
on a hose of at least five feet in length. The faucet must be able to operate with a
maximum force of five pounds.

Drinking Units

The distribution of water from a water cooler or drinking fountain must occur at a
maximum height of 36 inches above the finished floor. The outlet for drinking wa-
ter must be located at the front of the unit, and the water must flow upwards for a
minimum distance of 4 inches. 

Clearance requirements call for an open space of 30 inches in front of the unit
and 48 inches to the sides. Knee and toe clearance is the same as required for sinks
and lavatories. If the unit is made so that the drinking spout extends beyond the
basic body of the unit, the width clearance may be reduced from 48 inches to 30
inches, so long as knee and toe requirements are met.

STANDARD FIXTURE INSTALLATION REGULATIONS 

Standard fixtures must be installed according to local code regulations. There are
space limitations, clearance requirements, and predetermined, approved methods

� Pro pointer
The distribution of water from a water cooler or drinking fountain must occur
at a maximum height of 36 inches above the finished floor. The outlet for
drinking water must be located at the front of the unit, and the water must flow
upwards for a minimum distance of 4 inches. Levers or buttons to control the
operation of the drinking unit may be mounted on front of the unit or on the
side near the front.

?Did you know
Levers or buttons to control the operation of the drinking unit may be mounted
on front of the unit or on the side near the front.
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for installing standard plumbing fixtures. First, let’s look at the space and clear-
ance requirements for common fixtures.

Standard Fixture Placement

Toilets and bidets require a minimum distance of 15 inches from the center of the
fixture’s drain to the nearest sidewall. These fixtures must have at least 15 inches
of clear space between the center of their drains and any obstruction, such as a
wall, cabinet, or other fixture. With this rule in mind, a toilet or bidet must be cen-
tered in a space of at least 30 inches. Most local codes further require that there be
a minimum of 21 inches of clear space in front of these fixtures, and that when toi-
lets are placed in privacy stalls, the stalls must be at least 30 inches wide and 60
inches deep. 

Most codes require urinals to be installed with a minimum clear distance of 15
inches from the center of their drains to the nearest obstacle on either side. When
urinals are installed side-by-side, the distance between the centers of their drains
must be at least 30 inches. When urinals are substituted for water closets, they can-
not comprise more than 67 percent of the requirement. Urinals must also have a
minimum clearance of 21 inches in front of them.

Lavatories must be installed so that there is at least 15 inches of clearance from
the center of the fixture drain and any sidewall or adjacent fixture. A minimum
space of 21 inches is required in front of lavatories.

These fixtures, as with all fixtures, must be installed level and with good work-
manship. The fixture should normally be set an equal distance from walls to avoid
a crooked or cocked installation. All fixtures should be designed and installed with
proper cleaning in mind. 

� Pro pointer
Bathtubs, showers, vanities, and lavatories should be placed in a manner to
avoid violating the clearance requirements for toilets, urinals, and bidets.

� Pro pointer
Toilets and bidets require a minimum distance of 15 inches from the center of
the fixture’s drain to the nearest sidewall. These fixtures must have at least 15
inches of clear space between the center of their drains and any obstruction,
such as a wall, cabinet, or other fixture.
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Securing and Sealing Fixtures

Some fixtures hang on walls, and others sit on floors. When securing fixtures to
walls and floors, there are some rules you must follow. Floor-mounted fixtures,
like most residential toilets, should be secured to the floor with the use of a closet
flange. The flange is first screwed or bolted to the floor. A wax seal is then placed
on the flange, and closet bolts are placed in slots on both sides of the flange. Then
the toilet is set into place.

The closet bolts should be made of brass or some other material that will re-
sist corrosive action. The closet bolts are tightened until the toilet will not move
from side to side or front to back. In some cases, a flange is not used. When a
flange is not used, the toilet should be secured with corrosion-resistant lag bolts.

When toilets or other fixtures are being mounted on a wall, the procedure is a
little different. The fixture must be installed on and supported by an approved
hanger. The hangers are normally packed with the fixture. The hanger must as-
sume the weight placed in and on the fixture to avoid stress on the fixture itself.

In the case of a wall-hung toilet, the hanger usually has a pattern of bolts ex-
tending from the hanger to a point outside the wall. The hanger is concealed in the
wall cavity. A watertight joint is made at the point of connection, usually with a
gasket ring, and the wall-hung toilet is bolted to the hanger.

With lavatories, the hanger is usually mounted on the outside surface of the
finished wall. A piece of wood blocking is typically installed in the wall cavity to
allow a solid surface for mounting the bracket. The bracket is normally secured to
the blocking with lag bolts. The hanger is put in place and lag bolts are screwed
through the bracket and finished wall into the wood blocking. Then the lavatory
is hung on the bracket.

When bathtubs are installed, they must be installed level, and they must be
properly supported. The support for most one-piece units is the floor. These units
are made to be set into place, leveled, and secured. Other types of tubs, like cast-
iron tubs, require more support than the floor will give. They need a ledger or sup-
port blocks placed under the rim, where the edge of the tub meets the back wall.

Fastfact
The space where the lavatory meets the finished wall must be sealed. This is
true of all fixtures coming into contact with walls, floor, or cabinets. The
crevice caused by the fixture mount in the finished surface must be sealed to
protect against water damage. A caulking compound, such as silicone, is
normally used for this purpose. This seal does more than prevent water dam-
age. It eliminates hard-to-clean areas and makes the plumbing easier to keep
free of dirt and germs.
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The ledger can be a piece of wood, like a wall stud. The ledger should be about
the same length as the tub. This ledger is installed horizontally and level. The
ledger should be at a height that will support the tub in a level fashion or with a
slight incline so excess water on the rim of the tub will run back into the tub. The
ledger is nailed to wall studs. 

If blocks are used, they are cut to a height that will put the bathtub into the
proper position. Then the blocks are placed at the two ends, and often in the mid-
dle, where the tub will sit. The blocks should be installed vertically and nailed to
the stud wall.

When the tub is set into place, the rim at the back wall rests on the blocks or
ledger for additional support. This type of tub has feet on the bottom so that the
floor supports most of the weight. The edges where the tub meets the walls must
be caulked. If shower doors are installed on a bathtub or shower, they must meet
the safety requirements set forth in the building codes. 

Showers today are usually one-piece units. These units are meant to sit in
place, be leveled, and secured to the wall. The securing process for one-piece
showers and bathtubs is normally accomplished by placing nails or screws
through a nailing flange, which is molded as part of the unit, into the stud walls.
If only a shower base is being installed, it must also be level and secure. 

THE FACTS ABOUT FIXTURE INSTALLATIONS

When it is time to install fixtures, there are many rules and regulations to adhere to.
Water supply is one issue. Access is another. Air gaps and overflows are factors.
There are a host of requirements governing the installation of plumbing fixtures. We
will start with the fixtures most likely to be found in residential homes. Then we will
look at the fixtures normally associated with commercial applications.

?Did you know
Shower doors must open enough to allow a minimum of 22 inches of unob-
structed opening for egress. 

Fastfact
Incoming water lines must be protected against freezing and backsiphonage.



4.18 CHAPTER 4

?Did you know
The path of a fixture’s overflow must carry the overflowing water into the trap
of the fixture. This should be done by integrating the overflow path with the
same pipe that drains the fixture.

TYPICAL RESIDENTIAL FIXTURE INSTALLATION

Typical residential fixture installations could include everything from hose bibbs
to bidets. This section is going to look at each fixture that could be considered a
typical residential fixture and tell you more about how they must be installed.

With most plumbing fixtures water enters and exits the fixture. Incoming wa-
ter lines must be protected against freezing and backsiphonage. Freeze protection
is usually accomplished through the placement of the piping. In cold climates it is
advisable to avoid putting pipes in outside walls. Insulation is often applied to wa-
terlines to reduce the risk of freezing. Backsiphonage is typically avoided with the
use of air gaps and backflow preventers. Shower valves and combination tub-
shower valves are required to be balanced pressure, thermostatic, or combination
balanced-pressure/thermostatic valves. Mixing valves for tubs and showers must
be set so that the maximum water temperature available at the device will not ex-
ceed 120°. Temperature actuated flow reduction valves for individual fixtures are
not to be used as a substitute for balanced pressure, thermostatic, or combination
shower and tub valves.

Some fixtures, like lavatories and bathtubs, are equipped with overflow routes.
These overflow paths must be designed and installed to prevent water from remain-
ing in the overflow after the fixture is drained. They must also be installed in a man-
ner that backsiphonage cannot occur. This normally means nothing more than in-
stalling the faucet so that it is not submerged in water if the fixture floods. By
keeping the faucet spout above the high-water mark, you have created an air gap. 

Bathtubs must be equipped with wastes and overflows. Most codes require
these wastes and overflows to have a minimum diameter of 1.5 inches. The

Fastfact
Temperature actuated flow reduction valves for individual fixtures are not to
be used as a substitute for balanced pressure, thermostatic, or combination
shower and tub valves.
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method for blocking the waste opening must be approved. Common methods for
holding water in a tub include the following:

• Plunger-style stoppers

• Rubber stoppers

• Lift and turn stoppers

• Push and pull stoppers.

Dishwashers are another likely source of backsiphonage. These appliances
must be equipped with either a backflow protector or an air gap, installed on the
water supply piping. The drainage from dishwashers is handled differently in
some codes. 

It is common for the code to require the use of an air gap on the drainage of a
dishwasher. These air gaps are normally mounted on the countertop or in the rim of
the kitchen sink. The air gap forces the waste discharge of the dishwasher through
open air and down a separate discharge hose. This eliminates the possibility of back-
siphonage or a backup from the drainage system into the dishwasher. Some codes
require dishwasher drainage to be separately trapped and vented or to be discharged
indirectly into a properly trapped and vented fixture. Other codes allow the dis-
charge hose from a dishwasher to enter the drainage system in several ways. It may
be individually trapped. It may discharge into a trapped fixture. The discharge hose
could be connected to a wye tailpiece in the kitchen sink drainage. Or it may be con-
nected to the waste connection provided on many garbage disposers.

Tradetip
When a drainage connection is made with removable connections, like slip-
nuts and washers, the connection must be accessible. If access is not practi-
cal, the connections must be soldered, solvent cemented, or screwed to form
a solid connection.

� Pro pointer
Some fixtures such as hand-held showers pose special problems. Since the
shower is on a long hose, it could be dropped into a bathtub full of water. If a
vacuum was formed in the water pipe while the showerhead was submerged,
the unsanitary water from the bathtub could be pulled back into the potable wa-
ter supply. This is avoided with the use of an approved backflow preventer.
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?Did you know
Garbage disposers require a drain of at least 1.5 inches and must be trapped.
It may seem to go without saying, but garbage disposers must have a water
source. This doesn’t mean you have to pipe a water supply to the disposer; a
kitchen faucet provides adequate water supply to satisfy the code.

Laundry trays are required to have 1.5-inch drains. These drains should be
equipped with crossbars or a strainer. Laundry trays may act as indirect-waste 
receptors for clothes washers. In the case of a multiple-bowl laundry tray, the use
of a continuous waste is acceptable. All sinks are required to have a minimum
drain diameter of 1.5 inches.

Lavatories are required to have drains of at least 1.25 inch in diameter. The
drain must be equipped with some device to prevent foreign objects from entering
the drain. These devices could include: pop-up assemblies, crossbars, or strainers.

The frequent use of tub-shower combinations confuses many people. A
shower has different requirements than those of a tub-shower combination. A
shower drain must have a diameter of at 1.5 inches. A drain with a minimum 
diameter of 2 inches is preferable. The reason for this is simple. In a tub-shower
combination, a 1.5-inch drain is sufficient, because the walls of the bathtub will
retain water until the smaller drain can remove it. A shower doesn’t have high re-
taining walls, so a larger drain is preferable to clear the shower base of water more
quickly. Shower drains must have removable strainers. The strainers should have
a diameter of at least 3 inches, except when the shower is located in a bathtub.

Showers are required to have a minimum height of 70 inches above the drain
outlet. A shower advertised as a 30-inch shower may not meet code requirements.
If the measurements are taken from the outside dimensions, the stall will not pass

� Pro pointer
Washing machines generally receive their incoming water from boiler drains
or laundry faucets. There is a high risk of a cross-connection when these de-
vices are used with an automatic clothes washer. This type of connection must
be protected against backsiphonage. The drainage from a washing machine
must be handled by an indirect-waste receptor. An air-break is required and is
usually accomplished by placing the washer’s discharge hose into a 2-inch
pipe, such as a laundry tub, as an indirect waste receptor. The water supply to
a bidet must also be protected against backsiphonage. 
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muster. There is one exception to the above ruling. Square showers with a rough-
in of 32 inches may be allowed, but the exterior of the base may not measure less
than 31.5 inches.

Though not as common as they once were, built-up shower stalls are still pop-
ular in high-end housing. These stalls typically use a concrete base covered with
tile. You may never install one of these classic shower bases, but you need to
know how, just in case the need arises. These bases are often referred to as shower
pans. Cement is poured into the pan to create a base for ceramic tile.

Before these pans can be formed, attention must be paid to the surface to be
under the pan. The subfloor or other supporting surface must be smooth and able
to accommodate the weight of the shower. When the substructure is satisfactory,
you are ready to make your shower pan.

� Pro pointer
Floor drains must have a minimum diameter of 2 inches. Remember, piping
run under a floor may never be smaller than 2 inches in diameter. Floor drains
must be trapped, usually must be vented, and must be equipped with remov-
able strainers. It is necessary to install floor drains so that the removable
strainer is readily accessible.

� Pro pointer
When installing a shower, it is necessary to secure the pipe serving the show-
erhead with water. This riser is normally secured with a drop-ear ell and
screws. It is, however, acceptable to secure the pipe with a pipe clamp.

?Did you know
Code may require all showers to contain a minimum of 900 square inches of
shower base. This area must not be less than 30 inches in any direction. These
measurements must be taken at the top of the threshold, and they must be in-
terior measurements. The only objects allowed to protrude into this space are
grab-bars, faucets, and showerheads.
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?Did you know
Sheet lead used for pan material is required to weigh not less than 4 pounds
per square foot. The lead is to be coated with an asphalt paint or other ap-
proved coating. Lead sheets must be insulated from conducting substances
other than the connecting drain by 15-pound asphalt felt or its equivalent.
Sheet lead must be joined by burning.

Shower pans must be made from a waterproof material. These pans used to be
made of lead or copper. Today they are generally made with coated papers or vinyl
materials. These flexible materials make the job much easier. When forming a
shower pan, the edges of the pan material must extend at least 2 inches above the
height of the threshold. The lining must not be nailed or perforated at any point
less than one inch above the finished threshold. Local code may require the mate-
rial to extend at least 3 inches above the threshold. The pan material must also be
securely attached to the stud walls.

Some code requirements for shower regulations are more detailed. The shower
threshold must be one inch lower than the other sides of the shower base, but the
threshold must never be lower than 2 inches. The threshold must also never be
higher than 9 inches. When installed for handicap facilities, the threshold may be
eliminated.

Local codes may go on to require the shower base to slope toward the drain
with a minimum pitch of .25 inch to the foot, but not more than .5 inch per foot.
The opening into the shower must be large enough to accept a shower door with
minimum dimensions of 22 inches.

If PVC sheets are used as a shower base, the plasticized PVC sheets they must
have a minimum thickness of 0.040 inches. The sheets must be joined by solvent
welding in accordance with the manufacturer’s installation instructions. 

?Did you know
The waterproof wall enclosure of a shower or a tub-shower combination must
extend from the finished floor to a height of no less than 6 feet. Another crite-
rion for these enclosures is that they must extend at least 70 inches above the
height of the drain opening. The enclosure walls must be at the higher of the
two determining factors. An example of when this might come into play is a
deck-mounted bathing unit. With a tub mounted in an elevated platform, an
enclosure that extends six feet above the finished floor might not meet the re-
quirement of being 70 inches above the drain opening.
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Sheet copper can also be used as a shower pan liner. The copper must not
weigh less than 12 ounces per square foot. Insulation must protect the copper from
conducting substances other than the connecting drain by 15-pound asphalt felt or
its equivalent. When sheet copper is joined, it must be brazed or soldered.

The drains for this type of shower base are new to many young plumbers.
Plumbers who have worked under my supervision have attempted to use standard
shower drains for these types of bases. You cannot do that--at least, not if you
don’t want the pan to leak. This type of shower base requires a drain that is simi-
lar to some floor drains.

The drain must be installed in a way that will not allow water that might col-
lect in the pan to seep around the drain and down the exterior of the pipe. Any wa-
ter entering the pan must go down the drain. The proper drain will have a flange
that sits beneath the pan material. The pan material is cut to allow water into the
drain. Then another part of the drain is placed over the pan material and bolted to
the bottom flange. The compression of the top piece and the bottom flange, with
the pan material wedged between them, will create a watertight seal. Then the
strainer portion of the drain will screw into the bottom flange housing. Since the
strainer is on a threaded extension, it can be screwed up or down to accommodate
the level of the finished shower pan.

Toilets are usually required to be water-saver models. The older models,
which use five gallons per flush, are no longer allowed in many jurisdictions for
new installations. 

The seat on a residential water closet must be smooth and sized for the type of
water closet it is serving. This usually means that the seat will have a round front.

� Pro pointer
Sinks are required to have drains with a minimum diameter of 1.5 inches.
Strainers or crossbars are required in the sink drain. If you look, you will see
that basket strainers have the basket part as a strainer and crossbars below the
basket. This provides protection from foreign objects, even when the basket is
removed. If a sink is equipped with a garbage disposer, the drain opening in
the sink should have a diameter of at least 3.5 inches.

Fastfact
Modern toilets use 1.6 gallons of water or less to flush.
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?Did you know
All plumbing faucets and valves using both hot and cold water must be piped
in a uniform manner: the hot water is piped to the left side of the faucet or
valve. Cold water should be piped to the right side of the faucet or valve. This
uniformity reduces the risk of unwarranted burns from hot water.

Toilets of the flush-tank type are required to be equipped with overflow tubes.
These overflow tubes do double duty as refill conduits. The overflow tube must
be large enough to accommodate the maximum water intake entering the water
closet at any given time. All parts in a flush tank must be accessible for repair and
replacement. The overflow tube must discharge into the water closet that it is con-
nected to. An overflow pipe must be installed so that the opening of the pipe is lo-
cated above the flood level rim of the water closet or above a secondary overflow
in the flush tank.

Whirlpool tubs must be installed as recommended by the manufacturer. All
whirlpool tubs shall be installed to allow access to the unit’s pump. The pump’s drain
should be pitched to allow the pump to empty its volume of water when the whirlpool
is drained. The whirlpool pump should be positioned above the fixture’s trap.

Valves or faucets used for showers must be designed to provide protection
from scalding. This means that any valve or faucet used in a shower must be pres-
sure-balanced or contain a thermostatic-mixing valve. The temperature control
must not allow the water temperature to exceed 110 degrees F. in some regions
and 120 degrees F. in others. This provides safety, especially to the elderly and the
very young, against scalding injuries from the shower. Not all codes require these
temperature-controlled valves in residential dwellings. The thermostatic mixing
valves must be sized according to the peak demand of fixtures located down-
stream of the valve. A water heater thermostat cannot be used as the temperature-
control device for compliance on this issue.

?Did you know
The fill valve or ballcock for toilets must be of the antisiphon variety. A fill
valve backflow preventer must be located at least 1 inch above the full open-
ing of the overflow pipe. Older ballcocks are still sold that are not of the anti-
siphon style. Just because these units are available doesn’t make them accept-
able. Don’t use them; you will be putting your license and yourself on the line.
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COMMERCIAL FIXTURE APPLICATIONS

Drinking fountains are a common fixture in commercial applications. Restaurants
use garbage disposers that are so big that it can take two plumbers to move them.
Gang showers are not uncommon in school gyms and health clubs. Urinals are
common commercial fixtures. Water closets installed for commercial applications
often differ from residential toilets. Special fixtures and applications exist for
some unusual plumbing fixtures, like baptismal pools in churches. This section is
going to take you into the commercial field and show you how plumbing needs
vary from residential uses to commercial applications.

Let’s start with drinking fountains and water coolers. The main fact to remem-
ber about water coolers and fountains is this: they are not allowed in toilet facili-
ties. You may not install a water fountain in a room that contains a water closet.
If the building for which a plumbing diagram is being designed will serve water,
such as a restaurant, or if the building will provide access to bottled water, drink-
ing fountains and water coolers may not be required.

Commercial garbage disposers can be big. These monster grinding machines
require a drain with a diameter of no less than 2 inches. Commercial disposers
must have their own drainage piping and trap. As with residential disposers, com-
mercial disposers must have a cold-water source. In some jurisdictions, the water
source must be of an automatic type. These large disposers may not be connected
to a grease interceptor. Commercial dishwashing machines must discharge
through an air gap or air break into a standpipe or waste receptor as called for in
the local plumbing code. 

Fastfact
The main fact to remember about water coolers and fountains is this: they are
not allowed in toilet facilities.

?Did you know
Special fixtures are just that, special. Fixtures that might fall into this category
include church baptismal pools, swimming pools, fishponds, and other such
arrangements. The water pipes to any of these special fixtures must be pro-
tected against backsiphonage.
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Fastfact
Flush-valves must be equipped with accessible vacuum breakers.

Garbage can washers are not fixtures you will find in the average home, but
they are not uncommon in commercial applications. Due to the nature of this fix-
ture, the water supply to the fixture must be protected against backsiphonage. This
can be done with either a backflow preventer or an air gap. The waste pipe from
these fixtures must have an individual trap. The receptor that collects the residue
from the garbage can washer must be equipped with a removable strainer, capa-
ble of preventing the entrance of large particles into the sanitary drainage system.

Showers for commercial or public use can be very different from those found
in a residence. It is not unusual for showers in commercial-grade plumbing to be
gang showers. This amounts to one large shower enclosure with many shower-
heads and shower valves. In gang showers, the shower floor must be properly
graded toward the shower drain or drains. The floor must be graded in a way to
prevent water generated at one shower station from passing through the floor area
of another shower station. 

The methods employed to divert water from each shower station to a drain are
up to the designer, but it is imperative that water used by one occupant not pass
into another bather’s space. 

Urinals are not a common household item, but they are typical fixtures in pub-
lic toilet facilities. The amount of water used by a urinal, in a single flush, should
be limited to a maximum of 1.5 gallons. Water supplies to urinals must be pro-
tected from backflow. Only one urinal may be flushed by a single flush valve.
When urinals are used, they must not take the place of more than half the water
closets normally required. Public-use urinals are required to have a water trap seal
that is visible and unobstructed by strainers.

Floor and wall conditions around urinals are another factor to be considered.
These areas are required to be waterproof and smooth. They must be easy to clean,
and they may not be made from an absorbent material. Waerproof materials must
extend to at least one foot on each side of the urinal. This measurement is taken

� Pro pointer
Water supplies to urinals must be protected from backflow. Only one urinal
may be flushed by a single flush valve.
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from the outside edge of the fixture. The material is required to extend from the
finished floor to a point four feet away. The floor under a urinal must be made of
this same type of material, and the material must extend to a point at least one foot
in front of the furthest portion of the urinal.

Commercial-grade water closets can vary from residential requirements. The
toilets used in public facilities must have elongated bowls. These bowls must be
equipped with elongated seats. Further, the seats must be hinged and they must
have open or split fronts.

Flush valves are used almost exclusively with commercial-grade fixtures. They
are used on water closets, urinals, and some special sinks. If a fixture depends on
trap siphonage to empty itself, it must be equipped with a flush-valve or a properly
rated flush-tank. These valves or tanks are required for each fixture in use.

Flush-valves must be equipped with accessible vacuum breakers. Flush-
valves must be rated water-conserving. These valves must be able to regulate wa-
ter pressure, and they must open and close fully. If water pressure is not sufficient
to operate a flush-valve, other measures, such as a flush-tank, must be incorpo-
rated into the design. All manually operated flush-tanks should be controlled by
an automatic filler, designed to refill the flush tank after each use. The automatic
filler will be equipped to cut itself off when the trap seal is replenished and the
flush-tank is full. If a flush-tank is designed to flush automatically, the filler de-
vice should be controlled by a timer.

SPECIAL FIXTURES FOR HEALTHCARE

There is an entire group of special fixtures that are normally found only in facili-
ties providing health care. The requirements for these fixtures are extensive. While

� Pro pointer
Flush-valves must be equipped with accessible vacuum breakers. Flush-
valves must be rated water-conserving. These valves must be able to regulate
water pressure, and they must open and close fully.

?Did you know
Any concealed piping that serves special fixtures and that may require main-
tenance or inspection must be accessible.
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Fastfact
All piping for sterilizers must be accessible.

you may never work with these specialized fixtures, you should know their code
requirements. This section will provide you with the information you may need.

Many healthcare fixtures are required to be made to a higher standard of ma-
terials. They may be required to endure excessive heat or cold. Many of these spe-
cial fixtures must be protected against backflow. The prevention of backflow ex-
tends to the drainage system, as well as the potable water supply. All special
fixtures must be of an approved type.

Sterilizers

Any concealed piping that serves special fixtures and that may require maintenance
or inspection must be accessible. All piping for sterilizers must be accessible.
Steam piping to a sterilizer should be installed with a gravity system to control con-
densation and to prevent moisture from entering the sterilizer. Sterilizers must be
equipped with a means to control steam vapors. The drains from sterilizers must be
piped as indirect wastes. Sterilizers are required to have leak detectors. These leak
detectors are designed to expose leaks and to carry unsterile water away from the
sterilizer. The interior of sterilizers may not be cleaned with acid or other chemical
solutions while the sterilizers are connected to the plumbing system.

Clinical Sinks

Clinical sinks are sometimes called bedpan washers. Clinical sinks are required to
have an integral trap. The trap seal must be visible and the contents of the sink
must be removed by siphonic or blowout action. The trap seal must be automati-
cally replenished, and the sides of the fixture must be cleaned by a flush rim at
every flushing of the sink. These special fixtures are required to connect to the
DWV system in the same manner as a water closet. When clinical sinks are in-
stalled in utility rooms, they are not meant to be a substitute for a service sink. On
the other hand, service sinks may never be used to replace a clinical sink. Devices
for making or storing ice shall not be placed in a soiled utility room. 

Tradetip
Clinical sinks are sometimes called bedpan washers.
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Vacuum Fluid-Suction Systems

Vacuum system receptacles are to be built into cabinets or cavities, but they must
be visible and readily accessible. Bottle suction systems used for collecting blood
and other human fluids must be equipped with overflow prevention devices at
each vacuum receptacle. Secondary safety receptacles are recommended as an ad-
ditional safeguard. Central fluid-suction systems must provide continuous service.
If a central suction system requires periodic cleaning or maintenance, it must be
installed so that it can continue to operate, even while cleaning or maintenance is
being performed. When central systems are installed in hospitals, they must be
connected to emergency power facilities. The vent discharge from these systems
must be piped separately to the outside air, above the roof of the building.

Special Vents

Institutional plumbing uses different styles of vents for some equipment than what
is encountered with normal plumbing. One such vent is called a local vent. One
example of use for a local vent pertains to bedpan washers. A bedpan washer must
be connected to at least one vent, with a minimum diameter of 2 inches, and that
vent must extend to the outside air above the roof of the building. 

� Pro pointer
Waste originating in a fluid suction system that is to be drained into the nor-
mal drainage piping must be piped into the drainage system with a direct-con-
nect, trapped arrangement; indirect-waste connections of this type of unit are
not allowed. Piping for these fluid suction systems must be noncorrosive and
have a smooth interior surface. The main pipe shall have a diameter of no less
than one inch. Branch pipes must not be smaller than 0.5 inch. All piping is
required to have accessible cleanouts and must be sized according to manu-
facturer’s recommendations. The air flow in a central fluid-suction system
should not be allowed to exceed 5,000 feet per minute.

Fastfact
Local vents may not tie in with vents from the sanitary plumbing or steril-
izer vents.
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These local vents are used to vent odors and vapors. Local vents may not tie
in with vents from the sanitary plumbing or sterilizer vents. In multistory build-
ings a local vent stack may be used to collect the discharge from individual local
vents for multiple bedpan washers located above each other. A two-inch stack can
accept up to three bedpan washers. A three-inch stack can handle six units, and a
four-inch stack will accommodate up to twelve bedpan washers. These local vent
stacks are meant to tie into the sanitary drainage system, and they must be vented
and trapped if they serve more than one fixture.

Each local vent must receive water to maintain its trap seal. The water source
comes from the water supply for the bedpan washer served by the local vent. A
minimum of 25-inch tubing should be run to the local vent, and it should discharge
water into the vent each time the bedpan washer is flushed.

Vents serving multiple sterilizers must be connected with inverted wye fit-
tings, and all connections must be accessible. Sterilizer vents are intended to drain
to an indirect waste. The minimum diameter of a vent for a bedpan sterilizer is 1.5
inches. When serving a utensil sterilizer, the minimum vent size is 2 inches. Vents
for pressure-type sterilizers must be at least 2.5 inches in diameter. When serving
a pressure instrument sterilizer, a vent stack must be at least 2 inches in diameter.
Up to two sterilizers of this type may be on a 2-inch vent. A 3-inch stack can han-
dle four units.

Water Supply

Hospitals are required to have at least two water services. These two water serv-
ices may, however, connect to a single water main. Hot water must be made avail-
able to all fixtures, as required by the fixture manufacturer. All water heaters and
storage tanks must be of a type approved for the intended use.

Fastfact
Waste originating in a fluid suction system that is to be drained into the nor-
mal drainage piping must be piped into the drainage system with a direct-
connect, trapped arrangement; indirect-waste connections for this type of
unit are not allowed.

Tradetip
Hospitals are required to have at least two water services.
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Some jurisdictions require the hot water system to be capable of delivering 6.5
gallons of 125-degree water per hour for each bed in a hospital. Some codes fur-
ther require hospital kitchens to have a hot water supply of 180-degree water equal
to four gallons per hour for each bed. Laundry rooms are required to have a sup-
ply of 180-degree water at a rate of 4.5 gallons per hour for each bed. Local code
may require hot water storage tanks to have capacities equal to no less than eight
percent of the water heating capacity. Some codes dictate the use of copper in sub-
merged steam heating coils. If a building is higher than three levels, the hot water
system must be equipped to circulate. Valves are required on the water distribu-
tion piping to fixture groups.

Backflow Prevention

When backflow prevention devices are installed, they must be installed at least
6 inches above the flood-level rim of the fixture. In the case of hand-held show-
ers, the height of installation shall be 6 inches above the highest point the hose
can be used.

In most cases, hospital fixtures will be protected against backflow by the use
of vacuum breakers. However, a boiling-type sterilizer should be protected with
an air gap. Vacuum suction systems may be protected with either an air gap or a
vacuum breaker.

This has been a long chapter, but it was necessary to give you all the pertinent
details on fixtures. As you now know, fixtures are not as simple as they may first
appear. There are numerous regulations to learn and apply when installing plumb-
ing fixtures. Your local jurisdiction may require additional code compliance infor-
mation. As always, check with your local authority before installing plumbing.
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CHAPTER 5

WATER HEATERS

Water heaters are sometimes used as a part of a space heating system. When this
is the case, the maximum outlet water temperature for the water heater is 140°F.
unless a tempering valve is used to maintain an acceptable temperature in the
potable water system. It is essential that all potable water in the water heater be
maintained throughout the entire system. Potability of water must be maintained
at all times. Every water heater is required to be equipped with a drain valve near
the bottom of the water heater. This is true, too, for hot water storage tanks. All
drain valves must conform to ASSE 1005.

The location of water heaters and hot water storage tanks is important. Code
requires both water heaters and hot water storage tanks to be accessible for obser-
vation, maintenance, servicing, and replacement. Every water heater is required to
bear a label of an approved agency. 

The temperature of water delivered from a tankless water heater may not ex-
ceed 140°F. when used for domestic purposes. This portion of the code does not
supersede the requirement for protective shower valves, as detailed in the code.

All storage tanks and water heaters installed for domestic hot water must have
the maximum allowable working pressure clearly and indelibly stamped in the
metal or marked on a plate welded thereto or otherwise permanently attached. All
markings of this type must be in accessible positions outside of the tanks.
Inspection or reinspection of these markings must be easily performed.

Every hot water supply system is required to be fitted with an automatic tem-
perature control. The control must be capable of being adjusted from a minimum
temperature to the highest acceptable setting for the intended operating range.

5.1
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INSTALLATION

The installation of all water heaters requires must be done in accordance with the
manufacturer’s recommendations and the plumbing code. Water heaters that are
fueled by gas or oil must conform to both the plumbing code and the mechanical
or gas code. Electric water heaters must conform to the requirements of the plumb-
ing code and the provisions of NFPA 70, as listed in the plumbing code.

When earthquake loads are applicable, water heater supports must be de-
signed and installed for the seismic forces in accordance with the International
Building Code.

When water heaters are installed in attics, special provisions must be made.
For example, the attic must be provided with an opening and unobstructed pas-
sageway large enough to allow for the removal of the water heater. This should be
common sense, but it is also part of the plumbing code. There are many measure-
ments that come into play when planning the exit route for an attic water heater.
They are as follows:

Fastfact
The location of water heaters and hot water storage tanks is important. Code
requires both water heaters and hot water storage tanks to be accessible for
observation, maintenance, servicing, and replacement.

?Did you know
All water heaters must be third-party certified. Water heaters must be installed
in accordance with manufacturer’s requirements.

Fastfact
When earthquake loads are applicable, water heater supports must be de-
signed and installed for the seismic forces in accordance with the
International Building Code.
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• Minimum height: 30 inches

• Minimum width: 22 inches

• Maximum length: 20 feet.

A continuous solid floor is required in the exit area, and the flooring must be
at least 24 inches wide. Another requirement calls for a level service area with
minimum dimensions of 30 inches deep and 30 inches wide. This service area
must be made in front of the water heater or wherever the service area of the wa-
ter heater is located. A clear access opening with minimum dimensions of 20
inches by 30 inches, large enough to allow removal of the water heater, is needed.

CONNECTIONS

Making connections to water heaters is not difficult, but the manner in which the
connections are made must conform to code requirements. The first consideration is
the installation of cutoff valves. A cold water branch line from a main water supply
to a hot water storage tank or water heater must be provided with a cutoff valve that
is accessible on the same floor, located near the equipment, and serving only the hot
water storage tank or water heater. The valve used must not interfere with or cause
a disruption of the cold water supply to the remainder of the cold water system.

Any means of connecting a circulating water heater to a tank must provide for
proper circulation of water through the water heater. All piping that is required for
the installation of appliances that will draw from the water heater or storage tank
must comply with all provisions of the plumbing and mechanical codes. 

Tradetip
Every hot water supply system is required to be fitted with an automatic tem-
perature control.

Tradetip
Every electric water heater must be provided with its own electrical discon-
nect switch in close proximity to the water heater. In the case of gas-fired or
oil-fired water heaters, cutoff valves must be installed close to the water
heaters to stop the fuel flow when needed.



SAFETY REQUIREMENTS

Compliance with safety requirements is essential when installing or replacing a
water heater or hot water storage tank. One major concern is the siphoning of wa-
ter from a water heater or storage tank. An antisiphon device of an approved type
is required to prevent siphoning. A cold water dip tube with a hole at the top or a
vacuum relief valve installed in the cold water supply line above the top of the wa-
ter heater or storage tank is an acceptable means of protection. Some water heaters
and storage tanks receive their incoming water from the bottom of the unit. These
types of heaters and tanks must be supplied with an approved vacuum relief valve
that complies with ANSI Z21.22

Energy cutoff valves are required on all water heaters that are automatically
controlled. The energy cutoff valve is designed to cut off the supply of heat en-
ergy to the water tank before the temperature of the water in the tank exceeds
210°F. The installation of an energy cutoff valve does not remove the need for a
temperature-and-pressure relief valve—both are required.

Every electric water heater must be provided with its own electrical discon-
nect switch that is in close proximity to the water heater. In the case of gas-fired
or oil-fired water heaters, cutoff valves must be installed close to the water heaters
to stop the fuel flow when needed. 

T & P VALVES

Pressure relief valves and temperature relief valves, or temperature-and-pressure
relief valves (the most commonly used) are required on all water heaters and stor-
age tanks that are operating above atmospheric pressure. The valves used must be
approved and conform to ANSI Z21.22 ratings. Relief valves must be of a self-
closing (levered) type. In no case shall the relief valve be used as a means of con-
trolling thermal expansion.

Relief valves must be installed in the shell of a water heater tank. Any temper-
ature relief valve must be installed so that it is actuated by the water in the top 
6 inches of the tank being served by the valve. When separate tanks are used, the
valves must be installed on the tank and not between the water heater and the stor-
age tank. It is prohibited to install a cutoff valve or check valve between a relief
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Fastfact
Energy cutoff valves are required on all water heaters that are automatically
controlled.



valve and the water heater or tank being serviced by the relief valve. Never omit
the installation of required relief valves. The result of doing so can be catastrophic. 

All relief valves, whether temperature, pressure, or a combination of the two,
and all energy cutoff devices must bear a label of an approved agency. The valves
and devices must have a temperature setting of not more than 210°F. and a pres-
sure setting that does not exceed the tank or water heater manufacturer’s rated
working pressure, or 150 psi, whichever is less. The relieving capacity of each re-
lief valve must equal or exceed the heat input to the water heater or storage tank.

Any risk of personal injury or property damage must be avoided when piping
a discharge tube from a relief valve. The discharge piping must be installed so that
it is readily observable by building occupants. Traps on discharge tubes and pipes
are prohibited. All discharge piping must drain by gravity. The tubing must termi-
nate atmospherically not more than 6 inches above the floor, and the end of the
discharge tubing or piping is not allowed to be threaded. 

Safety pans are required for water heaters and storage tanks that are installed
in locations where leakage may cause property damage. Water heaters and stor-
age tanks must be placed in safety pans that are constructed of galvanized steel or
other approved metal materials. The minimum thickness of the metallic pan shall
be 24 gauge. Electric water heaters must be installed in pans when leakage may
cause property damage, and the pan must be made of 24-gauge metal or a high-
impact plastic that has a minimum thickness of 0.0625 inches. All piping from
safety pan drains must be made with materials approved by the plumbing code.

Safety pans must have a minimum depth of 1.5 inches and be of sufficient size
and shape to receive all dripping or condensate from the tank or water heater con-
tained in the pan. A safety pan must drain by an indirect waste. The drainage pipe
or tube from the pan must have a minimum diameter of 1 inch or the outlet diam-
eter of the relief valve, whichever is larger.

WATER HEATERS 5.5

� Pro pointer
Pressure relief valves and temperature relief valves, or temperature-and-pres-
sure relief valves (the most commonly used), are required on all water heaters
and storage tanks that are operating above atmospheric pressure.

Tradetip
Never omit the installation of required relief valves. The result of doing so
can be catastrophic.



The drain tube or pipe from a safety pan must run full-size for its entire length
and either terminate over a suitably located indirect waste receptor or floor drain
or extend to the exterior of the building and terminate not less than 6 inches or
more than 24 inches above the adjacent ground level.

VENTING WATER HEATERS

The venting of water heaters that require venting is regulated by the plumbing
code. All venting materials used must be in compliance with all code require-
ments. Venting systems might consist of approved chimneys, Type B vents, Type
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?Did you know
Since relief valves may create a discharge, the disposal must be dealt with. In
no case is it allowable for the discharge tube from a relief valve to be con-
nected directly to a drainage system. The discharge tube must be provided in
a full-size tube or pipe that is the same size as the outlet of the relief valve.
You have two choices on the termination point of the discharge tube. It can be
piped to the outside of a building or it can terminate over an indirect waste 
receptor that is located inside a building. 

When freezing conditions may exist, the discharge tubing or piping for a re-
lief valve must be protected. This is done by having the tubing discharge
through an air gap and into an indirect waste receptor that is located in a
heated space. Local regulations may allow some other form of installation, so
check your local code requirements.

� Pro pointer
When discharge piping is installed so that it exits the room or enclosure hous-
ing a water heater and relief valve that discharges into an indirect waste re-
ceptor, there must be an air gap installed before or at the point of exit.
Discharge tubes from relief valves must not discharge into a safety pan.
Materials used for discharge piping must be made to the standards listed in the
plumbing code and tested, rated, and approved for such use in accordance
with ASME A112.4.1.



L vents, or plastic pipe. The recommendations of the equipment manufacturer
must be observed in selecting the proper venting material and installation proce-
dure.

Vents must be designed and installed to develop a positive flow adequate to
convey all products of combustion to the outside atmosphere. Condensing appli-
ances that cool flue gases nearly to the dew point within the appliance, resulting
in low vent gas temperatures, may use plastic venting materials and vent configu-
rations that are unsuitable for noncondensing appliances. All unused openings in
a venting system must be closed or capped to the satisfaction of the local code en-
forcement officer.

Type B vents are not allowed for use with water heaters that are converted
readily to the use of solid or liquid fuels. Water heaters listed for use with chim-
neys only may not be vented with Type B vents. Manually operated dampers must
not be installed in chimneys, vents, or chimney or vent connectors of fuel burning
water heaters. Fixed baffles on the water heater side of draft hoods and draft reg-
ulators are not to be considered as dampers.

Vent Connectors

Vent connectors used for gas water heaters with draft hoods may be constructed
of noncombustible materials with corrosion resistance not less than that of galva-
nized sheet steel and of a thickness not less than that specified in the code. Or they
may be of Type B or Type L vent material. When single-wall metal vent connec-
tors are used, they must be securely supported and joints fastened with sheet metal
screws, rivets, or another approved means. Such connectors must not originate in
an unoccupied attic or concealed space; must not pass through any attic, inside
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Fastfact
Safety pans are required for water heaters and storage tanks that are installed
in locations where leakage may cause property damage.

?Did you know
Unfired hot water storage tanks must be insulated so that heat loss is limited
to a maximum of 15 British thermal units (Btus) per hour per square foot of
external tank surface area. For purposes of determining this heat loss, the de-
sign ambient temperature shall not be higher than 65°F.



wall, floor, or concealed space; and must be located in the same room or space as
the fuel burning water heater.

Supporting Vent Systems

Combustion products, vents, vent connectors, exhaust ducts from ventilating
hoods, chimneys, and chimney connectors must not extend into or through any air
duct or plenum, except when the venting system passes through a combustion air
duct. The base of all vents supported from the ground must rest on a solid masonry
or concrete base extending at least 2 inches above adjoining ground level. If the
base of a vent is not supported from the ground and is not self-supporting it must
rest on a firm metal or masonry support. All venting systems must be supported
adequately for its weight and design. 

Vent Offsets

With minor exceptions, gravity vents must extend in a generally vertical direction
with offsets not exceeding 45 degrees. These vents are allowed to have one hori-
zontal offset of not more than 60 degrees. All offsets must be supported properly
for their weight and must be installed to maintain proper clearance to prevent
physical damage and to prevent the separation of joints.

Offsets with angles of more than 45 degrees are considered to be horizontal
offsets. Horizontal vent connectors must not be greater than 75 percent of the ver-
tical height of the vent and must comply with all code regulations. 

Vent connectors in a gravity-type venting system must have a continuous rise
of not less than .25 inch per foot of developed length. This is measured from the
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� Pro pointer
Combustion products, vents, vent connectors, exhaust ducts from ventilating
hoods, chimneys, and chimney connectors must not extend into or through
any air duct or plenum, except when the venting system passes through a com-
bustion air duct.

Fastfact
No water heater is allowed to be vented into a fireplace or into a chimney
that serves a fireplace.



appliance vent collar to the vent. If a single-wall metal vent connector is allowed
and installed, it must have a minimum clearance of 6 inches from any combustible
material.

Termination

Vents must terminate above the roof surface of the building being served. The pipe
must pass through a flashing and terminate in an approved or listed vent cap that
is installed in accordance with the manufacturer’s recommendations. 

Gravity-type venting systems, with the exception of venting systems that are
integral parts of a listed water heater, must terminate at least 5 feet above the high-
est vent collar being served. Type B gas vents with listed vent caps 12 inches in
size or smaller can be terminated in accordance with the code requirements so
long as they are at least 8 feet from a vertical wall or similar obstruction. All other
Type B vents must terminate not less than 2 feet above the highest point where
they pass through the roof and at least 2 feet higher than any portion of a building
within 10 feet.

Type L vents shall not terminate less than 2 feet above the roof through which
it passes, nor less than 4 feet from any portion of the building that extends at an
angle of more than 45 degrees upward from the horizontal. No vent system is al-
lowed to terminate less than 4 feet below, 4 feet horizontally from, or less than 1
foot above any door, openable window, or gravity air inlet into any building. As
usual, there are exceptions.
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� Pro pointer
Vents must terminate above the roof surface of the building being served. The
pipe must pass through a flashing and terminate in an approved or listed vent
cap that is installed in accordance with the manufacturer’s recommendations.
There is an exception to this. A direct vent or mechanical draft appliance is ac-
ceptable when installed according to its listing and manufacturer’s instructions.

?Did you know
No vent system is allowed to terminate less than 4 feet below, 4 feet horizon-
tally from, or less than 1 foot above any door, openable window, or gravity air
inlet into any building. As usual, there are exceptions.



Terminals of direct vent appliances with inputs of 50,000 Btu/H or less shall be
located at least 9 inches from an opening through which combustion products could
enter a building. Appliances with inputs in excess of 50,000 Btu/H but not exceed-
ing 65,000 Btu/H require 12- inch vent termination clearances. The bottom of the
vent terminal and the air intake shall be located at least 12 inches above grade.

Area

The internal cross-sectional area of a venting system must not be less than the area
of the vent collar on the water heater, unless the venting system has been designed
in accordance with other code requirements. In no case shall the area be less than
7 square inches, unless the venting system is an integral part of a listed water heater.

Venting Multiple Appliances

It is acceptable to connect multiple oil or listed gas-burning appliances to a com-
mon gravity-type venting system, provided the appliances are equipped with an
approved primary safety control capable of shutting off the burners and the vent-
ing system is designed in compliance with the code requirements. 

Draft Hoods

Draft hoods for water heaters must be located in the same room or space as the
combustion air opening for the water heater. The draft hood must be installed in
the position for which it is designed and must be located so that the relief opening
is not less than 6 inches from any surface other than the water heater being served,
measured in a direction 90 degrees to the plane of the relief opening. Exceptions
could exist if manufacturer’s recommendations vary.
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Fastfact
A direct vent or mechanical draft appliance is acceptable when installed ac-
cording to its listing and manufacturer’s instructions.

Tradetip
The internal cross-sectional area of a venting system must not be less than the
area of the vent collar on the water heater, unless the venting system has been
designed in accordance with other code requirements.



Existing Masonry Chimneys

Existing masonry chimneys with not more than one side exposed to the outside
can be used to vent a gas water heater. There are, however, some conditions that
must apply for this to be the case. The local code may require unlined chimneys
to be lined with approved materials. The effective cross-sectional area of the
chimney must not be more than four times the cross-sectional area of the vent and
chimney connectors entering the chimney. The effective area of the chimney
when connected to multiple connectors must not be less than the area of the largest
vent or connector plus 50 percent of the area of the additional vent or connector.

Automatically controlled gas water heaters connected to a chimney that also
serves equipment burning liquid fuel must be equipped with an automatic pilot. A
gas water heater connector and a connector from an appliance burning liquid fuel
may be connected to the same chimney through separate openings, providing the
gas water heater is vented above the other fuel-burning appliance, or both can be
connected through a single opening if joined by a suitable fitting located at the
chimney. Multiple connections must not be made at the same horizontal plane of
another inlet. Any chimney used must be clear of obstructions and cleaned if pre-
viously used for venting solid or liquid fuel-burning appliances.
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� Pro pointer
Multiple appliances connected to a common vent system must be located
within the same story of the building, unless an engineered system is being
used. The inlets for multiple connections must be offset in a way that no inlet
is opposite another inlet. Oval vents may be used for multiple appliance vent-
ing, but the venting system must be not less than the area of the largest vent
connector plus 50 percent of the areas of the additional vent connectors.

?Did you know
New water heaters installed as replacements must meet code criteria before
they can be connected to existing venting systems. The existing system must
have been installed lawfully at the time of its installation. Code compliance
with the internal area of the venting system  is a must. Any connection must
be made in a safe manner.



Connectors

Chimney connectors must comply with code requirements as set forth in tables in
the local code book. When multiple connections are made, the connector, the man-
ifold, and the chimney must be sized properly. Gravity vents must not be con-
nected to vent systems served by power venters unless the connection is made on
the negative pressure side of the power exhauster. Single-wall metal chimneys re-
quire a minimum clearance of 6 inches from combustible materials. 

Connectors must be kept as short and as straight as possible. Water heaters are
required to be installed as close as possible to the venting system. Connectors
must not be longer than 75 percent of the portion of the venting system above the
inlet connection unless they are part of an approved engineered system.

Draft regulators are required in connectors serving liquid fuel-burning water
heaters, unless the water heater is approved for use without a draft regulator.
When used, draft regulators must be installed in the same room or enclosure as the
water heater in such a manner that there is no difference in pressure between air
in the vicinity of the regulator and the combustion air supply. 

Mechanical Draft Systems

It is acceptable to vent water heaters with mechanical draft systems of either
forced or induced draft design. Forced draft systems must be designed and in-
stalled to be gastight or to prevent leakage of combustion products into a building.
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?Did you know
Exit terminals of mechanical draft systems must be located not less than 12
inches from any opening through which combustion products could enter the
building, nor less than 7 feet above grade when located adjacent to public
walkways.

� Pro pointer
A connector to a masonry chimney must extend through the wall to the inner
face of the liner but not beyond. The connector must be cemented to the ma-
sonry. A thimble may be used to facilitate removal of the connector for clean-
ing, in which case the thimble must be permanently cemented in place.
Connectors cannot pass through any floor or ceiling.



Connectors vented by natural draft must not be connected to mechanical draft sys-
tems operating under positive pressure. Systems using a mechanical draft system
must be designed to prevent the flow of gas to the main burners when the draft sys-
tem is not performing so as to satisfy the operating requirements of the water
heater for safe performance.

Ventilating Hoods

Ventilating hoods can be used to vent gas-burning water heaters installed in com-
mercial applications. Dampers are not allowed when automatically operated wa-
ter heaters are vented through natural draft ventilating hoods. If a power venter is
used, the water heater control system must be interlocked so that the water heater
will operate only when the power venter is in operation. 
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Tradetip
It is acceptable to vent water heaters with mechanical draft systems of either
forced or induced draft design.
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CHAPTER 6

WATER SUPPLY AND
DISTRIBUTION

Potable water is water that is safe for drinking, cooking, and bathing, among other
uses. Any building intended for human occupancy that has plumbing fixtures in-
stalled must have a potable water supply. If a building  is intended for year-round
habitation or a place of work, both hot and cold potable water must be made avail-
able. All fixtures that are intended for use in bathing, drinking, cooking, food pro-
cessing, or medical products must have potable water available, and only potable
water. It is permissible to use nonpotable water for flushing toilets and urinals.
Now that you know what must be equipped with potable water, let’s see how to
get the water to the fixtures.

THE MAIN WATER PIPE

The main water pipe delivering potable water to a building is called a water serv-
ice. A water service pipe must have a diameter of at least .75 inch. The pipe must
be sized, according to code requirements, to provide adequate water volume and
pressure to the fixtures. 

A water service pipe that shares a trench with a sewer must be separated from
the drainage pipe. The bottom of the water service pipe may not be closer than 12
inches to the drainage pipe at any point. A shelf must be made in the trench to sup-
port the water service. The shelf must be made solid and stable, at least 12 inches
above the drainage pipe. If the water service is not located above the sewer, there
must be at least 5 feet of undisturbed or compacted earth between the two pipes.
It is not acceptable to have a water service located in an area where pollution is
probable. A water service should never run through, above, or under a waste dis-
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posal system, such as a septic field. Any materials used for a water service must
be approved for the intended use, application, and location. The required separa-
tion distance between a water service and a sewer does not apply when the water
service crosses a sewer pipe and is sleeved to at least 5 feet horizontally from the
sewer pipe centerline on both sides of the crossing.

If a water service is installed in an area subject to flooding, the pipe must be
protected. Water services must also be protected against freezing. The depth of the
water service will depend on the climate of the location. Check with your local

Fastfact
A water service pipe must have a diameter of at least .75 inch.

� Pro pointer
Ideally, a water service pipe should be run in a private trench from the primary
water source to the building. By a private trench I mean a trench not used for
any purpose except water service. However, it is normally allowable to place
the water service in a trench used by a sewer or building drain so long as spe-
cific installation requirements are followed.

Tradetip
A water service should never run through, above, or under a waste disposal
system, such as a septic field.

?Did you know
It is unacceptable to install a water service pipe in soil or ground water that is
contaminated with solvents, fuels, organic compounds, or other detrimental
materials that may cause permeation, corrosion, degradation, or structural
failure of the piping material. If such conditions are suspected to be present, a
chemical analysis of the soil or ground water is required.
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code officer to see how deep a water service pipe must be buried in your area. Care
must be taken when backfilling a water service trench. The backfill material must
be free of objects, such as sharp rocks, that may damage the pipe. 

When a water service enters a building through or under the foundation, the
pipe must be protected by a sleeve. This sleeve is usually a pipe with a diameter
at least twice that of the water service. Once through the foundation, the water
service may need to be converted to an acceptable water-distribution pipe. As you
learned in reading about approved materials, some materials approved for water
service piping are not approved for interior water distribution. 

Supplies

Fixture supplies are the tubes or pipes that rise from the fixture branch, the pipe
coming out of the wall or floor, to the fixture. A fixture supply may not have a
length of more than 30 inches. The required minimum sizing for a fixture supply
is determined by the type of fixture supplied with water. A supply pipe must ex-
tend to the floor or wall adjacent to the fixture being served. If a reduced-size,
flexible water connector is installed between a supply pipe and a fixture, the flex-
ible connector must be an approved product. 

Pressure-Reducing Valves

Pressure-reducing valves are required to be installed on water systems when the
water pressure coming to the water-distribution pipes is in excess of 80 pounds per
square inch (psi). The only time this regulation is generally waived is when the
water service is bringing water to a device requiring high pressure.

� Pro pointer
If the water service pipe is not an acceptable water-distribution material, it
must be converted to an approved material, generally within the first 5 feet of
its entry into the building. Once inside a building, the hot and cold water pipes
are referred to as water-distribution pipes.

Fastfact
A supply pipe must extend to the floor or wall adjacent to the fixture being
served. If a reduced-size, flexible water connector is installed between a sup-
ply pipe and a fixture, the flexible connector must be an approved product. 



� Pro pointer
Access must be provided to manifolds with integral factory or field-installed
valves.

Water Hammer

Banging pipes are normally the result of water hammer. You can avoid them in
several ways. You might install air chambers above each faucet or valve. Water
hammer arrestors are available, and do a good job in controlling the problem.
These devices are required when a  quick-closing valve is used. Expansion tanks
can also help with water hammer.

Water hammer is most prevalent around quick-closing valves, like ball cocks,
and washing machine valves. Another way to reduce water hammer is to avoid
long, straight runs of pipe. By installing offsets in your water piping, you gradu-
ally break up the force of the water. By diminishing the force, you reduce water
hammer. All building water supply systems in which quick-acting valves are in-
stalled must be provided with devices to absorb the hammer caused by high pres-
sures resulting from the quick closing of the valves. The devices are to be installed
as close as possible to the quick-acting valves.

Tanks

Water storage tanks are a possible alternative to low water pressure. Water stor-
age tanks must be protected from contamination. They may not be located under
soil or waste pipes. If the tank is of a gravity type, it must be equipped with over-
flow provisions.  

The water supply to a gravity-style water tank must be automatically con-
trolled. This may be accomplished with a ball cock or other suitable and approved
device. The incoming water should enter the tank by way of an air gap. The air gap
should be at least 4 inches above the overflow.

Water tanks are also required to have drainage capabilities. The drainpipe
must have a valve to prevent draining except when desired.
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Tradetip
Water hammer is most prevalent around quick-closing valves, such as ball
cocks and washing machine valves.



Pressurized Water Tanks

Pressurized water tanks are the type most commonly encountered in modern
plumbing. These tanks are used with well systems. All pressurized water tanks
should be equipped with a vacuum relief valve at the top of the tank. These vac-
uum relief valves should be rated for proper operation up to maximum tempera-
tures of 200°F. and maximum water pressure of 200 psi. The minimum size of the
vacuum relief valve is .5 inch. This requirement is waived for diaphragm/bladder
tanks. 
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� Pro pointer
By installing offsets in your water piping, you gradually break up the force of
the water. By diminishing the force, you reduce water hammer.

Fastfact
A water-distribution system must be sized to operate satisfactorily under
peak demands.

?Did you know
Not all water sources are capable of providing optimum water pressure. When
this is the case, a booster pump may be required to increase water pressure. If
water pressure fluctuates heavily, the water-distribution system must be de-
signed to operate on the minimum water pressure anticipated.

When calculating the water pressure needs of a system, you can use infor-
mation provided by your code book. There should be ratings for all common
fixtures that will show the minimum pressure requirements for each type of
fixture. A water-distribution system must be sized to operate satisfactorily un-
der peak demands. 

Booster pumps are required to be equipped with low-water cutoffs. These
safety devices are required to prevent the possibility of a vacuum, which may
cause backsiphonage.



It is also necessary to equip these tanks with pressure-relief valves. These
safety valves must be installed on the supply pipe that feeds the tank or on the
tank, itself. The relief valve discharges when pressure builds to a point to endan-
ger the integrity of the tank. The valve’s discharge must be carried by gravity to a
safe and approved disposal location. The piping carrying the discharge may not be
connected directly to the sanitary drainage system.

PIPE SUPPORT

One concern with the hangers used is their compatibility with the pipe they are
supporting. You must use a hanger that will not have a detrimental effect on your
piping. For example, you may not use galvanized straphanger to support copper
pipe. As a rule of thumb, the hangers used to support a pipe should be made from
the same material as the pipe being supported. For example, copper pipe should
be hung with copper hangers. This eliminates the risk of a corrosive action be-
tween two different types of materials. If you are using a plastic or plastic-coated
hanger, you may use it with all types of pipe.

Both horizontal and vertical pipes require support. The intervals between sup-
ports will vary depending upon the type of pipe being used and whether it is in-
stalled vertically or horizontally. The following examples will show you how of-
ten you must support the various types of pipes when they are hung horizontally;
these examples are the maximum distances allowed between supports in many
code jurisdictions:

• ABS—every 4 feet  

• Cast iron—every 5 feet
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Tradetip
All pressurized water tanks should be equipped with a vacuum relief valve
at the top of the tank.

� Pro pointer
Joints between stainless steel and different piping materials must be made
with a mechanical joint of the compression or mechanical sealing types or a
dielectric fitting.



• Galvanized—every 12 feet

• PVC—every 4 feet

• Copper—every 6 feet

• Brass pipe—every 10 feet

• CPVC—every 3 feet

• PB pipe—every 32 feet.

Not all code regions are the same.  You may find the following support re-
quirements in place in your region: 

• ABS—every 4 feet

• Cast iron—every 15 feet
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� Pro pointer
One concern with the hangers used is their compatibility with the pipe they are
supporting. You must use a hanger that will not have a detrimental effect on
your piping. For example, you may not use galvanized straphanger to support
copper pipe.

Tradetip
As a rule of thumb, the hangers used to support a pipe should be made from
the same material as the pipe being supported.

?Did you know
The hangers used to support pipe must be capable of supporting the pipe at all
times. The hanger must be attached to the pipe and to the member holding the
hanger in a satisfactory manner. For example, it would not be acceptable to
wrap a piece of wire around a pipe and then wrap the wire around the bridg-
ing between two floor joists. Hangers should be securely attached to the mem-
ber supporting them. For example, a hanger should be attached to the pipe and
then nailed to a floor joist. The nails used to hold a hanger in place should be
made of the same material as the hanger if corrosive action is a possibility.



• Galvanized—every 15 feet

• PVC—every 4 feet

• Copper—every 10 feet

• CPVC—every 3 feet

• Brass pipe—every 10 feet

• PB pipe—every 4 feet.

Water Conservation

Water conservation continues to grow as a major concern. When setting the flow
rates for various fixtures, water conservation is a factor. The flow rates of many
fixtures must be limited to no more than 3 gallons per minute (gpm). The rating
of 3 gpm is based on a water pressure of 80 psi. These fixtures may include the
following:

• Showers

• Lavatories

• Kitchen sinks

• Other sinks.

When installed in public facilities, lavatories must be equipped with faucets
producing no more than .5 gpm. If the lavatory is equipped with a self-closing
faucet, it may produce up to .25 gpm per use. Water closets are restricted to a use
of no more than 4 gallons of water, and urinals must not exceed a usage of 1.5 gal-
lons of water with each use.
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Fastfact
Hot water it to be piped to the left side of the device dispensing it.

� Pro pointer
It is easy for the very young or the elderly to receive serious burns from
plumbing fixtures. In an attempt to reduce accidental burns, it is required that
mixed water to gang showers be controlled by thermostatic means or by pres-
sure-balanced valves. All showers, except for showers in residential dwellings
in some regions, must be equipped with pressure-balanced valves or thermo-
static controls.



� Pro pointer
One concern with the hangers used is their compatibility with the pipe they are
supporting. You must use a hanger that will not have a detrimental effect on
your piping. For example, you may not use galvanized straphanger to support
copper pipe.

Antiscald Precautions

In an attempt to reduce accidental burns, it is required that mixed water to gang
showers be controlled by thermostatic means or by pressure-balanced valves. All
showers, except for showers in residential dwellings in some regions, must be
equipped with pressure-balanced valves or thermostatic controls. These tempera-
ture-control valves may not allow water with a temperature of more than 120°F.
to enter the bathing unit. The maximum water temperature is 110°F. in some ju-
risdictions. Some jurisdictions require these safety valves on all showers.

Individual pressure-balancing in-line valves for individual fixture fittings
must comply with code requirements. These valves are to be installed in an acces-
sible location and must not be used alone or as a substitute for balanced-pressure,
thermostatic, or combination shower valves as required by the code. 

Valve Regulations

Gate and ball valves are examples of full-open valves as required under valve reg-
ulations. These valves do not depend on rubber washers, and when they are
opened to their maximum capacity, there is a full flow through the pipe. Many lo-
cations along the water-distribution installation require full-open valves. These
valves may be required in the following locations:

• On the water service before and after the water meter

• On each water service for each building served

• On discharge pipes of water-supply tanks near the tank

• On the supply pipe to every water heater near the heater

• On the main supply pipe to each dwelling.
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Tradetip
Potable water outlets and stop-and-waste valves shall not be installed below
ground or grade.



Some code regions require full-open valves are as follows:

• On the water service pipe near the source connections

• On the main water-distribution pipe near the water service

• On water supplies to water heaters

• On water supplies to pressurized tanks, such as well-system tanks

• On the building side of every water meter.

Full-open valves may be required for use in all water-distribution locations,
except as cutoffs for individual fixtures, in the immediate area of the fixtures.
There may be other local regulations that apply to specific building uses; check
with your local code officer to confirm where full-open valves may be required in
your system. All valves must be installed so that they are accessible.

Cutoffs

Cutoff valves do not have to be full-open valves. Stop-and-waste valves are an ex-
ample of cutoff valves that are not full-open valves. Every sill cock must be
equipped with an individual cutoff valve. Appliances and mechanical equipment
that have water supplies are required to have cutoff valves installed in the service
piping. Generally, with only a few exceptions, cutoffs are required on all plumb-
ing fixtures. Check with your local code officer for fixtures not requiring cutoff
valves. All valves installed must be accessible.

• All devices used to treat or convey potable water must be protected against con-
tamination.

• It is not acceptable to install stop-and-waste valves underground.
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� Pro pointer
Buildings that contain piping for non-potable water must have the pipe labeled
as non-potable water with either color markings or metal tags. The color pur-
ple is used to identify pipes that are conveying reclaimed water, rain, or gray
water.

Fastfact
Every sill cock must be equipped with an individual cutoff valve.



Fastfact
Backflow and backsiphonage are genuine health concerns. When a backflow
occurs, it can pollute entire water systems.

• If there are two water systems in a building, one potable, one nonpotable, the
piping for each system must be marked clearly. The marking can be in the form
of a suspended metal tag or a color code. Your local code may require the pipe
to be color-coded and tagged. Nonpotable water piping should not be concealed.

• Hazardous materials, such as chemicals, may not be placed into a potable water
system.

• Piping that has been used for a purpose other than conveying potable water may
not be used as a potable water pipe.

• Water used for any purpose should not be returned to the potable water supply;
this water should be transported to a drainage system.

• Mechanically extracted outlets must have a height not less than three times the
thickness of the branch tube wall, and they must be brazed in compliance with
the code. Branch tubes must not restrict the flow in the run tube. A dimple/depth
stop must be formed in the branch tube to ensure that penetration into the collar
is of the correct depth. For inspection purposes, a second dimple must be placed
.25 inch above the first dimple. The dimples must be aligned with the tube run.

• The minimum required air gap for a fitting is measured vertically from the low-
est end of a potable water outlet to the flood level rim of the fixture or recepta-
cle in which the potable water outlet discharges.

BACKFLOW PREVENTION

Backflow and backsiphonage are genuine health concerns. When a backflow oc-
curs, it can pollute entire water systems. Without backflow and backsiphonage
protection, municipal water services could become contaminated. There are many

WATER SUPPLY AND DISTRIBUTION 6.11

Tradetip
Piping that has been used for a purpose other than conveying potable water
may not be used as a potable water pipe.



sources that are capable of deteriorating the quality of potable water. Backflow
preventers for hose connections must consist of four independent check valves
with an independent atmospheric vent between and a means of field testing and
draining.

Consider this example. A person is using a water hose to spray insecticide on
the grounds around a house. The device being used to distribute the insecticide is
a bottle-type sprayer, attached to a typical garden hose. The bottle has just been
filled for use with a poisonous bug killer. A telephone rings inside the home. The
individual lays down the bottle-sprayer and runs into the house to answer the
phone.

While the individual is in the home, and the bottle-sprayer is connected, with
the sill cock’s valve open, a water main breaks. The backpressure caused by the
break in the water main creates a vacuum. The vacuum sucks the poisonous con-
tents of the bottle-sprayer back into the potable water system. Now what? How far
did the poison go? How much pipe and how many fixtures must be replaced be-
fore the water system can be considered safe? The lack of a backflow preventer on
the sill cock has created a nightmare. Human health and expensive financial con-
siderations are at stake. A simple, inexpensive backflow preventer could have
avoided this potential disaster.

All potable water systems must be protected against backsiphonage and back-
flow with approved devices. There are numerous types of devices available to pro-
vide this type of protection. The selection of devices will be governed by the local
plumbing inspector. It is necessary to choose the proper device for the use intended.

When more than one backflow prevention valve is installed on a single premise,
and all are installed in one location, each separate valve must be permanently iden-
tified by the permit holder in a manner satisfactory to the administrative authority.
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� Pro pointer
Backflow preventers shall not be located in areas subject to freezing, unless
the device can be installed with unions for removal.

Tradetip
The termination of piping from a relief port or air gap fitting for a backflow
preventer must discharge into an approved indirect waste receptor or to the
outdoors where it will not cause damage or create a nuisance.



Water supply inlets to tanks, vats, sumps, swimming pools, and other recep-
tors must be protected by one of the following means: an approved air gap, a listed
vacuum breaker installed on the discharge side of the last valve with the critical
level not less than 6 inches or in accordance with its listing, or a backflow suitable
for the contamination or pollution, installed in accordance with the requirements
for that type of device or assembly as set forth by the code. 

An air gap is the most positive form of protection from backflow. However,
air gaps are not always feasible. Since air gaps cannot always be used, there are a
number of devices available for the protection of potable water systems.

Vacuum breakers are frequently installed on water heaters, hose bibbs, and sill
cocks. They are also generally installed on the faucet spout of laundry tubs. These
devices mount on a pipe or screw onto a hose connection. Some sill cocks are
equipped with factory-installed vacuum breakers. These devices open, when nec-
essary, and break any siphonic action by introducing air. Hose bibbs must be fit-
ted with backflow preventers that are listed as a non-removable type.

In some specialized cases a barometric loop is used to prevent backsiphonage.
These loops must extend at least 35 feet high and can only be used as a vacuum
breaker. The loops are effective because they rise higher than the point where a
vacuum suction can occur. Barometric loops work on the principle that due to their
height, suction will not be achieved.
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Fastfact
An air gap is the most positive form of protection from backflow.

?Did you know
Some backflow preventers are equipped with vents. When these devices are
used, the vents must not be installed so that they may become submerged. It
is also required that these units be capable of performing their function under
continuous pressure.

Tradetip
Water supply connections to beverage dispensers must be protected against
backflow.



Tradetip
Backflow preventers must be inspected from time to time, so they must be
installed in accessible locations.

� Pro pointer
Without backflow and backsiphonage protection, municipal water services
could become contaminated.

Double-check valves are used in some instances to control backflow. When
used in this capacity, double-check valves must be equipped with approved vents.
This type of protection would be used on a carbonated beverage dispenser, for ex-
ample.

Some fixtures require an air gap as protection from backflow. Some of these
fixtures are:

• Lavatories

• Sinks

• Laundry tubs

• Bathtubs

• Drinking fountains. 

An air gap is accomplished through the design and installation of the faucet or
spout serving the fixtures mentioned above.

Lawn sprinklers and irrigation systems must be installed with backflow pre-
vention in mind. Vacuum breakers are a preferred method for backflow preven-
tion, but other types of backflow preventers are allowed.
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� Pro pointer
Some backflow preventers are designed to operate in a manner similar to an
air gap. With these devices, when conditions occur that may cause a backflow,
the devices open and create an open air space between the two pipes con-
nected to it. Reduced-pressure backflow preventers perform this action very
well. Another type of backflow preventer that performs on a similar basis is
an atmospheric-vent backflow preventer.



Water pumps, filters, softeners, tanks, and all other devices that handle or treat
potable water must be protected from contamination. Pressure-type vacuum
breakers must conform to ASSE 1020 for outdoor use. 

All pull-out spout-type faucets must be in compliance with CSA CAN/CSA-
B125 and have an integral vacuum breaker or vent to atmosphere or a dedicated
deck- or wall-mounted vacuum breaker in their design. All faucets with integral
atmospheric or spill-proof vacuum breakers must be installed in accordance with
the manufacturer’s recommendations. 

The potable water supply for a carbonator must be protected by either an air
gap or a vented backflow preventer for carbonated beverage dispensers installed
within the dispenser. Carbonated beverage dispensers without an approved inter-
nal air gap or appropriate vented backflow preventer must protect the water sup-
ply itself with a vented backflow preventer for carbonated beverage dispensers.
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� Pro pointer
When vacuum breakers are installed, they must be installed at least 6 inches
above the flood-level rim of the fixture. Vacuum breakers, because of the way
they are designed to introduce air into the potable water piping, may not be in-
stalled where they may suck in toxic vapors or fumes. For example, it would
not be acceptable to install a vacuum breaker under the exhaust hood of a
kitchen range.

Fastfact
When potable water is connected to a boiler for heating purposes, the potable
water inlet should be equipped with a vented backflow preventer. If the
boiler water contains chemicals, the potable water connection should be
made with an air gap or a reduced-pressure-principal backflow preventer.

?Did you know
Connections between a potable water supply and an automatic fire sprinkling
system should be made with a check valve. If the potable water supply is be-
ing connected to a non-potable water source, the connection should be made
through a reduced-pressure-principal backflow preventer.



The backflow preventer device and the piping downstream must not be affected
by carbon dioxide gas.

Potable water supplies for fire protection systems that are normally under
pressure, except in one- and two-family residential sprinkler systems piped in ma-
terials approved for potable water distribution, must be protected from backpres-
sure and backsiphonage. This protection can be in the form of a double check
valve assembly, a double check detector assembly, a reduced pressure backflow
preventor, or a reduced pressure detector assembly. 

HOT-WATER INSTALLATIONS

When hot-water pipe is installed, it is expected to maintain the temperature of its
hot water for a distance of up to 100 feet from the fixture it serves. If the distance
between the hot-water source and the fixture being served is more than 100 feet,
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Fastfact
Cross-connections are prohibited, except where approved protective devices
are installed.

Tradetip
Water heaters and boiler drain valves that are provided with hose connec-
tion threads used only for draining the water heater do not require back-
flow protection. The water connection devices for automatic clothes wash-
ers do not require backflow protection when such protection is provided
inside the washing machine.

Fastfact
When hot-water pipe is installed, it is expected to maintain the temperature
of its hot water for a distance of up to 100 feet from the fixture it serves. If
the distance between the hot-water source and the fixture being served is
more than 100 feet, a recirculating system is frequently required.



a recirculating system is frequently required. When a recirculating system is not
appropriate, other means may be used to maintain water temperature. These
means could include insulation or heating tapes. Check with your local code offi-
cer for approved alternates to a recirculating system if necessary.

If a circulator pump is used on a recirculating line, the pump must be equipped
with a cutoff switch. The switch may operate manually or automatically. Piping
for this type of system is required to be insulated in accordance with the
International Energy Conservation Code.

Hot water to fixtures is to be installed in such a manner that the control for the
hot water will be to the left-hand side of the fixture fitting. As an exception to this
rule, a mixing valve for a shower or tub-shower combination can rely on distinc-
tive markings on the device to indicate the proper position for the distribution of
hot water.

Residential occupancies require hot water for all fixtures and equipment that
is used for bathing, washing, cooking, cleaning, laundry, and building mainte-
nance. Nonresidential occupancies require hot water for culinary purposes, clean-
ing, laundry, and building maintenance. Hot water must be tempered in nonresi-
dential uses for bathing and washing and must be delivered from accessible
hand-washing facilities.
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� Pro pointer
Potable water supplies to fire protection systems that are not normally under
pressure must be protected from backflow and must meet the requirements of
the appropriate standards.

Chemical dispensers require backflow devices that comply with ASSE
1055 and must be equipped with an air gap fitting.

?Did you know
Systems that are under continuous pressure and contain chemical additives or
antifreeze, or systems connected to a non-potable secondary water supply,
must be equipped with approved devices to protect potable water systems.  A
reduced-pressure-principle backflow preventer is required for this type of sit-
uation. Sometimes chemical additives or antifreeze are added to only a por-
tion of an automatic fire sprinkler or standpipe system. When this is the case,
the backflow preventer can be located so as to isolate only that portion of the
system.  Systems that are not under continuous pressure can be protected with
an air gap or a pipe-applied atmospheric vacuum breaker.



Fastfact
Water heaters must be equipped with an adjustable temperature control.

WATER HEATERS

The standard working pressure for a water heater is 125 psi. The maximum work-
ing pressure of a water heater is required to be permanently marked in an accessi-
ble location. Every water heater is required to have a drain, located at the lowest
possible point on the water heater. Some exceptions may be allowed for very
small, under-the-counter water heaters.

All water heaters are required to be insulated. The insulation factors are deter-
mined by the heat loss of the tank in an hour’s time. These regulations are required
of a water heater before it is approved for installation.

When temperature and pressure relief valves are installed, their sensors should
monitor the top 6 inches of water in the water heater. There may not be any valves
located between the water heater and the temperature and pressure relief valves.

The blow-off from relief valves must be piped down to protect bystanders in
the event of a blow-off. The pipe used for this purpose must be rigid and capable
of sustaining temperatures of up to 210°F. The discharge pipe must be the same
size as the relief valve’s discharge opening, and it must run, undiminished in size,
to within 6 inches of the floor. If a relief valve discharge pipe is piped into the san-
itary drainage system, the connection must be through an indirect waste. The end
of a discharge pipe may not be threaded, and no valves may be installed in the dis-
charge pipe.

Water heaters must be equipped with an adjustable temperature control. This
control is required to be automatically adjustable from the lowest to the highest
temperatures allowed. Some locations restrict the maximum water temperature in
residences to 110 or 120°F. There must be a switch to shut off the power to elec-
tric water heaters. When the water heater uses a fuel, such as gas, there must be a
valve available to cut the fuel source off. Both the electric and fuel shut-offs must
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Fastfact
When temperature and pressure relief valves are installed, their sensors
should monitor the top 6 inches of water in the water heater.



be able to operate without affecting the remainder of the building’s power or fuel.
All water heaters requiring venting must be vented in compliance with local code
requirements.

PURGING A SYSTEM OF CONTAMINANTS

When a potable water system has been installed, added to, or repaired, it must be
disinfected. For years, this amounted to little more than running water through the
system until it appeared clean. This is no longer enough. Under today’s require-
ments, the system must undergo a true cleansing procedure.

The precise requirements for clearing a system of contaminants will be pre-
scribed by the local health department or code enforcement office. Typically, it
will require flushing the system with potable water until the water appears clean.
This action will be followed by cleaning with a chlorine solution. The exact re-
quirements for the mixture of chlorine and water will be provided by a local
agency. The chlorine mixture is introduced into the system and normally remains
between 3 and 24 hours. 

After the chlorine has been in the system for the required time, the system is
flushed with potable water until there is no trace of chlorine remaining. Again,
check with your local authorities on the exact specifications for purifying the
potable water system.
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� Pro pointer
Relief valves are mandatory equipment on water heaters. These safety valves
are designed to protect against excessive temperature and pressure. The most
common type of safety valve used will protect against both temperature and
pressure from a single valve. The blow-off rating for these valves must not ex-
ceed 210°F and 150 psi. The blow-off rating for the pressure relief valve must
not exceed the maximum working pressure of the water heater it serves; this
is usually 125 psi.

Tradetip
The blow-off from relief valves must be piped down to protect bystanders in
the event of a blow-off.



WORKING WITH WELLS

When you will be working with wells or other private water sources, there are
some rules you must follow. This section will apprise you of what you need to
know when working with private water systems.

If a building does not have access to a public water source, it must depend on
water from a private source. Typically, this source is a well, but in some cases it
could be a cistern, spring, or stream. If surface water is used as a potable water
source, it must be tested and approved for use. For that matter, wells are generally
required to be tested and approved.

The quality of water from a private source must meet minimum standards as
potable water. This is determined through water tests. The determination of potabil-
ity is normally done by the local health department or some other local authority.

The quantity of water delivered from a well must also meet certain require-
ments. The well, or water source, must be capable of supplying enough water for
the intended use of the system. For example, a single-family home may be rated
as requiring 75 gallons of water a day for each occupant. Hospitals, on the other
hand, are rated to require a minimum of between 150 and 250 gallons of water
each day for each bed in the hospital.

?Did you know
When the discharge from a relief valve may damage property or people,
safety pans should be installed. These pans typically have a minimum depth
of 1.5 inches. Plastic pans are commonly used for electric water heaters, and
metal pans are used for fuel-burning heaters. These pans must be large enough
to accommodate the discharge flow from the relief valve.

The pan’s drain may be piped to the outside of the building or to an indi-
rect waste where people and property will not be affected. The discharge lo-
cation should be chosen so that it will be obvious to building occupants when
a relief valve discharges. Traps should not be installed on the discharge pip-
ing from safety pans.
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! Codealert
Access must be provided to manifolds with integral factory or field-installed
valves.



All private water sources must be protected from contamination. They must
also be disinfected before being used. Some of the forms of protection for wells
include:

• Wells must have watertight caps.

• Wells may not be installed in an area where contamination is likely, such as near
a septic system. 

• The height of a well casing should extend above the ground. 

• All wells should be located above and upstream from any possible contaminat-
ing sources.

• Any well, whether drilled, dug, or driven, generally must not deliver water for
potable use from a depth of less than 10 feet. 

There are rules governing the allowable distances between a private water
source and possible pollution sources. The following examples show how far a
private water source in zone three must be from a few of the possible polluting
sources:

• Septic tank—25 feet

• Sewer—10 feet

• Pasture—100 feet

• Barnyard—100 feet

• Underground disposal fields—50 feet.

CONSTRUCTION REQUIREMENTS FOR WELLS

Wells must be installed to meet minimum standards. What follows is a description
of the minimum requirements for the installation of various types of wells in a
common code area.

Dug and Bored Wells

Dug and bored wells are usually relatively shallow. Their casings are required to
be made from waterproof concrete, corrugated metal pipe, galvanized pipe, or tile.
These casings must extend to a minimum depth of 10 feet below the ground. The

WATER SUPPLY AND DISTRIBUTION 6.21

! Codealert
Joints between stainless steel and different piping materials must be made with
a mechanical joint of the compression or mechanical sealing types or a dielec-
tric fitting.



casing is required to extend below the water table. For example, if the well is 16
feet deep and the water table is 13 feet deep, the casing must extend at least 13 feet
into the ground.

When wells are dug or bored, there is a large space between the well casing
and the undisturbed earth. This space is required to be filled with a grout material.
The grout must encompass the well casing and have a minimum thickness of 6
inches. This helps to prevent surface water from entering the well. It is also nec-
essary for the well casing to rise at least 6 inches above the well platform.

This type of well is usually large in diameter. The top of the well must be
sealed with a watertight cover. Covers must overlap the sides of the well casing
and extend downwards for a minimum of 2 inches. Concrete covers are common
on this type of well.

Common practice with bored and dug wells is to have the water pipe from the
well to the house exit through the side of the casing. This is generally done below
ground below the regional frost line. Where this penetration of the well casing oc-
curs, the hole must be sealed to prevent outside water from entering the well.

Drilled and Driven Wells

Drilled and driven wells are different from dug and bored wells. The diameters of
these wells are much smaller, and drilled wells are often very deep. The casings
for these wells must be made of steel, or some other approved material. The cas-
ing must extend at least 6 inches above the well platform.

Grouting is required around the exterior of these casings. The grout material
is required to extend a minimum depth of 10 feet or solid contact with rock,
whichever comes first. The casing should extend into rock or well beyond the wa-
ter table level.

Getting the water pipe from the well to a building is usually done through the
side of the casing. Normal procedure calls for the use of a pitless adapter in these

Tradetip
The quality of water from a private source must meet minimum standards as
potable water.

Tradetip
All wells should be located above, and upstream from, any possible contam-
inating sources, such as a septic field.
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installations. Pitless adapters mount into the well casing and form a watertight
seal. In any event, the casing must be sealed at any openings that might allow non-
potable water to enter the well.

The cover for a drilled well must be waterproof and will usually allow for elec-
trical wires connected to the pump. These wires must get from the submerged
pump to the control box. In all cases, the cover must be designed and installed to
prevent the influx of surface water into the well.

• Pumps used with potable water systems must meet minimum standards.

• Pumps must be approved for use. 

• Pumps must be readily accessible for service, maintenance, or repair. 

• In flood-prone areas, pumps must be designed and installed to resist the poten-
tial detrimental effects of a flood. 

• Water pumps are required to be capable of continuous operation.

• In some jurisdictions, if a pump is installed in a home, it must be installed on an
appropriate base. 

• Some pumps are installed on brackets, connected to pressure supply tanks. 

• If a pump is installed in a basement, it must be installed at least 18 inches above
the basement floor. It is not acceptable to install the pump in a pit or closer than
18 inches to the finished floor level of a basement floor. This provision is meant
to protect the pump from submersion through basement flooding.

SIZING

Some facets of potable water pipe sizing are not very difficult. Many times your
code book will provide charts and tables to help you. Some of these graphics will
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� Pro pointer
If a well is in an area subject to flooding, the well casing and cover must be
designed and installed to withstand the forces associated with a flood. Grading
of the ground surrounding a private water source may be required to divert
runoff water from entering the potable water supply.

! Codealert
Hot water it to be piped to the left side of the device dispensing it.



detail precisely what size pipe or tubing is required. But, unfortunately, code
books cannot provide concrete answers for all piping installations. 

Many factors affect the sizing of potable water piping. The type of pipe used will
have an influence on your findings. Some pipe materials have smaller inside diam-
eters than others. Some pipe materials have a rougher surface or more restrictive fit-
tings than others. Both of these factors will affect the sizing of a water system.

When sizing a potable water system, you must be concerned with the speed of
the flowing water, the quantity of water needed, and the restrictive qualities of the
pipe being used to convey the water. Most materials approved for potable water
piping will provide a flow velocity of 5 feet per second. The exception is galva-
nized pipe, which provides a speed of 8 feet per second.

It may be surprising that galvanized pipe allows a faster flow rate. This occurs
because of the wall strength of galvanized pipe. In softer pipes, such as copper,
fast-moving water can essentially wear a hole in the pipe. These flow ratings are
not carved in stone. I am sure you will find people that will argue for either a
higher or a lower rating, but these ratings are in use with current plumbing codes.

When considering the three factors previously discussed to determine pipe
size, you must use math that you may not have seen since your school days, and
you may not have seen it then. Let me give you an example of how a typical for-
mula might look. A common formula could resemble the one listed below:

* X � the water’s rate of flow, in most cases, 5 feet per second

* Y � the quantity of water in the pipe

* Z � the inside diameter of the pipe

* A typical formula might look like this: Y � XZ

Since most plumbers will refuse to do this type of math, most code books of-
fer alternatives. The alternatives are often in the form of tables or charts that show
pertinent information on the requirements for pipe sizing.

The tables or charts you might find in a code book are likely to discuss the fol-
lowing: a pipe’s outside diameter, a pipe’s inside diameter, a flow rate for the pipe,
and a pressure loss in the pipe over a distance of 100 feet. These charts or tables
will be dedicated to a particular type of pipe. For example, there would be one
table for copper pipe and another table for PEX pipe.

?Did you know
When shallow-well pumps or two-pipe jet pumps are used, the pumps are
sometimes placed in pump houses. These pump houses must be of approved
construction. A building providing shelter to a water pump must be equipped
to prevent the pump or related piping from freezing. Such an enclosure must
also be provided with adequate drainage facilities to prevent water from ris-
ing over the pump and piping.
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The information supplied in a ratings table for PEX pipe might look like this:

• Pipe size is .75 inch

• Inside pipe diameter is .715 inch

• The flow rate, at 5 feet per second, is 6.26 gpm

• Pressure lost in 100 feet of pipe is 14.98.

This type of pipe sizing is most often done by engineers, not plumbers. When
sizing a potable water system, the sizing exercise starts at the last fixture and
works its way back to the water service.

Commercial Jobs versus Residential Work

Commercial jobs, in which pipe sizing can become quite complicated, are gener-
ally sized by design experts. All a working plumber is required to do is install the
proper pipe sizes in the proper locations and manner. For residential plumbing,
where engineers are less likely to have a hand in the design, there is a rule-of-
thumb method to sizing most jobs. In the average home, a .75-inch pipe is suffi-
cient for the main artery of the water-distribution system. Normally, not more than
two fixtures can be served by a .5-inch pipe. With this in mind, sizing becomes
simple.

The .75-inch pipe is normally run to the water heater, and it is typically used
as a main water-distribution pipe. When nearing the end of a run, the .75-inch pipe
is reduced to .5-inch pipe where there are no more than two fixtures to connect to.
Most water services will have a .75-inch diameter, with those serving homes with
numerous fixtures using a 1-inch pipe. This rule-of-thumb sizing will work on al-
most any single-family residence.

Water Supplies

The water supplies to fixtures are required to meet minimum standards. These
sizes are derived from local code requirements. You simply find the fixture you
are sizing the supply for and check the column heading for the proper size.

Most code requirements seem to agree that there is no definitive way to set a
boilerplate formula for establishing potable water pipe sizing. Code officers can
require pipe sizing to be performed by a licensed engineer. In most major plumb-
ing systems the pipe sizing is done by a design professional. 
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! Codealert
Backflow preventers shall not be located in areas subject to freezing, unless the
device can be installed with unions for removal.



Code books give examples of how a system might be sized. But the examples
are not meant as a code requirement. The code requires a water system to be sized
properly. However, due to the complexity of the process, the books do not set firm,
precise requirements for the process. Instead, code books give parts of the puzzle,
in the form of some minimum standards, but it is up to a professional designer to
come up with an approved system.

Where does this leave you? The sizing of a potable water system is one of the
most complicated aspects of plumbing. Very few single-family homes are
equipped with potable water systems designed by engineers. I have already given
you a basic rule-of-thumb method for sizing small systems. Next, I am going to
show you how to use the fixture-unit method of sizing.

Fixture-Unit Method

The fixture-unit method is not very difficult, and it is generally acceptable to code
officers. While this method may not be perfect, it is much faster and easier to use
than the velocity method. Other than for additional expense in materials, you can’t
go wrong by over-sizing your pipe. If in doubt on sizing, go to the next larger size.
Now, let’s see how you might size a single-family residence’s potable water sys-
tem using the fixture unit method. 

Most codes assign a fixture-unit value to common plumbing fixtures. To size
with the fixture-unit method, you must establish the number of fixture units to be
carried by the pipe. You must also know the working pressure of the water sys-
tem. Most codes will provide guidelines for these two pieces of information.

For our example, we have a house with the following fixtures: three toilets,
three lavatories, one bathtub-shower combination, one shower, one dishwasher,
one kitchen sink, one laundry hookup, and two sill cocks. The water pressure serv-
ing this house is 50 psi. There is a 1-inch water meter serving the house, and the
water service is 60 feet in length. With this information and the guidelines provided
by your local code, you can do a pretty fair job of sizing your potable water system.

The first step is to establish the total number of fixture units on the system. The
code regulations will provide this information. Add the total number of fixture
units in the house. You have three toilets—nine fixture units. The three lavatories
add three fixture units. The tub-shower combination counts as two fixture units;
the showerhead over the bathtub doesn’t count as an additional fixture. The
shower has two fixture units. The dishwasher adds two fixture units and so does
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! Codealert
The termination of piping from a relief port or air gap fitting for a backflow
preventer must discharge into an approved indirect waste receptor or to the out-
doors where it will not cause damage or create a nuisance.



the kitchen sink. The laundry hookup counts as two fixture units. Each sill cock is
worth three fixture units. This house has a total fixture-unit load of 28.

Now you have the first piece of your sizing puzzle solved. The next step is to
determine what size pipe will allow your number of fixture units. Refer to your lo-
cal plumbing code book; it provides guidelines, similar to those provided in the
plumbing codes, pertaining to pressure rating, pipe length, and fixture loads.

Our subject house has a water pressure of 50 psi. This pressure rating falls into
the category allowed by code. First, find the proper water meter size; the one you
are looking for is 1 inch. You will notice that a 1-inch meter and a 1-inch water
service is capable of handling 60 fixture units when the pipe is only running 40
feet. However, when the pipe length is stretched to 80 feet, the fixture load is
dropped to 41. At 200 feet, the fixture rating is 25. What is it at 100 feet? At 100
feet, the allowable fixture load is 36. See, this type of sizing is not so hard.

Now, what does this tell us? Well, we know the water service is 60 feet long.
Once inside the house, how far is it to the most remote fixture? In this case, the fur-
thest fixture is 40 feet from the water service entrance. This gives us a developed
length of 100 feet, 60 feet for the water service and 40 feet for the interior pipe.
Going back to your code book you will see that for 100 feet of pipe, under the con-
ditions in this example, we are allowed 36 fixture units. The house only has 28 fix-
ture units, so our pipe sizing is fine.

What would happen if the water meter were a .75-inch meter instead of a 
1-inch meter? With a .75-inch meter and a 1-inch water service and main distribu-
tion pipe, we could have 33 fixture units. This would still be a suitable arrange-
ment, since we only have 28 fixture units. Could we use a .75-inch water service
and water-distribution pipe with the .75-inch meter? No, we couldn’t. With all
sizes set at .75 inch, the maximum number of fixture units allowed is 17.

In this example, the piping is oversized. But if you want to be safe, use this
type of procedure. If you are required to provide a riser diagram showing the min-
imum pipe sizing allowed, you will have to do a little more work. Once inside a
building, water-distribution pipes normally extend for some distance, supplying
many fixtures with water. As the distribution pipe continues on its journey, it re-
duces the fixture load as it goes.

For example, assume that the distribution pipe serves a full bathroom group
within 10 feet of the water service. Once this group is served with water, the fixture-
unit load on the remainder of the water-distribution piping is reduced by six fixture
units. As the pipe serves other fixtures, the fixture-unit load continues to decrease.
So, it is feasible for the water-distribution pipe to become smaller as it goes along.
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! Codealert
Potable water outlets and stop-and-waste valves shall not be installed below
ground or grade.



Minimum Pipe Size

The tables in your code book can also be used to find a minimum pipe size. Let’s
take our same sample house and see how we could use smaller pipe. Okay, we
know we need a 1-inch water service. Once inside the foundation, the water serv-
ice becomes the water-distribution pipe. The water heater is located 5 feet from
the cold-water distribution pipe. The 1-inch pipe will extend over the water heater
and supply it with cold water. There will be a hot-water distribution pipe originat-
ing at the water heater. Now you have two water-distribution pipes to size.

When sizing the hot and cold water pipes you could make adjustments for fix-
ture-unit values on some fixtures. For example, a bathtub is rated as two fixture
units. Since the bathtub rating is inclusive of both hot and cold water, obviously
the demand for just the cold water pipe is less than that shown in our table. For
simplicity’s sake, I will not break the fixture units down into fractions or reduced
amounts. I will show you the example as if a bathtub requires two fixture units of
hot water and two fixture units of cold water. However, you could reduce the
amounts listed in the table by about 25 percent to obtain the rating for each hot and
cold water pipe. For example, the bathtub, when being sized for only cold water,
could take on a value of one and one-half fixture units.

Now, let’s get on with the exercise. We are at the water heater. We ran a 
1-inch cold-water pipe overhead and dropped a .75-inch pipe into the water heater.
What size pipe do we bring up for the hot water? First, count the number of fix-
tures that use hot water, and assign them a fixture-unit value. The fixtures using
hot water are all fixtures, except the toilets and sill cocks. The total count for hot
water fixture units is lucky number 13. From the water heater, our most remote hot
water fixture is 33 feet away. 

What size pipe should we bring up from the water heater? By looking at the
table in your code book, you can  find a distance and fixture-unit count that will
work in this case. You would look under the 40-feet column, since our distance is
less than 40 feet. When you look in the column, the first fixture-unit number you
see is nine; this won’t work. The next number is 27; this one will work, because it
is greater than the 13 fixture units we need. Looking across the table, you will see
that the minimum pipe size to start with is a .75-inch pipe. Isn’t it convenient that
the water heater just happens to be sized for .75-inch pipe?

Okay, now we start our hot-water run with .75-inch pipe. As our hot water pipe
goes along the 33-foot stretch, it provides water to various fixtures. When the to-
tal fixture-count remaining to be served drops to less than nine, we can reduce the
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! Codealert
Buildings that contain piping for non-potable water must have the pipe labeled
as non-potable water with either color markings or metal tags. The color purple
is used to identify pipes that are conveying reclaimed water, rain, or gray water.



pipe to .5-inch pipe. We can also run our fixture branches off the main in .5-inch
pipe. We can do this because the highest fixture-unit rating on any of our hot-wa-
ter fixtures is two fixture units. Even with a pipe-run of 200 feet we can use 
.5-inch pipe for up to four fixture units. Is this sizing starting to ring a bell?
Remember the rule-of-thumb sizing I gave you earlier? These sizing examples are
making the rule-of-thumb method ring true.

With the hot-water sizing done, let’s look at the remainder of the cold water.
We have less than 40 feet to our furthest cold-water fixture. We branch off near
the water-heater drop for a sill cock, and there is a full bathroom group within 7
feet of our water-heater drop. The sill cock branch can be .5-inch pipe. The pipe
going under the full bathroom group could probably be reduced to .75 pipe, but it
would be best to run it as a 1-inch pipe. However, after serving the bathroom
group and the sill cock, how may fixture units are left? There are only 19fixture
units left. We can now reduce to .75-inch pipe, and when the demand drops to be-
low nine fixture units we can reduce to .5-inch pipe. All of our fixture branches
can be run with .5-inch pipe.

This is one way to size a potable water system that works without driving you
crazy. There may be some argument to the sizes I gave in these examples. The ar-
gument would be that some of the pipe is oversized, but, as I said earlier, when in
doubt, go bigger. In reality, the cold-water pipe in the last example could proba-
bly have been reduced to .75-inch pipe where the transition was made from water
service to water-distribution pipe. It could have almost certainly been reduced to
.75-inch pipe after the water-heater drop. Local codes will have their own inter-
pretation of pipe sizing, but this method will normally serve you well. Always re-
fer to your local code book for specific sizing requirements and practices.

MORE FACTS TO KEEP YOU OUT OF TROUBLE

Here are some more facts to keep you out of trouble when you are working with
potable water systems:

• When working with a solvent-cement joint, you are not required to use a primer
when all of the following conditions apply: the cement being used is third-party
certified as conforming to ASTM F493, the cement being used is yellow in
color, the cement is used only for joining .5-inch to 2-inch diameter CPVC pipe
and fittings, and the CPVC pipe and fittings are manufactured in accordance
with ASTM D2846. 

• Cross-linked polyethylene plastic requiring joints between tubing or fittings
must comply with the plumbing code.

• PEX tubing must be marked appropriately to identify the uses that the material
is approved for.

• PEX fittings must be made of metal and must be secured with metal compres-
sion fittings.
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• PEX tubing may not be used for water heater connections within the first 18
inches of the piping connected to the water heater.

• Flared pipe ends must be made with a tool designed for that operation.

• Mechanical joints must be made in accordance with the local plumbing code
and the manufacturer’s recommendations. Metallic lock rings and insert fittings
as described in ASTM F1807 are required for the installation.

• Tempered water is required to be delivered from accessible hand-washing facil-
ities.

• Maintaining energy efficiency must conform to the International Energy
Conservation Code.

• Vacuum breakers for hose connections in healthcare or laboratory areas shall
not be less than 6 feet above the floor.

• Pipe identification must include the contents of the piping system and an arrow
indicating the direction of flow. Any hazardous piping systems must contain in-
formation that addresses the nature of the hazard. Pipe identification must be re-
peated at maximum intervals of 25 feet and at each point where the piping
passes through a wall, floor, or roof. All lettering must be readily observed
within the room or space where the piping is located. Any coloring for pipe
identification must be discernible and consistent throughout the building.
Identification labeling must be sized in compliance with code requirements.

• Pressure-type vacuum breakers shall not be installed in locations where spillage
could cause damage to the structure.

• The discharge from a reverse osmosis system must enter a drainage system
through an air gap or an air gap device.

• Construction, installation, alterations, and repair of solar systems, equipment,
and appliances intended to utilize solar energy for space heating or cooling, do-
mestic hot water heating, swimming pool heating, or process heating shall be in
accordance with the International Mechanical Code.

• Flexible corrugated connectors made of copper or stainless steel are limited in
their length. Water heater connectors must not be more than 24 inches long.
Fixture connectors are limited to a maximum length of 30 inches. Connectors
for washing machines must not exceed 72 inches in length. Flex connectors for
dishwashers and icemakers must not be longer than 120 inches.

• Female PVC screwed fittings for water piping must be used with plastic male
fittings and plastic male threads only.

• Joints between copper tubing and galvanized steel pipe must be made with a brass
fitting or dielectric fitting. The copper tubing must be soldered to the fitting in an
approved manner. Galvanized steel pipe is to be screwed into the connector.

This concludes our view of water distribution. It is now time to cover the sub-
ject of drainage systems. We will do this in the next chapter.
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TABLE 6.1 Water distribution system design criteria required capacity at
fixture supply pipe outlets. Copyright © 2009 by International Code Council,
Inc. Reprinted with permission. All rights reserved.
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TABLE 6.2 Water service pipe. Copyright © 2009 by International Code Council,
Inc. Reprinted with permission. All rights reserved.
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TABLE 6.3 Water distribution pipe. Copyright © 2009 by International Code
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TABLE 6.4 Application of backflow preventers. Copyright © 2009 by International
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7.1

CHAPTER 7

SANITARY DRAINAGE
SYSTEMS

Sizing pipe for a drainage system is not difficult. To size pipe for drainage, there
are a few benchmark numbers you must know, but you don’t have to memorize
them. Your code book will have charts and tables that provide the benchmarks. All
you must know is how to interpret and use the information provided.

The size of a drainage pipe is determined by using various factors, the first of
which is the drainage load. This refers to the volume of drainage the pipe will be
responsible for carrying. When you refer to your code book, you will find ratings
that assign a fixture-unit value to various plumbing fixtures. For example, a resi-
dential toilet has a fixture-unit value of four. A bathtub’s fixture-unit value is two. 

By using the ratings given in your code book, you can quickly assess the
drainage load for the system you are designing. Since plumbing fixtures require
traps, you must also determine what size traps are required for particular fixtures.
Again, you don’t need a math degree to accomplish this task. In fact, your code book
will tell you which trap sizes are required for most common plumbing fixtures.

Your code book will provide trap-size requirements for specific fixtures. For
example, by referring to the ratings in your code book, you will find that a bath-
tub requires a 1.5-inch trap. A lavatory may be trapped with a 1.25-inch trap. The
list will go on to describe the trap needs for all common plumbing fixtures. Trap
sizes will not be provided for toilets, since toilets have integral traps.

When necessary, you can determine a fixture’s drainage unit value by the size
of the fixture’s trap. A 1.25-inch trap, the smallest trap allowed, will carry a fix-
ture-unit rating of one. A 1.5-inch trap will have a fixture unit of two. A 2-inch
trap will have a rating of three fixture units. A 3-inch trap will have a fixture-unit
rating of five, and a 4-inch trap will have a fixture-unit rating of six. This infor-
mation can be found in your code book and may be applied to a fixture not specif-
ically listed with a rating in the book.



Tradetip
When necessary, you can determine a fixture’s drainage unit value by the
size of the fixture’s trap.

Tradetip
A normal grade is generally .25 inch to the foot, but the fall can be steeper
or shallower.
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Determining the fixture-unit value of a pump does require a little math, but it’s
simple. Start by taking the flow rate in gallons per minute (gpm), and assign two
fixture units for every gpm of flow. For example, a pump with a flow rate of 30
gpm would have a fixture-unit rating of 60. Some code jurisdictions are more gen-
erous. For example, you may find that your local code will allow one fixture unit
to be assigned for every 7.5 gpm. With the same pump, producing 30 gpm, the lib-
eral code fixture-unit rating would be four. That’s quite a difference from the rat-
ings in more conservative code regions.

Other considerations when sizing drainage pipe is the type of drain you are siz-
ing and the amount of fall that the pipe will have. For example, the sizing for a
sewer will be done a little differently than the sizing for a vertical stack. A pipe with
a .25-inch fall will be rated differently than the same pipe with a .125-inch fall.

SIZING BUILDING DRAINS AND SEWERS

Building drains and sewers use the same criteria in determining the proper pipe
size. The two components you must know to size these types of pipes are the to-
tal number of drainage fixture units entering the pipe and the amount of fall placed
on the pipe. The amount of fall is based on how much the pipe drops in each foot
it travels. A normal grade is generally .25 inch to the foot, but the fall can be
steeper or shallower. Drainage fixture-unit values for continuous and semicontin-
uous flow into a drainage system are computed on the basis that 1 gpm of flow is
equal to two fixture units. Keep in mind that provisions for any future fixtures
must be taken into account when sizing a plumbing system.

When you refer to your code book, you will find information, probably a table,
to aid you is sizing building drains and sewers. Let’s take a look at how a build-
ing drain for a typical house would be sized.



Fastfact
Horizontal branches are the pipes branching off from a stack to accept the
discharge from fixture drains.
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SIZING EXAMPLE 

Our sample house has two and one-half bathrooms, a kitchen, and a laundry room.
To size the building drain for this house, we must determine the total fixture-unit
load that may be placed on the building drain. To do this, we start by listing all the
plumbing fixtures producing a drainage load. In this house we have the following
fixtures:

• One bathtub

• One shower

• Three toilets

• Three lavatories

• One kitchen sink

• One dishwasher

• One clothes washer

• One l aundry tub.

By using the chart in my local code book, I can determine the number of
drainage fixture units assigned to each of these fixtures. When I add up all the fix-
ture units, the total load of 28 is established. It is always best to allow a little ex-
tra in your fixture-unit load, so your pipe will be in no danger of becoming over-
loaded. The next step is to look at the chart in the code book to determine the
sizing of our building drain.

Our building drain will be installed with a .25-inch fall. By looking at the chart
in the code book, I see that we can use a 3-inch pipe for our building drain, based
on the number of fixture units, but a notice in the footnote below the chart indicates
that a 3-inch pipe may not carry the discharge of more than two toilets and out test
house has three toilets. This means we will have to move up to a 4-inch pipe.

Suppose our test house had only two toilets? If we eliminate one of the toilets,
our fixture load drops to 24. According to the table, we could use a 2.5-inch pipe,
but we know our building drain must be at least a 3-inch pipe to connect to the toi-
lets. A fixture’s drain may enter a pipe the same size as the fixture drain or a pipe
that is larger, but it may never be reduced to a smaller size except with a 4-by-3-
inch closet bend.

So, with two toilets, our sample house could have a building drain and sewer
with a 3-inch diameter. But should we run a 3-inch pipe or a 4-inch pipe? In a



� Pro pointer
Heat-fusion joints for polyvinylidene fluoride pipe and tubing joints shall be
installed with socket-type heat-fused polyvinylidene fluoride fittings or elec-
trofusion polyvnyllidene fittings and couplings.
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highly competitive bidding situation, 3-inch pipe would probably win the coin
toss. It would be less expensive to install a 3-inch drain, and you would be more
likely to win the bid on the job. However, when feasible, it would be better to use
a 4-inch drain. This allows the homeowner to add another toilet at some time in
the future. If you install a 3-inch sewer, the homeowner would not be able to add
a toilet without replacing the sewer with 4-inch pipe.

HORIZONTAL BRANCHES

Horizontal branches are the pipes branching off from a stack to accept the dis-
charge from fixture drains. Horizontal branches normally leave the stack as a hor-
izontal pipe, but they may turn to a vertical position and still retain the term hori-
zontal branch. 

The procedure for sizing a horizontal branch is similar to the one used to size
a building drain or sewer, but the ratings are different. Your code book will con-
tain the benchmarks for your sizing efforts, but let me give you some examples. 

The number of fixture units allowed on a horizontal branch is determined by
pipe size and pitch. All the following examples are based on a pitch of .25 inch to
the foot. A 2-inch pipe can accommodate up to six fixture units in most code re-
gions. Some jurisdictions allow up to eight fixture units. A 3-inch pipe can handle
20 fixture units but not more than two toilets. A 3-inch pipe is allowed up to 35
units and up to three toilets in some jurisdictions. A 1.5-inch pipe will carry either
two or three fixture units, depending upon your local code requirements. When the
additional fixture unit is allowed, it may not be from sinks, dishwashers, or uri-
nals. A 4-inch pipe will take up to 160 fixture units in most code areas. You may
find a jurisdiction that will allow up to 216 units.

STACK SIZING

Stack sizing is not too different from the other sizing exercises we have studied.
When you size a stack, you must base your decision on the total number of fixture
units carried by the stack and the amount of discharge into branch intervals. This
may sound complicated, but it isn’t.



Fastfact
Clear-water waste receptors are assigned a rating of one fixture unit.

?Did you know
When you size a stack, you must base your decision on the total number of
fixture units carried by the stack and the amount of discharge into branch
intervals.
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There are tables in your local code book that help you with sizing pipes. You
will notice that there are three columns. The first is for pipe size, the second rep-
resents the discharge of a branch interval, and the last column shows the ratings
for the total fixture-unit load on a stack. This table is based on a stack with no more
than three branch intervals. 

Sizing the stack requires you to first determine the fixture load entering the
stack at each branch interval. Let me give you an example of how this type of siz-
ing works. In our example we will size a stack that has two branch intervals. The
lower branch has a half-bath and a kitchen on it. Using the ratings from common
code regions, the total fixture-unit count for this branch is six. This is determined
from the table providing ratings for various fixtures.

The second stack has a full bathroom group on it. The total fixture-unit count
on this branch is six, if you use a bathroom group rating, or seven, if you count
each fixture individually. I would use the larger of the two numbers.

When you look at the table in your code book, you will see the horizontal list-
ings for a 3-inch pipe. You know the stack must have a minimum size of 3 inches
to accommodate the toilets. As you look across the table, you will see that each 3-
inch branch may carry up to 20 fixture units. Your first branch has six fixture units
and the second branch has seven fixture units, so both branches are within their
limits. 

When you combine the total fixture units from both branches, you have a to-
tal of 13. Continuing to look across the table, you see that the stack can accommo-
date up to 48 fixture units. Obviously, a 3-inch stack is adequate for your needs.
If the fixture-unit loads had exceeded the numbers in either of the columns, the
pipe size would need to be increased.

When sizing a stack it is possible that the developed length of the stack will be
comprised of different sizes of pipe. For example, at the top of the stack the pipe



size may be 3 inches, but at the bottom the pipe size may be 4 inches. This is be-
cause as you get to the lower portion of the stack, the total fixture-unit load placed
on the stack is greater. Remember to check your local code requirements, since
they may be different from the ones I am working with or those that other
plumbers work with.

INSTALLATION

Once the pipe is properly sized, it is ready for installation. There are a few regu-
lations pertaining to pipe installation that you need to be aware of.

Grading Your Pipe

When you install horizontal drainage piping, you must install it so that it falls to-
ward the waste-disposal site. A typical grade for drainage pipe is .25 inch of fall
per foot. This means the lower end of a 20-foot piece of pipe would be 5 inches
lower than the upper end when properly installed. While the .25-inch-to-the-foot
grade is typical, it is not the only acceptable grade for all pipes.

If you are working with pipe that has a diameter of 2.5 inches, or less, the min-
imum grade for the pipe is .25 inch to the foot. Pipes with diameters between 3 and
6 inches are allowed a minimum grade of .125 inch to the foot. Some code zones
require special permission to be granted prior to installing pipe with a .125-inch-
to-the-foot grade. Pipes with diameters of 8 inches or more may be allowed to be
installed with an acceptable grade of .0625 inch to the foot.

JOINTS

There are a number of requirements for making joints between different types of
pipes and fittings. Of course, all connections must be made in compliance with the
local plumbing code. There are some aspects of joining pipes that are very spe-
cific, and we are going to talk about them below:

• Mechanical joints on drainage pipes must be made with elastomeric seal. They
may only be used on underground piping and must comply with manufacturer’s
recommendations.

• Solvent-weld joints are required to be made with pipe whose surface ends are
clean and free from moisture. Joints must be made while the cement is wet.
These joints can be made above or below grade. An approved primer is typically
required prior to the application of cement.

• Schedule 80, or heavier, pipe can be threaded with dies specifically designed for
plastic piping. An approved thread lubricant or tape must be applied to the male
threads only.
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• Asbestos-cement pipe is joined by a sleeve coupling of the same composition as
the pipe and sealed with an elastomeric ring.

• Brazed joints must be made on clean surfaces with an approved flux. The filler
used for brazing must be an approved material. The same is true for welded
joints.

• Caulked joints are rarely used much today. Joints for hub and spigot pipe must
be firmly packed with oakum or hemp. Molten lead is poured in one operation
to a depth of not less than 1 inch. The lead must not recede more than .125 inch
below the rim of the hub and caulked tight. The lead joint cannot be painted, var-
nished, or otherwise coated until after the joint is tested and approved. When a
lead joint is made, the joint is to be made in one pouring and caulked tight. Acid-
resistant rope and acid-proof cement are permitted.

• Compression gasket joints must be compressed when the pipe is fully inserted.
Joints between concrete pipe and fittings are to be made with an elastomeric
seal. Mechanical joints on drainage pipe must be made with an elastomeric seal.
It is not permissible to install mechanical joints in above-grade systems unless
otherwise approved.

• When making joints with stainless- steel drainage systems and other types of
systems, a mechanical joint must be used. If an O-ring is used with a stainless-
steel drainage system, you must use an elastomeric seal. 

SUPPORT

How you support your pipes is also regulated by the plumbing code. There are re-
quirements for the type of materials you may use and how they may be used. Let’s
see what they are.

The hangers used must be compatible with the pipe they are supporting. You
must use a hanger that will not have a detrimental effect on your piping. For ex-
ample, you may not use galvanized straphanger to support copper pipe. As a rule
of thumb, the hangers used to support a pipe should be made from the same ma-
terial as the pipe being supported. For example, copper pipe should be hung with
copper hangers. This eliminates the risk of a corrosive action between two differ-
ent types of materials. If you are using a plastic or plastic-coated hanger, you may

Tradetip
Schedule 80, or heavier pipe, can be threaded with dies specifically designed
for plastic piping.
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� Pro pointer
When installing pipe with flexible couplings, bands, or unions, the pipe must
be installed and supported to prevent these flexible connections from moving.
In pipes larger than 4 inches in diameter, all flexible couplings must be sup-
ported to prevent the force of the pipe’s flow from loosening the connection
at changes in direction. 
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use it with all types of pipe. The exception to this rule is for pipes carrying a liq-
uid with a temperature that might affect or melt the plastic hanger.

Both horizontal and vertical pipes require support. The intervals between sup-
ports will vary, depending upon the type of pipe being used and whether it is in-
stalled vertically or horizontally. The following examples will show you how often
you must support the various types of pipes when they are hung horizontally; these
examples are the maximum distances allowed between supports for zone three:

• ABS—every 4 feet

• Cast Iron—every 5 feet

• Galvanized—every 12 feet

• PVC—every 4 feet

• DWV copper—every 10 feet.

When these same types of pipes are installed vertically, they must be sup-
ported at no less than the following intervals:

• ABS—every 4 feet

• Cast iron—every 15 feet

• Galvanized—every 15 feet

• PVC—every 4 feet

• DWV copper—every 10 feet.

Facts to Remember About Drainage Piping

• A drainage pipe installed underground must have a minimum diameter of 2
inches.

• When you are installing a horizontal branch fitting near the base of a stack, keep
the branch fitting away from the point where the vertical stack turns to a horizon-
tal run. The branch fitting should be installed at least 30 inches back on a 3-inch
pipe and 40 inches back on a 4-inch pipe. By multiplying the size of the pipe by a
factor of ten, you can determine how far back the branch fitting should be installed.



• All drainage piping must be protected from the effects of flooding.

• When leaving a stub of pipe to connect with fixtures planned for the future, the
stub must not be more than 2 feet in length and it must be capped. Some excep-
tions are possible for the prescribed length of a pipe stub. If you have need a
longer stub, consult your local code officer. Clean-out extensions are not af-
fected by the 2-foot rule.

• Multiple buildings situated on the same building lot may not share a common
building sewer that connects to a public sewer.

• Horizontal branches that connect to the bases of stacks must connect at a point
not less than ten pipe diameters downstream from the stack.

• Unless otherwise provided, horizontal branches must connect to horizontal
stack offsets at a point located not less than ten pipe diameters downstream from
the upper stack.

?Did you know
When installing cast-iron stacks, the base of each stack must be supported.
This is due to the weight of cast-iron pipe.

Fastfact
Multiple buildings situated on the same building lot may not share a com-
mon building sewer that connects to a public sewer.
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� Pro pointer
The hangers used to support pipe must be capable of supporting the pipe at all
times. The hanger must be attached to the pipe and to the member holding the
hanger in a satisfactory manner. For example, it would not be acceptable to
wrap a piece of wire around a pipe and then wrap the wire around the bridg-
ing between two floor joists. Hangers should be securely attached to the mem-
bers supporting them. For example, a hanger should be attached to the pipe
and then nailed to a floor joist. The nails used to hold a hanger in place should
be made of the same material as the hanger if corrosive action is a possibility.



• Horizontal branches connecting to stacks within 2 feet above or below a verti-
cal stack offset, when the offset is located more than four branch intervals be-
low the top of a stack, require that the offset be vented.

• Vents for vertical offsets are not required where the stack and its offset are sized
as a building drain.

• Horizontal branches may not connect to a horizontal stack offset or within 2 feet
above or below the offset when the offset is located more than four branch in-
tervals below the top of the stack.

• A vent is required for a stack with a horizontal offset that is located more than
four branch intervals below the top of a stack.

• If a vertical offset occurs in a soil or waste stack below the lowest horizontal
branch, a change in diameter of the stack because of the offset is not required.

• If a horizontal offset occurs in a soil or waste stack below the lowest horizontal
branch, the required diameter of the offset and the stack below it must be sized
as a building drain. 

• Drainage pipe installed in food service areas must not be installed above any
working, storage, or eating surfaces when the drainage or waste piping is ex-
posed. Obviously, this is to protect food areas from contaminants that might be
associated with exposed drainage or waste piping.

• Lead bends and traps must have a minimum wall thickness of .125 inch.

• Mechanical joints are not allowed for use on drainage pipe that is installed
aboveground, unless special permission is obtained.

• When mechanical joints are used, they must be made with an approved elas-
tomeric seal.

• All mechanical joints are to be made in accordance with instructions provided
by the product manufacturer.

• When joining pipes of different types of material, mechanical joints must be
used. The mechanical joint may be either a compression or mechanical-sealing
type of device.

• Joints used for glass pipe must be made with a TFE seal. These joints are to be
made in accordance with the manufacturer’s instructions.

?Did you know
As mentioned earlier, you may not reduce the size of a drainage pipe as it heads
for the waste-disposal site. The pipe size may be enlarged, but it may not be re-
duced. There is one exception to this rule: reducing closet bends are allowed.
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• When a pump is used for a drainage system, a check valve and a full open valve
are required. These devices must be installed so that they are accessible. The full
open valve is to be installed in the discharge piping on the discharge side of the
check valve. When possible, the valves are to be installed above the sump cover.
If the discharge piping is below grade, the valves must be installed outside the
sump in an access pit so that the valves are accessible. There is an exception to
this rule. In one- and two-family dwellings, a full open valve is not required.
Only a check valve is required when occupancy is limited to one or two families. 

FITTINGS

Fittings are also a part of the drainage system. Knowing when, where, and how to
use the proper fittings is mandatory for the installation of a drainage system.
Fittings are used to make branches and to change direction. The use of fittings to
change direction is where we will start. 

When you wish to change direction with a pipe, it can change from a horizon-
tal run to a vertical rise. You may be going from a vertical position to a horizon-
tal one, or you might only want to offset the pipe in a horizontal run. Each of these
three categories requires the use of different fittings. Let’s take each circumstance
and examine the fittings allowed.

OFFSETS IN HORIZONTAL PIPING

When you want to change the direction of a horizontal pipe, you must use fittings
approved for that purpose. Those choices are:

• Sixteenth bend

• Eighth bend

• Sixth bend

• Long-sweep fittings

• Combination wye and eighth bend

• Wye.
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! Codealert
Heat-fusion joints for polyvinylidene fluoride pipe and tubing joints shall be
installed with socket-type heat-fused polyvinylidene fluoride fittings or elec-
trofusion polyvnyllidene fittings and couplings.



Any of these fittings are generally approved for changing direction with hori-
zontal piping, but, as always, it is best to check with your local code officer for
current regulations.

HORIZONTAL TO VERTICAL CHANGES OF DIRECTION

You have a wider range of choice in selecting a fitting for changing from a hori-
zontal position to a vertical position. There are nine possible candidates available
for this type of change in direction. The choices are:

• Sixteenth bend

• Eighth bend

• Sixth bend

• Long-sweep fittings

• Combination wye and eighth bend

• Wye

• Quarter bend

• Short-sweep fittings

• Sanitary tee.

You may not use a double sanitary tee in a back-to-back situation if the fix-
tures being served are of a blowout or pump type. Double sanitary tees must not
be used to receive the waste of back-to-back water closets. For example, you could
not use a double sanitary tee to receive the discharge of two washing machines if
the machines were positioned back-to-back. The sanitary tee’s throat is not deep
enough to keep drainage from feeding back and forth between the fittings. In a
case like this, use a double combination wye and eighth bend. The combination
fitting has a much longer throat and will prohibit wastewater from transferring
across the fitting to the other fixture. There is an exception to this rule. A double
sanitary tee can be used to accept the waste from a back-to-back water closet con-
nection when the horizontal developed length between the outlet of the water
closet and the connection to the double sanitary tee is 18 inches or greater.

VERTICAL TO HORIZONTAL CHANGES IN DIRECTION

There are seven fittings allowed to change direction from vertical to horizontal.
These fittings are:

• Sixteenth bend

• Eighth bend

• Sixth bend
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• Long-sweep fittings

• Combination wye and eighth bend

• Wye

• Short sweep fittings that are 3 inches or larger.

Some codes prohibit a fixture outlet connection within 8 feet of a vertical to
horizontal change in direction of a stack if the stack serves a suds-producing fix-
ture. A suds-producing fixture could be a laundry fixture, a dishwasher, a bathing
unit, or a kitchen sink. This rule does not apply to single-family homes and stacks
in buildings with less than three stories.
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TABLE 7.1 Above-ground drainage and vent pipe. Copyright ©
2009 by International Code Council, Inc. Reprinted with
permission. All rights reserved.
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TABLE 7.2 Underground building drainage and vent pipe.
Copyright © 2009 by International Code Council, Inc. Reprinted
with permission. All rights reserved.
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TABLE 7.3 Building sewer pipe. Copyright © 2009
by International Code Council, Inc. Reprinted with
permission. All rights reserved.
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TABLE 7.4 Pipe fittings. Copyright © 2009 by
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TABLE 7.5 Drainage fixture units for fixtures and groups. Copyright © 2009 by
International Code Council, Inc. Reprinted with permission. All rights reserved.



CHAPTER 8

INDIRECT AND SPECIAL
WASTES

Indirect-waste requirements can pertain to a number of types of plumbing fixtures
and equipment. These might include a clothes washer drain, a condensate line, a
sink drain, or the blowoff pipe from a relief valve, just to name a few. These indi-
rect wastes are piped in this manner to prevent the possibility of contaminated mat-
ter backing up the drain into a potable water or food source, among other things.

Most indirect-waste receptors are trapped. If the drain from the fixture is more
than 2 feet long, the indirect-waste receptor must be trapped. However, this trap
rule applies to fixtures such as sinks, not to an item such as a blowoff pipe from a
relief valve. In some areas a drain that is less than 5 feet long does not have to be
trapped. If a floor drain is located within an area subject to freezing, the waste line
serving the drain must not be trapped and must indirectly discharge into a waste
receptor located outside the area subject to freezing.

The safest method of indirect waste disposal is accomplished by using an air
gap. When an air gap is used, the drain from the fixture terminates above the in-
direct-waste receptor, with open-air space between the waste receptor and the
drain. This prevents any backup or back-siphonage.

Some fixtures, depending on local code requirements, may be piped with an
air break rather than an air gap. With an air break, the drain may extend below the
flood-level rim and terminate just above the trap’s seal. The risk of an air break is
the possibility of a backup. Since the drain is run below the flood-level rim of the
waste receptor, it is possible that the waste receptor could overflow and back up
into the drain. This could create contamination; in cases where contamination is
likely, an air gap will be required. Check with your local code office before using
an air break.

8.1



Domestic dishwashing machines must discharge indirectly through an air gap
or air break into a standpipe or other approved receptor. One such approved recep-
tor is the tailpiece of a kitchen sink when the waste line from the dishwasher is
connected to and discharging through an air gap and wye-branch fitting. It is also
acceptable for a garbage disposer to receive the waste that has passed through an
air gap.

Standpipes, such as those used for washing machines, are a form of indirect-
waste receptor. A standpipe used for this purpose in most jurisdictions must extend
at least 18 inches but not more than 42 inches above the trap seal. Standpipes are
to be individually trapped and accessible. If a clear-water waste receptor is located
in a floor, some codes require the lip of the receptor to extend at least 2 inches
above the floor. This prevents the waste receptor from being used as a floor drain.

Choosing the proper size for a waste receptor is generally based on the recep-
tor’s ability to handle the discharge from a drain without excessive splashing. If
you are concerned with sizing a particular waste receptor, talk with your local
code officer for a ruling.

Buildings used for food preparation, storage, and similar activities are re-
quired to have their fixtures and equipment discharge drainage through an air gap.

8.2 CHAPTER 8

Fastfact
If the drain from the fixture is more than 2 feet long, the indirect-waste re-
ceptor must be trapped.

Tradetip
The safest method of indirect waste disposal is accomplished by using an 
air gap.

� Pro pointer
The standpipe for an automatic clothes washer must have a minimum diame-
ter of 2 inches. The fixture drain must connect to a branch drain or drainage
stack that has a minimum diameter of 3 inches.
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Dishwashers and open culinary sinks are sometimes excepted. Some code regions
require that a discharge pipe terminate at least 2 inches above the receptor. Other
regions require the distance to be a minimum of 1 inch.

Floor drains located within walk-in refrigerators or freezers in food service
and food establishments must be indirectly connected to the sanitary drainage sys-
tem by means of an air gap. There is an exception to this rule. Where protected
against backflow by a backwater valve, such floor drains can be indirectly con-
nected to the sanitary drainage system by means of an air break or an air gap.
Waste receptors are permitted in the form of a hub or pipe extending not less than
1 inch above a water-impervious floor and are not required to have a strainer. 

Most codes prohibit the installation of an indirect-waste receptor in any room
containing toilet facilities. There can be an exception. The exception is the instal-
lation of a receptor for a clothes washer when it is installed in the same room.
Indirect-waste receptors may not be installed in closets and other unvented areas.
Indirect-waste receptors must be accessible. Code generally requires all receptors
to be equipped with a means of preventing solids with diameters of .5 inch or
larger from entering the drainage system. These straining devices must be remov-
able to allow for cleaning.

Fastfact
Domestic dishwashing machines must discharge indirectly through an air
gap or air break into a standpipe or other approved receptor.

?Did you know
Standpipes, such as those used for washing machines, are a form of an indirect-
waste receptor.

Fastfact
Buildings used for food preparation, storage, and similar activities are re-
quired to have their fixtures and equipment discharge drainage through an
air gap.



When you are dealing with extreme water temperatures in wastewater, such as
with a commercial dishwasher, the drain must be piped to an indirect waste. The
indirect waste will be connected to the sanitary plumbing system, but the dish-
washer drain may not connect to the sanitary system directly if the wastewater
temperature exceeds 140°F. The discharge from a commercial dishwasher must
pass through an air gap or air break and enter a standpipe or approved waste re-
ceptor. Steam pipes may not be connected directly to a sanitary drainage system.
Local regulations may require the use of special piping, sumps, or condensers to
accept high-temperature water. The direct connection of any dishwasher to the
sanitary drainage system is likely to be prohibited.

Clear water waste from a potable source must be piped to indirect waste
through an air gap. Sterilizers and swimming pools might provide two examples
of when this rule would be used. Clear water from nonpotable sources, such as a
drip from a piece of equipment, must be piped to an indirect waste receptor. Some
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?Did you know
You may find that your local code requires the air-gap distance to be a mini-
mum of twice the size of the pipe discharging the waste. For example, a 
.5-inch discharge pipe would require a 1-inch air gap. Check your local code
requirements closely on this matter.

Tradetip
When you are dealing with extreme water temperatures in wastewater,
such as with a commercial dishwasher, the drain must be piped to an indi-
rect waste.

! Codealert
Sinks used for cleaning pots, pans, dishes, and service ware for the serving of
food must discharge indirectly through an air gap or an air break or directly
connect to a drainage system.
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Fastfact
Most codes prohibit the installation of an indirect-waste receptor in any
room containing toilet facilities. There can be an exception. The exception
is the installation of a receptor for a clothes washer when it is installed in the
same room.

jurisdictions allow an air break in place of an air gap. Other code regions require
any waste entering the sanitary drainage system from an air conditioner to do so
through an indirect waste. 

SPECIAL WASTES

Special wastes are wastes that may have a harmful effect on a plumbing or waste-
disposal system. Possible locations for special waste piping might include photo-
graphic labs, hospitals, or buildings where chemicals or other potentially danger-
ous wastes are dispersed.  Small, personal-type photo darkrooms do not generally
fall under the scrutiny of these regulations. Buildings that are considered to have
a need for special-wastes plumbing are often required to have two plumbing sys-
tems, one system for normal sanitary discharge and a separate system for the spe-
cial wastes. Before many special wastes are allowed to enter a sanitary drainage
system, the wastes must be neutralized, diluted, or otherwise treated.

Fastfact
Clear water waste from a potable source must be piped to indirect waste
through an air gap.

?Did you know
Where wastewater from swimming pools, backwash from filters, and water
from pool deck drains discharge to the building drainage system, the dis-
charge must be through an indirect waste pipe by means of an air gap.
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Tradetip
Special wastes are wastes that may have a harmful effect on a plumbing or
waste-disposal system.

Depending upon the nature of the special wastes, special materials may be re-
quired. When you venture into the plumbing of special wastes, it is always best to
consult the local code officer before proceeding with your work.
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CHAPTER 9

VENTS

Why do we need vents? Vents perform three easily identified functions. The most
obvious function of a vent is its capacity to carry sewer gas out of a building and
into the open air. A less obvious but equally important aspect of the vent is its abil-
ity to protect the seal in the trap it serves. The third characteristic of the vent is its
ability to enable drains to drain faster and better. Let’s look more closely at each
of these factors.

SEWER GAS

Vents transport sewer gas through a building, without exposing occupants of the
building to the gas, to an open air space. Why is this important? Sewer gas can
cause health problems. The effect of sewer gas on individuals will vary, but it
should be avoided by all. In addition to health problems caused by sewer gas, ex-
plosions are also possible when sewer gas is concentrated in a poorly ventilated
area. Yes, sewer gas can create an explosion when it is concentrated, confined, and
ignited. As you can see just from looking at this single purpose of vents, they are
an important element of a plumbing system.

TRAP SEALS

Another job plumbing vents perform is the protection of trap seals. The water sit-
ting in a fixture’s trap blocks the path of sewer gas trying to enter the plumbing
fixture. Without a trap seal, sewer gas could rise through the drainage pipe and en-
ter a building through a plumbing fixture. As mentioned above, this could result



Fastfact
Good trap seals are essential to sanitary plumbing systems.

Tradetip
Vents protect trap seals. How do they do it? They regulate the atmospheric
pressure applied to the seals.
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in health problems and the risk of explosion. Good trap seals are essential to san-
itary plumbing systems.

Vents protect trap seals. How do they do it? They regulate the atmospheric
pressure applied to the seals. It is possible for pressures to rise in unvented traps
to a point where the contents actually expel into the fixture. This is not a common
problem, but if it occurs, the plumbing fixture could become contaminated.

A more likely problem is when the pressure on a trap seal is reduced to a near
vacuum. When this happens, the water creating the trap seal is sucked out of the
trap and down the drain. Once the water is taken from the trap, there is no trap seal.
The trap will remain unsealed until water is replaced in the trap. Without water in
it, a trap is all but useless. Vents prevent these extreme atmospheric pressure
changes, thus protecting the trap seal.

DRAIN POWER

Have you ever drained your sink or bathtub and watched the drain power? When
you see the fast swirling action of water being pulled down a drain, it usually in-
dicates that the drain is well vented. If water is sluggish and moves out of the fix-
ture like a lazy river, the vent for the fixture, if there is one, is not performing at
its best.

Vents help fixtures drain faster. The air allowed from the vent keeps the wa-
ter moving at a more rapid pace. This not only entertains us with tiny tornados, but
it aids in the prevention of clogged pipes. It is possible for drains to drain too
quickly, removing the liquids and leaving hair, grease, and other potential pipe
blockers present. However, if a pipe is properly graded and does not contain ex-
treme vertical drops into improper fittings, such problems should not occur. 



PLUMBING VENTS?

Most local plumbing codes require all fixture traps to be vented, but there are ex-
ceptions. In some jurisdictions, combination waste and vent systems are used. In
a combination waste and vent system, vertical vents are rare. Instead of vertical
vents, larger drainage pipes are used. The larger diameter of the drain allows air
to circulate in the pipe, eliminating the need for a vent as far as satisfactory
drainage is concerned. I have worked with both types of systems, predominantly
vented systems, and in my opinion, vented systems perform much better than
combination waste and vent systems.

Combination waste and vent systems do not have vents on each fixture, so
how is the trap seal protected? Trap seals in a combination system are protected
through the use of antisyphon or drum traps. Vented systems normally use P-traps.
By using an antisiphon or drum, the trap is not susceptible to backsiphonage.
Since these traps are larger, deeper, and made so that the water is not replaced with
each use of the fixture, they are not required to be vented, subject to local code re-
quirements. Most jurisdictions prohibit the use of drum traps and require traps to

?Did you know
Without water in it, a trap is all but useless. 

Tradetip
Vents help fixtures to drain faster. The air allowed by the vent keeps the wa-
ter moving at a more rapid pace.

� Pro pointer
Air admittance valves must be sized in accordance with the standard for the
size of the vent to which the valve is connected. The design of a vent system
can be created with an approved computer program method. Capacity require-
ments for a vent system must be based on the air capacity requirements of the
drainage system under a peak load condition.
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be vented. Before you install your plumbing, check with the local code officer for
the facts pertinent to your location. Fittings for vent piping must be compatible
with the piping used.

A combination drain and vent system can serve only the following types of
fixtures:

• Floor drains

• Sinks

• Lavatories

• Drinking fountains.

Combination waste and vent systems are not allowed with garbage disposers.
The only vertical pipe of a combination drain and vent system is the connection
between the fixture drain of a sink, lavatory, or drinking fountain and the horizon-
tal combination drain and vent pipe. The maximum vertical distance is 8 feet.

INDIVIDUAL VENTS

Individual vents are, as the name implies, vents that serve individual fixtures.
These vents only vent one fixture, but they may connect into another vent that will
extend to the open air. Individual vents do not have to extend from the fixture be-
ing served to the outside air without joining another part of the venting system, but
they must eventually vent to open air space. 

Sizing an individual vent is easy. The vent must be at least one-half the size of
the drain it serves, but it may not have a diameter of less than 1.25 inches. For ex-
ample, a vent for a 3-inch drain could, in most cases, have a diameter of 1.5 inches.
A vent for a 1.5-inch drain may not have a diameter of less than 1.25 inches.
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?Did you know
Combination waste and vent systems do not have vents on each fixture. So
how is the trap seal protected? Trap seals in a combination system are pro-
tected through the use of antisiphon or drum traps.

� Pro pointer
Most jurisdictions prohibit the use of drum traps and require traps to be
vented.
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RELIEF VENTS

Relief vents are used in conjunction with other vents. Their purpose is to provide ad-
ditional air to the drainage system when the primary vent is too far from the fixture.
Relief vents must be at least one-half the size of the pipes they are venting. For ex-
ample, if a relief vent is venting a 3-inch pipe, the relief vent must have a 1.5-inch
or larger diameter. Use the sizing tables in your local code book to establish mini-
mum size requirements. Relief vents may be used to vent more than one fixture.

When relief vents are required on stacks of more than ten branch intervals, the
lower end of each relief vent must connect to the soil or waste stack through a wye
below the horizontal branch serving the floor, and the upper end must connect to
the vent stack through a wye not less than 3 feet above the floor.

CIRCUIT VENTS

Circuit vents are used with a battery of plumbing fixtures. Circuit vents are nor-
mally installed just before the last fixture of the battery. Then the circuit vent is
extended upward to the open air or tied into another vent that extends to the out-

Fastfact
Combination waste and vent systems are not allowed with garbage 
disposers.

Tradetip
Relief vents are used in conjunction with other vents. Their purpose is to pro-
vide additional air to the drainage system when the primary vent is too far
from the fixture.

Fastfact
Relief vents must be at least one-half the size of the pipes they are venting.



?Did you know
Circuit vents may tie into stack vents or vent stacks.

Fastfact
A branch vent that has a developed length in excess of 40 feet must in-
crease the pipe sizing by one nominal size for the entire developed length
of the vent.
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side. Circuit vents may tie into stack vents or vent stacks. When sizing a circuit
vent, you must account for its developed length. But in any event, the diameter of
a circuit vent must be at least one-half the size of the drain it is serving. 

DEVELOPED LENGTH

What effect does the length of the vent have on the vent’s size? The developed
length, the total liner footage of pipe making up the vent, is used in conjunction
with factors provided in code books to determine vent sizes. To size circuit vents,
branch vents, and individual vents for horizontal drains, you must use this method
of sizing.

The criteria needed for sizing a vent, based on developed length, are: the grade
of the drainage pipe, the size of the drainage pipe, the developed length of the vent,
and the factors allowed by local code requirements. Knowing this information,
you will use the sizing tables in your local code book to establish pipe sizing.

BRANCH VENTS

Branch vents are vents extending horizontally and connecting multiple vents together. 
Branch vents are sized with the developed-length method. A branch or indi-

vidual vent that is the same size as the drain it serves is unlimited in the developed
length it may reach. A branch vent that has a developed length in excess of 40 feet
must increase the pipe sizing by one nominal size for the entire developed length
of the vent. 



� Pro pointer
Be advised, not all local codes use the same sizing charts, so check your local
code before you trust your sizing.

Fastfact
Offsets are permitted in the stack vent and must be located at least 6 inches
above the flood level of the highest fixture.
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VENT STACKS

A vent stack is a pipe used only for the purpose of venting. Vent stacks extend up-
ward from the drainage piping to the open air outside a building. Vent stacks are
used as connection points for other vents, such as branch vents. A vent stack is a
primary vent that accepts the connection of other vents and vents an entire system.
Vent stacks run vertically and are sized a little differently.

The basic procedure for sizing a vent stack is similar to that used with branch
vents, but there are some differences. You must know the size of the soil stack, the
number of fixture units carried by the soil stack, and the developed length of the
vent stack. With this information and the regulations of your local plumbing code,
you can size your vent stack. The same sizing method is used when computing the
size of stack vents.

STACK VENTS

Stack vents are really two pipes in one. The lower portion of the pipe is a soil pipe,
and the upper portion is a vent. This is the type of primary vent most often found
in residential plumbing. Stack vents are sized with the same methods used for vent
stacks. Offsets are permitted in the stack vent and must be located at least 6 inches
above the flood level of the highest fixture.

COMMON VENTS

Common vents are single vents that vent multiple traps. Common vents are only al-
lowed when the fixtures being served by the single vent are on the same floor level.



Tradetip
Normally, not more than two traps can share a common vent, but there is an
exception in some regions. In some areas you may vent the traps of up to
three lavatories with a single common vent.

Tradetip
Island vents are allowed for sinks and lavatories.
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Some jurisdictions require the drainage of fixtures being vented with a common
vent to enter the drainage system at the same level. Normally, not more than two
traps can share a common vent, but there is an exception in some regions. In some
areas you may vent the traps of up to three lavatories with a single common vent.
Common vents are sized with the same technique applied to individual vents.

ISLAND VENTS

Island vents are unusual looking vents that are allowed for sinks and lavatories.
The primary use for these vents is with the trap of a kitchen sink when the sink is
placed in an island cabinet. The vent must rise as high as possible under the cabi-
net before it takes a U-turn and heads back downward. Since this piping does not
rise above the flood-level rim of the fixture, it must be considered a drain. Fittings
approved for drainage must be used in making an island vent. The vent portion of
an island vent must be equipped with a clean-out. The vent may not tie into a reg-
ular vent until it rises at least 6 inches above the flood-level rim of the fixture.

WET VENTS

Wet vents are pipes that serve as a vent for one fixture and a drain for another.
Only the fixtures within a bathroom group may connect to a wet-vented horizon-
tal branch drain. Additional fixtures must discharge downstream of the wet vent.
Wet vents, once you know how to use them, can save you a lot of money and time.
By effectively using wet vents you can reduce the amount of pipe, fittings, and la-
bor required to vent a bathroom group or two. Dry vents connected to wet vents



Tradetip
By effectively using wet vents, you can reduce the amount of pipe, fittings,
and labor required to vent a bathroom group or two.

Fastfact
Fixtures other than water closets are to connect to the system either at the
same level as the water closets or above those connections.

� Pro pointer
A wet vent extends from the connection with a dry vent along the direction of
the flow in the drain pipe to the most downstream fixture drain connection to
a horizontal branch drain.

! Codealert
Dry-vent connections for vertical wet-vent systems shall be individual vents
or common vents for the most upstream fixture drain.

must be sized based on the largest required diameter of pipe within the wet vent
system served by the dry vent.

Any combination of fixtures within two bathroom groups located on the same
floor level can be vented by a vertical wet vent. This type of vent is required to ex-
tend from the connection to the dry vent down to the lowest fixture drain connec-
tion. Each fixture is required to connect independently to the vertical wet vent.
When water closets are connected to this type of system, the connections must be
made at the same elevation. Fixtures other than water closets are to connect to the
system either at the same level as the water closets or above those connections.
The dry vent connection to the vertical wet vent has to be an individual or com-
mon vent serving one or two fixtures.
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� Pro pointer
The sizing of wet vents is based on fixture-units. The size of the pipe is deter-
mined by how many fixture-units it may be required to carry.

Tradetip
When wet-venting two bathroom groups, the wet vent must have a minimum
diameter of 2 inches.
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The sizing of wet vents is based on fixture-units. The size of the pipe is deter-
mined by how many fixture-units it may be required to carry. A 3-inch wet vent
can handle twelve fixture-units. A 2-inch wet vent is rated for four fixture-units,
and a 1.5-inch wet vent is allowed only one fixture-unit. It is acceptable to wet
vent two bathroom groups, six fixtures, with a single vent, but the bathroom
groups must be on the same floor level.

Depending upon local regulations, the horizontal branch connecting to the
drainage stack may have to enter at a level equal to or below the water-closet
drain. However, the branch may connect to the drainage at the closet bend.
Kitchen sinks and washing machines may not be drained into a 2-inch combina-
tion waste and vent. Water closets and urinals are restricted to vertical combina-
tion waste and vent systems.

Water closets that are not located on the highest floor must be back-vented. If,
however, the wet vent is connected directly to the closet bend with a 45-degree
bend, the toilet being connected is not required to be back vented even if it is on a
lower floor. 

Wet venting in some regions may be limited to vertical piping. These vertical
pipes are restricted to receiving the waste from fixtures that have fixture-unit rat-
ings of two or less and that serve to vent no more than four fixtures. Wet vents
must be one pipe-size larger than normally required, but they must never be
smaller than 2 inches in diameter.

CROWN VENTS

A crown vent is a vent that extends upward from a trap or trap arm. Crown-vented
traps are not allowed. When crown vents are used, they are normally used on trap



Fastfact
If wet venting is allowed on different floor levels in your region, the vents
must have at least a 2-inch diameter.

� Pro pointer
If you will be installing a pneumatic sewer ejector, you will need to run the
sump vent to outside air without tying it into the venting system for a standard
sanitary plumbing system.

! Codealert
Air admittance valves without an engineered design shall not be utilized to
vent sumps or taks of any type.
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arms, but even then they are not common. The vent must be on the trap arm, and
it must be behind the trap by a distance equal to twice the pipe size. For example,
on a 1.5-inch trap, the crown vent would have to be 3 inches behind the trap on the
trap arm. 

VENTS FOR SUMPS AND SEWER PUMPS

When sumps and sewer pumps are used to store and remove sanitary waste, the
sump must be vented. If you will be installing a pneumatic sewer ejector, you will
need to run the sump vent to outside air without tying it into the venting system
for a standard sanitary plumbing system. If your sump will be equipped with a reg-
ular sewer pump, you may tie the vent from the sump back into the main venting
system for the other sanitary plumbing.

Additional rulings apply in some regions. You may find that sump vents must
not be smaller than 1.25-inch pipe. The size requirements for sump vents are de-
termined by the discharge of the pump. For example, a sewer pump capable of
producing 20 gallons a minute could have its sump vented for an unlimited dis-



Fastfact
Any building equipped with plumbing must also be equipped with a main
vent. The size of this vent must be no less than one-half the size of the build-
ing drain.

?Did you know
Any plumbing system that receives the discharge from a water closet must
have either a main vent stack or stack vent. 
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tance with a 1.5-inch pipe. If the pump was capable of producing 60 gallons per
minute, a 1.5-inch pipe could not have a developed length of more than 75 feet. 

In most cases, a 2-inch vent is used on sumps, and the distance allowed for de-
veloped length is not a problem. However, if your pump will pump more than 100
gallons per minute, you had better take the time to do some math. Your code book
will provide you with the factors you need to size your vent, and the sizing is easy.
You simply look for the maximum discharge capacity of your pump and match it
with a vent that allows the developed length you need. This concludes the general
description and sizing techniques for various vents. Next we are going to look at
regulations dealing with the installation methods for vents.

VENT-INSTALLATION REQUIREMENTS

Since there are so many types of vents and their role in the plumbing system is so
important, there are many regulations affecting their installation. What follows are
specifics for installing various vents.

Any building equipped with plumbing must also be equipped with a main vent.
The size of this vent must be no less than one-half the size of the building drain.
This vent must run undiminished in size and as directly as possible from the build-
ing drain through to the open air or to a vent header that extends to the open air.
Any plumbing system that receives the discharge from a water closet must have ei-
ther a main vent stack or stack vent. This vent must originate at a 3-inch drainage
pipe and extended upward until it penetrates the roof of the building and meets out-
side air. The vent size requirements call for a minimum diameter of 3 inches.
However, some codes allow the main stack in detached buildings, where the only
plumbing is a washing machine or laundry tub, to have a diameter of 1.5 inches. 



� Pro pointer
Multiple branch vents that exceed 40 feet in developed length must be in-
creased by one nominal size for the entire developed length of the vent pipe.

� Pro pointer
If a roof being penetrated by a vent is used for activities other than weather
protection, such as a patio, the vent must extend several feet above the roof.
Some regions require the vent to extend at least 5 feet above the roof. Other
regions require the extension to rise even higher.
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Multiple branch vents that exceed 40 feet in developed length must be in-
creased by one nominal size for the entire developed length of the vent pipe.Main
vents that are vent stacks must connect to building drains or to the bases of
drainage stacks in compliance with the plumbing code. A main vent that is a stack
vent must be an extension of the drainage stack. When a vent stack connects to a
building drain, the connection is to be located downstream of the drainage stack
and within a distance of ten times the diameter of the drainage stack.

Multiple branch vents that exceed 40 feet in developed length must be in-
creased by one nominal size for the entire developed length of the vent pipe. When
a vent penetrates a roof, it must be flashed or sealed to prevent water from leak-
ing past the pipe and through the roof. Metal flashings with rubber collars are nor-
mally used for flashing vents, but more modern flashings are made from plastic
rather than metal.

The vent must extend above the roof to a certain height. The height may fluc-
tuate among geographical locations. Average vent extensions are between 12 and
24 inches, but check with your local regulations to determine the minimum height
in your area. 

When vents terminate in the open air, the proximity of their location to win-
dows, doors, or other ventilating openings must be considered. If a vent were
placed too close to a window, sewer gas might be drawn into the building when
the window was open. Vents should be kept 10 feet from any window, door, open-
ing, or ventilation device. If the vent cannot be kept at least 10 feet from the open-
ing, the vent should extend at least 2 feet above the opening. Depending upon your
local region, the vent may be required to extend at least 3 feet above the opening.

When sidewall vents are installed, they must be protected against birds and
rodents with a wire mesh or similar cover. Sidewall vents must not extend closer



Tradetip
In cold climates, vents must be protected from freezing. Condensation can
collect on the inside of vent pipes. In cold climates this condensation may
turn to ice. As the ice mass grows, the vent becomes blocked and useless.
This type of protection is usually accomplished by increasing the size of the
vent pipe. This ruling normally applies only in areas where temperatures are
expected to be below 0°F. Some codes require vents in this category to have
a minimum diameter of 3 inches. If this requires an increase in pipe size, the
increase must be made at least 1 foot below the roof. In the case of sidewall
vents, the change must be made at least 1 foot inside the wall. In some re-
gions, all vents must have diameters of at least 2 inches but never less than
the normally required vent size. And any change in pipe size must take place
at least 12 inches before the vent penetrates into open air, and the vent must
extend to a height of 10 inches.

There may be occasions when it is better to terminate a plumbing vent
out the side of a wall rather than through a roof. Some jurisdictions don’t al-
low this practice, but others do. Some regions prohibit sidewall vents from
terminating under any building’s overhang.

� Pro pointer
Some codes require buildings that have soil stacks with more than five branch
intervals to be equipped with a vent stack.
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than 10 feet to the property boundary of the building lot. If the building is
equipped with soffit vents, sidewall vents may not be used in such a way that they
terminate under the soffit vents. This rule is in effect to prevent sewer gas from
being sucked into the attic of the home.

Some codes require buildings that have soil stacks with more than five branch
intervals to be equipped with a vent stack. Others require a vent stack with build-
ings that have at least ten stories above the building drain. The vent stack will nor-
mally run up near the soil stack. The vent stack must connect into the building
drain at or below the lowest branch interval. The vent stack must be sized accord-
ing to tables in your local code book. The vent stack may be required to be con-
nected within ten times its pipe size on the downward side of the soil stack. This
means that a 3-inch vent stack must be within 30 inches of the soil stack on the
downward side of the building drain.



! Codealert
Air admittance valves shall not be located in spaces utilized as supply or re-
turn air plenums.

Fastfact
In large plumbing jobs where there are numerous branch intervals, it may be
necessary to vent offsets in the soil stack.

� Pro pointer
Just as drains are installed with a downward pitch, vents must also be installed
with a consistent grade. Vents should be graded to allow any water entering
the vent pipe to drain into the drainage system. A typical grade for vent pip-
ing is .25 inch to the foot.
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Check your local code to see if stack vents must be connected to the drainage
stack at intervals of every five stories. If so, the connection must be made with a
relief yoke vent. The yoke vent must be at least as large as either the vent stack or
soil stack, whichever is smaller. This connection must be made with a wye fitting
at least 42 inches off the floor.

In large plumbing jobs where there are numerous branch intervals, it may be
necessary to vent offsets in the soil stack. Normally, the offset must be more than
45 degrees to warrant an offset vent. It is common for offset vents to be required
when the soil stack offsets have five or more branch intervals above them. 

Dry vents must be installed in a manner to prevent clogging and blockages.
You may not lay a fitting on its side and use a quarter bend to turn the vent up ver-
tically. Dry vents should leave the drainage pipe in a vertical position. An easy
way to remember this is that if you need an elbow to get the vent up from the
drainage, you are doing it wrong. 

Some regions allow the use of circuit vents to vent fixtures in a battery. The
drain serving the battery must be operating at one-half its fixture-unit rating. If the
application is on a lower-floor battery with a minimum of three fixtures, relief
vents are required. You must also pay attention to the fixtures draining above
these lower-floor batteries.



Fastfact
Most vents can be tied into other vents, such as a vent stack or stack vent.
But the connection for the tie-in must be at least 6 inches above the flood-
level rim of the highest fixture served by the vent.

Tradetip
Circuit vents may at times be used to vent up to eight fixtures utilizing a
common horizontal drain.
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When a fixture with a fixture rating of four or less and a maximum drain size
of 2 inches is above the battery, every vertical branch must have a continuous vent.
If a fixture with a fixture-unit rating exceeding four is present, all fixtures in the
battery must be individually vented. Circuit-vented batteries may not receive the
drainage from fixtures on a higher level.

Circuit vents should rise vertically from the drainage. However, the vent can
be taken off the drainage horizontally if the vent is washed by a fixture with a rat-
ing of no more than four fixture units. The washing cannot come from a water
closet. The pipe being washed must be at least as large as the horizontal drainage
pipe it is venting. 

Circuit vents may at times be used to vent up to eight fixtures utilizing a com-
mon horizontal drain. Circuit vents must be dry vents, and they should connect to
the horizontal drain in front of the last fixture on the branch. The horizontal drain
being circuit-vented must not have a grade of more than 1 inch per foot. Some
code requirements interpret the horizontal section of drainage being circuit-vented
as a vent. If a circuit vent is venting a drain with more than four water closets at-
tached to it, a relief vent must be installed in conjunction with the circuit vent.
Vent placement in relation to the trap it serves is important and regulated. The
maximum allowable distance between a trap and its vent will depend on the size
of the fixture drain and trap.

All vents, except those for fixtures with integral traps, should connect above
the trap seal. A sanitary tee fitting should be used when going from a vertical stack
vent to a trap. Other fittings with a longer turn, such as a combination-wye-and-
eighth bend, will place the trap in more danger of backsiphonage. I know that this
goes against the common sense of a smoother flow of water, but the sanitary tee
reduces the risk of a vacuum.



� Pro pointer
All individual, branch, and circuit vents are required to connect to a vent stack,
stack vent, or air admittance valve or to extend to open air.

?Did you know
Vents may not be used to support antennas, flagpoles, and similar items.
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Vents for future-use rough-ins must be not less than one-half the size of the
drain to be served. Rough-in vents must be labeled as vents and must either be
connected to the vent system or extend to open air. 

SUPPORTING YOUR PIPE

Vent pipes must be supported. Vents may not be used to support antennas, flag-
poles, and similar items. Depending upon the type of material you are using and
whether the pipe is installed horizontally or vertically, the spacing between hang-
ers will vary. Both horizontal and vertical pipes require support. The regulations
in the plumbing code apply to the maximum distance between hangers.

Some interceptors, such as those used as a settling tank that discharges through
a horizontal indirect-waste, are not required to be vented in certain regions.
However, the interceptor receiving the discharge from the unvented interceptor
must be properly vented and trapped.

Traps for sinks that are a part of a piece of equipment, such as a soda fountain,
are not required to be vented when venting is impossible. But these drains must
drain through an indirect waste to an approved receptor.

Depending upon your region, you may find that all soil stacks that receive the
waste of at least two vented branches must be equipped with a stack vent or a main
stack vent. Except when approved, fixture drainage may not be allowed to enter a
stack at a point above a vent connection. Side-inlet closet-bends are allowed to
connect to fixtures that are vented. However, these connections may not be used
to vent a bathroom, unless the connection is washed by a fixture. All fixtures
dumping into a stack below a higher fixture must be vented, except when special
approval is granted for a variance. Stack vents and vent stacks must connect to a
common vent header prior to vent termination. 



� Pro pointer
Some fixture groups are allowed to be stack vented without individual back
vents.
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Up to two fixtures, set back-to-back or side-by-side, within the allowable dis-
tance between the traps and their vents may be connected to a common horizon-
tal branch that is vented by a common vertical vent. However, the horizontal
branch must be one pipe size larger than normal. When applying this rule, the fol-
lowing ratings apply: shower drains, 3-inch floor drains, 4-inch floor drains,
pedestal urinals, and water closets with fixture-unit ratings of four are considered
to have 3-inch drains.

Some fixture groups are allowed to be stack vented without individual back
vents. These fixture groups must be located in one-story buildings or on the top
floor of the building, with some special provisions. Fixtures located on the top
floor must connect independently to the soil stack, and the bathing units and wa-
ter closets must enter the stack at the same level.

This same stack venting procedure can be adapted to work with fixtures on
lower floors. The stack being stack vented must enter the main soil stack though
a vertical eighth-bend and wye combination. The drainage must enter above the
eighth-bend. A 2-inch vent must be installed on the fixture group. This vent must
be 6 inches above the flood-level rim of the highest fixture in the group.

Some fixtures can be served by a horizontal waste that is within a certain dis-
tance of a vent. When piped in this manner, bathtubs and showers are both re-
quired to have 2-inch P-traps. These drains must run with a minimum grade of
1.25 inches per foot. A single drinking fountain can be rated as a lavatory for this
type of piping. With this type of system, fixture drains for lavatories may not ex-
ceed 1.25 inches, and sink drains cannot be larger than 1.5 inches in diameter.

In multistory situations, it is possible to drain up to three fixtures into a soil
stack above the highest water closet or bathtub connection without reventing. To
do this, certain requirements must be met. These requirements are as follows:

• Minimum stack size of 3 inches is required.

• Approved fixture-unit load on stack is met.

• All lower fixtures must be properly vented.

• All individually unvented fixtures are within allowable distances to the main
vent.

• Fixture openings shall not exceed the size of their traps.

• All code requirements must be met and approved.



WORKING WITH A COMBINATION-WASTE-AND-VENT SYSTEM

Most jurisdictions limit the types of fixtures that can be served by combination
waste and vent systems, but not all. In many locations it is a code violation to in-
clude a toilet on a combination system, but Maine, for example, will allow toilets
with this type of system. Since combination systems can get you into a sticky sit-
uation, you should consult your local code officer before using them. I will, how-
ever, explain how this system works in general.

The type of fixtures you are allowed to connect to in a combination waste and
vent system may be limited. In some areas the only fixtures allowed on the com-
bination system are: floor drains, standpipes, sinks, and lavatories. Other areas
will allow showers, bathtubs, and even toilets to be installed with the combo sys-
tem. You will have to check your local regulations to see how they affect your
choices of plumbing systems. 

Combination waste and vent systems are comprised mainly of horizontal pip-
ing. Generally, the only vertical pipes are the risers to lavatories, sinks, and stand-
pipes. These pipes may not normally exceed 8 feet in length. This type of system
relies on an oversized drainpipe to provide air circulation for drainage. The pipe
is often required to be twice the size required for a drain vented normally. The
combination system typically must have at least one vent. The vent should con-
nect to a horizontal drainpipe. 

A dry vent is required to be connected at any point within the system, or the sys-
tem can connect to a horizontal drain that is vented according to the plumbing code.
Combination drain and vent systems connecting to building drains receiving only
the discharge from a stack or stacks must be provided with a dry vent. The vent con-
nection to the combo system must extend at least 6 inches vertically above the flood
level rim of the highest fixture being vented before offsetting horizontally.

Any vertical vent must rise to a point at least 6 inches above the highest fix-
ture being served before it may take a horizontal turn. In a combination system the
pipes are rated for fewer fixture-units. A 3-inch pipe connecting to a branch or
stack may only be allowed to carry twelve fixture-units. A 4-inch pipe, under the
same conditions, could be restricted to 20 fixture-units. Similarly, a 2-inch pipe
might only handle three fixture-units, and a 1.5-inch pipe may not be allowed. The
ratings for these pipes can increase when the pipes are connecting to a building
drain.

! Codealert
A wet vent extends from the connection with a dry vent along the direction of
the flow in the drain pipe to the most downstream fixture drain connection to
a horizontal branch drain.
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Stack vents are allowed, but not always in the normal way. All fixtures on a
combo system may be required to enter the stack vent individually, as opposed to
on a branch, as would normally be the case. A stack vent used in a combo system
generally must be a straight vertical vent without offsets. The stack vent usually
cannot even be offset vertically; it simply cannot be offset. This rule is different
in some locations, so check with your local plumbing inspector to see if you are
affected by the no-offset rule.

Since stack vents are common and often required in a combination system,
you must know how to size these pipes. The sizing is generally done based on the
number of fixture units entering the stack. I will give you an example of how a
stack vent for a combo system might be sized.

Since not all pipes run in conjunction with a combination waste and vent sys-
tem have to follow the combo rules, it is possible that you would have a 1.5-inch
pipe entering a stack. The 1.5-inch pipe could only be used if it had an individual
vent. It is also possible that the stack vent would be a 1.5-inch pipe.

First, let’s look at the maximum number of fixture units (fu) allowed on a
stack:

• 1.5-inch stack = 2 fu

• 2-inch stack = 4 fu

• 3-inch stack = 24 fu

• 4-inch stack = 50 fu

• 5-inch stack = 75 fu

• 6-inch stack = 100 fu.

When you are concerned with the size of a drain dumping into the stack, there
are only two pipe sizes to contend with. All pipe sizes larger than 2 inches may
dump an unlimited number of fixture units into the stack. A 1.5-inch pipe may run
one fixture unit into the stack, and a 2-inch pipe may deliver two fixture units.
Sizing your stack is as simple as finding your fixture-unit load on the chart in you
local code book. Compare your fixture units to the chart and select a pipe size
rated for that load.

Again, I want to remind you that combination waste and vent systems vary a
great deal, so confirm your local requirements before using this type of system.



CHAPTER 10

TRAPS, CLEAN-OUTS, AND
INTERCEPTORS

Clean-outs are a necessary part of the drainage system. This chapter will tell you
what types of clean-outs you can use and when and where they must be used.
Along with clean-outs, backwater valves will be explained. Grease receptors, or
grease traps as they are often called, will be explored. By the end of this chapter
you should be prepared to tackle just about any DWV job.

CLEAN-OUTS

What are clean-outs, and why are they needed? Clean-outs are a means of access
to the interior of drainage pipes. They are needed so that blockages in drains may
be cleared. Without clean-outs, it is much more difficult to snake a drain. In gen-
eral, the more clean-outs you have, the better. Plumbing codes establish mini-
mums for the number of clean-outs required and their placement. Let’s look at
how these regulations apply to you.

WHERE ARE CLEAN-OUTS REQUIRED?

There are many places in a plumbing system where clean-outs are required. Let’s
start with sewers. All sewers must have clean-outs. The distances between these
clean-outs vary from region to region. Generally, clean-outs are required where
the building drain meets the building sewer. The clean-outs may be installed in-
side or outside the foundation. The clean-out opening must extend upward to the
finished floor level or the finished grade outside.

10.1



Some jurisdictions prefer that the clean-outs at the junction of building drains
and sewers be located outside. If the clean-out is installed inside, it may be re-
quired to extend above the flood level rim of the fixtures served by the horizontal
drain. When this is not feasible, allowances may be made. 

An approved two-way clean-out is allowed in locations where a building drain
meets a building sewer. This clean-out is approved for both the building drain and
the building sewer. 

Once the sewer is begun, clean-outs should be installed every 100 feet. Some
regions require clean-outs at an interval distance of 75 feet for 4-inch and larger
pipe and 50 feet for pipe smaller than 4 inches. Clean-outs are also required in
sewers when the pipe changes direction. Clean-outs are usually required every
time a sewer turns more than 45 degrees. In some cases, a clean-out is required
whenever the change in direction is more than 135 degrees. The general rule for a
building sewer is to install a clean-out at intervals that do not exceed 100 feet. This
is measured from the upstream entrance of the clean-out. When a building sewer
has a diameter of 8 inches or more, the distance between clean-outs can be ex-
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Tradetip
Generally, clean-outs are required where the building drain meets the build-
ing sewer.

Fastfact
An approved two-way clean-out is allowed in locations where a building
drain meets a building sewer.

� Pro pointer
The requirement for a junction clean-out may be waived if there is another
clean-out with at least a 3-inch diameter within 10 feet of the junction.



tended to 200 feet from the junction of the building drain and the building sewer
at each change of direction and at intervals not more than 400 feet apart. For these
larger sewers, all manholes and manhole covers must be of an approved type.

This generally means that a stand-pipe will rise from the sewer to just below
ground level. At that point, a clean-out fitting and plug are installed on the stand-
pipe. This allows the sewer to be snaked out from ground level, with little to no
digging required.

For building drains and horizontal branches, clean-out location will depend
upon pipe size, but they are normally required every 50 feet for pipes with diam-
eters of 4 inches or less. Larger drains may have their clean-outs spaced at 100-
foot intervals. Clean-outs are also required on these pipes at each change in direc-
tion in excess of 45 degrees. Clean-outs must be installed at the end of all
horizontal drain runs. Some jurisdictions do not require clean-outs at intervals less
than 100 feet. 

As with most rules, there are some exceptions. Some potential exceptions are
as follows:

• If a drain is less than 5 feet long and is not used for sinks or urinals, a clean-out
is not required.

• A change in direction from a vertical drain with a fifth-bend does not require a
clean-out.

• Clean-outs are not required on pipes other than building drains and their hori-
zontal branches that are above the first-floor level.

P-traps and water closets are often allowed to act as clean-outs. When these
devices are approved for clean-out purposes, the normally required clean-out fit-
ting and plug at the end of a horizontal pipe run may be eliminated. Not all juris-
dictions will accept P-traps and toilets as clean-outs; check your local require-
ments before omitting standard clean-outs.
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Tradetip
Clean-outs are usually required every time a sewer turns more than 45 
degrees.

?Did you know
The clean-outs installed in a sewer must be accessible. 



Clean-outs must be installed in such a way that the clean-out opening is acces-
sible and allows adequate room for drain cleaning. The clean-out must be installed
to go with the flow. This means that when the clean-out plug is removed, a drain-
cleaning device should be able to enter the fitting and the flow of the drainage pipe
without difficulty.

Clean-outs are frequently required at the base of every stack. This is good pro-
cedure at any time, but it is not required by all codes. The height of the clean-out
should not exceed 4 feet. Many plumbers install test tees at these locations to plug
their stacks for pressure testing. The test tee doubles as a clean-out. 

When the pipes holding clean-outs will be concealed, the clean-out must be
made accessible. For example, if a stack will be concealed by a finished wall, pro-
visions must be made for access to the clean-out. This access could take the form
of an access door, or the clean-out could simply extend past the finished wall cov-
ering. If the clean-out is serving a pipe concealed by a floor, the clean-out must be
brought up to floor level and made accessible. This ruling applies not only to
clean-outs installed beneath concrete floors but also to those installed in crawl-
spaces with very little room to work.
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Fastfact
Clean-outs must be installed at the end of all horizontal drain runs.

Fastfact
Clean-outs must be installed in such a way that the clean-out opening is ac-
cessible and allows adequate room for drain cleaning.

� Pro pointer
Clean-out openings must not be used for the installation of new fixtures, ex-
cept where approved and where another clean-out with equal access and ca-
pacity is provided.



WHAT ELSE DO I NEED TO KNOW ABOUT CLEAN-OUTS?

There is still more to learn about clean-outs. Size is one of the lessons to be
learned. Clean-outs are required to be the same size as the pipe they are serving
unless the pipe is larger than 4 inches. If you are installing a 2-inch pipe, you must
install 2-inch clean-outs. However, when a P-trap is allowed as a clean-out, it may
be smaller than the drain. An example would be an 1.25-inchtrap on a 1.5-inch
drain. Remember, though, that not all code enforcement officers will allow P-traps
as clean-outs, and they may require the P-trap to be the same size as the drain.
Once the pipe size exceeds 4 inches, the clean-outs used should have a minimum
size of 4 inches. 

When a clean-out is installed in a floor, it may be required to have a minimum
height clearance of 18inches and a minimum horizontal clearance of 30 inches. No
under-floor clean-out is allowed to be placed more than 20 feet from an access
opening.

Clean-out plugs and caps must be lubricated with water-insoluble, non-hard-
ening material or tape. Only listed thread tape or lubricants and sealants specifi-
cally intended for use with plastics can be used on plastic threads. Conventional
pipe thread compounds, putty, linseed- oil-base products, and unknown lubricants
and sealants must not be used on plastic threads.

ACCEPTABLE TYPES OF CLEAN-OUTS

Clean-out plugs and plates must be easily removed. Access to the interior of the
pipe should be available without undue effort or time. Clean-outs can take on
many appearances. The “U” bend of a “P” trap can be considered a clean-out, de-
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� Pro pointer
Clean-outs are frequently required at the base of every stack. This is good pro-
cedure at any time, but it is not required by all codes.

Fastfact
Clean-outs are required to be the same size as the pipe they are serving un-
less the pipe is larger than 4 inches.



pending upon local interpretation. A rubber cap, held onto the pipe by a stainless-
steel clamp, can serve as a clean-out. The standard female adapter and plug is a
fine clean-out. Test tees will work as clean-outs. Special clean-outs, designed to
allow the rodding of a drain in either direction, are acceptable.

Clean-outs with plate-style access covers shall be fitted with corrosion-resist-
ing fasteners. Plastic clean-out plugs must conform to code requirements. Plugs
used for clean-outs are to be constructed of plastic or brass. Countersunk heads are
required where raised heads might pose a tripping hazard. Brass clean-out plugs
can be used only with metallic drain, waste, and vent piping.

MANHOLES

The ultimate clean-out is a manhole. You can think of manholes as very big
clean-outs. When a pipe’s diameter exceeds a certain size, usually either 8 or 10
inches, manholes replace clean-outs. Manholes are typically required every 300
to 400 feet. Check your local code requirements. In addition, they are required at
all changes in direction, elevation, grade, and size. Connections with manholes
are often required to be made with flexible compression joints. These connec-
tions must not be closer than 1 foot to the manhole and not further than 3 feet
away.
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?Did you know
When clean-outs are installed, they must provide adequate clearance for
drain cleaning. The clearance required for pipes with diameters of 3 inches
or more is 18 inches. Smaller pipes require a minimum clearance of 12
inches in front of their clean-outs. Many plumbers fail to remember this reg-
ulation. It is common to find clean-outs pointing toward floor joists or too
close to walls. You will save yourself time and money by committing these
clearance distances to memory.

Fastfact
Clean-out plugs and plates must be easily removed.



TRAPS

Traps are required on drainage-type plumbing fixtures. No fixture is allowed to be
double-trapped, and traps serving automatic clothes washers or laundry tubs must
not discharge into a kitchen sink. With some fixtures, such as toilets, traps are not
apparent because they are an integral component. The following regulations do not
apply to integral traps, which are governed by regulations controlling the use of ap-
proved fixtures. Drawn brass tubing traps are not allowed for use with urinals.

Every trap for every fixture is required to have a trap seal that is made with a
liquid, usually water, that is not less than 2 inches and not more than 4 inches in
depth. In special cases, the depth of a trap seal may vary. If there is a possibility
that a trap seal will be compromised through evaporation, the trap must be
equipped with a primer that will maintain the trap seal.

P-TRAPS

P-traps are the traps most frequently used in modern plumbing systems. These
traps are self-cleaning and frequently have removable U-bends that may act as
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Tradetip
Plugs used for clean-outs are to be constructed of plastic or brass.

Fastfact
Every trap for every fixture is required to have a trap seal that is made with
a liquid, usually water that is not less than 2 inches and not more than 4
inches in depth. In special cases, the depth of a trap seal may vary.

� Pro pointer
Manholes must be protected against flooding and equipped with covers to pre-
vent the escape of gases.



clean-outs, pending local approval. Fixture traps must be self-scouring and are not
allowed to have interior partitions. An exception concerning interior partitions
comes into play with integral traps and traps that are constructed of an approved
material that is resistant to corrosion and degradation. P-traps must be properly
vented. Without adequate venting, the trap seal can be removed by backpressure.
Slip joints must be made with an approved elastomeric gasket and can only be in-
stalled on the trap inlet, trap outlet, and within the trap seal.

S-TRAPS

S-traps were very common when most plumbing drains came up through the floor
instead of out from a wall. Many S-traps are still in operation, but they are no
longer allowed in new installations. S-traps are subject to losing their trap seal
through self-siphoning.
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� Pro pointer
Traps are required on drainage-type plumbing fixtures. No fixture is allowed
to be double-trapped, and traps serving automatic clothes washers or laundry
tubs must not discharge into a kitchen sink.

Tradetip
P-traps must be properly vented. Without adequate venting, the trap seal can
be removed by backpressure.

! Codealert
The vertical distance from a fixture outlet to the trap weir must not be more
than 24 inches. The horizontal distance cannot exceed 30 inches when meas-
ured from the centerline of a fixture outlet to the centerline of the inlet of the
trap. Standpipes for washing machines are not subject to this rule.



HOUSE TRAPS

House traps are no longer allowed; they represent a double trapping of all fixtures.
Local codes may allow house traps under certain circumstances. House traps were
once installed where the building drain joined with the sewer. Most house traps
were installed inside the structure, but a fair number were installed outside under-
ground. Their purpose was to prevent sewer gas from coming out of the sewer and
into the plumbing system. But house traps make drain cleaning very difficult and
they create a double-trapping situation, which is not allowed. This regulation, like
most regulations, is subject to amendment and variance by the local code official.

CROWN-VENTED TRAPS

Crown-vented traps are not allowed in new installations. These traps have a vent
rising from the top of the trap. As you learned earlier, crown venting must be done
at the trap arm, not the trap.

OTHER TRAPS

Traps that depend on moving parts or interior partitions are not allowed in new
installations.
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� Pro pointer
Drum traps are not normally allowed in new installations without special per-
mission from the code officer. The only occasion when drum traps are still
used frequently is when they are installed with a combination-waste-and-vent
system. It is acceptable to use drum traps when they are used as solids inter-
ceptors and when they serve chemical waste systems.

Fastfact
Bell traps are not allowed for use in new installations.



DOES EVERY FIXTURE REQUIRE AN INDIVIDUAL TRAP?

Basically, every fixture requires an individual trap, but there are exceptions. One
such exception is the use of a continuous waste to connect the drains from multi-
ple sink bowls to a common trap. This is done frequently with kitchen sinks.

There are some restrictions involving the use of continuous wastes. Let’s take
a kitchen sink as an example. When you have a double-bowl sink, it is okay to use
a continuous waste as long as the drains from each bowl are no more than 30
inches apart and neither bowl is more than 6 inches deeper than the other bowl.
Some jurisdictions require that all sinks connected to a continuous waste must be
of equal depth. Exceptions to this rule do exist.

What if your sink has three bowls? Three-compartment sinks may be con-
nected with a continuous waste. You may use a single trap to collect the drainage
from up to three separate sinks or lavatories, as long as the sinks or lavatories are
next to each other and in the same room. But the trap must be in a location central
to all sinks or lavatories.

TRAP SIZES

Trap sizes are determined by the local code. A trap may not be larger than the
drainpipe it discharges into.

TAILPIECE LENGTH

The tailpiece between a fixture drain and the fixture’s trap may not exceed 24 inches.
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� Pro pointer
Basically, every fixture requires an individual trap, but there are exceptions.
One such exception is the use of a continuous waste to connect the drains
from multiple sink bowls to a common trap. This is done frequently with
kitchen sinks.

Fastfact
Traps must be installed level in order for the trap seal to function properly.



STANDPIPE HEIGHT

A standpipe, when installed, must extend at least 18 inches but not more than 42
inches above the trap. The standpipe should not extend more than 4 feet from the
trap. Some local codes require that a standpipe not exceed a height of more than 2
feet above the trap. Plumbers installing laundry standpipes often forget this regu-
lation. When setting your fitting height in the drainage pipe, keep in mind the
height limitations on your standpipe. Otherwise, your take-off fitting may be too
low, or too high, to allow your standpipe receptor to be placed at the desired
height. Traps for kitchen sinks may not receive the discharge from a laundry tub
or clothes washer.

PROPER TRAP INSTALLATION

There is more to proper trap installation than location and trap selection. Traps
must be installed level in order for the trap seal to function properly. An average
trap seal will consist of 2 inches of water. Some large traps may have a seal of 4
inches, and where evaporation is a problem, deep-sealing traps may have a deeper
water seal. The positioning of the trap is critical for the proper seal. If the trap is
cocked, the water seal will not be uniform and may contribute to self-siphoning.

When a trap is installed below grade and must be connected from above grade,
the trap must be housed in a box of some kind. An example of such a situation
would be a trap for a tub waste. When installing a bathtub on a concrete floor, the
trap is located below the floor. Since the trap can not be reasonably installed until
after the floor is poured, access must be made for the connection. This access, fre-
quently called a tub box or trap box, must provide protection against water, insect,
and rodent infiltration.

GREASE TRAPS

One type of trap we have not yet discussed is a grease trap. The reason we haven’t
talked about grease traps is that they are not really traps; they are interceptors.
They are frequently called grease traps, but they are actually grease interceptors.
There is a big difference between a trap and an interceptor. Grease traps must con-
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Tradetip
Grease traps must be equipped with devices to control the rate of water flow
so that the water flow does not exceed the rated flow of the trap.



form to PDI G101 and must be installed in accordance with the manufacturer’s in-
structions.

The vented flow control device must be located so that there are no system
vents between the flow control and the grease trap inlet. The vent or air inlet of the
flow control device must connect with the sanitary drainage vent system as else-
where required by the code or terminate through the roof of the building and not
terminate to the free atmosphere inside the building.

Traps are meant to prevent sewer gas from entering a building. Traps do not
restrict what goes down the drain, only what comes up the drain. Of course, traps
do prevent objects larger than the trap from entering the drain, but this is not their
primary objective.

Interceptors, on the other hand, are designed to control what goes down a
drain. Interceptors are used to keep harmful substances from entering the sanitary
drainage systems. Separators, because they separate the materials entering them
and retain certain materials while allowing others to continue into the drainage
system, are also required in some circumstances. Interceptors are used to control
grease, sand, oil, and other materials.
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?Did you know
Grease traps must be equipped with devices to control the rate of water flow
so that the water flow does not exceed the rated flow of the trap. A flow-con-
trol device must be vented. The vent cannot terminate less than 6 inches above
the flood rim level and must be installed in accordance with the manufac-
turer’s instructions.

� Pro pointer
Interceptors and separators are required when conditions provide an oppor-
tunity for harmful or unwanted materials to enter a sanitary drainage sys-
tem. When oil, grease, sand, or other harmful substances are likely to enter
a drainage system, an interceptor is required. For example, a restaurant is 
required to be equipped with a grease interceptor. An oil separator would
be required for a building where automotive repairs are made. Interceptors
and separators must be designed for each individual situation. There is no
rule-of-thumb method for choosing the proper interceptor or separator
without expert design.



There are some guidelines provided in plumbing codes for interceptors and
separators. The capacity of a grease interceptor is based on two factors, grease re-
tention and flow rate. Capacity determinations are typically made by a profes-
sional designer. The size of a receptor or separator is also normally determined by
a design expert.

A grease trap or grease interceptor is required to receive the drainage from fix-
tures and equipment with grease-laden waste located in food preparation areas,
such as in restaurants, hotel kitchens, hospitals, and so forth.

Where food waste grinders connect to grease traps or grease interceptors, the
interceptors must be sized and rated for the discharge of the food waste grinder.
Grease traps and interceptors are not required in private living quarters and indi-
vidual dwelling units. 

Interceptors for sand and other heavy solids must be readily accessible for
cleaning. These units must contain a water seal of not less than 6 inches. Some
codes require a minimum water depth of only 2 inches. When an interceptor is
used in a laundry, a water seal is not required. Laundry receptors, used to catch
lint, string, and other objects, are usually made of wire and they must be easily re-
moved for cleaning. Their purpose is to prevent solids with a diameter of .5 inch,
or more from entering the drainage system.

BACKWATER VALVES

Backwater valves are essentially check valves. They are installed in drains and
sewers to prevent the backing up of waste and water in the drain or sewer.
Backwater valves are required to be readily accessible and must be installed
whenever a drainage system is likely to encounter backups from the sewer.
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?Did you know
Oil separators are required at repair garages, gasoline stations with grease
racks, grease pits or work racks, car washing facilities with engine or under-
carriage cleaning capability, and factories where oily and flammable liquid
wastes are produced. The separators must keep oil-bearing, grease-bearing,
and flammable wastes from entering the building drainage system or other
point of disposal.

Other types of separators are used for various plants, factories, and process-
ing sites. The purpose of all separators is to keep unwanted objects and sub-
stances from entering the drainage system. Vents are required if it is suspected
that these devices will be subject to the loss of a trap seal. All interceptors and
separators must be readily accessible for cleaning, maintenance, and repairs.



The intent behind backwater valves is to prevent sewers from backing up into
individual drainage systems. Buildings that have plumbing fixtures below the
level of the street where a main sewer is installed, are candidates for back-water
valves.

This concludes our section on traps, clean-outs, interceptors, and other
drainage-related regulations. While this is a short chapter, it is an important one.
You may not have a need for installing manholes or backwater valves every day,
but, as a plumber, you will frequently work with traps and clean-outs. 
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CHAPTER 11

STORM DRAINAGE

When you use your code book to size a storm-water system, you should have ac-
cess to all the key elements required to size the job except possibly for the local
rainfall amounts. You should be able to obtain rainfall figures from your state or
county offices. Your code book should provide you with a table to use in making
your sizing calculations.

SIZING

The first step to take when sizing a storm drain or sewer is to establish your known
criteria. How much pitch will your pipe have on it? Your code book should offer
choices for a pipe pitch.

What else do you need to know? You must know what the rainfall rate is for
the area where you will be installing the storm-water system. There should be a
table in your code book that lists many regions and their rates of rainfall.  You
must also know the surface area that your system will be responsible for handling.
The surface area must include both roof and parking areas.

When you are working with a standard table like the ones found in most code
books, you must convert the information to suit your local conditions. For exam-
ple, if a standardized table is based on 1 inch of rainfall an hour and your location
has 2.4 inches of rainfall per hour, you must convert the table, but this is not dif-
ficult.

When I want to convert a table based on a 1-inch rainfall to meet my local
needs, all I have to do is divide the drainage area in the table by my rainfall
amount. For example, if my standard chart shows an area of 10,000 square feet re-
quiring a 4-inch pipe, I can change the table by dividing my rainfall amount, 2.4,
into the surface area of 10,000 square feet.
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If I divide 10,000 by 2.4, I get 4167. All of a sudden, I have solved the mys-
tery of computing storm-water piping needs. With this simple conversion, I know
that if my surface area was 4167 square feet, I would need a 4-inch pipe. But, my
surface are is 15,000 square feet, so what size pipe do I need? Well, I know it will
have to be larger than 4 inches. So, I look down my conversion chart and find the
appropriate surface area. My 15,000 square feet of surface area will require a
storm-water drain with a diameter of 8 inches. I found this by dividing the surface
areas of the numbers in the table found in my code book by 2.4 until I reached a
number equal to or greater than my surface area. I could almost get by with a 
6-inch pipe, but not quite.

Now, let’s recap this exercise. To size a horizontal storm drain or sewer, de-
cide what pitch you will put on the pipe. Next, determine what your area’s max-
imum rainfall is for a one-hour storm (the highest rainfall over the last 100
years). If you live in a city, your city may be listed, with its rainfall amount, in
your code book. Using a standardized chart rated for 1 inch of rainfall per hour,
divide the surface area by a factor equal to your rainfall index; in my case it was
2.4. This division process converts a generic table into a customized table just
for your area. 

Once the math is done, look down the table for the surface area that most
closely matches the area you have to drain. To be safe, go with a number slightly
higher than your projected number. It is better to have a pipe one size too large
than one size too small. When you have found the appropriate surface area, look
across the table to see what size pipe you need. See how easy that was. Well,
maybe it’s not easy, but it is a chore you can handle. 

SIZING RAIN LEADERS AND GUTTERS

When you are required to size rain leaders or downspouts, you use the same pro-
cedure described above with one exception. You use a table, supplied in your code
book, to size the vertical piping. Determine the amount of surface area your leader
will drain and use the appropriate table to establish your pipe size. The conversion
factors are the same.

Sizing gutters is essentially the same as sizing horizontal storm drains. You
will use a different table, provided in your code book, but the mechanics are the
same. 
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! Codealert
Storm drainage systems must be provided with backwater valves.
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ROOF DRAINS

Roof drains are often the starting point of a storm-water drainage system. As the
name implies, roof drains are located on roofs. On most roofs, the drains are
equipped with strainers that protrude upward at least 4 inches to catch leaves and
other debris. Roof drains should be at least twice the size of the piping connected
to them. All roofs that do not drain to hanging gutters are required to have roof
drains. A minimum of two roof drains should be installed on roofs with a surface
area of 10,000 square feet or less.

When a roof is used for purposes in addition to shelter, the roof drains may
have a strainer that is flush with the roof’s surface. Roof drains should obviously
be sealed to prevent water from leaking around them. The size of the roof drain
can be instrumental in the flow rates designed into a storm-water system. When a
controlled flow from roof drains is needed, the roof structure must be designed to
accommodate the degree of flow.

Secondary roof systems must be equipped with an end point of discharge that
is separate from the primary system. The discharge must occur above grade.

MORE SIZING INFORMATION

If a combined storm-drain and sewer arrangement is approved, it must be sized
properly. This requires converting fixture-unit loads into drainage surface area.
For example, 256 fixture units will be treated as 1000 square feet of surface area.
Each additional fixture unit in excess of 256 will be assigned a value of 3.9 square
feet. In the case of sizing for continuous flow, each gpm is rated as 96 square feet
of drainage area.

SOME FACTS ABOUT STORM-WATER PIPING

Here are some quick facts about storm-water piping:

• Storm-water piping requires the same number of clean-outs, with the same fre-
quency, as a sanitary system. 

� Pro pointer
If a surface area exceeds 10,000 square feet, a minimum of four roof drains
should be installed.



• Just as regular plumbing pipes must be protected, so must storm-water piping.
For example, if a downspout is in danger of being crushed by automobiles, you
must install a guard to protect it. 

• Backwater valves installed in a storm drainage system must conform to local
code requirements. 

• Storm-water and sanitary systems should not be combined. There may be some
locations where the two are combined, but they are the exception rather than the
rule.

• Area-way drains or floor drains must be trapped. 

• When rain leaders and storm drains are allowed to connect to a sanitary sewer,
they are required to be trapped. The trap must be equal in size to the drain it
serves. 

• Traps must be accessible for cleaning the drainage piping. 

• Storm-water piping may not be used for conveying sanitary drainage. 

SUMP PUMPS

Sump pumps are used to remove water collected in building subdrains. These
pumps must be placed in a sump, but the sump need not be covered with a gas-
tight lid or be vented. The lid must be removable. Sump pits must be at least 18
inches in diameter and at least 24 inches in depth. Pits must be accessible and in-
stalled so that all water entering the pit flows in naturally by gravity.  Construction
of a sump pit may be accomplished with tile, steel, plastic, cast iron, or concrete.
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Fastfact
Storm-water piping requires the same number of clean-outs, with the same
frequency, as a sanitary system.

� Pro pointer
Sump pits must be at least 18 inches in diameter and at least 24 inches in
depth.



Many people are not sure what to do with the water pumped out of their base-
ment by a sump pump. Do you pump it into your sewer? No, the discharge from
a sump pump should not be pumped into a sanitary sewer. The water from the
pump should be pumped to a storm-water drain, or in some cases, to a point on the
property where it will not cause a problem.

All sump-pump discharge pipes should be equipped with a check valve. The
check valve prevents previously pumped water from running down the discharge
pipe and refilling the sump, forcing the pump to pull double duty. When I speak
of sump pumps, I am talking about pumps removing groundwater, not waste or
sewage.

VARIATIONS

There are some variations in local codes for storm-water drainage. For example,
approved materials can differ from one jurisdiction to another. This can be true of
both aboveground and underground materials. Once storm-water piping extends
at least 2 feet from a building, any approved material may be used in most regions. 

Another example of a variation is that the inlet area of a roof drain is generally
only required to be one and one-half times the size of the piping connected to the
roof drain. However, when positioned on roofs used for purposes other than
weather protection, roof drain openings must be sized twice as large at the drain
connecting to them.

Some regions provide different tables for sizing purposes. When computing
the drainage area, you must take into account the effect vertical walls have on the
drainage area. For example, a vertical wall that reflects water onto the drainage
area must be allowed for in your surface-area computations. In the case of a sin-
gle vertical wall, add one-half of the wall’s total square footage to the surface area. 

Two vertical walls that are adjacent to each other require you to add 35 per-
cent of the combined wall square footage to your surface area. 

If you have two walls of the same height that are opposite each other, no added
space is needed. In this case, each wall protects the other and does not allow extra
water to collect on the roof area. 

When you have two opposing walls with different heights, you must make a
surface-area adjustment. Take the square footage of the higher wall above the
other wall, and add half the square footage to your surface area. 
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Tradetip
All sump-pump discharge pipes should be equipped with a check valve.



When you encounter three walls, you use a combination of the above instruc-
tions to reach your goal. Four walls of equal height do not require an adjustment.
If the walls are not of equal height, use the procedures listed above to compute
your surface area. 

Additional code variations may occur with sump pits. Some sump pits are re-
quired to have a minimum diameter of 18 inches. In some regions, floor drains
may not connect to drains intended solely for storm water. When computing sur-
face area to be drained for vertical walls, such as walls enclosing a rooftop stair-
way, use one-half the total square footage from the vertical wall surface that re-
flects water onto the drainage surface.

Some roof designs require a backup drainage system in case of emergencies.
These roofs are generally surrounded by vertical sections. If these vertical sections
are capable of retaining water on the roof if the primary drainage system fails, a
secondary drainage system is required. In these cases, the secondary system must
have independent piping and discharge locations. These special systems are sized
by using different rainfall rates. The ratings are based on a 15-minute rainfall.
Otherwise, the hundred-year conditions still apply.

Some regions have requirements for sizing a continuous flow that provide a
rating of 24 square feet of surface area for every gpm generated. For regular siz-
ing based on 4 inches of rain per hour, 256 fixture units equal 1000 square feet of
surface area. Each additional fixture unit is rated at 3.9 inch. If the rainfall rate
varies, a conversion must be done.

To convert the fixture-unit ratings to a higher or lower rainfall, you must do
some math. Take the square foot rating assigned to fixture units and multiply it by
four. For example, 256 fixture units equal 1000 square feet. Multiply 1000 by
four, and get 4000. Now divide the 4000 by the rate of rainfall for 1 hour. Say, for
example, that the hourly rainfall was 2 inches; the converted surface area would
be 2000.

You have made it past a section of code regulations that gives professional
plumbers the most trouble. Storm-water drains are despised by some plumbers,
because they have little knowledge of how to compute them. With the aid of this
chapter, you should be able to design a suitable system with minimal effort.
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Fastfact
Some roof designs require a backup drainage system in case of emergencies.
These roofs are generally surrounded by vertical sections.
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TABLE 11.1 Building storm sewer pipe. Copyright © 2009 by
International Code Council, Inc. Reprinted with permission. All
rights reserved.
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TABLE 11.2 Pipe fittings. Copyright © 2009 by International
Code Council, Inc. Reprinted with permission. All rights reserved.
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TABLE 11.3 Size of circular vertical conductors and leaders. Copyright © 2009 by International Code Council, Inc. Reprinted with
permission. All rights reserved.
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TABLE 11.4 Size of rectangular vertical conductors and leaders. Copyright © 2009 by International Code Council,
Inc. Reprinted with permission. All rights reserved.



CHAPTER 12

SPECIAL PIPING AND
STORAGE SYSTEMS

Medical gas systems and nonmedical oxygen systems are covered in the plumb-
ing code under the provisions for special piping and storage systems or under a
category of healthcare facilities and medical gas and vacuum systems, depending
upon which local code you are working with. There is a distinction between med-
ical gases and oxygen systems that are not used for medical purposes.

The general provisions of special piping and storage systems govern the de-
sign and installation for nonflammable medical gas systems and nonmedical oxy-
gen systems. It’s important that you note the limitations of this part of the code.
Pay attention to the part about nonflammable medical gas systems and nonmed-
ical oxygen systems. These two elements are all that are covered under the special
piping and storage systems as discussed in the plumbing code.

GENERAL REQUIREMENTS

Drinking fountains, valves, and other items the might normally protrude from a
wall must be flush-mounted or full-recessed in corridors and other areas where pa-
tients may be transported on a gurney, hospital bed, or wheelchair. Piping and
traps in psychiatric patient rooms must be concealed. All fixtures and fittings in
these rooms must be vandal-proof. All ice makers or ice storage chests must be in-
stalled in a nurse station or other similarly supervised area that is not subject to
contamination.
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Fastfact
Drinking fountains, valves, and other items that might normally protrude from
a wall must be flush-mounted or full-recessed in corridors and other areas
where patients may be transported on a gurney, hospital bed, or wheelchair.

Fastfact
Drains from sterilizers must be connected to a drainage system through an
indirect-waste connection.
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Sterilizers

Drains from sterilizers must be connected to a drainage system through an indirect-
waste connection. The indirect-waste pipe must not be less than the size of the drain
connection on the fixture being served. The length of the piping shall not exceed
15 feet in length. Receptors must be located in the same room as the equipment
served. With the exception of bedpan steamers, such indirect waste pipes do not re-
quire traps. A trap with a minimum seal of 3 inches must be provided in the indi-
rect waste pipe for a bedpan steamer. Sterilizers that have provisions for a vapor
vent that is required by the manufacturer must be extended to the outdoors above
the roof. These vents are not allowed to be connected to any drainage-system vent.

Aspirators

All aspirators or other water-supplied suction devices can only be installed in
strict accordance with code requirements. Aspirators used for removing body flu-
ids must be equipped with a collecting bottle or similar fluid trap. Aspirators must
indirectly discharge to the sanitary drainage system through an air gap. 

MEDICAL GASES

Medical gases covered under this portion of the code are nonflammable. Key com-
ponents of the code pertain to nonflammable medical gas systems generally, in-
halation anesthetic systems, and vacuum piping systems. These systems might ex-
ist in hospitals, dental offices, or other facilities. The code rulings are simple.
These systems must be designed and installed in accordance with NFPA 99C.
There are, however, two exceptions.



Tradetip
Aspirators used for removing body fluids must be equipped with a collect-
ing bottle or similar fluid trap.

?Did you know
Aspirators must indirectly discharge to the sanitary drainage system through
an air gap.

� Pro pointer
The potable water supply to an aspirator must be protected by a vacuum
breaker or equivalent backflow protection.
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The special piping and storage systems section of the code does not apply to
portable systems or cylinder storage. Vacuum system exhaust must comply with
the local mechanical code.

OXYGEN SYSTEMS

Oxygen systems that are not used for medical purposes must be designed and in-
stalled in accordance with NFPA 50 and NFPA 51. It may strike you as strange,
but this is all that the code has to say about nonmedical oxygen systems.

MORE DETAILED REQUIREMENTS

Some codes have much more detailed code requirements for healthcare installa-
tions, and we are going to review them now. As you would expect, all medical gas
and medical vacuum systems must be installed in accordance with all code re-
quirements. The code requires all installers to be competent. Medical gas and vac-
uum systems must be supplied with at least two sources. For example, a system



� Pro pointer
The sizing of medical gas and vacuum systems should be done by a mechan-
ical engineer. This recommendation appears in the codebook. Since the code
suggests that only mechanical engineers be responsible for the design of the
systems, I see no reason to cover sizing methods in this book. The local code-
book does offer information on sizing requirements and practices, but again,
the code clearly recommends that the sizing be done by an engineer.
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would be required to have at least two cylinder banks with at least two cylinders
in each bank, a minimum of two air compressors, or a minimum of two vacuum
pumps. However, two supply pipelines are not required. Operating pressures,
minimum flow rates, and minimum station outlets and inlets are regulated by code
requirements. 

Plans and specs must be provided to the local code officer prior to installing
any medical gas or medical vacuum system. The plans and specs must be ap-
proved prior to the issuance of a permit. An approval package will normally con-
tain a plot plan of the site, drawn to scale, that indicates the location of existing or
new cylinder storage areas, property lines, driveways, and existing or proposed
buildings.  There will be a piping layout of all proposed piping systems and alter-
ations. Full specifications of the materials to be used are required. A record of as-
built plans and valve identification records must remain on the site of the system
at all times. Always check your local code requirements prior to performing any
work. Codes vary and you must check your local requirements to be sure of your
obligations. 
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TABLE 12.1 Tank capacity. Copyright © 2009 by International
Code Council, Inc. Reprinted with permission. All rights reserved.
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TABLE 12.2 Private sewage disposal system pipe. Copyright
© 2009 by International Code Council, Inc. Reprinted with
permission. All rights reserved.
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TABLE 12.3 Distribution pipe. Copyright © 2009 by
International Code Council, Inc. Reprinted with permission. All
rights reserved.

TABLE 12.4 Minimum absorption area for one- and two-family
dwellings. Copyright © 2009 by International Code Council, Inc.
Reprinted with permission. All rights reserved.

TABLE 12.5 Minimum absorption area for other than one- and
two-family dwellings. Copyright © 2009 by International Code
Council, Inc. Reprinted with permission. All rights reserved.
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TABLE 12.6 Effective square-foot absorption area for seepage
pits. Copyright © 2009 by International Code Council, Inc.
Reprinted with permission. All rights reserved.
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TABLE 12.7 Conversion factor. Copyright © 2009 by International Code Council,
Inc. Reprinted with permission. All rights reserved.
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CHAPTER 13

RECYCLING GRAY WATER

Some types of plumbing fixtures are allowed to discharge into approved gray-wa-
ter systems. The gray water is allowed for use in flushing toilets and urinals. It is
also approved for subsurface landscape irrigation. Plumbing fixtures that are al-
lowed to be emptied into a gray-water drainage system include the following:

• Bathtubs

• Showers

• Lavatories

• Clothes washers

• Laundry trays.

COLLECTION RESERVOIRS

Collection reservoirs for gray water must be made of an approved material. The
material must be durable, nonabsorbent, and corrosion resistant. These collection
areas must be closed and gas tight. An access opening is required so that interior
inspections can be performed.

All gray water going into a collection reservoir must be filtered. This is done
with an approved filter that may be a media, sand, or diatomaceous earth filter. In
addition to the filter, the system must be equipped with a full-open valve that is
installed downstream of the last fixture connection to the gray-water discharge
pipe, prior to the discharge pipe entering the filter.

An overflow pipe is required for each gray-water collection reservoir. The size
of this pipe must be as large, or larger, than the influent pipe for the gray water.
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Connection of the overflow pipe to the sanitary drainage system must be made
through an indirect-waste connection. In addition to the overflow pipe, a drain
pipe of the same specifications must be installed at the lowest point of the reser-
voir to the sanitary drainage system. 

COLLECTION SYSTEMS FOR TOILETS AND URINALS

Collection systems for toilets and urinals must meet minimum requirements.
These include such elements as capacity, coloring, materials, disinfection, and so
forth. To expand on this, refer to the following list of requirements:

• The holding capacity of a reservoir is required to be a minimum of twice the vol-
ume of water required to meet daily flushing requirements. In no case is the ca-
pacity allowed to be less than 50 gallons.

• Retention time for gray water is limited to 72 hours.

• Gray water must be disinfected with an approved substance, such as chlorine,
iodine, or ozone.

• Gray water must be dyed blue or green with a food-grade vegetable dye before
the water is supplied to plumbing fixtures.

• Potable water is required to be available as makeup water in the event that the
gray water capacity is not sufficient for flushing requirements. The potable wa-
ter supply must be equipped with backwater protection and a full-open valve on
the water supply line to the collection reservoir.

• All distribution piping and reservoirs for gray water must be identified in a way
that is approved by the local code authority as a gray-water system.
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! Codealert
Collection reservoirs must be equipped with overflow pipes that have the
same, or larger, diameters as the influent pipe for gray water. The overflow
pipe is to be connected indirectly to a sanitary drainage system.

� Pro pointer
All gray water going into a collection reservoir must be filtered.



IRRIGATION SYSTEMS

Landscape irrigation systems that are installed on a subsurface level can be pro-
vided with a water source from gray water. When a collection reservoir is used for
this purpose, the time limit to retain water shall be a maximum of 24 hours. A
check valve and a full-open valve, on the discharge side of the check valve, must
be installed on the discharge side of the effluent pipe. All piping is required to be
identified as non-potable water in an approved manner. There is no requirement
for makeup water in an irrigation system that is fed with gray water. Unlike when
used for flushing purposes, the gray water used in a subsurface irrigation system
is not required to be dyed in any color.

SITE LOCATION

The site location for a subsurface landscape irrigation system is regulated. The
regulations include the following:

• Subsurface irrigation systems that use gray water must be installed at an eleva-
tion which is lower than the surface grade or any water well or reservoir on ad-
joining property. If this is not possible, the site must be located so that surface
water drainage from the site is not directed toward a water well or reservoir.

• The horizontal distance between a soil absorption system and other elements,
such as buildings, property lines, and water services will be expressed in the lo-
cal code book for your plumbing jurisdiction.

RECYCLING GRAY WATER 13.3

� Pro pointer
Gray water discharge is estimated based on local regulations. A perk test is re-
quired to determine the perk rate of the soil. All perk testing must be done by
an approved professional who meets the criteria of the local code enforcement
office.

! Codealert
Gray water must be disinfected by an approved method. Acceptable disinfec-
tants include chlorine, iodine, and ozone.



• Private sewage disposal systems are not allowed in compacted areas, such as
driveways and parking lots.

• All surface water is required to be diverted away from the soil absorption site.

SEEPAGE BEDS

Seepage beds must have a minimum width of 5 feet. They are required to have
more than one distribution pipe. Distribution piping in a seepage bed must be uni-
formly spaced. The maximum distance for this is 5 feet. The minimum spacing is
3 feet apart. There is a requirement for a maximum of 3 feet and a minimum of 
1 foot from the side wall or headwall.

CONSTRUCTION REQUIREMENTS

The construction requirements for a seepage trench or bed is regulated by the
plumbing code. When construction a seepage bed or trench, the bottom of either
must be level. Soil testing is required for site locations. If the soil is wet enough
so that when rolled between a person’s hands the soil forms a soil wire, the site is
not suitable. Sidewalls must meet local requirements and may have to be scarified.
If rainfall occurs during construction, the site must be allowed to dry completely
before construction is resumed. The bottom of a seepage trench or bed must be
scarified and loose material must be removed.

BACKFILLING

Backfilling a seepage trench or bed is required to meet code specifications. Check
your local code requirement for specific requirements. To give you an idea of what
to look for, consider the following:

• There must be a minimum of 6 inches of aggregate that ranges in size from 1⁄2 to
21⁄2 inches in diameter and that is installed below the distribution piping elevation.

13.4 CHAPTER 13

?Did you know
All collection reservoirs must be vented in accordance with local code 
requirements.



• A 2-inch cover of aggregate is required over the top of the distribution piping.

• The top layer of the aggregate is to be covered with approved synthetic materi-
als or 9 inches of uncompacted marsh hay or straw.

• Building paper is not approved as a cover for the aggregate.

• Soil cover is required to have a minimum depth of 9 inches.

DISTRIBUTION PIPING

Distribution piping must have a minimum diameter of 3 inches. When installed,
distribution piping must have a minimum of 8 inches of soil cover. Grading of dis-
tribution piping must be a minimum of 2 inches and a maximum of 4 inches per
100 feet of developed length.

Recycling gray water is good for the environment and it can save money in the
long run. Applications for special purposes, such as golf courses, can reduce the
strain on potable water supplies. As a responsible plumber, this is a venture that is
well worth considering, and it is not that difficult to comply with code consideration.

RECYCLING GRAY WATER 13.5

Tradetip
Seepage trenches must have a minimum width of 1 foot and a maximum
width of 5 feet. The trenches are to be spaced a minimum of 2 feet apart. In
no case are the trenches allowed to be more than 100 feet in length.
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CHAPTER 14

REFERENCED STANDARDS

This chapter lists the standards that are referenced in various sections of this book.
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CHAPTER 15

RAINFALL RATES

15.1

RATES OF RAINFALL FOR VARIOUS CITIES

Rainfall rates, in inches per hour, are based on a storm of one-hour duration and a
100-year return period.

FIGURE 15.1  Rates of rainfall for various cities. Source: National Weather Service,
National Oceanic and Atmospheric Administration, Washington, D.C.

(continued)
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FIGURE 15.1  (Continued) Rates of rainfall for various cities. Source: National Weather
Service, National Oceanic and Atmospheric Administration, Washington, D.C.



RAINFALL RATES 15.3

FIGURE 15.2  A chart for the 100-year, one-hour rainfall (inches) for Hawaii.  Source:
National Weather Service, National Oceanic and Atmospheric Administration,
Washington, D.C.
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FIGURE 15.3  A chart for the 100-year, one-hour rainfall (inches) for the western United
States. Source: National Weather Service, National Oceanic and Atmospheric
Administration, Washington, D.C.



RAINFALL RATES 15.5

FIGURE 15.4  A chart for the 100-year, one-hour rainfall (inches) for Alaska.  Source:
National Weather Service, National Oceanic and Atmospheric Administration,
Washington, D.C.
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FIGURE 15.5  A chart for the 100-year, one-hour rainfall (inches) for the eastern United
States. Source: National Weather Service, National Oceanic and Atmospheric
Administration, Washington, D.C.



RAINFALL RATES 15.7

FIGURE 15.6  A chart for the 100-year, one-hour rainfall (inches) for the central United
States. Source: National Weather Service, National Oceanic and Atmospheric
Administration, Washington, D.C.
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CHAPTER 16

DEGREE DAYS AND DESIGN
TEMPERATURES

16.1
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CHAPTER 17

EVALUATING SITES AND
THEIR REQUIREMENTS

All sites for private waste disposal systems should be evaluated carefully.
Choosing the proper design for a system affects function and the cost of construc-
tion. This type of work is typically done by an engineer. Some of what will be
looked for when evaluating a site includes the following:

• Soil conditions

• Properties

• Permeability

• Depth of zones

• Soil saturation

• The depth to bedrock

• Slope

• Landscape position

• Setback and zoning requirements

• Any flood hazard areas.

Test data on soil must be based on undisturbed elevations and a vertical eleva-
tion reference point must be established. This is commonly called a benchmark.
Once testing is done, a report must be filed with the appropriate agency on ap-
proved forms with 30 days of the testing.

17.1



AREA FOR A REPLACEMENT SYSTEM

A new system is required to be installed in such a way that at least one approved
replacement system can be installed in the event the first system fails to operate
properly. Soil samples that are equivalent to between the replacement area and the
primary system location will not require additional perk tests for the replacement
area. An area set aside for a replacement system is not allowed to be used for any
of the following:

• Buildings

• Parking lots

• Parking areas

• Below-ground swimming pools

• Any other use that may harm the site area.

Occasionally, circumstances prohibit compliance with standard requirements.
This triggers nonconforming site conditions. It is possible to have an alternative
system installed to overcome the nonconforming conditions.

BORINGS

Soil testing is required for all types of private sewage systems. When borings
are done, they are required to extend at least 3 feet below the bottom of a pro-
posed disposal system. Power augers may not be used to make borings for soil
tests. Borings may be made by a backhoe, dug by hand, or with the use of a hand
auger. 

Any soil absorption site is required to have a minimum of three bore holes
at the site. If a new site is being tested, there is a requirement for three bore holes
on the primary site and two bore holes on the replacement site. Borings must be
accurately referenced in relation to the vertical elevation and horizontal refer-
ence points.

17.2 CHAPTER 17

� Pro pointer
Land that slopes more than 20 percent is not usually acceptable for a conven-
tional disposal system. When conventional absorption systems are used, they
are to be installed so that they are located a minimum of 20 feet from the
crown of land that slopes 20 percent, or more. 



SOIL APPEARANCE

Soil appearance must be written for all soil collected at borings. The thickness,
measured in inches, between different soil horizons must be observed and noted.
Depths are to be measured from the ground surface. The four types of horizons
include:

• Color

• Texture

• Soil Mottles

• Bedrock.

Soil characteristics can produce false readings that an average person might
mistake for one absorption rate that is not accurate. Even if doing your own soil
testing is allowed in your area, it would not be wise to try to this type of work on
your own. Call in a professional.

GROUND WATER

If ground water is discovered, a measurement must be taken from ground level to
establish the depth of the ground water. Soil mottles should be checked for when
ground water is found. 

ALLUVIAL AND COLLUVIAL DEPOSITS

Subsurface soil absorption systems are allowed to be installed in alluvial or collu-
vial deposits that have shallow depths, extended periods of saturation, or possible
flooding.

PERK TESTS

Perk tests are typically conducted by professionals who are licensed to perform
the test. The evaluation of results from perk tests is also usually conducted by pro-
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Tradetip
Perk tests are not to be done prior to having soil data from borings available.



fessionals who are approved for such testing and evaluation. For field purposes,
there are many elements of this procedure that may be helpful to know. They are
as follows:

• A minimum of three pert tests are required for each area that will contain a pri-
vate sewage disposal system. With the exception of new systems where two
sites are being tested to provide a site for a replacement system. When this is the
case, the replacement site is required only to have two perk tests done with the
soil is similar to that found in the test borings of the main site.

• Test holes are to be dug or bored.

• Each test hole is to have vertical sides and a horizontal dimension of 4 to 8
inches.

• Sides of tests holes are to be scratched or roughed up to expose natural soil.

• Any loose soil or material in a test hole is to be removed.

• The bottom of a test hole is to be covered with 2 inches of gravel or course sand.

• Test holes are to be filled with a minimum depth of 12 inches of clear water.
Depth and frequency for filling test holes can vary with different soil types.

• Any mechanical perk test equipment must be of an approved type.

CODE ENFORCEMENT

A code enforcement officer can require verification of test results or a site visit for
inspection purposes. Other requirements from the code officer could include de-
tailed soil maps, personal evaluation from the code officer, and the review of re-
quested documents that may be needed to determine the suitability of a site.

MONITORING A SYSTEM

The monitoring of a system may be required. This procedure can often be done by
the property owner or developer and reported to the proper authorities. This mon-
itoring is done to document ground water levels under various conditions, such as
precipitation or artificial drainage. 

17.4 CHAPTER 17

?Did you know
Due to the technical nature of evaluation soil, the work should be left to 
licensed professionals.



Two well systems that are a minimum of 6 feet deep could required for the
purposes of monitoring ground water. The well depth must extend at least 3 feet
below the system that is being monitored.  Other specifications, as outlined by lo-
cal code requirements, are also to be observed. Results of monitoring are to be
documented and reported to the local code enforcement officer.

SITE REQUIREMENTS

There are a large number of requirements for suitable sites to contain a private
sewage disposal system. A minimum distance from any source of water or habit-
able buildings must be maintained between these sources and a septic system. The
surface grade of all soil absorption systems must be located at a point lower than
the surface grade of any nearby water well or reservoir on the same or adjoining
property. Private sewage systems must not be installed below parking lots or
driveways. Any surface water must be diverted away from any soil absorption site
on the same or neighboring lots. Many other conditions, such as those that follow
are required to be observed:

• Flood hazard sites are not suitable locations for the installation of soil absorp-
tion systems. However, a special variance may be granted to allow a designed
system to be installed in the flood hazard area.

• A minimum distance of 3 feet of soil must be maintained between the bottom of
the soil absorption and high ground water or bedrock.

• Soil that has a perk rate of 60 minutes per inch or faster must be maintained at
least 3 feet below the proposed bottom of the soil absorption system.

• A conventional soil absorption system requires a minimum of 56 inches of suit-
able soil from the original grade.

• Trench and bed types absorption systems are not allowed when the perk rate is
less than 60 minutes per inch.

Soil Maps

Detailed soil maps may be required for sites that suffer from especially difficult
soil conditions. The data on such a map may be used to deny the installation of a
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� Pro pointer
When bedrock is encountered, unless it is sandstone, the sample in the bor-
ing must be established as 50 percent of the weathered-in-place material
consolidated.



soil absorption system. However, a property owner has the right to produce evi-
dence to prove that a suitable site does exist. This type of evidence is usually ob-
tained from an engineer. Other considerations include the following:

• Soil absorption systems must not be installed in a filled area, unless written ap-
proval is received.

• Sites with less than 56 inches, but at least 30 inches, of soil over bedrock, where
the original soil texture is sand or loamy sand, are permitted to be filled with the
same soil texture as the natural soil or coarser material up to and including
medium sand to overcome the site limitations. The fill material shall not be of a
finer texture than the natural soil.

• Sites with soils finer than sand or loamy sand must not be approved for a private
sewage disposal system.

• Sites that have less than 56 inches of soil over high ground water, or estimated
high ground water, where the original soil texture is sand or loamy sand can be
filled with compliance to local regulations.

• Monitoring is required for sites that have 36 inches, or less, of soil above high
ground water after topsoil is removed.

• The placement of fill material is to be inspected by a local code enforcement
officer.

Keeping informed on topics related to your work, as a plumber, is always a
good idea.  Now that we have covered site evaluation, we are ready to move to the
next chapter and learn more about materials.

17.6 CHAPTER 17

?Did you know
When seepage pits are used, the perk rate for them must be made in each hori-
zon penetrated below the inlet pipe for a seepage pit. Soil strata in which the
perk rates are slower then 30 minutes per inch must not be included in com-
puting the absorption area. Once the slowest perk rate is determined, that is
the rate that must be used to establish the absorption area.

Fastfact
A property owner has the right to produce evidence to prove that a suitable
site does exist.



CHAPTER 18

MATERIALS

Materials approved for private sewage systems must meet certain code require-
ments. For example, the code requires the manufacturer’s mark or name and the
quality of the product or identification to be cast, embossed, stamped, or indelibly
marked on each length of pipe and each pipe fitting, fixture, tank, material, and
device used in a private sewage disposal system in accordance with approved
standards. And, all tanks must be marked with their capacity. All workmanship
and materials used in the installation of a sewage disposal system must be done in
a code-approved manner.

TANKS

Septic tanks must have floors and sidewalls of a site-constructed concrete tank of
a monolithic type, except a construction joint is permitted in the lower 12 inches
of the sidewalls of the tank. If a construction joints is used, it must have a keyway
in the lower section of the joint. The width of such a keyway must be approxi-
mately 30 percent of the thickness of the sidewall with a depth equal to the width.

A continuous water stop or baffle must have a minimum with of 56 inches. It
is to be set vertically in the joint and embedded one-half of its width in the con-
crete below the joint with the remaining width in the concrete above the joint. The
baffle must be made from copper, neoprene, rubber, or polyvinyl chloride that is
designed for the specific purpose.

Joints between a concrete tank and a tank cover and between a tank cover and
a manhole riser must be of a tongue-and-groove or shiplap type. The joint must be
sealed water tight with the use of cement, mortar, or a bituminous compound.
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Steel and Fiberglass Tanks

Steel tanks must conform to UL 70. If any damage to the bituminous coating shall
be repaired by recoating the tank. Tank capacity and design specifications can be
established by checking the table in your local code book. 

Manholes

The collars for manholes and their extensions must be made from the same mate-
rial as the tanks that they are being used with. Manhole covers are to be made of
concrete, steel, cast iron, or some other approved material.

PIPE, JOINTS AND CONNECTIONS

Pipe for private sewage disposal systems are required to have a smooth wall and
to confirm to standards found in a table within your local code book. Joints and
connections must be made with an approved type of material or in an approved
manner. Some examples can be seen below:

• Mechanical joints on drainage pipes must be made with elastomeric seals of an
approved type.

• Mechanical joints are allowed only on underground plumbing, except as other-
wise approved.

• Solvent cement joints must be made on clean, dry surfaces.

• Solvent cement joints may be made below ground or above ground.

• Asbestos-cement pipe joints must be made with a sleeve coupling of the same
material composition as the pipe and sealed with an elastomeric ring.

• Cast-iron pipe joints must be made in an approved manner.

• Lead joints for cast-iron pipe with hub-and-spigot pipe must be firmly packed
with oakum or hemp. Then molten lead is poured in a single operation to a depth
of not less than one inch. The lead must not recede more than 0.125 of an inch
below the rim of the hub and shall be caulked tight.

• Joints made with cast-iron pipe must be tested and approved before they can be
painted or varnished.

18.2 CHAPTER 18

Fastfact
Fiberglass tanks must conform to ASTM D 4021.



• Compression joints, of an approved type, can be used to join cast-iron pipe.

• Concrete pipe joints are to be made with elastomeric seals.

• Soldered joints must be made in an approved manner. All cut ends of pipe for
these joints must be reamed to the full inside diameter of the pipe or tube. Flux
and solder used in the connection must be of an approved type.

• Heat-fusion joints must be made on surfaces that are clean and dry. The joint
surfaces are to be heated to melting temperature and joined. Then the joint must
be left undisturbed until it cools.

• Joints between different types of plumbing materials must be made with a me-
chanical joint of the compression or mechanical sealing type.

• All pipe and joint installations must be made in accordance with the local
plumbing code.

Prohibited Joints

Prohibited joints include the following:

• Cement or concrete joints

• Mastic or hot-pour bituminous joints

• Joints made with fittings that are not approved for the type of joint being made

• Joints made with elastomeric rolling o-rings between different pipe diameters

• Solvent-cement joints between different types of plastic pipe.

USING THE RIGHT MATERIALS

Using the right materials and procedures when installing plumbing can save you
both time and money, not to mention embarrassment. It is always more profes-
sional and more profitable to do a job only once. If you have to tear out unap-
proved materials and install new materials due to a lack of understanding of the
code, you will find it makes sense to know what you are allowed to install and how
to install it.

MATERIALS 18.3

Tradetip
The collars for manholes and their extensions must be made from the same
material as the tanks that they are being used with. 
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CHAPTER 19

SIZING AND INSTALLING
SOIL ABSORPTION

SYSTEMS

The sizing of a soil absorption system is usually done by an engineer. The code
book does offer tables and formulas that can be used for sizing a system, but few
installers size their own systems. If you are interested in sizing your own systems,
refer to your local code book for table and formulas that will apply to your juris-
diction. However, I suggest you rely on design professionals for sizing a system.

Installing a private sewage system requires compliance with code regulations,
but these regulations are not extremely numerous. There are tables in your local
code book which will help you with your work. 

SEEPAGE TRENCH EXCAVATIONS

Seepage trench excavations are required to be 1 to 5 feet wide. The spacing be-
tween trenches must be a minimum of 6 feet. A maximum length for a trench is
100 feet. The absorption area of a seepage trench must be computed only by the
bottom of the trench area.

SEEPAGE BEDS

The excavation for seepage beds must have a minimum width of 5 feet.  The bed
is required to have more than one distribution pipe. The bottom of the bed is the
portion to be used for calculating the absorption rate. Piping installed in a seepage
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bed must be evenly spaced with a maximum of 5 feet and a minimum of 3 feet
apart. The piping must be at least one foot, and not more than 3 feet, from the side-
wall or headwall of the seepage bed.

SEEPAGE PITS

Seepage pits must have a minimum inside diameter of 5 feet. The chamber must
consist of walled-up construction, such as precast concrete rings or blocks, or
brick. The bottom of a pit must be left open to the soil below. Aggregate of 0.5 to
2.5 inches in size is required to be placed into a 6-inch minimum annular space
that separates the outside wall of the chamber and sidewall excavation. The depth
of the annular space shall be measured from the inlet pipe to the bottom of the
chamber.

Every seepage pit must be provided with a 24-inch manhole that extends to
within 56 inches of the ground surface and a 4-inch-diameter fresh air inlet.
Seepage bits are required to be spaced at least 5 feet apart. 

EXCAVATION AND CONSTRUCTION

Excavation and construction methods are controlled by code requirements. Some
examples of these requirements are as follows:

• The bottom of a trench or bed excavation must be level.

• If soil is so wet that it can be rolled between your hands, excavation must not
begin.

19.2 CHAPTER 19

� Pro pointer
Distribution piping for gravity systems must not be less than 4 inches in 
diameter.

?Did you know
Seepage pits must have a minimum inside diameter of 5 feet.



• Smeared or compacted soil must be scarified to the depth of smearing or com-
pacted soil. All loose material from this process must be removed from the ex-
cavation.

AGGREGATE AND BACKFILL

Aggregate and backfill material must comply with code requirements. A mini-
mum of 6 inches of arrogate ranging in size from 0.5 to 2.5 inches must be laid
into the bottom of a trench or bed. The aggregate must be installed in 2-inch lay-
ers over the top of all distribution piping. Then the aggregate must be covered with
an approved synthetic material or 9 inches of uncompacted marsh hay or straw.
Building paper is not a suitable cover material. Next, install a minimum of 18
inches of soil backfill over the covering.

DISTRIBUTION PIPING

Distribution piping for gravity systems must not be less than 4 inches in diameter.
Any distribution header, PVC, must be solid-wall pipe. The top of the distribution
pipe must not be less than 8 inches below the original surface in continuous
straight or curved lines. All distribution piping must have a slope of 2 to 4 inches
for every 100 feet of pipe that is installed. Effluent is required to be sent to all dis-
tribution pipes. A drop box is required when effluent is being sent to seepage
trenches or sloping sites. If dosing is required, the siphon or pump must discharge
a dose of minimum capacity equal to 75 percent of the combined volume of the
distribution piping in an absorption system.

OBSERVATION PIPES

Observation pipes are required. These pipes must not be less than 4 inches in di-
ameter and not less than 12 inches above final grade and shall terminate with an
approved vent cap. The bottom 12 inches of an observation pipe must be perfo-
rated and extend to the bottom of the aggregate. These pipes must be located at
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Tradetip
All distribution piping must have a slope of 2 to 4 inches for every 
100 feet of pipe that is installed.



least 25 feet from any window, door, or air intake of any building that is used for
human occupancy. Up to four distribution pipes can be served by a single, 
4-inch observation pipe. There is one exception. If the decision is properly ap-
proved, and observation pipe can be installed not more than 2 inches below fin-
ished grade, if the location is permanently recorded.

OTHER RULES

There are some other rules to observe, and here they are:

• Soil absorption systems must not be installed during periods of adverse weather
without permission from the local code enforcement officer.

• Soil absorption systems must not be installed in frozen ground.

• Snow cover must be removed for a soil absorption system is installed.

• Snow that is removed must not be stored in such a way that will allow it to pool
on a soil absorption system.

• All soil to be used as backfill material must be protected from freezing.

• Frozen soil cannot be used as a backfill material.

• The first foot of backfill material must be loose.

• Soil absorption systems must not be covered or paved over by material that in-
hibits the evaporation of effluent.

PRESSURE DISTRIBUTION SYSTEMS

Pressure distribution systems are our next topic of conversation. To begin this,
let’s turn to the next chapter.
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CHAPTER 20

PRESSURE DISTRIBUTION
SYSTEMS

Pressure distribution systems are generally permissible on any site that meets the
requirements for a conventional soil absorption system—a minimum of 6 inches
to the top of the distribution piping from original grade for any pressure distribu-
tion system. If a system receives more than 5000 gallons of effluent, there is likely
to be a need for two systems, each of which is required to have a minimum capac-
ity of 75 percent of the area required for a single system. Dual systems are consid-
ered as one system.

The estimated wastewater from a typical residential dwelling is estimated at
150 gallons per bedroom. This data is needed for sizing purposes. There are nu-
merous tables in the code book to aid with sizing. The sizing of a pressure distri-
bution system is probably best left to design professionals. Sizing these systems
requires formulas and substantial math. I can tell you this much, it would not be
wise for me to master the math.

It is my opinion that the average tradesperson leave pressure distribution stems
to professional designers. I will include some of the table and formulas here for
you to get an idea of what is involved in the sizing process, but the math can be
difficult for some people.
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TABLE 20.1  Soil required. Copyright © 2009 by International
Code Council, Inc. Reprinted with permission. All rights reserved.

TABLE 20.2  Design loading rate. Copyright © 2009 by
International Code Council, Inc. Reprinted with permission. All
rights reserved.

TABLE 20.3 Estimated volume for various diameter pipes.
Copyright © 2009 by International Code Council, Inc. Reprinted
with permission. All rights reserved.

20.2 CHAPTER 20



CHAPTER 21

TANKS

Septic tanks must meet several requirements. This chapter deals with the design,
installation, repair, and maintenance of septic tanks, the treatment of tanks, and
holding tanks. A septic tank must be made from an approved material, such as
welded steel, monolithic concrete, or fiberglass. All tanks must be watertight.
Septic tanks are required to have two compartments. The inlet compartment must
not be less than two-thirds of the total capacity of the tank, not less than a 500-gal-
lon liquid capacity and not less than 3 feet wide and 5 feet long. The secondary
compartment of a septic tank shall have not less than a capacity of 250 gallons and
not more than one-third of the total capacity. The secondary compartment of sep-
tic tanks having a capacity more than 1500 gallons shall be not less than 5 feet
long.

The liquid depth of a tank shall not be less than 30 inches and a maximum av-
erage of 6 feet. The total depth shall be not less than 8 inches greater than the liq-
uid depth. Rectangular tanks are to be constructed with the longest dimensions
parallel to the direction of the flow. Cylindrical tanks shall be not less than 48
inches in diameter.

INLETS AND OUTLETS

The inlet and outlet on all tanks or tank compartments must be provided with
open-end coated sanitary tees or baffles made of approved materials constructed
to distribute flow and retain scum in the tank or compartments. Other require-
ments for inlets and outlets are as follows:

• Inlets and outlets of all tanks must contain a stop or other provision the will pre-
vent the insertion of the sewer pipe beyond the inside wall of the tank.
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• Tees or baffles must extend a minimum of 6 inches above and 9 inches below
the liquid level, but shall not exceed one-third of the liquid depth.

• A minimum of 2 inches of clear space must be provided over the top of the baf-
fles or tees.

• The bottom of an outlet opening shall be a minimum of 2 inches lower than the
bottom of an inlet.

MANHOLES

Every compartment of a tank requires a manhole. These are required over the in-
let and the outlet. The opening must not be less than 24 inches square or 24 inches
in diameter. Where the inlet compartment of a septic tank exceeds 12 feet in
length, an additional manhole is needed. Manholes must terminate a maximum of
6 inches below the ground surface and be of the same material as the tank. Steel
tanks require a 2-inch collar for the manhole to be welded to the tank. Fiberglass
tanks require a 2-inch fiberglass collar

INSPECTION OPENING

One inspection opening is required for each tank. It may be over either the inlet or
the outlet. This opening is required to have a minimum diameter of 4    inches with
a tight-fitting cover. When inspection pipes terminate above finished grade, the
height of the pipe must not be less than 6 inches. When these pipes are approved
to terminate below grade, they must not be more than 2 inches below finished
grade and the location must be permanently recorded.
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Tradetip
General maintenance for septic tanks is to have them cleaned out when the
sludge and scum occupy one-third of the tank’s capacity.

?Did you know
The liquid depth of a tank shall not be less than 30 inches and a maximum 
average of 6 feet. The total depth shall be not less than 8 inches greater than
the liquid depth.



SIZING

The sizing of a septic tank is based on the number of people using the building be-
ing served by the tank. The same is true for treatment tanks. A minimum capacity
of 750 gallons is required. It is not permissible to install more than four tanks in a
series. A three-bedroom home requires a tank with a capacity of 1000 gallons.
Homes with four bedrooms require a tank with a minimum capacity of 1200 gal-
lons. There is a table in the code book that lists more examples for sizing purposes.

INSTALLATION BASICS

The installation basics for septic and treatment types are as follows:

• Tanks installed in ground water must be anchored.

• Bedding that is 3 inches thick and compacted is required as a base for all tank
installations.

• Bedding material may be sand, gravel, granite, limerock, or some other noncor-
rosive material of such size that the material passes through a 0.5-inch screen.

• Backfill material for a concrete tank must be able to pass through a 4-inch
screen and the material must be tamped into place.

MAINTENANCE

General maintenance for septic tanks is to have them cleaned out when the sludge
and scum occupy one-third of the tank’s capacity. All septage must be disposed of
at an approved location. Chemical restoration for private sewage disposal system
is not allowed unless otherwise approved.

HOLDING TANKS

Holding tanks must not be approved where a site can accommodate the installa-
tion of any other private sewage disposal system specified in this code. A pump-
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Fastfact
A holding tank must not be installed closer than 20 feet from any part of a
building.



ing and maintenance schedule for each holding tank installation shall be submit-
ted to the local code officer.

Holding tanks must be sized to have a minimum of a five-day holding capac-
ity, but not less than 2000 gallons. Not more than four tanks may be installed in a
series. The sizing of these tanks can be determined by a table in your local code
book.

The construction materials for holding tanks is basically the same as those
used for septic tanks. A holding tank must not be installed closer than 20 feet from
any part of a building. A holding tank is required to have a manhole that is not less
than 10 feet from an all-weather access road or driveway.

Each tank is required to have a manhole that is not less than 24 inches square
or 24 inches in diameter and extending not less than 4 inches above ground. Finish
grade is to be sloped away from the manhole cover. The manhole cover must be
equipped with a locking device. Service ports in the manhole cover are required
to be at least 8 inches above finished grade and have a minimum diameter of 
4 inches. All service ports must be equipped with either a locking cover or a brass
cleanout plug.

If a septic tank is used as a holding tank, the outlet must be sealed. Removal
of the inlet and outlet baffle is not prohibited. Each tank is required to be vented
with a vent that has a diameter of not less than 2 inches. This vent shall extend no
more than 12 inches above the finish grade and terminate with a return bend fit-
ting or approved vent cap. Now we are ready to talk about mound systems, so let’s
turn to the next chapter.
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Tradetip
A high-water warning device shall be installed to activate 1 foot below the
inlet pipe. The device must be either an audible or an approved illuminated
alarm. The electrical junction box, including warning equipment junctions,
shall be located outside of the holding tank or housed in a waterproof, explo-
sion proof enclosure. Electrical relays or controls shall be located outside of
the holding tank.

� Pro pointer
If a septic tank is used as a holding tank, the outlet must be sealed. Removal
of the inlet and outlet baffle is not prohibited.
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TABLE 21.1 Septic tank capacity for one- and two-family
dwellings. Copyright © 2009 by International Code Council, Inc.
Reprinted with permission. All rights reserved.

TABLE 21.2 Minimum horizontal separation distances for
treatment tanks. Copyright © 2009 by International Code Council,
Inc. Reprinted with permission. All rights reserved.
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TABLE 21.3 Pump chamber sizes. Copyright © 2009 by
International Code Council, Inc. Reprinted with permission. All
rights reserved.
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TABLE 21.4 Additional capacity for other buildings. Copyright © 2009 by
International Code Council, Inc. Reprinted with permission. All rights reserved.
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TABLE 21.5 Minimum liquid capacity of holding tanks.
Copyright © 2009 by International Code Council, Inc. Reprinted
with permission. All rights reserved.
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CHAPTER 22

MOUND SYSTEMS

Mound systems are a way of dealing with difficult soils. This type of system is
most often used when a conventional system will not work due to a slow perk rate.
You definitely want an experienced professional to design this type of system. As
a contractor, I have been involved with many of these systems. They are the an-
swer to troublesome properties. Due to the complex design issue and the fact that
I am a master plumber and not an engineer, I am basically going to hit the high
points here. 

Did you know it is possible to put a septic system on bedrock? It is. I have an
engineer who I call Magic Mike. He is great at this. With the right engineer, a
mound system can make almost any piece of land that is not floating a suitable
septic site. Try this with a conventional system.

I am going to include some examples of mound requirements, in table form.
The main thing that you need to know about these systems is that they are so spe-
cialized that a professional engineer or designer should be used to develop the de-
sign and installation plan. With this said, I will share the sample tables with you.
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TABLE 22.1 Minimum soil depths for mound system installation.
Copyright © 2009 by International Code Council, Inc. Reprinted
with permission. All rights reserved.
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TABLE 22.2 Design criteria for a mound for a one-bedroom home on a 0- to 6-percent slope with loading rates of 150 gallons per day for
slowly permeable soil. Copyright © 2009 by International Code Council, Inc. Reprinted with permission. All rights reserved.
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TABLE 22.3 Design criteria for a two-bedroom home for a mound on a 0- to 6-percent slope with loading rates of 300 gallons per
day for slowly permeable soil. Copyright © 2009 by International Code Council, Inc. Reprinted with permission. All rights reserved.
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TABLE 22.4 Design criteria for a three-bedroom home for a mound on a 0- to 6-percent
slope with loading rates of 450 gallons per day for slowly permeable soil. Copyright © 2009
by International Code Council, Inc. Reprinted with permission. All rights reserved.
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TABLE 22.5 Design criteria for a four-bedroom home for a mound on a 0- to 6-percent slope with
loading rates of 600 gallons per day for slowly permeable soil. Copyright © 2009 by International
Code Council, Inc. Reprinted with permission. All rights reserved.
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TABLE 22.6 Design criteria for a one-bedroom home for a mound on a 0- to 12-percent slope with
loading rates of 150 gallons per day for shallow permeable soil over creviced bedrock. Copyright ©
2009 by International Code Council, Inc. Reprinted with permission. All rights reserved.



22.8
C

H
A

PT
E

R
 22

TABLE 22.6 Design criteria for a two-bedroom home for a mound on a 0- to 12-percent slope with
loading rates of 300 gallons per day for shallow permeable soil over creviced bedrock. Copyright ©
2009 by International Code Council, Inc. Reprinted with permission. All rights reserved.



CHAPTER 23

USING THE CODE 
IN THE REAL WORLD

Using the code in the real world is a little different from reading and understand-
ing a code book. In theory, the book should hold all the answers and you should
be able to apply them without incurring any unexpected problems. But reality is
not always so simple. Putting the plumbing code to practical use doesn’t have to
be difficult, but it can be.

There are two extremes to applying code requirements on a job. On one side,
you have situations where the code enforcement is lax. Then there are times when
the code enforcement is extremely strict. Most jobs run somewhere between the
two extremes. Whether the job you are working on is lax or strict, you could have
problems dealing with code requirements.

LAX JOBS

There are some plumbers who welcome lax jobs. These plumbers enjoy not hav-
ing their work scrutinized too closely. I guess everyone might enjoy an easy job,
but there are risks to lax jobs. 

In my opinion, professional plumbers should perform professional services,
even if they can get away with less-than-credible work. This should be an ethical
commitment. But there are plumbers who will cut corners in jurisdictions where
they know that they can get away with it. This is not fair to the customer, and it
can put the plumber at risk.

Inspectors provide a form of protection for plumbers and plumbing contrac-
tors. Cutting corners can put you at great risk for a lawsuit. Leaving the finan-
cial side of such a suit out of the picture, try to imagine how you would deal with
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the guilt of personal injury to people as a result of your deviation from the
plumbing code.

How many times have you installed a replacement water heater without a per-
mit? You know that a permit and inspection are required. Many plumbers have
skipped the permit and inspection element of this type of job at one time or an-
other. But they probably never thought of the risk. Let me give you an example of
how such a code violation could cost you more than you might ever imagine.

Let’s say that you install a water heater without the required permit and in-
spection. We will say that you do this to keep the cost down for your customer.
It’s a simple, standard replacement job. What could go wrong? You do the job out-
side the code requirements for a permit and inspection. You test the installation
and all is well. The customer is satisfied and you leave.

Several months after your installation, there is a significant problem with the
water heater that you installed against code requirements. The problem could be a
ruptured pipe that floods the home, an electrical fire, or worse. What do you think
your insurance carrier is going to say when they find out that you did an illegal in-
stallation? It won’t be what you want to hear.

Your liability insurance may not be willing to cover any claim made for work
that you did without following code requirements. If you had done the job by the
book, you would have some foundation for defending yourself. Additionally, you
would have an approved inspection certificate that would validate the fact that you
did the work properly and within code requirements. This could go a long way in
a lawsuit. The small amount of money you save by cheating could come back as
a massive lawsuit that could wipe out your career or your business.

When you work in an area prone to lax inspections, you can be at risk. It is in
your best interest to do all work to code requirements and to have that work in-
spected and approved. How much noise are you going to make if this situation is
not feasible? This is an interesting question that can present you with other prob-
lems. I will give you two examples to consider.

I was working as a consultant with a plumbing company several years ago.
The company was remodeling and doing new installations in a restaurant. When
the company called for a final inspection, the inspector was lazy. He asked if
everything was installed and working properly. It was. The inspector said he
would mail the approval slip for the final inspection to the company. Would you
let a job like this close without a site inspection by a code enforcement officer?
It’s not good. But are you going to complain and get the inspectors in the area
against you? This is the difficult part. You have to make this judgment call.
Personally, I would require a real inspection.

In another case, I responded to the call of a homeowner who was experienc-
ing a bad smell in his new home. I got to the house and found an almost unbeliev-
able situation. The house was new. It was built on a pier foundation. When I pulled
into the driveway, there were two small children splashing around in what ap-
peared to be a puddle. I met with the homeowner and then went to investigate the
problem.
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I walked around the home and the problem was obvious. Some idiot had run
slotted pipe from the toilet to the septic tank. The splashing children were danc-
ing in sewage! To make matters worse, there were wetlands within a few dozen
feet of the open sewage. When I returned to my office, I called the state plumbing
inspector and reported my finding. The response astounded me. I was told that
there was nothing that could be done about the problem since it was on private
property. This just is not right.

STRICT CODE ENFORCEMENT

Strict code enforcement can be a blessing. It helps to take you off the hook if
something goes wrong down the road. On the other hand, it can be a real pain
when you are being ripped apart on a simple job. Again, you have to use common
sense in your response to such situations.

Should an inspector fail your job because you are missing one nail plate?
Technically, yes. In reality, especially if the code officer knows that you are rep-
utable and professional, what would it hurt to pass the job with a notice for you to
install the missing nail plate?

Do plumbing inspectors really have to put a grade level on all the drainage
pipe that you install? Probably not. Can they? Sure they can. Where is the line
drawn? I believe the line is drawn when inspectors abuse their power, but this is
just my personal opinion. Let me give you an example.

I installed an island sink many years ago. The code book at that time had a di-
agram of exactly how the piping system should be configured. As a young master
plumber, I followed the diagram to the letter. The work looked like the drawing in
the code book and I was quite pleased. Then the plumbing inspector arrived and
my feelings changed abruptly.

When the plumbing inspector arrived, he looked under the sink and saw the
piping arrangement. He turned to me and indicated that the work looked like
spaghetti. I was shocked. The inspector started writing a rejection slip for the job.
In the meantime, I went to my truck and got my code book to confront the code
officer with.

As the inspector came out of the house, I approached him with my code book
and tried to show him the diagram. He would not even look at the book. I was very
angry and drove directly to the code enforcement office. When I arrived, I went to
the supervisor’s office with my code book and explained the situation. 

The supervisor reached the inspector in the field and had him meet us back at
the job. The supervisor looked at the work and said it was fine. He approved the
job. I felt great. The first inspector was not happy. It seemed like a victory for me,
but I paid for it over the next year or so. I never experienced so many picky rejec-
tions in my life as I did after that situation.

Should I have kept my mouth shut? Maybe, but I don’t stay quiet well when
I know I am right. Still, my proving that I was right was a costly mistake with
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regard to future jobs. This type of situation has to be weighed when making
business decisions.

SAFETY

The plumbing code exists for a reason. Safety is what the code is focused on, and
this is a valid reason for code regulations. Most plumbers have at one time or an-
other that code regulations are too strict or not needed for certain elements of the
business. While this may be true on occasion, the basic foundation of the code is
a sound one, and it should be observed. There are elements of code regulations that
I feel are too detailed for practical purposes, but I always attempt to comply with
code requirements. 

FEES

The fees charged for permits are often complained about by both contractors and
homeowners. These fees pay for the administration of the code and the protection
of consumers. Indirectly, contractors receive protection from inspections. When
you are feeling taken advantage of due to costly fees charged by a code enforce-
ment office, consider the benefits that our society is receiving. I am not trying to
be a proponent of code fees, but I do believe that people in the trades should look
at the fees in a reasonable fashion.

KNOW YOUR INSPECTORS

To make your life easier, get to know your inspectors. Communication is a major
portion of any good deal. Knowing the inspectors in your area and what they ex-
pect will make jobs run more smoothly. Most inspectors are accessible and help-
ful as long as you don’t approach them with a bad attitude.

LOCAL JURISDICTIONS

Local jurisdictions adopt a code and have the right to amend it for local require-
ments. In simple terms, this can mean that a local code may vary from the base
code that is adopted. For example, a vent terminal in some regions may be re-
quired to extend 12 inches above a roof. In other regions, the same type of vent
may have to extend 24 inches above a roof. The reason is that heavy snow loads
may cover shorter vents. It is a regional change. Even if you know the primary
code by heart, you might have a conflict with a local jurisdiction. A visit with
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your local code officers will clear up such differences before they become a
problem on a job.

COMMON SENSE

Common sense goes a lot way in the installation of plumbing systems. It is not un-
common for a mixture of common sense and code requirements to be used to
achieve a successful installation. Code regulations must be followed, but they are
not always as rigid as they may appear to be. Don’t be afraid to consult with in-
spectors to arrive at a reasonable solution to difficult problems.

In closing, using the code in the real world is largely a matter of proper com-
munication between plumbing contractors and code officers. This is an important
fact to keep in mind. Learn the code and use it properly. If you feel a need to de-
viate from it, talk with a code officer and arrive at a solution that is acceptable to
all parties affected. If you keep a good attitude and don’t scrap the code because
you think you know better, you should do well in your trade.
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I.1

INDEX

A

Aggregate, 19.3
Alluvial deposits
Antiscald precautions, 6.9
Area, 5.10
Aspirators, 12.2

B

Backfilling, 13.4
Backflow prevention, 4.31, 6.11
Backwater valves, 10.13
Bathing units, 4.12
Borings, 17.2
Branches, horizontal, 7.4
Building drains, sizing, 7.2

C

Chimneys, existing masonry, 5.11
Clean outs, 10.1

acceptable, 10.5

Clinical sinks, 4.28
Code enforcement, 3.6, 3.21
Code officer, 3.9
Codes, plumbing, 2.9
Collection reservoirs, 13.1
Collection systems, 13.2
Colluvial deposits, 17.3
Combination-waste-and-vent

systems, 9.19
Combustible installations, 3.16
Commercial fixture applications,

4.25
Condensate disposal, 3.18
Conditions, existing, 3.1
Connections, 5.3, 18.2

pipe, 3.17
Connectors, 5.12

vent, 5.7
Construction, 19.2
Corrosion, 3.14
Customer facilities, 4.6



Cutoffs, 6.10

D

Day-care facilities, 4.3
Developed length, 9.6
Direction, change of, 7.12
Distribution piping, 13.6, 19.3
Draft hoods, 5.10
Draft systems, mechanical, 5.12
Drain power, 9.2
Drains, roof, 11.3
Drinking units, 4.14
DWV system, 3.20

E

Employee facilities, 4.6
Enforcement, 2.4

code, 3.6, 3.21
Excavation, 19.2
Existing conditions, 2.1
Existing plumbing, 2.1
Existing structures, 2.3
Exterior wall, penetrating an, 3.14

F

Faucets
lavatory, 4.12
sink, 4.12

Firestop protection, 3.15
Fittings, 7.11
Fixture installations, 4.17
Fixture-unit method, 6.26
Fixtures

commercial, 4.25
handicap, 4.7, 4.10
healthcare, 4.27
required, 4.1
sealing, 4.16

securing, 4.16
special, 4.27
standard, 4.14

Flood protection, 3.12
Freezing, 3.14

G

Ground water, 17.3
Gutters, 11.2

H

Handicap fixtures, 4.7, 4.10
Handicap toilet facilities, 4.8
Health, 3.10
Healthcare fixtures, 4.27
Holding tanks, 21.3
Horizontal branches, 7.4

I

Inlets, 21.1
Inspection opening, 21.2
Inspection process, 3.17
Inspections, plumbing, 3.7
Inspectors, 3.8
Installations, 3.16, 6.16, 7.6, 9.12

fixture, 4.17, 4.18
hot-water, 6.16
water heater, 5.2

Irrigation systems, 13.3

J

Joints, 7.6, 18.2

L

Lavatories, 4.11

M

Maintenance, 21.3
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Manholes, 10.6, 18.2, 21.2
Materials, 2.3
Mechanical draft systems, 5.12
Medical gases, 12.2 
Multi-family buildings, 4.2

N

Nightclubs, 4.2
Noncombustible installations, 3.16

O

Observation pipes, 19.3
Offsets, horizontal piping, 7.11
Outlets, 21.1

P

Penetrations, 3.14
Perk tests, 17.3
Permits, plumbing, 2.6, 3.4
Pipe connections, 3.17
Pipe protection, 3.11
Pipe size, minimum, 6.28
Plumbing codes, 2.9
Plumbing, existing, 2.1
Plumbing inspections, 3.7
Plumbing inspectors, 3.8
Plumbing permits, 2.6, 3.4
Plumbing vents, 9.3
Pressure distribution systems,

19.4
Pressure-reducing valves, 6.3
Pressurized water tanks, 6.5
Protection

firestop, 3.15
flood, 3.12
pipe, 3.11

Pumps, sump, 11.4
Purging a system, 6.19

R

Rain leaders, 11.2
Repairs, small, 2.2
Required fixtures, 4.1
Residential fixture installation, 4.18
Restaurants, 4.2
Roof drains, 11.3

S

Safety, 3.10
Safety requirements, 5.4
Seepage beds, 13.4, 19.1
Seepage pits, 19.2
Seepage trenches, 19.1
Seismic zones, 3.15
Sewer gas, 9.1
Sewers, sizing, 7.2
Single-family residence, 4.1
Sinks, 4.11
Sizing, 6.23, 11.1, 21.3
Sizing building drains, 7.2
Sizing example, 7.3
Sizing sewers, 7.2
Sizing stacks, 7.4
Soil appearance, 17.3
Soil maps, 17.5
Special fixtures, 4.27
Special wastes, 8.5
Stack sizing, 7.4
Stack vent, 9.7
Standard fixtures, 4.14
Standpipe height, 10.11
Sterilizers, 4.28, 12.2
Storm drainage, 11.1

sizing, 11.1
Storm-water piping, 11.3
Structures, existing, 2.3
Sump pumps, 11.4
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Supplies, 6.3
Support, 5.8, 6.6, 7.7, 9.17

T

Tailpiece length, 10.10
Tanks, 6.4, 18.1

fiberglass, 18.2
holding, 21.3
steel, 18.2

Temperature and pressure-relief
valves, 5.4

Termination, 5.9
Testing, 3.20
Toilets, 4.11
Trap installation, 10.11
Trap seals, 9.1
Trap sizes, 10.10
Traps, 10.7, 10.11

crown-vented, 10.9
grease, 10.11
house, 10.9
P, 10.7
S, 10.8

V

Vacuum fluid-suction systems,
4.29

Valve regulations, 6.9
Valves

backwater, 10.13
pressure-reducing, 6.3
T&P, 5.4

Variations, 11.5
Vent connectors, 5.7

Ventilating hoods, 5.13
Venting multiple appliances,

5.10
Venting water heaters, 5.6
Vent installation, 9.12
Vent offsets, 5.8
Vent stacks, 9.7
Vent systems, supporting, 5.8
Vents

branch, 9.6
circuit, 9.5
common, 9.7
crown, 9.10
individual, 9.4
island, 9.8
plumbing, 9.3
relief, 9.5
special, 4.29
stack, 9.7
sump, 9.11
wet, 9.8

W

Water conservation, 6.8
Water, ground, 17.3
Water hammer, 6.4
Water heater installations, 5.2
Water heater venting, 5.6
Water heaters, 6.18
Water main, 6.1
Water supplies, 6.25
Water supply, 4.30
Water tanks, pressurized, 6.5
Wells, 6.20
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