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“Technology has made large populations possible;  
large populations now make technology indispensable.”

Joseph Wood Krutch, Author, 1932

Introduction
The French are considered the first to use an under-
ground septic tank system in the 1870s. By the mid 
1880s, two-chamber, automatic siphoning septic tank sys-
tems, similar to those used today, were being installed in 
the United States. Even now, more than a century later, 
septic tank systems represent a major household wastewa-
ter treatment option. Fully one-fourth to one-third of the 
homes in the United States use such a system [1]. 

On-site sewage disposal systems are used in rural areas 
where houses are spaced so far apart that a sewer system 
would be too expensive to install, or in areas around cities 
where the city government has not yet provided sewers to 
which the homes can connect. In these areas, people 
install their own private sewage treatment plants. As pop-
ulations continue to expand beyond the reach of munici-
pal sewer systems, more families are relying on individual 
on-site wastewater treatment systems and private water 
supplies. The close proximity of on-site water and waste-
water systems in subdivisions and other developed areas, 
reliance on marginal or poor soils for on-site wastewater 
disposal, and a general lack of understanding by home-
owners about proper septic tank system maintenance pose 
a significant threat to public health. The expertise on 
inspecting, maintaining, and installing these systems gen-
erally rests with the environmental health staff of the 
local county or city health departments. 

These private disposal systems are typically called septic 
tank systems. A septic tank is a sewage holding device 
made of concrete, steel, fiberglass, polyethylene, or other 
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Figure 10.1. Conventional On-site Septic System [2] 
Effluent leaves home through a pipe, enters a septic tank, travels through a 
distribution box to a trench absorption system composed of perforated pipe.

approved material cistern, buried in a yard, which may 
hold 1,000 gallons or more of wastewater. Wastewater 
flows from the home into the tank at one end and leaves 
the tank at the other (Figure 10.1) [2]. 

Proper maintenance of septic tanks is a public health 
necessity. Enteric diseases such as cryptospordiosis, giardi-
asis, salmonellosis, hepatitis A, and shigellosis may be 
transmitted through human excrement. Historically, 
major epidemics of cholera and typhoid fever were pri-
marily caused by improper disposal of wastewater. The 
earliest epidemiology lesson learned was through the 
effort of Dr. John Snow of England (1813–1858) during 
a devastating cholera epidemic in London [3]. Dr. Snow, 
known as the father of field epidemiology, discovered that 
the city's water supply was being contaminated by 
improper disposal of human waste. He published a brief 
pamphlet, On the Mode of Communication of Cholera, 
suggesting that cholera is a contagious disease caused by a 
poison that reproduces in the human body and is found 
in the vomitus and stools of cholera patients. He believed 
that the main, although not only, means of transmission 
was water contaminated with this poison. This differed 
from the commonly accepted belief at the time that dis-
eases were transmitted by inhaling vapors.

Treatment of Human Waste
Safe, sanitary, nuisance-free disposal of wastewater is a 
public health priority in all population groups, small and 
large, rural or urban. Wastewater should be disposed of in 
a manner that ensures that

 • community or private drinking water supplies are not 
threatened;

 • direct human exposure is not possible;

 • waste is inaccessible to vectors, insects, rodents, or 
other possible carriers;

 • all environmental laws and regulations are complied 
with; and

 • odor or aesthetic nuisances are not created.

In Figure 10.2, a straight pipe from a nearby home 
discharges untreated sewage that flows from a shallow 
drainage ditch to a roadside mountain creek in which 
many children and some adults wade and fish. The clear 
water (Figure 10.3) is quite deceptive in terms of the 
health hazard presented. A 4-mile walk along the creek 
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revealed 12 additional pipes that were also releasing 
untreated sewage. Some people in the area reportedly 
regard this creek as a source of drinking water.

Raw or untreated domestic wastewater (sewage) is 
primarily water, containing only 0.1% of impurities that 
must be treated and removed. Domestic wastewater 
contains biodegradable organic materials and, very likely, 
pathogens. The primary purpose of wastewater treatment 
is to remove impurities and release the treated effluent 
into the ground or a stream. There are various processes 
for accomplishing this:

Figure 10.2. Straight Pipe Discharge
Source: Donald Johnson; used with permission.

Figure 10.3. Clear Creek Water Contaminated With Sewage
Source: Donald Johnson; used with permission.

John Snow, a London physician, was among the first to 
use anesthesia. It is his work in epidemiology, however, 
that earned him his reputation as a prototype for epidemi-
ologists. Dr. Snow’s brief 1849 pamphlet, On the Mode of 
Communication of Cholera, caused no great stir, and his 
theory that the city’s water supply was contaminated was 
only one of many proposed during the epidemic. 

Snow, however, was able to prove his theory in 1854, when 
another severe epidemic of cholera occurred in London. 
Through painstaking documentation of cholera cases and 
correlation of the comparative incidence of cholera among 
subscribers to the city’s two water companies, he showed 
that cholera occurred much more frequently in customers 
of one water company. This company drew its water from 
the lower Thames, which become contaminated with 
London sewage, whereas the other company obtained 
water from the upper Thames. Snow’s evidence soon 
gained many converts. 

A striking incident during this epidemic has become leg-
endary. In one neighborhood, the intersection of 
Cambridge Street and Broad Street, the concentration of 
cholera cases was so great that the number of deaths 
reached over 500 in 10 days. Snow investigated the situa-
tion and concluded that the cases were clustered around 
the Broad Street pump. He advised an incredulous but 
panicked assembly of officials to have the pump handle re-
moved, and when this was done, the epidemic was con-
tained. Snow was a skilled practitioner as well as an epide-
miologist, and his creative use of the scientific information 
of his time is an appropriate example for those interested 
in disease prevention and control [3].

Epidemiology

 • Centralized treatment— Publicly owned treatment 
works (POTWs) that use primary (physical) treatment 
and secondary (biologic) treatment on a large scale to 
treat flows of up to millions of gallons or liters per day,

 • Treatment on-site— Septic tanks and absorption fields 
or variations thereof, and

 • Stabilization ponds (lagoons)— Centralized 
treatment for populations of 10,000 or less when soil 
conditions are marginal and land space is ample. 

Not included are pit privies and compost toilets. 
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Historically, wastewater disposal systems are categorized 
as water-carrying and nonwater-carrying. Nonwater-
carried human fecal waste can be contained and decom-
posed on-site, the primary examples being a pit privy or 
compost toilet. These systems are not practical for indi-
vidual residences because they are inconvenient and they 
expose users to inclement weather, biting insects, and 
odors. Because of the depth of the disposal pit for privies, 
they may introduce waste directly into groundwater. It 
should be noted that these types of systems are often used 
and may be acceptable in low-water-use conditions such 
as small campsites or along nature trails [4–6].

On-site Wastewater Treatment Systems
As urban sprawl continues and the population increases 
in rural areas, the cost of building additional sewage dis-
posal systems increases. One of the prime reasons for 
annexation is to increase the tax base without increasing 
the cost of municipal government. The governments 
involved often buy into short-term tax gains at massive 
long-term costs for eventual infrastructure improvements 
to annexed communities. Installing septic tank systems is 
common to provide on-site disposal systems, but it is a 
temporary solution at best. Because property size must be 
sufficient to allow space for septic system replacement, 
the cost to the municipality installing a centralized sewer 
system will be dramatically increased because of the large 
lot size.

Two microbiologic processes occur in all methods that 
attempt to decompose domestic wastewater: anaerobic 
(by bacteria that do not require oxygen) and aerobic (by 
bacteria that require oxygen) decomposition. Aerobic 
decomposition is generally preferred because aerobic bac-
teria decompose organic matter (sewage) at a rate much 
faster than do anaerobic bacteria and odors are less likely. 
Centralized wastewater treatment facilities use aerobic 
processes, as do most types of lagoons. Septic tank sys-
tems use both processes. 

Septic Tank Systems
Approximately 21% of American homes are served by on-
site sewage disposal systems. Of these, 95% are septic 
tank field systems. Septic tank systems are used as a 
means of on-site wastewater treatment in many homes, 
both in rural and urban areas, in the United States. If 
maintained and operated within acceptable parameters, 
they are capable of properly treating wastewater for a lim-
ited number of years and will need both routine mainte-
nance and eventually major repairs. Proper placement and 
installation is a key to the successful operation of any on-

Figure 10.4. Septic Tank System [7]

site wastewater treatment system, but septic tank systems 
have a finite life expectancy and all such systems will 
eventually fail and need to be replaced. Figure 10.4 shows 
a typical rural home with a well and a septic system. 

Septic tank systems generally are composed of the septic 
tank, distribution box, absorption field (also known as 
the soil drain field), and leach field. The septic tank 
serves three purposes: sedimentation of solids in the 
wastewater, storage of solids, and anaerobic breakdown of 
organic materials.

To place the septic tank and absorption field in a way 
that will not contaminate water wells, groundwater, or 
streams, the system should be 10 feet from the house and 
other structures, at least 5 feet from property lines, 50 
feet from water wells, and 25 feet from streams. The 
entire system area should be easily identifiable. There 
have been occasions when owners have paved or built 
over the area. The local health code authorities must be 
consulted on required distances in their area because of 
soil and groundwater issues. 

Aerobic, or aerated, septic systems use a suspended 
growth wastewater treatment process, and can remove 
suspended solids that are not removed by simple sedi-
mentation. Under appropriate conditions, aerobic units 
may also provide for nitrification of ammonia, as well as 
significant pathogen reduction. Some type of primary 
treatment usually precedes the aerated tank. The tanks 
contain an aeration chamber, with either mechanical aera-
tors or blowers, or air diffusers, and an area for final clari-
fication/settling. Aerobic units may be designed as either 
continuous flow or batch flow systems. The continuous 
flow type are the most commercially available units. 
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Effluent from the aerated tank is conveyed either by grav-
ity flow or pumping to either further treatment/ pretreat-
ment processes or to final treatment and disposal in a 
subsurface soil disposal system. Various types of pretreat-
ment may be used ahead of the aerobic units, including 
septic tanks and trash traps. 

The batch flow system collects and treats wastewater over 
a period of time, then discharges the settled effluent at 
the end of the cycle [8]. 

Aerobic units may be used by individual or clustered resi-
dences and establishments for treating wastewater before 
either further treatment/pretreatment or final on-site sub-
surface treatment and disposal. These units are particu-
larly applicable where enhanced pretreatment is 
important, and where there is limited availability of land 
suitable for final on-site disposal of wastewater effluent. 
Because of their need for routine maintenance to ensure 
proper operation and performance, aerobic units may be 
well-suited for multiple-home or commercial applica-
tions, where economies of scale tend to reduce mainte-
nance and/or repair costs per user. The lower organic and 
suspended solids content of the effluent may allow a 
reduction of land area requirements for subsurface dis-
posal systems. 

A properly functioning septic tank will remove approxi-
mately 75% of the suspended solids, oil, and grease from 
effluent. Because the detention time in the tank is 24 
hours or less, there is not a major kill of pathogenic bac-
teria. The bacteria will be removed in the absorption field 
(drain field). However, there are soils and soil conditions 
that prohibit the ability of a drain field to absorb effluent 
from the septic tank. 

Septic tanks are sized to retain the total volume of sewage 
produced by a household in a 24-hour period. Normally 
a 1,000-gallon tank is the minimum size to use. State or 
local codes generally require larger tanks as the potential 
occupancy of the home increases (e.g., 1,250 gallons for 
four bedrooms) and may require two tanks in succession 
when inadequate soils require alternative system installa-
tion. Figure 10.5 shows a typical septic tank.

Distribution boxes are not required by most on-site 
plumbing codes or by the U.S. Environmental Protection 
Agency. When used, distribution boxes provide a conve-
nient inspection port. In addition, if a split system 
absorption field is installed (two separate absorption 
trench systems), the distribution box is a convenient place 
to install a diversion valve for annually alternating absorp-
tion fields. 

Figure 10.5. Septic Tank [9]

Absorption Field Site Evaluation
The absorption field has a variety of names, including 
leach field, tile field, drain field, disposal field, and nitrifi-
cation field. The effluent from the septic tank is directed 
to the absorption field for final treatment. The suitability 
of the soil, along with other factors noted below, deter-
mines the best way to properly treat and dispose of the 
wastewater.

Most, but unfortunately not all, states require areas not 
served by publicly owned sewers to be preapproved for 
on-site wastewater disposal before home construction 
through a permitting process. This process typically 
requires a site evaluation by a local environmental health 
specialist, soil scientist, or, in some cases, a private con-
tractor. To assist in the site evaluation process, soil survey 
maps from the local soil conservation service office may 
be used to provide general information about soils in the 
area. 

The form shown in Figure 10.6 is typical of those used in 
conducting a soil evaluation.

Sites for on-site wastewater disposal are first evaluated for 
use with a conventional septic tank system. Evaluation 
factors include site topography, landscape position, soil 
texture, soil structure, internal drainage, depth to rock or 
other restrictive horizons, and useable area. If the criteria 
are met, a permit is issued to allow the installation of a 
conventional septic tank system. Areas that do not meet 
the criteria for a conventional system may meet less-
restrictive criteria for an alternative type of system. 

Many sites are unsuitable for any type of on-site wastewa-
ter disposal system because of severe topographic limita-
tions, poor soils, or other evaluation criteria. Such sites 
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should not be used for on-site wastewater disposal 
because of the high likelihood of system failure.

Some states and localities may require a percolation test 
as part of the site evaluation process. As a primary 
evaluation method, percolation tests are a poor indicator 
of the ability of a soil to treat and move wastewater 
throughout the year. However, information obtained by 
percolation tests may be useful when used in conjunction 
with a comprehensive soil analysis.

Absorption Field Trench
A conventional absorption field trench (Figure 10.7), also 
known as a rock lateral system, is the most common 
system used on level land or land with moderate slopes 
with adequate soil depth above the water table or other 
restrictive horizons. The effluent from the septic tank 
flows through solid piping to a distribution box or, in many 
cases, straight to an absorption field. With the conventional 
system and most alternative systems, the effluent flows 
through perforated pipes into gravel-filled trenches and 
subsequently seeps through the gravel into the soil.

The local regulatory agency should be consulted about 
the acceptable depth of the absorption field trench. Some 
states require as much as 4 feet of separation beneath the 
bottom of the trench and the groundwater. The depth of 
absorption field trenches should be at least 18 inches, and 
ideally no deeper than 24 inches. The absorption field 
pipe should be laid flat with no slope. There should be a 

Figure 10.6. On-site Sewage Disposal System Site Evaluation Form

Figure 10.7. Cross-section of an Absorption Field [10]

minimum of 12 to 18 inches of acceptable soil below the 
bottom of the trench to any bedrock, water table, or 
restrictive horizon. The length of the trench should not 
exceed 100 feet for systems using a distribution box. 
Serpentine systems may be several hundred feet long and 
should be filled with crushed or fragmented clean rock or 
gravel in the bottom 6 inches of the trench. Perforated 
4-inch-diameter pipe is laid on top of the gravel then 
covered with an additional 2 inches of rock and leveled for 
a total of 12 inches. A geotextile material or a biodegradable 
material such as straw should be placed over the gravel 
before backfilling the trench to prevent soil from clogging 
the spaces between the rocks. 

One or more monitoring ports should be installed in the 
absorption area extending to the bottom of the gravel to 
allow measurement of the actual liquid depth in the 
gravel. This is essential for subsequent testing of the 
adequacy of the system.
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As a general rule, using longer and narrower trenches to 
meet square footage requirements produces a better work-
ing and longer lasting ground absorption sewage disposal 
system. Studies have shown that as septic systems age, the 
majority of effluent absorption by the soil is provided by 
lateral movement through the trench sidewalls. Longer 
and narrower trenches (such as 400 feet long by 2 feet 
wide instead of 200 feet by 4 feet to obtain 800 square 
feet) greatly increase the sidewall area of the system for 
lateral movement of wastewater. 

Alternative Septic Tank Systems 
As the cost of land for home building increases and the 
availability of land decreases, land that was once consid-
ered unsuitable is being developed. This land often has 
poor soil and drainage properties. Such sites require a 
considerable amount of engineering skill to design an 
acceptable wastewater disposal system. In many cases, 
sites are not acceptable for seepage systems within a rea-
sonable cost. These systems are primarily regulated by 
state and local government and, before use, approval must 
be obtained from the appropriate regulatory agencies. 
Even if a site is approved in one state or county jurisdic-
tion, a similar site may not be approved in another.

The primary difficulty with septic tank systems is treating 
effluent in slowly permeable or marginal soils. Low-water-
use devices, when installed, may make it possible to use a 
small percentage of septic tank systems in marginal soil. 
However, low-water-use devices are usually required as 
part of a larger effort to develop a usable alternative sew-
age disposal system. Alternative sewage disposal methods 
that can be used if regular subsurface disposal is not 
appropriate are numerous [11]. Some of the more com-
mon alternative systems are described below.

Advantages Disadvantages
May be used in areas with high groundwater, bedrock,  
or restrictive clay soil near the surface 

Must be installed on relatively level lots 

Space efficient compared to conventional rock  
lateral systems

Periodic flushing of the distribution network is required

Allows home building in areas unsuitable for below  
grade systems

System may be expensive

Water softener wastes, common household chemicals,  
and detergents are not harmful to this system

System may be difficult to design

Regular inspection of the pumps and controls necessary to 
maintain the system in proper working condition

Table 10.1. Mound System Advantages and Disadvantages

Mound Systems
A mound system (Table 10.1) is elevated above the natu-
ral soil surface to achieve the desired vertical separation 
from a water table or impervious material. The elevation 
is accomplished by placing sand fill material on top of the 
best native soil stratum. At least 1 foot of naturally occur-
ring soil is necessary for a mound system to function 
properly. Minimizing water usage in the home also is crit-
ical to prevent effluent from weeping through the sides of 
the mound (Figure 10.8).

When a mound system is constructed, the septic tank 
usually receives wastewater from the house by gravity 
flow. A lift station is located in the second compartment 
or in a separate tank to pump the effluent up to the dis-
tribution piping in the mound. Floats in the lift station 
control the size of the pumped effluent dose. An alarm 
should be installed to alert the homeowner of pump fail-
ure so that repairs can be made before the pump tank 
overfills.

Low-Pressure Pipe Systems
Low-pressure pipe (LPP) systems may also be used where 
the soil profile is shallow. These systems are similar to 
mounds except that they use naturally occurring soil as it 
exists on-site instead of elevating the disposal field with 
soil fill material. LPP systems are installed with a trench-
ing machine at depths of 12 to 18 inches. The LPP sys-
tem consists of a septic tank, high-water alarm, pumping 
tank, supply line, manifold, lateral line, and submersible 
effluent pump (Figure 10.9).

When septic tank effluent rises to the level of the pump 
control in the pumping tank, the pump turns on, and 
effluent moves through the supply line and distribution 
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laterals. The laterals contain small holes and are typically 
placed 3 to 8 feet apart. From the trenches, the effluent 
moves into the soil where it is treated. The pump turns 
off when the effluent falls to the lower control. Dosing 
takes place one to two times daily, depending on the 
amount of effluent generated. Pump malfunctions set off 
an alarm to alert the homeowner. The time between doses 
allows the effluent to be absorbed into the soil and also 
allows oxygen to reenter the soil to break down solids that 
may be left behind. If the pump malfunctions, an alarm 
notifies the homeowner to contact a qualified septic sys-
tem contractor. The pump must be repaired or replaced 
quickly to prevent the pump tank from overflowing. 
Table 10.2 shows the advantages and disadvantages of 
LPP systems.

Figure 10.9. Low Pressure On-site System [12]

Advantages Disadvantages
Space requirements are nearly half those of a conventional 
septic tank system

Some low-pressure pipe systems may gradually accumulate 
solids at the dead-ends of the lateral lines; therefore, 
maintenance is required

Can be installed on irregular lot shapes and sizes Electric components are necessary

Can be installed at shallower depths and requires less top-
soil cover

Design and installation may be difficult; installers with 
experience with such systems should be sought

Provides alternating dosing and resting cycles

Installation sites are left in their natural condition

Table 10.2. Low-pressure Pipe Systems Advantages and Disadvantages

Figure 10.8. Mound System Cutaway [3]

Plant-rock Filter Systems (Constructed Wetlands)
Considered experimental in some states, plant-rock filter 
systems are being used with great success in Kentucky, 
Louisiana, and Michigan. Plant-rock filters generally con-
sist of a septic tank (two-compartment), a rock filter, and 
a small overflow lateral (absorption) field. Overflow from 
the septic tank is directed into the rock filter. The rock 
filter is a long narrow trench (3 to 5 feet wide and 60 to 
100 feet long) lined with leak-proof polyvinyl chloride or 
butylplastic to which rock is added. A 2- to 4-inch-diam-
eter rock is used below the effluent flow line and larger 
rock above (Figure 10.10). 

Plant-rock filter systems are typically sized to allow 1.3 
cubic feet of rock area per gallon of total daily waste flow. 
A typical size for a three-bedroom house would be 468 
square feet of interior area. Various width-to-length ratios 
within the parameters listed above could be used to 
obtain the necessary square footage. The trenches can 
even be designed in an “L” shape to accommodate small 
building lots.

Treatment begins in the septic tank. The partially treated 
wastewater enters the lined plant-rock filter cell through 
solid piping, where it is distributed across the cell. The 
plants within the system introduce oxygen into the waste-
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water through their roots. As the wastewater becomes 
oxygenated, beneficial microorganisms and fungi thrive 
on and around the roots, which leads to digestion of 
organic matter. In addition, large amounts of water are 
lost through evapotranspiration. The kinds of plants most 
widely used in these systems include cattails, bulrush, 
water lilies, many varieties of iris, and nutgrass. Winter 
temperatures have little effect because the roots are doing 
the work in these systems, and they stay alive during the 
winter months. Discharge from wetlands systems may 
require disinfection. The advantages and disadvantages of 
the plant-rock filter system are shown in Table 10.3. 

Maintaining On-site Wastewater  
Treatment Systems
Do’s and don’ts inside the house:

 • Do conserve water. Putting too much water into the 
septic system can eventually lead to system failure. 

Figure 10.10. Plant-rock Filter system [12]

Advantages Disadvantages
Approximately one-third the size of conventional septic 
tank absorption field systems 

May be slightly more costly to install
Disinfection required for effluent discharge

Can be placed on irregular or segmented lots May not find installers knowledgeable about the system

May be placed in areas with shallow water tables, high 
bedrock, or restrictive horizons

Life span of the system is unknown because of its relative 
newness

Relatively low maintenance Perception of being unsightly to some

Table 10.3. Plant-rock Filter System Advantages and Disadvantages 

(Typical water use is about 60 gallons per day for 
each person in the family.) The standard drain field is 
designed for a capacity of 120 gallons per bedroom. 
If near capacity, systems may not work. Water 
conservation will extend the life of the system and 
reduce the chances of system failure. 

 • Do fix dripping faucets and leaking toilets.

 • Do avoid long showers.

 • Do use washing machines and dishwashers only for 
full loads.

 • Do not allow the water to run continually when 
brushing teeth or while shaving.

 • Do avoid disposing of the following items down the 
sink drains or toilets: chemicals, sanitary napkins, 
tissues, cigarette butts, grease, cooking oil, pesticides, 
kitty litter, coffee grounds, disposable diapers, 
stockings, or nylons.

 • Do not install garbage disposals. 

 • Do not use septic tank additives or cleaners. They are 
unnecessary and some of the chemicals can 
contaminate the groundwater. 

Do’s and don’ts for outside maintenance:

 • Do maintain adequate vegetative cover over the 
absorption field. 

 • Do not allow surface waters to flow over the tank 
and drain field areas. (Diversion ditches or subsurface 
tiles may be used to direct water away from system.) 

 • Do not allow heavy equipment, trucks, or 
automobiles to drive across any part of the system. 

 • Do not dig into the absorption field or build 
additions near the septic system or the repair area. 
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 • Do make sure a concrete riser (or manhole) is 
installed over the tank if not within 6 inches of the 
surface, providing easy access for measuring and 
pumping solids. (Note: All tanks should have two 
manholes, one positioned over the inlet device and 
one over the outlet device.) 

There is no need to add any commercial substance to 
“start” or clean a tank to keep it operating properly. They 
may actually hinder the natural bacterial action that takes 
place inside a septic tank. The fecal material, cereal grain, 
salt, baking soda, vegetable oil, detergents, and vitamin 
supplements that routinely make their way from the 
house to the tank are far superior to any additive.

Symptoms of Septic System Problems
These symptoms can mean you have a serious septic sys-
tem problem: 

 • Sewage backup in drains or toilets (often a black liquid 
with a disagreeable odor). 

 • Slow flushing of toilets. Many of the drains will drain 
much slower than usual, despite the use of plungers or 
drain-cleaning products. This also can be the result of 
a clogged plumbing vent or a nonvented fixture.

 • Surface flow of wastewater. Sometimes liquid seeps 
along the surface of the ground near your septic 
system. It may or may not have much of an odor and 
will range from very clear to black in color.

 • Lush green grass over the absorption field, even during 
dry weather. Often, this indicates that an excessive 
amount of liquid from the system is moving up 
through the soil, instead of down, as it should. 
Although some upward movement of liquid from the 
absorption field is good, too much could indicate 
major problems. 

 • The presence of nitrates or bacteria in the drinking 
water well indicates that liquid from the system may 
be flowing into the well through the ground or over 
the surface. Water tests available from the local health 
department will indicate whether this is a problem. 

 • Buildup of aquatic weeds or algae in lakes or ponds 
adjacent to your home. This may indicate that 
nutrient-rich septic system waste is leaching into the 
surface water, which may lead to both inconvenience 
and possible health problems. 

 • Unpleasant odors around the house. Often, an 
improperly vented plumbing system or a failing septic 
system causes a buildup of disagreeable odors. 

Table 10.4 is a guide to troubleshooting septic tank 
problems.

Septic Tank Inspection
The first priority in the inspection process is the safety of 
the homeowner, neighbors, workers, and anyone else for 
which the process could create a hazard. 

 • Do not enter septic tanks or cesspools.

 • Do not work alone on these tanks.

 • Do not bend or lean over septic tanks or cesspools.

 • Note and take appropriate action regarding unsafe 
tank covers.

 • Note unsanitary conditions or maintenance needs 
(sewage backups, odor, seepage).

 • Do not bring sewage-contaminated clothing into the 
home.

 • Have current tetanus inoculations if working in septic 
tank inspection.

Methane and hydrogen sulfide gases are produced in a 
septic tank. They are both toxic and explosive. Hydrogen 
sulfide gas is quite deceptive. It can have a very strong 
odor one moment, but after exposure, the odor may not 
be noticed.

Inspection Process
As sewage enters a septic tank, the rate of flow is reduced 
and heavy solids settle, forming sludge. Grease and other 
light solids rise to the surface, forming a scum. The 
sludge and scum (Figure 10.11) are retained and break 
down while the clarified effluent (liquid) is discharged to 
the absorption field.

Sludge eventually accumulates in the bottom of all septic 
tanks. The buildup is slower in warm climates than in 
colder climates. The only way to determine the sludge 
depth is to measure the sludge with a probe inserted through 
an inspection port in the tank’s lid. Do not put this job off until 
the tank fills and the toilet overflows. If this happens, damage 
to the absorption field could occur and be expensive to repair. 

Scum Measurement
The floating scum thickness can be measured with a 
probe. The scum thickness and the vertical distance from 
the bottom of the scum to the bottom of the inlet can 
also be measured. If the bottom of the scum gets within 3 
inches of the outlet, scum and grease can enter the 
absorption field. If grease gets into the absorption field, 
percolation is impaired and the field can fail. If the scum 
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Problem Possible Cause(s) Remedies
Wastewater backs up into the building 
or plumbing fixtures sluggish or do 
not drain well.

Excess water entering the septic tank 
system, plumbing installed improperly, 
roots clogging the system, plumbing 
lines blocked, pump failure, absorption 
field damaged or crushed by vehicular 
traffic.

Fix leaks, stop using garbage disposal, 
clean septic tank and inspect pumps, 
replace broken pipes, seal pipe con-
nections, avoid planting willow trees 
close to system lines. Do not allow 
vehicles to drive over or park over 
lines. Contact local health department 
for guidance.

Wastewater surfaces in the yard. Excess water entering the septic tank 
system, system blockage, improper 
system elevations, undersized soil 
treatment system, pump failure, 
absorption field damaged or crushed 
by vehicular traffic.

Fix leaks, clean septic tank and check 
pumps, make sure distribu tion box is 
free of debris and functioning prop-
erly, fence off area until problem is 
fixed, call in experts. Contact local 
health department for guidance.

Sewage odors indoors. Sewage surfacing in yard, improper 
plumbing, sewage backing up in the 
building, trap under sink dried out, 
roof vent pipe frozen shut.

Repair plumbing, clean septic tank 
and check pumps, replace water in 
drain pipes, thaw vent pipe. Contact 
local health department for guidance.

Sewage odors outdoors. Source other than owner’s system, 
sewage surfacing in yard, manhole or 
inspection pipes damaged or partially 
removed, downdraft from vent pipes 
on roof.

Clean tank and check pumps, replace 
damaged inspection port covers, 
replace or repair absorption field. 
Contact local health department for 
guidance.

Contaminated drinking water or sur-
face water.

System too close to a well, water 
table, or fractured bedrock; cesspool 
or dry well being used; improper well 
construction; broken water supply or 
wastewater lines. Improperly located 
wells must be sealed in strict accor-
dance with state and local codes.

Abandon well and locate a new one far 
and upslope from the septic system, 
fix all broken lines, stop using cess-
pool or drywell. Contact local health 
department for guidance.

Distribution pipes and soil treatment 
system freeze in winter.

Improper construction, check valve in 
lift station not working, heavy equip-
ment traffic compacting soil in area, 
low flow rate, lack of use.

Examine check valve, keep heavy 
equipment such as cars off area, 
increase water usage, have friend run 
water while away on vaca tion, operate 
septic tank as a holding tank, do not 
use anti freeze. Contact local health 
department for guidance.

Table 10.4. Septic Tank System Troubleshooting 

Figure 10.11. Sludge and Scum in Multicompartment Septic Tank [13]

is near the bottom of the tee, the 
septic tank needs to be cleaned 
out. The scum thickness can best 
be measured through the large 
inspection port. Scum should 
never be closer than 3 inches to 
the bottom of the baffle. The scum 
thickness is observed by breaking 
through it with a probe, usually a 
pole.
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Sludge Measurement
To measure sludge, make a sludge-measuring stick using a 
long pole with at least 3 feet of white cloth (e.g., an old 
towel) on the end. Lower the measuring stick into the 
tank, behind the outlet baffle to avoid scum particles, 
until it touches the tank bottom. It is best to pump each 
tank every 2 to 3 years. Annual checking of sludge level is 
recommended. The sludge level must never be allowed to 
rise within 6 inches of the bottom of the outlet baffle. In 
two-compartment tanks, be sure to check both compart-
ments. When a septic tank is pumped, there is no need to 
deliberately leave any residual solids. Enough will remain 
after pumping to restart the biologic processes. 
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'“To electrize plus or minus, no more needs to be known 
than this, that the parts of the tube or sphere that are 
rubbed, do, in the instant of the friction, attract the electrical 
fire, and therefore take it from the thing rubbing; the same 
parts immediately, as the friction upon them ceases, are 
disposed to give the fire they have received to any body.”

Benjamin Franklin  
Franklin’s Discovery of the Positive  
and Negative States of Electricity, 1747

Introduction
Two basic codes concerned with residential wiring are 
important to the housing inspector. The first is the local 
electrical code. The purpose of this code is to safeguard 
persons as well as buildings and their contents from haz-
ards arising from the use of electricity for light, heat, and 
power. The electrical code contains basic minimum provi-
sions considered necessary for safety. Compliance with 
this code and proper maintenance will result in an instal-
lation essentially free from hazards, but not necessarily 
efficient, convenient, or adequate for good service or 
future expansion.

Most local electrical codes are modeled after the National 
Electrical Code, published by the National Fire 
Protection Association (NFPA). Reference to the “code” 
in the remainder of this chapter will be to the National 
Electrical Code, unless specified otherwise [1]. 

An electrical installation that was safe and adequate under 
the provisions of the electrical code at the time of installa-

Chapter 11: Electricity

Ampere— The unit for measuring intensity of flow of electricity. Its symbol is “I.”

Bonding— Applies inert material to metal surfaces to eliminate electrical potential between metal components and  
prevent components and piping systems from having an elevated voltage potential. 

Circuit— The flow of electricity through two or more wires from the supply source to one or more outlets and back  
to the source.

Circuit breaker— A safety device used to break the flow of electricity by opening the circuit automatically in the  
event of overloading or used to open or close the circuit manually.

Conductor— Any substance capable of conveying an electric current. In the home, copper wire is usually used.

•	A bare conductor is one with no insulation or covering.

•	A covered conductor is one covered with one or more layers of insulation.

Definitions of Terms Related to Electricity

tion is not necessarily safe and adequate today. An exam-
ple would be the grounding of a home electrical system. 
In the past, electrical systems could be grounded to the 
home’s plumbing system. Today, many plumbing systems 
are no longer constructed of conductive material, but are 
made of plastic or polyvinyl chloride-based materials. 
Today, the recommendations for grounding a home elec-
trical system are to use two 8-foot by 5/8-inch copper 
ground rods. These must be spaced 6 feet apart and be 
connected by a continuous (unbroken) piece of copper 
wire (the size of this wire corresponds to the size of the 
system main). It is also highly recommended that the 
 system be grounded to the incoming water line if it is 
conductive or to the nearest conductive cold water sup-
ply line. Hazards often occur because of overloading wir-
ing systems or usage not in conformity with the code. 
This occurs because initial wiring did not provide for 
increases in the use of electricity. For this reason, it is rec-
ommended that initial installations be adequate and that 
reasonable provisions for system changes be made for 
further increases in the use of electricity.

The other code that contains electrical provisions is the 
local housing code. It establishes minimum standards for 
artificial and natural lighting and ventilation, specifies 
the minimum number of electric outlets and lighting fix-
tures per room, and prohibits temporary wiring except 
under certain circumstances. In addition, the housing 
code usually requires that all components of an electrical 
system be installed and maintained in a safe condition to 
prevent fire or electric shock.
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Flow of Electric Current
Electricity is usually created by a generator that converts 
mechanical energy into electrical energy. The electricity 
may be the result of water, steam, or wind powering or 
turning a generator. The electricity is then run through a 
transformer, where voltage is increased to several hundred 
thousand volts and, in some instances, to a million or 
more volts. This high voltage is necessary to increase the 
efficiency of power transmission over long distances. 

Conductor gauge— A numeric system used to label electric conductor sizes, given in American Wire Gauge (AWG). The 
larger the AWG number, the smaller the wire size.

Current— The flow of electricity through a circuit. 

•	Alternating current is an electric current that reverses its direction of flow at regular intervals. For example, it would 
alternate 60 times every second in a 60-cycle system. This type of power is commonly found in homes.

•	 Direct current is an electric current flowing in one direction. This type of current is not commonly found in today’s homes.

Electricity— Energy that can be used to run household appliances; it can produce light and heat, shocks, and numerous other 
effects.

Fuse— A safety device that cuts off the flow of electricity when the current flowing through the fuse exceeds its rated capacity.

Ground— To connect with the earth, as to ground an electric wire directly to the earth or indirectly through a water pipe or 
some other conductor. Usually, a green-colored wire is used for grounding the whole electrical system to the earth. A copper 
wire is usually used to ground individual electrical components of the whole system. (The home inspector should never as-
sume that insulation color wiring codes have been used appropriately.)

Ground fault circuit interrupter (GFCI)— A device intended to protect people from electric shock. It de-energizes a circuit 
or portion of a circuit within an established very brief period of time when a current to ground exceeds some predetermined 
value (less than that required to operate the over-current protected device of the supply circuit).

Hot wires— Those that carry the electric current or power to the load; they are usually black or red.

Insulator— A material that will not permit the passage of electricity.

Kilowatt-hour (KWH)— The amount of energy supplied by one kilowatt (1,000 watts) for 1 hour (3,600 seconds), equal to 
3,600,000 joule. Electric bills are usually figured by the number of KWHs consumed.

Neutral wire— The third wire in a three-wire distribution circuit; it is usually white or light gray and is connected to the ground.

Resistance— A measure of the difficulty of electric current to pass through a given material; its unit is the ohm.

Service— The conductor and equipment for delivering energy from the electricity supply system to the wiring system of the 
premises.

Service drop— The overhead service connectors from the last pole or other aerial support to and including the splices, if any, 
connecting to the service entrance conductors at the building or other structure.

Service panel— Main panel or cabinet through which electricity is brought to the building and distributed. It contains the 
main disconnect switch and fuses or circuit breakers.

Short circuit— A break in the flow of electricity through a circuit due to the load caused by improper connection between 
hot and neutral wires. 

Volt— The unit for measuring electrical pressure of force, which is known as electromotive force. Its symbol is “E.”

Voltage drop— A voltage loss when wires carry current. The longer the cord, the greater the voltage drop.

Watt— The unit of electric power. Volts times amperes = watts.

Definitions of Terms Related to Electricity

This high-transmission voltage is stepped down (reduced) 
to normal 115/230-volt household current by a transformer 
located near the point of use (residence). The electricity is 
then transmitted to the house by a series of wires called a 
service drop. In areas where the electric wiring is underground, 
the wires leading to the building are buried in the ground.

For electric current to flow, it must travel from a higher 
to a lower potential voltage. In an electrical system, the 
hot wires (black or red) are at a higher potential than are 
the neutral or ground wire (white or green). 
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Voltage is a measure of the force at which electricity is 
delivered. It is similar to pressure in a water supply 
system.

Current is measured in amperes and is the quantity of 
flow of electricity. It is similar to measuring water in gal-
lons per second. A watt is equal to volts times amperes. It 
is a measure of how much power is flowing. Electricity is 
sold in quantities of kilowatt-hours.

The earth, by virtue of moisture contained within the 
soil, serves as a very effective conductor. Therefore, in 
power transmission, instead of having both the hot and 
neutral wires carried by the transmission poles, one lead 
of the generator is connected to the ground, which serves 
as a conductor (Figure 11.1). All electrical utility wires are 
carried by the transmission towers and are considered hot 
or charged. At the house, or point where the electricity is 
to be used, the circuit is completed by another connec-
tion to ground.

The electric power utility provides a ground somewhere 
in its local distribution system; therefore, there is a 
ground wire in addition to the hot wires within the ser-
vice drop. In Figure 11.1 this ground can be seen at the 
power pole that contains the step-down transformer.

In addition to the ground connection provided by the 
electric utility, every building is required to have an inde-
pendent ground called a system ground. The system 
ground is a connection to ground from one of the cur-
rent-carrying conductors of the electrical system. System 
grounding, applied to limit overvoltages in the event of a 
fault, provides personnel safety, provides a positive means 
of detecting and isolating ground faults, and improves 
service reliability. Therefore, the system ground’s main 
purpose is to protect the electrical system itself and offers 
limited protection to the user.

The system ground serves the same purpose as the power 
company’s ground; however, it has a lower resistance 
because it is closer to the building. The equipment 
ground protects people from potential harm during the 

Figure 11.1. Utility Overview [2] Figure 11.2. Entrance Head 

use of certain electrical equipment. The system ground 
should be a continuous wire of low resistance and of suf-
ficient size to conduct current safely from lightning and 
overloads.

Electric Service Entrance
Service Drop
To prevent accidental contact by people, the entrance head 
(Figure 11.2) should be attached to the building at least  
10 feet above ground. The conductor should clear all roofs 
by at least 8 feet and residential driveways by 12 feet. For 
public streets, alleys, roads, and driveways on other than 
residential property, the clearance must be 18 feet.

The wires or conductor should be of sufficient size to 
carry the load and not smaller than No. 8 copper wire or 
equivalent.

For connecting wire from the entrance head to the service 
drop wires, the code requires that the service entrance 
conductors be installed either below the level of the ser-
vice head or below the termination of the service entrance 
cable sheath. Drip loops must be formed on individual 
conductors. This will prevent water from entering the 
electric service system. The wires that form the entrance 
cable should extend 36 inches from the entrance head to 
provide a sufficient length to connect service drop wires 
to the building with insulators. The entrance cable may 
be a special type of armored outdoor cable, or it may be 
enclosed in a conduit. The electric power meter may be 
located either inside or outside the building. In either 
instance, the meter must be located before the main 
power disconnect.
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Figure 11.3 shows an armored cable service entrance with 
a fuse system. Newer construction will have circuit break-
ers, as shown in Figure 11.4. The armored cable is 
anchored to the building with metal straps spaced every 4 
feet. The cable is run down the wall and through a hole 
drilled through the building. The cable is then connected 
to the service panel, which should be located within 1 
foot of where the cable enters the building. The ground 
wire need not be insulated. This ground wire may be 
either solid or stranded copper, or a material with an 
equivalent resistance. 

Figure 11.5 shows the use of thin-wall conduit in a ser-
vice entrance.

Underground Service
When wires are run underground, they must be protected 
from moisture and physical damage. The opening in the 

Figure 11.5. Thin-wall Conduit [2]

Figure 11.3. Armored Cable Service Entrance [2]

Figure 11.4. Breakers [2]

building foundation where the underground service 
enters the building must be moisture proof. Refer to local 
codes for information about allowable materials for this 
type of service entrance.

Electric Meter
The electric meter (Figure 11.6) may be located inside or 
outside the building. The meter itself is weatherproof and 
is plugged into a weatherproof socket. The electric power 
company furnishes the meter; the socket may or may not 
be furnished by the power company.

Grounding
The system ground consists of grounding the neutral 
incoming wire and the neutral wire of the branch circuits. 
The equipment ground consists of grounding the metal 
parts of the service entrance, such as the service switch, as 
well as the service entrance conduit, armor or cable. 
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Poor grounding at any point can result in a person pro-
viding a more effective route to ground than the intended 
ground, resulting in electrocution. This can occur from 
damaged insulation allowing electricity to flow into the 
case or cabinet of the appliance.

The system must be grounded by two 8 foot by 5/8-inch 
copper ground rods of at least 8 feet in length driven into 
the ground and connected by a continuous (unbroken) 
piece of copper wire (the size of this wire corresponds to 
the size of the system main). It is highly recommended 
that the system also be grounded to the incoming water 
line or nearest cold water supply line if it is metal. 

The usual ground connection is to a conductive water 
pipe of the city water system. The connection should be 
made to the street side of the water meter, as shown in 
Figure 11.7. If the water meter is located near the street 
curb, then the ground connection should be made to the 
cold water pipe as close as possible to where it enters the 
building. It is not unusual for a water meter to be 
removed from the building for service. If the ground con-
nection is made at a point in the water piping system on 
the building side of the water meter, the ground circuit 
will be broken on removal of the meter. This broken 
ground circuit is a shock hazard if both sides of the water 
meter connections are touched simultaneously. Local or 
state codes should be checked to determine compliance 
with correct grounding protocols.

In increasing instances, the connections between the 
water meters and pipes are electrically very poor. In this 
case, if the ground connection is made on the building 
side of the water meter, there may not be an effective 
ground. To prevent the two aforementioned situations, 
the code requires effective bonding by a properly sized 
jumper-wire around any equipment that is likely to be 
disconnected for repairs or replacement.

Often, the house ground will be disconnected. Therefore, 
the housing inspector should always check the house 
ground to see if it is properly connected.

Figure 11.6. Electric Meter Figure 11.7. Typical Service Entrance [2]

Figure 11.8 shows a typical grounding scheme at the ser-
vice box of a residence. In this figure, only the grounded 
neutral wires are shown. The neutral strap is a conductive 
bare metal strip that is riveted directly to the service box. 
This conductive strip forms a collective ground that joins 
the ground wires from the service entrance, branch cir-
cuits, and house ground. 

Follow these key grounding points:

 • Use two metal rods driven 8 feet into the ground. 

 • Bond around water heaters and filters to assure 
grounding.

 • If water pipes are used, they must be supplemented 
with a second ground.

 • Ground rod must be driven to full depth.

 • If ground rod resistance exceeds 25 ohms, install two 
rods at a minimum of 6 feet apart.

 • When properly grounded, the metal frame of a 
building can be used as a ground point.

 • Do not use underground gas lines as a ground.

 • Provide external grounds to other systems such as 
satellite, telephone, and other services to further 
protect the electrical system from surges.

 • If the water service pipes to the home are not metal or 
if all of the service components in the home are not 
metal, then the water system cannot play a role in 
grounding.
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Bonding is necessary to provide a route for electricity to 
flow around isolated elements of a piping system to 
ensure electrical potential is minimized for both the pro-
tection of the system from corrosion and to protect indi-
viduals from electrical shock. 

Two- or Three-wire Electric Services
One of the wires in every electrical service installation is 
supposed to be grounded. This neutral wire should always 
be white. The hot wires are usually black, red, or some 
other color, but never white.

The potential difference or voltage between the hot wires 
and the ground or neutral wire of a normal residential 
electrical system is 115 volts. Thus, where there is a 
two-wire installation (one hot and one neutral), only 115 
volts are available.

When three wires are installed (two hot and one neutral), 
either 115 or 230 volts are available. In a three-wire 
system, the voltage between the neutral and either of the 
hot wires is 115 volts; between the two hot wires, it is 
230 (Figure 11.9). The major advantage of a three-wire 
system is that it permits the operation of heavy electrical 
equipment such as clothes dryers, cooking ranges, and air 
conditioners, the majority of which require 230-volt 
circuits. In addition, the three-wire system is split at the 
service panel into two 115-volt systems to supply power 
for small appliances and electric lights. The result is a 
doubling of the number of circuits, and, possibly, a 
corresponding increase in the number of branch circuits, 
with a reduction in the probability of fire caused by 
overloading electrical circuits if the electrical demands 
exceed the capacity. Figure 11.9. Grounding [2]

Figure 11.8. Grounding Scheme [2]

Residential Wiring Adequacy
The use of electricity in the home has risen sharply since 
the 1930s. Many homeowners have failed to repair or 
improve their wiring to keep it safe and up to date. In the 
1970s, the code recommended that the main distribution 
panel in a home be a minimum of 100 amps. Because the 
number of appliances that use electricity has continued to 
grow, so has the size of recommended panels. For a nor-
mal house (2,500 to 3,500 square feet), a 200-amp panel 
is recommended. The panel must be of the breaker type 
with a main breaker for the entire system (Figure 11.4). 
Fuse boxes are not recommended for new housing.

This type of service is sufficient in a one-family house or 
dwelling unit to provide safe and adequate electricity for 
the lighting, refrigerator, iron, and an 8,000-watt cooking 
range, plus other appliances requiring a total of up to 
10,000 watts.

Some older homes have a 60-ampere, three-wire service 
(Figure 11.10). It is recommended that these homes be 
rewired for at least the minimum of 200-amperes recom-
mended in the code. The 60-amp service is safely capable 
of supplying current for only lighting and portable appli-
ances, such as a cooking range and regular dryer (4,500 
watts), or an electric hot water heater (2,500 watts), and 
cannot handle additional major appliances. Other older 
homes today have only a 30-ampere, 115-volt, two-wire 
service (Figure 11.11). This system can safely handle only 
a limited amount of lighting, a few minor appliances, and 
no major appliances. Therefore, this size service is sub-
standard in terms of the modern household’s needs for 
electricity. Furthermore, it is a fire hazard and a threat to 
the safety of the home and the occupants. 

Wire Sizes and Types
Aluminum wiring, used in some homes from the mid 
1960s to the early 1970s, is a potential fire hazard [3]. 
According to the U.S. Consumer Product Safety 
Commission (CPSC), fires and even deaths have been 
caused by this hazard. Problems due to expansion can 
cause overheating at connections between the wire and 
devices (switches and outlets) or at splices. CPSC research 
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shows that homes wired with aluminum wire manufac-
tured before 1972 are 55 times more likely to have one or 
more connections reach fire hazard conditions than are 
homes wired with copper. Post-1972 aluminum wire is 
also a concern. Introduction of aluminum wire alloys 
around 1972 did not solve most of the connection failure 
problems. Aluminum wiring is still permitted and used 
for certain applications, including residential service 
entrance wiring and single-purpose higher amperage cir-
cuits such as 240-volt air conditioning or electric range 
circuits. 

Reducing Risk
Only two remedies for aluminum wiring have been rec-
ommended by the CPSC: discontinued use of the alumi-
num circuit or the less costly option of adding copper 
connecting “pigtail” wires between the aluminum wire 
and the wired device (receptacle, switch, or other device). 
The pigtail connection must be made using only a special 
connector and special crimping tool licensed by the AMP 
Corporation. Emergency temporary repairs necessary to 

Figure 11.11. Two-wire Service [2]Figure 11.10. Three-wire Service [2]

keep an essential circuit in service might be possible fol-
lowing other procedures described by the CPSC, and in 
accordance with local electrical codes [4,5].

Wire Sizes
Electric power actually flows along the surface of the 
wire. It flows with relative ease (little resistance) in some 
materials, such as copper and aluminum, and with a sub-
stantial amount of resistance in iron. If iron wire were 
used, it would have to be 10 times as large as copper wire 
to be as effective in conducting electricity. In fine elec-
tronics, gold is the preferred conductor because of the 
resistance to corrosion and the very high conductivity.

Electricity is the movement of electrons from an area of 
higher potential to one of lower potential. An analogy to 
how electricity flows would be the flow of water along the 
path of least resistance or down a hill. All it takes to cre-
ate the potential for electricity is the collection of elec-
trons and a pathway for them to flow to an area of lesser 
concentration along a conductor. When a person walks 
across a nylon carpet in times of low atmospheric humid-
ity, his or her body will often collect electrons and serve 
as a capacitor (a storage container for electrons). When 
that person nears a grounding source, the electrons will 
often jump from a finger to the ground, creating a spark 
and small shock. 
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A number preceded by the letters AWG (American Wire 
Gauge) indicates copper wire sizes [6]. As the AWG 
number of the wire becomes smaller, the size and current 
capacity of the wire increases. AWG 14 is most 
commonly found in older residential branch circuits. 
AWG 14 wires should be used only in a branch circuit 
with a 15-ampere capacity or no more than a 1,500-watt 
demand. Wire sizes AWG 16, 18, and 20 are 
progressively smaller than AWG 14 and are used for 
extension wires or low-voltage systems. Wire of the 
correct size must be used for two reasons: current capacity 
and voltage drop or loss. 

When current flows through a wire, it creates heat. The 
greater the amount of flow, the greater the amount of 
heat generated. (Doubling the amperes without changing 
the wire size increases the amount of heat by four times.) 
The heat is electric energy (electrons) that has been 
converted into heat energy by the resistance of the wire. 
The heat created by the coils in a toaster is an example of 
designed resistance to create heat. Most heat developed by 
an electrical conductor is wasted; therefore, the electric 
energy used to generate it is also wasted. 

If the amount of heat generated by the flow of current 
through a wire becomes excessive, a fire may result. 
Therefore, the code sets the maximum permissible 
current that may flow through a certain type and size 
wire. The blue box provides examples of current 
capacities for copper wire of various sizes.

In addition to heat generation, there will be a reduction in 
voltage as a result of attempting to force more current 
through a wire than it is designed to carry. Certain 
appliances, such as induction-type electric motors, may be 
damaged if operated at too low a voltage.

Wire Types
All wires must be marked to indicate the maximum 
working voltage, the proper type letter or letters for the 
type wire specified in the code, the manufacturer’s name 
or trademark, and the AWG size or circular-mil area 
(Figure 11.12). A variety of wire types can be used for a 
wide range of temperature and moisture conditions. The 
code should be consulted to determine the proper wire 
for specific conditions. Figure 11.12. Wire Markings [2]

Size wire (AWG) (larger wire, smaller number) #14 #12 #10 #8
Maximum capacity in amperes 15 20 30 40

Maximum Current Recommended for AWG Wire Size

Types of Cable
Nonmetallic sheathed cable consists of wires wrapped in 
plastic and then a paper layer, followed by another spiral 
layer of paper, and enclosed in a fabric braid, which is 
treated with moisture- and fire-resistant compounds. 
Figure 11.12 shows this type of cable, which often is 
 marketed under the name Romex. This type of cable can 
be used only indoors and in permanently dry locations. 
Romex-type wiring is normally used in residential 
 construction. However, when cost permits, it is recom-
mended that a conduit-based system be used.

Armored cable is commonly known as BX or Flexsteel 
trade names. Wires are wrapped in a tough paper and 
covered with a strong spiral flexible steel armor. This  
type of cable is shown in Figure 11.13 and may be used 
only in permanently dry indoor locations. Armored cable 
must be supported by a strap or staple every 6 feet and 
within 24 inches of every switch or junction box, except 
for concealed runs in old work where it is impossible to 
mount straps.

Cables are also available with other outer coatings of met-
als, such as copper, bronze, and aluminum for use in a 
variety of conditions. 

Flexible Cords
CPSC estimates that about 4,000 injuries associated with 
electric extension cords are treated in hospital emergency 
rooms each year. About half of the injuries involve 
 fractures, lacerations, contusions, or sprains from people 
tripping over extension cords. Thirteen percent of the 
injuries involve children younger than 5 years of age; 
electrical burns to the mouth account for half the injuries 
to young children [7]. 
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CPSC also estimates that about 3,300 residential fires 
originate in extension cords each year, killing 50 people 
and injuring about 270 others [7]. The most frequent 
causes of such fires are short circuits, overloading the sys-
tem, and damage to or misuse of extension cords.

The Problem
Following are CPSC investigations of injuries that illus-
trate the major injury patterns associated with extension 
cords: children putting extension cords in their mouths, 
overloaded cords, worn or damaged cords, and tripping 
over cords: 

 • A 15-month-old girl put an extension cord in her 
mouth and suffered an electrical burn. She required 
surgery.

 • Two young children were injured in a fire caused by an 
overloaded extension cord in their family’s home. A 
lamp, TV set, and electric heater had been plugged 
into a single, light-duty extension cord.

 • A 65-year-old woman was treated for a fractured ankle 
after tripping over an extension cord.

The Standards
The code says that many cord-connected appliances 
should be equipped with polarized grounding plugs. 
Polarized plugs can only be inserted one way into the 
outlet because one blade is slightly wider than the other. 
Polarization and grounding ensure that certain parts of 
appliances that could have a higher risk of electric shock 
when they become live are instead connected to the neu-
tral, or grounded, side of the circuit. Such electrical prod-
ucts should only be used with polarized or grounded 
extension cords. 

Voluntary industry safety standards, including those of 
Underwriter’s Laboratory (UL), now require that general-
use extension cords have safety closures, warning labels, 
rating information about the electrical current, and other 
features for the protection of children and other 
consumers.

In addition, UL-listed extension cords now must be con-
structed with 16-gauge or larger wire or be equipped with 
integral fuses. The 16-gauge wire is rated to carry 13 
amperes (up to 1,560 watts), as compared with the for-

Figure 11.13. Armored Cable [2]

merly used 18-gauge cords that were rated for 10 amperes 
(up to 1,200 watts). 

Safety Suggestions
The following are CPSC recommendations [7] for 
purchasing and safely using extension cords: 

 • Use extension cords only when necessary and only on 
a temporary basis.

 • Use polarized extension cords with polarize appliances.

 • Make sure cords do not dangle from the counter or 
tabletops where they can be pulled down or tripped 
over.

 • Replace cracked or worn extension cords with new 
16-gauge cords that have the listing of a nationally 
recognized testing laboratory, safety closures, and other 
safety features.

 • With cords lacking safety closures, cover any unused 
outlets with electrical tape or with plastic caps to 
prevent the chance of a child making contact with the 
live circuit.

 • Insert plugs fully so that no part of the prongs is 
exposed when an extension cord is in use.

 • When disconnecting cords, pull the plug rather than 
the cord itself.

 • Teach children not to play with plugs and outlets.

 • Use only three-wire extension cords for appliances 
with three-prong plugs. Never remove the third (round 
or U-shaped) prong, which is a safety feature designed 
to reduce the risk for shock and electrocution.

 • In locations where furniture or beds may be pushed 
against an extension cord where the cord joins the 
plug, use a special angle extension cord specifically 
designed for use in these instances.

 • Check the plug and the body of the extension cord 
while the cord is in use. Noticeable warming of these 
plastic parts is expected when cords are being used at 
their maximum rating. If the cord feels hot or if there 
is a softening of the plastic, this is a warning that the 
plug wires or connections are failing and that the 
extension cord should be discarded and replaced.

 • Never use an extension cord while it is coiled or 
looped. Never cover any part of an extension cord with 
newspapers, clothing, rugs, or any objects while the 
cord is in use. Never place an extension cord where it 
is likely to be damaged by heavy furniture or foot 
traffic.
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 • Do not use staples or nails to attach extension cords to 
a baseboard or to another surface. This could damage 
the cord and present a shock or fire hazard.

 • Do not overload extension cords by plugging in 
appliances that draw a total of more watts than the 
rating of the cord.

 • Use special heavy-duty extension cords for high-
wattage appliances such as air conditioners, portable 
electric heaters, and freezers.

 • When using outdoor tools and appliances, use only 
extension cords labeled for outdoor use.

Wiring
Open Wiring
Open wiring is a wiring method using knobs, nonmetal-
lic tubes, cleats, and flexible tubing for the protection and 
support of insulated conductors in or on buildings and 
not concealed by the structure. The term “open wiring” 
does not mean exposed, bare wiring. In dry locations, 
when not exposed to severe physical damage, conductors 
may be separately encased in flexible tubing. Tubing 
should be in continuous lengths not exceeding 15 feet 
and secured to the surface by straps not more than 4½ 
feet apart. Tubing should be separated from other con-
ductors by at least 2½ inches and should have a perma-
nently maintained airspace between them and any and all 
pipes they cross. 

Concealed Knob and Tube Wiring
Concealed knob and tube wiring is a wiring method 
using knobs, tubes, and flexible nonmetallic tubing for 
the protection and support of insulated wires concealed 
in hollow spaces of walls and ceilings of buildings. This 
wiring method is similar to open wiring and, like open 
wiring, is usually found only in older buildings.

Electric Service Panel
The service switch is a main switch that will disconnect 
the entire electrical system at one time. The main fuses or 
circuit breakers are usually located within the service 
switch box. The branch circuit fuse or circuit breaker may 
also be located within this box.

According to the code, the switch must be externally 
operable. This condition is fulfilled if the switch can be 
operated without the operator being exposed to electri-
cally active parts. Figure 11.14 shows a 200-amp service 
box. Figure 11.15 shows an external “hinged switch” 
power shutoff installed on the outside of a home. 

Figure 11.15. External Power Shutoff and Meter 

Most of today’s older 
homes do not have 
hinged switches. 
Instead, the main fuse 
is mounted on a small 
insulated block that 
can be pulled out of 
the switch. When this 
block is removed, the 
circuit is broken.

In some installations, 
the service switch is a 
“solid neutral” switch, 
meaning that the 
switch or a fuse does 
not break the neutral wire in the switch.

When circuit breakers are used in homes instead of fuses, 
main circuit breakers may or may not be required. If it 
takes more than six movements of the hand to open all 
the branch-circuit breakers, a main breaker, switch, or 
fuse will be required ahead of the branch-circuit breakers. 
Thus, a house with seven or more branch circuits requires 
a separate disconnect means or a main circuit breaker 
ahead of the branch-circuit breakers. 

Over-current Devices
The amperage (current flow) in any wire is limited to the 
maximum permitted by using an over-current device of a 
size specified by the code. Four types of over-current 
devices are common: circuit breakers, ground fault circuit 
interrupters (GFCIs), arc fault circuit interrupters 
(AFCIs), and fuses. The over-current device of a specific 
size is specified by the code. The over-current device must 
be rated at equal or lower capacity than the wire of the 
circuit it protects. 

Figure 11.14. 200-Amp Service Box 
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Circuit Breakers (Fuseless Service Panels)
A circuit breaker looks something like an ordinary electric 
light switch. Figure 11.14 shows the service box in a 200-
amp fuseless system. Figure 11.15 shows a service switch. 
There is a handle that may be used to turn power on or 
off. Inside is a simple mechanism that, in case of a circuit 
overload, trips the switch and breaks the circuit. The cir-
cuit breaker may be reset by turning the switch to off and 
then simply resetting the switch to the on position. A cir-
cuit breaker is capable of taking harmless short-period 
overloads (such as the heavy initial current required in the 
starting of a washing machine or air conditioner) without 
tripping, but protects against prolonged overloads. After 
the cause of trouble has been located and corrected, 
power is easily restored. Fuseless service panels or breaker 
boxes are usually broken up into the following circuits:

 • A 100-ampere or larger main circuit breaker that  
shuts off all power.

 • A 40-ampere circuit for an appliance such as an 
electric cooking range.

 • A 30-ampere circuit for a clothes dryer, water heater, 
heat pump, or central air conditioning.

 • A 20-ampere circuit for small appliances and power 
tools.

 • A 15-ampere circuit for general-purpose lighting,  
TVs, VCRs, computers, and vacuum cleaners.

 • Space for new circuits to be added if needed for  
future use.

Ground Fault Circuit Interrupters 
Unlike circuit breakers and fuses, GFCIs are installed to 
protect the user from electrocution. These devices provide 
protection against electrical shock and electrocution from 
ground faults or contact with live parts by a grounded 
individual. They constantly monitor electrical currents 
flowing into a product. If the electricity flowing through 
the product differs even slightly from that returning, the 
GFCI will quickly shut off the current. GFCIs detect 
amounts of electricity much smaller than those required 
for a fuse or circuit breaker to activate and shut off the 
circuit. UL lists three types of GFCIs designed for home 
use that are readily available and fairly inexpensive and 
simple to install: 

 • Wall Receptacle GFCI— This type of GFCI (Figure 
11.16) is used in place of a standard receptacle found 
throughout the house. It fits into a standard outlet box 
and protects against ground faults whenever an 
electrical product is plugged into the outlet. If 

strategically located, it will also 
provide protection to 
downstream receptacles. 

 • Circuit Breaker GFCI— In 
homes equipped with circuit 
breakers, this type of GFCI may 
be installed in a panel box to 
protect selected circuits. A circuit 
breaker GFCI serves a dual 
purpose: it shuts off electricity in 
the event of a ground fault and 
will also trip when a short circuit 
or an overload occurs.

 • Portable GFCI— A portable GFCI requires no special 
knowledge or equipment to install. One type contains 
the GFCI circuitry in a self-contained enclosure with 
plug blades in the back and receptacle slots in the 
front. It can be plugged into a receptacle, and the 
electrical product plugged into the GFCI. Another 
type of portable GFCI is an extension cord combined 
with a GFCI. It adds flexibility in using receptacles 
that are not protected by GFCIs. 

Once a GFCI is installed, it must be checked monthly to 
determine that it is operating properly. Pressing the test 
button can check units; the GFCI should disconnect the 
power to that outlet. Pressing the reset button reconnects 
the power. If the GFCI does not disconnect the power, 
have it checked by a qualified, certified electrician. 

GFCIs should be installed on circuits in the following 
areas: garages, bathrooms, kitchens, crawl spaces, unfin-
ished basements, hot tubs and spas, pool electronics, and 
exterior outlets. However, they are not required on single 
outlets that serve major appliances.

Arc-fault Circuit Interrupters 
Arc-fault circuit interrupters are new devices intended to 
provide fire protection by opening the circuit if an arcing 
fault is detected. An arcing fault is an electric spark or hot 
plasma field that extends from the hot wire to a ground. 
An arc is a luminous discharge of electricity across an 
insulating medium or simply a spark across an air gap. 
Arcs occur every day in homes. For example, an arc 
occurs inside the switch when a light is turned on. Toy 
racecars and trains create arcs. The motors inside hair 
dyers and power drills have tiny arcs. All of these are con-
trolled arcs. It is the uncontrolled or nondesigned arc that 
is a serious fire hazard in the home. The arc-fault circuit 
interrupter looks like the GFCI unit (Figure 11.17), but 
it is not designed to protect against electric shock.

Figure 11.16. GFCI 
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and the neutral wire is grounded the same as for a 
two-wire system. Below each fuse is a terminal to which a 
black or red wire is connected. The white or light gray 
neutral wires are then connected to the neutral strip. 
Each fuse indicates a separate circuit (Figure 11.18).

 • Nontamperable fuses— All ordinary plug fuses have 
the same diameter and physical appearance, regardless 
of their current capacity, whereas nontamperable fuses 
are sized by amperage load. Thus, with regular fuses, if 
a circuit designed for a 15-ampere fuse is overloaded so 
that the 15-ampere fuse blows out, nothing will 
prevent a person from replacing the 15-ampere fuse 
with a 20- or 30-ampere fuse, which may not blow 
out. If a circuit wired with 14-gauge wire (current 
capacity 15 amperes) is fused with a 20- or 30-ampere 
fuse and an overload develops, more current than the 
14-gauge wire is safely capable of carrying could pass 
through the circuit. The result would be a heating of 
the wire and potential fire.

 • Type-S fuses— Type-S fuses have different lengths and 
diameter threads for each amperage capacity. An 
adapter is first inserted into the ordinary fuse holder, 
which adapts the fuse holder for only one capacity 
fuse. Once the adapter is inserted, it cannot be 
removed.

 • Cartridge fuses— A cartridge fuse protects an electric 
circuit in the same manner as an ordinary plug fuse, 
already described, protects an electric circuit. Cartridge 
fuses are often used as main fuses.

Because most electrical wiring 
in a home is hidden from view, 
many arc faults go undetected 
and continue arcing indefi-
nitely. If left in this arcing 
state, the potential for fire 
increases. It is estimated that 
about one third of fires are 
caused by arcing faults. Normal 

fuses and circuit breakers are not capable of detecting arc 
faults and therefore will not open the circuit and stop the 
flow of electricity.

Fused Ampere Service Panel (Fuse Box)
Fuse-type panel boxes are generally found in older homes. 
They are as safe and adequate as a circuit breaker of equiv-
alent capacity, provided fuses of the proper size are used. 

A fuse, like a circuit breaker, is designed to protect a cir-
cuit against overloading and short circuits and does so in 
two ways.

When a fuse is blown by a short circuit, the metal strip is 
instantly heated to an extremely high temperature, and 
this heat causes it to vaporize. A fuse blown by a short 
circuit may be easily recognized because the window of 
the fuse usually becomes discolored.

In a fuse blown by an overload, the metal strip is melted 
at its weakest point, breaking the flow of current to the 
load. In this case, the window of the fuse remains clear; 
therefore, a blown fuse caused by an overload may also be 
easily recognized.

Sometimes, although a fuse has not been blown, the bot-
tom of the fuse may be severely discolored and pitted. 
This indicates a loose connection because the fuse was 
not screwed in properly.

It is critical to check that all fuses are properly rated for 
the designed amperage. The placing of a fuse with a 
higher amperage than recommended presents a significant 
fire hazard. 

Generally, all fused panel boxes are wired similarly for 
two- and three-wire systems. In a two-wire-circuit panel 
box, the black or red hot wire is connected to a terminal 
of the main disconnect, and the white or light gray 
neutral wire is connected to the neutral strip, which is then 
grounded to the pipe on the street side of the water meter.

In a three-wire system, the black and red hot wires are 
connected to separate terminals of the main disconnect, 

Figure 11.18. Types of Fuses 

Figure 11.17. Arc Interrupter 
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Electric Circuits
An electric circuit in good repair carries electricity 
through two or three wires from the source of supply to 
an outlet and back to the source. A branch circuit is an 
electric circuit that supplies current to a limited number 
of outlets and fixtures. A residence generally has many 
branch circuits. Each is protected against short circuits 
and overloads by a 15- or 20-ampere fuse or circuit 
breaker.

The number of outlets per branch circuit varies from 
building to building. The code requires enough light cir-
cuits so that 3 watts of power will be available for each 
square foot of floor area in a house. A circuit wired with 
14-gauge wire and protected by a 15 ampere over-current 
protection device provides 15×115 (1,725 watts); each 
circuit is enough for 1,725 divided by 3 (575 square 
feet). Note that 575 is a minimum figure; if future use is 
considered, 500 or even 400 square feet per branch cir-
cuit should be used.

Special appliance circuits will provide electric power for 
lighting, radio, TV, and small portable appliances. 
However, the larger electric appliances usually found in 
the kitchen consume more power and must have their 
own special circuit.

Section 220-3b of the code requires two special circuits to 
serve only appliance outlets in the kitchen, laundry, pan-
try, family room, dining room, and breakfast room. Both 
circuits must be extended to the kitchen; either one or 
both of these circuits may serve the other rooms. No light-
ing outlets may be connected to these circuits, and they 
must be wired with 12-gauge wire and protected by a 
20-ampere over-current device. Each circuit will have a 
capacity of 20×115 (2,300 watts), which is not too much 
when toasters often require more than 1,600 watts.

It is customary to provide a circuit for each of the follow-
ing appliances: range, water heater, washing machine, 
clothes dryer, garbage disposal, dishwasher, furnace, water 
pump, air conditioner, heat pump, and air compressor. 
These circuits may be either 115 volts or 230 volts, 
depending on the particular appliance or motor installed.

Outlet Switches and Junction Boxes
The code requires that every switch, outlet, and joint in 
wire or cable be housed in a box. Every fixture must be 
mounted on a box. Most boxes are made of plastic or 
metal with a galvanized coating. When a cable of any 
style is used for wiring, the code requires that it be 
securely anchored with a connector to each box it enters.

Grounding Outlets
An electrical appliance may appear to be in good repair, 
and yet it might be a danger to the user. Older portable 
electric drills consist of an electric motor inside a metal 
casing. When the switch is depressed, the current flows to 
the motor and the drill rotates. As a result of wear, how-
ever, the insulation on the wire inside the drill may dete-
riorate and allow the hot side of the power cord to come 
in contact with the metal casing. This will not affect the 
operation of the drill.

A person fully clothed using the drill in the living room, 
which has a dry floor, will not receive a shock, even 
though he or she is in contact with the electrified drill 
case. The operator’s body is not grounded because of the 
dry floor. If standing on a wet basement floor, the opera-
tor’s body might be grounded; and, when the electrified 
drill case is touched, current will pass through the opera-
tor’s body.

To protect people from electrocution, the drill case is usu-
ally connected to the system ground by means of a wire 
called an appliance ground. In this instance, as the drill is 
plugged in, current will flow between the shorted hot 
wire and the drill case and cause the over-current device 
to break the circuit. Thus, the appliance ground has pro-
tected the human operator. Newer appliances and tools 
are equipped with two-prong polarized plugs, as discussed 
in the standards section of this manual.

The appliance ground (Figure 11.19) is the third wire 
found on many appliances. The appliance ground will be 
of no use unless the outlet into which the appliance is 
plugged is grounded. Being in physical contact with a 
ground outlet box grounds the outlet. Having a third 
ground wire, or a grounded conduit, as part of the circuit 
wiring grounds the outlet box. 

All new buildings are required to have grounded outlets. 
A two-lead circuit tester can be used to test the outlet. 
The circuit tester lights when both of its leads are plugged 
into the two elongated parallel openings of the outlet. In 
addition, the tester lights when one lead is plugged into 
the round third opening and the other is plugged into the 
hot side of the outlet. Most problems can be resolved 
using inexpensive testers resembling a plug with three 
leads. These can be purchased in many stores and most 
hardware stores for very reasonable prices. 

If the conventional two-opening outlet is used, it may be 
grounded if the screw that holds the outlet cover plate is 
electrically connected to the third-wire ground. The tester 
should light when one lead is in contact with a clean 
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paint-free metal outlet cover plate screw and the hot side 
of the outlet. If the tester does not light, the outlet is not 
grounded. If a two-opening outlet is grounded, it may be 
adapted for use by a three-wire appliance by using an 
adapter. The loose-wire portion or screw tab of the 
adapter should be secured behind the metal screw of the 
outlet plate cover. Many appliances, such as electric shav-
ers and some new hand tools, are double insulated and 
are safe without having a third ground wire.

Polarized Plugs and Connectors
Plugs are polarized or unpolarized. Polarization helps 
reduce the potential for shock. Consumers can easily 
identify polarized plugs; one blade-the ground prong-is 
wider than the other. Three-conductor plugs are 
automatically polarized because they can only be inserted 
one way. Polarized plugs are used to connect the 
most-exposed part of an appliance to the ground wire so 
that if you are touching a ground (such as a pipe, 
bathtub, or faucet) and the exposed part of an appliance 
(the case, the threaded part of a light bulb socket, etc.), 
you will not get an electrical shock. Many appliances, 
such as electric drills, are doubly insulated so the 
probability of any exposed part of the appliance being 
connected, by a short or other problem in the appliance, 
to either wire is very small. Such devices often use 
unpolarized plugs where the two prongs of the plug are 
identical. 

Common Electrical Violations
The most obvious things that a housing inspector must 
check are the power supply; the type, location, and con-
dition of the wiring; and the number and conditions of 
wall outlets or ceiling fixtures required by the local code. 
In making an investigation, the following considerations 
will serve as useful guides.

 • Power supply— Where is it, is it grounded properly, 
and is it at least of the minimum capacity required to 
supply current safely for lighting and the major and 
minor appliances in the dwelling?

 • Panel box covers or doors— These should be 
accessible only from the front and should be sealed in 
such a way that they can be operated safely without 
the danger of contact with live or exposed parts of the 
wiring system.

 • Switch, outlets, and junction boxes— These also 
must be covered to protect against danger of electric 
shock.

 • Frayed or bare wires— These are usually the result of 
long use and drying out and cracking of the 
insulation, which leave the wires exposed, or of 
constant friction and rough handling of the wire, 
which cause it to fray or become bare. Wiring in this 
condition constitutes a safety hazard. Correction of 
such defects should be ordered immediately.

 • Electric cords under rugs or other floor coverings— 
Putting electric cords in locations such as these is 
prohibited because of the potential fire hazard caused 
by continuing contact over a period of time between 
these heat-bearing cords and the flammable floor 
coverings. Direct the occupant to shift the cords to a 
safe location, explain why, and make sure it is done 
before you leave.

 • Ground fault circuit interrupter— All bathroom, 
kitchen, and workroom outlets-where shock hazard is 
great-should have GFCI outlets. Check for lack of or 
nonuse of GFCI outlets. 

 • Bathroom lighting— Bathrooms should include at 
least one permanently installed ceiling or wall light 
fixture with a wall switch and plate located and 
maintained so that there is no danger of short 
circuiting from use of other bathroom facilities or 
splashing water. Fixture or cover plates should be 
insulated or grounded.

Figure 11.19. Appliance Ground and Grounded Plug 
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 • Lighting of public hallways, stairways, landings, 
and foyers— A common standard is sufficient lighting 
to illuminate 10 foot-candles on every part of these 
areas at all times. Sufficient lighting means that people 
can clearly see their feet on all parts of the stairways 
and halls. Public halls and stairways in structures 
containing less than three dwelling units may be 
supplied with conveniently located light switches 
controlling an adequate lighting system that may be 
turned on when needed, instead of full-time lighting.

 • Habitable room lighting— The standard here may be 
two floor convenience outlets (although floor outlets 
are dangerous unless protected by proper dust and 
water covers) or one convenience outlet and one wall 
or ceiling electric light fixture. This number is an 
absolute and often inadequate minimum, given the 
contemporary widespread use of electricity in the 
home. The minimum should be the number required 
to provide adequate lighting and power to 
accommodate lighting and appliances normally used 
in each room.

 • Octopus outlets or wiring— This term is applied to 
outlets into which plugs have been inserted and are 
being used to permit more than two lights or portable 
appliances, such as a TV, lamp, or radio, to be 
connected to the electrical system. The condition 
occurs where the number of outlets is insufficient to 
accommodate the normal use of the room. This 
practice overloads the circuit and is a potential source 
of fire.

 • Outlet covers— Every outlet and receptacle must be 
covered by a protective plate to prevent contact of its 
wiring or terminals with the body, combustible 
objects, or water.

Following are six situations that can cause danger and 
should also be corrected.

Excessive or Faulty Fusing
The wire’s capacity must not be exceeded by the fuse or 
circuit breaker capacity or be left unprotected by faulty 
fusing or circuit breakers. Fuses and circuit breakers are 
safety devices designed to “blow” to protect against 
overloading the electrical system or one or more of its 
circuits. Pennies under fuses are there to bypass the fuse. 
These are illegal and must be removed. Overfusing is 
done for the same reason. The latter can be prevented by 
installing modern fusestats, which prevent use of any fuse of a 
higher amperage than can be handled by the circuit it serves.

Cords Run Through Walls or Doorways and Hanging 
Cords or Wires
This makeshift installation often is the work of an 
unqualified handyman or do-it-yourself occupant. The 
inspector should check the local electrical code to deter-
mine the policy regarding this type of installation.

Temporary Wiring
Temporary wiring should not be allowed, with the 
exception of extension cords that go directly from portable 
lights and electric fixtures to convenience outlets.

Excessively Long Extension Cords
City code standards often limit the length of loose cords 
or extension lines to a maximum of 8 feet. This is neces-
sary because cords that are too long will overheat if over-
loaded or if a short circuit develops and, thus, create a 
fire hazard. This requirement does not apply to specially 
designed extension cords for operating portable tools and 
trouble lights.

Dead or Dummy Outlets
These are sometimes installed to deceive the housing 
inspector. All outlets must be tested or the occupants 
questioned to see if these are live and functioning 
properly. A dead outlet cannot be counted to determine 
compliance with the code.

Aluminum Wiring Inside the Home
Although aluminum is an excellent conductor, it tends to 
oxidize on the conducting surface. The nonconductive 
oxidized face of the conductor will arc from the remain-
ing conductive surfaces, and this arc can result in fire. 

Inspection Steps
The basic tools required by a housing inspector for mak-
ing an electrical inspection are fuse and circuit testers and 
a flashlight. The first thing to remember is that you are in 
a strange house, and the layout is unfamiliar to you. The 
second thing to remember is that you are dealing with 
electricity-take no chances. Go to the site of the ground, 
usually at the water meter, and check the ground. It 
should connect to the water line on the street side of the 
water meter or be equipped with a jumper wire. Do not 
touch any box or wire until you are sure of the ground. 
Go to the main fuse box or circuit breaker box and check 
all fuses and breakers for operational integrity (proper 
amperage range; functional). Note the condition of the 
wiring and of the box itself and check whether it is over-
fused. Examine all wiring in the basement. Make sure 
you are standing in a dry spot (concrete poses a particular 
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problem because you cannot determine its water content 
from visual examination) before touching any electrical 
device. Standing on a dry piece of wood is far safer than 
standing on concrete. Do not disassemble the fuse box, 
circuit breaker, or other devices. Decisions must be made 
on what you see. If in doubt, consult your supervisor. 

Note whether any fuse boxes, circuit breakers, or junction 
boxes are uncovered. Examine all wiring for frayed or 
bare spots; improper splicing; or rotted, worn, or inade-
quate insulation. Avoid all careless touching; when in 
doubt— DON’T! If you see bare wires, have the owner 
call an electrician. Look for wires or cords in use in the 
basement. Be certain all switch boxes and outlets are in a 
tight, sound condition. Make sure that the emergency 
switch for an oil burner is at the top of the basement 
stairs, not on top of the unit.

Bathrooms, kitchens, and utility rooms-where electric 
shock hazard is great-should have GFCI outlets. 

While inspecting the bathroom, also check for dangerous 
items, such as radios that are not made for bathroom use 
or portable electric heaters. Have inappropriate items 
removed immediately. Such items have killed thousands 
of people who touched them after getting out of the 
bathtub or shower while still wet or because the appliance 
fell into water the person had contact with. 

Electric washer and dryer combinations should have a 
240-volt circuit, 30-ampere service connected to a
 separate fuse or circuit breaker. Washer and dryer combi-
nations and other portable appliances should be served
by sufficiently heavy electrical service. If either of these
 special lines is not available under the above-stated condi-
tions, consult your supervisor.

An electric range needs a 50-ampere, 240-volt circuit. A 
dishwasher needs a 20-ampere, 120-volt circuit. A 
separate three-wire circuit must be installed for an electric 
water heater. Continue your inspection systematically 
through the house.

To sum up, the housing inspector investigates specified 
electrical elements in a house to detect any obvious evi-
dence of an insufficient power supply, to ensure the avail-
ability of adequate and safe lighting and electrical 
facilities, and to discover and correct any obvious hazard. 
Because electricity is a technical, complicated field, the 
housing inspector, when in doubt, should consult his or 
her supervisor. The inspector cannot, however, close the 
case until appropriate corrective action has been taken on 
all such referrals.
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“Our climate is warming at a faster rate than ever before 
recorded.” 

D. James Baker 
NOAA Administrator, 1993–2004 

Introduction
The quotes below provide a profound lesson in the need 
for housing to provide protection from both the heat and 
cold. 

“France heat wave death toll set at 14,802: The death 
toll in France from August’s blistering heat wave has 
reached nearly 15,000, according to a government-
commissioned report released Thursday, surpassing a 
prior tally by more than 3,000.” USA Today, 
September 25, 2003.

“In the study of the 1995 Chicago heat wave, those at 
greatest risk of dying from the heat were people with 
medical illnesses who were socially isolated and did 
not have access to air conditioning.” Centers for 
Disease Control and Prevention, Morbidity and 
Mortality Weekly Report, July 4, 2003.

“3 Deaths tied to cold…The bitter cold that gripped 
the Northeast through the weekend and iced over 
roads was blamed for at least three deaths, including 
that of a Philadelphia man found inside a home with-
out heat.” Lexington [Kentucky] Herald Leader, 
January 12, 2004.

Chapter 12: Heating, Air Conditioning, and Ventilating

Air duct— A formed conduit that carries warm or cold air from the furnace or air-conditioner and back again.

Antiflooding Control— A safety control that shuts off fuel and ignition when excessive fuel oil accumulates in the appliance.

Appliance: 

•	High heat— A unit that operates with flue entrance temperature of combustion products above 1,500°F (820°C).

•	Medium heat— Same as high-heat, except above 600°F (320°C).

•	 Low heat— same as high-heat, except below 600°F (320°C).

Boiler:

•	High pressure— A boiler furnishing pressure at 15 psi or more.

•	 Low pressure (hot water or steam)— A boiler furnishing steam at a pressure less than 15 psi or hot water not more 
than 30 psi.

Burner— A device that mixes fuel, air, and ignition in a combustion chamber.

Definitions of Terms Related to HVAC Systems

“In many temperate countries, death rates during the 
winter season are 10%–25% higher than those in the 
summer.” World Health Organization, Health 
Evidence Network, November 1, 2004.

This chapter provides a general overview of the heating 
and cooling of today’s homes. Heating and cooling are not 
merely a matter of comfort, but of survival. Both very 
cold and very hot temperatures can threaten health. 
Excessive exposure to heat is referred to as heat stress and 
excessive exposure to cold is referred to as cold stress.

In a very hot environment, the most serious health risk is 
heat stroke. Heat stroke requires immediate medical atten-
tion and can be fatal or leave permanent damage. Heat 
stroke fatalities occur every summer. Heat exhaustion and 
fainting are less serious types of illnesses. Typically they 
are not fatal, but they do interfere with a person’s ability 
to work.

At very cold temperatures, the most serious concern is the 
risk for hypothermia or dangerous overcooling of the 
body. Another serious effect of cold exposure is frostbite 
or freezing of exposed extremities, such as fingers, toes, 
nose, and ear lobes. Hypothermia can be fatal if immedi-
ate medical attention is not received.

Heat and cold are dangerous because the victims of heat 
stroke and hypothermia often do not notice the symp-
toms. This means that family, neighbors, and friends are 
essential for early recognition of the onset of the condi-
tions. The affected individual’s survival depends on others 
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Heat stroke signs and symptoms include sudden and 
severe fatigue, nausea, dizziness, rapid pulse, lightheaded-
ness, confusion, unconsciousness, extremely high temper-
ature, and hot and dry skin surface. An individual who 
appears disorientated or confused, seems euphoric or 
unaccountably irritable, or suffers from malaise or flulike 
symptoms should be moved to a cool location and medi-
cal advice should be sought immediately.

to identify symptoms and to seek medical help. Family, 
neighbors, and friends must be particularly diligent dur-
ing heat or cold waves to check on individuals who live 
alone. The verification code for this document is 
578385.

Although symptoms vary from person to person, the 
warning signs of heat exhaustion include confusion and 
profuse and prolonged sweating. The person should be 
removed from the heat, cooled, and heavily hydrated. 

Carbon monoxide (CO) detector— A device used to detect CO (specific gravity of 0.97 vs. 1.00 for oxygen, a colorless 
odorless gas resulting from combustion of fuel). CO detectors should be placed on each floor of the structure at eye level and 
should have an audible alarm and, when possible, a digital readout at eye level.

Chimney— A vertical shaft containing one or more passageways.

Factory-built chimney— A tested and accredited flue for venting gas appliances, incinerators and solid or liquid 
fuel-burning appliances.

Masonry chimney— A field-constructed chimney built of masonry and lined with terra cotta flue or firebrick.

Metal chimney— A field-constructed chimney of metal.

Chimney connector— A pipe or breeching that connects the heating appliance to the chimney.

Clearance— The distance separating the appliance, chimney connector, plenum, and flue from the nearest surface of 
combustible material.

Central cooling system— An electric or gas-powered system containing an outside compressor, cooling coils, and a ducting 
system inside the structure designed to supply cool air uniformly throughout the structure. 

Central heating system— A flue connected boiler or furnace installed as an integral part of the structure and designed to 
supply heat adequately for the structure.

Collectors— The key component of active solar systems and are designed to meet the specific temperature requirements and 
climate conditions for different end uses. Several types of solar collectors exist: flat-plate collectors, evacuated-tube collectors, 
concentrating collectors, and transpired air collectors.

Controls:

• High-low limit control— An automatic control that responds to liquid level changes and will shut down if they are
exceeded.

• Primary safety control— The automatic safety control intended to prevent abnormal discharge of fuel at the burner in
case of ignition failure or flame failure.

Combustion safety control— A primary safety control that responds to flame properties, sensing the presence of flame and 
causing fuel to be shut off in event of flame failure.

Convector— A radiator that supplies a maximum amount of heat by convection, using many closely spaced metal fins fitted 
onto pipes that carry hot water or steam and thereby heat the circulating air.

Conversion— A boiler or furnace, flue connected, originally designed for solid fuel but converted for liquid or gas fuel.

Damper— A valve for regulating draft on coal-fired equipment. Generally located on the exhaust side of the combustion 
chamber, usually in the chimney connector. Dampers are not allowed on oil- and gas-fired equipment. 

Draft hood— A device placed in and made a part of the vent connector (chimney connector or smoke pipe) from an appli-
ance, or in the appliance itself. The hood is designed to a) ensure the ready escape of the products of combustion in the event 
of no draft, back draft, or stoppage beyond the draft hood; b) prevent backdraft from entering the appliance; and c) neutral-
ize the effect of stack action of the chimney flue upon appliance operation.

Definitions of Terms Related to HVAC Systems
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Draft regulator— A device that functions to maintain a desired draft in oil-fired appliances by automatically reducing the 
chimney draft to the desired value. Sometimes this device is referred to in the field as air-balance, air-stat, or flue velocity 
control or barometer damper. 

Fuel oil— A liquid mixture or compound derived from petroleum that does not emit flammable vapor below a temperature 
of 125°F (52°C).

Heat— The warming of a building, apartment, or room by a furnace or electrical stove.

Heating plant— The furnace, boiler, or the other heating devices used to generate steam, hot water, or hot air, which then is 
circulated through a distribution system. It typically uses coal, gas, oil or wood as its source of heat.

Limit control— A thermostatic device installed in the duct system to shut off the supply of heat at a predetermined tempera-
ture of the circulated air.

Oil burner— A device for burning oil in heating appliances such as boilers, furnaces, water heaters, and ranges. A burner of 
this type may be a pressure-atomizing gun type, a horizontal or vertical rotary type, or a mechanical or natural draft-vaporiz-
ing type.

Oil stove— A flue-connected, self-contained, self-supporting oil-burning range or room heater equipped with an integral 
tank not exceeding 10 gallons; it may be designed to be connected to a separate oil tank.

Plenum chamber— An air compartment to which one or more distributing air ducts are connected.

Pump, automatic oil— A device that automatically pumps oil from the supply tank and delivers it in specific quantities to 
an oil-burning appliance. The pump or device is designed to stop pumping automatically if the oil supply line breaks.

Radiant heat— A method of heating a building by means of electric coils, hot water, or steam pipes installed in the floors, 
walls, or ceilings.

Register— A grille-covered opening in a floor, ceiling, or wall through which hot or cold air can be introduced into a room. 
It may or may not be arranged to permit closing the grille.

Room heater— A self-contained, freestanding heating appliance (space heater) intended for installation in the space being 
heated and not intended for duct connection.

Smoke detector— A device installed in several rooms of the structure to warn of the presence of smoke. It should provide an 
audible alarm. It can be battery powered or electric, or both. If the unit is battery powered, the batteries should be tested or 
checked on a routine basis and changed once per year. If the unit is equipped with a 10-year battery, it is not necessary to re-
place the battery every year. 

Tank— A separate tank connected, directly or by pump, to an oil-burning appliance.

Thimble— A metal or terra cotta lining for a chimney or furnace pipe.

Valve (main shut-off valve)— A manually operated valve in an oil line used to turn the oil supply to the burner on or off.

Vent system— The gas vent or chimney and vent connector, if used, assembled to form a continuous, unobstructed passage-
way from the gas appliance to the outside atmosphere to remove vent gases. 

Definitions of Terms Related to HVAC Systems

Warning signs of hypothermia include nausea, fatigue, 
dizziness, irritability, or euphoria. Individuals also experi-
ence pain in their extremities (e.g., hands, feet, ears) and 
severe shivering. People who exhibit these symptoms, par-
ticularly the elderly and young, should be moved to a 
heated shelter and medical advice should be sought when 
appropriate.

The function of a heating, ventilation, and air 
conditioning (HVAC) system is to provide for more than 
human health and comfort. The HVAC system produces 

heat, cool air, and ventilation, and helps control dust and 
moisture, which can lead to adverse health effects. The 
variables to be controlled are temperature, air quality, air 
motion, and relative humidity. Temperature must be 
maintained uniformly throughout the heated/cooled area. 
There is a 6°F to 10°F (-14°C to -12°C) variation in 
room temperature from floor to ceiling. The adequacy of 
the HVAC system and the air-tightness of the structure 
or room determine the degree of personal safety and 
comfort within the dwelling.
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Gas, electricity, oil, coal, wood, and solar energy are the 
main energy sources for home heating and cooling. Heating 
systems commonly used are steam, hot water and hot air. 
A housing inspector should have knowledge of the 
various heating fuels and systems to be able to determine 
their adequacy and safety in operation. To cover fully all 
aspects of the heating and cooling system, the entire area 
and physical components of the system must be considered.

Heating
Fifty-one percent of the homes in the United States are 
heated with natural gas, 30% are heated with electricity, 
and 9% with fuel oil. The remaining 11% are heated 
with bottled fuel, wood, coal, solar, geothermal, wind, or 
solar energy [1]. Any home using combustion as a source 
of heating, cooling, or cooking or that has an attached 
garage should have appropriately located and maintained 
carbon monoxide (CO) gas detectors. According to the 
U.S. Consumer Product Safety Commission (CPSC), 
from data collected in 2000, CO kills 200 people and 
sends more than 10,000 to the hospital each year. 

The standard fuels for heating are discussed below.

Standard Fuels

Gas
More than 50% of American homes use gas fuel. Gas 
fuels are colorless gases. Some have a characteristic pungent 
odor; others are odorless and cannot be detected by smell. 
Although gas fuels are easily handled in heating equipment, 
their presence in air in appreciable quantities becomes a 
serious health hazard. Gases diffuse readily in the air, 
making explosive mixtures possible. A proportion of 
combustible gas and air that is ignited burns with such a 
high velocity that an explosive force is created. Because of 
these characteristics of gas fuels, precautions must be 
taken to prevent leaks, and care must be exercised when 
gas-fired equipment is lit. 

Gas is broadly classified as natural or manufactured. 

 • Natural gas— This gas is a mixture of several 
combustible and inert gases. It is one of the richest 
gases and is obtained from wells ordinarily located in 
petroleum-producing areas. The heat content may vary 
from 700 to 1,300 British thermal units (BTUs) per 
cubic foot, with a generally accepted average figure of 
1,000 BTUs per cubic foot. Natural gases are 
distributed through pipelines to the point of use and 
are often mixed with manufactured gas to maintain a 
guaranteed BTU content. 

 • Manufactured gas— This gas, as distributed, is usually 
a combination of certain proportions of gases 
produced from coke, coal, and petroleum. Its BTU 
value per cubic foot is generally closely regulated, and 
costs are determined on a guaranteed BTU basis, 
usually 520 to 540 BTUs per cubic foot.

 • Liquefied petroleum gas— Principal products of 
liquefied petroleum gas are butane and propane. 
Butane and propane are derived from natural gas or 
petroleum refinery gas and are chemically classified as 
hydrocarbon gases. Specifically, butane and propane 
are on the borderline between a liquid and a gaseous 
state. At ordinary atmospheric pressure, butane is a gas 
above 33°F (0.6°C) and propane a gas at -42°F 
(-41°C). These gases are mixed to produce commercial 
gas suitable for various climatic conditions. Butane 
and propane are heavier than air. The heat content of 
butane is 3,274 BTUs per cubic foot, whereas that of 
propane is 2,519 BTUs per cubic foot. 

Gas burners should be equipped with an automatic shut-
off in case the flame fails. Shutoff valves should be 
located within 1 foot of the burner connection and on 
the output side of the meter.

Caution: Liquefied petroleum gas is heavier than air; 
therefore, the gas will accumulate at the bottom of con-
fined areas. If a leak develops, care should be taken to 
ventilate the appliance before lighting it.

Electricity
Electricity has gained popularity for heating in many 
regions, particularly where costs are competitive with 
other sources of heat energy, with usage increasing from 
2% in 1960 to 30% in 2000. With an electric system, the 
housing inspector should rely mainly on the electrical 
inspector to determine proper installation. There are a 
few items, however, to be concerned with to ensure safe 
use of the equipment. Check to see that the units are 
approved by an accredited testing agency and installed 
according to the manufacturer’s specifications. Most con-
vector-type units must be installed at least 2 inches above 
the floor level, not only to ensure that proper convection 
currents are established through the unit, but also to 
allow sufficient air insulation from any combustible floor-
ing material. The housing inspector should check for cur-
tains that extend too close to the unit or loose, long-pile 
rugs that are too close. A distance of 6 inches on the floor 
and 12 inches on the walls should separate rugs or cur-
tains from the appliance.
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Heat pumps are air conditioners that contain a valve that 
allows switching between air conditioner and heater. 
When the valve is switched one way, the heat pump acts 
like an air conditioner; when it is switched the other way, 
it reverses the flow of refrigerants and acts like a heater. 
Cold is the absence of energy or calories of heat. To cool 
something, the heat must be removed; to warm some-
thing, energy or calories of heat must be provided. Heat 
pumps do both.

A heat pump has a few additions beyond the typical air 
conditioner: a reversing valve, two thermal expansion 
valves, and two bypass valves. The reversing valve allows 
the unit to provide both cooling and heating. Figure 12.1 
shows a heat pump in cooling mode. The unit operates as 
follows: 

 • The compressor compacts the refrigerant vapor and 
pumps it to the reversing valve. 

 • The reversing valve directs the compressed vapor to 
flow to the outside heat exchanger (condenser), where 
the refrigerant is cooled and condensed to a liquid. 

 • The air blowing through the condenser coil removes 
heat from the refrigerant. 

 • The liquid refrigerant bypasses the first thermal 
expansion valve and flows to the second thermal 
expansion valve at the inside heat exchanger 
(evaporator) where it expands into the evaporator and 
becomes vapor. 

 • The refrigerant picks up heat energy from the air 
blowing across the evaporator coil and cool air comes 
out at the other side of the coil. The cool air is ducted 
to the occupied space as air-conditioned air.

 • The refrigerant vapor then goes back to the reversing 
valve to be directed to the compressor to start the 
refrigeration cycle all over again. 

Figure 12.1. Heat Pump in Cooling Mode [2]

Heat pumps [3] are quite efficient in their use of energy. 
However, heat pumps often freeze up; that is, the coils in 
the outside air collect ice. The heat pump has to melt 
this ice periodically, so it switches itself back to air con-
ditioner mode to heat up the coils. To avoid pumping 
cold air into the house in air conditioner mode, the heat 
pump also uses electric strip heaters to heat the cold air 
that the air conditioner is pumping out. Once the ice is 
melted, the heat pump switches back to heating mode 
and turns off the burners.

Radiant heat warms objects directly with longwave elec-
tromagnetic energy. The heating panels diffuse heating 
energy rays in a 160° arc, distributing warmth evenly. 
The goal is to achieve no more than a 4°F (-16°C) differ-
ence in temperature between floor level and ceiling level. 
When properly installed, radiant heat warms a room 
sooner and at lower temperature settings than do other 
kinds of heat. Extreme care must be taken to protect 
against fire hazards from objects in close proximity to the 
infrared radiation reflectors. Inspectors dealing with this 
heat source should have specialized training. Radiant 
heating is plastered into the ceiling or wall in some 
homes or in the brick or ceramic floors of bathrooms. If 
wires are bare in the plaster, they should be treated as 
open and exposed wiring. The inspector should be 
knowledgeable about these systems, which are technical 
and relatively new.

Fuel Oil
Fuel oils are derived from petroleum, which consists pri-
marily of compounds of hydrogen and carbon (hydrocar-
bons) and smaller amounts of nitrogen and sulfur. 
Domestic fuel oils are controlled by rigid specifications. 
Six grades of fuel oil— numbered 1 through 6— are gen-
erally used in heating systems; the lighter two grades are 
used primarily for domestic heating: 

 • Grade Number 1— a volatile, distillate oil for use in 
burners that prepare fuel for burning solely by 
vaporization (oil-fired space heaters).

 • Grade Number 2— a moderate weight, volatile, 
distillate oil used for burners that prepare oil for 
burning by a combination of vaporization and 
atomization. This grade of oil is commonly used in 
domestic heating furnaces.

Heating values of oil vary from approximately 152,000 
BTU per gallon for number 6 oil to 136,000 BTU per 
gallon for number 1 oil. Oil is more widely used today 
than coal and provides a more automatic source of heat 
and comfort. It also requires more complicated systems 
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and controls. If the oil supply is in the basement or cellar 
area, certain code regulations must be followed (Figure 
12.2) [4–7]. No more than two 275-gallon tanks may be 
installed above ground in the lowest story of any one 
building. The IRC recommends a maximum fuel oil stor-
age of 660 gallons. The tank shall not be closer than 7 
feet horizontally to any boiler, furnace, stove, or exposed 
flame(s). 

Fuel oil lines should be embedded in a concrete or 
cement floor or protected against damage if they run 
across the floor. Each tank must have a shutoff valve that 
will stop the flow if a leak develops in the line to or in 
the burner itself. A leak-tight liner or pan should be 
installed under tanks and lines located above the floor. 
They contain potential leaks so the oil does not spread 
over the floor, creating a fire hazard.

The tank or tanks must be vented to the outside, and a 
gauge showing the quantity of oil in the tank or tanks 
must be tight and operative. Steel tanks constructed 
before 1985 had a life expectancy of 12–20 years. Tanks 
must be off the floor and on a stable base to prevent set-
tlement or movement that may rupture the connections. 
Figure 12.3 shows a buried outside tank installation. In 
1985, federal legislation was passed requiring that the 
exterior components of underground storage tanks 
(USTs) installed after 1985 resist the effects of pressure, 
vibration, and movement. Federal regulations for USTs 
exclude the following: farm and residential tanks of 1,100 
gallons (420 liters) or less capacity; tanks storing heating 
oil used on the premises; tanks on or above the floor of 
basements; septic tanks; flow-through process tanks; all 
tanks with capacity of 110 gallons or less; and emergency 
spill and overfill tanks [8]. A review of local and state 
 regulations should be completed before installing under-
ground tanks because many jurisdictions do not allow 
burial of gas or oil tanks. 

Figure 12.2. Piping Hookup for Inside Tank Installation [4] Figure 12.3. Piping Hookup for Buried Outside Tank [4]

Coal
The four types of coal are anthracite, bituminous, sub-
bituminous, and lignite. Coal is prepared in many sizes 
and combinations of sizes. The combustible portions of 
the coal are fixed carbons, volatile matter (hydrocarbons), 
and small amounts of sulfur. In combination with these 
are noncombustible elements composed of moisture and 
impurities that form ash. The various types differ in heat 
content. Heat content is determined by analysis and is 
expressed in British thermal units per pound.

Improper coal furnace operation can result in an 
extremely hazardous and unhealthy home. Ventilation of 
the area surrounding the furnace is very important to pre-
vent heat buildup and to supply air for combustion.

Solar  Energy
Solar energy has gained popularity in the last 25 years as 
the cost of installation of solar panels and battery storage 
has decreased. Improved technology with panels, 
installation of panels, piping, and batteries has created a 
much larger market. Solar energy largely has been used to 
heat water. Today, there are more than a million solar 
water-heating systems in the United States. Solar water 
heaters use direct sun to heat either water or a 
heat-transfer fluid in collectors [3]. That water is then 
stored for use as needed, with a conventional system 
providing any necessary additional heating. A typical 
system will reduce the need for conventional water 
heating by about two-thirds, minimizing the cost of 
electricity or the use of fossil fuel and thus the 
environmental impact associated with their use. The U.S. 
Department of Housing and Urban Development and 
the U.S. Department of Energy (DOE) have instituted 
initiatives to deploy new solar technologies in the next 
generation of American housing [3]. For example, DOE 
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has the Million Solar Roofs Initiative begun in 1997 to 
install solar energy systems in more than 1 million U.S. 
buildings by 2010.

Central Heating Units
The boiler should be placed in a separate room whenever 
possible, which is usually required in new construction. 
In most housing inspections, however, the inspector is 
dealing with existing conditions and must adapt the situ-
ation as closely as possible to acceptable safety standards. 
In many old buildings, the furnace is located in the cen-
ter of the cellar or basement. This location does not lend 
itself to practical conversion to a boiler room.

Consider the physical requirements for a boiler or 
furnace.

 • Ventilation— More circulating air is required for the 
boiler room than for a habitable room, to reduce the 
heat buildup caused by the boiler or furnace and to 
supply oxygen for combustion.

 • Fire protection rating— As specified by various codes 
(fire code, building code, and insurance underwriters), 
the fire regulations must be strictly adhered to in areas 
surrounding the boiler or furnace. This minimum 
clearance for a boiler or furnace from a wall or ceiling 
is shown in Figures 12.4 and 12.5. 

Asbestos was used in numerous places on furnaces to pro-
tect buildings from fire and to prevent lost heat. Figure 
12.6 shows asbestos-coated heating ducts, for example. 
Where asbestos insulation is found, it must be handled 
with care (breathing protection and protective clothing) 
and care must be taken to prevent or contain release into 
the air [10]. 

The furnace or boiler makes it difficult to supply air and 
ventilation for the room. Where codes and local authority 
permit, it may be more practical to place the furnace or 
boiler in an open area. The ceiling above the furnace 
should be protected to a distance of 3 feet beyond all 

Figure 12.5. Minimum Clearance for Steam or Hot Water Boiler and 
Mechanical Warm-air Furnace [4]

Figure 12.6. Heating Ducts Covered With Asbestos Insulation
Figure 12.4. Minimum Clearance for Pipeless Hot Air and Gravity Warm 
Air Furnace [4]

 furnace or boiler appurtenances, and this area should be 
free of all storage material. The furnace or boiler should 
be on a firm foundation of concrete if located in the cel-
lar or basement. If codes permit furnace installations on 
the first floor, then they must be consulted for proper set-
ting and location.

Heating Boilers
The term boiler is applied to the single heat source that 
can supply either steam or hot water (a boiler is often 
called a heater).

Boilers may be classified according to several kinds of 
characteristics. They are typically made from cast iron or 
steel. Their construction design may be sectional, porta-
ble, fire-tube, water-tube, or special. Domestic heating 
boilers are generally of low-pressure type with a maxi-
mum working pressure of 15 pounds per square inch 
(psi) for steam and 30 psi for hot water. All boilers have a 
combustion chamber for burning fuel. Automatic fuel-fir-
ing devices help supply the fuel and control the combus-
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tion. Hand firing is accomplished by the provision of a 
grate, ash pit, and controllable drafts to admit air under 
the fuel bed and over it through slots in the firing door.  
A check draft is required at the smoke pipe connection to 
control chimney draft. The gas passes from the combus-
tion chamber to the flue passages (smoke pipe) designed 
for maximum possible transfer of heat from the gas. 
Provisions must be made for cleaning flue passages.

Cast-iron boilers are usually shipped in sections and 
assembled at the site. They are generally classified as 

 • square or rectangular boilers with vertical sections; and

 • round, square, or rectangular boilers with horizontal 
pancake sections.

Most steel boilers are assembled units with welded steel 
construction and are called portable boilers. Large boilers 
are installed in refractory brick settings on the site. Above 
the combustion chamber, a group of tubes is suspended, 
usually horizontally, between two headers. If flue gases 
pass through the tubes and water surrounds them, the 
boiler is designated as the fire-tube type. When water 
flows through the tubes, it is termed water-tube. Fire-
tube is the predominant type.

Heating Furnaces
Heating furnaces are the heat sources used when air is the 
heat-carrying medium. When air circulates because of the 
different densities of the heated and cooled air, the fur-
nace is a gravity type. A fan may be included for the air 
circulation; this type is called a mechanical warm-air fur-
nace. Furnaces may be of cast iron or steel and burn vari-
ous types of fuel.

Some new furnaces are as fuel efficient as 95%. Furnaces 
with an efficiency of 90% or greater use two heat 
exchangers instead of one. Energy savings come not only 
from the increased efficiency, but also from improved 
comfort at lower thermostat settings.

Fuel-burning Furnaces
Some localities throughout the United States still use coal 
as a heating fuel, including residences, schools, colleges 
and universities, small manufacturing facilities, and other 
facilities located near coal sources.

In many older furnaces, the coal is stoked or fed into the 
firebox by hand. The single-retort, underfeed-type bitu-
minous coal stoker is the most commonly used domestic 
automatic-stoking steam or hot-water boiler (Figure 
12.7). The stoker consists of a coal hopper, a screw for 
conveying coal from hopper to retort, a fan that supplies 

Figure 12.7. Typical Underfeed Coal Stoker Installation in Small Boilers [4]

air for combustion, a transmission for driving coal feed 
and fan, and an electric motor for supplying power. The 
air for combustion is admitted to the fuel through tuyeres 
(air inlets) at the top of the retort. The stoker feeds coal 
to the furnace intermittently in accordance with tempera-
ture or pressure demands. 

Oil burners are broadly designated as distillate, domestic, 
and commercial or industrial. Distillate burners are usu-
ally found in oil-fired space heaters. Domestic oil burners 
are usually power driven and are used in domestic heating 
plants. Commercial or industrial burners are used in 
larger central-heating plants for steam or power 
generation.

Domestic oil burners vaporize and atomize the oil and 
deliver a predetermined quantity of oil and air to the 
combustion chambers. Domestic oil burners operate 
automatically to maintain a desired temperature.

Gun-type burners atomize the oil either by oil pressure or 
by low-pressure air forced through a nozzle. The oil sys-
tem pressure-atomizing burner consists of a strainer, 
pump, pressure-regulating valve, shutoff valve and atom-
izing nozzle. The air system consists of a power-driven 
fan and an air tube that surrounds the nozzle and elec-
trode assembly.

The fan and oil pump are generally connected directly to 
the motor. Oil pressures normally used are about 100 psi, 
but pressures considerably in excess of this are sometimes 
used.

The form and parts of low-pressure, air-atomizing burn-
ers are similar to high-pressure atomizing (gun) burners 
(Figure 12.8) except for addition of a small air pump and 
a different way of delivering air and oil to the nozzle or 
orifice. 

The atomizing type burner, sometimes known as a radi-
ant or suspended flame burner, atomizes oil by throwing 
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it from the circumference of a rapidly rotating motor-
driven cup. The burner is installed so that the driving 
parts are protected from the heat of the flame by a hearth 
of refractory material at about the grate elevation. Oil is 
fed by pump or gravity; the draft is mechanical or a com-
bination of natural and mechanical.

Horizontal rotary burners were originally designed for 
commercial and industrial use but are available in sizes 
suitable for domestic use. In this burner, fuel oil being 
thrown in a conical spray from a rapidly rotating cup is 
atomized. Horizontal rotary burners use electric gas or 
gas-pilot ignition and operate with a wide range of fuels, 
primarily Numbers 1 and 2 fuel oil. Primary safety con-
trols for burner operation are necessary. An antiflooding 
device must be a part of the system to stop oil flow if 
ignition in the burner should fail. Likewise, a stack con-
trol is necessary to shut off the burner if the stack tem-
peratures are exceeded, thus cutting off all power to the 
burner. This button must be reset before starting can be 
attempted. The newer models now use electric eye-type 
control on the burner itself.

On the basis of the method used to ignite fuels, burners 
are divided into five groups:

 • Electric— A high-voltage electric spark in the path of 
an oil and air mixture causes ignition. This electric 
spark may be continuous or may operate only long 
enough to ignite the oil. Electric ignition is almost 
universally used. Electrodes are located near the 
nozzles, but not in the path of the oil spray.

 • Gas pilot— A small gas pilot light that burns 
continuously is frequently used. Gas pilots usually 
have expanded gas valves that automatically increase 
flame size when a motor circuit starts. After a fixed 
interval, the flame reverts to normal size (Figure 12.9). 

Figure 12.8. Cutaway View of Typical High-pressure Gun Burner [4]
Figure 12.9. Gas-fired Boiler
Source: HUD

 • Electric gas— An electric spark ignites a gas jet, which 
in turn ignites the oil-air mixture.

 • Oil pilot— A small oil flame is used.

 • Manual— A burning wick or torch is placed in the 
combustion space through peepholes and thus ignites 
the charge. The operator should stand to one side of 
the fire door to guard against injury from chance 
explosion.

The refractory lining or material should be an insulating 
fireproof bricklike substance, never ordinary firebrick. 
The insulating brick should be set on end to build a 
2½-inch-thick wall from furnace to furnace. The size and 
shape of the refractory pot vary from furnace to furnace. 
The shape can be either round or square, whichever is 
more convenient to build. It is more important to use a 
special cement having properties similar to that of the 
insulating refractory-type brick.

Steam Heating Systems
Steam heating systems are classified according to the pipe 
arrangement, accessories used, method of returning the 
condensate to the boiler, method of expelling air from the 
system, or the type of control used. The successful 
operation of a steam heating system consists of generating 
steam in sufficient quantity to equalize building heat loss 
at maximum efficiency, expelling entrapped air, and 
returning all condensate to the boiler rapidly. Steam 
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cannot enter a space filled with air or water at pressure 
equal to the steam pressure. It is important, therefore, to 
eliminate air and remove water from the distribution 
system. All hot pipelines exposed to contact by residents 
must be properly insulated or guarded. Steam heating 
systems use the following methods to return the 
condensate to the boiler:

 • Gravity one-pipe air-vent system— One of the 
earliest types used, this method returns condensate to 
the boiler by gravity. This system is generally found in 
one-building-type heating systems. The steam is 
supplied by the boiler and carried through a single 
system or pipe to radiators, as shown in Figure 12.10. 
Return of the condensate is dependent on hydrostatic 
head. Therefore, the end of the stream main, where it 
attaches to the boiler, must be full of water (termed a 
wet return) for a distance above the boiler line to 
create a pressure drop balance between the boiler and 
the stream main.

Radiators are equipped with an inlet valve and an air 
valve. The air valve permits venting of air from the 
radiator and its displacement by steam. Condensate is 
drained from the radiator through the same pipe that 
supplies steam.

 • Two-pipe steam vapor system with return trap— 
The two-pipe vapor system with boiler return trap and 
air eliminator is an improvement of the one-pipe 
system. The return connection of the radiator has a 
thermostatic trap that permits flow of condensate and 
air only from the radiator and prevents steam from 
leaving the radiator. Because the return main is at 
atmospheric pressure or less, a boiler return trap is 
installed to equalize condensate return pressure with 
boiler pressure.

Water Heating Systems
All water heating systems are similar in design and 
operating principle. The one-pipe gravity water heating 
system is the most elementary of the gravity systems and 
is shown in Figure 12.10. Water is heated at the lowest 
point in the system. It rises through a single main because 
of a difference in density between hot and cold water. 
The supply rise or radiator branch takes off from the top 
of the main to supply water to the radiators. After the 
water gives up heat in the radiator, it goes back to the 
same main through return piping from the radiator. This 
cooler return water mixes with water in the supply main 
and causes the water to cool a little. As a result, the next 
radiator on the system has a lower emission rate and must 
be larger. Figure 12.10. Typical Gravity One-pipe Heating System [4]

Note in Figure 12.11 that the high points of the hot 
water system are vented and the low points are drained. 
In this case, the radiators are the high points and the 
heater is the low point. 

 • One-pipe forced-feed system— If a pump or 
circulator is introduced in the main near the heater of 
the one-pipe system, it becomes a forced system that 
can be used for much larger applications than can the 
gravity type. This system can operate at higher water 
temperatures than the gravity system can. When the 
water is moving faster and at higher temperatures, it 
makes a more responsive system, with smaller 
temperature drops and smaller radiators for the same 
heating load.

 • Two-pipe gravity system— A one-pipe gravity system 
may become a two-pipe system if the return radiator 
branch connects to a second main that returns water 
to the heater (Figure 12.12). Water temperature is 
practically the same in the entire radiator.

 • Two-pipe forced-circulation system— This system is 
similar to a one-pipe forced-circulation system except 
that it uses the same piping arrangement found in the 
two-pipe gravity system.

 • Expansion tanks— When water is heated, it tends to 
expand. Therefore, an expansion tank is necessary in a 
hot water system. The expansion tank, either open or 
closed, must be of sufficient size to permit a change in 
water volume within the heating system. If the 
expansion tank is open, it must be placed at least 3 
feet above the highest point of the system. It will 
require a vent and an overflow. The open tank is 
usually in an attic, where it needs protection from 
freezing.

The closed expansion tank is found in modern instal-
lations. An air cushion in the tank compresses and 
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expands according to the change of volume and pres-
sure in the system. Closed tanks are usually at the low 
point in the system and close to the heater. They can, 
however, be placed at almost any location within the 
heating system. 

Air Heating Systems
Gravity Warm-air Heating Systems. These operate 
because of the difference in specific gravity of warm air 
and cold air. Warm air is lighter than cold air and rises if 
cold air is available to replace it (Figure 12.13).

 • Operation— Satisfactory operation of a gravity warm-
air heating system depends on three factors: size of 
warm air and cold air ducts, heat loss of the building, 
and heat available from the furnace.

 • Heat distribution— The most common source of 
trouble in these systems is insufficient pipe area, 
usually in the return or cold air duct. The total cross-
section area of the cold duct or ducts must be at least 
equal to the total cross-section area of all warm ducts.

 • Pipeless furnaces— The pipeless hot-air furnace is the 
simplest type of hot-air furnace and is suitable for 
small homes where all rooms can be grouped about a 
single large register. Other pipeless gravity furnaces are 
often installed at floor level. These are really oversized 
jacketed space heaters. The most common difficulty 
experienced with this type of furnace is supplying a 
return air opening of sufficient size on the floor. 

Forced Warm-air Heating Systems. The mechanical 
warm-air furnace is the most modern type of warm-air 
equipment (Figures 12.13 and 12.14). It is the safest type 
because it operates at low temperatures. The principle of 

Figure 12.11. One-pipe Gravity Water Heating System [4]

Figure 12.12. Two-pipe Gravity Water Heating System [4]

Figure 12.13. Warm-air Convection Furnace [4]

a forced-warm-air heating system is very similar to that of 
the gravity system, except that a fan or blower is added to 
increase air movement. Because of the assistance of the 
fan or blower, the pitch of the ducts or leaders can be dis-
regarded; therefore, it is practical to deliver heated air in 
the most convenient places. 

 • Operation— In a forced-air system, operation of the 
fan or blower must be controlled by air temperature in 
a bonnet or by a blower control furnace stat. The 
blower control starts the fan or blower when the 
temperature reaches a certain point and turns the fan 
or blower off when the temperature drops to a 
predetermined point.

 • Heat distribution— Dampers in the various warm-air 
ducts control distribution of warm air either at the 
branch takeoff or at the warm-air outlet. Humidifiers 
are often mounted in the supply bonnet to regulate 
the humidity within the residence.
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Space Heaters
Space heaters are the least desirable type of heating from 
the viewpoint of fire safety and housing inspection. A 
space heater is a self-contained, free-standing air-heating 
appliance intended for installation in the space being 
heated and not intended for duct connection. According 
to the CPSC, consumers are not using care when pur-
chasing and using space heaters. Approximately 21,800 
residential fires are caused by space heaters a year, and 
300 people die in these fires. An estimated 6,000 persons 
receive hospital emergency room care for burn injuries 
associated with contacting hot surfaces of space heaters, 
mostly in nonfire situations. 

Individuals using space heaters should use the heaters in 
accordance with the following precautions:

 • Read and follow the manufacturer’s operating 
instructions. A good practice is to read aloud the 
instructions and warning labels to all members of the 
household to be certain that everyone understands 
how to operate the heater safely. Keep the owner’s 
manual in a convenient place to refer to when needed.

 • Choose a space heater that has been tested and 
certified by a nationally recognized testing laboratory. 
These heaters meet specific safety standards.

 • Buy a heater that is the correct size for the area you 
want to heat. The wrong size heater could produce 
more pollutants and may not be an efficient use of 
energy.

 • Choose models that have automatic safety switches 
that turn off the unit if it is tipped over accidentally.

 • Select a space heater with a guard around the flame 
area or heating element. Place the heater on a level, 
hard, nonflammable surface, not on rugs or carpets or 
near bedding or drapes. Keep the heater at least 3 feet 
from bedding, drapes, furniture, or other flammable 
materials.

Figure 12.14. Cross-sectional View of Building Showing Forced Warm-air 
Heating System [4]

 • Keep doors open to the rest of the house if you are 
using an unvented fuel-burning space heater. This 
helps prevent pollutant build-up and promotes proper 
combustion. Follow the manufacturer’s instructions for 
oil heaters to provide sufficient combustion air to 
prevent CO production. 

 • Never leave a space heater on when you go to sleep. 
Never place a space heater close to any sleeping person.

 • Turn the space heater off if you leave the area. Keep 
children and pets away from space heaters. Children 
should not be permitted to either adjust the controls 
or move the heater.

 • Keep any portable heater as least 3 feet away from 
curtains, newspapers, or anything that might burn.

 • Have a smoke detector with fresh batteries on each 
level of the house and a CO detector outside the 
sleeping area. Install a CO monitor near oil space 
heaters at the height recommended by the 
manufacturer.

 • Be aware that mobile homes require specially designed 
heating equipment. Only electric or vented fuel-fired 
heaters should be used.

 • Have gas and kerosene space heaters inspected 
annually.

 • Do not hang items to dry above or on the heater.

 • Keep all heaters out of exit and high-traffic areas.

 • Keep portable electric heaters away from sinks, tubs, 
and other wet or damp places to avoid deadly electric 
shocks.

 • Never use or store flammable liquids (such as gasoline) 
around a space heater. The flammable vapors can flow 
from one part of the room to another and be ignited 
by the open flame or by an electrical spark. 

Coal-fired Space Heaters (Cannon Stove)
A coal stove is made entirely of cast iron. Coal on the 
grates receives primary air for combustion through the 
grates from the ash-door draft intake. Combustible gases 
driven from the coal by heat burn in the barrel of the 
stove, where they receive additional or secondary air 
through the feed door. The side and top of the stove 
absorb the heat of combustion and radiate it to the sur-
rounding space. Coal stoves must be vented to the flue.
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Oil-fired Space Heaters
Oil-fired space heaters have atmospheric vaporizing-type 
burners. The burners require a light grade of fuel oil that 
vaporizes easily and in comparatively low temperatures. 
In addition, the oil must be such that it leaves only a 
small amount of carbon residue and ash within the 
heater. Oil stoves must be vented.

The burner of an oil-fired space heater consists essentially 
of a bowl, 8 to 13 inches in diameter, with perforations 
in the side that admit air for combustion. The upper part 
of the bowl has a flame ring or collar. Figure 12.15 shows 
a perforated-sleeve burner. When several space heaters are 
installed in a building, an oil supply from an outside tank 
to all heaters is often desirable. Figure 12.16 shows the 
condition of a burner flame with different rates of fuel 
flow and indicates the ideal flame height.

Electric Space Heaters
Electric space heaters do not need to be vented.

Gas-fired Space Heaters
The three types of gas-fired space heaters (natural, manu-
factured, and liquefied petroleum gas) have a similar con-
struction. All gas-fired space heaters must be vented to 
prevent a dangerous buildup of poisonous gases. Each 
unit console consists of an enamel steel cabinet with top 
and bottom circulating grilles or openings, gas burners, 
heating elements, gas pilot, and a gas valve. The heating 
element or combustion chamber is usually cast iron.

Caution: All gas-fired space heaters and their connections 
must be approved by the American Gas Association 

(AGA). They must be 
installed in accordance 
with the recommenda-
tions of that organiza-
tion or the local code.

Venting
Use of proper venting 
materials and correct 
installation of venting 
for gas-fired space heat-
ers is necessary to min-
imize harmful effects of 
condensation and to 
ensure that combustion 
products are carried 
off. (Approximately 12 
gallons of water are 
produced in the burn-Figure 12.15. Perforated-sleeve Burner Figure 12.16. Condition of Burner Flame with Different Rates of Fuel Flow [4]

ing of 1,000 cubic feet of natural gas. The inner surface 
of the vent must therefore be heated above the dew point 
of the combustion products to prevent water from form-
ing in the flue.) A horizontal vent must be given an 
upward pitch of at least 1 inch per foot of horizontal 
distance.

When the smoke pipe extends through floors or walls, 
the metal pipe must be insulated from the floor or wall 
system by an air space (Figure 12.17). Sharp bends 
should be avoided. A 9° vent elbow has a resistance to 
flow equivalent to that of a straight section of pipe with a 
length 10 times the elbow diameter. Be sure that vents are 
of rigid construction and resistant to corrosion by flue gas 
products. Several types of venting material are available 
such as B-vent and other ceramic-type materials. A chim-
ney lined with firebrick type of terra cotta must be 
relined with an acceptable vent material if it is to be used 
for venting gas-fired appliances.

The same size vent pipe should be used throughout its 
length. A vent should never be smaller than the heater 
outlet except when two or more vents converge from sep-
arate heaters. To determine the size of vents beyond the 
point of convergence, one-half the area of each vent 
should be added to the area of the largest heater’s vent. 
Vents should be installed with male ends of inner liner 
down to ensure condensate is kept within pipes on a cold 
start. The vertical length of each vent or stack should be 
at least 2 feet greater than the length between horizontal 
connection and stack. Remember that the more conduc-
tive the unit, the lower the temperature of combustion 
and the more byproducts of combustion are likely to be 
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produced. These by-products are sometimes referred to as 
soot and creosote. These by-products will build up in 
vents, stacks, and chimneys. They are extremely flamma-
ble and can result in fire in these units that is hot enough 
to penetrate the heat shielding and throw burning mate-
rial onto the roof of the home. 

The vent should be run at least 3 feet above any projec-
tion within 20 feet of the building to place it above a 
possible pressure zone due to wind currents (Figure 
12.18). A weather cap should prevent entrance of rain 
and snow. Gas-fired space heaters, as well as gas furnaces 
and water heaters, must be equipped with a backdraft 
diverter (Figure 12.19) to protect heaters against down-
drafts and excessive updrafts. Only draft diverters 
approved by the AGA should be used.

The combustion chamber or firebox must be insulated 
from the floor, usually with airspace of 15 to 18 inches. 
The firebox is sometimes insulated within the unit and 
thus allows for lesser clearance firebox combustibles.

Floors should be protected where coal space heaters are 
located. The floor protection allows hot coals and ashes 
to cool off if dropped while being removed from the ash 
chamber. Noncombustible walls and materials should be 
used when they are exposed to heated surfaces. For space 
heaters, a top or ceiling clearance of 36 inches, a wall 
clearance of 18 inches, and a smoke pipe clearance of 18 
inches are recommended.

Hydronic Systems
Hydronic (circulating water) systems involving traditional 
baseboards can be single-pipe or two-pipe. Radiant sys-
tems are also an option. All hydronic systems require an 
expansion tank to compensate for the increase in water 
volume when it is heated (i.e., the volume of 50°F [10°C] 

Figure 12.17. Wall and Ceiling Clearance Reduction [4] Figure 12.18. Draft Relation to Height of Chimney [4]

water increases almost 4% when it is heated to 200°F 
[93°C]). Single-pipe hydronic systems are most com-
monly used in residences. They use a single pipe with hot 
water flowing in a series loop from radiator to radiator. 
Massachusetts has a prototype set of hydronic systems 
requirements [11].

The drawback to this arrangement is that the temperature 
of the water decreases as it moves through each radiator. 
Thus, larger radiators are needed for those locations 
downstream in the loop. A common solution to this is 
multiple loops or zones. Each zone has its own tempera-
ture control with circulation provided by a small pump or 
zone valve in each loop. Two-pipe hydronic systems use a 
pipe for supplying hot water to the radiators and a second 
pipe for returning the water from the radiators to the 
boiler.

There are also direct- and reverse-return arrangements. 
The direct-return system can be difficult to balance 
because the pressure drop through the nearest radiator 
piping can be significantly less than for the farthest 
radiator. Reverse-return systems take care of the balancing 
problem, but require the expense of additional piping. 
Orifice plates at radiator inlets or balancing valves at 
radiator outlets can also be used to balance the pressure 
drops in a direct-return system.

Direct Vent Wall Furnaces
Direct vent wall furnaces are specifically designed for 
areas where flues or chimneys are not available or cannot 
be used. The furnace is directly vented to the outside and 
external air is used to support combustion. The air on the 
inside is warmed as it recirculates around a sealed 
chamber.

Cooling
Air Conditioning
Many old homes relied on passive cooling-opening win-
dows and doors and using shading devices-during the 
summer months. Homes were designed with windows on 
opposite walls to encourage cross ventilation and large 
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shade trees reduced solar heat gains. This approach is still 
viable, and improved thermal performance (insulating 
value) windows are available that allow for larger window 
areas to let in more air in the summer without the heat 
loss penalty in the winter. However, increased outdoor 
noise levels, pollution, and security issues make relying on 
open windows a less attractive option in some locations 
today.

An air conditioning system of some kind may be installed 
in the home. It may be a window air conditioner or 
through-the-wall unit for cooling one or two rooms, or a 
central split-system air conditioner or heat pump. In any 
event, the performance of these systems, in terms of pro-
viding adequate comfort without excessive energy use, 
should be investigated. The age of the equipment alone 
will provide some indication. If the existing system is 
more than 10 years old, replacement should be consid-
ered because it is much less efficient than today’s systems 
and nearing the end of its useful life.

The refrigerant commonly used in today’s residential air 
conditioners is R-22. Because of the suspicion that R-22 
depletes the ozone layer, manufacturers will be prohibited 
from producing units with R-22 in 2010. The leading 
replacements for R-22 are R-134A and R-410A, and new 
products are now available with these nonozone-depleting 
refrigerants.

The performance measure for electric air conditioners 
with capacities less than 65,000 BTU is the seasonal 
energy efficiency ratio (SEER). SEER is a rating of cool-
ing performance based on representative residential loads. 
It is reported in units of BTU of cooling per watt per 
hour of electric energy consumption. It includes energy 
used by the unit’s compressor, fans, and controls. The 
higher the SEER, the more efficient the system. However, 
the highest SEER unit may not provide the most com-

Figure 12.19. Location and Operation of Typical Backdraft Diverter [4]

fort. In humid climates, some of the highest SEER units 
exhibit poor dehumidification capability because they 
operate at higher evaporator temperatures to attain the 
higher efficiency. A SEER of at least 10 is required by the 
National Appliance Energy Conservation Act of 1987 for 
conventional central split-system air-cooled systems. The 
Department of Energy announced a SEER of 13 effective 
January 2006.

Cooling system options vary widely, depending on the 
level of control and comfort desired by the homeowner. 
Fans can increase circulation and reduce cooling loads, 
but they may be unsatisfactory in hot climates because 
their cooling capability is directly limited by outdoor 
conditions. Radiant barriers can reduce cooling loads in 
very hot climates. Evaporative coolers can be a relatively 
inexpensive and effective method of cooling in dry cli-
mates, such as the Southwest. Electric air conditioning 
maintains a comfortable indoor temperature and humid-
ity even under the most severe outdoor conditions. More 
than 75% of new homes in the United States are 
equipped with some form of central air conditioning: 
50% of the homes in the Northeast, 75% in the 
Midwest, 95% in the South, and approximately 60% in 
the West. Electric air conditioning removes moisture 
from the air and reduces its temperature. It can be a good 
investment because, in most parts of the country, the pay-
back is significant when the house is sold.

Electric air conditioners that use the vapor-compression, 
refrigeration cycle are available in a variety of sizes and 
configurations, ranging from small window units to large 
central systems. The most common form of central air 
conditioning is a split-system with a warm air furnace 
(Figure 12.20). The same ductwork is used for distribut-
ing conditioned air during the heating and cooling sea-
sons. Supply air is cooled and dehumidified as it passes 
over an A-shaped evaporator coil. The liquid refrigerant 
evaporates inside the coil as it absorbs heat from the air. 
The refrigerant gas then travels through refrigerant piping 
to the outdoor unit, where it is pressurized in an electri-
cally driven compressor, raising its temperature and pres-
sure, and returned to a liquid state in the condenser as it 
releases, or dumps, the heat to the outdoors. A fan draws 
outdoor air in over the condenser coil. The use of two-
speed indoor fans can be advantageous in this type of 
 system because the cooling load often requires higher air-
flows than the heating load. The lower speed can be used 
for the heating season and for improved dehumidification 
performance during the cooling season. The condenser 
unit for a house air conditioner is shown in Figure 12.21.
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Circulation Fans
Air movement can make a person feel comfortable even 
when dry-bulb temperatures are elevated. A circulation 
fan (ceiling or portable) that creates an airspeed of 150 to 
200 feet per minute can compensate for a 4°F (-16°C) 
increase in temperature.

Ceiling circulation fans also can be beneficial in the 
heating season by redistributing warm air that collects 
along the ceiling, but they can be noisy. 

Evaporation Coolers
In dry climates, as in the southwestern United States, an 
evaporative cooler or “swamp” cooler may provide suffi-
cient cooling. This system cools an airstream by evaporat-
ing water into it; the airstream’s relative humidity 
increases while the dry-bulb temperature decreases. A 
95°F (35°C), 15% relative humidity airstream can be 
conditioned to 75°F (24°C), 50% relative humidity. The 
simplest direct systems are centrally located and use a 
pump to supply water to a saturated pad over which the 
supply air is blown. Indirect systems use a heat exchanger 
between the airstream that is cooled by evaporating water 
and the supply airstream. The moisture level of the sup-
ply airstream is not affected as it is cooled.

Evaporation coolers have lower installation and operating 
costs than electric air conditioning. No ozone-depleting 
refrigerant is involved. They provide high levels of venti-
lation because they typically condition and supply 100% 
outside air.

Figure 12.20. Split-system Air Conditioner Figure 12.21. External Air-conditioning Condenser Unit 

The disadvantages are that bacterial contamination can 
result if not properly maintained and they are only appro-
priate for dry, hot climates.

Safety
Cooling homes with window air conditioners requires 
attention to the maintenance requirements of the unit. 
The filter must be cleaned or replaced as recommended 
by the manufacturer, and the drip pan should be checked 
to ensure that proper drainage from the unit is occurring. 
The pans should be rinsed and disinfected as recom-
mended by the manufacturer. Both bacteria and fungi 
can establish themselves in these areas and present serious 
health hazards.

Condensation forms on the cooling coils of central air 
units inside and outside the home. These units should 
have a properly installed drip pan and should be drained 
according to the manufacturer’s instructions. They also 
should receive routine maintenance, flushing, and disin-
fection. In the spring, before starting the air conditioner, 
the unit should be checked by a professional or someone 
familiar with the operation of the system. This is a good 
time to check drip line(s) for conditions such as plugs, 
cracks, or bacterial contamination because many of these 
lines are plastic. The drip pan should be cleaned thor-
oughly and disinfected if necessary or replaced. A plugged 
drip line can cause water damage by overflow from the 
drip pan. In the fall, the heat unit also should be checked 
before starting the system. Care should be taken with 
both window air conditioning units and central air sys-
tems to use quality air filters that are designed for the 
specific units and meet the specifications required by the 
system’s manufacturer.
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The housing inspector should be on the alert for 
unvented, open flame heaters. Coil-type, wall-mounted 
water heaters that do not have safety relief valves are not 
permitted. Kerosene (portable) units for cooking or heat-
ing should be prohibited. Generally, open-flame portable 
units are not allowed under fire safety regulations.

In oil heating units, other than integral tank units, the oil 
must be filled and vented outside the building. Filling oil 
within buildings is prohibited. Cutoff switches should be 
close to the entry but outside of a boiler room. 

Chimneys 
Chimneys (Figure 12.22) are often an integral part of a 
building. Masonry chimneys must be tight and sound; 
flues should be terra cotta-lined; and, where no linings 
are installed, the brick should be tight to permit proper 
draft and elimination of combustion gases.

Chimneys that act as flues for gas-fired equipment must 
be lined with either B vent or terra cotta. When a portion 
of the chimney above the roof either loses insulation or 
the insulation peels back, it indicates potential poisonous 
gas release or water leakage problems and a need for 
rebuilding. Exterior deterioration of the chimney, if 
neglected too long, will permit erosion from within the 
flues and eventually block the flue opening.

Rusted flashing at the roof level will also contribute to 
the chimney’s deterioration. Efflorescence on the inside 
wall of the chimney below the roof and on the outside of 
the chimney, if exposed, will show salt accumulations— a 
telltale sign of water penetration and flue gas escape and a 
sign of chimney deterioration. During rainy seasons, if 
terra cotta chimneys leak, dark areas show the number of 
flues inside the masonry chimney so they can actually be 
counted. When this condition occurs, it usually requires 
2 or 3 months to dry out. After drying out, the mortar 
joints are discolored (brown). After a few years of this 
type of deterioration, the joints can be distinguished 
whether the chimney is wet or dry. These conditions usu-
ally develop when coal is used and become more pro-
nounced 2 to 5 years after conversion to oil or gas.

An unlined chimney can be checked for deterioration 
below the roofline by looking for residue deposited at the 
base of the chimney, usually accessible through a cleanout 
(door or plug) or breaching. Red granular or fine powder 
showing through coal or oil soot will generally indicate, if 
in quantity (a handful), that deterioration is excessive and 
repairs are needed.

Unlined chimneys with attached gas units will be devoid 
of soot, but will usually show similar telltale brick powder Figure 12.22. Chimney Plan [4]

and deterioration. Manufactured gas has a greater ten-
dency to dehydrate and decompose brick in chimney 
flues than does natural gas. For gas installations in older 
homes, utility companies usually specify chimney require-
ments before installation; therefore, older chimneys may 
require the installation of terra cotta liners, nonlead-lined 
copper liners, stainless steel liners, or transit pipe. Black 
carbon deposits around the top of the chimney usually 
indicate an oil burner operation using a low air ratio and 
high oil consumption. Prolonged operation in this burner 
setting results in long carbon water deposits down the 
chimney for 4 to 6 feet or more and should indicate to 
the inspector a possibility of poor burner maintenance. 
This will accent the need to be more thorough on the 
next inspection. This type of condition can result from 
other causes, such as improper chimney height, or exte-
rior obstructions, such as trees or buildings, that will 
cause downdrafts or insufficient draft or contribute to a 
faulty heating operation. Rust spots and soot-mold usu-
ally occur on deteriorated galvanized smoke pipe.

Fireplaces
Careful attention should be given to construction of the 
fireplace (Figure 12.23). Improperly built fireplaces are a 
serious safety and fire hazard. The most common causes 
of fireplace fires are thin walls, combustible materials 
such as studding or trim against sides and back of the 
fireplace, wood mantels, and unsafe hearths.

Fireplace walls should be no less than 8 inches thick; if 
built of stone or hollow masonry units, they should be no 
less than 12 inches thick. The faces of all walls exposed to 
fire should be lined with firebrick or other suitable fire-
resistant material. When the lining consists of 4 inches of 
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firebrick, such lining thickness may be included in the 
required minimum thickness of the wall.

The fireplace hearth should be constructed of brick, 
stone, tile, or similar incombustible material and should 
be supported on a fireproof slab or on a brick arch. The 
hearth should extend at least 20 inches beyond the chim-
ney breast and no less than 12 inches beyond each side of 
the fireplace opening along the chimney breast. The com-
bined thickness of the hearth and its supporting construc-
tion should be no less than 6 inches at any point. 

It is important that all wooden beams, joists, and studs 
are set off from the fireplace and chimney so that there is 
no less than 2 inches of clearance between the wood 
members and the sidewalls of the fireplace or chimney 
and no less than 4 inches of clearance between wood 
members and the back wall of the fireplace.

A gas-log set is primarily a decorative appliance. It 
includes a grate holding ceramic logs, simulated embers, a 
gas burner, and a variable flame controller. These sets can 

Figure 12.23. Fireplace Construction [4]

be installed in most existing fireplaces. There are two 
principal types: vented and unvented. Vented types 
require a chimney flue for exhausting the gases. They are 
only 20% to 30% efficient; and most codes require that 
the flue be welded open, which results in an easy exit 
path for heated room air. Unvented types operate like the 
burner on a gas stove and the combustion products are 
emitted into the room. They are more efficient because 
no heat is lost up the flue and most are equipped with 
oxygen-depletion sensors. However, unvented types are 
banned in some states, including Massachusetts and 
California. Gas fireplaces incorporate a gas-log set into a 
complete firebox unit with a glass door. Some have built-
in dampers, smoke shelves, and heat-circulating features 
that allow them to provide both radiant and convective 
heat. Units can have push-button ignition, remote con-
trol, variable heat controls, and thermostats. Gas fire-
places are more efficient than gas logs, with efficiencies of 
60% to 80%. Many draw combustion air in from the 
outside and are direct vented, eliminating the need for a 
chimney. Some of these units are wall-furnace rated. 
There are also electric fireplaces that provide the ambi-
ence of a fire and, if desired, a small amount of resistance 
heat. These units have no venting requirements. The 
advantages are that there are no ashes or flying sparks that 
occur with wood-burning fireplaces. They are not affected 
by wood-burning bans imposed in some areas when air 
quality standards are not met. Direct-vented gas or elec-
tric models eliminate the need for a chimney.

The disadvantages are that the cost for equipment and 
running the gas line can be high. 
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