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Demand (Tankless or Instantaneous) Water Heaters 
Demand (tankless or instantaneous) water heaters provide hot water only as it is needed. They don't produce the 
standby energy losses associated with storage water heaters, which can save money.  In the course you'll find 
basic information about how they work, whether a demand water heater might be right for your client’s home, 
and what criteria to use when selecting the right model. 

How They Work 

Demand water heaters heat water directly without the use of a storage tank. Therefore, they avoid the standby 
heat losses associated with storage water heaters. When a hot water tap is turned on, cold water travels through 
a pipe into the unit. Either a gas burner or an electric element heats the water. As a result, demand water heaters 
deliver a constant supply of hot water. You don't need to wait for a storage tank to fill up with enough hot 
water. However, a demand water heater's output limits the flow rate.  

Typically, demand water heaters provide hot water at a rate of 2–5 gallons (7.6–15.2 liters) per minute. Gas-
fired demand water heaters produce higher flow rates than electric ones. Sometimes, however, even the largest, 
gas-fired model cannot supply enough hot water for simultaneous, multiple uses in large households. For 
example, taking a shower and running the dishwasher at the same time can stretch a demand water heater to its 
limit. To overcome this problem, you can install two or more demand water heaters, connected in parallel for 
simultaneous demands of hot water. You can also install separate demand water heaters for appliances—such as 
a clothes washer or dishwater—that use a lot of hot water in the home. 

Other applications for demand water heaters include the following: 

 Remote bathrooms or hot tubs
 Booster for appliances, such as dishwashers or clothes washers
 Booster for a solar water heating system.

Although gas-fired demand water heaters tend to have higher flow rates than electric ones, they can waste 
energy if they have a constantly burning pilot light. This can sometimes offset the elimination of standby energy 
losses when compared to a storage water heater. In a gas-fired storage water heater, the pilot light heats the 



water in the tank so the energy isn't wasted. The cost of operating a pilot light in a demand water heater varies 
from model to model. Ask the manufacturer how much gas the pilot light uses for the model you're considering. 
If you purchase a model that uses a standing pilot light, you can always turn it off when it's not in use to save 
energy. Also consider models that have an intermittent ignition device (IID) instead of a standing pilot light. 
This device resembles the spark ignition device on some gas kitchen ranges and ovens.  

For homes that use 41 gallons or less of hot water daily, demand water heaters can be 24%–34% more energy 
efficient than conventional storage tank water heaters. They can be 8%–14% more energy efficient for homes 
that use a lot of hot water—around 86 gallons per day. You can achieve even greater energy savings of 27%–
50% if you install a demand water heater at each hot water outlet. 

Selecting a Demand Water Heater 

Demand water heaters cost more than conventional storage water heaters. However, you may find that a 
demand water heater may have lower operating and energy costs, which could offset its higher purchase price. 

Before buying or installing a demand water heater, you also need to consider the following: 

 Size 
 Fuel type and availability. 
 Energy efficiency (energy factor) 
 Estimate costs. 

Installation and Maintenance 

Proper installation and maintenance of a demand water heater can optimize its energy efficiency. 

Proper installation depends on many factors. These factors include fuel type, climate, local building code 
requirements, and safety issues, especially concerning the combustion of gas-fired water heaters.  

Most tankless water heaters have a life expectancy of more than 20 years. They also have easily replaceable 
parts that extend their life by many more years. In contrast, storage water heaters last 10–15 years. Periodic 
water heater maintenance can significantly extend the water heater's life and minimize loss of efficiency.  Read 
the owner's manual for specific maintenance recommendations. 

Sizing a Demand (Tankless or Instantaneous) Water Heater 

Demand (tankless or instantaneous) water heaters are rated by the maximum temperature rise possible at a given 
flow rate. Therefore, to size a demand water heater, you need to determine the flow rate and the temperature rise 
you'll need for its application (whole house or a remote application, such as just a bathroom) in the home. 

First, list the number of hot water devices you expect to use at any one time. Then, add up their flow rates 
(gallons per minute). This is the desired flow rate you'll want for the demand water heater. For example, let's 
say you expect to simultaneously run a hot water faucet with a flow rate of 0.75 gallons (2.84 liters) per minute 
and a shower head with a flow rate of 2.5 gallons (9.46 liters) per minute. The flow rate through the demand 
water heater would need to be at least 3.25 gallons (12.3 liters) per minute. To reduce flow rates, install low-
flow water fixtures. 

To determine temperature rise, subtract the incoming water temperature from the desired output temperature. 
Unless you know otherwise, assume that the incoming water temperature is 50ºF (10ºC). For most uses, you'll 



want your water heated to 120ºF (49ºC). In this example, you'd need a demand water heater that produces a 
temperature rise of 70ºF (39ºC) for most uses. For dishwashers without internal heaters and other such 
applications, you might want your water heated at 140ºF (60ºC). In that case, you'll need a temperature rise of 
90ºF (50ºC).  

Most demand water heaters are rated for a variety of inlet temperatures. Typically, a 70ºF (39ºC) water 
temperature rise is possible at a flow rate of 5 gallons per minute through gas-fired demand water heaters and 2 
gallons per minute through electric ones. Faster flow rates or cooler inlet temperatures can sometimes reduce 
the water temperature at the most distant faucet. Some types of tankless water heaters are thermostatically 
controlled; they can vary their output temperature according to the water flow rate and inlet temperature. 

 

 

EXAM QUESTIONS: 

1.) Demand water heaters heat water directly without the use of a storage tank. 
a. True 
b. False 

 
2.) Typically, demand water heaters provide hot water at a rate of _____ gallons per minute. 

a. 1 -3 
b. 2-5 
c. 4-7 
d.  6-10 

 
3.) Electric demand water heaters produce higher flow rates than gas-fired demand water heaters. 

a. True 
b. False 

 
4.) Applications for demand waters heaters include the following: 

a. Hot tubs 
b. Booster for appliances 
c. Remote bathrooms 
d. All of the above 

 
5.) For homes that use ____ gallons or less of hot water daily, demand water heaters can be 24%–

34% more energy efficient than conventional storage tank water heaters. 
a. 24 
b. 34 
c. 41 
d. 86 

 
6.) Demand water heaters cost more than conventional storage water heaters. 

a. True 
b. False 



 
7.) Before installing a demand water heater, the following needs to be considered. 

a. Size 
b. Fuel type 
c. Energy efficiency 
d. All of the above 

 
8.) Most tankless water heaters have a life expectancy of more than ____ years. 

a. 10 
b. 20 
c. 30 
d. 40 

9.) If you simultaneously run a hot water faucet with a flow rate of 0.50 gallons per minute and a 
shower head with a flow rate of 2.25 gallons per minute, what is the flow rate for a demand water 
heater? 

a. 0.50 
b. 2.25 
c. 2.75 
d. 3.25 

 
10.)  Assuming the incoming water temperature is 60ºF and you want the water heated to 140 

ºF, what is the temperature rise needed for a demand water heater? 
a. 60º 
b. 70º 
c. 80º 
d. 90º 

 

 

Solar Water Heaters 
Solar water heaters—also called solar domestic hot water systems—can be a cost-effective way to generate hot 
water for the home. They can be used in any climate, and the fuel they use—sunshine—is free. 

How They Work 

Solar water heating systems include storage tanks and solar collectors. There are two types of solar water 
heating systems: active, which have circulating pumps and controls, and passive, which don't. 

Most solar water heaters require a well-insulated storage tank. Solar storage tanks have an additional outlet and 
inlet connected to and from the collector. In two-tank systems, the solar water heater preheats water before it 
enters the conventional water heater. In one-tank systems, the back-up heater is combined with the solar storage 
in one tank.  



Three types of solar collectors are used for residential applications: 

 Flat‐plate collector 

Glazed flat-plate collectors are insulated, weatherproofed boxes that contain a dark absorber plate under 
one or more glass or plastic (polymer) covers. Unglazed flat-plate collectors—typically used for solar 
pool heating—have a dark absorber plate, made of metal or polymer, without a cover or enclosure. 

 Integral collector‐storage systems 

Also known as ICS or batch systems, they feature one or more black tanks or tubes in an insulated, 
glazed box. Cold water first passes through the solar collector, which preheats the water. The water then 
continues on to the conventional backup water heater, providing a reliable source of hot water. They 
should be installed only in mild-freeze climates because the outdoor pipes could freeze in severe, cold 
weather.  

 Evacuated‐tube solar collectors 

They feature parallel rows of transparent glass tubes. Each tube contains a glass outer tube and metal 
absorber tube attached to a fin. The fin's coating absorbs solar energy but inhibits radiative heat loss. 
These collectors are used more frequently for U.S. commercial applications.  

There are two types of active solar water heating systems: 

 Direct circulation systems 

Pumps circulate household water through the collectors and into the home. They work well in climates 
where it rarely freezes.  

 Indirect circulation systems 

Pumps circulate a non-freezing, heat-transfer fluid through the collectors and a heat exchanger. This 
heats the water that then flows into the home. They are popular in climates prone to freezing 
temperatures.  

 



Passive solar water heating systems are typically less expensive than active systems, but they're usually not as 
efficient. However, passive systems can be more reliable and may last longer. There are two basic types of 
passive systems: 

 Integral collector‐storage passive systems 

These work best in areas where temperatures rarely fall below freezing. They also work well in 
households with significant daytime and evening hot-water needs. 

 Thermosyphon systems 

Water flows through the system when warm water rises as cooler water sinks. The collector must be 
installed below the storage tank so that warm water will rise into the tank. These systems are reliable, 
but contractors must pay careful attention to the roof design because of the heavy storage tank. They are 
usually more expensive than integral collector-storage passive systems. 

 

Solar water heating systems almost always require a backup system for cloudy days and times of increased 
demand. Conventional storage water heaters usually provide backup and may already be part of the solar system 
package. A backup system may also be part of the solar collector, such as rooftop tanks with thermosyphon 
systems. Since an integral-collector storage system already stores hot water in addition to collecting solar heat, 
it may be packaged with a demand (tankless or instantaneous) water heater for backup. 

Heat Exchangers for Solar Water Heating Systems 

Solar water heating systems use heat exchangers to transfer solar energy absorbed in solar collectors to the 
liquid or air used to heat water or a space. 

Heat exchangers can be made of steel, copper, bronze, stainless steel, aluminum, or cast iron. Solar heating 
systems usually use copper, because it is a good thermal conductor and has greater resistance to corrosion. 

Types of Heat Exchangers 

Solar water heating systems use two types of heat exchangers: 



 Liquid‐to‐liquid 

This heat exchanger uses a heat-transfer fluid that circulates through the solar collector, absorbs heat, 
and then flows through a heat exchanger to transfer its heat to water in a storage tank. Heat-transfer 
fluids, such as antifreeze, protect the solar collector from freezing in cold weather. Liquid-to-liquid heat 
exchangers have either one or two barriers (single wall or double wall) between the heat-transfer fluid 
and the domestic water supply. 

A single-wall heat exchanger is a pipe or tube surrounded by a fluid. Either the fluid passing through the 
tubing or the fluid surrounding the tubing can be the heat-transfer fluid, while the other fluid is the 
potable water. Double-wall heat exchangers have two walls between the two fluids. Two walls are often 
used when the heat-transfer fluid is toxic, such as ethylene glycol (antifreeze). Double walls are often 
required as a safety measure in case of leaks, helping ensure that the antifreeze does not mix with the 
potable water supply. An example of a double-wall, liquid-to-liquid heat exchanger is the "wrap-around 
heat exchanger," in which a tube is wrapped around and bonded to the outside of a hot water tank. The 
tube must be adequately insulated to reduce heat losses. 

While double-wall heat exchangers increase safety, they are less efficient because heat must transfer 
through two surfaces rather than one. To transfer the same amount of heat, a double-wall heat exchanger 
must be larger than a single-wall exchanger. 

 Air‐to‐liquid 

Solar heating systems with air heater collectors usually do not need a heat exchanger between the solar 
collector and the air distribution system. Those systems with air heater collectors that heat water use air-
to-liquid heat exchangers, which are similar to liquid-to-air heat exchangers. 

 

 

EXAM QUESTIONS: 

11.) Passive solar water heating systems have circulating pumps and controls. 
a. True 
b. False 

 
12.)  Which type of solar collector is typically used for solar pool heating? 

a. Unglazed flat-plate collectors 
b. ICS systems 
c. Evacuated tube solar collectors 
d. None of the above 

 
13.)  This type of solar collector is more frequently used for commercial applications. 

a. Unglazed flat-plate collectors 
b. ICS systems 
c. Evacuated tube solar collectors 
d. None of the above 

 



14.)  This type of solar collector should be installed only in mild-freeze climates because the 
outdoor pipes could freeze in severe, cold weather.  

a. Unglazed flat-plate collectors 
b. ICS systems 
c. Evacuated tube solar collectors 
d. None of the above 

 
15.)  Indirect circulation systems are popular in climates prone to freezing temperatures. 

a. True 
b. False 

 
16.)  Passive solar water heating systems are typically more expensive than active systems. 

a. True 
b. False 

 
17.)  Which of the following is a passive solar water heating system? 

a. Direct circulation system 
b. Indirect circulation system 
c. Thermosyphon system 
d. All of the above 

 
18.)  Solar water heating systems almost always require a backup system for cloudy days and 

times of increased demand. 
a. True 
b. False 

 
19.)  This heat exchanger uses a heat-transfer fluid that circulates through the solar collector, 

absorbs heat, and then flows through a heat exchanger to transfer its heat to water in a storage 
tank. 

a. Liquid-to-liquid 
b. Air-to-liquid 
c. Coil-in tank 
d. All of the above 

 

Heat Exchanger Designs 

There are many heat exchanger designs. Here are some common ones: 

 Coil‐in‐tank 

The heat exchanger is a coil of tubing in the storage tank. It can be a single tube (single-wall heat 
exchanger) or the thickness of two tubes (double-wall heat exchanger). A less efficient alternative is to 
place the coil on the outside of the collector tank with a cover of insulation. 



 Shell‐and‐tube

The heat exchanger is separate from (external to) the storage tank. It has two separate fluid loops inside
a case or shell. The fluids flow in opposite directions to each other through the heat exchanger,
maximizing heat transfer. In one loop, the fluid to be heated (such as potable water) circulates through
the inner tubes. In the second loop, the heat-transfer fluid flows between the shell and the tubes of water.
The tubes and shell should be made of the same material. When the collector or heat-transfer fluid is
toxic, double-wall tubes are used, and a non-toxic intermediary transfer fluid is placed between the outer
and inner walls of the tubes.

 Tube‐in‐tube

In this very efficient design, the tubes of water and the heat-transfer fluid are in direct thermal contact
with each other. The water and the heat-transfer fluid flow in opposite directions to each other. This type
of heat exchanger has two loops similar to those described in the shell-and-tube heat exchanger.

Sizing 

A heat exchanger must be sized correctly to be effective. There are many factors to consider for proper sizing, 
including the following: 

 Type of heat exchanger
 Characteristics of the heat-transfer fluid (specific heat, viscosity, and density)
 Flow rate
 Inlet and outlet temperatures for each fluid.

Usually, manufacturers will supply heat transfer ratings for their heat exchangers (in Btu/hour) for various fluid 
temperatures and flow rates. Also, the size of a heat exchanger's surface area affects its speed and efficiency: a 
large surface area transfers heat faster and more efficiently. 

Installation 

For the best performance, always follow the manufacturer's installation recommendations for the heat 
exchanger. Be sure to choose a heat-transfer fluid that is compatible with the type of heat exchanger you will be 
using. If you want to build your own heat exchanger, be aware that using different metals in heat exchanger 
construction may cause corrosion. Also, because dissimilar metals have different thermal expansion and 
contraction characteristics, leaks or cracks may develop. Either of these conditions may reduce the life span of 
the heat exchanger. 

Heat-Transfer Fluids for Solar Water Heating Systems 

Heat-transfer fluids carry heat through solar collectors and a heat exchanger to the heat storage tanks in solar 
water heating systems. When selecting a heat-transfer fluid, you should consider the following criteria: 

 Coefficient of expansion – the fractional change in length (or sometimes in volume, when specified) of a
material for a unit change in temperature

 Viscosity – resistance of a liquid to sheer forces (and hence to flow)
 Thermal capacity – the ability of matter to store heat
 Freezing point – the temperature below which a liquid turns into a solid
 Boiling point – the temperature at which a liquid boils



 Flash point – the lowest temperature at which the vapor above a liquid can be ignited in air.  

For example, in a cold climate, solar water heating systems require fluids with low freezing points. Fluids 
exposed to high temperatures, as in a desert climate, should have a high boiling point. Viscosity and thermal 
capacity determine the amount of pumping energy required. A fluid with low viscosity and high specific heat is 
easier to pump, because it is less resistant to flow and transfers more heat. Other properties that help determine 
the effectiveness of a fluid is its corrosiveness and stability.  

Types of Heat-Transfer Fluids 

The following are some of the most commonly used heat-transfer fluids and their properties. Consult the local 
authority having jurisdiction to determine the requirements for heat transfer fluid in solar water heating systems 
in your area. 

 Air 

Air will not freeze or boil, and is non-corrosive. However, it has a very low heat capacity, and tends to 
leak out of collectors, ducts, and dampers. 

 Water 

Water is nontoxic and inexpensive. With a high specific heat, and a very low viscosity, it's easy to 
pump. Unfortunately, water has a relatively low boiling point and a high freezing point. It can also be 
corrosive if the pH (acidity/alkalinity level) is not maintained at a neutral level. Water with a high 
mineral content (i.e., "hard" water) can cause mineral deposits to form in collector tubing and system 
plumbing. 

 Glycol/water mixtures 

Glycol/water mixtures have a 50/50 or 60/40 glycol-to-water ratio. Ethylene and propylene glycol are 
"antifreezes."  

 Hydrocarbon oils 

Hydrocarbon oils have a higher viscosity and lower specific heat than water. They require more energy 
to pump. These oils are relatively inexpensive and have a low freezing point. The basic categories of 
hydrocarbon oils are synthetic hydrocarbons, paraffin hydrocarbons, and aromatic refined mineral oils. 
Synthetic hydrocarbons are relatively nontoxic and require little maintenance. Paraffin hydrocarbons 
have a wider temperature range between freezing and boiling points than water, but they are toxic and 
require a double-walled, closed-loop heat exchanger. Aromatic oils are the least viscous of the 
hydrocarbon oils. 

 Refrigerants/phase change fluids 

These are commonly used as the heat transfer fluid in refrigerators, air conditioners, and heat pumps. 
They generally have a low boiling point and a high heat capacity. This enables a small amount of the 
refrigerant to transfer a large amount of heat very efficiently. Refrigerants respond quickly to solar heat, 
making them more effective on cloudy days than other transfer fluids. Heat absorption occurs when the 
refrigerant boils (changes phase from liquid to gas) in the solar collector. Release of the collected heat 
takes place when the now-gaseous refrigerant condenses to a liquid again in a heat exchanger or 
condenser.  



For years chlorofluorocarbon (CFC) refrigerants, such as Freon, were the primary fluids used by 
refrigerator, air-conditioner, and heat pump manufacturers because they are nonflammable, low in 
toxicity, stable, noncorrosive, and do not freeze. However, due the negative effect that CFCs have on the 
earth's ozone layer, CFC production is being phased out, as is the production of hydro 
chlorofluorocarbons (HCFC). The few companies that produced refrigerant-charged solar systems have 
either stopped manufacturing the systems entirely, or are currently seeking alternative refrigerants. Some 
companies have investigated methyl alcohol as a replacement for refrigerants. 

Since July 1, 1992, intentional venting of CFCs and HCFCs during service and maintenance or disposal 
of the equipment containing these compounds is illegal and punishable by stiff fines. Although 
production of CFCs ceased in the U.S. in 1996, a licensed refrigeration technician can still service your 
system. You may wish to contact your service professional to discuss the possible replacement of the 
CFC refrigerant with methyl alcohol or some other heat transfer fluid. 

Ammonia can also be used as a refrigerant. It's commonly used in industrial applications. Due to safety 
considerations it's not used in residential systems. The refrigerants can be aqueous ammonia or a 
calcium chloride ammonia mixture. 

 Silicones

Silicones have a very low freezing point, and a very high boiling point. They are noncorrosive and long-
lasting. Because silicones have a high viscosity and low heat capacities, they require more energy to
pump. Silicones also leak easily, even through microscopic holes in a solar loop.

Solar Water Heating System Freeze Protection 

Solar water heating systems, which use liquids as heat-transfer fluids, need protection from freezing in climates 
where temperatures fall below 42ºF (6ºC). 

Don't rely on a collector's and the piping's (collector loop's) insulation to keep them from freezing. The main 
purpose of the insulation is to reduce heat loss and increase performance. For protecting the collector and piping 
from damage due to freezing temperatures, you basically have two options: 

 Use an antifreeze solution as the heat-transfer fluid.
 Drain the collector(s) and piping (collector loop), either manually or automatically, when there's a

chance the temperature might drop below the liquid's freezing point.

Using an Antifreeze Solution 

Solar water heating systems that use an antifreeze solution (propylene glycol or ethylene glycol) as a heat-
transfer fluid have effective freeze protection as long as the proper antifreeze concentration is maintained. 
Antifreeze fluids degrade over time and normally should be changed every 3–5 years. Since these systems are 
pressurized, it is not practical for the average homeowner to check the condition of the antifreeze solution.  

Draining the Collector and Piping 

Solar water heating systems that use only water as a heat-transfer fluid are the most vulnerable to freeze 
damage. "Draindown" or "drainback" systems typically use a controller to drain the collector loop 
automatically. Sensors on the collector and storage tank tell the controller when to shut off the circulation 
pump, to drain the collector loop, and when to start the pump again. 



Improper placement or the use of low-quality sensors can lead to their failure to detect freezing conditions. The 
controller may not drain the system, and expensive freeze damage may occur. Make sure that the sensor(s) have 
been installed according to the manufacturer's recommendations, and check the controller at least once a year to 
be sure that it is operating correctly. 

To ensure that the collector loop drains completely, there should also be a means to prevent a vacuum from 
forming inside the collector loop as the liquid drains out. Usually an air vent is installed at the highest point in 
the collector loop. It is a good practice to insulate air vents so that they do not freeze. Also make sure that 
nothing blocks the airflow into the system when the drain cycle is active. 

Collectors and piping must slope properly to allow the water to drain completely. All collectors and piping 
should have a minimum slope of 0.25 inches per foot (2.1 centimeters per meter). 

In integral collector storage or "batch" systems, the collector is also the storage tank. Placing large amounts of 
insulation around the unglazed parts of the collector and covering the glazing at night or on cloudy days will 
help to protect the collector from cold temperatures. However, water in the collector can freeze over extended 
periods of very cold weather. The collector supply and return pipes are also susceptible to freezing, especially if 
they run through an unheated space or outside. This can happen even when the pipes are well insulated. It is 
best to drain the entire system before freezing temperatures occur to avoid any possible freeze damage. 

Selecting a Solar Water Heater 

Before you purchase and install a solar water heating system, you want to do the following: 

 Consider the economics of a solar water heating system
 Evaluate your site's solar resource
 Determine the correct system size
 Determine the system's energy efficiency
 Estimate and compare system costs
 Investigate local codes, covenants, and regulations.

Installing and Maintaining the System 

The proper installation of solar water heaters depends on many factors. These factors include solar resource, 
climate, local building code requirements, and safety issues. 

After installation, properly maintaining the system will keep it running smoothly. Passive systems don't require 
much maintenance. For active systems, discuss the maintenance requirements with the system provider, and 
consult the system's owner's manual. Plumbing and other conventional water heating components require the 
same maintenance as conventional systems. Glazing may need to be cleaned in dry climates where rainwater 
doesn't provide a natural rinse. 

Regular maintenance on simple systems can be as infrequent as every 3–5 years. Systems with electrical 
components usually require a replacement part or two after 10 years.  

Sizing a Solar Water Heating System 

Sizing your solar water heating system basically involves determining the total collector area and the storage 
volume you'll need to meet 90%–100% of your household's hot water needs during the summer.  



Collector Area 

Contractors usually follow a guideline of around 20 square feet of collector area for each of the first two family 
members. For every additional person, add 8 square feet if you live in the U.S. Sun Belt area or 12–14 square 
feet if you live in the northern United States. 

Storage Volume 

A small (50- to 60-gallon) storage tank is usually sufficient for one to two three people. A medium (80-gallon) 
storage tank works well for three to four people. A large tank is appropriate for four to six people. 

For active systems, the size of the solar storage tank increases with the size of the collector—typically 1.5 
gallons per square foot of collector. This helps prevent the system from overheating when the demand for hot 
water is low. In very warm, sunny climates, some experts suggest that the ratio should be increased to as much 
as 2 gallons of storage to 1 square foot of collector area.  

Other Calculations 

Additional calculations involved in sizing your solar water heating system will include the following: 

 Evaluation of your building site's solar resource 
 Orientation and tilt of the solar collector. 

 

 

EXAM QUESTIONS: 

20.) In this heat exchanger design, the tubes of water and the heat-transfer fluid are in direct 
thermal contact with each other? 

a. Coil-in-tank 
b. Shell-and-tube 
c. Tube-in-tube 
d. None of the above 

 
21.)  This heat exchanger design is a coil of tubing in the storage tank. 

a. Coil-in-tank 
b. Shell-and-tube 
c. Tube-in-tube 
d. None of the above 

 
22.)  Which of the following factors must be considered when sizing a heat exchanger? 

a. Type 
b. Flow rate 
c. Inlet and outlet temperatures for each fluid 
d. All of the above 



 
23.)  The lowest temperature at which the vapor above a liquid can be ignited in air is called: 

a. Freezing point 
b. Flash point 
c. Boiling point 
d. Thermal capacity 

 
24.)  Heat-transfer fluids for solar water heating systems exposed to high temperatures, as in a 

desert climate, should have a high boiling point. 
a. True 
b. False 

 
25.)  Which of the following are types of heat-transfer fluids? 

a. Air 
b. Water 
c. Silicones 
d. All of the above 

 
26.)  Solar water heating systems, which use liquids as heat-transfer fluids, need protection 

from freezing in climates where temperatures fall below ____ºF. 
a. 22 
b. 32 
c. 42 
d. 52 

 
27.)  The main purpose of a collector's and the piping's (collector loop's) insulation is to keep 

them from freezing. 
a. True 
b. False 

 
28.)  Solar water heating systems that use only _______ as a heat-transfer fluid are the most 

vulnerable to freeze damage. 
a. Water 
b. Air 
c. Silicones 
d. Oils 

 
29.)  All collectors and piping for solar systems should have a minimum slope of ____ inches per 

foot. 
a. 0.25 
b. 0.50 
c. 1.00 
d. 1.25 

 



30.)  How much collector area is needed for a solar system assuming you live in Wisconsin and 
there are 4 family members? 

a. 20-20 square feet 
b. 28-32 square feet 
c. 48-52 square feet 
d. 64-68 square feet 

 

 

Tankless Coil and Indirect Water Heaters 
Tankless coil and indirect water heaters use a home's space heating system to heat water. They're part of what's 
called integrated or combination water and space heating systems. 

How They Work 

A tankless coil water heater uses a heating coil or heat exchanger installed in a main furnace or boiler. 
Whenever a hot water faucet is turned on, the water flows through the heat exchanger. These water heaters 
provide hot water on demand without a tank, like a demand water heater, but because they rely on the furnace or 
boiler to heat the water directly, tankless coil water heaters work most efficiently during cold months when the 
heating system is used regularly. That's why they can be an inefficient choice for many homes, especially for 
those in warmer climates. 

 

Indirect water heaters offer a more efficient choice for most homes, even though they require a storage tank. An 
indirect water heater uses the main furnace or boiler to heat a fluid that's circulated through a heat exchanger in 
the storage tank. The energy stored by the water tank allows the furnace to turn off and on less often, which 
saves energy. Therefore, an indirect water heater is used with a high-efficiency boiler and well-insulated tank 
can be the least expensive means of providing hot water. 



 

Indirect systems can be fired by gas, oil, propane, electric, solar energy, or a combination of any of these. 
Tankless systems are typically electric or gas-fired. Also, these integrated or combination water heating systems 
not only can work with forced air systems but also with hydronic or radiant floor heating systems. 

Selecting a Combination Water and Space Heating System 

Integrated or combination water and space heating systems usually cost more than a separate water heater and 
furnace or boiler, but installation and maintenance costs may be less. For example, you won't need multiple 
utility hook-ups since there's one source of heat. There also aren't as many moving parts to maintain or service. 
Some of these high efficiency systems may also provide you with lower utility costs. 

Most combination water and space heating systems are usually designed for new construction. However, there 
are some retrofit units available that can work with an existing water heater. 

When selecting a system, you need to consider its size. The sizing of a combination system involves some 
different calculations than those used for sizing a separate water heating or space heating system.  

To determine the energy efficiency of a combination water and space heating system, use its combined 
appliance efficiency rating (CAE). The higher the number, the more energy efficient. Combination appliance 
efficiency ratings vary from 0.59 to 0.90. 

 

EXAM QUESTIONS: 

31.) Tankless coil water heaters work most efficiently during cold months when the heating 
system is used regularly. 

a. True 
b. False 

 
32.)  Indirect water heaters do not require a storage tank. 

a. True 
b. False 

 



33.)  Indirect systems can be fired by which of the following: 
a. Oil 
b. Propane 
c. Electric or gas 
d. All of the above 

 
34.)  Integrated or combination water and space heating systems usually cost more than a 

separate water heater and furnace or boiler. 
a. True 
b. False 

 

 

 

Heat Pump Water Heaters 
Most homeowners who have heat pumps use them to heat and cool their homes. But a heat pump also can be 
used to heat water—either as stand-alone water heating system, or as combination water heating and space 
conditioning system.  

How They Work 

Heat pump water heaters use electricity to move heat from one place to another instead of generating heat 
directly. Therefore, they can be two to three times more energy efficient than conventional electric resistance 
water heaters. To move the heat, heat pumps work like a refrigerator in reverse. 

While a refrigerator pulls heat from inside a box and dumps it into the surrounding room, a stand-alone air-
source heat pump water heater pulls heat from the surrounding air and dumps it—at a higher temperature—into 
a tank to heat water. You can purchase a stand-alone heat pump water heating system as an integrated unit with 
a built-in water storage tank and back-up resistance heating elements. You can also retrofit a heat pump to work 
with an existing conventional storage water heater. 

Heat pump water heaters require installation in locations that remain in the 40º–90ºF (4.4º–32.2ºC) range year-
round and provide at least 1,000 cubic feet (28.3 cubic meters) of air space around the water heater. Cool 
exhaust air can be exhausted to the room or outdoors. Install them in a space with excess heat, such as a furnace 
room. Heat pump water heaters will not operate efficiently in a cold space. They tend to cool the spaces they are 
in. You can also install an air-source heat pump system that combines heating, cooling, and water heating. 
These combination systems pull their heat indoors from the outdoor air in the winter and from the indoor air in 
the summer. Because they remove heat from the air, any type of air-source heat pump system works more 
efficiently in a warm climate. 

Homeowners primarily install geothermal heat pumps—which draw heat from the ground during the winter and 
from the indoor air during the summer—for heating and cooling their homes. For water heating, you can add a 
desuperheater to a geothermal heat pump system. A desuperheater is a small, auxiliary heat exchanger that uses 
superheated gases from the heat pump's compressor to heat water. This hot water then circulates through a pipe 
to the home's storage water heater tank. 



Desuperheaters are also available for demand (tankless or instantaneous) water heaters. In the summer, the 
desuperheater uses the excess heat that would otherwise be expelled to the ground. Therefore, when the 
geothermal heat pump runs frequently during the summer, it can heat all of your water. During the fall, winter, 
and spring—when the desuperheater isn't producing as much excess heat—you'll need to rely more on your 
storage or demand water heater to heat the water. Some manufacturers also offer triple-function geothermal heat 
pump systems, which provide heating, cooling, and hot water. They use a separate heat exchanger to meet all of 
a household's hot water needs.  

Selecting a Heat Pump Water Heater 

Heat pump water heater systems typically have higher initial costs than conventional storage water heaters. 
However, they have lower operating costs, which can offset their higher purchase and installation prices. 

Before buying or installing a heat pump water heating system, you also need to consider the following: 

 Size and first hour rating
 Fuel type and availability
 Energy efficiency (energy factor)
 Overall costs.

EXAM QUESTIONS: 

35.) Heat pump water heaters use ______ to move heat from one place to another instead of 
generating heat directly. 

a. Water
b. Heat
c. Electricity
d. Gas



36.)  Wisconsin has an ideal climate to install a heat pump water heater. 
a. True 
b. False 

 
37.) Before installing a heat pump water system, you need to consider the following: 

a. Size and first hour rating 
b. Fuel type 
c. Energy efficiency 
d. All of the above 

 

 

Conventional Storage Water Heaters 
Conventional storage water heaters remain the most popular type of water heating system for the home. Here 
you'll find basic information about how storage water heaters work; what criteria to use when selecting the right 
model; and some installation, maintenance, and safety tips. 

How They Work 

A single-family storage water heater offers a ready reservoir—from 20 to 80 gallons—of hot water. It operates 
by releasing hot water from the top of the tank when you turn on the hot water tap. To replace that hot water, 
cold water enters the bottom of the tank, ensuring that the tank is always full. 

 

Conventional storage water heater fuel sources include natural gas, propane, fuel oil, and electricity. Natural gas 
and propane water heaters basically operate the same. A gas burner under the tank heats the water. A thermostat 
opens the gas valve as the water temperature falls. The valve closes when the temperature rises to the 
thermostat's setpoint. Oil-fired water heaters operate similarly, but they have power burners that mix oil and air 



in a vaporizing mist, ignited by an electric spark. Electric water heaters have one or two electric elements, each 
with its own thermostat. With two electric elements, a standby element at the bottom of the tank maintains the 
minimum thermostat setting while the upper demand element provides hot water recovery when demand 
heightens.  

Because water is constantly heated in the tank, energy can be wasted even when a hot water tap isn't running. 
This is called standby heat loss. Only tankless water heaters—such as demand water heaters and tankless coil 
water heaters—avoid standby heat losses. However, you can find some storage water heater models with 
heavily insulated tanks, which significantly reduce standby heat losses, lowering annual operating costs. Look 
for models with tanks that have a thermal resistance (R-Value) of R-12 to R-25.  

Gas and oil water heaters also have venting-related energy losses. Two types of water heaters—a fan-assisted 
gas water heater and an atmospheric sealed-combustion water heater—reduce these losses. The fan-assisted gas 
water heater uses a draft-induced fan that regulates the air that passes through the burner, which minimizes the 
amount of excess air during combustion, increasing efficiency. The atmospheric sealed-combustion water heater 
uses a combustion and venting system that is totally sealed from the house. 

You might also want to consider some less conventional storage water heaters—heat pump water heaters and 
solar water heaters. These water heaters are usually more expensive but they typically have lower annual 
operating costs. 

Selecting a Storage Water Heater 

The lowest-priced storage water heater may be the most expensive to operate and maintain over its lifetime. 
While an oversized unit may be alluring, it carries a higher purchase price and increased energy costs due to 
higher standby energy losses.  

Installation and Maintenance 

Proper installation and maintenance of your water heater can optimize its energy efficiency. 

Proper installation depends on many factors. These factors include fuel type, climate, local building code 
requirements, and safety issues, especially concerning the combustion of gas- and oil-fired water heaters.  

Periodic water heater maintenance can significantly extend your water heater's life and minimize loss of 
efficiency. Read your owner's manual for specific maintenance recommendations.  

Routine maintenance for storage water heaters, depending on what type/model, may include:  

 Flushing a quart of water from the storage tank every three months 
 Checking the temperature and pressure valve every six months 
 Inspecting the anode rod every three to four years. 

Sizing Storage and Heat Pump (with Tank) Water Heaters 

To properly size a storage water heater for a home, use the water heater's first hour rating (FHR). The first hour 
rating is the amount of hot water in gallons the heater can supply per hour (starting with a tank full of hot 
water). It depends on the tank capacity, source of heat (burner or element), and the size of the burner or element. 



The Energy Guide Label lists the first hour rating in the top left corner as "Capacity (first hour rating)." The 
Federal Trade Commission requires an Energy Guide Label on all new conventional storage water heaters but 
not on heat pump water heaters. Product literature from a manufacturer may also provide the first hour rating. 
Look for water heater models with a first hour rating that matches within 1 or 2 gallons of the peak hour 
demand—the daily peak 1-hour hot water demand for your home. 

Do the following to estimate the peak hour demand: 

 Determine what time of day (morning, noon, evening) the most hot water is used in the home. Keep in 
mind the number of people living in the home. 

 Use the worksheet below to estimate your maximum usage of hot water during this one hour of the 
day—this is your peak hour demand. Note: the worksheet does not estimate total daily hot water usage. 

 

The worksheet example shows a total peak hour demand of 46 gallons. Therefore, this household would need a 
water heater model with a first hour rating of 44 to 48 gallons. 

Worksheet for Estimating Peak Hour Demand/First Hour Rating  

Use 
Average gallons of hot water per 

usage   

Times used during 1 

hour 
  

Gallons used in 1 

hour  

Shower  12  ×   =    

Bath  9  ×   =    

Shaving  2  ×   =    

Hands & face washing  4  ×   =    

Hair shampoo  4  ×   =    

Hand dishwashing  4  ×   =    

Automatic dishwasher  14  ×   =    

Food preparation  5  ×   =    

Wringer clothes washer  26  ×   =    

Automatic clothes 

washer 
32  ×    =    

        Total Peak Hour Demand  =    



 

EXAMPLE 

3 showers  12 × 3 = 36 

1 shave  2  × 1 = 2 

1 shampoo  4  × 1 = 4 

1 hand dishwashing 4  × 1 = 4 

Peak Hour Demand           = 46 

 

 

EXAM QUESTIONS: 

38.) The first hour rating is the amount of hot water in gallons the heater can supply per hour 
(starting with a tank full of hot water). 

a. True 
b. False 

 
39.)  What is the Peak Hour Demand for a household that takes 3 showers, 1 shave, 2 hands & 

face washing, and 1 food preparation during the daily peak 1-hour? 
a. 47 
b. 51 
c. 54 
d. 58 

 
40.)  What is the Peak Hour Demand for a household that takes 2 showers, 1 shave, 1 shampoo 

and 1 hand dishwashing during the daily peak 1-hour? 
a. 34 
b. 40 
c. 46 
d. 54 
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Wisconsin Consumer Protection Laws 

Home Improvement 

Home Improvement Transactions 
ATCP 110 - Overview 
The Wisconsin Department of Agriculture, Trade and Consumer Protection (DATCP) regulates 
unfair and deceptive business practices. DATCP has adopted a rule to protect consumers against 
unfair home improvement practices. This rule is found in Wisconsin Administrative Code 
chapter ATCP 110. ATCP 110 applies to nearly every kind of home improvement. 

ATCP 110 addresses the following practices and more: 

 Deceptive sales tactics.
 Contract and disclosure requirements.
 3-day “cooling off” period.
 Failure to complete work.
 Contract cancellation and refunds.
 Warranties.
 Lien waivers.
 Consumer remedies.

ATCP 110 does not do any of the following: 

 Require contractors to be licensed.
 Regulate home improvement skills, workmanship or quality.
 Regulate the price of home improvements.
 Establish construction codes or standards (local codes apply).
 Require contractors or homeowners to get building permits from the department (local

codes apply).

Home Improvements Covered 
ATCP 110 applies to nearly all “home improvements” but does not apply to new home 
construction. “Home improvement” includes remodeling, altering, repairing, painting, 
modernizing or constructing additions to any residential building, or to the immediate premises 
on which a residential building is situated. For example, “home improvement” includes work on 
the following: 

 Driveways.
 Sidewalks.
 Swimming pools.
 Terraces.



 Patios.
 Landscaping.
 Fences.
 Porches.
 Garages.
 Basements.
 Fire protection devices.
 Heating and air conditioning.
 Water softeners, heaters and purifiers.
 Carpets and attached floor coverings.

Persons Covered 
ATCP 110 regulates “sellers” (home improvement contractors) who are engaged in the business 
of making or selling home improvements. The rule protects homeowners and tenants who 
contract with “sellers” for home improvements. 

Home Improvement Contracts; General 

 A “home improvement contract” includes any oral or written agreement to provide labor,
services or materials in connection with a home improvement.

 A written contract is required in some cases (see below).

 If a written contract is required, or if the seller chooses to use a written contract, the seller
must give the buyer a copy before the seller begins work or receives any payment. If a
buyer is blind or unable to read the seller’s written contract, a 3rd party must read the
contract to the buyer. If the contract is negotiated in a language other than English, the
written contract must be in English and that other language.

Written Contract; When Required 
A home improvement contract (and all changes to that contract) must be in writing if any of the 
following applies: 

 The buyer is required to make any contract payment before the seller completes the work.

 The seller initiates the contract by any of the following means:

 Face-to-face solicitation away from the seller’s regular place of business.
 Mail or telephone solicitation.
 A handbill or circular left at a place of residence.

Contract Terms 
If ATCP 110 requires a written contract, or if the seller requires the buyer to sign a written 
contract, the contract must contain all the following information: 



 The seller’s name and address, and the name and address of the seller’s sales 
representative or agent. 
 

 A description of the work to be done and the principal materials to be used. If the seller 
promises to install specific products or materials, the contract must clearly describe those 
products or materials. 
 

 The total price, including finance charges. If the contract is for time and materials, it must 
clearly disclose the hourly labor charge. 
 

 The dates by which, or the time period within which, the seller will begin and complete 
the work. 
 

 A description of any mortgage or security interest created in connection with the sale or 
financing of the home improvement. 
 

 All warranties that the seller makes for labor, services, products or materials furnished in 
connection with the home improvement. 
 

 A description of every document incorporated in the home improvement contract. 
 

 Insurance coverage included in the home improvement contract, if any. 
 
Under some home improvement contracts, a buyer agrees to pay a specified amount as 
“liquidated damages” if the buyer breaks the contract (even if the “liquidated damages” exceed 
the seller's actual damages). ATCP 110 prohibits “liquidated damages” that exceed 10% of the 
contract price or $100, whichever is less. 
 
Three-day "Cooling Off" Period 
Under ATCP 110 and Wisconsin Statutes chapter 423, a buyer may cancel a home improvement 
contract within a 3-day “cooling off” period if all the following apply: 
 

 The seller initiates the contract by face-to-face solicitation away from the seller’s regular 
place of business, or by a mail or telephone solicitation directed to the consumer.  
 

 The parties enter into the contract, or the seller receives the contract, away from the 
seller’s regular place of business. 
 

 The contract involves an extension of credit, or a cash payment of more than $25. 

If the 3-day “cooling off” period applies, the seller must give the buyer 2 copies of the following 
notice in at least 12-point bold-face type: 
 
 
 
 



CUSTOMER'S RIGHT TO CANCEL 
 

You may cancel this agreement by mailing a written notice to (insert name and 
mailing address of seller) before midnight of the third business day after you signed 
this agreement. If you wish, you may use this page as that notice by writing “I 
hereby cancel” and adding your name and address. A duplicate of this page is 
provided by the seller for your records. 

 
The 3-day “cooling off” period does not start to run until the seller gives the above cancellation 
notice to the buyer. A seller who uses a language other than English in the ordinary course of 
business must give the cancellation notice in English and in that other language. 
 
Prepayments 
If a buyer prepays for any home improvement, the seller may not use that money for any purpose 
other than to provide materials or services for that home improvement. A seller may not solicit 
any prepayment for materials or services that the seller does not expect to provide according to 
the contract. 
 
Failure to Complete Prepaid Work; Buyer’s Remedies 
If a buyer prepays for any materials or services that the seller then fails to deliver on time, the 
buyer may give the seller a written notice that does any or all of the following: 
 

 Cancels the contract. 
 

 Demands return of any prepayments that the seller has not yet spent on the buyer’s home 
improvements. The seller must return the prepayments within 15 days. 
 

 Demands delivery of prepaid materials that the seller has purchased but not yet delivered 
to the home improvement site. The seller must deliver the materials within 15 days, or 
within 5 days after the seller receives the materials from the supplier, whichever occurs 
later. 
 

 Demands a written accounting for all prepayments, showing how the seller used those 
payments. The seller must provide the accounting within 30 days. 
 

If the home improvement contract specifies no deadline for the delivery of materials or services 
for which the buyer has prepaid, the buyer may exercise the above remedies whenever buyer 
believes that the seller has failed to deliver in a timely manner. The buyer may also pursue any 
other remedies that may be available, regardless of whether the buyer has exercised the above 
remedies. 
 
Notice of Delays 
A seller must give a buyer timely notice of any impending delay in contract performance, if 
performance will be delayed beyond a deadline specified in the contract. The notice must specify 
the reason for the delay, and must specify a new proposed completion deadline. If 



ATCP 110 requires a written contract, or the seller requires the buyer to sign a written contract, 
no change in performance deadlines is effective unless the buyer agrees in writing. 
 
Warranties 
If the seller makes any warranty for a home improvement, including any warranty for labor, 
services, products or materials, the seller must do all of the following: 
 

 Document the warranty in writing. 
 

 Give the buyer a copy when the buyer contracts for the home improvements. 
 

 Disclose all warranty terms and conditions. 
 
If the seller installs a product that is covered by a manufacturer’s product warranty, the seller 
must give the buyer a copy of that warranty when the seller installs the product. 
 
Contracts or Promissory Notes Assigned to 3rd Parties 
A seller, after getting a buyer’s signature on a contract or promissory note, will sometimes sell or 
assign that contract or note to a 3rd party (such as a finance company) who will then demand 
payment from the buyer. Under older commercial law, a 3rd party could sometimes collect from 
a buyer even though the buyer had legitimate grounds for refusing to pay the original seller (for 
example, because the home improvements weren’t properly completed). But ATCP 110 has 
added the following protections for buyers: 
 

 No home improvement contract may waive a buyer’s right to assert, against the 3rd party, 
any claims or defenses that the buyer may have against the seller. 
 

 Every promissory note must disclose that the note is non-negotiable, and that the holder 
takes the note subject to the claims and defenses of the home improvement buyer. Even if 
a note fails to contain the required disclosure, a 3rd party takes that note subject to the 
buyer’s claims and defenses if the 3rd party knows or should have known any of the 
following: 
 

 That the seller is in the home improvement business. 
 

 That the note pertains to a home improvement transaction. 
 

 If a home improvement contract or promissory note may be sold or assigned to a 3rd 
party, the seller must disclose that fact to the buyer before the buyer signs the contract or 
note. 
 

 A seller must obtain the buyer’s written consent before selling or assigning a home 
improvement contract to a 3rd party if a person other than the seller will be responsible 
for performing the home improvements. 

 



Building Permits 
ATCP 110 is not a building code, and it does not require a seller to get any permits from 
DATCP. But it does reinforce state and local building codes in the following ways: 
 

 It requires a seller to notify a buyer of applicable state and local permit requirements. 
 

 It prohibits a seller from starting a home improvement until all required state and local 
permits have been issued. 
 

 If inspections are required under state or local codes, the seller must give inspection 
certificates to the buyer when construction is completed. The seller must provide the 
certificates before final payment is due and before the seller asks the buyer to sign a 
completion slip. 

 
Sales Tactics 
ATCP 110 prohibits a seller from making any false, deceptive or misleading representation in 
order to: 
 

 Get a buyer to enter into a home improvement contract. 
 

 Obtain or keep any payment under a home improvement contract. 
 

 Delay performance under a home improvement contract.  
 
ATCP 110 also prohibits a seller from engaging in a number of specific practices, such as the 
following: 
 

 Misrepresenting that the buyer’s home will be used as a “model” or “advertising job.” 
 

 Misrepresenting that products or materials meet certain standards or specifications. 
 

 Misrepresenting that the buyer’s home contains a defective or dangerous condition 
requiring repair. 
 

 Engaging in “bait and switch” sales tactics. 
 

 Misrepresenting the seller’s identity, status or affiliation. 
 

 Misrepresenting that the seller is licensed, bonded or insured. If a seller claims to be 
licensed, bonded or insured, the seller must provide the buyer with a written statement 
describing the type of license, bond or insurance that the seller possesses. 
 

 Advertising any free, gift or bonus offer without specifying the terms and conditions of 
that offer. 
 



 Misrepresenting that the buyer is getting a special price or offer because of a closeout, 
factory sale, survey, leftover materials or other special circumstances. 
 

 Misrepresenting the contract price or other contract terms and obligations. 
 

 Pressuring a buyer into a home improvement contract by delivering materials or starting 
work before the buyer has entered into a contract. 
 

 Making false statements about a competitor, or the competitor's products or services. 
 

 Misrepresenting that a home improvement contract will aid any charity or other 
organization. 
 

 Encouraging the buyer to misrepresent the buyer’s financial condition in order to obtain 
financing. 
 

 Falsifying the contract price, or encouraging the buyer to falsify the contract price, in 
order to obtain financing. 
 

 Asking the buyer to sign a completion slip or make final payment before the job is 
completed. 

 
Lien Waivers 
Contractors, subcontractors and material suppliers have a lien on a buyer’s home for the value of 
the services they provide in connection with a home improvement. See Wisconsin Statutes 
chapter 779 (subchapter I). If a buyer pays the seller (general contractor), but the seller fails to 
pay the subcontractors, the subcontractors may try to enforce their liens against the buyer, and 
the buyer may end up paying twice. To protect buyers, ATCP 110 requires a seller to do all the 
following: 
 

 Provide the buyer with lien waivers from all subcontractors and material suppliers before 
the buyer makes final payment on the home improvement contract. 
 

 Before requiring partial payments from a buyer, furnish the buyer with lien waivers from 
subcontractors for the proportionate value of services or materials they have supplied as 
of that time. 

 
Rule Background 
DATCP has adopted ATCP 110 as a general order (rule) under Wisconsin’s Unfair 
Business Practices Law, Wisconsin Statutes section 100.20. 
 

 Originally adopted in 1940 and revised in 1941. 
 Repealed and recreated in 1963 (DATCP Administrative Docket No. 664.) 
 Amended in 1970 (DATCP Administrative Docket No. 875). 



 Repealed and recreated effective June 1, 1974 (DATCP Administrative Docket No. 
1089.) 

 Amended effective April 1, 1976 (DATCP Administrative Docket No. 1200). 
 Amended effective October 1, 1993 (DATCP Administrative Docket No. 2397, Rules 

Clearinghouse No. 93-1.) 
 
Rule Enforcement 
Private Remedy 
A person who suffers a monetary loss because of a seller’s violation of ATCP 110 may sue the 
seller under Wisconsin Statutes section 100.20(5), and may recover twice the amount of the loss, 
together with costs and attorneys fees. 
 
Injunction and Restitution 
DATCP may seek a court order under Wisconsin Statutes section 100.20(6), enjoining violations 
of ATCP 110 and ordering a seller to pay restitution to consumers. The Department of Justice or 
a district attorney may represent DATCP in court. 
 
Civil Forfeiture 
DATCP or any district attorney may start a court action under Wisconsin Statutes section 
100.26(6), to recover a civil forfeiture from a seller who violates ATCP 110. The court may 
impose a civil forfeiture of up to $10,000 per violation. The Department of Justice or a district 
attorney may represent DATCP in court. 
 
Criminal 
A district attorney may start a criminal prosecution, under Wisconsin Statutes section 100.26(3), 
against a seller who violates ATCP 110. A seller may be fined up to $5,000 or sentenced to as 
much as a year in jail, or both. 
   



Basement Waterproofing Transactions 
ATCP 111 
 
The Wisconsin Department of Agriculture, Trade and Consumer Protection regulate unfair and 
deceptive business practices. DATCP has adopted a rule to protect consumers against fraudulent 
basement waterproofing practices. This rule is found in Wisconsin Administrative Code chapter 
ATCP 111. Rule violators may be prosecuted, and there is a private remedy for consumers. 
ATCP 111 includes the following provisions: 
 
Waterproofing Guarantees 
 

 A seller may not state or imply that a basement waterproofing service is guaranteed 
unless all the following apply: 
 
 The service is in fact guaranteed. 

 
 The seller makes the guarantee in writing. 

 
 The seller gives the consumer a copy of the guarantee before the parties enter into a 

basement waterproofing contract. 
 

 The guarantee clearly and explicitly states that the waterproofing service will 
effectively prevent or control the basement water problem it was designed or intended 
to prevent or control, for the period of time specified in the guarantee. 

 
 The guarantee includes the name and address of the person responsible for 

performance under the guarantee. 
 

 The guarantee states that the responsible person will begin any remedial work 
required under the guarantee within 45 days after the consumer gives notice of a 
waterproofing failure, and will complete the work within 6 months after the consumer 
gives notice. 

 
 

 A guarantee may not exclude basement dampness unless the consumer agrees and the 
guarantee conspicuously states: 

 
“THE GUARANTEE PROVIDED HEREIN DOES NOT COVER DAMPNESS ON THE 
BASEMENT WALLS – IT DOES COVER ANY WATER LEAKAGE OR FLOW.” 

 
 If a seller fails to honor a guarantee, the consumer is entitled to a full refund less the 

value of benefits actually derived from the services performed. The seller has the burden 
of establishing the benefits. 

 
 If basement waterproofing services are not guaranteed, the contract must contain the 

following conspicuous disclosure on the face of the contact: 



 
“THE BASEMENT WATERPROOFING SERVICES PROVIDED BY THIS CONTRACT ARE 
NOT GUARANTEED.” 

 
 A seller may not claim that basement waterproofing services will be effective unless the 

seller is experienced in, and uses, practices that are generally recognized as being 
effective. 

 
 A seller may not make a guarantee if the seller knows or reasonably ought to know that 

the guarantee cannot be honored. 
 
Seller’s Analysis 

 A seller must provide a consumer with a written seller’s analysis before the parties enter 
into a basement waterproofing contract. The seller must sign the analysis. 

 
 The seller’s analysis must describe the causes and conditions responsible for the 

consumer’s basement waterproofing problem, and the specific processes and materials 
that will be used to correct the problem. 

 
 The seller may not misrepresent the facts or conclusions contained in a seller’s analysis. 

 
Pressure Pumping Process; Engineer’s Analysis 
In Wisconsin, there have been widespread problems with basement waterproofing services that 
use the pressure pumping process. A seller may not use the pressure pumping process unless all 
the following apply: 
 

 The seller establishes its value or effectiveness in a written seller’s analysis verified by a 
written engineer’s analysis. A registered professional engineer must prepare the 
engineer’s analysis. 

 
 The seller discloses, in every advertisement for the pressure pumping process, that an 

engineer’s analysis is required. 
 

 The seller guarantees the results. 
 

 The seller gives the consumer the seller’s analysis, the engineer’s analysis, and the 
guarantee before the parties enter into a basement waterproofing contract. 

 
Rule Background 
DATCP adopted ATCP 111 as a general order (rule) under Wisconsin’s Unfair Business 
Practices Law, Wisconsin Statutes section 100.20. 
 

 DATCP adopted ATCP 111 effective April 1, 1975 (DATCP Docket No. 1148). 
 DATCP amended ATCP 111 effective April 1, 1976 (DATCP Docket No. 1201). 

 



Rule Enforcement 
 
Private Remedy 
A person who suffers a monetary loss because of a seller’s violation of ATCP 111 may sue the 
seller under Wisconsin Statutes section 100.20(5), and may recover twice the amount of the loss, 
together with costs and attorneys fees. 
 
Injunction and Restitution 
DATCP may seek a court order under Wisconsin Statutes section 100.20(6), enjoining violations 
of ATCP 111 and ordering a seller to pay restitution to consumers. The Department of Justice or 
a district attorney may represent DATCP in court. 
 
Civil Forfeiture 
DATCP or any district attorney may start a court action under Wisconsin Statutes section 
100.26(6), to recover a civil forfeiture from a seller who violates ATCP 111. The court may 
impose a civil forfeiture of up to $10,000 per violation. The Department of Justice or a district 
attorney may represent DATCP in court. 
 
Criminal 
A district attorney may start a criminal prosecution, under Wisconsin Statutes section 100.26(3), 
against a seller who violates ATCP 111. A seller may be fined up to $5,000 or sentenced to as 
much as a year in jail, or both 
 
 
 
 
 
  



Final Exam - Home Improvement Trade Practices 

ATCP 110 

1.) ATCP 110 address the following practices: 
a. Licensing of contractors 
b. Establishes construction codes 
c. Deceptive sales practices 
d. All of the above 

 
2.) DATCP stands for the Wisconsin Department of Agriculture, Trade and Consumer 

Protection. 
a. True 
b. False 

 
3.) ACTP 110 does NOT do any of the following: 

a. Requires contractors to be licensed 
b. Lien waivers 
c. Warranties 
d. All of the above 

 
4.) ATCP applies to nearly all home improvements and new home construction. 

a. True 
b. False 

 
5.) Home Improvement includes work on the following: 

a. Driveways 
b. Patios 
c. Basements 
d. All of the above 

 
6.) ATCP 110 protects __________ who contract with sellers for home improvements? 

a. Tenants 
b. Homeowners 
c. Contractors 
d. Only a & b 

 
7.) ATCP 110 regulates sellers who are engaged in the business of selling real estate. 

a. True 
b. False 

 



8.) A _____________ includes any oral or written agreement to provide labor, services or 
materials in connection with a home improvement. 

a. Home improvement contract 
b. Written contract 
c. Land contract 
d. None of the above 

 
9.) An oral agreement to provide home improvement services is NOT a “home improvement 

contract”. 
a. True 
b. False 

 
10.) A home improvement contract (and all changes to that contract) must be in 

writing if the seller initiates the contract by mail or telephone solicitation. 
a. True 
b. False 

 
11.)  A home improvement contract (and all changes to that contract) must be in 

writing if any of the following applies: The seller is required to make any contract 
payment before the contractor completes the work. 

a. True  
b. False 

 
12.)  If ATCP 110 requires a written contract, or if the seller requires the buyer to sign 

a written contract, the contract must contain the seller’s name and address, and the name 
and address of the seller’s sales representative or agent. 

a. True 
b. False 

 
13.)  If ATCP 110 requires a written contract, or if the seller requires the buyer to sign 

a written contract, the contract must contain the total price, excluding finance charges 
a. True 
b. False 

 
14.) If ATCP 110 requires a written contract, or if the seller requires the buyer to sign 

a written contract, the contract must contain insurance coverage included in the home 
improvement contract, if any. 

a. True 
b. False 



15.) ATCP 110 prohibits “liquidated damages” that exceed ____ of the contract price 
or $100, whichever is less. 

a. 5% 
b. 10% 
c. 15% 
d. 20% 

 
16.)  According to ATCP 110, how many days is the “cooling off” period after a home 

improvement contract is signed? 
a. 3 
b. 4 
c. 5 
d. 7 

 
17.)  Under ATCP 110 which of the following is a true statement about the customer’s 

right to cancel? 
a. The cooling off period does not start until the cancellation notice is give to the 

buyer 
b. Must be in writing 
c. The buyer must receive 2 copies of the notice in at least 12-point bold-face type. 
d. All of the above 

 
18.)  If a buyer prepays for any home improvement, the seller may not use that money 

for any purpose other than to provide materials or services for that home improvement. 
a. True 
b. False 

 
19.)  If a buyer prepays for materials that the seller fails to deliver on time, the seller 

must return the prepayments within how many days? 
a. 5 days 
b. 10 days 
c. 15 days 
d. 20 days 

 
20.)  If a buyer prepays for materials that the seller fails to deliver on time, the buyer 

may give the seller a written notice to cancel the contract. 
a. True 
b. False 

 



21.)  If a buyer prepays for materials or services that the seller fails to deliver on time, 
which the following are remedies for the buyer? 

a. Cancel the contract 
b. Demand return of any prepayments that haven’t been spent 
c. Demand a written accounting for all prepayments 
d. All of the above 

 
22.)  If ATCP 110 requires a contract, no change in performance deadlines is effective 

unless the buyer and seller orally agree to the changes. 
a. True 
b. False 

 
23.)  The delay notice must specify the ___________ 

a. Reason for the delay 
b. New proposed completion date 
c. Both a & b 
d. Neither a & b 

 
24.)  If the seller installs a product that is covered by a manufacturer’s product 

warranty, the seller must give the buyer a copy of that warranty when the seller installs 
the product. 

a. True 
b. False 

 
25.)  If the seller makes any warranty for a home improvement, the seller must do 

which of the following: 
a. Document the warranty in writing 
b. Give the buyer a copy 
c. Disclose all terms and conditions 
d. All of the above 

 
26.)  A seller must obtain the buyer’s written consent before selling or assigning a 

home improvement contract to a 3rd party if a person other than the seller will be 
responsible for performing the home improvements. 

a. True 
b. False 

 
27.)  ATCP 110 requires a seller to notify a buyer of applicable state and local permit 

requirements. 
a. True 



b. False 
 

28.)  ATCP 110 allows a seller to start a home improvement before all required state 
and local permits have been issued. 

a. True 
b. False 

 
29.)  ATCP 110 requires a seller to get permits directly from the Wisconsin 

Department of Agriculture, Trade and Consumer Protection (DATCP). 
a. True 
b. False 

 
30.)  ATCP 100 prohibits a seller from making any false or misleading representations 

in order to: 
a. Get a buyer to enter into a contract 
b. Obtain any payment under a contract 
c. Delay performance under a contract 
d. All of the above 

 
31.)  ATCP 110 prohibits a seller from asking the buyer to sign a completion slip or 

make final payment before the job is completed. 
a. True 
b. False 

 
32.)  ATCP 110 prohibits a seller from encouraging the buyer to misrepresent the 

buyer’s financial condition in order to obtain financing. 
a. True 
b. False 

 
33.) ATCP 110 prohibits a seller from making any statements about a competitor, or 

the competitor's products or services. 
a. True 
b. False 

 
34.) ATCP 110 prohibits a seller from pressuring a buyer into a home improvement 

contract by delivering materials or starting work before the buyer has entered into a 
contract. 

a. True 
b. False 

 



35.) ATCP 110 prohibits a seller from misrepresenting that the buyer is getting a 
special price or offer because of a closeout, factory sale, survey, leftover materials or 
other special circumstances. 

a. True 
b. False 

 
36.) ATCP 110 prohibits a seller from misrepresenting that the buyer’s home contains 

a defective or dangerous condition requiring repair. 
a. True 
b. False 

 
37.) ATCP 110 prohibits a seller from misrepresenting that the buyer’s home will be 

used as a “model” or “advertising job.” 
a. True 
b. False 

 
38.)  A person who suffers a monetary loss because of a seller’s violation of ATCP 

110 may sue the seller, and may recover ______ the amount of the loss? 
a. The amount equal to the loss 
b. Twice the amount of the loss 
c. Three times the amount of the loss 
d. May not sue 

 
39.)  A district attorney may start a criminal prosecution against a seller who violates 

ATCP 110. 
a. True 
b. False 

 
40.)  Under ATCP 110, a seller may be fined up to how much? 

a. $1,000 
b. $2,500 
c. $5,000 
d. $10,000 

 
41.)  A seller may be sentenced up to a year for violating ATCP 110. 

a. True 
b. False 

 
 

 



ATCP 111 

42.)  ATCP 111 protects consumers against fraudulent basement waterproofing 
practices. 

a. True 
b. False 

 
43.)  According to ATCP 111, a seller may make an oral guarantee for basement 

waterproofing. 
a. True 
b. False 

 
44.)  According to ATCP 111, a seller may not imply that a basement waterproofing 

service is guaranteed unless all of the following apply: 
a. The service is in fact guaranteed 
b. The guarantee is in writing 
c. The seller gives that consumer a copy of the guarantee before entering into a 

contract 
d. All of the above 

 
45.)  According to ATCP 111, the guarantee must state that the responsible person will 

begin any remedial work required under the guarantee with how many days after a notice 
is given? 

a. 30 days 
b. 45 days 
c. 60 days 
d. 90 days 

 
46.)  According to ATCP 111, any remedial work must be completed within what 

timeframe after the consumer gives notice? 
a. 3 months 
b. 4 months 
c. 5 months 
d. 6 months 

 
47.)  According to ATCP 111, if a seller fails to honor a guarantee, the consumer is 

entitled to a full refund less the value of benefits actually derived from the services 
performed. 

a. True 
b. False 

 



48.)  If the basement waterproofing services are not guaranteed, the contract does not 
need to contain any special language. 

a. True
b. False

49.)  A seller may not make a guarantee if the seller knows or reasonably ought to 
know that the guarantee cannot be honored. 

a. True
b. False

50.) According to ATCP 111, the seller’s analysis must include:
a. A description of the causes and conditions responsible for the problem
b. The specific processes that will be used to correct the problem
c. The specific materials that will be used to correct the problem
d. All of the above

51.) The seller may not misrepresent the facts or conclusions contained in a seller’s
analysis. 

a. True
b. False

52.)  A seller must provide a consumer with a written seller’s analysis after the parties 
enter into a basement waterproofing contract. 

a. True
b. False

53.)  In Wisconsin, there have been widespread problems with basement 
waterproofing services that use the pressure pumping process. 

a. True
b. False

54.)  A registered professional engineer must prepare the engineer’s analysis when 
using the pressure pumping process. 

a. True
b. False

55.)  A person who suffers a monetary loss because of a seller’s violation of ATCP 
111 may sue the seller, and may recover ______ the amount of the loss? 

a. The amount equal to the loss
b. Twice the amount of the loss



c. Three times the amount of the loss
d. May not sue

56.)  A seller who violates ATCP 111 may be fined up to $5,000 or sentenced to as 
much as a year in jail, or both. 

a. True
b. False

57.) According to ATCP 111, a district attorney may not represent DATCP in court.
a. True
b. False

58.) The effective date for ATCP 111 as amended is:
a. April 1, 1976
b. April 1, 1980
c. April 1, 1993
d. April 1, 1996

59.) According to ATCP 111, the court may impose a civil forfeiture of up to $10,000
per violation. 

a. True
b. False

60.)  The disclosure “the basement waterproofing services provided by this contract 
are not guaranteed” must be present in the contract when: 

a. Making a guarantee for basement waterproofing services
b. The basement waterproofing services are not guaranteed
c. Making any home improvement guarantee
d. None of the above
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Erosion & Sediment Control 

Comm 21.125 - Erosion control and sediment control. 

(1) GENERAL.

(a) Where land disturbing construction activity is to occur erosion and sediment control practices shall be
employed, as necessary, and maintained to prevent or reduce the potential deposition of soil or sediment to all
of the following:

1. The waters of the state.

2. Adjacent properties.

(b) Land disturbing construction activities, except those activities necessary to implement erosion or sediment
control practices, may not begin until the sediment control practices are in place for each area to be disturbed in
accordance with the approved plan.

(c) Erosion and sediment control practices shall be maintained until the disturbed areas are stabilized. A
disturbed area shall be considered stabilized by vegetation when a perennial cover has been established with a
density of at least 70%.

(d) Erosion and sediment control practices shall either be approved by the department or listed by the
department of natural resources in accordance with the process under s. NR 151.32 (2).

Exam Questions: 

1.) Land disturbing construction activities may not begin until the sediment control practices are in 
place for each area to be disturbed in accordance with the approved plan. 

a. True
b. False

2.) A disturbed area shall be considered stabilized by vegetation when a perennial cover has been 
established    with a density of at least _____. 

a. 50%
b. 60%
c. 70%
d. 80%

(2) MANDATED PRACTICES. Specific practices at each site where land disturbing construction activity is to
occur shall be utilized to prevent or reduce all of the following:

(a) The deposition of soil from being tracked onto streets by vehicles.

(b) The discharge of sediment from disturbed areas into on−site storm water inlets.



(c) The discharge of sediment from disturbed areas into abutting waters of the state. 

(d) The discharge of sediment from drainage ways that flow off the site. 

(e) The discharge of sediment by dewatering activities. 

(f) The discharge of sediment eroding from soil stockpiles existing for more than 7 days. 

 

Exam Questions: 

3.) Specific practices at each site where land disturbing construction activity is to occur shall be 
utilized to prevent or reduce the discharge of sediment: 

a. By dewatering activities 
b. From drainage that flow off the site 
c. From disturbed areas into abutting waters of the state 
d. All of the above 

 

 

(3) CONTROL STANDARDS. Including the practices under sub.(2) above, additional erosion and sediment 
control practices shall be employed, as necessary, to accomplish one of the following: 

(a) A potential annual cumulative soil loss rate of not more than one of the following: 

1. Five tons per acre per year where sand, loamy sand, sandy loam, loam, sandy clay loam, clay loam, 
sandy clay, silty clay or clay textures are exposed. 

2. Seven and a half tons per acre per year where silt, silty clay loam or silt loam textures are exposed. 

 (b) A reduction of at least 80% of the potential sediment load in storm water runoff from the site on an average 
annual basis as compared with no sediment or erosion controls for the site when the land disturbing construction 
activity involves one or more acres. 

(c) A reduction of at least 40% of the potential sediment load in storm water runoff from the site on an average 
annual basis as compared with no sediment or erosion controls for the site where less than one acre of land 
disturbing construction activity is to occur. 

Exam Questions: 

4.)            A reduction of at least 80% of the potential sediment load in storm water runoff from the 
site on an average annual basis as compared with no sediment or erosion controls for the site when 
the land disturbing construction activity involves _______________. 

a. Less than one acre 
b. One or more acres 
c. Two or more acres 
d. None of the above 

 



 

5.)            A reduction of at least 40% of the potential sediment load in storm water runoff from the 
site on an average annual basis as compared with no sediment or erosion controls for the site when 
the land disturbing construction activity involves _________________. 

a. Less than once acre 
b. One or more acres 
c. Two or more acres 
d. None of the above 

 

The following are designs acceptable by the department to achieve compliance with the control standards of 
acceptable soil loss or percent reduction of sediment load in runoff from a site. 

Less than one acre disturbance (regardless of the lot or property size). 

A. Mandated practices: 

1. A method to prevent or reduce soil from leaving a site via entries or roads. This may include a tracking pad or 
tire washing stand designed and installed to meet DNR Standard 1057. Other means of compliance include 
gravel mulch, frozen soil, bedrock or some other physical means to prevent soil from leaving the site on vehicle 
tires which is equivalent to the tracking pad or tire washing stand. 

2. Storm water inlet protection. Inlet protection may be accomplished by using DNR Technical Standard, 
number 1050, “Storm Drain Inlet Protection for Construction Sites”. The protection of stormwater inlets in the 
code is specific to “on−site” inlets; however an off−site inlet may create a direct conduit to a water of the state, 
which links any inlet that leads to a water of the state to the #3 mandated practice. In that case, special care 
should be taken to protect both types of inlets from sediment in runoff from a construction site. 

3. Protection of adjoining waters of the state. The installation of practices is necessary if runoff from the 
disturbance could impact a water of the state. Practices may include channel erosion mats, silt fences, vegetative 
buffers or any other practices applicable to the specific site. 

4. Drainage way protection. Any ditches or drainage ways that flow off−site must be protected with appropriate 
best management practices (BMPs). This may include but is not limited to ditch checks, channel erosion control 
mats or riprap. 

5. Dewatering activity sediment reduction. Any dewatering necessary on the construction site must include 
measures to reduce the sediment in the water leaving the site. Dewatering BMPs may include filters, fiber rolls 
or gravel bag berms. 

6. Stockpile protection. Any soil stockpiles which are left more than 7 days must be protected by seeding and 
mulching, erosion mat, silt fencing, covering or other methods. This does not include fill or topsoil piles that are 
in active use. 

 

 



Exam Questions: 

6.)             Inlet protection for less than one acre of disturbance may be accomplished by using which 
DNR Technical Standard number? 

a. 1050 
b. 1056 
c. 1057 
d. 1058 

 
7.)             A tracking pad or a tire washing stand is an acceptable practice to prevent or reduce soil 

from leaving a site via entries or roads. 
a. True 
b. False 

 
8.) Ditch checks, channel erosion control mats or riprap are examples of: 

a. Stockpile protection 
b. Storm water inlet protection 
c. Drainage way protection 
d. None of the above 

 
9.)             Any dewatering necessary on the construction site must include measures to reduce the 

sediment in the water leaving the site. 
a. True 
b. False 

 
10.) Any soil stockpiles which are left more than ___ days must be protected by seeding and 

mulching, erosion mat, silt fencing, covering or other methods. 
a. 3 
b. 5 
c. 7 
d. 9 

 

B. In addition to mandated practices, the owner/contractor or designer must choose one or more of the 
following methods in order to achieve compliance with the standards. 

1. The Revised Universal Soil Loss Equation may be used to determine the amount of soil lost from a site in 
order to stay below the 5 tons/acre/year for sand, loamy sand, sandy loam, loam, sandy clay loam, clay loam, 
sandy clay, silty clay or clay textures or the 7.5 tons/acre/year soil loss for silt, silty clay loam or silt loam 
textures. The Commerce−accepted version of an Excel worksheet that is used to calculate the soil loss is 
available at: http://commerce.wi.gov/SB/SB−SoilErosionControlProgram.html.  

2. Silt fence may be placed in accordance with the DNR Technical Standard 1056 and remain on the site until 
the pervious area is stabilized. This practice, in addition to the mandated practices in part “A” is accepted by the 
Department of Commerce as compliant with the 40% reduction in sediment load goal. 



3. The site may be seeded and mulched, erosion control mat may be installed or polymers may be applied. The 
erosion control BMPs must be applied within one week of disturbance. Seeding must be accomplished in 
accordance with DNR Technical Standard 1059 and mulching with DNR Technical Standard 1058. Erosion 
control mat must be installed in accordance with DNR Technical Standards 1052 and 1053. Polymer application 
must be done in accordance with DNR Technical Standard 1051. (This method is only acceptable when the 
maximum slope length is 300 feet and the maximum slope is no more than that specified in Table A−21.125−1 
and Table A−21.125−2.) 

4. Practices may be included in the erosion and sediment control plan for the site that achieves compliance with 
the 40% reduction in sediment load in the runoff from the site. 

5. A unique design may be submitted with the UDC permit application for review. 

 

One acre or more disturbed (regardless of the lot or property size). 

A. Mandated practices: 

1. A method to prevent or reduce soil from leaving a site via entries or roads. This may include a tracking pad or 
tire washing stand designed and installed to meet DNR Standard 1057. Other means of compliance include 
gravel mulch, frozen soil, bedrock or some other physical means to prevent soil from leaving the site on vehicle 
tires which is equivalent to the tracking pad or tire washing stand. 

2. Storm water inlet protection. Inlet protection may be accomplished by using DNR Technical Standard, 
number 1060, “Storm Drain Inlet Protection for Construction Sites”. The protection of stormwater inlets in the 
code is specific to “on−site” inlets; however an off−site inlet may create a direct conduit to a water of the state, 
which links any inlet that leads to a water of the state to the #3 mandated practice. In that case, special care 
should be taken to protect both types of inlets from sediment in runoff from a construction site. 

3. Protection of adjoining waters of the state. The installation of practices is necessary if runoff from the 
disturbance could impact a water of the state. Practices may include channel erosion mats, silt fences, vegetative 
buffers or any other practices applicable to the specific site. 

4. Drainage way protection. Any ditches or drainage ways that flow off−site must be protected with appropriate 
best management practices (BMPs). This may include but is not limited to ditch checks, erosion control mats or 
riprap. 

5. Dewatering activity sediment reduction. Any dewatering necessary on the construction site must include 
measures to reduce the sediment in the water leaving the site. Dewatering BMPs may include filters, fiber rolls 
or gravel bag berms. 

6. Stockpile protection. Any soil stockpiles which are left more than 7 days must be protected by seeding and 
mulching, erosion mat, silt fencing, covering or other methods. This does not include fill or topsoil piles that are 
in active use. 

 

Exam Questions: 



 

11.) Filters, fiber rolls or gravel bag berms are examples of best management practices for: 
a. Stockpile protection 
b. Dewatering 
c. Storm inlet protection 
d. Drainage way protection 

 
12.) A unique design may NOT be submitted with the UDC permit application for review. 

a. True 
b. False 

 

B. In addition to mandated practices, the owner/contractor or designer must choose one or more of the 
following methods in order to achieve compliance with the standards. 

1. The Revised Universal Soil Loss Equation may be used to determine the amount of soil lost from a site in 
order to stay below the 5 tons/acre/year for sand, loamy sand, sandy loam, loam, sandy clay loam, clay loam, 
sandy clay, silty clay or clay textures or the 7.5 tons/acre/year soil loss for silt, silty clay loam or silt loam 
textures. The Commerce−accepted version of an Excel worksheet that is used to calculate the soil loss is 
available at: http://commerce.wi.gov/SB/SB−SoilErosionControlProgram.html.  

2. The site may be seeded and mulched, erosion control mat may be installed or polymers may be applied. The 
erosion control BMPs must be applied within one week of disturbance. Seeding must be accomplished in 
accordance with DNR Technical Standard 1059 and mulching with DNR Technical Standard 1058. Erosion 
control mat must be installed in accordance with DNR Technical Standards 1052 and 1053. Polymer application 
must be done in accordance with DNR Technical Standard 1051. (This method is only acceptable when the 
maximum slope length is 300 feet and the maximum slope is no more than that specified in Table A−21.125−1.) 

3. Practices may be included in the erosion and sediment control plan for the site that achieve compliance with 
the 80% reduction in sediment load in the runoff from the site.  

4. A unique design may be submitted with the UDC permit application for review. 

 

(4) SOIL LOSS ANALYSIS. Potential soil loss shall be determined using an engineer analytical modeling 
acceptable to the department. 

Note: The Revised Universal Soil Loss Equation II is an example of an acceptable model to determine soil loss. 

 

(5) MONITORING.  

(a) The owner or owner’s agent shall check the erosion and sediment control practices for maintenance needs at 
all the following intervals until the site is stabilized: 

1. At least weekly. 



2. Within 24 hours after a rainfall event of 0.5 inches or greater. A rainfall event shall be considered to 
be the total amount of rainfall recorded in any continuous 24 hour period. 

3. At all intervals cited on the erosion and sediment control plan. 

(b) The owner or owner’s agent shall maintain a monitoring record when the land disturbing construction 
activity involves one or more acres. 

(c) The monitoring record shall contain at least the following information: 

1. The condition of the erosion and sediment control practices at the intervals specified under par. (a). 

2. A description of the maintenance conducted to repair or replace erosion and sediment control 
practices. 

 

Exam Questions: 

13.) Potential soil loss shall be determined using an engineer analytical modeling acceptable to 
the department. 

a. True 
b. False 

 
14.) The Revised Universal Soil Loss Equation II is an example of an acceptable model to 

determine soil loss. 
a. True 
b. False 

 
15.) The owner or owner’s agent shall maintain a monitoring record when the land disturbing 

construction activity involves _______________. 
a. Less than one acre 
b. One or more acres 
c. Two or more acres 
d. None of the above 

 
16.) The monitoring record shall contain at least the following information: 

a. The condition of the erosion and sediment control practices 
b. A description of the maintenance conducted to repair or replace erosion and sediment control 

practices. 
c. All of the above 
d. None of the above 

 

(6) MAINTENANCE.  

(a) 1. Except as provided in subd. 3., off−site sediment deposition resulting from the failure of an erosion or 
sediment control practice shall be cleaned up by the end of the next day. 



Note: Contact the Department of Natural Resources before attempting to clean up any sediment deposited or 
discharged into the waters of the state. 

2. Except as provided in subd. 3., off−site soil deposition, resulting from construction activity, that creates a 
nuisance shall be cleaned up by the end of the work day. 

3. A municipality may enact more stringent requirements regarding cleanup of soil or sediment deposition onto 
public ways. 

(b) 1. Except as required in subd. 2., the owner or owner’s agent shall complete repair or replacement of erosion 
and sediment control practices as necessary within 48 hours of an interval specified under sub. (5). 

2. When the failure of erosion or sediment control practices results in an immediate threat of sediment entering 
public sewers or the waters of the state, procedures shall be implemented immediately to repair or replace the 
practices. 

 

Exam Questions: 

17.) Off−site sediment deposition resulting from the failure of an erosion or sediment control 
practice shall be cleaned up by the end of the week. 

a. True 
b. False 

 
18.) The owner or owner’s agent shall complete repair or replacement of erosion and sediment 

control practices as necessary within _____ hours. 
a. 24 
b. 48 
c. 72 
d. 96 

 
19.) When the failure of erosion or sediment control practices results in an immediate threat of 

sediment entering public sewers or the waters of the state, procedures shall be implemented 
immediately to repair or replace the practices. 

a. True 
b. False 

 

Silt Fence 

One of the most important ways to prevent soil erosion is utilizing a proper silt fence.  Here is a summary of the 
Wisconsin DNR’s Conservation Practice Standard. 

I. Definition 

Silt fence is a temporary sediment barrier of entrenched permeable geotextile fabric designed to intercept and 
slow the flow of sediment-laden sheet flow runoff from small areas of disturbed soil. 



II. Purpose 

The purpose of this practice is to reduce slope length of the disturbed area and to intercept and retain 
transported sediment from disturbed areas. 

 

III. Conditions Where Practice Applies 

A. This standard applies to the following applications: 

1. Erosion occurs in the form of sheet and rill erosion (see definitions). There is no concentration of 
water flowing to the barrier (channel erosion). 

2. Where adjacent areas need protection from sediment-laden runoff. 

3. Where effectiveness is required for one year or less. 

4. Where conditions allow for silt fence to be properly entrenched and staked as outlined in the Criteria 
Section V. 

B. Under no circumstance shall silt fence be used in the following applications: 

1. Below the ordinary high watermark or placed perpendicular to flow in streams, swales, ditches or any 
place where flow is concentrated. 

2. Where the maximum gradient upslope of the fence is greater than 50% (2:1). 

 

Exam Questions: 

20.) _________ is a temporary sediment barrier of entrenched permeable geotextile fabric 
designed to intercept and slow the flow of sediment-laden sheet flow runoff from small areas of 
disturbed soil. 

a. Sediment ponds 
b. Temporary seeding 
c. Silt fence 
d. All of the above 

 
21.)  The purpose of using a silt fence is to reduce slope length of the disturbed area and to 

intercept and retain transported sediment from disturbed areas. 
a. True 
b. False 

 
22.)  The standard for silt fence applies where adjacent areas need protection from sediment-

laden runoff. 
a. True 
b. False 

 



23.)  The standard for silt fence applies where effectiveness is required for two years or more. 
a. True 
b. False 

 
24.)  A silt fence may used where the maximum gradient upslope of the fence is greater than 

50%. 
a. True 
b. False 

 
25.) A silt fence may not be used below the ordinary high watermark. 

a. True 
b. False 

 

IV. Federal, State, and Local Laws  

Users of this standard shall be aware of applicable federal, state, and local laws, rules, regulations, or permit 
requirements governing the use and placement of silt fence. This standard does not contain the text of federal, 
state, or local laws. 

V. Criteria 

This section establishes the minimum standards for design, installation and performance requirements. 

A. Placement 

1. When installed as a stand-alone practice on a slope, silt fence shall be placed on the contour. The 
parallel spacing shall not exceed the maximum slope lengths for the appropriate slope as specified in 
Table 1. 

Table 1 

Slope    Fence Spacing 

< 2%    100 feet 

2 to 5%   75 feet 

5 to 10%   50 feet 

10 to 33%   25 feet 

> 33%    20 feet 

2. Silt fences shall not be placed perpendicular to the contour. 

3. The ends of the fence shall be extended upslope to prevent water from flowing around the ends of the 
fence. 

 



Exam Questions: 

26.) Using Table 1, what is the appropriate fence spacing when the slope is 7%? 
a. 25 feet 
b. 50 feet 
c. 75 feet 
d. 100 feet 

 
27.)  Using Table 1, what is the appropriate fence spacing when the slope is 1%? 

a. 25 feet 
b. 50 feet 
c. 75 feet 
d. 100 feet 

 
28.) Using Table 1, what is the appropriate fence spacing when the slope is 25%? 

a. 25 feet 
b. 50 feet 
c. 75 feet 
d. 100 feet 

 
29.) Silt fences shall not be placed perpendicular to the contour. 

a. True 
b. False 

 
30.) The ends of the silt fence shall be extended upslope to prevent water from flowing around 

the ends of the fence. 
a. True 
b. False 

 

B. Height – Installed silt fences shall be a minimum 14 inches high and shall not exceed 28 inches in height 
measured from the installed ground elevation. 

C. Support – Silt fences shall be supported by either steel or wood supports as specified below: 

1. Wood supports 

a. The full height of the silt fence shall be supported by 1 1/8 inches by 1 1/8 inches air or kiln 
dried posts of hickory or oak. 

b. The silt fence fabric shall be stapled, using at least 0.5-inch staples, to the upslope side of the 
posts in at least 3 places. 

c. The posts shall be a minimum of 3 feet long for 24-inch silt fence and a minimum of 4 feet for 
36-inch silt fence fabric. 

 



Exam Questions: 

31.) What is the minimum height requirement of an installed silt fence? 
a. 10 inches 
b. 14 inches 
c. 20 inches 
d. 28 inches 

 
32.) What is the maximum height requirement of an installed silt fence? 

a. 10 inches 
b. 14 inches 
c. 20 inches 
d. 28 inches 

 
33.) Silt fences shall be supported by either steel or wood supports. 

a. True 
b. False 

 
34.) For wood supports, the silt fence fabric should be stapled using at least 0.5 inch staples, to 

the upslope side of the posts in at least __________. 
a. 1 place 
b. 2 places 
c. 3 places 
d. 4 places 

 
35.) Wood supports made of hickory or oak must be what size? 

a. ½ inch by ½ inch 
b. ¾ inch by ¾ inch 
c. 1 inch by 1 inch 
d. 1 1/8 inch by 1 1/8 inch 

 
36.) Wood posts should be a minimum of ____ feet long for a 24-inch silt fence. 

a. 2 
b. 3 
c. 4 
d. 5 

 
37.) Wood posts should be a minimum of ____ feet long for a 36-inch silt fence. 

a. 2 
b. 3 
c. 4 
d. 5 

 

 



2. Steel supports 

a. The full height of the silt fence shall be supported by steel posts at least 5 feet long with a 
strength of 1.33 pounds per foot and have projections for the attachment of fasteners. 

b. The silt fence fabric shall be attached in at least three places on the upslope side with 50 pound 
plastic tie straps or wire fasteners. To prevent damage to the fabric from fastener, the protruding 
ends shall be pointed away from the fabric. 

 

Exam Questions: 

38.) The full height of the silt fence shall be supported by steel posts at least ____ feet long. 
a. 2 
b. 3 
c. 4 
d. 5 

 
39.) The full height of the silt fence shall be supported by steel posts with a strength of 1.33 

pounds per foot. 
a. True 
b. False 

 
40.) The silt fence fabric shall be attached to steel supports in at least _____ places on the 

upslope side with 50 pound plastic tie straps or wire fasteners. 
a. 2 
b. 3 
c. 4 
d. 5 

 

3. The maximum spacing of posts for nonwoven silt fence shall be 3 feet and for woven fabric 8 feet. 

4. Silt fence shall have a support cord. 

5. Where joints are necessary, each end of the fabric shall be securely fastened to a post. The posts shall 
then be wrapped around each other to produce a stable, secure joint or shall be overlapped the distance 
between two posts. 

6. A minimum of 20 inches of the post shall extend into the ground after installation. 

D. Anchoring – Silt fence shall be anchored by spreading at least 8 inches of the fabric in a 4 inch wide by 6 
inch deep trench, or 6 inch deep V-trench on the upslope side of the fence. The trench shall be backfilled and 
compacted. Trenches shall not be excavated wider and deeper than necessary for proper installation. 

 



Exam Questions: 

41.) The maximum spacing of posts for a nonwoven silt fence shall be 8 feet. 
a. True 
b. False 

 
42.) The maximum spacing of posts for a woven silt fence is: 

a. 3 feet 
b. 4 feet 
c. 7 feet 
d. 8 feet 

 
43.) A minimum of 10 inches of the post shall extend into the ground after installation. 

a. True 
b. False 

 
44.) A Silt fence should have a support cord. 

a. True 
b. False 

 
45.) It is appropriate to anchor silt fence by spreading at least 8 inches of the fabric in a 4 inch 

wide by 6 inch deep trench. 
a. True 
b. False 

 

On the terminal ends of silt fence the fabric shall be wrapped around the post such that the staples are not 
visible. 

E. Geotextile Fabric Specifications – The geotextile fabric consists of either woven or non-woven polyester, 
polypropylene, stabilized nylon, polyethylene, or polyvinylidene chloride. Non-woven fabric may be needle 
punched, heat bonded, resin bonded, or combinations thereof. All fabric shall meet the following requirements 
as specified in Table 2. 

Table 2. 

Test Requirement       Method   Value*   

Minimum grab tensile strength in the machine direction………. ASTM D4632   120 lbs. (550 N) 

Minimum grab tensile strength in the cross machine direction…  ASTM D4632   100 lbs. (450 N) 

Maximum apparent opening size equivalent standard sieve…… ASTM D4751   No. 30 (600μm) 

Minimum permittivity. . ……………………………………….. ASTM D4491   0.05 scc-1  

Minimum ultraviolet stability percent of strength retained after  

500 hours of exposure……………………………………….… ASTM D4355   70% 



(WisDOT Standard Specifications for Road and Bridge Construction, 2001) 

* All numerical values represent minimum / maximum average roll values. (For example, the average minimum test results on any roll in a lot should 
meet or exceed the minimum specified values.) 

Silt fence shall have a maximum flow rate of 10-gallons/minute/square foot at 50mm constant head as 
determined by multiplying permittivity in 1/second as determined by ASTM D-4491 by a conversion factor of 
74. 

F. Removal – Silt fences shall be removed once the disturbed area is permanently stabilized and no longer 
susceptible to erosion. 

VI. Considerations 

A. Improper placement as well as improper installation and maintenance of silt fences will significantly 
decrease the effectiveness of this practice. 

Silt fences should be considered for trapping sediment where sheet and rill erosion may be expected to occur in 
small drainage areas. Silt fences should not be placed in areas of concentrated flow. 

B. Silt fences should be installed prior to disturbing the upslope area. 

C. Silt fences should not be used to define the boundaries of the entire project. Silt fence should be placed only 
in areas where it is applicable due to its cost and the fact that it is not biodegradable. For example, silt fence 
should not be placed in locations where the natural overland flow is from an undisturbed area into disturbed 
areas of the project. It should also not be used as a diversion. 

D. Silt fence should not be used in areas where the silt fence is at a higher elevation than the disturbed area. 

E. When placing silt fence near trees, care should be taken to minimize damage to the root system. Avoid 
compaction and root cutting within 1.5 feet multiplied by the inch diameter of the tree (for example: for 10- 
inch trees keep out a 15-foot radius from the trunk). Refer to UWEX publication Preserving Trees During 
Construction for more information. 

F. To protect silt fence from damage in areas of active construction or heavy traffic, silt fence should be 
flagged, marked, or highlighted to improve visibility. 

G. Silt fence effectiveness is generally increased when used in conjunction with other upslope erosion control 
practices. To further strengthen the silt fence, straw / hay bales can be placed on the down slope side. 

H. To help ensure effectiveness, silt fence should be inspected and repaired as necessary prior to forecasted rain 
events. 

I. Where installation with wood posts is difficult, such as when hard or frozen ground is encountered, the use of 
steel post is recommended. 

J. Silt fence can be mechanically installed with a plow type device provided that the silt fence is trenched in a 
manner such that equivalent performance is achieved to that specified in Section V.D. 

 

Exam Questions: 



46.) Silt fences shall be removed once the disturbed area is permanently stabilized and no 
longer susceptible to erosion. 

a. True 
b. False 

 
47.) Which of the following will decrease the effectiveness of using a silt fence? 

a. Improper placement 
b. Improper installation 
c. Improper maintenance 
d. All of the above 

 
48.) Silt fences should be considered for trapping sediment where sheet and rill erosion may be 

expected to occur in small drainage areas. 
a. True 
b. False 

 
49.) Silt fences should be placed in areas of concentrated flow. 

a. True 
b. False 

 
50.) Silt fences should be used to define the boundaries of an entire construction project. 

a. True 
b. False 

 
51.) A silt fence should not be used in areas where the silt fence is at a higher elevation than the 

disturbed area. 
a. True 
b. False 

 
52.) When placing a silt fence near trees, care should be taken to minimize damage to the root 

system. 
a. True 
b. False 

 
53.) To protect silt fence from damage in areas of active construction or heavy traffic, silt fence 

should be flagged, marked, or highlighted to improve visibility. 
a. True 
b. False 

 
54.) Where installation with wood posts is difficult, such as when hard or frozen ground is 

encountered, the use of steel post is recommended. 
a. True 
b. False 

 



VII. Plans and Specifications 

A. Plans and specifications for installing silt fence shall be in keeping with this standard and shall describe the 
requirements for applying the practice to achieve its intended purpose. The plans and specifications shall 
address the following: 

1. Location of silt fence 

2. Contributory drainage area 

3. Schedules 

4. Material specification conforming to standard 

5. Standard drawings and installation details 

6. Restoration after removal 

B. All plans, standard detail drawings, or specifications shall include schedule for installation, inspection, and 
maintenance. The responsible party shall be identified. 

 

VIII. Operation and Maintenance 

A. Silt fences shall at a minimum be inspected weekly and within 24 hours after every precipitation event that 
produces 0.5 inches of rain or more during a 24 hour period. 

B. Damaged or decomposed fences, undercutting, or flow channels around the end of barriers shall be repaired 
or corrected. 

C. Sediment shall be properly disposed of once the deposits reach ½ the height of the fence. 

 

IX. References 

UWEX Publication A0327 “Preserving Trees During Construction” 

 

X. Definitions 

Channel Erosion (III.A.1): The deepening and widening of a channel due to soil loss caused by flowing water. 
As rills become larger and flows begin to concentrate, soil detachment occurs primarily as a result of shear. 

Sheet and Rill Erosion (III.A.1): Sheet and rill erosion is the removal of soil by the action of rainfall and 
shallow overland runoff. It is the first stage in water erosion. As flow becomes more concentrated rills occur. As 
soil detachment continues or flow increases, rills will become wider and deeper forming gullies. 

 

 



Exam Questions: 

55.) Plans and specifications for installing silt fence should include which of the following? 
a. Location of silt fence 
b. Contributory drainage area 
c. Schedules 
d. All of the above 

 
56.) Damaged or decomposed fences, undercutting, or flow channels around the end of barriers 

shall be repaired or corrected. 
a. True 
b. False 

 
57.) Sediment shall be properly disposed of once the deposits reach ____ the height of the fence. 

a. Half 
b. Equal to 
c. Twice 
d. None of the above 

 
58.) Sediment shall be properly disposed of once the deposits reach twice the height of the fence. 

a. True 
b. False 

 
59.) _____________ is the removal of soil by the action of rainfall and shallow overland runoff. 

a. Channel erosion 
b. Sheet and rill erosion 
c. Lake erosion 
d. None of the above 

 
60.) ______________ is the deepening and widening of a channel due to soil loss caused by 

flowing water. 
a. Channel erosion 
b. Sheet and rill erosion 
c. Lake erosion 
d. None of the above 
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The Cost Benefits of Insulated Concrete Forms 
Final Exam 

 

EXECUTIVE SUMMARY 

1. What does the acronym ICF stand for? 
a. Insulation Constructed Formula 
b. Insulating Concrete Forms 
c. Insulate Creation Formation 
d. Insulated Construction Factor 

 
2. Through several studies of ICF construction costs, it has been determined that using ICF wall construction 

generally adds ____ to the total purchase price of a typical wood frame home and land: 
a. 17 percent  
b. About 3 to 5 percent  
c. About 4 to 7 percent 
d. 2 to 3 percent 

 
3. Structural safety involves the ability of ICF construction to resist damage and protect occupants from which of 

the following: 
a. Fire and wind 
b. Earthquakes and flooding 
c. Hurricanes and tornadoes 
d. All of the above 

 
4. Energy efficiency refers to: 

a. The ability to maintain acceptable indoor living conditions at a low monthly energy cost 
b. The rate at which energy is generated in comparison to alternate means of production 
c. The ratio of energy produced divided by the amount of time elapsed 
d. None of the above 

 

1. INTRODUCTION 

5. True or false? Some of the latest test data on the strength of ICF wall construction verify its benefits such as 
energy efficiency, wind-debris impact resistance, fire resistance, and noise control. 

a. True 
b. False 

 

2. HOUSING MARKET PERSPECTIVES 

6. Recent market data shows evidence of ________ use of ICF construction in the housing market. 
a. Excessive 
b. Less 
c. Increased 
d. Decreased 



7. ICF homeowners who pay a little extra for building construction on the front end have _______utility bills in 
comparison to non-ICF homeowners. 

a. Smaller 
b. Larger 
c. Equivalent 
d. Varies by situation 

 
8. With regards to Figure 2, the ICF walls remained intact, whilst adjacent homes lacking such construction suffered 

___percent damage. 
a. 50% 
b. 75% 
c. 80% 
d. 100%  

 

3. COST 

3.2 CONSTRUCTION COST 

9. On average, the additional cost of ICF construction (per square foot of floor area) is about $___ when compared 
to typical wood-frame house construction. 

a. 2 
b. 4 
c. 6 
d. 8 

 
10. According to Table 1, the cost of wall construction per square foot of wall area for wood on an economy one-

story home is:  
a. $2.37 
b. $4.19 
c. $3.33 
d. $3.50 

 

4. BENEFITS 

4.1 STRUCTURAL SAFETY AND HAZARD MITIGATION 

11. Risks at the lower end of the scale, often referred to as ________, include: lightening, earthquakes, and 
mudslides among others. 

a. “Forces of Nature” 
b. “Environmental Intervention” 
c. “Acts of God” 
d. None of the above 

 
 
 
 



12. From Figure 4, the highest chance of death is from:  
a. Tornadoes 
b. Medical error 
c. Earthquake 
d. Smoking 

 
13. Regional differences in certain risks can be very predictable and are based on which of the following data: 

a. Historic 
b. Climatic 
c. Geologic 
d. All of the above 

 
14. According to Figure 5, what state has the most heavily concentrated tornado activity? 

a. Texas 
b. Oklahoma 
c. Nebraska 
d. Arkansas 

 
15. The building code merely establishes a ________ level of risk that is considered to be socially acceptable on 

national and local or regional scales. 
a. Minimum 
b. Maximum 
c. Safe 
d. Appropriate 

 
16. True or false? The racking strength of a wood frame wall is higher than for an ICF wall, according to Table 3. 

a. True 
b. False 

 
17. True or false? An ICF wall can handle a much larger compressive load than a wood frame wall, according to Table  

a. True 
b. False 

 

4.2 FIRE RESISTANCE 

18. Solid concrete ICF walls can generally sustain as much as ___ hour of extreme fire exposure, whereas typical 
wood-frame walls in houses generally do not exceed ___hour(s).  

a. 2, 1 
b. 3, 2 
c. 4, 1 
d. 5, 2 

 
 
 
 



4.3 DURABILITY 

19. ________ construction is well-known for its durability in building construction. 
a. Wood 
b. Concrete 
c. Clay 
d. Sand 

 

4.4 ENERGY EFFICIENCY 

20. Regarding energy efficiency, ICF wall construction can provide a _____ savings in annual heating and cooling 
costs: 

a. 10 to 15 percent 
b. Negligible 
c. 50 percent 
d. 20 to 25 percent 

 

4.5 NOISE CONTROL 

21. What does the acronym STC stand for? 
a. Sound Transmission Class 
b. Sonic Transduction Category 
c. Speech Transferal Classification 
d. Shouting Transducer Classified 

 
22. According to table 7, at an STC rating of 45 

a. Normal speech is easily understood 
b. Loud speech is barely heard 
c. Shouting is barely heard 
d. Shouting is not heard 

 
23. What type of sound enhancement accounts for about one-fifth of the cost difference between ICF and stand 

wood-frame construction? 
a. Thicker gypsum board layers 
b. Resilient channels 
c. Acoustic insulation 
d. All of the above 

 
 
 
 
 
 
 
 



5. COST-BENEFIT EVALUATION 

5.2 MONTHLY COSTS 

24. The monthly cost of home ownership is primarily related to: 
a. Utilities 
b. Maintenance 
c. Insurance 
d. Financing 

 
25. According to Table 9, the energy cost of an up-graded wood home compared to a typical ICF home is________. 

a. Smaller 
b. Larger 
c. Equivalent 
d. Not listed 

 

5.3 COMPARATIVE PERFORMANCE 

26. True or false? According to Table 10, the relative performance of an ICF home compared to a wood-frame home 
with regards to durability is better for an ICF home. 

a. True 
b. False 

 

5.4 COST COMPARISON BASED ON EQUIVALENT PERFORMANCE 

27. True or false? If only one performance attribute is of concern, the option to upgrade ICF construction is more 
economical. 

a. True 
b. False 

 
28. According to Table 11, the difference in cost between ICF and standard wood construction for durability is ___%. 

a. 5 
b. 10 
c. 15 
d. 20 

 

6. CONCLUSIONS 

29. True or false? A valid conclusion regarding this study could be that it is generally more economical or practical to 
consider ICF construction based on the collective benefits. 

a. True 
b. False 

 
 
 



30. The cost-benefits of ICF construction are most appealing when considered as a "package deal" with special 
emphasis on structural performance, particularly in environments subject to _______. 

a. Wildfires 
b. Flooding 
c. Extreme wind 
d. Earthquakes 
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