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CONCRETE DELIVERY PROFESSIONAL (CDP) STUDY GUIDE
ENVIRONMENTAL MODULE

An important goal of the ready mixed concrete industry is to be a responsible
corporate citizen and neighbor. Environmental conservation is a vital part of
those efforts.

Many people have an impression of the concrete industry as being dirty and
noisy. Things like dirty plants or trucks, runoff water polluting streams or
rivers, and noisy or dusty operations can reinforce this image. We can change
this image if the production and delivery of ready mixed concrete is done in
an environmentally friendly way. The Concrete Delivery Professional can play
an important role in showing others that the concrete industry cares about
the environment.

Most of the information in this module is presented to increase the CDP�s
knowledge about environmental issues faced by the ready mixed concrete
industry. It provides background information so that the CDP can better
understand the specific things he or she can do to minimize environmental
impact.

The objectives of this module include:

� Create a better understanding of how ready mixed concrete operations
can affect the environment.

� Create an awareness of specific environmental regulations that affect
the industry.

� Show the best practices that ready mixed concrete operations can use to
minimize environmental impact.

� Outline specific tasks that the CDP can perform to assist in environmental
compliance and improvement.

To learn more about the information presented in this module, please see the
list of references and recommended readings in the appendix. A glossary of
terms can be found in the appendix of this module.

Introduction
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CONCRETE DELIVERY PROFESSIONAL (CDP) STUDY GUIDE
MODULE II - ENVIRONMENTAL

CHAPTER 1 � ENVIRONMENTAL AWARENESS

After studying this chapter, the CDP candidate should be able to:

� Understand importance of industry environmental responsibility and the
role of the Concrete Delivery Professional;

� Be aware of environmental regulations that affect the CDP;

� Understand the concept of environmental best management practices
(BMPs) and how the CDP can use them;

� Understand the concept of pH and how portland cement and acids affect
pH levels.

Everyone today is more aware of the effect that our civilization has on the
environment. Pollution and its effects on the quality of our air, water and land
is in the media almost daily. A great deal of attention has been focused on
industry as the major polluters, but individuals have a great effect on the
environment every day by how they live and work.

We all impact the environment through automobile exhaust, or creating
garbage that has to be land filled. If all the environmental impact made by
individuals is added up, it is vastly more than what is created by industry or
manufacturing. People do not realize that the small amount of pollution they
create will add up to major environmental consequences.

Environmental conservation is just like safety � it is an attitude and a way of
life. Because each individual can have an effect on the environment, everyone
must practice good environmental conservation at home and at work.

Like most other industries, part of the future success of the ready mixed
concrete industry depends on operating in an environmentally friendly manner.
Our environmental action or inaction will have a long-term effect on the image
and profitability of the industry as a whole. This requires ready mixed concrete
producers and their employees to be constantly aware of the impact their
operations have on the environment, and not just thought about when a
problem or polluting event occurs.

Even the smallest oil spill or discharge of concrete wash water can have an
environmental impact. In order to be environmental responsible, the concrete
producer must look at their entire operation and its effect on the environment.
Producers must take the approach that any spill or release of pollution is
potentially harmful and should be prevented wherever possible. Any spill or
release that occurs must be promptly and aggressively controlled.

Concrete plants and ready mixed concrete operations must be managed
responsibly to comply with applicable regulations, to be good neighbors in
the community and to promote a positive image for the concrete industry
(See Figure 2-1).

Chapter objectives

Why is environmental
awareness important?

The environment and the
ready mixed concrete industry
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Figure 2-1: NRMCA Environmental Excellence Award winner, Central Concrete Supermix,
West Hollywood, Florida.

There are also financial benefits to sound
environmental operating practices, such as
improved efficiency in material use through
recycling, reduced waste disposal costs, and
increased profits by selling recycled materials
(See Figure 2-2).

The Concrete Delivery Professional is an
important part of a ready mixed concrete
producer�s environmental compliance efforts.
The CDP affects environmental compliance
mostly in the areas of water discharge,
management of solids such as returned
concrete, and fueling practices.

Environmental regulations

The environment and the
ready mixed concrete industry
(continued)

Figure 2-2: Many concrete producers recycle materials using a reclaimer.

Ready mixed concrete producers must comply with many different federal,
state and local environmental regulations. Violation of these regulations can
have a severe impact on the company, and its employees. Fines in the hundreds
of thousands of dollars can be assessed for environmental violations, as well
as the cost to cleanup any hazards created. In severe cases, jail terms can be
imposed on company officials!

The federal enforcement agency for environmental regulations is the US
Environmental Protection Agency (US EPA). In many states, EPA has delegated
environmental enforcement to a state agency. Depending on the plant location,
there may be other county and local regulations that a ready mixed concrete
producer must comply with, which can vary among plant locations. Here is a
list of some of the federal environmental regulations that affect ready mixed
concrete producers:
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Another regulatory agency that affects environmental compliance is the federal
Occupational Safety and Health Administration (OSHA). OSHA regulates
environmental impact on employees by creating standards for exposure to
noise, air quality, and potentially hazardous chemicals. The OSHA Hazard
Communication standard requires employers to provide training of employees
on how to safely work with any potentially harmful chemicals or materials in
the workplace.

OSHA Hazard Communication regulations include the use of Material Safety
Data Sheets (MSDS). An MSDS is required for any potentially harmful or
hazardous chemicals or materials used by an employee. These must be
available for employees to review at any time, and lists information on the
physical and chemical makeup of workplace materials. The MSDS lists first
aid information for use if an employee is improperly exposed to the product.
It also lists what effect the substance will have on the environment if released
and what steps can be taken.

An example of an MSDS sheet can be found in Appendix 2 at the end of this
module. Products are subject to additional regulation by the EPA or other
regulatory agencies, if they are used or stored in larger quantities.

All ready mixed concrete facilities should have environmental management
plans. These plans ensure that all the applicable environmental regulations
are complied with. The plan is normally written by company officials and
distributed to all employees, so that they know the policies and procedures
required for environmental compliance. Since all plants and facilities are

Environmental regulations
(continued)

Environmental
Management Plans

������������������������������������������������������������������������������������������������������������������������������ ��������������������������������������������������������������������������������������� ��������������������������������������������������������������������������������������������������� ���������������������������������������������������������� ������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ��������������������������������������������������������������������������������������������������������� ���������������������������� ��������������������������������������������������������������������������������������������������� ���������������������������������

.
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different, there is no one environmental management plan that fits all. They
must be customized for the facility and consider such things as:

� Area surrounding plant � is it urban, rural, or industrial?

� Size and shape of plant site;

� Proximity to streams or other bodies of water, neighbors, park land;

� Special laws of state, county or town where the plant is located;

� Soil composition;

� Visibility of plant from streets, waterways, etc.

Best Management Practices (BMP�s) are used to develop environmental
compliance based on the best possible method of controlling environmental
hazard at that location. They are often common-sense methods of dealing
with the daily ready mixed concrete operation. A CDP should be familiar with
each plant�s environmental BMP�s.

BMP�s usually fall into these categories:

�������������������������������������������� ����������������������������������������������������������������������������������������������������������������������������������������������� ������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ �������������������������������������������������������������������� ������������������������������������������������������������������������������������������������������������������������������������� �������������������������������������� ������������������������������������������������������������������������������������������������������������������ ������������������������������������������������������������������������������������������������� ������������������������������������������������������������������������������������������������������������������������������������������������ ������������������������������������������������������������������������������������������������������������������������������ ������������������������������������������������������������������������ ������������������������������������������������������������ ����������������������������������� ���������������������������������������������������������������������������

Best Management
Practices

Environmental
Management Plans
(continued)
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There are a number of ways that a chemical or substance is measured to see
if it will harm the environment or harm people, animals, plant and aquatic
life. One of the chemical measures commonly used in the ready
mixed concrete industry is �pH�. The pH of a substance is a
chemical measure of how acidic or alkaline it is. The range of pH
is from 0 to 14. Substances with a pH between 0 and 7 are acidic,
a level of 7 is considered neutral, and between 8 and 14 are
alkaline, or �basic�.

Many of the substances we come into contact with every day are
either acidic or alkaline. For example, orange juice has a pH of
about 4, and an antacid for an upset stomach has a pH of about
12. A high or low pH is not necessarily harmful, but most
environmental regulations require any discharge from a plant or
industrial site to have a pH between 6 and 9. The farther away
from neutral (pH of 7) a chemical gets, either acidic or alkaline,
the more damaging it can be to streams, rivers or ground water.

The hydration of portland cement with water is a chemical reaction.
This chemical reaction creates heat and also creates a high pH in
concrete, making concrete a highly alkaline substance. The pH of
concrete and concrete wash water can be 12 or higher. This high
pH can cause skin irritation, and in some cases severe cement
burns (See Figure 2-3).

Many chemicals commonly used in the ready mixed concrete
industry are acidic. Chemicals used for cleaning trucks and battery
electrolytes are two examples. Most industrial chemicals that are
acidic will cause damage to the environment, if not controlled
properly.

Best Management
Practices (continued)

Acids and Alkalines

�������������������������������������������� ����������������������������������������������������������������������������������������������������������������������������������������������� ������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ �������������������������������������������������������������������� ������������������������������������������������������������������������������������������������������������������������������������� �������������������������������������� ������������������������������������������������������������������������������������������������������������������ ������������������������������������������������������������������������������������������������� ������������������������������������������������������������������������������������������������������������������������������������������������ ������������������������������������������������������������������������������������������������������������������������������ ������������������������������������������������������������������������ ������������������������������������������������������������ ����������������������������������� ���������������������������������������������������������������������������

�������������������������������������������� ����������������������������������������������������������������������������������������������������������������������������������������������� ������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ �������������������������������������������������������������������� ������������������������������������������������������������������������������������������������������������������������������������� �������������������������������������� ������������������������������������������������������������������������������������������������������������������ ������������������������������������������������������������������������������������������������� ������������������������������������������������������������������������������������������������������������������������������������������������ ������������������������������������������������������������������������������������������������������������������������������ ������������������������������������������������������������������������ ������������������������������������������������������������ ����������������������������������� ���������������������������������������������������������������������������

Figure 2-3: Acid is used to prepare dilute acid rinse
solutions for periodic exterior drum cleaning.
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Figure 2-4: The CDP should take care not to overflow the water
tank.

CONCRETE DELIVERY PROFESSIONAL (CDP) STUDY GUIDE
MODULE II - ENVIRONMENTAL

CHAPTER 2 � WATER AND SOLIDS MANAGEMENT

After studying this chapter, the CDP candidate should be able to:

� Recognize how process water and storm water are generated, and
methods used to conserve or recycle them;

� List proper guidelines for truck cleaning at the plant;

� List methods of managing returned concrete;

� List proper jobsite washout procedures.

Chapter objectives

Water in concrete
manufacturing

Process water

Concrete cannot be produced without water. Water
is both an ingredient and a necessary material in the
production of ready mixed concrete. Besides using
water as a raw material, it is also needed for heating
and cooling aggregates, dust suppression, and
cleaning equipment (See Figure 2-4).

There are three categories of water used in
environmental discussions:

� Process water

� Storm water

� Fresh water.

Any water that comes into contact with cement, solvents, oil or other potential
pollutants is considered process water. This
includes any water that is used to wash
out or flush mixer drums, and water used
to clean the hopper and chutes of a truck
mixer after loading (See Figure 2-5). Any
water that comes into contact with portland
cement or concrete can have a pH of 12 or
higher. Concrete process water may be
considered a hazardous discharge by
some environmental standards, if allowed
to run off the plant or job site without
appropriate treatment. The EPA also
regulates how process water can be stored
and handled on an industrial site.

It is advisable to limit the amount of process
water any facility produces, since it is
expensive to treat and handle. Process
water can be reclaimed and recycled for
use for use in concrete reclaimers, yard
washing, aggregate washing, and as batch

Figure 2-5: After loading, the CDP should
rinse the mixer only in designated areas. water in fresh concrete.



Concrete Delivery Professional Program - Module II - Environmental
©2000 - National Ready Mixed Concrete Association - All Rights Reserved 9

Any rain or snow that falls on the plant site is considered storm water. Water
that runs on the property from the manufacturing process but does not actually
come into contact with process is also
considered storm water (See Figure 2.6). An
example would be the water spill created by
overfilling truck water tanks.

Companies are required by the EPA to have a
Storm Water Pollution Prevention Plan
(SWPPP) for all sites, and a permit to discharge
any storm water off the site. These permits
are part of the NPDES regulations and set
requirements for storm water runoff quality.
Storm water is regulated because it can carry
a high amount of dirt and silt, which can clog
up drains and bodies of water.

As part of the rules required under these
permits, plant operators have to sample runoff

Storm water

Figure 2-6: Storm water retention ponds are used to gather all non-processed
water.

water on a regular basis to measure its
chemical quality and to make sure nothing
hazardous runs off the property.

Water that comes from a clean source, such as a well or municipal waterline,
and that has not come into contact with pollutants or manufacturing is
considered fresh water. Most water used for concrete production must be
�potable�, or safe to drink. Water that has been treated or recycled from
process or storm water, and which meets specific chemical requirements,
may also be considered fresh water. Recycling water from storm water can
be a fairly easy and inexpensive process.

It is essential to a good environmental management plan that these different
types of water be controlled properly and conserved wherever possible.

� Fresh water should be used only as required and not allowed to become
unnecessary process water or storm water. Besides the expense of getting
fresh water, allowing it to become contaminated and turn into process
water or storm water will increase the cost of managing it.

� Process water must be controlled and not allowed to run off the property
to contaminate water or soil. Process water must be kept to a minimum
since it is the most expensive to treat and handle correctly.

� Storm water must be controlled so it does not come into contact with
processes to become classified as process water.

Here are a few ways that water can be conserved in a ready mixed concrete
operation:

� Do not allow water to run over when filling truck water tanks. Stay with
the truck mixer and shut off water hoses before the water spills over.

� Do not use large diameter hoses for truck washing. Small diameter wash
hoses are usually adequate, unless there is a water flow or pressure
problem.

Fresh water

Water management

How to conserve water
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How to conserve water
(continued)

Solids management and
returned concrete

Truck mixer
washout procedures

� Use as little water as practical to clean trucks and plants. Any chemicals
used during the cleaning process will contaminate the water, potentially
turn it into process water, and may make it hazardous. Truck cleaning
should be done in specific areas at the plant or maintenance facility,
where runoff water or chemicals can be properly captured and controlled.

� Use recycled water rather than fresh water wherever possible in:
� Plant and yard wash downs
� Slump adjustment
� Aggregate sprinklers
� Plant and truck washing
� Batch water in concrete.

Too much water can actually interfere with good drum cleaning. The small
amount of concrete slurry remaining in the mixer drum at the end of the day
can be used to help scrub the fins and drum. This scrubbing action tends to
work best with approximately 150 to 200 gallons of water. A larger volume of
water in the drum will dampen the tumbling action and soften the intensity of
the scrubbing that cleans the drum shell and blades, as well as generate
additional process water.

The CDP may have to follow different procedures if the truck mixer has been
carrying concrete with high cement content, low slump, small gravel, silica
fume, certain admixtures, and old or hot concrete. These mixes may be
sticky and harder to clean out. In these circumstances, ask the plant operator
to batch about 1,000 pounds of the largest aggregate available into the truck
mixer drum. Crushed stone usually cleans better than rounded gravel, if there
is a choice. Add 150 gallons of water and run the mixer for approximately 10
minutes at mixing speed. Discharge the aggregate and slurry in the appropriate
place, and rinse the truck mixer as for ordinary concrete.

Most of the solids that are created in a ready mixed concrete operation come
from returned concrete or the residue from truck mixer drum washouts.
Drum washouts will clean hundreds of pounds of concrete from the drum

Figure 2-7: Hydration Stabilizing Admixtures (HSA) can be used to
suspend the hydration process of the cement portion of the mix,
allowing reuse of rinse water and returned concrete.

walls and fins, resulting in a slurry of cement water
and aggregates. This water is considered process
water, and has a very high pH. Approximately 150 to
200 gallons of water is used each day to flush out a
mixer drum at the end of a shift. A fleet of 50 mixers
can generate almost 3 million gallons of mixer flush-
out process water each year!

There are a number of methods to handle returned
concrete and mixer drum washout water. Many
producers use several of these methods in combination:

� If returned concrete is not older than specifications
allow, fresh materials can be added and the
concrete can be shipped to another customer,
depending on the producer�s quality control
guidelines. This requires a good estimate of how
much returned concrete is left in the truck mixer,
the type of mix and how long it has been batched.

� Some companies use special hydration control admixtures (HCA�s) to
stabilize leftover concrete before adding new concrete to it for reshipping
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Solids management and
returned concrete (continued)

(See Figure 2-7). The returned concrete and HCA can stay in the truck
for several hours or even overnight. This method requires accurate
calculations. HCA dosage rates depend on detailed information
including the concrete quantity, how old it is, its temperature, the
mix design and how long it will be retained in the truck mixer.

� Returned concrete may be used to make concrete blocks or other
shapes. These large blocks can be used around the plant, or sold
for special applications. Forms for these blocks are usually kept
ready to accept returned concrete in half-yard or one-yard
increments (See Figure 2-8).

� Returned concrete can be used to pave driveway or parking areas.
Besides using the returned concrete, paved areas are easier to

Figure 2-8: One common practice to deal with
returned concrete is to make concrete blocks for
retaining walls.

Figure 2-10: The clarified water from these settling ponds
is reused for concrete production.

keep clean and can be constructed to channel runoff water into the
proper areas. This will help in the overall environmental conservation
efforts of the producer.

� Mechanical reclaiming systems can separate aggregates from the cement-
water slurry, allowing each to be individually recycled (See Figure 2-9).
Reclaimed coarse and fine aggregate can be reused in fresh concrete, as
fill material on construction sites or as sub-base under paving. Cement
slurry can also be used in fresh concrete under certain circumstances, or
in flowable fill. Reclaiming and slurry systems have a high initial cost, can
be expensive to maintain, and are difficult to use in winter conditions
unless enclosed. However, this can be offset by disposal and other costs.

Figure 2-9: Concrete recycling plant at Aggregate Industries, Glen Burnie, Maryland.

� Discharging returned concrete directly onto the ground is a
fairly common option. The material is usually dumped in
long narrow strips, so that it can be easily broken up by a
front-end loader. Hardened leftover concrete is often crushed
for sale as an economical construction base material.

� Special holding and settling ponds can be used to reclaim
solids from returned concrete. The concrete slurry is
discharged into holding areas, and the water is allowed to
evaporate or run off the top into another settling pit. The
solids are dredged out with a front-end loader after settling
out, and the water can be treated and used as recycled
water or discharged (See Figure 2-10).
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Proper jobsite washout
procedures

The producer may have special policies and procedures for dealing with
returned concrete that contains fibers, dyes, lightweight aggregate or other
special products. These types of returned concrete may have to be handled
differently.

Washout procedures and disposal of leftover concrete at the construction site
is an important part of the CDP�s environmental responsibilities. The customer
is responsible for providing a washout area, but the CDP is responsible to
make sure the area will not violate
environmental regulations. This
can be a problem, especially for
COD customers who have little
experience with the construction
process.

Usually the customer designates
a place for truck mixers to wash
out. This area should contain the
residual concrete and wash water
until it dries, and is then cleaned
up by the customer. The area
designated by the customer
should keep all water and
washout materials on the site and
NOT allow it to run into a sewer
catch basin, stream or creek, onto
the roadway, or onto neighboring
property. Discharging concrete or
concrete wash water into a stream
or other waterway is a criminal

Figure 2-11: The CDP ensures proper on-site
disposal by rinsing chutes into a washout box.

Solids management and
returned concrete (continued)

violation of the federal Clean
Water Act! (See Figure 2-11)

In many cases, the washout area is a pile of fill or other debris that will be
used elsewhere on the jobsite after the pour is completed. Sometimes the
CDP will be required to discharge washout into a wheelbarrow or buggy, and
the customer then takes responsibility for disposing of the wash water properly.
Washout boxes are commonly used for commercial sites. These can be plastic-
lined wood boxes containing water and concrete slurry from the washing of
truck mixer chutes. The contractor is responsible for disposing of the material
collected in the washout boxes.

Limit onsite washing to the chute and rear fins of the mixer. The CDP should
normally be able to complete jobsite washouts using no more than 15 gallons
of water. Surplus concrete disposal and the flushing out of mixer drums should
only be done at the proper areas back at the plant.

In situations where jobsite washout is not permitted or available, chute closure
devices can be used to keep dripping concrete or wash water on the truck
until it returns to the plant. These are usually bags with elastic closures that
can be fitted on the back of the main and foldover chute, or a plastic device
with a handle that acts like a valve to close the back of the chutes off. Some
producers are using truck-mounted self-contained washout systems, which
stores all washout products on the truck for reuse or disposal at the plant.
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In some municipalities, chute closure devices are required by law to prevent
spills. They are also effective at preventing pieces of coarse aggregate or
concrete from falling down the chute and causing damage to vehicle windshields

(See Figure 2-12).

If the CDP has any question about
a washout site provided by the
customer, he or she should
determine the specific problem
with the site and discuss it with
the customer. If the CDP still feels
the washout site is inappropriate
or will violate environmental
regulations, a dispatcher or
producer�s representative should
be notified immediately.

Figure 2-12: Chute closure devices are used to
keep dripping concrete on the truck until it returns
to the plant (courtesy Forfam Inc.)

Proper jobsite washout
procedures (continued)
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CONCRETE DELIVERY PROFESSIONAL (CDP) STUDY GUIDE
MODULE II - ENVIRONMENTAL

CHAPTER 3 � ADMIXTURE, CHEMICAL AND FUEL MANAGEMENT

After studying this chapter, the CDP candidate should be able to:

� Be familiar with proper chemical storage methods, and the elements of a
Spill Prevention, Control, and Countermeasures Plan.

� Recognize sources of potentially hazardous liquids on truck mixers.

� Understand proper truck fueling procedures.

Each producer should have a Spill Prevention, Control, and Countermeasures
Plan (SPCC). The SPCC will cover proper handling and storage of chemicals
at the facility, disposal of waste, training of personnel, and spill response
procedures. It will also list which government agencies must be notified of a
spill, if required. Materials covered by these plans include fuels, admixtures,
lubricants and solvents, cleaning agents, acids and other shop chemicals.
Spills of concrete and discharges of truck fuel or oil on the roadway or jobsite
should also be covered in the SPCC.

Fuel for equipment is the single largest quantity of hazardous material stored
on most concrete plant sites. Fuel is stored in either underground or above
ground tanks. Underground fuel storage tanks are required to meet strict
standards for leak detection, overfill prevention and corrosion protection.
Many producers have chosen to use above ground storage tanks or an off-
site fuel supply to reduce the cost of compliance with fuel storage regulations.
Above ground are required to be double-walled or have containment provisions
to hold the tank contents in the event of a leak or rupture.

Tanks and containers that hold lubricants, solvents and other chemicals must
be properly labeled, protected and inspected regularly for leaks. The CDP
should always be alert for potential environmental problems at the plant site
and notify the appropriate personnel if a problem is observed. Chemical
admixtures for use in concrete should be stored in appropriate, well-labeled

containers, with procedures to contain a
small spill, should it occur. Most chemical
admixtures are not considered hazardous,
but must be stored and handled in such a
way to minimize the danger of leaks or spills.
Other chemicals used in concrete, such as
calcium chloride and color additives, may
require special storage or handling
procedures.

The CDP should be aware of the
environmental action and safety information
that is contained in an MSDS form. Learn
where they are kept on each plant site, and
be familiar with the information on them.
Know what to do and who to notify in the
event of an environmental emergency (See
Figure 2-13).

Chapter objectives

Spill Prevention
and Control

Figure 2-13: These chemical admixtures are stored with special spill containment
walls.
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There are several fluids carried on truck mixers as part of the various operating
systems such as the engine or transmission. These fluids may be considered
environmentally hazardous if they leak or are spilled. They are:

� Oil from the engine or transmission

� Gasoline/Diesel fuel from the truck fuel tank and lines

� Antifreeze/water mixture from the engine cooling systems

� Hydraulic fluid from the brake and mixer systems.

Acids used for mixer cleaning should never be carried on the truck! This
practice is illegal, since acid is considered a hazardous material, and truck
mixers cannot legally carry hazardous materials. Any cleaning with acids
should be done in an appropriate place at the plant site or garage.

Concrete spills usually occur when high slump concrete or flowable fill is
carried, or when truck mixer drums are not kept clean and a normal load
cannot fit into the drum. On occasion, mixer controls can accidentally be put
into discharge before leaving the plant or while on the roadway. Concrete
that spills onto a roadway is not usually considered hazardous, but can damage
the company�s reputation and create a traffic hazard. A CDP who observes
concrete discharging from the drum should notify the dispatcher or maintenance
yard immediately so that it can be promptly cleaned up. The truck should be
stopped, and the rear of the mixer cleaned so that no additional concrete
material or aggregate can fly off the truck.

The CDP should always be looking for potential leaks or spills as part of truck
mixer inspection procedures. Fuel tanks and caps, hoses, fittings and lines
should all be regularly inspected for wear, leaks or spills. Any leaking
component, or potential leak, should be written up and repaired promptly to
avoid environmental impacts. This is not always practical with older units that
may leak engine oil or hydraulic fluid on a regular basis. The CDP should be
aware of these leaks while operating the unit, and should carry extra quantities
of absorbent materials to keep such leaks under control.

Although a well-trained CDP is always on the lookout for jobsite conditions
that could damage the truck mixer, accidents can occur. Obstacles such as
tree branches can rip off fuel or oil lines, and radiators or fuel tanks may be
punctured by steel rebar. Many companies provide spill kits for each truck,
which will handle small spills of fluids from a truck mixer. These kits can be
ordered from commercial suppliers, or individually made up by the concrete
producer. Spill kits will usually contain the following items:

� A water-tight case for kit storage

� Rubber gloves to protect the CDP from exposure to leaking fluids

� Socks filled with absorbent materials to create dams so fluids cannot run
off

� Granular absorbent such as speedy-dry, or pad-type absorbent materials

� Cell absorbents � for use to soak up fluids on top of still water

� Large material bags and zip-ties to dispose of items used in cleanup

� Set of tapered wooden wedges which are used to close leaks

� Putty sealant for small leaks in fuel tanks or radiators

Truck mixer fluids

Truck mixer spill control

Spill Kits
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Truck mixer spills In the event of a spill on the road or jobsite from a truck mixer, these are the
main priorities:

1st � CDP personal and vehicle safety, and the safety of other people who may
be involved

2nd � Minimizing harmful impact on environment

Here is a method to remember what steps to take in event of spill from a
truck mixer, called the SUCCESS method (courtesy of Morse Bros., Oregon):

S = Safely secure the vehicle 1st

U = Understand the situation, get the big picture

C = Contain the spill immediately

C = Cut off the leak at the source

E = Evaluate what is needed to finish

S = Soak up all remaining fluids

S = Stock up truck/equipment with new or restocked spill kit

Fuel that spills during truck fueling operations is a potential source of
environmental contamination, but one that is very easily prevented. In order
to minimize the danger of fuel spills, the CDP should observe the following:

Figure 2-14: Fueling station at Bardon Trimount plant, Saugus, Massachusetts.

Truck mixer  fueling
procedures

� Always stay with the truck mixer during
fueling. If the truck is left unattended during
fueling, there is no one available to stop a
fuel spill from occurring (See Figure 2-14).

� Do not release the nozzle unless the pump
has an automatic cutoff device, and there
is no danger that the nozzle will fall out of
the tank. The CDP may perform other
functions such as checking tires or cleaning
mirrors, but should not let the fuel nozzle
out of his or her sight. Automatic shut-off
devices can sometimes malfunction, and
fuel may be spilled.

� If the fuel nozzle does not have an automatic
shutoff, do not prop it open with a rock or
other device, so that it stays on constantly.

� Properly record fuel used, or meter
readings, on the appropriate paperwork, if
required.

� Fuel areas should be constructed to allow easy cleanup and prevent fuel
spills of any quantity from running out of the area. If fuel is spilled, clean
it up promptly, according to the company SPCC, or notify the appropriate
maintenance personnel.
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CONCRETE DELIVERY PROFESSIONAL (CDP) STUDY GUIDE
MODULE II - ENVIRONMENTAL

CHAPTER 4 � OTHER ENVIRONMENTAL ISSUES

After studying this chapter, the CDP candidate should be able to:

� Recognize the value of plant and truck aesthetics.

� Understand sources of air emissions and how they are controlled.

� Recognize noise pollution sources and ways to control them.

Everyone�s mother always told him or her that being clean is a sign of good
things. Mother�s advice also applies to ready mixed concrete operations.
Housekeeping can seem like a tedious and boring job with little value. There
never seems to be enough time to clean the yard, wash trucks, mow the lawn
or pick up garbage. Usually these things get done on a rainy day or between
loads and are considered a low priority, but these are important tasks in a
comprehensive environmental program.

A clean, attractive plant projects a positive image to the neighbors and gives
employees something to take pride in. Regular trash pick-up, painting and
lawn mowing can make an enormous difference. Things like attractive signs,
landscaping and green space, a safe and clean entranceway, and the
appearance of the plant and grounds themselves speak volumes about the
company�s level of commitment to the environment and the community.

Figure 2-15: NRMCA Environmental Award winning plant, Newington Concrete, Newington,
VA.

Developing a plan to improve plant appearance, which can be accomplished
over time, can pay off through increased employee morale, fewer problems
with the neighbors, and recognition of the facility by the community as a good
corporate citizen (See Figure 2-15).

Chapter objectives

Remember what your
mother told you�

Plant appearance



Concrete Delivery Professional Program - Module II - Environmental
©2000 - National Ready Mixed Concrete Association - All Rights Reserved18

Keeping the truck mixer clean is nothing new for the Concrete Delivery
Professional. From the first day on the job, every trainee has been told that
keeping the truck mixer clean is one of the most important tasks they have.
This is for several very good reasons.

The ready mixed concrete truck is a rolling
billboard and advertisement for the concrete
producer. Many people see the truck on a daily
basis. Its appearance tells customers and the
public how much the producer cares about
its image, the public safety, and commitment
to the environment. People see a dirty truck
and believe that the producer does not care
about cleanliness or being a good corporate
citizen.

The CDP can influence the public�s perception
of the concrete producer by spending as
much time as possible cleaning the mixer
truck. Just as preventative maintenance keeps
a truck from a critical breakdown, keeping
the mixer truck clean on a daily basis prevents
hours spent in chipping or using acid on the
truck. It will extend the life of the unit, cut
down on expensive repairs and save the

producer money. A clean and well-kept truck mixer is also a source of pride
for the CDP, who can show his or her commitment to the environment through
its appearance (See Figure 2-16).

Air pollution, especially dust, from concrete plants is a common source of
citizen complaints and environmental
concerns. Air pollution makes up a large portion
of the world�s environmental problems. Point
sources and fugitive sources make up the
majority of air emissions, and the EPA regulates
many of these sources.

A point source comes from a specific location
such as silo bag houses, cement tanker relief
valves, exhaust stacks, or aggregate weigh
batchers. The federal Clean Air Act regulating
point source emissions often requires permits
and mechanical devices to reduce air pollution,
and must be in operation whenever the plant
is running. They do an excellent job of dust
suppression, when properly installed,
regularly inspected and well maintained. Point

sources not requiring permits can be controlled through good environmental
practices, such as minimizing the air pressure and speed of cement unloading
(See Figure 2-17).

Another example of point source air emissions is exhaust pipes from
automobiles or truck mixers. Although federal regulations on auto and truck
emissions have cut down a large portion of air pollution, the millions of vehicles
that operate in this country create significant impact on the environment. The

Truck mixer appearance

Figure 2-16: NRMCA Fleet Graphics Award
winner, Consumers Concrete Corp.,
Kalamazoo, MI

Air quality and emissions

Figure 2-17: Plant worker inspects
baghouse used to capture cement dust.
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CDP should minimize the idling of truck mixer engines whenever possible.
This will also create less wear and tear on the engine.

Fugitive sources have no specific source and come from larger areas, such
as aggregate stockpiles or roadway dust. Fugitive sources of air pollution can
usually be controlled by simple good housekeeping practices. One of the
most effective ways to cut down on fugitive dust is regular sweeping or washing
of paved roadways. Paved roadways are easier to clean and maintain, provide
less wear and tear on equipment, and are a good use for surplus concrete!

Recycled water can be used to control fugitive dust. Water used for fugitive
dust control must be then collected so runoff is prevented. This is usually
done as part of the storm water control plan. Other methods of controlling
fugitive dust include:

� Clean up spilled materials so they do not become a windblown dust source.

� Use bunkers, ground hoppers or covered conveyors in aggregate storage
and handling to contain dust.

� Use sprinklers on aggregate piles, conveyors and roadways to prevent
dust from blowing off piles.

� Reduce onsite speed limits to minimize dust being thrown into the air.

Most people don�t think of noise as a form of pollution, but excessive noise
can disrupt the environment. Noise sources can intrude on other people�s
lives and disrupt animal or wildlife behavior. Neighbors around a ready mixed
concrete plant will often complain about noise from concrete plants or truck
operations, particularly if a plant is operating at night or on weekends. Noise
can echo and travel several miles from the source if conditions are right.

While there is no Federal environmental noise statute, many local municipalities
may have noise ordinances or regulations that limit hours of operation for a
manufacturing facility because of noise concerns. OSHA regulates noise in
terms of personal safety and hearing conservation. It is measured in decibels
(db). Some of the equipment used in concrete production, such as aggregate
hopper vibrators, chipping hammers and cement blowers can have noise
intensity levels higher than 100 db. These high noise levels can disturb nearby
residents and damage hearing of employees without proper hearing protection
and exposure control. Operation of any equipment that creates high noise
levels should always be done knowing whether it will affect neighbors or
other businesses off site.

The CDP should make every effort to control truck noise, especially at concrete
plants near residential areas. Here are some ways to reduce truck noise:

� Lock and secure all chutes so they do not rattle or bang.

� Reduce speed in yard to prevent banging of mixer or chassis.

� Do not rev engines excessively or use air horns unless necessary.

� Maneuver trucks to minimize backing up, which will decrease the use of
back-up alarms.

Air quality and emissions
(continued)

Noise pollution
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APPENDICES FOR MODULE II

Appendix 1 � References and Recommended Materials

For more information on the subjects covered in this chapter, read or view the following:

� NRMCA Publication 191 � Environmental Management Practices

� NRMCA � Environmentally Sound Practices in the Ready Mixed Concrete Industry Kit

� NRMCA/Morse Brothers Mentor Driver Program tape:
2PRV023 � Steps To Success (Using a Spill Kit)
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Appendix 2 � Sample Material Safety Data Sheet (MSDS) for Concrete
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GLOSSARY AND RELATED TERMS FOR ALL MODULES

Accelerator  A chemical which, when added to concrete, shortens the time of set and increases the early stages
of hardening and strength development.
Admixture  A material other than water, aggregates or hydraulic cement used as an ingredient of concrete.  Most
commonly used admixtures are chemical solutions that are carefully metered into concrete batches to lend or
enhance a specific property of the concrete.
Agent  A general term for a material that may be used either as an addition to cement or an admixture in concrete,
for example, air-entraining agent.  Sometimes called an additive.
Aggregate  Granular material such as sand, gravel, crushed stone or slag which, when blended with cement and
water, makes concrete.
Air Content  The volume of the air voids in concrete, expressed as a percentage of total volume of the concrete.
Air-Entraining Agent  An admixture which causes microscopic air bubbles to be incorporated in the concrete
during mixing.  Usually to increase its workability and freeze/thaw resistance.
American Concrete Institute (ACI)  An engineering organization responsible for writing and publishing codes
and standards for concrete construction.
American Society for Testing and Materials (ASTM)  An organization that writes and publishes test methods
and standard specifications for a wide variety of materials.
Axle Load  The portion of the gross weight of a vehicle transmitted to a roadway through the wheels supporting a
given axle.
Bag of Cement  A quantity of portland cement equivalent to a loose cubic foot of the bulk material; Equals 94 lb.
in the United States.  Also called Sack of Cement.
Barrel of Cement  A quantity of portland cement equal to 4 bags or 376 lb.
Batch  The materials in or the concrete produced from a single mixing cycle or load of concrete
Batch Plant  The equipment required for batching and mixing concrete including bins, silos, hoppers, conveyors,
weigh-batchers, etc.
Bleeding  Movement of mixing water to the surface of freshly placed concrete caused by the settling of solid
materials in the concrete.
Bonding Agent  A coating applied to an existing surface to create a bond between it and a succeeding layer, for
example, between a concrete subsurface and a terrazzo topping.
Broom Finish  The surface texture obtained by stroking a broom over freshly placed concrete.
Buggy  A wheeled hand or motor-driven cart, usually rubber tired, for transporting small quantities of concrete
from hoppers or mixers to forms.
Bull Float  A tool with a large, flat rectangular piece of aluminum, magnesium, or wood with a long handle.  It is
often used to smooth large areas of a slab immediately after the concrete is struck off with a screed.
Bush-Hammer Finish  A decorative finish on concrete obtained by chipping off the surface mortar.
Cement  See Hydraulic Cement and Portland Cement.
Cement Balls  Tennis ball to volleyball-sized lumps of cement, sand and coarse aggregate that form in the truck
drum during loading and mixing.  Cement balls generally break free from the head of the drum and roll down the
chute when concrete is discharged.

Cement Content  Quantity of cement contained in a cubic yard of concrete, expressed as a weight.  For example,
500 lb. per cu. yd.
Cement, Expansive  A special cement, which causes concrete to expand slightly, rather than shrink, at an early
age.
Cement, High-Early Strength  Cement characterized by producing higher early strength in concrete than regular
cement.  Called Type III in the United States.
Central Mixed Concrete  Concrete completely mixed in a stationary mixer and then transported to the jobsite.
Chute  A rounded, sloping trough or tube for moving concrete from a higher to a lower point.
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Compressive Strength  The measured maximum resistance of a concrete specimen to compressive loading
expressed in pound per square inch (psi).  A typical 6 inch diameter concrete cylinder, equivalent to roughly 3000 to
6000 psi, will support a load of 40 to 80 tons.
Concrete  A heavy, versatile building material made from combining coarse and fine aggregate, hydraulic cement
and water.
Concrete, Lightweight  Concrete made with lightweight aggregates, typically weighing 75 to 80% as much as
normal weight concrete.
Concrete, Plain  Concrete without any steel reinforcing bars.
Concrete Plant Manufacturers Bureau (CPMB)  An organization of concrete plant manufacturers that pub-
lishes standards for concrete plants.  Most concrete plants have a CPMB rating plate showing its maximum rated
load size.
Concrete Pump  A machine which conveys concrete to the point of placement via a pipeline and/or hose.
Concrete, Reinforced  Concrete with steel reinforcing bars or mesh.
Confined Space  A space that is: (1) difficult to enter or exit, (2) not designed for people to stay in, and (3) has
certain hazards.  A truck mixer drum is a confined space.
Construction Joint  A joint where two adjacent placements of concrete meet.  The joint may be keyed, bonded or
reinforced.
Contraction Joint  A formed, tooled or sawed groove in a concrete structure, floor slab, or pavement to regulate
the location of cracks in the concrete.
Conveyor  A continuous belt for moving materials.
Core Test  A compression test on a concrete sample drilled from hardened concrete.
Corrosion  Destruction, or deterioration of concrete reinforcement by chemical, electrochemical or electrolytic
reaction.  Often results in the rusting/deterioration of reinforcing steel and frequently cause by from deicing salt
applied to the concrete or salts from seawater in a marine environment.
Coulomb Test  A �Rapid Chloride Permeability� test of hardened concrete to measure the resistance of concrete to
the penetration of chlorides (salt) that will can reinforcing steel to rust.
Crack  A complete or incomplete separation of the concrete into two or more parts caused by breaking or fractur-
ing.
Craze Cracks  Fine, shallow, random cracks or fissures in a concrete surface.
Crazing  The development of craze cracks, or the pattern of craze cracks in a concrete surface.
Cubic Meter  Unit of measure in the metric system.  Equal to 1.3 cubic yards.  Written as m3.
Cubic Yard  Unit of measure of concrete volume in the United States.  Written as cu. yd. or yd3.  Equal to 27 cubic
feet.
Curing  The maintenance of favorable moisture and temperature conditions for freshly placed concrete during its
early stages so that the concrete can develop strength and other properties.
Cylinder, Concrete  A strength test specimen.  Molded by placing concrete in a plastic, metal, or cardboard mold
which is usually two times its diameter in height.  In the United States, 6" by 12" is the standard test cylinder size.
Darby  A hand-held straightedge, 3 to 8 ft. long, used to smooth and level concrete in the early stage of finishing.
Drum Speed (rpm)  The rate of rotation of the mixer drum when used for charging, mixing, agitating or discharg-
ing concrete.  Maximum drum speeds must be shown on the mixer rating plate.
Drying Shrinkage  Contraction cracks caused by moisture loss from hardened concrete sometimes resulting in
cracks in the concrete occurring days, weeks, or months after placement.
Dusting  The appearance of powdered material at the surface of hardened concrete.

Early Strength  The strength of concrete as measured in the first three days or earlier after placement.

Efflorescence  A deposit of salts (usually white compounds) formed on a hardened concrete surface.

Entrained Air  Microscopic air bubbles intentionally incorporated in concrete (using an admixture) during mixing to
improve freeze/thaw durability and workability.
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GLOSSARY AND RELATED TERMS FOR ALL MODULES (continued)

Entrapped Air �Air voids in concrete which are not purposely entrained.  Entrapped air voids are larger than
entrained air bubbles and offer little protection from freeze/thaw cycles.  They often result from incomplete vibra-
tion or compaction.
Expansion Joint  A separation between pavement slabs on grade, or between adjoining parts of a structure that
to allow room for the concrete to move or expand.  Usually filled with a compressible material.
False Set  Premature rapid stiffening of fresh concrete.  False-setting concrete can usually be remixed without
additional water to become workable again.  See flash set.
Field-Cured Cylinder  Test cylinders cured in the same way as the concrete in the forms to indicate when the
forms may be removed, when construction may continue or when the structure may be put in service.
Final Set  A degree of stiffening of concrete after initial set, such that it will support a weight to an established level.
See initial set.
Finishing  The process of leveling, smoothing, compacting, and otherwise treating the surface of fresh concrete.
Flash Set  Premature rapid stiffening of fresh concrete.  The concrete usually requires remixing with additional
water to become workable again.  See false set.
Flexural Strength  The ability of concrete to withstand bending.  Measured by breaking a test beam molded from
the concrete.
Float  A small, handheld tool, made of wood, aluminum or magnesium, used in finishing immediately after place-
ment and strike off of a fresh concrete surface.
Fly Ash  The fine ash resulting from burning coal in electric utility plants.  Used as a mineral admixture or pozzolan
in concrete.  See pozzolan.
Groover  A hand tool used to form grooves or joints in concrete slabs to control the location of cracks.  Also called
a jointing tool.
Gross Vehicle Weight  The total weight of a vehicle, e.g., the empty weight of a vehicle plus the weight of the
payload.
Grout  Cement and water, with or without aggregates, mixed to be pourable.  Used to fill cracks and voids in
concrete or to prime concrete pumps.
Hairline Cracks  Small, barely visible cracks in a concrete surface.  See craze cracks.
Hardener  A chemical applied to concrete floors to reduce wear and/or dusting.
Heavyweight Aggregate  Aggregate of high density, such as iron or steel shot, used for making heavyweight
concrete.
High-Strength Concrete  Concrete with a 28-day design strength of 6000 psi or greater.
High-Range-Water-Reducing Admixture  A water reducing admixture that markedly increases the slump of
fresh concrete and great enhances its flowability.  Also called a superplasticizer.
High-Early-Strength Concrete  Concrete made with a special cement(s) or admixture(s) that reaches a speci-
fied strength at an earlier age than normal concrete.

Hydration  The chemical reaction between hydraulic cement and water.
Hopper  A funnel-shape box or tank from which or through which material can be discharged evenly.
Hydraulic Cement  A cement that sets and hardens via a chemical reaction with water, such as portland cement.
Initial Set  A degree of stiffening of concrete, less than final set, such that it will support a weight to an established
level, e.g., the weight of a finisher standing on a concrete slab.  See final set.
Joint  A physical separation or break in cast-in-place concrete.
Lightweight Aggregates  Aggregate of low density such as expanded clay or shale, slag, pumice, etc.  Used for
making lightweight concrete.
Lock Out  Mechanically and/or electronically disabling a piece of equipment so that it cannot start or become
energized.  See, also, tag out.
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Material Safety Data Sheet (MSDS)  A document providing information on a product�s potential safety or
environmental hazards and precautionary measures for those who use the product.
Mineral Admixture  A fine powdered material such as fly ash or slag cement which may be used to improve the
workability, strength or durability characteristics of concrete.  See pozzolan.
Mixer Capacity  The volume of concrete permitted to be mixed or carried in a truck mixer.
Mortar  A mixture consisting of cement, water and fine aggregate.
National Ready Mixed Concrete Association (NRMCA)  The national trade association for ready mixed con-
crete producers, dedicated to lobbying, promoting research and training on behalf of the industry.
Paste  The portion of concrete consisting of cement and water.
Peeling  Thin flakes of mortar breaking away from a concrete surface.  See scaling, spalling
Plastic Shrinkage Cracks  Cracks which appear in fresh concrete soon after placing and finishing while the
concrete is still plastic.
Preventive Maintenance (PM)  Scheduled, periodic vehicle maintenance that follows a prescribed routine.
Preventive maintenance includes inspecting, adjusting, testing, clamping, tightening, cleaning, draining, flushing,
adding fluids and lubricants and replacing filters.
Portland Cement  General, all-purpose, hydraulic cement.  Manufactured by fusing several minerals together in a
large kiln and grinding the resultant cement clinker into a fine powder.  The active ingredient in concrete that causes
it to set and gain strength.
Pozzolan  Naturally occurring or man-made materials which chemically react in concrete to form compounds which
have some cementing properties.  Pozzolans such as fly ash and slag cement are sometimes referred to as mineral
admixtures.
Rebound Hammer  A non-destructive testing device used to quickly estimate the in-place compressive strength of
hardened concrete.
Reinforcement  Steel bars or wire mesh used in concrete to strengthen a structure.
Retarder  An admixture which delays the setting time of concrete.  Also called a set-retarder.
Sand Streaks  A streak of exposed sand in a formed concrete surface, often due to inadequate mixing of the
concrete
Scaling  Flaking or peeling of the top surface of hardened concrete.  See peeling, spalling.
Screed  A tool, sometimes a long board, used for striking off the concrete surface.
Sedimentation Pit (or pond)  A washout pit or series of pits, often with separate chambers or basins, designed
to allow solids to settle out of concrete wash water.  Sedimentation pits may be concrete lined structures or earthen
ponds.
Segregation  Separation of the coarse aggregate from the mortar portion of the concrete.
Shrink-Mixed Concrete  Ready mixed concrete partially mixed in a plant mixer and then discharged into a truck
mixer where its mixing is completed.
Silica Fume  A very fine powdered material with particles about100 times smaller than portland cement particles.
Used for making high strength, low permeability concrete.
Slag, ground  A by-product of steel mills, ground to a fine powder and used as a pozzolan in concrete.  Also known
as Ground Granulated Blast-furnace slag.  See pozzolan.
Slump  A measure of the consistency of fresh concrete.
Slump Cone  A cone shaped mold with an 8-inch base diameter, a 4-inch top diameter, and 12-inch height, used to
test the slump of fresh concrete.
Slump Meter  A gauge on the hydraulic system of the truck mixer which measures the approximate slump of the
concrete in the revolving drum.
Slurry  A mixture of water and cement.
Spalling  Chipping, flaking or peeling of concrete fragments from a hardened concrete surface.  See peeling,
scaling.
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GLOSSARY AND RELATED TERMS FOR ALL MODULES (continued)

Stamped Concrete Finish  The surface texture obtained by using a stamp to imprint a design in the surface of a
concrete slab during  finishing.
Strength  Generic term for concrete�s ability to resist strain, stress, or breaking.
Superplasticizer  A high-range-water-reducing admixture (see definition).
Tag Out  Placing a tag or notice on a piece of equipment indicating that it is out of service.  See locked out.
Topping  A layer of concrete placed to form a floor surface over a concrete base.
Trowel  A steel, flat, hand tool used in finishing to achieve a smooth, hard, dense surface on a concrete slab.
Trowel Finish  A smooth finish obtained by using a steel hand trowel or power trowel on a concrete slab.
Truck Mixed Concrete  Ready mixed concrete mixed in a truck mixer.  Also called transit-mixed concrete.
Truck Mixer Manufacturer�s Bureau (TMMB)  Organization of truck mixer body manufacturers that writes and
publishes standards for concrete truck mixers.  Most truck mixers have a TMMB rating plate showing the maximum
rated volume of the drum.
Unit Weight  The weight of concrete per unit volume.  Usually expressed in pounds per cubic foot (abbreviated as
lb./cu. ft., e.g., 147.50 lb./cu.ft.
Water-Cement Ratio  A ratio of the weight of water to the weight of cement, in concrete, expressed as a decimal,
e.g., 0.45.
Water-Reducing Admixture  A liquid admixture that increases the slump of fresh concrete without increasing
the water content or maintains the slump with a reduced amount of water.


