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CHAPTER 1

ENVIRONMENTAL
ENGINEERING

David Burstein, PE.*

THE ENVIRONMENTAL ENGINEER

Environmental engineering is essential for development of facilities for protection of the environment and
for the proper management of natural resources. The environmental engineer places special attention on the
biological, chemical, and physical reactions in the air, land, and water environments and on improved tech-
nology for integrated management systems, including reuse, recycling, and recovery measures.

Environmental engineering began with society’s need for safe drinking water and management of liquid
and solid wastes. Urbanization and industrialization significantly contributed to the formation of unsanitary
conditions in many areas. The terms “public health” and “sanitary” were first applied to those engineers
seeking solutions to the elimination of waterborne disease in the 1800s. More recently, abatement of air and
land contamination became new challenges for the environmental engineer. Today, management of toxic and
hazardous wastes are additional focus areas.

Traditionally, environmental engineers drew their basic education and training from civil engineering
programs. In order to broaden their perspective and capabilities, contemporary environmental engineers pur-
sue course work and postgraduate training in professional areas including biology, chemical engineering,
chemistry, and hydrology. Since the environmental engineer is now dealing with sensitive public issues,
training in public education, public policy, and other social sciences is desirable.

The principal environmental engineering specialties are well established: air quality control, water supply
management, wastewater disposal, storm water management, solid waste management, and hazardous waste
management. Other specialties include industrial hygiene, noise control, oceanography, and radiology.

Principal areas of employment for practicing environmental engineers include consulting, industry, and
government. Other environmental engineers work in the academic community or direct the development and
production of equipment.

After satisfying experience and testing requirements, the environmental engineer obtains professional en-
gineering registration. Professional associations of interest to the environmental engineer include the Amer-
ican Academy of Environmental Engineers, the Air and Waste Management Association, the American Wa-
ter Works Association, the Water Environment Federation, and the Solid Waste Association of North
America.

*Contributors to this chapter were Gary D. Bates, P.E.; W. Gary Christopher, P.E.; Mark S. Dennison; Melvin R. Hockenbury,
P.E.; Robert A. Mannebach, P.E.; Roger E. Mayfield, P.E.; Brian D. Moreth; and Thomas N. Sargent, P.E.
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1.2 CHAPTER 1

Consulting

Consulting engineers are professionals experienced in applying their knowledge and experience to the bene-
fit of those who have retained their services. The services to be provided by an environmental engineering
consultant may range from studies to preliminary design, final design, construction, and operation and man-
agement services. Additional major areas of service include site evaluations, environmental impact studies
and assessments, assistance in obtaining permits, and expert witness services. Consulting environmental en-
gineers typically work for local, state, and regional government, the federal government, industry, and trade
and professional organizations.

Industry

The industrial sector of the economy has a substantial demand for environmental engineering professionals
due to the requirement to comply with statutes and regulations of federal, regional, and state pollution con-
trol agencies. Typically, industry may employ environmental engineers at their headquarter, division, and
plant levels, as well as in liaison roles directly with legislative and executive agencies.

Typical of responsibilities of environmental engineers at all levels are assistance in planning and develop-
ment. For example, wetlands may exhibit environmental impacts from industrial expansion, which could
slow or halt necessary construction. Other typical environmental engineering activities are preparation and
negotiation of permits from regulatory agencies, responsibility for operation of and reporting associated
with existing pollution control systems, and development of modifications to existing pollution control sys-
tems consistent with production changes.

Government

Environmental engineers in public service provide technical expertise in all levels of government.

Local Government. The environmental engineer’s role in local government may include such tasks as as-
sistance in the development of local ordinances; administration of a pretreatment program, including inspec-
tion and compliance monitoring; responsibility for the municipal or local wastewater treatment plant opera-
tion; responsibility for the operation and administration of the solid waste collection and disposal
operations; administration of the local air pollution ordinances; and interfacing with state and federal offi-
cials as required on environmental matters.

State Government. Considering the current trend in government, it is reasonable to expect that the envi-
ronmental engineering staff at the state level will increase, in some cases dramatically. This is due primarily
to the federal government’s stated intent to have the states perform the primary role in executing the environ-
mental laws of the nation. This will increase the employment of environmental engineers in a variety of
roles, including field inspectors, regional/divisional engineers, and administrative staff.

A tabulation of addresses and telephone numbers for state and territorial environmental protection agen-
cies is presented in Table 1.1.

Regional Government. The role of the environmental engineer in regional agencies is similar to that of the
state’s role except that there may also be significant interactions with other states. A list of major interstate
environmental agencies is presented in Table 1.2.

Federal Government. The environmental engineer in the federal government is involved primarily with re-
search and development, development of regulations, and enforcement of regulations. The most widely
known agency that affects environmental engineers is the U.S. Environmental Protection Agency (EPA). The
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ENVIRONMENTAL ENGINEERING 1.3
TABLE 1.1 State and Territorial Environmental Protection Agencies (/, 2, 3)
Alabama Dept. of Environmental Management Georgia Dept. of Natural Resources
1751 Federal Dr. 205 Butter St.
Montgomery, AL 36130 Atlanta, GA 30334
205-271-7700 404-656-4713
Alaska Dept. of Environmental Conservation Guam Environmental Protection Agency
PO Box ‘O’ Box 2999
Juneau, AK 99811 Agana, GU 96910
907-465-2600 671-646-8863
Arizona Dept. of Environmental Quality Hawaii Dept. of Land and Natural Resources
2005 North Central Ave. Box 621
Phoenix, AZ 85004 Honolulu, HI 96809
602-257-2300 808-548-6550
Arkansas Dept. of Pollution Control and Ecology Idaho Dept. of Health and Welfare
8001 National Drive, PO Box 9583 450 West State
Little Rock, AR 72219 Boise, ID 83720
501-562-7444 208-334-4107
California Air Resources Board Illinois Environmental Protection Agency
1102 Q Street, PO Box 2815 2200 Churchill Road
Sacramento, CA 95812 Springfield, IL 62706
916-322-2990 217-782-3397
California Dept. of Water Resources Indiana State Board of Health
1416 Ninth St PO Box 1964
Sacramento, CA 94236 Indianapolis, IN 46206
916-445-9248 317-633-8400
Colorado Dept. of Health Iowa Dept. of Natural Resources
4210 E. 11th Ave 900 E Grand Ave
Denver, CO 80220 Des Moines, 1A 50319
303-320-8333 515-281-8666
Connect.icut Dept. of Environmental Protection Kansas Dept. of Health and Environment
165 Capitol Ave Forbes Field, Building 740
Hartford, CT 06115 Topeka. KA 66620
peka,

203-566-5524 913-862-9360
De]{;::’,?:: nIr)rfg:'t;lf g :I:;l::ll Resources and Kentquy Dept. for Natm:al Resources and
Tatnall Building Epv1r0nmental Protection
PO Box 1401 Capital Plaza Tower
Dover, DE 19901 Frankfort, KY 40601
302-736-4403 502-564-2041
District of Columbia Dept. of Environmental Louisiana Dept. of Environmental Quality

Services 625 North Fourth St
5010 Overlook Avenue, SW Baton Rouge, LA 70804
Washington, DC 20032 504-342-1265
202-767-7486 Maine Dept. of Environmental Protection
Florida Dept. of Environmental Regulation State House
2600 Blair Stone Rd Augusta, ME 04333
Tallahassee, FL 32301 207-289-2811
904-488-1344 (continues)
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TABLE 1.1 State and Territorial Environmental Protection Agencies (continued)

Maryland Dept. of Environment
201 W Preston St

Baltimore, MD 21202
301-225-5750

Massachusetts Division of Environmental
Quality Control

1-11 Winter St

Boston, MA 02110

617-292-5856

Michigan Dept. of Natural Resources
PO Box 30028

Lansing, MI 48909

517-373-1220

Minnesota Pollution Control Agency
520 Lafayette Rd

St. Paul, MN 55155

612-296-6300

Mississippi Dept. of Natural Resources
2380 Highway 80 West

Jackson, MS 39209

601-961-5171

Missouri Dept. of Natural Resources
2010 Missouri Blvd

Jefferson City, MO 65101
314-751-3332

Montana Dept. of Health and Environmental
Sciences

Cogswell Building

Helena, MT 59601

406-449-2544

Nebraska Dept. of Environmental Control
301 Centennial Mall South

PO Box 94877

Lincoln, NB 68509

402-471-2186

Nevada Division of Environmental Protection
201 South Fall St

Carson City, NV 89710

702-8854670

New Hampshire Dept. of Environmental Services
Hazen Drive

Concord, NH 03301

603-2714582

New Jersey Dept. of Environmental Protection
401 E. State Street

Trenton, NJ 08625

609-292-2885

New Mexico Environment Improvement Division
PO Box 968

Santa Fe, NM 87503

505-827-5271

New York Dept. of Environmental Conservation
50 Wolf Road

Albany, NY 12223

518-457-3446

North Carolina Division of Environmental
Management

PO Box 27687

Raleigh, NC 27611

919-733-7015

North Dakota State Dept. of Health
1200 Missouri Ave

Bismarck, ND 58505

701-224-2348

Ohio Environmental Protection Agency
PO Box 1049

Columbus, OH 43266

614-481-7000

Oklahoma Dept. of Health
PG Box 53551

Oklahoma City, OK 73152
405-271-5600

Oregon Dept. of Environmental Quality
PO Box 1760

Portland, OR 97207

503-229-5696

Pennsylvania Dept. of Environmental Resources
PO Box 2063

Harrisburg, PA 17120

717-787-2814

Puerto Rico Dept. of Health
PG Box 70184

San Juan, PR 00922
809-722-2050

Rhode Island Dept. of Environmental Management

9 Hayes Street
Providence, R1 02908
401-277-6800

South Carolina Dept. of Health and Environmental
Control

2600 Bull Street

Columbia, SC 29201

803-758-5654
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TABLE 1.1 State and Territorial Environmental Protection Agencies (continued)

South Dakota Dept. of Water and Natural Resources Virginia Council on the Environment

Joe Foss Building Ninth Street Office Building

Pierre, SD 57501 Richmond, VA 23219

605-773-3329 804-786-4500

Tennessee Water Quality Control Board Virginia State Water Control Board
150 North Ave 2111 N. Hamilton St

Nashville, TN 37203 Richmond, VA 23230

615-741-3657 804-257-0056

Texas Dept. of Health Washington State Dept. of Ecology
1100 W. 49th St M.S. PV-11

Austin, TX 78756 Olympia, WA 98504

512-458-7111 206-753-2821

Texas Water Development Board West Virginia Air Pollution Control Commission
PO Box 13231 1558 Washington St, East

Austin, TX 78711 Charleston, WV 25311

512-463-7847 304-348-3286

Utah Dept. of Health West Virginia Dept. of Natural Resources
150 W North Temple Capital Complex

PO Box 16700 Charleston, WV 25311

Salt Lake City, UT 84116 304-348-2107

801-538-6111 Wisconsin Dept. of Natural Resources
Vermont Agency of Environmental Conservation Box 7921

State Office Building Madison, WI 53707

Montpelier, VT 05602 608-266-2621

802-828-3130 Wyoming Dept. of Environmental Quality

Virgin Islands Dept. of Conservation 401 W. 19th St
PO Box 4340 Cheyenne, WY 82002
St. Thomas, VI 00801 307-777-7937

headquarters’ organization is presented in Fig. 1.1, and a listing of EPA regional office addresses is given in
Table 1.3. The laboratories and research centers operated by EPA are listed in Table 1.4, along with a de-
scription of their functions and activities.

This agency’s mandate is to act as the chief representative of the executive department in protecting the
nation’s environment. This responsibility includes surface water, groundwater, land and geological re-
sources, and air resources.

There are environmental engineers employed in virtually every major organization within the federal
government, including the military and the Departments of Commerce, Energy, Interior, and Agriculture.
The environmental engineers’ roles in these agencies parallel those in the EPA, with perhaps more emphasis
on nonenforcement activities.

International Agencies. There are many international agencies, organizations, and institutions that pro-
vide project assistance to foreign companies and governments. Typical of these organizations are the
Agency for International Development (Department of State), the World Bank Group of International Finan-
cial Agencies, the Inter-American Development Bank, and the Export-Import Bank. Although the degree of
interest in environmental protection varies considerably from country to country, there are usually signifi-
cant efforts in environmental planning; environmental impact analysis; and the water, air, and waste man-
agement development phases of projects that require significant environmental impact analysis.
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TABLE 1.2 Major Interstate Environmental Agencies

Great Lakes Commission
(New York, Pennsylvania, Ohio, Michigan, Indiana,
Lllinois, Wisconsin, Minnesota)
5104 IST Bldg.

2200 Bonisteel Blvd.

Ann Arbor, MI 48109

Interstate Commission on the Potomac River Basin
(District of Columbia, Maryland, Pennsylvania,
Virginia, West Virginia, U.S. federal government)
6110 Executive Blvd.
Rockville, MD 20852

New England Interstate Water Pollution Control
Commission
(Connecticut, Maine, Massachusetts, New Hampshire,
New York, Rhode Island, Vermont)

85 Merrimac St.
Boston, MA 02114

Ohio River Valley Water Sanitation Commission
(lllinois, Indiana, Kentucky, New York, Ohio,
Pennsylvania, Virginia, West Virginia)

49 E. Fourth St.
Cincinnati, OH 45202

Susquehanna River Basin Commission
(New York, Pennsylvania, Maryland)
Interior Bldg.
Washington, D.C. 20240

Administrator
Deputy Administrator

Assistant Administrator for
Administration and
Resources Management

Assistant Administrator
for Air and Radiation

Assistant Administrator
for Enforcement and
Compliance Assurance

General Counsel

Inspector General

Assistant Administrator
for
International Activities

Assistant Administrator
for Policy, Planning
and Evaluation

Assistant Administrator
for Prevention, Pesticides,
and Toxic Substances

Assistant Administrator
for Research and

Assistant Administrator
for Solid Waste and

Assistant Administrator
for Water

FIG.1.1

Development Emergency Response
| | | | |
Region 1 Region 2 Region 3 Region 4 Region 5
Boston New York | [Philadelphia Atlanta Chicago
[ [ [ [ |
Region 6 Region 7 Region 8 Region 9 Region 10
Dallas Kansas City Denver San Francisco Seattle

U.S. Environmental Protection Agency Organization
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TABLE 1.3 US. Environmental Protection Agency Offices

Address and Telephone Number States and Territories

EPA Headgquarters

401 M Street, SW
Washington, DC 20460
202-382-4700

United States EPA, Region 1 Connecticut, Maine, Massachusetts, New Hampshire,
John F. Kennedy Federal Building Rhode Island, Vermont

Boston, MA 02203

617-565-4502

United States EPA, Region 2 New Jersey, New York, Puerto Rico, Virgin Islands
290 Broadway

New York, NY 10007-1866

212-637-4013

United States EPA, Region 3 Delaware, District of Columbia, Maryland, Pennsylvania,
841 Chestnut Building Virginia, West Virginia

Philadelphia, PA 19107

215-566-5000

United States EPA, Region 4 Alabama, Florida, Georgia, Kentucky, Mississippi,
61 Forsyth Street, SW North Carolina, South Carolina, Tennessee
Atlanta, GA 30303

404-562-9900

United States EPA, Region 5 Illinois, Indiana, Michigan, Minnesota, Ohio, Wisconsin
77 W. Jackson Blvd.

Chicago, IL 60604

312-353-2205

United States EPA, Region 6 Arkansas, Louisiana, New Mexico, Oklahoma, Texas
First Interstate Bank Tower

1445 Ross Avenue

Dallas, TX 75202

214-665-7223

United States EPA, Region 7 Towa, Kansas, Missouri, Nebraska
726 Minnesota Avenue

Kansas City, KS 66101

913-551-7020

United States EPA, Region 8 Colorado, Montana, North Dakota, South Dakota,
999 18th Street, Suite 500 Wyoming, Utah

Denver, CO 80202-2466

303-312-6312

United States EPA, Region 9 Arizona, California, Hawaii, Nevada, American Samoa,
75 Hawthorne Street Guam, Trust Territories of the Pacific

San Francisco, CA 94105

415-744-1500

United States EPA Region 10 Alaska, Idaho, Oregon, Washington
1200 6th Avenue

Seattle, WA 98101

206-553-1200
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TABLE 1.4 U. S. Environmental Protection Agency Laboratories and Research Centers

National Air and Radiation Environmental Laboratory (NAREL) (Montgomery, Alabama)—comprehensive envi-
ronmental laboratory for measuring environmental radioactivity and evaluating its risk to the public.

National Center for Environmental Assessment—serves as the national resource center for the overall process of hu-
man health and ecological risk assessments; the integration of hazard, dose-response, and exposure data and models
to produce risk characterizations. Divisions that include:

® Washington. DC Office—provides exposure/risk characterization, hazard identification, dose-response, and
administrative and budgetary support.

® (Cincinnati Ohio Office—agent-specific risk assessment and technical assistance.

® Research Triangle Park. North Carolina Office—primarily develops and publishes air quality criteria docu-
ments for major air pollutants, provides health and ecological assessments of air toxics and assessments and
scientific assistance on fuels/fuel additives.

National Center for Environmental Research and Quality Assurance (NCERQA) (Washington, DC)—has primary
responsibility to issue and manage research grant and fellowship programs, as well as issues of quality assurance,
and peer review.

National Enforcement Investigations Center—Laboratory Branch (Denver, Colorado) provides facilities, equipment,
personnel, and expertise needed for measurement activities, data evaluations, and investigations conducted to sup-
port civil and criminal environmental enforcement efforts.

National Exposure Research Lab (NERL) (Research Triangle Park, North Carolina)—provides scientific under-
standing, information and assessment tools to reduce and quantify the uncertainty in the Agency’s exposure and risk
assessments for all environmental stressors. Divisions include:

® Atmospheric Sciences Modeling Division (Research Triangle Park, North Carolina)—performs much of the
air pollution meteorology research for the Agency, conducts in-house research, and manages numerous coop-
erative agreements and contracts.

® Microbiological and Chemical Exposure Assessment Research Division (MCEARD) (Cincinnati, Ohio)—con-
ducts research to measure, characterize, and predict the exposure of humans to chemical and microbial haz-
ards.

® FEcosystems Research Division (Athens, Georgia)—conducts research on organic and inorganic chemicals,
greenhouse gas biogeochemical cycles, and land use perturbations that create direct and indirect, chemical
and nonchemical stressor exposures and potential risks to humans and ecosystems.

® FEnvironmental Sciences Division (ESD) (Las Vegas, Nevada)—conducts research, development, and technol-
ogy transfer programs on environmental exposures to ecological and human receptors. ESD develops meth-
ods for characterizing chemical and physical stressors, with special emphasis on ecological exposure.

National Health and Environmental Effects Research Lab (NHEERL) (Research Triangle Park, North Carolina) the
agency'’s focal point for scientific research on the effects of contaminants and environmental stressors on human
health and ecosystem integrity. NHEERL divisions include:

® Environmental Carcinogenesis Division—conducts mechanistically based research to explain the association
between environmental pollution and cancer.

® FExperimental Toxicology Division—responsible for pharmacokinetics research; examines pulmonary, im-
munological, hepatic, cardiovascular, and renal toxicity resulting from environmental contaminants.

® Human Studies Division—conducts clinical and epidemiological investigations to better understand human
response to pollution.

® Neurotoxicology Division—studies the effects of chemical and/or physical agents on the nervous system.

® Reproductive Toxicology Division—evaluates the effects of environmental pollutants on human reproductive
potential/competence and development.

® Atlantic Ecology Division (Narragansett, RI)—studies the effects of contaminants and other stressors on the
coastal waters and watersheds of the Atlantic seaboard.

® Gulf Ecology Division (Gulf Breeze, FL)—assesses the condition of coastal ecosystems (wetlands, bays, estu-
aries, and coral reefs) in the Gulf of Mexico and analyzes causes of change to ecological status.
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TABLE 1.4 U. S. Environmental Protection Agency Laboratories and Research Centers (continued)

® Mid-Continent Ecology Division (Duluth, MN)—performs research to protect freshwater ecosystems and
wildlife and to understand the basic processes and mechanisms involved in aquatic toxicity.

® estern Ecology Division (Corvallis, OR)—evaluates the effects of chemical contaminants, land use. and
global climate change on terrestrial ecosystems and on watershed ecology along the Pacific coast.

® Environmental Monitoring and Assessment Program—a comprehensive, long-term research program
designed to assess natural resources and identify causes for damaged environments.

National Risk Management Research Lab (NRMRL) (Cincinnati, Ohio)—advances the scientific understanding and
the development and application of technological solutions to prevent, control, or remediate important environmen-
tal problems that threaten human health and the environment. NRMRL divisions include:

® Air Pollution Protection and Control Division (Research Triangle Park, North Carolina)—this division is
responsible for research, development, and evaluation of air pollution control technologies.

® Subsurface Protection and Remediation Division—(formerly the Robert S. Kerr Environmental Research
Laboratory) (Ada Oklahoma)—conducts research and engages in technical assistance and technology transfer
on the chemical, physical, and biological structure and processes of the subsurface environment, the biogeo-
chemical interactions in that environment, and fluxes to other environmental media.

® Water Supply and Water Resources Division's Urban Watershed Management Branch (UWMB) (Edison, New
Jersey)—is responsible for researching, developing, and demonstrating technologies, systems, and methods
required to manage the risk to public health, ecologically sensitive areas, and property from wet-weather
flows (WWFs) and petroleum and chemical storage system (PCSS) sources.

National Vehicle and Fuel Emissions Laboratory (Ann Arbor, Michigan)—responsible for developing national
regulatory programs to reduce mobile source related air pollution; evaluating emission control technology; testing
vehicles, engines, and fuels; and determining compliance with Federal emissions and fuel economy standards.

Radiation and Indoor Environments National Laboratory (Las Vegas, NV)—provides technical support for numer-
ous radiation protection and control activities, conducts site investigations, radon assessments and evaluations,
health assessment modeling, and indoor air studies.

Academia

The environmental engineer’s role in the academic community is generally in teaching and/or research. The
role played by these individuals is instruction in both basic and advanced environmental engineering courses
at the undergraduate and graduate levels. Many colleges and universities that offer an environmental engi-
neering course also perform basic and applied research on a contract or grant basis for both the private and
governmental sectors.

Professional Societies

There are many professional societies that have as a major emphasis of their program a section or division
that focuses on environmental engineering. Principal societies in the United States include the American So-
ciety of Civil Engineers, American Institute of Chemical Engineers, Water Pollution Control Federation, Air
and Waste Management Association, and American Water Works Association. These and other societies
provide an indispensable service through the transfer of information via their periodicals, which provide a
forum to discuss experiences and an opportunity to exhange information through scheduled meetings at lo-
cal, regional, and national levels. There are many other organizations at both the national and international
levels that are useful sources of environmental information. A representative sampling of these organiza-
tions is presented in Table 1.5.
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TABLE 1.5 National and International Environmental Associations (7, 2)

Acoustical Society of America
335 E 45 St.

New York, NY 10017
212-661-9404

Air and Waste Management Association
PO Box 2861

Pittsburgh, PA 15230

412-621-1090

American Academy of Environmental Engineers
132 Holiday Court

Annapolis, MD 21401

301-266-3311

American Consulting Engineers Council
1010 15th St, NW, #802

Washington, DC 20005

202-347-7474

American Enterprise Institute for Public Policy Research
1150 17th St, NW

Washington, DC 20036

202-466-8225

American Industrial Hygiene Association
475 Wolf Ledges Pkwy.
Akron, OH 216-762-7294

American Institute of Chemical Engineers
345 E 47th St.

New York, NY 10017

212-705-7338

American Medical Association
535 N. Dearborn St.

Chicago, IL 60610
312-751-6000

American Nuclear Society
555 N Kensington Ave.
La Grange Park, IL 60525
312-352-6611

American Public Health Association
1015 15th St., NW

Washington, DC 20005
202-789-5600

American Public Power Association
2301 M St., NW

Washington, DC 20037
202-775-8300

American Public Works Association
1313 E 60th St.

Chicago, IL 60637

312-947-2520

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)

American Society of Civil Engineers
345 E 47th St.

New York, NY 10017

212-644-7494

American Water Works Association
6666 W Quincy Ave.

Denver, CO 80235

303-794-7711

Center for Environmental Education
624 9th St., NW

Washington, DC 20001
202-737-3600

Chamber of Commerce of the U.S.
1615 H St.,, NW

Washington, DC 20062
202-659-6000

The Conservation Foundation
1717 Massachusetts Ave., NW
Washington, DC 20036
202-797-4300

Council on Economic Priorities
84 Fifth Ave.

New York, NY 10011
212-691-8550

Edison Electric Institute
1111 19th St., NW
Washington, DC 20036
202-828-7400

Electric Power Research Institute
PO Box 10412

Palo Alto, CA 94303
415-855-2000

Environmental Studies Board
National Academy of Sciences
2101 Constitution Ave.
Washington, DC 20418

Industrial Gas Cleaning Institute
700 N Fairfax St.

Alexandria, VA 22314
703-836-0480

Institute of Environmental Science
940 E Northwest Highway

Mount Prospect, IL 60056
312-255-1561
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TABLE 1.5 National and International Environmental Associations (I, 2) (continued)

Institute of Noise Control Engineering
PO Box 3206

Arlington Branch

Poughkeepsie, NY 12603

Institute of Scrap Iron and Steel
1627 K St., NW

Suite 700

Washington, DC 20006
202-466-4050

Inda—Association of the Nonwoven Fabrics Industry
1700 Broadway, 25th Floor

New York, NY 10019

212-582-8401

International Ozone Association
14701 Detroit Ave.

Lakewood, OH 44107
216-228-2166

National Association for Environmental Education
PO Box 400
Troy, OH 45373

National Association of Environmental Professionals
PO Box 9400

Washington, DC 20016

301-229-7171

National Association of Recycling Industries, Inc.
330 Madison Ave.

New York, NY 10017

212-867-7330

National Center for Resource Recovery
1211 Connecticut Ave., NW
Washington, DC 20036

202-223-6154

National Coal Association
1130 17th St., NW
Washington, DC 20036
202-628-4322

National Safety Council
444 N Michigan Ave.
Chicago, IL 60611
312-527-4800

National Solid Wastes Management Association
1120 Connecticut Ave., NW

Washington, DC 20036

202-659-4613

National Wildlife Federation
1412 16th St, NW
Washington, DC 20036
202-797-6853

Natural Resources Defense Council
917 15th St, NW

Washington, DC 20005
202-737-5000

Noise Control Products and Materials Association
Suite 201, Park Place

655 Irving Park

Chicago, IL 60613

312-525-2644

Public Citizen, Inc.

PO Box 19404
Washington, DC 20036
202-293-9142

Sierra Club

530 Bush St

San Francisco, CA 94108
415-981-8634

Solar Energy Industries Association
1001 Connecticut Ave., NW Suite 800
Washington, DC 20036

202-293-2981

Water Environment Federation
601 Wythe Street

Alexandria, VA 22314
703-684-2400

Water Quality Association
477 E Butterfield Rd.
Lombard, IL 60148
312-969-6400

Water and Wastewater Equipment Manufacturers
Association

7900 Westpark Dr., Suite 102

McLean, VA 22102

703-893-1520
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Engineering Registration

The furtherance and prestige of the environmental engineering profession, like other engineering disci-
plines, depends upon maintenance of the quality of professional services provided. One of the principal
means of assuring professionalism is through the registration of engineers in accredited programs. The Na-
tional Council of Engineering Examiners, headquartered in Clemson, South Carolina, works with member
and affiliate boards throughout the United States in administering a standardized test for engineers and land
surveyors. The names, mailing addresses, and telephone numbers of member and affiliate member boards
are presented in Table 1.6.

CONTRACTING FOR CONSULTANT SERVICES

Proper selection of and contracting with an environmental engineering consultant is a crucial first step in
any project requiring the services of a consulting engineering firm. This section addresses the key issues
that are common to both the client and the engineer in order to assure a harmonious relationship and a suc-
cessful project.

Consultant Services

Consulting environmental engineers can provide clients with a wide variety of services, including:

Laboratory services

Marine waste disposal and nearshore oceanography
Regional water pollution control planning

Sewage treatment and disposal

Sludge handling and disposal

Solid waste management

Storm drainage and flood control

Water reclamation and reuse

Water resources and hydrology

Water supply, treatment, and distribution

Air quality and air pollution control
Construction management

Energy development, conservation, and recovery
Environmental and ecological studies
Environmental impact analyses

Facility operation and management

Hazardous and toxic waste management

Human settlements

Industrial waste control and treatment

Irrigation and agriculture

Most of the above project types can be categorized as engineering studies, design services, construction
services, or startup and training services. Each of these categories is described later in this chapter.

Consultant Selection

Clients should study the proposed project and their engineering needs so that they understand what is re-
quired from and expected of the consulting engineer. If clients have previous experience with consulting en-
gineers who have in the past rendered satisfactory services, they may consider it unnecessary to go through
the procedure outlined herein. Otherwise, they should follow a formal selection procedure similar to the one
described below.

1. Consider the qualifications of consulting engineers who appear to be capable of meeting the require-
ments of the project.

2. Consider at least three firms that appear to be best qualified for the particular project. Write separate let-
ters to each of them, describing briefly the proposed project and inquiring as to interest in it. On receipt
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TABLE 1.6 Boards of Engineering Registration
National Council of Examiners for Florida Board of Professional Engineers
Engineering and Surveying (NCEES) 1940 North Monroe Street
PO Box 1686 Tallahassee, FL 32399-0755
Clemson, SC 29633-1686 (904) 488-9912
(803) 654-6824 Georgia Board of Registration for
Alabama Board of Registration for Professional Engineers and Land Surveyors
Professional Engineers and Surveyors 166 Pryor Street, SW, Room 504
501 Adams Avenue Atlanta, GA 30303
Montgomery, AL 36109 (404) 651-9532
(205) 242-5568 . ) .
Alaska Board of Registration for Architects, Hav;au .Board of 'Reglstrztlon' for
Engineers and Land Surveyors ls’ro essional Engineers, rchlte.cts,
PO Box 110806 urveyors and Landscape Architects
Juneau, AL 99811-0806 PO Box 3469

Honolulu, HI 96801
(907) 465-2540 (808) 586-2702
Arizona Board of Technical Registration . .
1951 W Camelback Road, Suite 250 Idaho Board of Professional Engineers
Phoenix, AZ 85015 and Land Surveyors .
(602) 255-4053 GOQ S Orchard Street, Suite A

Boise, ID 83705
Arkansas Board of Registration for (208) 334-3860
Professional Engineers and Land Surveyors
PO Box 2541 Illinois Department of Professional
Little Rock, AR 72203 Regulation, State Board of Professional
(501) 324-9085 Engineers
California Board of Registration for 220. We_st Washington Street, 3rd Floor

. . pringfield, IL 62786

Professional Engineers and Land Surveyors (217) 785-0820
P.0 Box 349002
Sacramento, CA 95834-9002 Indiana Board of Registration
(916) 263-2221 for Professional Engineers
Colorado Board of Registration for Professional 302 W Wa§h1ngton St, EO34
Engineers and Professional Land Surveyors Indianapolis, IN 46204
1560 Broadway, Suite 1370 (317) 232-2980
Denver, CO 80202 Iowa Engineering and Land Surveying
(303) 894-7788 Examining Board
Connecticut Board of Examiners for 1918 S E Hulsizer
Professional Engineers and Land Surveyors Ankeny, 1A 50021
The State Office Building, Room G-3A, (515) 281-5602
165 Capitol Avenue Kansas Board of Technical Professions
Hartford, CT 06106 Landon State Office Building
(203) 566-3290 900 Jackson, Suite 507
Delaware Association of Professional Engineers Topeka, KS 66612-1214
2005 Concord Pike (913) 296-3053
Wilmington, DE 19803 Kentucky Board of Registration for
(302) 577-6500 Professional Engineers and Land Surveyors
District of Columbia Board of Registration for Kentucky Engineering Center
Professional Engineers 160 Democrat Drive
614 H Street, NW, Room 923 Frankfort, KY 40601
Washington, DC 20001 (502) 573-2680
(202) 727-7454 (continues)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.
Any use is subject to the Terms of Use as given at the website.



ENVIRONMENTAL ENGINEERING

1.14

CHAPTER 1

TABLE 1.6 Boards of Engineering Registration (continued)

Louisiana Board of Registration for
Professional Engineers and Land Surveyors
1055 St Charles Avenue, Suite 415

New Orleans, LA 70130-3997

(504) 568-8450

Maine Board of Registration for
Professional Engineers

State House, Station 92

Augusta, ME 04345

(207) 287-3236

Maryland Board of Registration
for Professional Engineers

501 St Paul Place, Room 902
Baltimore, MD 21202

(410) 333-6322

Massachusetts Board of Registration of
Professional Engineers and Land Surveyors
Room 1512, Leverett Saltonstall Bldg.

100 Cambridge Street

Boston, MA 02202

(617) 727-3055

Michigan Board of Professional Engineers
PO Box 30018

Lansing, MI 48909

(517) 335-1669

Minnesota Board of Registration

for Architects, Engineers, Land
Surveyors and Landscape Architects
85 East 7th Street, Suite 160

St Paul, MN 55101

(612) 296-2388

Mississippi Board of Registration for
Professional Engineers and Land Surveyors
PO Box 3

Jackson, MS 39205

(601) 359-6160

Missouri Board of Architects, Professional
Engineers and Land Surveyors

PO Box 184

Jefferson City, MO 65102

(314) 751-0047

Montana Board of Professional
Engineers and Land Surveyors
PO Box 200513

Helena, MT 59620-0513

(406) 444-4285

Nebraska Board of Examiners for
Professional Engineers and Architects
PO Box 94751

South Lincoln, NE 68509

(402) 471-2021

Nevada Board of Registered Professional
Engineers and Land Surveyors

1755 East Plumb Land, Suite 135

Reno, NV 89502

(702) 688-1231

New Hampshire Board of Professional
Engineers

57 Regional Drive

Concord, NH 03301

(603) 271-2219

New Jersey Board of Professional Engineers and
Land Surveyors

PO Box 45015

Newark, NJ 07101

(201) 504-6460

New Mexico Board of Registration for
Professional Engineers and Surveyors
1010 Marques Place

Santa Fe, NM 87501

(505) 827-7561

New York Board of Engineering and
Land Surveying

State Education Department

Cultural Education Center

Madison Avenue

Albany, NY 12230

(518) 474-3846

North Carolina Board of Registration for
Professional Engineers and Land Surveyors
3620 Six Forks Road

Raleigh, NC 27609

(919) 781-9499

North Dakota Board of Registration for
Professional Engineers and Land Surveyors
PO Box 1357

Bismarck, ND 58502

(701) 258-0786

Ohio Board of Registration for Professional
Engineers and Surveyors

77 South High St, 16th Floor

Columbus, OH 43266-0314

(614) 466-3650
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TABLE 1.6 Boards of Engineering Registration (continued)

Oklahoma Board of Registration for
Professional Engineers and Land Surveyors
Oklahoma Engineering Center, Room 120
201 NE 27th Street

Oklahoma City, OK 73105

(405) 521-2874

Oregon Board of Engineering Examiners
750 Front Street, NE, Suite 240

Salem, OR 97310

(503) 3784180

Pennsylvania Registration Board
for Professional Engineers

P.0. Box 2649

Harrisburg, PA 17105-2649

(717) 783~7049

Rhode Island Board of Registration
for Professional Engineers

Charles Orms Bldg.

10 Orms Street, Suite 324
Providence, RI 02904

(401) 277-2565

South Carolina Board of Registration for
Professional Engineers and Land Surveyors
PO Box 50408

Columbia, SC 29250

(803) 734-9166

South Dakota Commission of Engineering and
Architectural and Land Surveying Examiners
2040 West Main Street, Suite 304

Rapid City, SD 57702-2447

(605) 394-2510

Tennessee Board of Architectural
and Engineering Examiners

Dept of Commerce and Insurance
3rd Floor, Volunteer Plaza

500 James Robertson Parkway
Nashville, TN 37243-1142

(615) 741-3221

Texas Board of Registration
for Professional Engineers
PO Drawer 18329

Austin, TX 78760

(512) 440-7723

Utah Committee for Professional
Engineers and Land Surveyors
PO Box 45805

Salt Lake City, UT 84145

(801) 530-6628

Vermont Board of Registration
for Professional Engineers
Office of Professional Regulation
109 State Street

Montpelier, VT 05609-1106
(802) 828-2875

Virginia Board of Architects, Professional
Engineers, Land Surveyors and Landscape
Architects

3600 W. Broad Street

Richmond, VA 23230-4917

(804) 367-8514

Washington Board of Registration for Professional
Engineers and Land Surveying

PO Box 9649

Olympia, WA 98504

(206) 753-6966

West Virginia Board of Registration for
Professional Engineers

608 Union Bldg

Charleston, WV 25301

(304) 558-8554

Wisconsin Examining Board of Architects,
Professional Engineers, Designers, and Land
Surveyors

PO Box 8935

Madison, WI 53708-8935

(608) 266-1397

Wyoming Board for Professional Engineers and
Professional Land Surveyors

Herschler Building, Room 4135

E Cheyenne, WY 82002

(307) 777-6155
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of an affirmative answer, request the firm to appear for a separate personal interview. In the case of de-
sign projects, give the consultant an opportunity to inspect the site, explaining the proposed services re-
quired. At the interviews, go over the qualifications and records of each firm, its capability to complete
the work within the time allotted, and the specific key personnel assignable to the project.

3. Check carefully with recent clients of each firm and determine the quality of performance. Do not limit
this check to references specified by the consulting firm.

4. Request technical proposals and/or presentations from those firms considered to be most qualified for
the work. Rate structures and/or estimates of engineering costs may be requested by the client as an aid
to evaluating probable costs. However, firms that are better qualified will almost always be able to com-
plete a project at a lower total cost than less-qualified firms, even if the less-qualified firms have lower
rates.

5. List the firms in the order of their desirability, taking into account their location, reputation, experience,
financial standing, size, personnel available, quality of references, work load, and any other factors pecu-
liar to the project being considered.

6. Invite the firm that is considered to be the best qualified to appear for a second interview to discuss the
project further and to negotiate the questions of compensation and other contractual aspects. This proce-
dure is similar to that now used by federal agencies and to that recommended to state and local govern-
ments by the American Bar Association.

Teaming Agreement

Some environmental projects require the talents and experience of a multidisciplinary project team which
may not be available from a single firm. The most common way of overcoming this problem is for the client
to engage a team consisting of personnel, facilities, and equipment from two or more firms with comple-
mentary capabilities. Such teaming agreements may be in the form of consulting agreements, subcontracts,
or joint ventures.

The client should always be aware of any such agreements to be used on the project. In most cases, the
client should be involved in the selection and should approve the final choices. Some criteria for establishing
successful subcontracts include the following (5):

Have the firms involved worked together before? If so, what were the results?

How are they generally regarded by other engineering consultants?

Have they ever worked for this client before? With what results?

Who are the individuals that will be working on the project? How qualified are they?

What is the track record of each firm in meeting commitments?

What logistical problems will be encountered between the various firms, e.g., distance, differences in ac-
counting procedures, or differences in organizational structure?

In all teaming arrangements, a prime consultant should be responsible for the performance of all subcon-
tractors and consultants just as much as any member of the prime consultant’s own staff. Each firm must
also have the highest level of commitment to meeting the project objectives.

ContractTypes

A variety of contract types have been used between clients and consultants. These agreements can be gener-
ally categorized as fixed price, percent of construction cost, time and expense, cost plus fixed fee, and basic.
Specific aspects and applications for each of these contract types are described below (6).
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Fixed Price. Fixed-price contracts may be of several types, depending upon the particular circumstances.
In general, fixed-price contracts provide for a firm price under which the contractor bears the full responsi-
bility for profit or loss. However, fixed-price contracts may provide for adjustable prices under appropriate
circumstances by providing ceiling prices or target prices (including target costs). Fixed-price contracts are
generally used where reasonably definite design or performance specifications are available and fair and
reasonable prices can be estimated and established.

Percent of Construction Cost. This type of contract establishes the consultant’s compensation as a speci-
fied percentage of the construction cost, defined either as the low bid or the final construction cost (includ-
ing change orders). The concept of percent of construction cost contracts is that the engineering effort is
generally proportional to construction costs.

Percent of construction cost contracts are not acceptable on U.S. government projects because (1) the
compensation is not tied directly to the services being provided; (2) the contractor has no incentive to keep
construction costs low; and (3) the construction cost can be affected to a significant degree by unpredictable
factors such as number of contractors bidding, availability of local construction labor, and general economic
conditions. These problems can be overcome by basing the amount of compensation on the estimated con-
struction cost rather than the actual construction cost. Fee changes are then negotiated only if the scope of
work changes.

Time and Expense. The time and expense type of contract provides for payment to the consultant on the
basis of

1. Specified fixed hourly rates for direct labor hours (rates to include wages, overhead, general and admin-
istrative expenses, and profit)

2. Material at cost (plus material handling charges and indirect costs, including general and administrative
costs allocated to direct materials to the extent that they are not included in the fixed hourly rate)

The use of this type of contract is commonly used in the procurement of

® Engineering design services in connection with the procurement of supplies
® Engineering design of equipment components
® Work to be performed in emergencies

Cost Plus Fixed Fee (CPFF). The CPFF contract is a cost-reimbursement type of contract that provides
for the payment of a fixed fee to the consultant irrespective of the allowable and allocable costs incurred.
The fee (profit) dollars can change only when the scope of the work under the contract changes. Notice must
be given by the consultant of any expected overrun of estimated costs.

This type of contract is suitable for the performance of research or preliminary exploration or study
where the level of contractor effort required is unknown, or for development and test work where the use of
a time and expense contract is not practicable. CPFF contracts are used when the work specifications cannot
be defined exactly, and the uncertainties involved in performance are so great that neither a firm price nor an
incentive arrangement can be established during the life of the contract.

The contract may be either for “completion” of a clearly defined task or goal or for a specific “term” of
time and level of effort. In the completion type of CPFF contract, if the scope of work under the contract
cannot be completed within the estimated costs, the client may elect to provide for additional costs and re-
quire further performance without any increase in the fee. In the term type of CPFF contract, the consultant
is obligated to provide a specific level of effort within a definite period of time.
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Basic Agreements. A basic agreement is not a contract. It is a written instrument of understanding be-
tween a consultant and a client which sets forth the negotiated contract clauses which will apply to all pro-
curement contracts entered into between the parties during the term of the basic agreement. Basic agree-
ments are only negotiated when a particular future procurement contract is contemplated between the
parties. The basic agreement contains all of the “boilerplate,” and each individual formal contract will pro-
vide for the scope of work, price, delivery, and other items necessary for the specific procurement contract.

Contract Provisions

The following checklist contains the essential provisions to be considered in preparing any agreement for
engineering services, whether executed in precise legal form or by exchange of letters (7):

1. Effective date of agreement.

2. Names and descriptions of the parties to the agreement with their addresses and, in the case of a corpo-
rate body, the legal description of the incorporation. If the client is a commission or public body, the au-
thority under which it acts and the source of available funds should be identified.

3. Acknowledgment of the engineer’s knowledge and understanding of the project and interview with the

client.

Nature, extent, and character of the project; the location thereof; and the time limitations.

Services to be rendered by the consulting engineer.

Services to be rendered by the client.

Provisions for the termination of the engineer’s services before final completion of the work.

Compensation for services rendered by the consulting engineer, including times and methods of pay-

ments on account, interim payments, and final payment in full settlement.

Provisions for penalties for delayed payments.

10. Additional compensation: for redesign, after approval of preliminary phase documents; for change in
scope of project; for preparation of alternate designs, drawings, and construction documents; for delays
causing expense to the consulting engineer, etc.

11. Time schedule for execution of engineering services.

12. Specifications regarding what constitutes approval of the engineer’s work by the client.

PN E
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Partnering

Partnering is a process that mitigates confrontational and litigious relationships in the design/construction
industry by building a focused and cooperative project work environment among project stakeholders.
Stakeholders may become partners when they exhibit mutual desire to make the project work and share
commitment to common goals. (14—19)

The partnering concept is based on principles of honesty, integrity, fairness, respect for others and their
needs, trust, personal accountability, and the pursuit of excellence. The U.S. Army Corps of Engineers, the
Associated General Contractors of America, and others have developed materials describing critical ele-
ments of effective partnering programs. (20-25)

A win—win outcome for all stakeholders is the ultimate goal of partnering. Stakeholders may be owners,
designers, and contractors or other individuals or organizations with vested interests (tangible or intangible)
in the success of the project. When win—lose strategies and tactics are used by one or more stakeholders to
gain an advantage over the other stakeholders, experience has shown that a lose—lose situation results for
everyone involved. Common results are projects with quality and functional degradation, unreasonable cost
growth, and delayed completions.

Effective teams created by partnering will accomplish shared goals by exhibiting mutual trust and respect
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TABLE 1.7 Basic Steps in the Project Partnering Process

Step 1—Preparation for Partnering
® Invite other stakeholders to participate
® Choose a facilitator for the initial workshop
® Plan workshop logistics
Step 2—Partnering at Initial Workshop
® Develop team-building concepts
Create means and methods to resolve conflict
Discuss and reach a consensus on solutions to critical issues
Create process to evaluate team’s progress
Develop a shared mission and goals (partnering charter)
® Commit individually by signing partnering charter
Step 3—Continuous Improvement after Workshop
® Meet periodically at various team levels to discuss issues leading to win—win solutions
® Evaluate team achievements
® Recognize and reward individual and team successes
® Identify lessons learned and evaluate the project and the partnering process

and by exercising effective communication to ensure an understanding of expectations and values. The
shared goals should be “smart” goals: specific measurable, achievable, reasonable, and timely. Expected
stakeholder benefits include improved efficiency and cost effectiveness, increased opportunity for innova-
tion in problem solving, reduced decision making time, decreased stakeholder risks, and the continuous im-
provement of quality products and services for all project shareholders.

A key component of effective partnering is a well facilitated workshop. The facilitator must be neutral
and objective while serving as the catalyst to cultivate stakeholder partnering. Also, the facilitator may assist
or be required as part of partnership maintenance activities, including follow-up workshops or other stake-
holder exercises.

The three basic steps in the project partnering process (Table 1.7) are:

[

. Preparation for partnering, focusing on organization of stakeholders for the initial facilitated workshop
2. Partnering at initial workshop providing stakeholders all the tools for a mutually successful project

3. Continuous improvement after the workshop, recognizing achievements and providing continued support
for win—win solutions

Partnering has demonstrated success for a wide variety of project undertakings and should be considered as
an integral part of every organization’s quality improvement program. The partnering process may be ap-
plied on a small scale to find team solutions to specific problems or to develop a systematic approach to
achieving personal and professional goals.

PROJECT MIANAGEMENT

Project management is the utilization of all available resources to accomplish the project’s objectives. Unlike
the medical and legal professions, which rely primarily on personal service, engineering firms usually per-
form projects requiring a mix of skills from a variety of design professionals. This has resulted in a trend
among engineering firms to increase the authority and responsibility of the project manager. While the in-
ternal organization of each engineering firm is unique, most firms generally conform to the principles pre-
sented in this section.
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The Project Manager

The project manager is, by this definition, the individual with day-to-day control of the project. This includes
supervision of the technical aspects, control of the budget and schedule, and relationship with the client. In
some firms, these responsibilities are divided among two or more persons. However, the trend among most en-
gineering firms today is to assign all these responsibilities to a single individual. This is known as the strong
project manager organization and is the form that will be discussed in the remainder of this section.

A project manager in a strong project manager organization has seven basic roles (9):

. Technical supervision

. Planning the project

. Organizing the project team

Directing the project team

Controlling technical quality, costs, and schedule
Financial management

Marketing assistance

NV AW~

Position descriptions for project managers also vary from firm to firm according to their particular orga-
nizational structure. Table 1.8 is a typical position description for a project manager in a strong project man-
ager organization (5). The following is a description of some common approaches used to plan and monitor
a variety of environmental projects.

Planning the Project

The longer and more complex the project, the more time should be spent planning it. This is because of the
difficulty in realizing loosely defined objectives that extend over a long period of time.

The major purpose of planning, therefore, is to divide broad contractual goals into manageable tasks that
can be performed in relatively short periods of time. Proper planning also provides the project manager with
a yardstick to use in measuring progress and controlling the project, as well as avoiding, or at least mitigat-
ing, crises that may occur during the execution of the project.

The Work Plan. A good work plan is not a report. It is a compilation of tables and figures, with little or no
text, that can be used as a ready reference document throughout the project. The work plan should define:

‘What is to be done.
When it is to be done.
How much it will cost.
Who will do it.

Every project should have a work plan; the level of detail is proportional to the size and complexity of the
project. For small, simple projects, a single-page work plan, such as that shown in Table 1.9, should be suffi-
cient, while a comprehensive document, such as the one outlined in Table 1.10, may be required for a major
design project.

The Task Outline. A good task outline consists of a brief summary of the scope of work required for ful-
fillment of the contract. The following criteria can be used to evaluate the suitability of a task outline:

1. Does the task outline contain all the deliverables required by the contract?
2. Can the same task outline be used to establish the project schedule?
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TABLE 1.8 Position Description for a Project Manager in a Strong Project Manager Organization ()

POSITION: Project Manager
ACCOUNTABLE TO: Project Director
RESPONSIBLE FOR: Communication with client’s representative and team members

Major Responsibility
Directs the project throughout its various phases by continuing and timely communication with client’s representa-
tive and the team members.

Additional Minimum Duties

1. Assists during promotional phase as required.

2. Assists in organization of project providing input to the project director.

3. Works with all involved disciplines: prepares estimated manpower requirements, schedules, and other pertinent
data, participates with project director in preparing fee proposals, conducting fee negotiations, preparing con-
tractual agreements; and is sufficiently familiar with all agreements between firm and client to effectively man-
age the project in a professional and economic manner.

4. Ascertains that code checks are made and zoning status is acceptable and coordinates with proper building offi-
cials.

5. Arranges for timely submission of documents to Quality Control Board for in-house and client milestone
progress reviews. Submittal documents should be dated and initialed by project manager signifying his or her
review and the coordination of all disciplines.

6. Coordinates and conducts reviews of the project with discipline directors or their assigned representatives on a

timely basis to ensure proper coordination and beneficial input from team members.

. Interviews and contracts with required consultants, subject to review and approval of the project director.

8. Obtains approvals and decisions from client in a timely manner that allows the project to flow smoothly and
quickly through the office and alerts project director to any changes of scope, lack of information, or decisions
from client that affect schedule or production costs. Negotiates or assists in negotiations with client to account
for such changes.

9. Mediates disagreements between disciplines and makes decisions always in regard to the best interests of the
project and the firm.

10. Participates in periodic reviews of the project with respect to schedule, construction cost, and profit plan; pre-
pares progress report for biweekly job status meeting.

11. At the closeout of the project, prepares project history data, for example, construction cost analysis, special de-
sign features, and problem feedback for future jobs.

12. Turns all documents over to librarian for entry into the firms record storage, including project files, accounting
files, and original construction documents.

2

Description
This is a 100-employee firm in the South offering architectural, structural, civil, electrical, mechanical, and interior
design services.

General Responsibility

A project manager is an experienced analyst who can define a project, develop a set of tasks to accomplish the pro-
ject, coordinate and monitor the work involved in the tasks, and deliver a final product on time and within pre-
scribed cost constraints.

Project managers are designated by the president upon the initiating recommendation of the group manager and
approving recommendation of the department manager. This designation, while resulting from specific qualifica-
tions the individual has attained, will always contain some amount of subjective judgment. To be designated as a
project manager, an analyst should generally possess the qualities of maturity, judgment, leadership, experience, and
project success.

(continues)
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TABLE 1.8 Position Description for a Project Manager in a Strong Project Manager Organization (continued)

Guidelines

The following guidelines should be used as an aid in selecting individuals for designation as project managers.
They can also be used by junior and midlevel analysts as a qualification guide to achieving the project manager po-
sition. These guidelines are not intended to be rigid requirements that must be met without fail.

. Experience in work field: at least 3 years.

. Experience of at least 1 year in the company.

. Experience coordinating technical efforts of others.

. Project management experience: manage from conception to completion at least one significant project, that is,
of more than 6 months in duration and dollar value exceeding $30,000, specifically.

Ability to work on and manage a variety of technical tasks.

. Ability to make formal presentations to company management and customers.

. Ability to estimate costs associated with technical tasks.

. Sales success.
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pecific Responsibilities

. Defining the scope of individual projects.

. Developing integrated tasks to accomplish individual projects.

. Coordinating/monitoring the technical work of each task.

. Assigning personnel within own group.

Recommending salaries for group personnel for higher authority approval.

. Reviewing (for group manager approval) all reports prepared for each project.

. Monitoring progress toward deliverable schedules.

. Working closely with finance and contracts personnel to ensure fulfillment of contract requirements.

PNV AWLWN—~; OO W

Personnel
1. Planning/evaluating staffing requirements for each project.
2. Coordinating technical efforts of all project members.

Marketing

1. Developing and maintaining trust and confidence of customers.

2. Seeking follow-on business for each project.

3. Making formal presentations to company management and customers.

TABLE 1.9 Work Plan for a Simple Project (a Biological Wastewater Treatability Study)

Budget, Target Actual
Task identification Responsibility (labor-hours) date date
1. Prepare experimental plan R. Shaw 24 4/1 4/2
2. Acclimate seed organisms J. Baker 32 4/21 4/21
3. Operate reactor under steady-state conditions J. Baker 100 6/15 6/12
4. Conduct solids settling tests J. Mackey 16 6/20 6/22
5. Reduce/evaluate treatability data R. Shaw 32 7/4 7/4
6. Prepare draft report R. Shaw 60 7/22
7. Review draft report G. Patrick 16 8/15

Client

8. Finalize report R. Shaw 24 91
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TABLE 1.10 Typical Work Plan Outline for a Major Design Project (5)

Section 1. Project Definition
1.1 Copy of contract scope
1.2 Task outline
1.3 Preliminary list of drawings
1.4 Preliminary list of specifications

Section 2. Schedule
2.1 CPM diagram
2.2 Bar chart
2.3 Milestone chart

Section 3. Budget
3.1 Task budgets
3.2 Projected expenditure curve

Section 4. Project Organization
4.1 Project organization chart
4.2 Task responsibilities
4.3 Projected labor requirements
4.4 Addresses and phone numbers of key participants

3. Can the same task outline be used to establish the project budget?

4. Does each item meet the three criteria required for inclusion in the task outline, i.e., scope, duration, and
level of effort?

5. Will the task outline require revision only if the contract is modified?

6. Is the task outline general enough to accommodate routine changes in approach without being modified?

If the answer to any of the above questions is “no,” then more work is needed to finalize the task outline.

A “first cut” and final task outline for a hypothetical project is presented in Table 1.11. Although this
project is fictional, it is based on an actual project conducted for the U.S. Department of Energy (DOE). The
objective of the project was to evaluate the impact of newly promulgated solid waste disposal regulations on
the DOE’s goal of promoting greater use of coal.

A comparison of the first cut and final outlines shows how the six task evaluation criteria are used to sim-
plify the outline. This kind of critical analysis can greatly simplify the task outline, thus reducing the amount
of time required to monitor and control the project.

Scheduling. Over the years, hundreds of scheduling systems have been devised to control all types of pro-
jects. All have advantages and disadvantages, and each project must be scheduled using a method that is
suitable for that particular project’s scope and complexity. The most common scheduling methods used for
environmental engineering projects are milestone charts, bar charts, and network diagrams. Examples of
these methods are illustrated in Table 1.12 and Figures 1.2 through 1.4, based on the example project de-
fined in Table 1.11.

In recent years, several progressive firms have begun using a technique known as wall scheduling. Wall
scheduling uses a full wall on which vertical lines are drawn 5" apart, with the space between each pair of
lines representing one work week. Horizontal lines spaced 3” apart are used to separate the key individuals
on the project team (see Fig. 1.5).

To assemble the full wall schedule, the project manager must develop a list of project tasks, identify who
is primarily responsible for each task, and prepare a preliminary milestone chart. Then each task is written
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TABLE 1.11

ENVIRONMENTAL ENGINEERING

Task Outline for an Environmental Study (5)

First Cut Outline

Final Outline

A.

Qm

Develop background data

1.
2.
3.

Coal use data
Physical characteristics
Regulatory considerations

4. Other relevant cost impacts
Conduct case studies

1.
2.
3.

Select case study sites
Prepare briefing documents
Develop data management plan

4. Visit case study sites

5.

a. Compile engineering information
b. Identify jurisdictional constraints

c. Collect and preserve waste samples
Analyze waste samples

Estimate disposal costs for case studies

1.
2.
3.

Develop computer cost models
Perform preliminary designs
Estimate costs

Evaluate treatment, recovery, and reuse

1.
2.
3.

Waste treatment technologies
Direct waste reuse
Potential for waste recovery

Assess cost impacts

1.
2.

Regional impacts
National impacts

Evaluate cost impact models
Project reporting

1.

Topical reports

a. Background data

b. Case study site visits

c. Waste sampling and analyses

2. Draft report

3.
. Project management
1.
2.
3.

6.

Final report

Budget and schedule control
Liaison with principal-in-charge
Client liaison

a. Meetings

b. Periodic progress reports

c. e-mail

d. Telephone conversations

. Maintenance of project records

a. Files
b. Calculations
c. Meeting minutes

. Coordination of activities

a. Defining manpower requirements
(1) Type of expertise
(2) Number of man-hours
(3) Schedule
b. Maximizing productivity
Technical quality control

Develop background data

Select case study sites

Prepare briefing documents

Develop data management plan

Visit case study sites

Analyze waste samples

Develop computer cost models
Perform preliminary case study site designs
Estimate case study disposal costs
Evaluate treatment, recovery, and reuse
Assess cost impacts

Evaluate cost impact models

. Prepare background data reports
. Prepare site visit report
. Prepare sampling and analyses report

Prepare draft report
Prepare final report
Project management
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TABLE 1.12 Milestone Chart for an Environmental Study Project (5)

Project Activity Responsibility Target Date Actual Date

A.  Develop background data PIJS 51 9/12

B1. Select case study sites BEB 4/1 3/22

B2. Prepare briefing documents DSF 2/1 3/6

B3. Develop data management plan DSF 4/1 3/22

B4. Visit case study sites DSF/ 10/1 9/26
WEW

B5.  Analyze waste samples WGC 12/1

Cl1. Develop computer cost models DSF 4/1 6/12

C2. Perform preliminary case study designs FRT 12/1

C3. Estimate case study disposal costs FRT 171

D.  Evaluate treatment, recovery, and reuse WEW 6/1

B.  Assess cost impacts JAW 91

F Evaluate cost impact models DSF/JAW 6/1

Gla. Prepare background data report PJS 8/1

G1b. Prepare site visit report DSF 12/1

Glc. Prepare sampling/analysis report WGC 2/1

G2. Prepare draft report DB 6/1

G3. Prepare final report DB 8/1

H.  Project management DB 6/1

on two index cards. One card is labeled “start” and the other “finish.” The cards are then divided into piles,
one for each person responsible for performing the tasks.

After all cards are prepared, the project manager writes the name of each key individual on a card and
pins the cards along the left column of the divided wall. The project manager then calls a meeting in the
room and asks that all persons responsible for carrying out the tasks be present, including the client, any
third-party agency representatives, and, if possible, the contractor. Each person is handed his or her cards
and asked to tack each one onto the vertical division on the wall in the work week during which each task
will be started and finished (see Fig. 1.5). Tasks may be divided into subtasks or better defined as required.
When all cards are up, additional tasks not anticipated may be added. Others may be modified.

The key feature of the wall-scheduling procedure is the high degree of interaction that takes place during
the scheduling meeting. Conflicts are identified early, discussed, and resolved. This process enables the key
project team members to make firm commitments to the project management as to their assigned activities.
Furthermore, these commitments are made in front of the entire group, thereby increasing the probability
that they will indeed be accomplished on time.

The successful application of the wall-scheduling system relies on the project manager’s skills in plan-
ning the project, establishing a preliminary schedule for use by the group, and directing the proceedings dur-
ing the scheduling meeting. If the project manager does these things well, total meeting time can be cut to a
minimum while producing a realistic schedule to meet the client’s needs.

No single scheduling method is applicable for all projects. Table 1.13 summarizes some of the most im-
portant criteria for selecting the best scheduling method. These criteria should be reviewed in order to select
the scheduling method that is best suited to the criteria with the highest priorities.

Budgeting. There are usually four ways that budgets can be computed for a given project. The first
method is zero-based budgeting, in which the project manager starts with a list of tasks and estimates the
worker-hours and corresponding costs to perform the work. The second is downward budgeting, which in-
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FIG. 1.4 Critical path diagram for an environmental study project (3).

volves starting with the total amount of compensation and breaking out the various cost components to es-
tablish the number of worker-hours that can be allocated. The third method of budgeting is the unit cost bud-
get, or the use of “historical” cost data from a previous similar project, e.g., cost per sheet of drawings. The
fourth method is the staffing level budget, which considers the number of people assigned to a job for a cer-
tain time period.

Each of these four budgeting methods has distinct advantages and disadvantages. Used together they pro-
vide a sound basis to derive the final project budget. Once the project budget has been determined, the result
must be put into the zero-based budgeting format to permit proper monitoring and control of the project.
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FIG. 1.5 Full wall scheduling room.
TABLE 1.13 Criteria for Selecting the Proper Scheduling Method (5)
CPM network Full wall

Evaluation criteria Milestone Bar chart diagram schedule
1. Ease of communication Good Good Poor Excellent
2. Cost to prepare Minimal Minimal Extensive Moderate
3. Cost to update Minimal Minimal Extensive Moderate
4. Degree of control Fair Good Excellent Good
5. Applicability to large projects Poor Fair Excellent Good
6. Applicability to small projects Excellent Good Poor Good
7. Commitment from project team Fair Fair Fair Excellent
8. Client appeal Fair Good Excellent Excellent
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An example of a completed budget for the solid waste study described in Table 1.11 is shown in Table
1.14. An example of a budget for a waste treatment facility design project is presented in Fig. 1.6.

Once the project budget has been completed, the next step is to develop a projected expenditure curve
that will serve as the basis for projecting labor requirements and monitoring schedule and budget status
throughout the project. The expenditure projection is derived by apportioning each task budget into the
scheduled time frame for the corresponding activity. Values can then be totaled for each project period
(monthly in the example) and summed up to estimate the cumulative expenditures throughout the project
duration, as illustrated in Table 1.15. The results are then plotted to form a curve such as the one in Fig. 1.7.

Monitoring Schedules and Budgets

Both the client and the consulting engineer must be able to assess their project’s budget and schedule status
accurately throughout the project. One method to accomplish this is known as integrated budget and sched-
ule monitoring (IBSM) (5,8). The IBSM method determines the overall schedule and budget status and con-
sists of six phases:

. Estimating the progress of each task

. Computing total project progress

. Estimating project expenditures

. Determining overall schedule and budget status
. Determining the schedule status of each task

. Determining the budget status of each task

NN AW =

Each of the phases of the IBSM method is discussed below.

Estimating Individual Task Progress. The first step in the IBSM method is to prepare a realistic estimate
of the progress on each task in terms of percent completion of that task. “Progress” is defined as work actu-
ally accomplished and is independent of either budget expenditures or calendar time spent on the activity.
For example, if a task consists of pouring 4000 yd® of concrete and a total of 3000 yd® have been poured,
then that task is 75% complete regardless of how much time or money it took to accomplish it.

Estimating the progress of each activity is the single most important step in the IBSM method. This step
is nonmathematical, relying solely on the experience and judgment of the project manager and his or her
staff.

One way to monitor progress on design jobs is to use a preliminary list of drawings to measure the
progress of each design discipline. Figure 1.8 shows how this technique could be used to estimate the
progress of the mechanical drawings on a waste treatment plant design project.

Computing Total Project Progress. After the percent of completion has been determined for each task, all
percentages are multiplied by the corresponding task budgets, as shown in Table 1.16. The products of each
multiplication are then totaled to obtain a value that represents the estimated amount of progress made to
date on the total project. Dividing this sum by the total project budget provides an estimate of overall project
progress. The progress computation is independent of the amount of money that has been spent on the pro-
ject.

Estimating Project Expenditures. The next step is to estimate how much money has been spent on the
project. These data must be obtained for the same time period that was used in developing the estimated
progress.
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ARCHITECT-ENGINEER ARCHITECT-ENGINEER FIRM NAME AND ADDRESS DESIGN STAGE
COST ESTIMATE ABC Consultants, Inc. MODFIED [ ermen <
- 1000 Main Street L OCATION 1 ERAL S
. 81 - R - 0000 Anytown, USA Fort Kennedy o8
PREPARED BY: PROV, TITLE: PROJ.NO.” 5062 .61 o5
David Smith Industrial Waste Treatment Facilit EE
APPROVED BY: DATE: ASK NAME/ BULDING/ OTHER: _Tﬁx NO. afy
A. W. Jones Intermediate Design 5%
-
ITEM "A" - TASK EFFORT BREAKDOWN I ITASK RECAP: _4.024 MH=$ _ 133,674 §
SPECIALTIES JOB TITLES MAN - HOURS | RATES$ AMOUNTS § TOTALS §
PROJECT Supervisor 214 20.50 4,387
MANAGEMENT Typist/Clerical 80 5.89 471 4,858
Supervisor 10 20.50 205
CIVIL
Journeyman 30 13.89 417
Draftsman 90 8.90 801
NO.OFDWGS.{ 3 ) [ Typist 20 5.89 118 1,541
Supervisor 14 20.50 287
ARCHITECTURAL Journeyman 30 13.89 417
Draftsman 48 10.95 526
NO.OFOWGS.( 4) ™ rymist 12 5,89 7 1,301
Supervisor 34 20.50 697
STRUCTURAL Journeyman 100 13.89 1,389
Draftsman 280 8.90 2,492
NO.OFDWGS.( 7 )[™ rypi st 24 5.89 141 4,719
MECHANICAL |—supexvisor 232 20.50 4,756
Journeyman 928 13.89 12,890
Draftsman 996 10.95 10,906
NO.OFDWGS( 36) [ Typist 32 5.89 188 28,740
HV/AC Supervisor 6 20.50 123
Journeyman 20 13,89 218
Draftsman 30 8.90 261
NO.OFDWGS( 2.) Typist 4 5.89 24 692
ENVIRONMENTAL]_Supervisor 25 20.50 513
Journeyman 98 13,89 1.361
Draftsman 100 £.90 £90
NO.OF DWGS{13) | Typist 20 5.89 118
ELECTRICAL Supervisor g3 20,50 1.292
Journeyman 85 13,89 1.181
Draftsman 110 10,95 1.205
NO.OF DWGS{ 11) [ Typist 16 5,89 256 3,934
Supervisor 28 20,50 574
SPECIFICATIONS|__Journeyman 29 13,89 1.097
Typist 44 5,89 259 1,930
ESTIMATES Supervisor 20 20,50 410
Journeyman 102 13.89 1.417 1,827
OTHER
TOTAL DRAWINGS I 71 ITOTAL MAN-HOURS | 4,024 ITOTAL DIRECT SALES 52,424
ITEM "B" OVERHEAD POOLS
TITLES RATES % BASES §
1| Total Allowable Overhead 148.3 52,424 77,745
2
3
ITEM "C" OTHER COST ONSULTANTS, TELEPHONE, REPRODUCT ION, POSTAGE, ATTACH ESTIMATES AS REQUIRED) 1,252
I'TEM "D" TRAVEL COST (ATTACH ESTIMATE SHEETS) 2,253
ITEM "E" MATERIALS AND SUPPLIES {ATTACH ESTIMATES AS REQUIRED)
HND FORM 371 14 AUG 1975 PAGE_Z_OF _2 _

FIG 1.6 Budget for a waste treatment facility design project (35).
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FIG. 1.7 Projected expenditure curve (5).

Schedule and Budget Status. Using the projected expenditure curve as a base, the actual project progress
and project expenditures are plotted onto the same graph, as shown in Fig. 1.9. The overall schedule status
can be determined graphically by measuring the horizontal distance between the projected expenditure
curve and the progress curve, distance 4. The overall budget status can be determined by measuring the ver-
tical distance between the project progress curve and the actual expenditure curve, distance B.

A common mistake is to compare the projected expenditures (budgets) with the actual expenditures
(costs) in an attempt to determine overall project status. If this comparison is made in the example project
(Fig. 1.9), the actual expenditures appear to be less than the projected expenditures. This leads to the wrong
conclusion—that the project is under budget and thus on target—when in reality this is not the case. Com-
paring projected expenditures with actual expenditures is not a realistic way to determine either budget or
schedule status and may tend to lull both the project manager and the client into a false sense of security. A
project may be so far behind schedule that it appears under budget.

Task Schedule Status. If the results of this analysis indicate that the project is behind schedule, it is neces-
sary to know which areas are in trouble. By applying the estimated progress percentages to the project
schedule, it will become readily apparent which tasks are behind schedule—tasks A, B4, B5, C1, C2, and H
in Fig. 1.10.

Task Budget Status. Monitoring the budget status of each individual task is not as simple as monitoring
the schedule status. Independent cost accounting must be maintained for each task to be monitored. This re-
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TABLE 1.16 Calculations of Estimated Progress for a Solid Waste Study (5)

Data base date

Estimated progress
Task budget, Equivalent
Task description $/task % Complete progress
A. Develop background data 13,140 X 65 — 8,541
B. Conduct case studies
1. Select case study sites 2,920 x 100 - 2,920
2. Prepare briefing documents 2,960 x 100 - 2,920
3. Develop data management plan 7,650 % 100 - 7,650
4. Visit case study sites 19,700 x 20 - 3,940
5. Analyze waste samples 17,500 x 0 - 0
C. Estimate disposal costs for case studies
1. Develop computer cost models 8,060 x 10 - 806
2. Perform preliminary designs 10,860 x 10 - 0
3. Estimate costs 8,820 x 10 - 0
D. Evaluate potential for treatment, recovery, and reuse 4,420 x 0 - 1,326
E. Assess cost impacts 5,260 x 30 - 0
F. Evaluate cost impact models 6,240 x 0 - 0
G. Project reporting
1. Topical reports
a. background data 8,940 x 0 - 894
b. case study site visits 8,940 x 10 - 0
c. waste sampling and analyses 8,940 x 0 - 0
2. Draft report 18,100 x 0 - 0
3. Final report 7,940 x 0 - 0
H. Project management 13,400 x 25 - 3,350
Totals $173,790 32,387

Total project progress = $32,387 + $173,790 = 0.186 = 18.6%

quires increased paperwork and requires close monitoring of the project team to ensure that everyone is
charging their time and expenses to the proper task code. The project manager and client must determine on
a case-by-case basis whether the additional information is worth the cost required to maintain it.

Analyzing Trends. While it is essential to know the budget and schedule status of a project at a given point
in time, monitoring trends can be even more revealing. A tabulation of project status trends is presented in
Table 1.17. The “progress” column indicates a rather steady increase in the progress of the project—nothing
particularly unusual. The “schedule status” column shows that the project got behind schedule almost from
the outset and has deteriorated steadily since. This steady deterioration in the schedule status indicates a fun-
damental problem. Possible explanations are

Insufficient work force has been allocated to the project
Project staff have not been working productively

Too much time is being spent on details

Original schedule was unrealistic

Too many design alternatives are being examined
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FIG.1.9 Computing overall schedule and budget status using the IBSM method (5).

The “budget status” column tells a somewhat different story. The project started out well, got into a bit of
trouble in February, and then generally stabilized until June, at which time the budget suddenly developed
major problems. This trend indicates that something dramatic happened in June. Possible explanations are

® Costs from another project were incorrectly charged to the job
® A major design error was discovered and substantial redesign was required
® The scope of work was increased

Careful study of schedule and budget trends can be most informative. However, such data are available
only if the progress of each project is monitored on a regular basis. Frequent monitoring also allows early
problem identification while there is still time to resolve problems without jeopardizing the final completion
date or going over budget.

QUALITY CONTROL

Quality environmental engineering performance encompasses business, contracting, and professional prac-
tices. In the broad sense, quality may be characterized as meeting not only the requirements and expecta-
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TABLE 1.17 Project Status Trends (5)

Project period Progress, % Schedule status Budget status, $

Year 1
January 32 0.3 months behind 2,000 under
February 6.7 0.8 months behind 3,000 over
March 9.4 1.1 months behind 8,000 over
April 11.6 1.7 months behind 8,000 over
May 15.8 2.0 months behind 8,500 over
June 18.6 2.3 months behind 12,000 over
July
August
September
October
November
December
Year 2
January
February
March
April
May
June
July
August
September

tions of the owner but also those of the design engineer and the construction contractor. In addition, applica-
ble insurance, legal, and regulatory requirements must be fulfilled. (26, 27)

The effective application of a quality assurance/quality control program or formal program registration,
such as that provided by the International Organization for Standardization (ISO), requires the full commit-
ment of top management and participation by staff throughout the organization. This philosophy also is
known as total quality management, in which an organization is driven by client satisfaction with a commit-
ment to quality at the source.

Quality performance is part of an organization’s mission and is an endless part of day-to-day operations.
Management must recognize that staff is the key to consistent quality and obtain client critiques to assess
and improve program effectiveness. Also, a protocol for record keeping and application of modern standards
is essential. Frequent program updates and continued employee training are important to keep abreast of in-
dustry developments and regulatory changes.

The requirements of the quality control program should be a published procedure. The quality control
procedure should begin with a statement of organization policy and proceed into functional areas, such as
subcontracting, design procedures, document controls, and training. One approach would be to address each
topic in terms of scope, responsibility and authority, quality activity, and reference documents. The refer-
ence documents should include the organization’s standard operating procedures, project management re-
sponsibilities, and design guidelines.

On all projects, a strong quality control program significantly improves client satisfaction with the final
facilities. In professional practice, implementation of a quality control program for a design team begins
with assignment of senior technical advisors. The technical advisors are chosen project-specifically to en-
sure that:
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® The completed project will effectually meet the client’s needs as an operational and cost-effective
facility.

® The client’s best interest is served in strict accordance with highest technical standards of practice and
with the terms of the contract and sound technical practices.

Quality assurance encompasses the identification of standards of practice, which may include public, regu-
latory, and/or in-house guidelines, and involvement of senior level technical experts, who serve as indepen-
dent advisors and reviewers. During conceptual and preliminary design projects, the technical advisors are
selected to bring design development and big picture experience to the project. During preliminary and final
design, technical reviewers are selected principally to observe and scrutinize detailed design activities.

At project initiation, the technical advisor’s role is to facilitate technical exchange in the development of
design and operation concepts and to assist in the assessment of applicable technology, including participa-
tion in selected project work sessions. As the project progresses, technical advisors review design develop-
ment documentation, ensure that approved design concepts are being applied, and evaluate risk management
considerations.

Beginning in preliminary design and continuing through final design, the quality control program should
involve senior design discipline engineers to review the adequacy of field data and design computations. Re-
views should encompass the technical adequacy from the discipline perspective, check compliance with
contract requirements, and identify potential coordination issues.

Quality control comments should be recorded on comment/response forms prescribed by the organiza-
tion’s quality control procedures. Normally, responses should be reconciled at the project team level. Never-
theless, the quality control program should provide a disputes resolution procedure for use if needed.

Major milestone reviews are necessary throughout the project. Early reviews examine major design crite-
ria, preliminary engineering documents, and order-of-magnitude cost estimates that form the basis of the
project. Later, detailed and final design criteria, materials of construction and equipment, layouts and other
design details, and outline specifications are examined. Near the completion of the design phase, quality
control focuses on the bidability and constructability of the approved systems and the overall functions of
the project features.

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION

The International Organization for Standardization (ISO) was established in 1947 to set uniform standards
for quality control in Europe. It is attracting increased interest and support as the source of true internation-
al standards in manufacturing, product specification, and communications. The ISO produces standards
through a structure of technical committees with subcommittees, which are further divided into working
groups. ISO 9000 and 14000 standards for quality and environmental management, respectively, are of in-
terest to the environmental engineer. (28, 29)

As the sole private sector certifier for United States national standards, the American National Standards
Institute (ANSI) is the United States’s representative to the ISO. The American Society of Testing and Mate-
rials (ASTM), American Society for Quality Control (ASQC), and NSF International are members of ANSI
and are participating in ISO standards development and distribution.

ISO 9000

ISO 9000 is a series of standards of general business conduct to achieve quality. It applies to quality man-
agement systems and serves as an extension of ongoing total quality management practices. ISO 9001,
9002, and 9003 are contractual standards for design and servicing, production and installation, and final in-
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spection and testing, respectively. These standards are tiered in that ISO 9001 includes 9002, which in-
cludes 9003.

ISO 14000

More specific to environmental engineering, ISO 14000 is an evolving series of standards for various com-
ponents of an organization’s environmental management plan. Environmental issues and functions are inte-
grated into the organization’s business strategy and become a proactive part of doing business. ISO 14000
focuses on management systems rather than performance levels and may be pursued as an add-on to an ISO
9000 registration, which has many similar components, or as a stand-alone registration.

The ISO Technical Committee—(TC) 207: Environmental Management—is developing the ISO 14000
series of standards. The TC 207 subcommittee and working group structure is illustrated in Figure 1.11. The
United States has a Technical Advisory Group that works with these groups.

International Organization for Standardization (1S0)
Geneva, Switzerland
Tel: 41-22-749-0111
Fax: 41-22-733-3430
http://133.82.181.177/ikeda/ISO/home.html

Technical Committee (TC) 207: Environmental Management

Subcommittee 2:
Subc_ommlttee 1: Enwr'o'n mental Subcommittee 3: Subc_o mmittee 4: Subcommittee 5: | | Subcommittee 6:
Environmental Auditing and . Environmental R
Environmental Life-Cycle Terms and
Management Related . Performance .
. Labeling . Assessment Definitions
Systems Environmental Evaluation
Investigations
WG1—Specification | | WG1—Auditing WG1—Guiding WG1—Generic WG1—LCA General Principles
WG2—General Principles Principles for Environmental and Procedures
Guidelines WG2—Auditing | | Practitioner Performance WG2—Life-Cycle Inventory
Programs Evaluati i
Small and Medium | | Focedures 9 _ valuation Analysis (General)
sized Enterprises WGSTAHF“M WG_Z—SeIf—DecIaratlon WG2—Industry WG3—Life-Cycle Inventory
Working Group Qualifications Claims Sector Analysis (Specific)
WG4—Other WG3—Guiding Environmental | | \yes ) ife-Gycle Impact
Investigations Principles for Perforn!ance Assessment
Environmental Evaluation .
N WG5—Life-Cycle
Labeling Programs
Improvement Assessment
Working Group 1:
Environmental Aspects in Working on Forestry
Product Standards
FIG. 1.11 ISO Technical Committee 207 Organization.
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The ISO 14001 standard is a specification standard and contains those requirements that may be objec-
tively audited for registration and/or self-declaration purposes. The standard identifies an environmental
management system (EMS) designed to address all facets of an organization’s operations, products, and ser-
vices, including environmental policy, resources, training, emergency responses, audits, and management
reviews. The model EMS is based on five major elements:

Corporate Policy and Commitment
Planning

Implementation and Operations
Measurement and Evaluation
Management Review and Improvement.

MER NS

The standards in the ISO 14000 series are presented in Table 1.18. Other than ISO 14000, the standards pro-
vide guidance for development and implementation of management systems and product standards. The ISO
14000 series of environmental management standards may be obtained from:

® The American National Standards Institute (ANSI)
7315 Wisconsin Avenue, Suite 250-E
Bethesda, MD 20814

TABLE 1.18 Standards in the ISO 14000 Series (27)

Organizational Evaluation

ISO 14001 Environmental Management Systems—Specifications with Guidance for Use

ISO 14004 Environmental Management Systems—General Guidelines on Principles, Systems, and Supporting
Techniques

ISO 14010 Guidelines for Environmental Auditing—General Principles on Environmental Auditing

ISO 14011/1  Guidelines for Environmental Auditing—Audit Procedures—Audit of Environmental Management
Systems

ISO 14012 Guidelines for Environmental Auditing—Qualification Criteria for Environmental Auditors

ISO 14015 Environmental Site Assessments

ISO 14031 Evaluation of Environmental Performance

Product Evaluation

ISO 14040 Environmental Management—Life Cycle Analysis—Principles and Framework
ISO 14041 Environmental Management—Life Cycle Analysis—Life Cycle Inventory Analysis
ISO 14042 Environmental Management—Life Cycle Analysis-Impact Assessment
ISO 14043 Environmental Management—Life Cycle Analysis—Interpretation
ISO 14020 Goals and Principles of All Environmental Labeling
ISO 14021 Environmental Labels and Declarations—Self Declaration
Environmental Claims-Terms and Definitions
ISO 14022 Environmental Labels and Declarations—Self Declaration
Environmental Claims—Symbols
ISO 14023 Environmental Labels and Declarations—Self Declaration
Environmental Claims—Testing and Verification
ISO 14024 Environmental Labels and Declarations—Environmental Labeling Type I-Guiding Principles and

Procedures

ISO 14025 Environmental Labels and Declarations—Environmental Information Profiles—Type III Guiding
Principles and Procedures

ISO Guide Guide for Inclusion of Environmental Aspects in Product Standards

64
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® American Society for Testing and Materials
100 Bar Harbor Drive
West Conshohocken, PA 19428

® American Society for Quality Control (ASQC)
611 East Wisconsin Avenue P.O. Box 3005
Milwaukee, WI 53201

® NSG International
2100 Commonwealth Boulevard
Ann Arbor, MI 48105

PROJECT ECONOMICS

The proper application of economic principles to environmental problems is essential in order to identify
and implement the most cost-effective solutions. In most investment decisions, the investment costs can be
compared to the anticipated return in order to establish the viability of a proposed project. Most environ-
mental projects, on the other hand, have a return on investment that is difficult to quantify.

This section describes a variety of techniques that are commonly used to ensure that the most cost-
effective solutions are identified and to quantify the costs of implementing these solutions.

Capital Costs

Capital cost estimates may be developed to compare project alternatives, to identify major cost items, or to
establish a project budget. The scope of the estimate depends upon the specific project purpose and the de-
gree of project definition.

In general, from the initial feasibility study, through appropriation, and into design, the cost estimate be-
comes more detailed and more accurate. The most common types of estimates are described in Fig. 1.12.

Order-of-magnitude estimates are used in feasibility studies and provide guidance on basic decision mak-
ing. Comparative estimates combine an order-of-magnitude estimate with the specific factors of a particular
project and are developed for comparing alternative solutions to a particular problem. Predesign estimates
require additional process design factors, such as equipment lists and site plans. They generally are used for
appropriation of funds and for a preliminary level of budget control.

Preliminary design, intermediate design, and final design cost estimates are based upon increasingly de-
tailed levels of engineering design and are used to revise fund appropriations and for budget control. Con-
tractor estimates, like final design estimates, are based on 100% complete plans and specifications. Howev-
er, the quantity takeoffs and unit prices are estimated in much greater detail.

Capital cost estimates are typically divided into direct and indirect costs. Direct costs are construction
items for the project and include property, equipment, and materials. Indirect costs are project services, such
as legal and administrative fees, engineering fees, contractor overhead and profit, and interest during con-
struction.

Direct Costs. The method for determining direct costs depends upon the cost-estimating level. Direct costs
for order-of-magnitude estimates are normally obtained from published cost curves and in-house project
cost files. Comparative estimates are determined by estimating the cost of only those components of the pro-
ject which are different from the alternatives being considered.

Typical methods for determining the direct costs for predesign, preliminary design, intermediate design,
and definitive cost estimates are presented in Table 1.19. A partial listing of the general categories of esti-
mating aids and some typical sources of cost information are presented in Table 1.20.
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FIG. 1.12 Types of estimates, estimating information and expected accuracy.
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TABLE 1.20 Sclected Sources of Capital Cost Information

1. Cost Curves
a. Innovative and Alternative Assessment Manual, US EPA, 430/9-78-009, February, 1980
b. Handbook of Biological Wastewater Treatment—Evaluation, Performance and Cost, H. H. Benjes, Jr., 1980
c. Capital and Operating Costs of Selected Air Pollution Control Systems, US EPA, 450/3-76-014, May, 1976
d. Handbook of Sludge Handling Processes—Cost and Performance, G. L. Culp, Garland STPM Press, New
York, 1979
e. State of the Art of Small Water Treatment Systems, Office of Water Supply, US EPA, August, 1977
2. Computer Cost Models
a. Computer Cost Models for Potable Water Treatment Plants, US EPA, 1979, PB-287 744/7BE
b. CAPDET Clearinghouse, Mississippi State University (Cost Estimating for Municipal Wastewater Treatment
Systems)
3. Estimating Guides
. Dodge Guide for Estimating Public Works Construction Costs
. Dodge Construction Systems Costs
. Dodge Manual for Building Construction Pricing and Scheduling
. Construction Estimating Standards, Richardson Engineering Services, Inc. (4 volumes)
e. Means Building Construction Data
4. Handbooks
a. The Building Estimator's Reference Book, Frank R. Walker Company
b. Data Book for Civil Engineers, Elwyn E. Seelye
5. Construction Reporting Services
a. Contractor’s Data Report
b. Construction Digest Reports
6. Magazines and Periodicals
a. Engineering News-Record
b. Miscellaneous trade journals
7. Contractors and active estimators in the industry
Equipment and materials suppliers
9. Past estimates that have been developed and other data accumulated in the company and estimator’s personal
files

oo o

i

Indirect Costs. Indirect costs, e.g., legal and administrative costs, engineering fees, contractor overhead
and profit, interest during construction, and contingencies, must be added to the direct construction costs to
obtain an estimate of total capital costs. Table 1.21 presents a summary of the range of these indirect costs
and the factors that determine their magnitude.

Cost Factors. The factors that affect the direct and indirect costs in any capital cost estimate are numerous
and vary significantly from project to project. In addition to the obvious charges for labor, materials, and
equipment required to construct any particular project, the less obvious factors that must be taken into ac-
count generally fall into four broad categories. These are design, construction, location, and administrative
variables. Typical considerations within each category are listed on Table 1.22. The development of a specif-
ic list for each cost estimate is suggested.

Cost Indexes. 1t is often desirable to compare a cost estimate to an earlier estimate or to project the esti-
mate to a future date. However, because of the historic charges in unit prices, these adjustments cannot be
accurately made without keying the cost estimate to a specific date and having some method of measuring
the historic charge in costs. The four most common cost indexes used for this purpose are:
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TABLE 1.21 Indirect Cost Factors
Percent of total Factors affecting
Indirect costs direct costs indirect costs
1. Legal and administrative costs 2-5 Permitting difficulties

Land acquisition requirements
Requirement for outside legal services
2. Engineering fees 5-20 Project complexity
Project size
Engineering services to be provided
3. Contractor overhead and profit 10-30 Geographic location
Degree of competition
Project size
4. Interest during construction * Project size
Project schedule
Prevailing interest rates
5. Contingencies 2-50 Uncertainties regarding project definition
Level of cost estimate

*Cannot be accurately estimated as a percentage of direct costs.

TABLE 1.22 Project Variables that Affect Cost Estimates

1. Design variables
Required quantities of labor, material, and permanent equipment
Complexity of design
Standard versus nonstandard materials or equipment
Conformance to local practice
Maintenance of existing facilities or operations
Condition of plans and specifications
2. Construction variables
Site soils
Dewatering requirements
Project equipment requirements
Access to the work
Scheduling or phasing of the work
Storage and space requirements
Temporary facilities
Waste or borrow areas
Job indirect charges
3. Location variables
Geographic location
Wage scales and stability
Utility availability
Availability of required skilled trades
Local taxes, permits, and code requirements
4. Administrative variables
Market conditions
Political considerations
Size of project
Terms of payment
Inflation
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U.S. Environmental Protection Agency (EPA) indexes, published in the Municipal Facilities Division.
Engineering News-Record (ENR) indexes, published in Engineering NewsRecord.

Marshall and Stevens (M&S) equipment index, published in Chemical Engineering.

Chemical Engineering (CE) index, published in Chemical Engineering.

These cost indexes are updated by monitoring specific construction material and labor costs, proportion-
ing these costs by a predetermined factor, and thereby deriving an index. Another function of cost indexes is
to adjust unit cost data in order to account for differences between different cities.

Operation and Maintenance Costs

Operation and maintenance (O&M) costs comprise the following elements:

Labor
Energy

Chemicals
Waste disposal

SNk L=

Renewal and replacement

Miscellaneous costs (taxes, insurance, etc.)

The bases for estimating each of these elements are presented in Table 1.23 along with a partial list of com-
monly used sources for collecting the necessary data to prepare the O&M cost estimate.

The factors affecting O&M cost estimates are similar to those that affect capital cost estimates. O&M
cost estimates are also impacted by long-term variables such as changes in interest rates, inflation, and com-

TABLE 1.23 Operation and Maintenance Cost Factors

Cost element

Basis of estimating

Data sources

Labor

Energy

Renewal and replacement

Waste disposal

Other miscellaneous costs

Published cost curves for various
unit processes

Estimates of overall staffing needs
Prevailing local labor rates

Published cost curves for various
unit processes

Takeoff of horsepower totals from
preliminary motor lists
Calculations of heating/cooling
requirements

Percentage of equipment cost
Estimated dosages times design
flow rates

Estimated cost per unit of waste
disposed

Site specific

® EPA Innovative and Alternative
Technology Manual

® Benjes Handbook of Biological Treatment

® Magazines and periodicals

® EPA State of the Art of Small Water
Treatment Systems

® EPA Manual on Energy Conservation in
Municipal Wastewater Treatment

® EPA State of the Art of Small Water
Treatment Systems

® Magazines and periodicals

® Equipment cost estimate
® Chemical Marketing

® Magazines

® Chemical vendors

® Contract waste disposers
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petition for labor, energy, and chemicals. Because of these unknowns, an expected level of accuracy is typi-
cally not assigned to annual cost estimates.

Project Cost Analyses

Initially, the financial issues, such as rate of return, and analyses objectives, such as minimum life cycle
costs, are defined for the project cost analysis. Economic analysis factors for simple and compound inter-
est are applied during the analysis. The factors presented later in this section are the capital recovery fac-
tor for annual cost analyses and the uniform series present-worth factor for present-worth cost analyses.
Other common economic factors follow, where “i” represents interest rate and “n” is the number of peri-
ods (years).

The future value of the simple interest payments factor is:
Simple Payment Amount = (1 + ni)
For compound interest, the following economic factors apply:

Single Payment Compound Amount = (1 +§)"

Single Payment Present Worth =

(1 +i0
. . 1+i-1
Uniform Series Compound Amount=———_
l
. . i
Sinking Fund payment = m

When evaluating alternatives, it is often necessary to combine capital and O&M costs into a single estimate
in order to determine which alternative is most cost-effective. The most commonly used methods for such a
consolidation are annualized cost analysis and present-worth analysis. Although each method presents the
results differently, the selection of the most cost-effective alternative will always be the same, regardless of
which method is used.

Annual Cost Analysis. In order to annualize capital costs, an interest rate and a project life must be esti-
mated based on guidelines used by the client and/or funding agencies. A capital recovery factor (CRF) is
used to convert capital costs to annual costs. The capital recovery factor can be directly calculated as fol-
lows:

where CRF = capital recovery factor
i = interest rate per period
n = number of periods

A tabulation of commonly used capital recovery factors is presented in Table 1.24. To calculate the annual-
ized capital cost, the capital cost is multiplied by the capital recovery factor.
In addition to annualized capital costs and annual O&M costs, the project may include equipment that
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TABLE 1.24 Capital Recovery Factors

Number
of Interest rate per period i
periods
n 2 4 6 8 10 12 15 20 25 30
1 1.02000 1.040 00 1.060 00 1.08000 1.10000 1.12000 1.15000 1.20000 1.25000 1.300 00
2 0.51505 0.53020 0.54544 0.56077 0.57619 0.59170 0.61512 0.654 55 0.69444 0.734 78
3 0.346 75 0.36035 0.37411 0.38803 0.40211 0.41635 0.43798 0.47473 0.51230 0.550 63
4 0.26262 0.27549 0.28859 0.30192 0.31547 0.32923 0.35027 0.38629 0.42344 0.461 63
5 021216 0.22463 0.23740 0.25046 0.263 80 0.27741 0.29832 0.33438 0.371 85 0.410 58
6 0.178 53 0.19076 0.20336 0.21632 0.229 61 0.24323 0.26424 0.300 71 0.338 82 0.378 39
7 0.154 51 0.166 61 0.179 14 0.19207 0.20541 0.21912 0.24036 0.27742 0.31634 0.356 87
8 0.136 51 0.14853 0.16104 17401 0.18744 0.20130 0.22285 0.260 61 0.30040 0.34192
9 0.12252 0.13449 0.14702 0.16008 0.173 64 0.18768 0.20957 0.248 08 0.288 76 0.331 24
10 0.11133 0.12329 0.13587 0.14903 0.16275 0.17698 0.19925 0.238 52 0.280 07 0.323 46
11 0.10218 0.11415 0.126 79 0.14008 0.15396 0.16842 0.19107 0.23110 0.27349 0.317 73
12 0.094 56 0.10655 0.11928 0.13270 0.146 76 0.16144 0.18448 0.22526 0.26845 0.313 45
13 0.088 12 0.100 14 0.11296 0.12652 0.14078 0.15568 0.179 11 0.220 62 0.264 54 0.310 24
14 0.08260 0.094 67 0.10758 0.12130 0.13575 0.15087 0.17469 0.216 89 0.261 50 0.307 82
15 0.077 83 0.08994 0.10296 0.11683 0.13147 0.14682 0.17102 0.213 88 0.259 12 0.30598
16 0.073 65 0.08582 0.09895 0.11298 0.12782 0.14339 0.16795 0.21144 0.25724 0.304 58
17 0.06997 0.08220 0.09544 0.10963 0.12466 0.14046 0.16537 0.20944 0.25576 0.303 51
18 0.066 70 0.078 99 0.09236 0.10670 0.12193 0.13794 0.163 19 0.207 81 0.25459 0.302 69
19 0.063 78 0.076 14 0.089 62 0.104 13 0.11955 0.13576 0.161 34 0.20646 0.253 66 0.302 07
20 0.061 16 0.073 58 0.087 18 0.10185 0.11746 0.13388 0.15976 0.20536 0.25292 0.301 59
21 0.058 78 0.07128 0.08500 0.099 83 0.11562 0.13224 0.15842 0.204 44 0.25233 0.301 22
22 0.056 63 0.069 20 0.083 05 0.09803 0.11401 0.13081 0.15727 0.203 69 0.251 86 0.300 94
23 0.054 67 0.06731 0.08128 0.09642 0.11257 0.12956 0.15628 0.203 07 0.25148 0.300 72
24 0.052 87 0.06559 0.079 68 0.09498 0.11130 0.12846 0.15543 0.20255 0.251 19 0.300 55
25 0.05122 0.064 01 0.07823 0.09368 0.11017 0.12750 0.15470 0.202 12 0.25095 0.300 43
26 0.049 70 0.062 57 0.076 90 0.09251 0.109 16 0.126 65 0.15407 0.201 76 0.250 76 0.300 33
27 0.04829 0.06124 0.07570 0.09145 0.10826 0.12590 0.153 53 0.20147 0.250 61 0.300 25
28 0.046 99 0.060 01 0.07459 0.09049 0.10745 0.12524 0.15306 0.20122 0.25048 0.300 19
29 0.04578 0.058 88 0.073 58 0.08962 0.10673 0.124 66 0.15265 0.201 02 0.25039 0.300 15
30 0.044 65 0.057 83 0.072 65 0.088 83 0.10608 0.124 14 0.15230 0.20085 0.25031 0.300 11

has a salvage value at the end of the project period #. The salvage value costs should be included in project
cost analyses. One method to calculate salvage value in an annual cost analysis is as follows:

Salvage credit = [(initial cost — salvage value) xCFR] + (salvage value x i)

where CRF = capital recovery factor
i = interest rate per period

Present Worth Cost Analysis.

In a present worth cost analysis, all project costs are ultimately presented in

terms of dollars spent at a selected date. All O&M costs are converted into present worth dollars by the use
of a present-worth factor. As with the capital recovery factor, the calculation of a present worth factor re-
quires that an estimate be made of the interest rate and project life. These variables are then inserted into the

following formula:
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1+iy'—1
pwr= =1
@1 + 1y

where PWF = present worth factor
i = interest rate per period
n = number of periods

The present worth factor is the inverse of the capital recovery factor. A tabulation of present worth factors is
presented as Table 1.25.

Cost-Effective Analysis. Either an annual cost estimate or a present worth cost estimate can be made for a

given project. Given the same interest rate and the same project life, comparisons of alternatives by annual
cost estimates or by present worth cost estimates will always be the same. An example of a cost comparison

TABLE 1.25 Present Worth Factors

Number
of Interest rate per period i
periods
n 2 4 6 8 10 12 15 20 25 30
1 0.980 0.962 0.943 0.926 0.909 0.893 0.870 0.833 0.800 0.769
2 1.942 1.886 1.833 1.783 1.736 1.690 1.626 1.528 1.440 1.361
3 2.884 2.775 2.673 2.577 2.487 2.402 2.283 2.106 1.952 1.816
4 3.808 3.630 3.465 3.312 3.170 3.037 2.855 2.589 2.362 2.166
5 4713 4452 4212 3.993 3.791 3.605 3.352 2.991 2.689 2.436
6 5.601 5.242 4917 4.623 4355 4.111 3.784 3.326 2.951 2.643
7 6.472 6.002 5.582 5.206 4.868 4.564 4.160 3.605 3.161 2.802
8 7.325 6.733 6.210 5.747 5.335 4.968 4.487 3.837 3.329 2.925
9 8.162 7.435 6.802 6.247 5.759 5.328 4.772 4.031 3.463 3.019
10 8.983 8.111 7.360 6.710 6.144 5.650 5019 4.192 3.571 3.092
11 9.787 8.760 7.887 7.139 6.495 5.938 5234 4327 3.656 3.147
12 10.575 9.385 8.384 7.536 6.814 6.194 5.421 4.439 3.725 3.190
13 11.348 9.986 8.853 7.904 7.103 6.424 5.583 4.533 3.780 3.223
14 12.106  10.563 9.295 8.244 7.367 6.628 5724  4.611 3.824 3.249
15 12.849  11.118 9.712 8.559 7.606 6.811 5847  4.675 3.859 3.268
16 13.578 11.652 10.106 8.851 7.824 6.974 5954 4730 3.887 3.283
17 14292 12.166 10.477 9.122 8.022 7.120 6.047  4.775 3.910 3.295
18 14992 12.659 10.828 9.372 8.201 7.250 6.128 4.812 3.928 3.304
19 15.678 13.134 11.158 9.604 8.365 7.366 6.198 4.844 3.942 3.311
20 16.351 13.590 11.470 9.818 8.514 7.469 6.259  4.870 3.954 3.316
21 17.011 14.029 11.764 10.017 8.649 7.562 6.312 4.891 3.963 3.320
22 17.658 14.451 12.042 10.201 8.772 7.645 6.359  4.909 3.970 3.323
23 18.292 14.857 12303  10.371 8.883 7.718 6.399  4.925 3.976 3.325
24 18914 15247 12550  10.529 8.985 7.784 6.434 4937 3.981 3.327
25 19.523 15.622 12.783  10.675 9.077 7.843 6.464  4.948 3.985 3.329
26 20.121 15983 13.003  10.810 9.161 7.896 6.491 4.956 3.988 3.330
27 20.707 16330 13.211  10.935 9.237 7.943 6.514  4.964 3.990 3.331
28 21.281 16.663 13.406 11.051 9.307 7.984 6.534 4970 3.992 3.331
29 21.844 16984 13.591 11.158 9.370 8.022 6.551 4.975 3.994 3.332
30 22396 17.292 13.765 11.258 9.427 8.055 6.566  4.979 3.995 3.332

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.
Any use is subject to the Terms of Use as given at the website.



ENVIRONMENTAL ENGINEERING

1.52 CHAPTER 1

using both methods is presented in Table 1.26. In this example, the conclusion that Alternative B is some 10
percent less costly than Alternative A is the same regardless of which method is used.

Cost Sensitivity Analysis

Cost sensitivity is the influence of a specific cost element on the results of the overall cost estimate. Thus, if
an element can be varied over a wide range of values without significantly affecting the overall estimate, the
estimate is said to be insensitive to that particular element. In contrast, if a small change in the estimate of
one element will substantially modify the overall estimate, the ranking is said to be highly sensitive to that
element.

Since all cost estimates are subject to some uncertainty, the cost sensitivity analysis can be helpful. The
factors that must be considered in a sensitivity analysis are (1) the sensitivity of the cost estimate to each ma-
jor component and (2) the confidence level of the accuracy of each cost component. Thus, a high confidence

TABLE 1.26 Cost-Effectiveness Analysis of Alternatives

Value or cost

Item Annual cost analysis Present-worth analysis
Basic assumptions
® Study period n 20 years 20 years
® Interest rate i 10%/yr 10%/yr
. Oa+y
® Capital recovery factor (CRF) — .. . =0.1175
a+i-1
1+ -1
® Present worth factor — —— . __=85l4
(HA+0)"
Alternative A
Capital cost $10,000,000 $10,000,000
Annual operating cost 300,000/yr 300,000/yr
Annualized capital cost 1,175,000/yr —
Annual operating cost 300,000/yr —
Total annual cost $1,475,000/yr —
Capital cost — $10,000,000
Present worth of annual operating cost — 2,554,000
Total present worth cost — $12,554,000
Alternative B
Capital cost $ 8,000,000 $ 8,000,000
Annual operating cost 400,000/yr 400,000/yr
Annualized capital cost $ 940,000/yr —
Annual operating cost 400,000/yr —
Total annual cost $ 1,340,000/yr —
Capital cost — $8,000,000
Present worth of annual operating cost — 3,406,000
Total annual cost — $11,406,000
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level can be assured if the cost elements which are most sensitive are also very accurate. A lower confidence
level must be considered for an estimate whose most sensitive components cannot be estimated accurately.

As an example, the results of one sensitivity analysis are presented in Table 1.27. This example is from a
study that evaluated the potential economic impact of a proposed drinking water standard. Certain design as-
sumptions were made about a treatment method (activated carbon adsorption), which may be required to
meet the proposed standard. The sensitivity analysis evaluated the cost impact of changing several of the key
design parameters affecting operation and maintenance costs. This analysis revealed the cost estimate to be
most sensitive to reactivation frequency, carbon loss per reactivation cycle, and carbon cost.

Project Financing

The potential sources of financing for environmental projects are varied and depend upon such factors as the
type of environmental project, the project size, the type of owner, and the current political and economic cli-
mate. Table 1.28 presents examples of the more common sources of funding for environmental projects in
the United States.

TABLE 1.27 Cost Sensitivity Analysis (9)

Values Percent/Change

Parameters affecting O&M costs—additive

Carbon loss per reactivation cycle, percent 15 29.6
10 0

5 -14.7

Carbon cost, ¢/1b 54 16.9
38 0

19 -22.0

Fuel cost, $/mil Btu 1.89 4.0
1.26 0

0.63 -3.8

Power cost, ¢/kWh 1.5 0.6
1.0 0

1.5 -0.6

Direct hourly wage rate $/h 7.78 15.9
5.19 0

2.60 -15.9

Wholesale price index 267 6.0
178 0

89 -5.0

Parameters affecting O&M costs—multiplicative

Reactivation frequency, weeks between 3 145.9
6 100.0

9 72.1

Capacity factor, percent 50 105.2
70 100.0

100 92.4
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TABLE 1.28 Common Sources of Financing for Pollution Control Facilities in the United States

Type of Owner

Water and
Common sources Sewer Investor-owned Private Municipal
of financing Municipalities authorities utilities industry corporations
Corporate bonds o o
Direct bank loans d b
Federal grants and loans o o o
State grants and loans o o o
Retained earnings . .
General obligation bonds d
Revenue bonds o o o
Industrial revenue bonds o o

In the developing nations, additional funding sources, such as multinational agencies, play a significant
role. Examples of these agencies are the World Bank, World Health Organization, and the Agency for Inter-
national Development.

STUDIES AND DESIGNS

Engineering and planning studies can be categorized into three levels, depending upon their objectives. This
section examines common environmental studies within each of these categories. Also, three levels of de-
sign development are discussed.

Policy Studies

Environmental studies for overall policy making vary depending upon the entity that is conducting the study.
In the federal government, policy studies are undertaken to assist in the development and implementaton of
environmental regulations. Local, state, and regional governments often undertake comprehensive commu-
nity planning studies to establish priorities for specific projects. Industries commonly conduct environmen-
tal audits to assess the needs for making improvements.

Federal Studies. Environmental policy studies, i.e., those directed at determining a course of action, are
commonly performed in the federal sector by the EPA as well as several other agencies with major envi-
ronmental interests. EPA has the greatest impact on the environment through development of standards,
regulations, and guidelines for the regulated community. The direction of federal regulations generally in-
fluences agencies at the regional, state, and local levels, and therefore has a “ripple” effect throughout the
country. Policy studies are conducted in all media (air, water, and solid and hazardous wastes) and may
have as their purpose the development or evaluation of basic scientific data, application or extrapolation of
basic information into the “real world,” and evaluation of secondary or induced effects, including econom-
ic impacts.

The specific involvement of environmental engineers could be in such activities as wastewater treatabil-
ity studies to define permissible effluent levels, measurement of emission levels from air pollution control
devices to identify the most effective control approach, and evaluation of the compatibility of liner materi-
als with various hazardous wastes to determine the most dependable material for specific applications.
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Policy also involves the estimation of secondary impacts, such as the economic impact on an industrial
segment or a geographic area. In this activity, the environmental engineer would work closely with other sci-
entific disciplines, e.g., economists, demographers, and planners, in a team approach.

Environmental engineers typically serve at the highest levels within the agencies setting environmental
policy, taking advantage of their broad background, in interpreting data similar to that discussed above.

Community Planning. The comprehensive community plan is prepared to take an overall look at a total
region or a specific part of a region within the context of the larger region of which it is a part. The plan is
based on an extensive review of the natural and socioeconomic resources in the community. Report recom-
mendations lead to policy decisions that establish priorities to implement specific projects. A combination
of talents is required to prepare a proper comprehensive plan. These may include architects, geologists, at-
torneys, ecologists, civil engineers, economists, environmental engineers, geographers, hydrologists, land-
scape architects, planners, political scientists, sociologists, soils scientists, and systems engineers. The
process of comprehensive community planning is illustrated in Figure 1.13. A typical outline for a regional
planning report is presented in Table 1.29.

Environmental Audits. An environmental audit is an objective assessment by independent investigators of
the extent of compliance of a corporation or governmental facility with applicable environmental laws and
regulations. It is based upon a review of pertinent records and technical data. The audit is generally under-
taken for one of the following purposes:

. Assuring compliance with federal, state, and local regulations

. Reducing environmental risks and liabilities

. Cost saving or increasing the efficiency of corporate operations

. Identifying environmental liabilities prior to purchase or sale of property

AW N —

Coupled with the intense interest on the part of industry, a number of federal agencies have indicated that
they feel an auditing program founded on a joint employee—management committee concept would be an ef-
fective mechanism to address compliance.

In January, 1982, the Occupational Safety and Health Administration (OSHA) published proposed proce-
dures to establish voluntary programs to supplement enforcement of the OSHA regulations within the work-
place. The concept is based on employee—management committees with safety and health responsibilities.
The committees would have equal representation, hold regular and documented meetings, and conduct peri-
odic inspections within the workplace. The advantage of the program is that it would specifically lessen the
need for more formalized OSHA inspections, thereby minimizing the pressure on the limited resources of
the OSHA administration. Many of the concepts as proposed by OSHA are now being extended to environ-
mental auditing as well.

EPA followed the lead of OSHA by publishing an Environmental Auditing Policy Statement in the Feder-
al Register on November 8, 1985. The summary stated: “It is EPA policy to encourage the use of environ-
mental auditing by regulated entities to help achieve and maintain compliance with environmental laws and
regulations, as well as to help identify and correct unregulated environmental hazards.”

The following four-step approach to conducting an audit has been effectively utilized by many firms.

1. General overview of a company’s operations as they relate to requirements of such federal agencies as
OSHA and EPA, as well as corporate policies.

2. An analysis of selected regulations and their potential impact on the plants to be studied, as well as the
development of the actual documents needed to perform an audit. This step generally includes the prepa-
ration of audit questionnaires, such as the example presented in Table 1.30.
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TABLE 1.29 Typical Regional Planning Report (/1)

1

. Letter of transmittal to the contracting agency

2. Acknowledgments
3. Table of contents

a. List of tables
b. List of figures

4. Findings, conclusions, and recommendations

5.

Purpose and scope

6. Background data and analysis, as applicable

10.

11.
12.

Geography, hydrology, meterology, geology, and groundwater levels

Population density and characteristics—past, present, future

Soil characteristics; flora and fauna

Transportation and mobility; adequacy and effects produced—present and future

Residential, industrial, commercial, recreational, agricultural, and institutional development and
redevelopment

Land use—present and future; spread of blight and obsolescence; inefficient and desirable land uses
Drainage, water pollution control, and flood control management

Water resources, multiuse planning and development with priority to water supply; environmental impact
Air and water pollution, sewerage, and solid waste management

Public utilities—electricity, gas, oil, heat—and their adequacy

Educational and cultural facilities, size, location, effects

Economic studies—present sources of income, future economic base and balance, labor force, markets, in-
dustrial opportunities, retail facilities, stability

Sociological factors—characteristics, knowledge, attitudes, behavior of the people and their expectations
n. Local government, political organizations, and laws, codes, ordinances

0. Special problems, previous studies and findings, background data, including tax structure and departmental
budgets

mARe PR s 00 o

=

. Project study. This would be a regional or area-wide in-depth study of one or more projects or functions such as

solid waste management, water supply, recreation, vector control, wastewater, or environmental health

. The comprehensive regional plan

a. Alternative solutions and plans

b. Economic, social, and ecologic evaluation of alternatives
c. The recommended regional plan.

d. Site development and reuse plans

. Administration and financing

a. Public information

b. Administrative arrangements, management, and costs

c. Financing methods—general obligation bonds, revenue bonds, special assessment bonds; also grants, incen-
tives, federal and state aid

d. Cost distribution, service charges and rates; capital costs—property, equipment, structures, engineering and
legal services; annual costs to repay capital costs, principal and interest, taxes. Regular and special service
charges and rates

e. Legislation, standards, inspection, and enforcement

f. Evaluation, research and replanning

Appendices

a. Applicable laws

b. Special data

c. Charts, tables, illustrations

Glossary

References
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TABLE 1.30 Excerpt from an Environmental Audit Questionnaire

1. Have all personnel who handle hazardous waste been trained?
a. On-the-job? Yes No
b. Classroom? Yes No

2. Was the training director formally trained? Yes No

3. Does the training program include:

Procedures to use, inspect, repair, replace emergency and monitoring equipment? Yes ___ No
Key parameters for automatic waste feed cut-off systems? Yes No
Communications and alarm systems? Yes No
Response to fires or explosions? Yes No
Response to groundwater contamination? Yes No
Operations shutdown? Yes No

Contingency plan? Yes No

©® -0 0 o

4. Are new employees trained within six (6) months? Yes No
a. Are they continually supervised until trained? Yes No

5. Is there a training review or update annually? Yes No

3. A regulatory compliance review consisting of 3 to 10 days on the plant site (depending on the size and
complexity of the operation).

4. A comprehensive analysis of the company’s compliance posture, i.e., how things stand today compared to
what they should be.

A guide to topics that should be covered in an environmental audit is presented in Table 1.31. State and
local regulations must be reviewed and incorporated into the audit protocol, since often these are more spe-
cific than the Federal regulations.

Feasibility Studies. Once a project has been identified, the next step is a preliminary or feasibility study to
consider in detail the implementation of alternatives, together with approximate costs. For example, water
system study alternatives for a region might include (1) possible service areas and combinations; (2) a well-
water supply with water softening and iron removal; or (3) an upland lake or reservoir with multipurpose
uses requiring land acquisition, water rights, and a conventional water treatment plant.

At the feasibility stage, no detailed engineering is prepared. However, the engineering, legal, economic,
and sociopolitical feasibility of each alternative is presented together with recommendations, cost estimates,
and methods of financing each alternative. A summary of some common types of environmental feasibility
studies that may be performed is presented in Table 1.32.

The feasibility study report must establish the potential alternative; an evaluation of the engineering, le-
gal, economic, and sociopolitical advantages and disadvantages of each alternative; and final conclusions
and recommendations for the preferred alternative. This report is the basis for the design and ultimate con-
struction of a facility. Table 1.33 illustrates a typical feasibility report for a solid waste study.

Design Development

The design development for most pollution control facilities consists of the following three phases of activi-
ty, which occur sequentially and must be completed prior to commencing construction.

1. Conceptual design
2. Preliminary design
3. Detailed design
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Typical Environmental Audit Topics (/2)

Area of compliance

Regulations and permitting/example concerns

L.

10.

11.

Facility Description

. Water Supply

. Asbestos

Management

. Polychlorinated

Biphenyl (PCB)
Management

. Hazardous Material

Management and
Underground
Storage Tanks
(UST)

. Right to Know

. Pesticide Usage

. Air Emissions

. Wastewater

Solid Waste

Hazardous Waste

Regulations: None specific (Good Engineering Practices).

Concerns: Develop an understanding of the facility, its boundaries, prior uses, age and
history, scope of operations, raw materials, processes, products, services, and any past
problems or issues.

Regulations: Safe Drinking Water Act (SDWA).
Concerns: Contaminants in private wells, lead contamination due to piping, and bacteria.

Regulations: Clean Air Act (CAA), Occupational Safety and Health Act (OSHA),

and National Emission Standards for Hazardous Air Pollutants (NESHAP).

Concerns: Presence of Asbestos Containing Materials (ACM), condition of ACM, reno-
vations potentially releasing ACM, and proper disposal of ACM.

Regulations: Toxic Substance Control Act (TSCA).
Concerns: Presence of equipment containing PCBs, proper marking and maintenance
of equipment, and proper disposal.

Regulations: OSHA, Resource Conservation and Recovery Act (RCRA), Comprehen-
sive Response, Compensation and Liability Act (CERCLA), National Contingency
Plan (NCP), Superfund Amendments and Reauthorization Act (SARA), and TSCA.
Concerns: Potential for release to the environment, proper storage, community
emergency response plans, reporting of storage quantities or releases, and proper instal-
lation, monitoring, and testing of USTs.

Regulations: OSHA and SARA.

Concerns: Material Safety Data Sheets (MSDS) complete for chemicals used and post-
ed, SARA Title III reporting, hazardous communications programs, and emergency re-
sponse planning procedures.

Regulations: Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA).
Concerns: Use of licensed applicators, use of approved pesticides, and proper disposal
of containers and residuals.

Regulations: CAA, OSHA, and SARA.

Concerns: Release exceeding National Ambient Air Quality Standards (NAAQS) or
NESHAP, Prevention of Significant Deterioration (PSD) permitting, worker exposure
levels, release reporting under SARA, and potential for radon exposure.

Regulations: Clean Water Act (CWA), National Pollutant Discharge Elimination System
(NPDES) permitting, and RCRA.

Concerns: Maintaining discharges within NPDES or pretreatment limits, sludges may
be listed hazardous wastes, operation properly maintained, use of leach pits or fields,
and control of storm water.

Regulations: Solid Waste Disposal Act (SWDA)-primarily administered by States, and
RCRA.

Concerns: Proper construction and operation of landfills, separate disposal of haz-
ardous waste, past on-site disposal, and former solid waste management units (SWMU).

Regulations: RCRA, CERCLA, and OSHA.

Concerns: Status as a generator, transporter, and treatment, storage, and/or disposal fa-
cility; obtaining proper permits; adequate preparedness and prevention procedures,
record keeping, waste analysis, facility design, groundwater monitoring, contingency
planning, training, closure plans, and financial assurance for closure and liability cover-

age; and assessment of contaminant release from former SWMUs. .
(continues)
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TABLE 1.31 Typical Environmental Audit Topics (continued)

Area of compliance Regulations and permitting/example concerns

12. Spill and Emergency  Regulations: CWA, RCRA, and SARA.

Planning Concerns: Adequate Spill Prevention control and Countermeasure (SPCC) Plan for oil
and petroleum units, adequate contingency plan for hazardous waste units; adequate
emergency response plan for hazardous material units; sufficient on-site spill control
materials; agreements with outside contractors and responding agencies such as police,
fire and hospitals; and adequate training for response.

13. Due Diligence Regulations: CERCLA, SARA, and RCRA.
Concerns: Current property owner may be responsible for clean up of past environ-
mental release sites, prepurchase review of environmental liability, review of past
disposal of practices; sampling for contamination of soil, groundwater, surface
water, and air; sampling for hazardous materials, PCB, asbestos, radon, which are
potential liabilities, review of previous owners and uses, and impacts of adjacent
properties.

Conceptual Design. A conceptual design is the key output of the engineering studies conducted for a new
facility. At a minimum, conceptual process design will contain the following elements:

Proposed process flow diagram

System mass balance

Conceptual site layout

Medium (water, air, solid waste, liquid waste) characteristics
Estimated discharge characteristics

E I S

A conceptual process flow diagram and system mass balance for typical wastewater treatment facilities
are presented in Figs. 1.14 and 1.15, respectively (pages 1.63 and 1.64).

Preliminary Design. The preliminary design is conducted following the conceptual facilities design to
more definitely describe the recommended facilities using preliminary drawings and other supporting infor-
mation. This phase of design is accomplished prior to beginning work on the detailed design disciplines, i.e.,
process or mechanical, structural, electrical, etc. Typical preliminary design activities are listed in Table 1.34
(page 1.65).

All of the elements of the preliminary design are typically combined into a basis of design report, which
serves the following functions:

® Provides a convenient review point for the client to monitor the progress of the project and determine
whether the project is within the capital budget

Optimizes communications between the various disciplines within the design team

Provides a document for a preliminary value engineering review

Serves as a preliminary submittal application to agencies requiring permits

Provides information for a formal in-house review

The report should be dynamic and lend itself to easy updating as the design proceeds. A table of contents
for a typical basis-of-design report is presented in Table 1.35 (page 1.66).
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TABLE 1.32 Types of Environmental Engineering Studies

General
Environmental impact study for siting new facilities
Regional planning study
® Epidemiological survey
Public water supply, treatment, distribution
Wastewater collection, treatment, and disposal
Solid waste management, storage, collection, transportation, processing, and disposal
Air resources management
® Air pollution control
Water Supply
Municipal water supply source studies
Water treatment plant feasibility study
Water treatment plant operations optimization study
Water plant distribution study
Agricultural water resources planning study
Water reclamation and reuse study
Water resources management
Water treatment plant sludge-handling study
Wastewater Treatment
Facilities plan for wastewater management
Waste characterization study
Process waste treatment feasibility study
Pretreatment evaluation
Waste treatment plant operations optimization
Advanced waste treatment study
Granular activated carbon
Powder activated carbon with activated sludge
Ozonation
Reverse osmosis
Marine waste disposal
Solid Waste Sludge-Handling and Disposal
Solid waste collection and routing study
Solid and hazardous waste characterization/classification
Hazardous waste treatment evaluation study
Leachate generation
Leachate treatment
Groundwater monitoring and control studies
Waste Toxicity Studies
Hazardous Waste Disposal Evaluation
Incineration
Secure landfill siting
Land treatment
Air quality and air pollution control
Monitoring
Stack sampling
Emission inventories
Meteorological studies
Dispersion estimates
Diffusion modeling
Water quality
Surface water characterization
Groundwater characterization
Surface water modeling (continues)
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TABLE 1.32 Types of Environmental Engineering Studies (continued)

Water quality (continued)
Groundwater modeling
Hydrologic analyses
Assimilative capacity studies
Oceanographic studies
Aquatic ecology studies

Ambient noise and noise pollution control
Traffic and transportation noise survey
Community and industrial noise surveys
Product noise evaluation

Land resources studies

Industrial hygiene survey
Radiological health survey
Ecological studies

Site selection and permitting assistance
Program planning
Identification and comparative assessment of alternate sites
Environmental baseline studies
Socioeconomic and human impact evaluations

TABLE 1.33 Typical Feasibility Report for a Solid Waste Study (/1)

1. Background information and data analysis, including residential, commercial, industrial, and agricultural solid
wastes
a. Field surveys and investigations
b. Existing methods and adequacy of collection, treatment, and disposal and their costs
c. Characteristics of the solid wastes
d. Quantities, summary tables, and projections
e. Waste reduction at source, salvage, and reuse
2. Solid waste collection, including transportation
a. Present collection routes, restrictions, practices, and costs
b. Equipment and methods used
c. Handling of special wastes
d. Recommended collection systems.
3. Preliminary analyses for solid waste treatment and disposal
a. Available treatment and disposal methods (advantages and disadvantages)—compaction, shredding, sanitary
landfill, incinerator, high-temperature incinerator, pyrolysis, fluidized bed oxidation, bulky waste incinerator,
waste heat recovery, composting, garbage grinders
b. Pretreatment devices—shredders, hammer mills, hoggers, compactors—and their applicability
Disposal of special wastes-automobile, water and wastewater treatment plant sludges, scavenger wastes, in-
dustrial sludges and slurries, waste oils, toxic and hazardous wastes, rubber tires, agricultural wastes, pesti-
cides, forestry wastes.
Treatment and disposal of industrial wastes
Transfer stations, facilities, and equipment
Rail haul, barge haul, other
. Alternative solutions and costs.
eview of possible solutions
Social and political factors
Existing and potential best land use within 1500 ft of treatment and disposal site and aesthetic considerations
Site development and reuse plans
Special inducements needed
Preliminary public information and education
Capital and operating costs.
5. Recommended solution.

S
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TABLE 1.34 Typical Preliminary Design Activities

1. Prepare preliminary design drawings
a. Process and instrumentation diagrams
b. Material balance
c. Site plan(s)
d. Hydraulic profiles
e. Equipment layout drawings
2. Develop major equipment list
a. Size and capacity
b. Materials of construction
c. Qualified vendors
3. Obtain soils, foundation, and topographic information
a. Review existing data on waste treatment plant site
b. Identify requirements for additional field work (if any)
c. Perform surveying (if required)
d. Perform soils/foundation testing (if required)
4. Develop final design criteria
Process and mechanical
Instrumentation and controls
Electrical
Civil, site, foundation
Structural
f. Architectural
5. Estimate design engineering costs
a. Prepare preliminary list of design drawings
b. Estimate design engineering costs based on historical records of cost per sheet of drawing for each design
discipline
6. Estimate construction costs
a. Update major equipment cost estimates
b. Takeoff instrumentation and control items and estimate their costs
c. Update other elements of the design
7. Prepare basis of design report
a. Prepare draft report
b. Obtain comments from client and in-house reviews
c. Finalize report

o oo

Detailed Design. A complete detailed design package of construction documents is required to enable a
competent contractor to build the required facilities. The detailed design also includes equipment specifica-
tions that are sufficient to bid and purchase all required equipment. Typical detailed design activities are il-
lustrated in Table 1.36. The sequencing of preliminary and detailed design tasks for a wastewater treatment
facility is shown in Fig. 1.16 (page 1.68). A construction specification outline is illustrated in Table 1.37
(page 1.67).

Reliability

Objectives for a facility’s performance reliability are site-specific. For example, a water treatment plant with
a protected water supply watershed and large volumes of finished water storage must be reliable but can
safely operate without the extensive reliability criteria required for a hazardous waste remediation or waste-
water treatment facility upstream of a surface water supply. Maximum reliability is achieved when no single
component failure at full design conditions can impair the performance of any individual unit or the facility
as a whole.
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TABLE 1.35 Typical Basis of Design Report Outline

1. Introduction
2. Predesign engineering
3. Process and mechanical design
a. Equipment design criteria
b. Equipment list
¢. HVAC requirements
d. Fire protection
e. Corrosion protection
4. Civil or site design
Rough grading
Finish grading
Dewatering
Drainage
Foundation requirements
f. Utilities
5. Architectural design
a. Preliminary building design
6. Structural design
a. Reinforced concrete
b. Structural steel
7. Electrical design
a. Power distribution
b. Lighting
8. Instrumentation and controls design
a. Control philosophy
b. Hardware requirements
c. Computer interfaces
9. Construction considerations
Appendix A Treatability Study Data
Appendix B Preliminary design drawings
Process and instrumentation diagrams
Material balance
Site plan(s)
Hydraulic profiles
Equipment layout drawings
Appendix C  Soil and foundation report

o0 o

The U.S. Environmental Protection Agency (EPA) has reliability guidelines (30) for wastewater treatment
facilities that describe precautions applicable to a variety of environmental engineering projects. Further en-
hancements may include design features and operational strategies, including instrumentation and operator
interface. During design, failure mode/effects analyses can be used to test the application and acceptability
of reliability guidelines for individual components.

Facility reliability is achieved through backup equipment, multiple units, and an overall system providing
multiple opportunities to achieve facility performance objectives. Reliability can be designed into a facility
by a separate analysis of risks, costs, and benefits or by the use of generally recognized criteria, such as
EPA’s reliability classification requirements.

The objective of EPA’s reliability requirements are to cost-effectively design a system that will consis-
tently protect public health, achieve water quality and pollution control objectives for both surface and
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TABLE 1.36 Detailed Design Activities

1.

10.

Mechanical drawings

a. Process and mechanical drawings
b. HVAC

c. Piping

Civil or site drawings

a. Grading and drainage

b. Roadways

c. Impoundments

d. Utilities

Instrumentation and controls drawings
a. P&IDs

b. Loop diagrams

c. Signal paths

d. Instrument mounting details
Structural and architectural drawings
a. Foundations

b. Reinforced concrete

c. Structural steel

d. Buildings

Electrical drawings

a. Power distribution

b. Controls

c. Lighting

Major equipment specifications

a. Process equipment

b. Substations and motor control centers
c. Control panels

d. Buildings (if prefabricated)
Minor equipment specifications
Construction specifications

a. Site work and concrete

b. Buildings

¢. Mechanical

d. Electrical

e. Instrumentation and controls
Final design review and corrections
a. In-house review

b. Client review

c. Final corrections

Construction cost estimate

Detailed takeoff

. Unit prices

Risk analysis to establish proper contingency level
. Capital costs

po o
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TABLE 1.37 Construction Specification Outline (/3)

Division 0 Bidding and contract requirements

00010
00100
00200
00300
00400
00500
00600
00700
00800
00950
00900

Prebid information

Instructions to bidders
Information available to bidders
Bid/tender forms

Supplements to bid/tender forms
Agreement forms

Bonds and certificates

General conditions of the contract
Supplementary conditions
Drawings index

Addenda and modifications

Division 1 General requirements

01010
01020
01030
01040
01050
01060
01070
01080
01100
01150
01200
01300
01400
01500
01600
01650
01660
01700

Summary of work

Allowances

Special project procedures

Coordination

Field engineering

Regulatory requirements

Abbreviations and symbols

Identification systems
Alternates/alternatives

Measurement and payment

Project meetings

Submittals

Quality control

Construction facilities and temporary controls
Material and equipment

Starting of systems

Testing, adjusting, and balancing of systems
Contract closeout

Division 2  Sitework

02010
02050
02100
02150
02200
02300
02350
02400
02440
02480
02500
02590
02600
02700
02800
02850
02880

Subsurface investigation
Demolition

Site preparation

Underpinning

Earthwork

Tunnelling

Piles, caissons, and cofferdams
Drainage

Site improvements

Landscaping

Paving and surfacing

Ponds and reservoirs

Piped utility materials and methods
Piped utilities

Power and communication utilities
Railroad work

Marine work

Division 3 Concrete

03050
03100
03150

Concreting procedures
Concrete formwork
Forms

03180 Form ties and accessories
03200 Concrete reinforcement
03250 Concrete accessories
03300 Cast-in-place concrete
03350 Special concrete finishes
03360 Specially placed concrete
03370 Concrete curing

03400 Precast concrete

03500 Cementitious decks
03600 Grout

03700 Concrete restoration and cleaning

Division 4 Masonry

04050 Masonry procedures

04100 Mortar

04150 Masonry accessories

04200 Unit masonry

04400 Stone

04500 Masonry restoration and cleaning
04550 Refractories

04600 Corrosion-resistant masonry

Division 5 Metals

05010 Metal materials and methods
05050 Metal fastening

05100 Structural metal framing
05200 Metal joists

05300 Metal decking

05400 Cold-formed metal framing
05500 Metal fabrications

05700 Ornamental metal

05800 Expansion control

05900 Metal finishes

Division 6 Wood and plastics
06050 Fasteners and supports

06100 Rough carpentry

06130 Heavy timber construction
06150 Wood-metal systems

06170 Prefabricated structural wood
06200 Finish carpentry

06300 Wood treatment

06400 Architectural woodwork
06500 Prefabricated structural plastics
06600 Plastic fabrications

Division 7 Thermal and moisture protection
07300 Shingles and roofing tiles

07400 Preformed roofing and siding

07500 Membrane roofing

07570 Traffic topping

07600 Flashing and sheet metal

07800 Roof accessories

07900 Joint sealants

Division 8 Doors and windows
08100 Metal doors and frames
08200 Wood and plastic doors (continues)

1.69
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TABLE 1.37 Construction Specification Outline (continued)

Division 8 Doors and windows (cont.)

08250
08300
08400
08500
08600
08650
08700
08800
08900

Door opening assemblies
Special doors

Entrances and storefronts
Metal windows

Wood and plastic windows
Special windows
Hardware

Glazing

Glazed curtain walls

Division 9 Finishes

09100
09200
09230
09250
09300
09400
09500
09550
09600
09650

Metal support systems
Lath and plaster
Aggregate coatings
Gypsum wallboard

Tile

Terrazzo

Acoustical treatment
Wood flooring

Stone and brick flooring
Resilient flooring

0980 Carpeting

09700
09760
09800
09900
09950

Special flooring
Floor treatment
Special coatings
Painting

Wall covering

Division 10  Specialities

10100
10150
10200
10240
10250
10260
10270
10280
10290
10300
10340
10350
10400
10450
10500
10520
10530
10550
10600
10650
10670
10700
10750

Chalkboards and tackboards
Compartments and cubicles
Louvers and vents

Grilles and screens

Service wall systems

Wall and corner guards
Access flooring

Specialty modules

Pest control

Fireplaces and stoves
Prefabricated steeples, spires, and cupolas
Flagpoles

Identifying devices
Pedestrian control devices
Lockers

Fire extinguishers, cabinets, and accessories
Protective covers

Postal specialties

Partitions

Scales

Storage shelving

Exterior sun control devices
Telephone enclosures

10800
10900

Toilet and bath accessories
Wardrobe specialties

Division 11 Equipment

11010
11020
11030
11040
11050
11060
11070
11080
11100
11110
11120
11130
11140
11150
11160
11170
11190
11200
11300
11400
11450
11460
11470
11480
11500
11600
11650
11700
11780
11800
11850

Maintenance equipment

Security and vault equipment
Checkroom equipment

Ecclesiastical equipment

Library equipment

Theater and stage equipment

Musical equipment

Registration equipment

Mercantile equipment

Commercial laundry and dry cleaning equipment
Vending equipment

Audiovisual equipment

Service station equipment

Parking equipment

Loading dock equipment

Waste handling equipment

Detention equipment

Water supply and treatment equipment
Fluid waste disposal and treatment equipment
Food service equipment

Residential equipment

Unit kitchens

Darkroom equipment

Athletic, recreational, and therapeutic equipment
Industrial and process equipment
Laboratory equipment

Planetarium and observatory equipment
Medical equipment

Mortuary equipment
Telecommunication equipment
Navigation equipment

Division 12 Furnishings

12100
12300
12500
12550
12600
12670
12700
12800

Artwork

Manufactured cabinets and casework
Window treatment

Fabrics

Furniture and accessories

Rugs and mats

Multiple seating

Interior plants and plantings

Division 13  Special construction

13010
13020
13030
13040
13050
13060
13070

Air supported structures
Integrated assemblies
Audiometric rooms
Clean rooms
Hyperbaric rooms
Insulated rooms
Integrated ceilings
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Division 13  Special construction (cont.)

13080
13090
13100
13110
13120
13130
13140
13150
13160
13170
13200
13210
13220
13410
13510
13520
13530
13540
13550
13560
13600
13700
13800
13900
13940
13970
13980
13990

Sound, vibration, and seismic control
Radiation protection

Nuclear reactors

Observatories

Pre-engineered structures

Special purpose rooms and buildings
Vaults

Pools

Ice rinks

Kennels and animal shelters
Seismographic instrumentation

Stress recording instrumentation

Solar and wind instrumentation

Liquid and gas storage tanks
Restoration of underground pipelines
Filter underdrains and media

Digestion tank covers and appurtenances
Oxygenation systems

Thermal sludge conditioning systems
Site constructed incinerators

Utility control systems

Industrial and process control systems
Oil and gas refining installations and control systems
Transportation instrumentation

Building automation systems

Fire suppression and supervisory systems
Solar energy systems

Wind energy systems

Division 14 Conveying systems

14100
14200

Dumbwaiters
Elevators

14300 Hoists and cranes

14400 Lifts

14500 Material handling systems
14600 Turntables

14700 Moving stairs and walks
14800 Powered scaffolding
14900 Transportation systems

Division 15 Mechanical

15050 Basic materials and methods
15200 Noise, vibration, and seismic control
15250 Insulation

15300 Special piping systems
15400 Plumbing systems

15450 Plumbing fixtures and trim
15500 Fire protection

15600 Power or heat generation
15650 Refrigeration

15700 Liquid heat transfer

15800 Air distribution

15900 Controls and instrumentation

Division 16 Electrical

16050 Basic materials and methods
16200 Power generation

16300 Power transmission

16400 Service and distribution
16500 Lighting

16600 Special systems

16700 Communications

16850 Heating and cooling

16900 Controls and instrumentation

groundwater resources, and prevent environmental damage. The three reliability classifications designated
by EPA are:

1. Class [—Treatment facilities that discharge into navigable waters that could be permanently or unaccept-
ably damaged by effluent that is degraded in quality for only a few hours (e.g., discharges near drinking
water sources, into shellfish waters, or in close proximity to areas used for contact sports)

2. Class [I—Treatment facilities that discharge into navigable waters that would not be permanently or un-
acceptably damaged by short-term effluent quality degradation but could be damaged by continued (sev-
eral days) effluent quality degradation (e.g., discharges into recreational waters)

3. Class [II—Treatment facilities not otherwise designated as Class I or II

Reliability requirements are defined for the three major systems within a wastewater treatment facility: the
wastewater treatment system; the sludge-handling and disposal system; and the electrical power system. Re-
liability requirements for each of these three systems are shown in Tables 1.38, 1.39, and 1.40, respectively.
(30, 31)
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TABLE 1.38 Wastewater Treatment System Reliability

Features Common to Class I, II, and I1I

Trash removal or comminution

Grit removal—not applicable to treatment works that do not pump or dewater sludge (e.g., stabilization ponds)

Provisions for removal of settled solids—applicable to channels, pump wells, and piping prior to degritting or
primary sedimentation

Holding basin—applicable to Class I with adequate capacity for all flows

Unit operation bypass—not applicable where two or more units are provided and operating unit can handle peak
flow; applicable to comminution regardless of number of units

Component Backup Features Class I Class 11 Class IIT
Backup bar screen for mechanically Yes Yes Yes

cleaned bar screen or comminutor
Backup pump Yes? Yes? Yes
Primary sedimentation basins Multiple basins® Multiple basins” Minimum, two”
Trickling filters Multiple filters® Multiple filters? No backup
Aeration basin Minimum of two of Minimum of two of  Single basin

equal volume equal volume permissible

Blowers or mechanical aerators Multiple units? Multiple units? Minimum, two?
Air diffusers Multiple sections® Multiple sections® Multiple sections®
Final sedimentation basins Multiple basins® Multiple basins” Minimum two?
Chemical flash mixer Minimum of two or backup/  No backup No backup
Chemical sedimentation basins Multiple basins® No backup No backup
Filters and activated carbon columns Multiple units® No backup No backup
Flocculation basins Minimum, two No backup No backup
Disinfectant contact basins Multiple basins” Multiple basins” Multiple basins”

“Sufficient capacity of remaining pump to handle peak flow with one pump out of service.

bWith largest unit out of service, remaining units have capacity for at least 50% design flow.

°With largest unit out of service, remaining units have capacity for at least 75% design flow.

4With largest unit out of service, remaining units able to maintain design oxygen transfer; backup unit may be uninstalled.
°With largest section out of service, oxygen transfer capability not measurably impaired.

/1f only one basin, backup system provided with at least two mixing devices (one may be uninstalled).

Value Engineering

The objective of value engineering (VE) is to make a structured review of a project by a carefully selected
team of engineers not previously involved with the project in order to identify potential savings in capital
and/or operating costs. Studies conducted by the U.S. Naval Facilities Engineering Command, U.S. General
Services Administration, and EPA have concluded that proper use of the VE concept can save an average of
at least 10% of the construction cost of major projects.

In VE, the objective is to improve the relationship of worth to cost through the study of functions. Worth
is the amount that is to be paid for a function, which is a purpose for which an item is identified. With this
premise, the VE work plan systematically uses eight phases for analysis, as described below.

1. Information Phase. During the information phase, general data for use in the decision-making process
is assembled. These data include basic cost information as well as specific design conditions and criteria.
Also included are design history, background, and concepts. More detailed information may be available,
such as completed engineering plans and specifications for a construction project.
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TABLE 1.39 Sludge-Handling and Disposal System Reliability

Features Common to Class I, II, III
Alternate methods of sludge disposal and/or treatment—applicable to unit operations without backup capability.
Provisions for preventing contamination of treated groundwater.
Component Backup Features Common to Class I. IL and I1I
Sludge holding tanks—permissible as alternative to backup capability with adequate capacity for estimated time
of repair
Backup pump—sufficient capacity of remaining pumps to handle peak flow with one pump out of service; back-
up pump may be uninstalled
Anaerobic sludge digestion
Digestion tanks—at least two digestion tanks
Sludge mixing equipment—backup equipment or flexibility of system such that with one piece of equipment out
of service, total mixing capability is not lost; backup equipment may be uninstalled
Air diffusers—with largest selection out of service, oxygen transfer capability is not measurably impaired
Vacuum filter—multiple filters with capacity to dewater design sludge flow with largest-capacity filter out of
service; each filter is serviced by two vacuum pumps and two filtrate pumps
Centrifuges—multiple centrifuges with capacity to dewater design sludge flow with largest-capacity centrifuge
out of service
Incinerators—backup not required; backup required for critical auxiliary components (e.g., center-shaft cooling
fan)

TABLE 1.40 Electric Power System Reliability

Features Common to Class I, II, and III
Power sources—two separate and independent electric power sources from either two separate utility substations
or one substation and one standby generator

Capacity of backup power source Class I Class II“ Class 1114
Mechanical bar screen or comminutors Yes Yes Yes
Main pumps Yes Yes Yes
Degritting Optional No No
Primary sedimentation Yes Yes Yes
Secondary treatment Yes Optional No
Final sedimentation Yes Optional No
Advanced waste treatment Optional Optional No
Disinfection Yes Yes Yes
Sludge handling and treatment Optional No No
Critical lighting and ventilation Yes Yes Yes

9At least treatment equivalent to sedimentation and disinfection.

2. Functional Phase. The functional phase evaluates each component on the basis of a verb and noun re-
lationship. For example, the relationship for a pipe is to “convey fluid.” The components are then evaluated
as primary or secondary needs while assessing their worth versus anticipated cost. For example, the hy-
draulic system of a wastewater treatment plant may include slide gates. In VE, their function, which is to
control flow, may be considered a secondary need and as such will have a very low worth.

3. Creative Phase. In the creative phase, creative thinking is used to generate alternative means to satisfy
the function. During this phase, it is important not to evaluate ideas but to identify them for refinement dur-
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ing later phases. It is in the creative phase that a series of ideas is used to encourage the identification of al-
ternates that might normally be subconsciously avoided during the judgment phase.

4. Judgment Phase. The merits of each alternative are evaluated during the judgment phase. It is during
this phase that potential advantages and disadvantages are enumerated and a ranking of ideas is made. The
resulting primary ideas are evaluated further through a judgment matrix. Weighted constraints are used to
make a relative evaluation of the alternatives. Some of the more common constraints considered are life-
cycle cost, aesthetics, safety, as well as many that are site-specific, such as expandability or environmental
impact. A typical format used during this phase is shown in Fig. 1.17.

5. Development Phase. From the judgment phase, ideas are selected and prepared for more in-depth re-
view during the development phase. It is during this phase that preliminary cost estimates are made and a
cost-effective analysis is performed for the alternatives. Also, the use of alternative analyses for potential
project savings is first identified in the development phase. The final step in the development phase is to use
the cost-effectiveness information to update the judgment matrix prior to final selection of an alternative.

6. Presentation Phase. During the presentation phase, the chosen alternative is presented to show its ca-
pability to meet the functional requirements and its cost benefits over the necessary service life. The
changes are identified for cost savings in terms of dollars and of percent of overall project cost.
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FIG. 1.17 Typical format used during the judgment phase of value engineering. (Reproduced Courtesy of Engineer-
ing-Science, Inc.)
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7. Implementation Phase. The implementaion phase is that portion of work in which the recommended
alternative is incorporated into the project. In a construction project, this may require a change in engineer-
ing plans and/or specifications prepared for the project.

8. Follow-up Phase. Finally, the follow-up phase is necessary to report the actual cost savings of the pro-
posed alternative or change. Also, it is during this phase that the change is evaluated to determine if it per-
formed as required.

To date, the application of VE has a demonstrated savings potential in the construction industry. More-
over, cost savings do not have to be the basic parameter of study. Saving time, improving aesthetics, elimi-
nating critical materials, and other functions can be made the objective of a VE study.

One or more of the VE principles is used in every decision process. For example, a design engineer will
evaluate cost, performance, and reliability data on pieces of equipment. The final selection will also be in-
fluenced by consultation with others. Thus, VE principles are often best applied by strengthening ongoing
decision-making systems rather than solely as a postdesign process to seek cost reductions.

CONSTRUCTION

Following the completion of the project design, the acceptance of that design by the client, and the decision
by the appropriate authorities to advertise for bids, the project can be said to have moved to the construction
phase. During the construction phase, an environmental engineering firm may be involved in any one or
more of several different levels of responsibility for the administration of the contracting procedures. If the
engineering firm has an involvement during construction, the level of that involvement, in order of increas-
ing responsibility and authority, would be one of the following:

. Contract administration

. Resident representation

. Resident engineering

. Construction management

. Turnkey: design—construction

DA W=

In general, each of the various levels of involvement contains the elements of the level or levels above it.
That is to say, it is unlikely that an engineering firm would have effective resident representation without
contract administration, and in fact, experience indicates such a situation would likely result in difficulty and
should be avoided unless overriding outside considerations prevail. The activities, responsibilities, and the
authority at each level are summarized in Table 1.41 and described below.

Contract Administration

Contract administration responsibilities do not involve the engineering firm in the contract between the
client and contractor. The engineer’s role is to provide assistance to the client within areas of its expertise so
that the client may take such action as is required to advance the construction.

Resident Representation

Resident representation, like contract administration, does not involve the engineer in any way in the con-
tract between the client and the contractor. The thrust of the engineer’s effort must always be to provide tech-
nical and administrative assistance to the client in his or her efforts to manage the construction.
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TABLE 1.41 Responsibilities for Construction Activities®

Level of responsibility

Turnkey
Contract Resident Resident  Construction  design—
Project activities administration representation engineering management construction
Engineering/design phase
1. Detailed design, drawings, and (6] o o (6] X
specifications
2. Contract document preparation (0] o (0] X X
3. Subcontract packaging (6] O o X X
4. Construction cost estimation (6] o o X X
5. Construction scheduling O o o X X
Preconstruction phase
1. Vendor and subcontractor (6] o o X X
prequalification
2. Bid solicitation and analysis (6] o o X X
3. Conduct prebid and preconstruction (0] o o X X
conferences
4. Detailed construction planning (0] (0] X X X
Construction phase
1. Submittal of shop drawings, catalog (0] o (¢ (0] X
cuts, laboratory reports, test data,
and erection procedures to verify
conformance with contract drawings
and specifications
2. Construction observation and X X X X
documentation, i.e., daily log, of
on-site construction activities
3. Expediting of equipment deliveries (6] o o X X
4. Subcontractor supervision X o o X X
5. Resolution of field problems (0] o o X X
encountered during construction
6. Status reporting to owner X X X X X
7. Progress payment requests (0] (0] X X
8. Verification of conformance with ¢ X X X
contract documents
9. Change order preparation (0] o X X X
10. Technical decision making (6] o o (6] X
11. Community relations o o X X
12. Conduct project meetings o o X X
13. Safety assurance (6] o o (6] X
14. Cost and schedule control (0} (0] (0] X X
15. Interface with design engineering X X X X
staff
16. Equipment installation, start-up, (0] o o X X
and testing
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TABLE 1.41 Responsibilities for Construction Activities® (continued)

Level of responsibility

Turnkey
Contract Resident Resident  Construction  design—
Project activities administration representation engineering management construction
Postconstruction phase
1. Final inspection of completed o (0] X X X
facilities
2. Demonstration of adequate (6] (6] o X
process performance
3. Preparation of record drawings o (0] (0] X X
4. Development of operation and o (6] (6] X X
maintenance manuals
5. Enforcement of equipment O (0] (0] X

warranties

4X = Primary responsibility; O = Assistance or review responsibility.

The size and complexity of the project, as well as the agreed duties to be performed under resident repre-
sentation, will dictate the personnel to be assigned to these responsibilities. Generally, there will be at least one
full-time person assigned to the project. In the event of extensive administrative duties, additional on-site per-
sonnel may be required. From time to time, it is likely that engineers with specific specialties will be required
to adequately perform the duties required under resident representation. The contract with the client should
provide for these engineers on an as-needed basis and in addition to the full-time representation.

Resident Engineering

It is possible for an engineering firm to become involved in several different levels of responsibility within
the general classification of resident engineering. The differences may be quite significant and could require
very careful definition in the contract between the engineer and the client. It is also desirable that the re-
sponsibilities of the engineer be clearly delineated in the construction specifications, so that the contractor
will know the source of instructions or assistance that may be required.

In contrast to resident representation and contract administration, it is likely that, with resident engineer-
ing responsibilities, personnel from the engineering firm may become the limited agents of the client. This
authority is limited to the responsibilities assumed by the engineer under the contract with the client and will
relate to the client’s participation in the administration of the project. If the client has personnel who have re-
sponsibility for facilities maintenance or construction, or if the client chooses to employ an inspection and
testing firm, the responsibilities of resident engineering may be divided. Otherwise, the authority and re-
sponsibility of the engineering firm will be quite extensive and the compensation should be commensurate.

The individual serving as the resident engineer should possess several particular qualifications. The resi-
dent engineer should:

1. Be a registered engineer for the geographical area of the project, and additionally might possess other
certifications appropriate to the project

2. Be a proven capable administrator able to manage his or her staff successfully and to maintain the respect
of the contractor and the client
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3. Possess the technical competence required by the complexity of the project

4. Be knowledgeable or able to quickly become knowledgeable of the engineering firm’s organization and
the assistance available to him or her from within the firm and its connections

5. Possess a personality and bearing that will engender a sense of respect and confidence on the part of the
people with whom he or she must deal

The balance of the personnel assigned to the project would be subordinate to the resident engineer and
would act under his or her direction and control. These individuals would of course vary considerably in
numbers, dependent upon the size of the project, and might approximate the following classifications and
functions.

1. Project engineer

Serve as acting resident engineer in the absence of the resident engineer

Coordinate and check all engineering and surveying on the project

Maintain the project set of record drawings

Maintain the files of shop drawings and catalog submittals and ascertain that required approvals are in
hand prior to the start of work on items requiring submittals

Maintain a current record of job status by items of work

Review the contractor’s requests for payment and advise the resident engineer as to correctness prior
to approval

Perform such other duties as may be assigned by the resident engineer

2. Resident inspector

Maintain complete familiarity with the contract requirements pertinent to the type of work to which
the inspector is assigned

Maintain complete knowledge of the contractor’s schedule of operations as it affects the individual in-
spector in order that he or she may be at the site of work in progress whenever appropriate

Complete all required testing procedures in a timely manner and with as little interference to the work
as possible

Report to the resident engineer any deviations from the contract documents as soon as they are observed
Maintain a professional attitude and manner in dealing with contractor personnel in order to foster a
spirit of cooperation toward a common effort to secure a high standard of quality in construction

3. Project clerk

Assist the resident engineer in the administrative responsibilities of the project

Maintain a complete set of files and logs of all paperwork relative to the project

Maintain the posting of all required notices on the project

Be available on the project at all times during working hours to receive telephone messages and corre-
spondence.

Foster good public relations by means of a good attitude, manner, and level of competence with all in-
dividuals coming in contact with the office of the resident engineer

Assist the resident engineer by maintaining a complete file and log of all material delivery slips for all
items delivered to the project by type and data. Insofar as possible, maintain an inventory of delivered
materials not yet incorporated in the work in order to aid in the preparation of estimates. As material is
incorporated, indicate in the record the location of its use

Construction Management

Unlike contract administration, resident representation, or resident engineering, construction management
requires the assumption of direct responsibility for construction as well as for engineering activities. Con-
struction management services can be provided by either the engineering firm that designed the facility or
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by an independent construction management firm. In either case, the organization providing construction
management services must have personnel with expertise in construction techniques, procurement methods,
and cost and schedule control, as well as design engineering.

There are three commonly used methods for contracting between the owner and the construction manag-
er. These are listed below in increasing order of responsibility for the construction manager.

1. Equipment purchase orders and construction contracts are between the owner and the equipment vendor
or contractor performing the work. The construction manager advertises for bids, evaluates the bids, and
prepares all purchase requisitions and contracts for the owner’s signature. The construction manager su-
pervises the activities of the vendors and contractors; the owner makes payments directly to the vendors
and contractors.

2. Equipment purchase orders and construction contracts are issued by the owner as above, but the con-
struction manager pays for the services by drawing from a letter of credit established by the owner.

3. The construction manager issues purchase orders and construction contracts directly. As above, payment
is made by the construction manager drawing from the owner’s letter of credit.

The construction manager’s compensation generally consists of agreed upon hourly rates for time spent
on the project, plus expenses, plus a percentage of the construction and equipment contracts that are being
managed. The percentage is a function of which of the above levels of responsibility is assumed by the con-
struction manager.

An organization chart for construction management of a typical wastewater treatment plant is shown in
Fig. 1.18. The resident engineering manager is in charge of the construction activities and reports to the pro-

Project manager

Procurement Cost/schedule
control
Engineering c ;Z‘;'ﬂgg; n Start-up
manager manager manager
Engineering Field Start-up
team inspectors specialist

FIG. 1.18 Typical construction management organization.

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.
Any use is subject to the Terms of Use as given at the website.



ENVIRONMENTAL ENGINEERING

1.80 CHAPTER 1

ject manager. He or she also communicates with the engineering manager and start-up manager in order to
assure smooth transitions from phase to phase.

Turnkey: Design-Construction

In all of the construction services described thus far, the organization performing the service is assisting the
owner or acting as the owner’s agent. A turnkey—design and construction—contract requires a firm to
maintain not only responsibility but also ownership until the facility has been constructed, has been started
up, and has demonstrated compliance with the performance specifications. Most turnkey contracts also
specify a fixed price, which is established at the beginning of the detailed design phase.

Turnkey approaches for wastewater treatment facilities are common in Europe and Asia, where large
equipment manufacturers supply most of the equipment themselves, buy what they do not manufacture, and
construct the facilities with their own or subcontracted forces. These manufacturers also perform the de-
tailed design based upon a preliminary design and performance specifications prepared by the owner.

In the United States, some of the large oil companies use the turnkey approach for a variety of refinery
facilities, including waste treatment facilities. Other examples of common turnkey projects include such
things as incinerators, SO, scrubbers, and other equipment supplied as a “package,” including detailed de-
sign, fabrication, installation supervision, and start-up.

START-UP AND TRAINING

Start-up of new or modified facilities and training of operations personnel to operate the processes is the last
critical step in the implementation of any pollution control technology. Start-up procedures and the training
of new or experienced personnel must be very carefully planned in order to meet start-up schedules in a safe
and effective manner. The essential elements necessary to establish an ongoing successful operation are de-
scribed below.

Equipment Checkout

The start-up team generally becomes involved in a project when construction is nearly completed and equip-
ment checkout is required. In many cases, the construction contractor will have responsibility for assuring
the operability of all mechanical equipment, electric motors, and instruments, and the integrity of all piping,
ductwork, and tankage. However, this normally does not include the responsibility to put the process into op-
eration as a system.

Therefore, the first activity of the start-up team is to review the equipment checkout activities, including
instrumentation, which is generally the last to be installed and checked, with the construction contractor in
preparation for actual process start-up. The start-up team usually consists of process engineers, lead opera-
tors, operations specialists in start-up and training, and supervisory and maintenance personnel for mechan-
ical, electrical, and instrumentation systems, as required.

Once the contractor and start-up team agree that the process is ready to run, the start-up supervisor pre-
pares a detailed plan for putting the process into operation. Some of this plan can be prepared prior to the
on-site start-up, but it must include detailed instructions concerning set points, valve settings, sampling,
analyses, expected performance, and potential signs of trouble. An example of such a start-up procedure is
shown in Table 1.42. One other important item that should be taken care of at this point is the ordering of
any special tools, chemicals, or equipment that may be needed during the start-up. This will avoid embar-
rassing delays if key items are difficult or time-consuming to obtain.
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TABLE 1.42 Excerpt from a Start-up Procedure for a Sludge Belt Filter Press

Step sequence Information and details
1. Set HAND-AUTO switch to HAND Located on control panel.
2. Lock the belt tracking switches ON Located on control panel
3. Lock the tracking alarm switch to Located on control panel
ALARM-SHUTDOWN
4. Prepare conditioning solution Prepare proper dilution of sludge conditioning agent
5. Switch components ON in the following order: Located on control panel
a. Drive
b. Spray water
c. Filtrate pump
d. Fan
e. Conveyors
f. Polymer pump
g. Sludge pump
6. Adjust pressure roller See Section 3.10.1 of manufacturer’s instructions
7. Observe belt steering under operating conditions See Section 3.10.1 of manufacturer’s instructions if

adjustment is required

The equipment checkout activity itself involves operating the entire process as a unit on an intermittent or
trial basis. For example, clean water might be used for checkout of a wastewater treatment system. This pe-
riod should also be used to calibrate all instruments and metering equipment. Calibration curves should be
developed where appropriate, and on-line testing of all monitoring equipment should be conducted.

The time required for this activity varies widely according to the complexity of the process, the compe-
tence of the construction contractor, and the adequacy of the design. However, a typical range of periods re-
quired for most pollution control systems is three days to two weeks. Continuous or long-term operation of
the facilities on the material to be treated (gas, liquid, or solid) should not be initiated until the operations
supervisor indicates that the process as a whole is safe to put in operation.

Process Start-up

Process start-up on the actual material to be treated is initiated upon instructions from the start-up supervi-
sor according to the detailed start-up plan. This period generally demands considerable time and extra effort
by the start-up team, including round-the-clock coverage for critical aspects of some continuous processes.
Experience and skill are also needed to make “on the run” decisions.

Key items that enhance the prospects for a successful start-up include a good start-up plan, well-briefed
operators, availability of skilled maintenance personnel (particularly for instrumentation and mechanical
equipment), and a detailed knowledge of the process in order to solve nonequipment, i.e., process, problems
that arise. Process start-up generally proceeds rather rapidly once everything is ready. Most pollution control
processes can be started up in one to two days if no major failures occur. However, achieving steady-state
operation often requires considerably more time.

Steady-State Operation

Establishing the steady-state operation of a process where the operators are truly in command of the system
is the goal of all start-up activities. The time required to achieve that goal can vary widely, ranging from a
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few hours for a process with a short turnaround time to several months for processes with long time con-
stants such as biological wastewater treatment systems. In fact, “steady-state” is somewhat of a misnomer
when applied to pollution control systems because they generally operate with minimal control over the in-
fluent to the process. Therefore, transition from one state or operating point to another is the rule, and a
steady state can be said to be achieved when the operators can make these transitions without a process up-
set. It is the responsibility of the start-up team to explore various operating strategies and control points to
identify successful process settings that can accommodate the normal variability in the input.

Achieving steady-state operation is to a large extent dependent on keeping and carefully reviewing oper-
ating log sheets and performance data. One of the tasks of the start-up team during this period is to establish
the sampling and analytical requirements necessary to control the process. The location, frequency, and type
of samples required should be specified, and the types of analyses required on each sample must be noted.

A sample log sheet, including typical process operational parameters and sampling and analytical re-
quirements for a wastewater treatment process, is shown in Table 1.43. In terms of establishing steady-state
operation, this information can be used to evaluate the process, determine if it is performing as intended un-
der various input conditions, and identify successful and unsuccessful operating conditions that have been
employed.

Operator Training

Operator training can take several different forms and occurs at various times, including prior to start-up,
during start-up, and following the establishment of steady-state operation. The type of training conducted is
highly dependent on the background and experience of the operating staff to be trained. The range of capa-
bilities and experience may be very broad, ranging from new-hires or trainees to highly experienced supervi-
sors who need to review a new process or type of equipment. For this reason, every training program must be
tailored to the needs of the process and the individuals who will be in the training sessions. However, there
are some common areas that are generally covered in training courses for pollution control systems.

A typical course outline covering a broad range of topics and objectives is shown in Table 1.44. For any
given training course, only portions of this curriculum might be used depending on the class needs.

Key elements that should be incorporated into a training program to make it successful are as follows:

Pretest to identify students’ needs and choose the areas for emphasis in the course.

Operators (not engineers or scientists) should train the operators.

Make a few key points; be sure they are understood; do not present too much.

Use example problems freely; develop them from the actual facility data if possible.

Combine classroom and on-the-job training to broaden trainees’ experience.

Posttest to evaluate the training, the instructor, and to determine how much progress was made.

Recent surveys have shown that one of the most widespread, significant deficiencies of operators in the
pollution control field is the lack of basic process understanding. Therefore, the training should include
what a given unit process is intended to do, how it does it, and how to control it when it is in operation. Far
fewer deficiencies normally exist in knowledge of mechanical equipment and maintenance than in process
control and operating strategies.

Operation and Maintenance Manual

An operations and maintenance (O&M) manual should be a well-worn reference document used by the op-
erators for a variety of day-to-day operations needs. Detailed, valve-by-valve reference manuals cover every
aspect of the system. All are useful documents if they meet their objectives, but one must be careful not to
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TABLE 1.43 Sample Operating Data Log
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TABLE 1.43 Sample Operating Data Log (continued)

CHAPTER 1
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TABLE 1.44 Sample Training Program Curriculum for a Wastewater Facility

1. Introduction and pretest

2. Chemistry and biology Specific to waste treatment operations

3. Wastewater characteristics Solids, COD, BOD, dissolved oxygen, temperature, pH

4. Wastewater terminology Definition of key vocabulary items

5. Wastewater calculations Basic mathematics for treatment plant operators

6. Pretreatment processes Theory, instrumentation, operating procedures, hands-on
operation of equipment

7. Chemical addition and precipitation pH control, use of polymers, dosages, calculations,
operating procedures; hands-on operation of equipment

8. Principles of clarification Theory and practical application, calculations; hands-on
operation of equipment

9. Equalization Theory and practical application

10. Activated sludge Theory and biology of activated sludge, control;

11.

Final clarification

calculations, field examination of process
Theory and principles of control, operation of related

equipment, hands-on operation

Theory and practical application, control calculations, hands-on
operation of equipment

Theory of operation of sludge lagoons and drying beds

Troubleshooting of equipment, pumps, agitators, instruments,
valves, and motors, principles of lubrication

Proper sampling techniques, demonstration of jar test, pH test,
DO measurement, calibration of all lab instrumentation

Collection, interpretation, and use of data, problems in
diagnosing plant conditions through use of data

Review of any areas where questions exist, reexamination

12. Sludge digestion

13. Sludge removal
14. Operation of mechanical equipment

15. Sampling and analytical techniques
16. Data

17. Summary and posttest

prepare the wrong type of manual for a particular application. Supervisors, operators, and maintenance per-
sonnel need different types of information, and it is not always productive to package it all in a single docu-
ment.

A comprehensive outline for an O&M manual for a wastewater treatment facility is shown in Table 1.45.
This includes all of the necessary elements for most O&M manuals and can be used as a reference to choose
sections that might be suitable for a particular application.

A critical aspect of the utility of any O&M manual is that it be written for operators, not engineers, in op-
erators’ language, preferably by an experienced operator. This will make the document much more useful in
the field and more widely accepted by the operators. Also, graphical presentation of information is often
more valuable and useful than narrative or tabular information. Finally, it is generally a good idea to bind an
O&M manual in a loose-leaf binder to facilitate updating of the manual, thus making it more of a working
document and easier to copy for use in the field.

Periodic Operations Reviews

Once a process is in operation and achieving good steady-state performance, one of the most useful opera-
tions assistance techniques is to conduct a monthly (or other selected time period) review of the performance
of the facility. This review should be done by someone not involved in the day-to-day operation or supervi-
sion of that facility and should include a discussion of any problems (process or equipment) encountered, so-
lutions to those problems, review of operating data, adjustment of operating strategy, and identification of
any system design modifications that may be required.
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TABLE 1.45 Sample O&M Manual Table of Contents

Chapter 1 Introduction

Chapter 2 Description of facilities

Chapter 3 Theory of operation and process control
Chapter 4 Standard operating procedures

Chapter 5 Sampling and analytical requirements
Chapter 6 Maintenance

Chapter 7 Safety

Appendices Design drawings

Vendor information
Reference materials
Chemical data information

These reviews are an excellent way to short circuit any minor nuisances before they become major prob-
lems. The plant supervisor is afforded an opportunity to discuss strategies, performance, new technology,
and other operations considerations on a fairly routine basis. This practice often results in improved overall
operation and successful long-term performance.

REGULATION OF WETLANDS

The principal federal program for regulating activities that affect wetland areas is provided by Section 404 of
the Clean Water Act (CWA) (32). Section 404 of the CWA was added in 1972 when Congress made its first
amendments to the Act (33). Under the Section 404 program, the U.S. Army Corps of Engineers (Army
Corps) and U.S. Environmental Protection Agency (EPA) share jurisdictional authority over the dredging
and filling of waters of the United States, including wetlands. Although the Clean Water Act is essentially
silent on which agency has authority to make jurisdictional determinations under the Section 404 Program,
the EPA and Army Corps have formulated agreements detailing their respective jurisdictional responsibili-
ties (34). The Army Corps has primary responsibility for administering the Section 404 program, with guid-
ance from the EPA.

Scope of Section 404 Program

On its face, the express language of Section 404 of the CWA is very limited to requiring permits for the “dis-
charge of dredged or fill material” into “navigable waters” (35). However, this “navigable waters” language
of Section 404 has been interpreted broadly to mean all “waters of the United States, (36) which may in-
clude wetlands (37). The Army Corps’ regulations define “waters of the United States” to mean “[a]ll waters
which are currently used, or were used in the past, or may be susceptible to use in interstate or foreign com-
merce, including all waters which are subject to the ebb and flow of the tide . . .” (38). This definition also
includes “[a]ll other waters such as intrastate lakes, rivers, streams (including intermittent streams), mud-
flats, sandflats, wetlands, sloughs, prairie potholes, wet meadows, playa lakes, or natural ponds, the use,
degradation or destruction of which could affect interstate or foreign commerce . . .” (39). The regulations
also encompass wetlands “adjacent” to waters associated with interstate commerce, and have been interpret-
ed to include jurisdiction over certain “isolated wetlands” (40).

Army Corps’ regulations define dredged material as “material that is excavated or dredged from waters
of the United States (4/). Fill material is defined as “any material used for the primary purpose of replacing
an aquatic area with dry land or of changing the bottom elevation of a waterbody (42). Although the range of
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activities involving dredged and fill material is broad, the Army Corps’ regulatory powers do not extend to
all activities undertaken in wetland areas. For example, the draining of wetlands, which is a major source of
wetland losses, is not expressly regulated or prohibited by Section 404 (43). In addition, when Congress
amended the CWA again in 1977, it chose to exempt several activities from Section 404 requirements, in-
cluding certain farming, silvicultural, and ranching activities (44).

Furthermore, for the first ten or so years of the Section 404 program, the EPA, the Army Corps, and the
courts took the position that Section 404 only regulated physical discharges of dredged or fill material into
navigable waters (35). As such, many activities that could destroy wetlands were not regulated under the
Section 404 program. This narrow “discharge rule” was, however, later eroded by regulatory guidance and
judicial decisions. For example, in one case, the Fifth Circuit ruled that certain land-clearing activities,
which resulted in redeposits of material taken from the wetland, constituted a discharge of a pollutant and,
therefore, required a Section 404 dredge and fill permit (46). Also, in a 1990 Regulatory Guidance Letter
(RGL), the Army Corps expressly indicated that all landclearing activities using mechanized equipment are
subject to 404 permit requirements (47). Further, in another RGL, the Army Corps stated its intention to reg-
ulate projects placed on pilings when the placement of such pilings “is used in a manner essentially equiva-
lent to a discharge of fill material in physical effect or functional use and effect (48).

Section 404 Permit Applications

The Secretary of the Army, acting through the Chief of Engineers, is authorized to issue individual permits
for the discharge of dredged or fill material into the waters of the United States, which includes wetlands
(49). In some circumstances, the Army Corps may issue “Nationwide Permits” for certain activities in juris-
dictional wetlands that are deemed to have minimal environmental impacts (50).

The Army Corps regulations set forth extensive procedures for the permit process (57). Following sub-
mission of a permit application (52), the Army Corps must first decide whether the agency has wetland ju-
risdiction over the proposed project. If the Army Corps has jurisdiction, the next inquiry involves determin-
ing whether the activity requires a permit. Then, the Army Corps may determine that the project will not
degrade wetlands in a manner that would prohibit issuance of a Section 404 permit. The Army Corps may
also issue the permit while requiring project modifications and/or mitigation. An alternative response is the
issuance of a general or “Nationwide” permit, or determination that the project meets any of several statuto-
ry exemptions to the requirement for a Section 404 permit. Finally, the Army Corps may determine that the
project is unacceptable under Section 404, and reject the application.

Section 404(b)(1) Guidelines

When reviewing an application for a Section 404 permit, the Army Corps must consider Section 404(b)(1)
Guidelines issued by the EPA (53). Under these Guidelines, the Army Corps cannot issue a permit where “a
practicable alternative to the proposed discharge [exists] which would have less adverse impact on the aquat-
ic ecosystem, so long as the alternative does not have other significant adverse environmental conse-
quences” (54). The Guidelines also prohibit the Army Corps from issuing Section 404 permits if the pro-
posed discharge would result in a violation of other environmental laws or regulations or cause or contribute,
either individually or collectively, to significant degradation of wetlands or other waters of the United States
(595).

Consideration must be given to whether the proposed discharge is the least environmentally damaging
“practicable” alternative. An alternative is considered “practicable” if it is available and capable of being
performed after taking into consideration cost, existing technology, and logistics in light of overall project
goals (56). The Guidelines require that an alternative site be considered “practicable” even if it is not cur-
rently owned by the applicant (57). Where the proposed activity is not water-dependent, the Guidelines fur-
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ther provide that practicable alternatives not involving wetlands are presumed to exist, unless clearly demon-
strated otherwise (58).

The standard for evaluating practicable alternatives has been the subject of considerable strife between
permit applicants, the Army Corps, and the EPA. The scope and degree of analysis necessary to fulfill the
practicable alternatives requirement is far from clear. As a result, several courts have been called upon to in-
terpret the meaning of the “practicable alternatives” language (59). In addition, the agencies have found it
necessary to issue further clarifications on the proper method for analyzing practicable alternatives (60).

Wetland Mitigation Requirements

An important focus of the Section 404(b)(1) Guidelines is a requirement that permit applicants perform
some form of “mitigation” to restore or replace wetland values that will be adversely impacted by the pro-
posed activity (67). When reviewing applications for Section 404 dredge and fill permits, the Army Corps
evaluates permit applications according to a sequencing of mitigation options. The preferred mitigation op-
tion is avoidance of impacts, followed by minimization of impacts, and finally, appropriate and practicable
compensation for unavoidable impacts. The EPA and Army Corps further clarified this three-step sequenc-
ing methodology for determining appropriate mitigation of project impacts with issuance of a joint Memo-
randum of Agreement (MOA) (62).

According to the MOA, during the evaluation process of a Section 404 permit application, “[t]he Corps
... first makes a determination that potential impacts have been avoided to the maximum extent practicable;
remaining unavoidable impacts will then be mitigated to the extent appropriate and practicable by requiring
steps to minimize impacts and, finally, compensate for aquatic resource values.” The first step, avoidance, is
synonymous with the “practicable alternatives’ analysis of the Section 404(b)(1) Guidelines. The second
step, minimization, requires that permit applicants make changes to project design that will reduce impacts
to wetlands. The third step, compensation, requires replacement of wetlands that are degraded or destroyed
by unavoidable impacts.

This sequencing methodology applies to all individual permits, regardless of the type or ecological value
of the wetlands adversely affected by project impacts. The MOA does, however, provide for some deviations
from the sequencing requirement where the requirements have been incorporated in an Army Corps or EPA
comprehensive plan, such as a Special Area Management Plan, or where necessary to avoid environmental
harm, or where the EPA and Army Corps agree that a proposed discharge “can reasonably be expected to re-
sult in environmental gain or insignificant environmental losses.”

CONTINGENCY PLANNING

Natural disasters, such as floods, earthquakes, hurricanes and tornadoes, and mechanical equipment mal-
functions and structural failures, such as pipe or dike breaks, can cause accidental spills of harmful or dam-
aging contaminants. Contingency planning develops a course of action for dealing with emergency situa-
tions when response time is critical. Of primary importance is minimization of potential adverse effects on
public health and safety. Protection of surface and groundwater water quality and preservation of environ-
mentally sensitive areas also are concerns (63—66).

Contingency planning is a systematic method of assessing potential emergencies, developing an orga-
nized response to these emergency situations, and providing a working document to guide personnel dealing
with the situation. Contingency plans, also known as disaster preparedness plans, can be as simple or as
complex as potential situations warrant. Some plans deal with the required response to specific events, such
as the rupture of a storage tank in an environmentally sensitive area or a landfill fire. Others may be very
complex and cover response to a wide variety of emergency situations.
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Common elements of a contingency plan are definition of the emergency situations, delineation of re-
sponsibilities, communications plan, emergency response, and preparedness training. Tables, lists decision
trees activity flow charts, containment procedures, and other illustrations should be used to quickly and ac-
curately display information and guidelines. After an event or at least annually, the contingency plan should
be updated from lessons learned and reviewed for changes in responsibilities, personnel, contact telephone
numbers, and other vital information. The contents of a contingency plan for a water and wastewater system
is illustrated in Table 1.46.

Emergency Situations

Identifying potential emergency situations and defining response goals are the first steps in contingency
planning. An evaluation of the facility’s history of emergencies and potential risks is a major part of this
task. Typical emergencies requiring a planned response may range from highly visible and devastating natur-
al disasters, such as earthquakes and floods, to fewer visible risks, such as power outages at key pump sta-
tions or pipe breaks in critical transmission lines.

In addition to health and environmental protection, goals typically include keeping as much of the facili-
ty or system in service as possible and bringing affected portions of the system back in service as soon as
possible. Alternative operations plans also are needed. For example, a water utility may require an alterna-
tive source of drinking water in the event of an upstream chemical spill or wastewater release.

Responsibilities

Delineation of responsibilities is one of the most critical steps of contingency planning. A clear chain of
command must be spelled out. First, the person in charge during the emergency situation should be identi-
fied. This is the person who is to be notified in the event of a potential emergency situation and who acti-
vates the contingency plan after a problem is verified. Other key personnel are assigned to activate and man-
age response activities. At least one alternate must be identified for all personnel in key response roles.

The contingency plan should include a list of all response personnel and their home and emergency con-
tact telephone, beeper, and cellular telephone numbers. Also, a list of the personnel’s training and response
capabilities is desirable. Such a list can serve as a valuable resource in mobilizing the personnel required to
deal with a specific emergency situation.

Communications

A communications plan is the decisive tool to diffuse the confusion that surrounds many emergency situa-
tions. The communications plan covers all aspects of communication during the situation, both internal and
external. A good communications plan will include:

® An internal communications program, which spells out channels of communication so that accurate in-
formation about the situation can be obtained

® A public notification program for disseminating information to the local news media

® An agency notification program for notifying regulatory and other agencies

® A public access advisory strategy to alert the public to avoid affected areas or to implement emergency
procedures, such as a boil water order

The internal communications plan will specify methods of communication, such as telephones with radio
backup and/or digital beepers. This plan may establish a briefing meeting time and location. The plan should
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Advisory Procedures
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Potential Failure Mode
Recent Investigations
Failure Detection

Surveillance Program

Flow Variation

Public Report
Response Administration

Response Manager

Operations Manager

Safety Officer

Site Liaison Officer

Public Information Officer
Response Action

Internal Notification

Incident Verification
Emergency Standby and Repair Contract
Emergency Repair
Emergency Permitting
Appendix—Wastewater Pump Station Data
Appendix—Water Reclamation Facility Data
Appendix—Water System Booster Pump

Station Data

Appendix—Water Treatment Facility Data

Section 6 Emergency Flow Control Plan

Transmission System

Reduced Water Supply System Pressure

Collection System

Flow Diversion

Emergency Water Conservation/

Wastewater Flow Control

Government Agencies
Commercial and Industrial Customers
General Public

Section 7 Emergency Monitoring Plan

Water Quality Monitoring
Sampling Protocol
Analysis Protocol
Reporting Procedures

Section 8 Preparedness Training Program
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Safety Briefing
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consider the establishment of a control center, which may be in existing office space or in mobile units that
can be moved to the crisis locations, depending on the type of anticipated emergency and the response

needs.

The public notification program should include a list of media contacts along with their telephone and
facsimile numbers. Appropriate local officials may be included in this communications plan. The plan must
clearly identify who has authority to talk to the media and include guidelines for effective media communi-
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cations. Prescripted press releases may be included in the contingency plan, so that only the details about the
emergency have to be filled in at the time of release.

Another key aspect of the communications plan is the agency notification program as the reference for
personnel assigned responsibility for contacting specific federal, state, and local agencies in the event of an
emergency. Guidelines should be included with respect to timing of the contacts and required follow-up, so
that federal and state regulations are met.

Emergency Response

The emergency response portion of a contingency plan defines the type of response to be made to a specific
crisis. Goals and priorities are established, such as retaining spillage to protect response personnel as well as
the public and then focus on repair. The plan should delineate emergency operations to be implemented and
define the mobilization and response actions.

Emergency response also includes procedures for emergency environmental monitoring. The plan should
define the sampling, analysis, and reporting procedures that should occur during the emergency. Emergency
monitoring is the means by which the end of the crisis period is determined, as well as the method for as-
sessing the effects of the crisis situation.

Training

The preparedness training portion of a contingency plan outlines the training required for personnel in-
volved in plan management, oversight, and response. Without proper training, the contingency plan will not
be as effective in aiding response personnel in meeting and managing the crisis as it could be. Periodic and
unscheduled field exercises should be considered for potential major incidents.

COMPUTER UTILIZATION

The science and technology of computers is a rapidly expanding field. Computer technology is finding in-
creasing utilization in government, business, industry, engineering, and scientific applications. There is
hardly an aspect of modern life that is not being significantly affected in some way by advances in computer
technology.

The current trend in computer technology advancement is also leading to an increase in computer appli-
cations within the environmental engineering field. The day is approaching when virtually all environmental
engineers will be interfacing on some level with computers or computer-oriented personnel.

Computer Equipment

There are a number of ways in which the environmental engineer may have access to a computer or comput-
er services. Many companies and institutions own or lease computers, while others make use of contract fa-
cilities. There are very few governmental or private institutions that do not have access to computer services
of one type or another.

In the past, computers consisted exclusively of large, cumbersome pieces of equipment that required high
initial investment, dedicated facilities, special environments, and full-time operating personnel. Though ma-
jor computer facilities still make use of large, powerful mainframe computers, advancements in the field of
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microcircuitry have led to a new breed of computers that are smaller and less costly, yet capable of handling
many business, scientific, and engineering applications. It is possible to obtain a desktop computer today
with equivalent capabilities to a machine that would have filled a large room only a few years ago.

In the absence of a recognized standard classification system for categorizing computers according to
size and ability, the general terminology presented below is often used:

Microcomputer can be easily moved from place to place
Minicomputer is fixed in a cabinet
Mainframe requires special environment (such as false floor, temperature control, etc.)

The CPU (central processing unit) rating of a computer is a measure of the amount of information that is
processed at a single time, an indication of computational speed. The RAM (random access memory) is the
available space within the computer for storage of operating systems, programs, and data. ROM (read only
memory) refers to data storage and retrieval capacity. ROM capacity is generally in the form of storage on
media such as tape, floppy disks, hard disk drives, or CDs.

There are many things that must be considered when a company or individual decides to purchase or
lease a computer. The type of computer should be suited for the intended applications in data processing,
word processing, computer-aided drafting, and communications. Though most computers, with the proper
software and peripherals, can perform a wide variety of functions, some are better suited to certain applica-
tions than others. Also, the memory size and computational speed should be compatible with the computer’s
intended short- and long-term use. Additionally, it is important to compare and balance the costs of owning
and operating the computer with the economic benefits it will provide in the future.

Programming Logic and Languages

A computer program is, in simple terms, a set of instructions that the computer follows to achieve the de-
sired results. The act of programming a computer is the process of formulating a set of instructions that the
computer can understand and, when carried out, will achieve the goals of the user.

Programming Logic. A computer program must be designed so that activities, such as computation, data
input, data acquisition, and resultant output, occur in the proper sequence. The pattern behind routing and
sequencing of the program activities is referred to as the program’s logic. Programmers normally formulate
a logic flow diagram as one of the initial steps in program development. The logic diagram serves as a pat-
tern by which the coded program can be written so the computer will follow instructions in the proper se-
quence to generate the desired results. Logic diagrams are also useful tools for describing a program’s struc-
ture to persons who are unfamiliar with it.

A logic diagram for a simple program to calculate the pipe diameter necessary to allow a specified flow
in a gravity flow situation is shown in Fig. 1.19. The logic diagram is quite simplistic and does not represent
the most efficient way to approach this particular problem; however, it does illustrate some important basic
concepts of programming logic that are used in almost every program.

Elements 1, 2, 3, 5, 7, and 8 of the logic diagram are referred to as direct statements. They give the com-
puter a direct command that, if properly stated, will be carried out.

Elements 4 and 6 of the logic diagram are conditional statements. Conditional statements contain a con-
dition, usually an equality or inequality. If the condition is met, program execution takes one route; if not, it
takes an alternate route. Conditional statements are key elements of program sequence control, which allows
a program to be designed to make internal decisions.

Elements 3, 4, 7, and 6 form a loop. In this example, pipe diameter is increased incrementally until a val-
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ue is found that is large enough to allow the specified flow rate. One of the major benefits of performing cal-
culations with a computer is that repetitive computations, such as those needed to analyze large amounts of
data or perform multiple iterations, can be performed quickly. Looping is a key technique in designing pro-
grams for these types of calculations.

The inclusion of element 6 in the 3-4-7 loop is a form of safeguard; a conditional statement that checks
the current value for pipe diameter (D) to see if it exceeds a user-specified allowable maximum (DMAX).
For example, DMAX might be the largest commercially obtainable size of pipe made of the desired materi-
al. Inclusion of element 6 within the loop prevents the calculations from continuing to an unreasonable con-
clusion if the input data are unrealistic.

Program Languages. A programming language is an artificial language that is readable and understand-
able by a computer. The rules related to a computer language are referred to as its syntax, analogous to the
grammar of a spoken language. Syntax pertains to the specifics of statement formulation, word relation-
ships, and punctuation and differs between programming languages.

There are a number of programming languages currently in widespread use and others that are in various
stages of implementation. Like spoken languages, most programming languages are continually changing as
a result of improvements and expansion. A person who learned a common programming language years ago
would find significant changes in its modern form. Some programming languages are also available in dif-
ferent versions (similar to dialects that have arisen in spoken languages).

The following paragraphs contain descriptive information on several of the more significant program-
ming languages in current use.

FORTRAN—Formula Translator. FORTRAN was developed in the 1950s by IBM Corporation and was
one of the first high-level programming languages available. It has been a popular language among engi-
neers and scientists and, though not a business-oriented language, has found many applications within the
business community. FORTRAN is widely used and understood and is available through most computer in-
stallations.

COBOL—Common Business-Oriented Language. COBOL was developed in the late 1950s primarily
through the efforts of the U.S. government. COBOL is a business-oriented language and, due to its structure,
its applications outside the business community are rare. It is easily transported between different computers
and has been regularly updated and standardized. COBOL can be a sophisticated and complex language, and
its versatility in business applications has given it widespread use.

BASIC—Beginners All-Purpose Symbolic Instruction Code. BASIC was developed in the early 1960s at
Dartmouth College. It is a language that is easily learned and is taught extensively in high schools and uni-
versities. BASIC does not have the computational depth of some of the other high-level languages such as
FORTRAN, but it is flexible enough to make it usable in many scientific and business applications. BASIC
is widely used and understood and is available on most computer systems.

PASCAL. PASCAL was defined by Niklaus Wirth at the Institute for Informatik in Zurich, Switzerland,
and its use began when the first compilers become available in the early 1970s. PASCAL is suited to both
scientific and business applications. It is an easily readable and highly structured language that is currently
increasing in use in learning institutions. PASCALs structure forces programmers to follow an orderly se-
quence of steps, which reduces the possibility of errors and can minimize the effort required for program de-
bugging.

APL—A Programming Language. APL was developed by IBM Corporation in the late 1960s and is a
language well suited to interactive use. It is a powerful procedure-oriented language that is particularly ap-
plicable to scientific programming, though it is also suitable for business and commercial applications. One
of APLs key strengths is that it incorporates a number of complex mathematical functions that allow a single
command to perform difficult operations that would require a substantial amount of code in many other lan-
guages. APL is particularly convenient for performing manipulations of multidimensional arrays of data.
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FIG. 1.19 Program logic for pipe diameter calculations.
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Unlike other languages such as PASCAL and BASIC, APL uses a cryptic notation that makes programs dif-
ficult to follow for persons unfamiliar with the language. In the past, APL implementation had mainly been
limited to larger computers, but it is currently becoming available on smaller systems.

PL/1—Programming Language One. PL/l was developed by IBM Corporation in the mid-1960s for its
System/360. It is a powerful language that was designed for both business and scientific applications. PL/1 is
more versatile and easier to use than FORTRAN or COBOL because it is a more modular and structured
language. At the time PL/l was introduced, FORTRAN and COBOL were in wide use and meeting the needs
of their respective users, so adoption of PL/I has been relatively slow. However, improvements in computer
technology have led to an increasing number of implementations of PL/1.

C. A multifunction general-purpose language developed by Brian Kernigan and Dennis Ritchie at Bell
Laboratories in the early 1970s on a Digital Equipment Corporation PDP-11 computer. In its raw state as de-
fined by Kernigan and Ritchie, C provides very few built-in functions; however, current implementations of-
fer rich sets of functions for mathematical, business, statistics, database, graphics, and engineering applica-
tions. C is structured such that programs are easily transported from one machine and operating environment
to another. As well as the high-level functions provided in current implementations, the language also pro-
vides low-level machine support allowing programmers to perform systems programming applications with
access to fundamental machine processes (CPU registers, direct memory manipulation, etc.) This range of
application is not available from other languages such as BASIC, FORTRAN, COBOL, or PL/1. Because of
its flexibility and power, this language has become a mainstay in the business and scientific programming
environment.

Computer Program Development

Since there can be significant costs associated with applications program development, they are often writ-
ten for performing a specific task or solution of a specific problem. When a problem arises or a computa-
tional need develops that can most effectively be handled by computer methods, a program is written to per-
form the task. Though a program may be written for use in a specific task, the foresighted program
developer will build flexibility into the computer program so that it can be used in other similar situations by
selecting alternate input data.

The general steps in solving problems utilizing computer methods can be expressed as follows:

—_—

Defining the problem

Evaluating the problem to determine if computer methods are applicable to aid in its solution
Researching existing programs to determine if a similar program can be used as is or modified relative-
ly easily

Determining if using a computer is the most cost-effective method for solution of the problem
Defining the calculation procedures and mathematical models to be used within the program
Organizing the logic flow for the program so it will perform the desired function

Translating the logic flow and calculation procedures into the coded program

Testing the program to eliminate errors (referred to as debugging)

Documenting the program

Using the program to solve the problem

wn

COXIAN DR

The first step, problem definition, is common to the solution of problems whether or not computer meth-
ods are considered. Steps 2, 3, and 4 determine if computer methods are to be used. This evaluation is ex-
tremely important and should be performed with care and judgment. Program development and debugging
can be a lengthy and expensive process, and it is all too easy to embark on writing a program and realize by
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the time it is completed and operational that solution by an alternate method would have been quicker, easi-
er, and/or less costly. Key questions to address when evaluating computer methods for a given application
would include:

® Does the solution require repetitive calculations on a large quantity of data that can be effectively per-
formed by a computer?

® Does the solution require complex calculations that can be done quickly by computer but would be pro-
hibitive to perform by hand?

® Does the solution involve performing the same calculations over and over using different input data to de-
fine an optimal solution?

® Would the effort required to obtain a computer solution be less than using other methods?

® [sitarecurring problem or application, so that writing a program now will save time and effort in similar
situations in the future?

Steps 5 through 8 constitute the actual program development process. The testing phase (step 8) can re-
quire as much or more effort than planning, designing, and coding the program (steps 5 through 7). Errors
within a program can be difficult to find and correct, so extra care taken in program planning and writing is
usually worthwhile to minimize the debugging effort.

Step 9 is the documentation process, preparing a written record of key facts concerning the program.
Documentation should include at a minimum

The program’s function

A description of the mathematical model(s) utilized by the program

Capabilities and limitations of the program

Key assumptions inherent to the program

Required input data to operate the program

Output data generated by the program

Instructions for accessing, start-up, and use of the program

Technical description of the program, e.g., language, storage requirements, and hardware specifications

Documentation is important because it provides the information necessary for someone other than the devel-
oper to make use of the program.

Computer Applications in Environmental Engineering

Computer applications are becoming increasingly common as new ways are explored to make use of modern
computer technology within various areas of the environmental engineering field. Problems that once were
solved by hand, consuming substantial amounts of time and resources, can now be solved easier and more
economically with the aid of computers. Also, problems that once were too complex to even attempt may
now be solved comparatively easily. Environmental engineers are also benefiting from the extensive infor-
mation management, storage, manipulation, and communication capabilities of today’s computers.

This section illustrates some of the major ways computer methods have been applied within environmen-
tal engineering.

The availability of programs varies considerably. Code listings of some programs can be obtained at no
cost, while others are available through software purchase or as part of timesharing libraries. Other programs
are proprietary and can only be utilized through a direct consulting contract with the company that owns
them.
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The U.S. Department of Commerce National Technical Information Service (NTIS) makes many govern-
ment programs and related literature available to the general public through their Computer Products Sup-
port Group in Springfield, Virginia.

Project Management. Numerous programs have been written to aid in the difficult task of managing bud-
gets, schedules, and resources on large engineering and construction projects. These programs can be uti-
lized on environmental as well as other types of engineering projects. Some of the programs develop pro-
ject schedules utilizing CPM (critical path method), and/or PERT (Program Evaluation and Review
Technique), approaches for minimizing completion time and optimizing resource allocation. Others moni-
tor ongoing project activities and provide regular management reports showing project schedule, percent-
age completion, and budget status. Some programs provide combinations of both planning and monitoring
capabilities.

Air Quality. Computer methods have been used extensively by environmental engineers within the air
quality modeling field. Many programs have been written to model air quality impacts due to emission
sources based on ambient meteorological conditions. Typical applications include predicting the impact of a
proposed emission source, such as a factory or power plant, on local air quality or for establishing the allow-
able emission rate from an existing source. Programs are available that simulate point sources, e.g., a large
smokestack; area sources, e.g., an industrial park with numerous emission sources; and line sources, e.g., a
major urban highway.

One reason that computerized air quality modeling has received such extensive use is its recognition by
governmental agencies as a viable method for establishing emission limits and assessing environmental im-
pacts. The EPA’s Office of Air Quality Planning and Standards has published guidelines on air quality mod-
els that identify specific programs that have been endorsed for environmental permit applications. The
“guideline models,” as well as other state-of-the-art dispersion models, are included in the UNAMAP (user’s
network for applied modeling of air pollution), system, which is available through NTIS and is supported by
EPA’s Environmental Sciences Research Laboratory.

Water Supply. A wide variety of programs have been developed to design and/or evaluate water supply
distribution networks. The determination of flows and pressures in a community water distribution system
requires iterative calculations to balance headlosses between various points of the system. These analyses
can be time consuming if done by hand, even for relatively simple networks. As a result, extensive work has
been done to develop computer programs in this area. These programs can be used in the design of new wa-
ter distribution systems and in the evaluation of modifications or additions to existing systems.

Other areas where computers have been used in water supply include cost estimating for distribution sys-
tems, prediction of present and future water usage rates, and analyses of water treatment processes.

Storm and Sanitary Sewer Systems. Extensive use has been made of computer-aided storm and sanitary
sewer design. Programs have been written that are capable of quickly performing the iterative hydraulic cal-
culations required for design or evaluation of complex combined or separate sewer systems. Using comput-
er methods, it is possible to design a sewer system for normally expected flows and then model stressed con-
ditions, such as larger than normal rainfall events, to determine the potential for overflow and to examine
impacts on treatment facilities. Some programs have cost-estimating capabilities and are useful in determin-
ing the most cost-effective sewer system designs.
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Wastewater Treatment and Disposal. Computerized models have been developed to aid the environmental
engineer in a number of aspects of wastewater treatment facility design, evaluation, and plant operation.

Design Applications. Programs have been written based on mathematical models of various wastewater
treatment unit operations to assist in process design and evaluation. There are a few programs that include
models of a variety of unit operations that can be interconnected to model a complete treatment system.
These comprehensive programs allow the user to estimate the impacts of changing one unit or influent
stream on the various components of the system and to determine the effects on the final effluent quality.
Some programs have been designed to automatically iterate through a variety of potential treatment plant
schemes to assess the optimum combination of units to achieve economic and performance criteria.

More specialized programs that have applicability in wastewater treatment facility design include pro-
grams for performing capital and O&M cost estimating, hydraulic design, and design and evaluation of dis-
charge facilities.

Treatment Plant Operations. Computer programs and systems are being utilized to directly or indirectly
operate wastewater treatment facilities. Typically, operations applications require specialized, plant-specific
programs. The primary advantage of computerized operations is that a computer can absorb and evaluate
large amounts of data very rapidly to make immediate operating decisions according to an established oper-
ating strategy.

There are wastewater treatment plants that are directly operated by computer systems. Operating data are
input to the computer by human operators and/or automatic in-line monitoring systems (flow, pH, DO, TOC,
turbidity, etc.). The computer analyzes the data and makes direct operating modifications, e.g., adjustment
of activated sludge recirculation rate using an automatic valve. The function of the human operator is to
monitor the system, assure that components such as valves and pumps are functional, and, most importantly,
recognize and take over operations when circumstances arise that require human judgment.

An area of computer utilization that is gaining increasing popularity is indirect treatment plant operation;
often referred to as “near real-time” operations assistance programs. In these situations, the computer func-
tions as a tool for a human operator providing rapid analysis of data and recommendations on operating pro-
cedures. The operator applies judgment with consideration of the computer s recommendation to maintain
efficient operation of the plant.

Though direct computer operation systems may be justified for larger, complicated wastewater treatment
plants, near real-time operation assistance systems have several advantages for smaller plants. One of the
major advantages is that the initial computer equipment investment and O&M costs are significantly lower.
Desktop microcomputers are being successfully used for industrial and municipal wastewater treatment
plant operations assistance.

Water Quality Modeling. Computer-assisted water quality modeling has found application in a number of
areas of importance to environmental engineers. The basic goal of water quality modeling is to predict
downstream quality impacts on a natural waterway due to the introduction of urban runoff, treated or non-
treated wastewater, or cooling water. Water quality modeling requires calculation and manipulation of large
amounts of data related to climatic, stream, and waste load conditions.

A classic application of water quality modeling within environmental engineering is estimation of the
dissolved oxygen “sag” downstream due to the biochemical oxygen demand from a proposed wastewater
treatment discharge. Water-quality models have been written and are in use for evaluating the impacts of
both conservative and nonconservative contaminants as well as thermal discharges. Some models also take
naturally occurring processes, such as photosynthesis, into account.

Surface Water Hydrology. A significant effort has been made in applying computer analysis in the area of
surface water hydrology. A number of major programs have been developed by the U.S. Army Corps of En-
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gineers through the Hydrologic Engineering Center (HEC) located in Davis, California. Programs written by
HEC and others model the hydrologic responses of natural waters to precipitation events and snowmelt.
These programs are useful in a number of areas including operation of recreational and water supply reser-
voirs, defining floodplain elevations, determining potential flood impacts on facilities, and design and con-
struction of diversion structures. Surface water hydrology computer programs can also be used in conjunc-
tion with water-quality modeling to evaluate the effects of sediment transport on the quality of surface
waters.

Solid and Hazardous Waste Management. The safe and environmentally sound management of solid and
hazardous wastes is an area that is receiving considerable attention. One of the key areas of concern is the
protection of groundwater resources, which can be contaminated by inadequate waste containment and dis-
posal practices. Computerized groundwater modeling, though not new, is receiving considerable attention,
particularly the modeling of contaminant attenuation and transport processes. Predicting complicated
groundwater flow patterns, dispersion processes, and chemical reactions can require a computational effort
that is virtually impossible without the aid of high-speed computer technology. A typical solid waste man-
agement application of groundwater computer modeling would be predicting the down-gradient quality im-
pacts on a drinkable groundwater source due to the installation of a proposed disposal site.

Several programs have been developed based on water budget techniques to predict leachate generation
in closed landfills and impoundments due to percolation of rainfall through cover soils. These programs can
be applied to aid in the design of more efficient cover and runoff diversion systems as well as in the design
of leachate collection and treatment systems.

Cost estimating for construction and operation of waste-handling and disposal facilities is another area
where computer techniques are being utilized. The speed of performing extensive comparative economic
evaluations through computer programs is allowing for more cost-effective siting and design of solid waste
management facilities.
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CHAPTER 2
ENVIRONMENTAL LEGISLATION

R. K. Jain, Ph.D, P.E.

Much of the formative environmental legislation in the United States has been initiated at the national level,
but the individual states have enacted legislation focused on environmental issues affecting their own juris-
dictions. Environmental regulations, which are the mechanism for implementing the intent of the enabling
legislation, are issued by federal regulatory agencies. With the federal emphasis on delegation of authority,
state agencies have the opportunity to acquire responsibility for enforcement of many environmental regula-
tions.

Environmental legislation, and resulting regulations, are continually evolving. Clearly, legal requirements
of environmental legislation can have a profound effect on economic activity as well as the future of envi-
ronmental resources. This chapter addresses the rationale for and concerns about environmental legislation
and regulations, legislative data systems, overviews of federal environmental legislation, and trends in regu-
latory actions. The legislative overview reviews legislation for the protection of air, land, and water re-
sources and assesses its impact on environmental and cultural resources.

RATIONALE FOR ENVIRONMENTAL LEGISLATION
AND REGULATIONS

The following discussion about the basis for promulgating environmental legislation and regulations focuses
on the role of the market economy, the problem of the commons, and long-term viability of the environment.

Since labor and capital are scarce resources, their consumption is minimized by industry. Since the envi-
ronment is, or rather has been in the past, an essentially free resource, its consumption has been ignored.
Consequently, there has been considerable environmental degradation with attendant economic and social
costs. Simply put, some economic and social costs are just not reflected in the market exchange of goods
and services; also, one cannot ignore third-party interests (externalities) when considering two-party trans-
actions of buyer and seller. This, in fact, is the case for many environmental control problems, and, thus,
such transactions result in “market failure.” Basically, market failure could result from high transaction
costs, large uncertainty, high information costs, and existence of externalities (/). There are two ways to cor-
rect market failure. One can try to isolate the causes of the failure and restore, as nearly as possible, an effi-
cient market process (process orientation) or alternatively bypass the market process and promulgate regula-
tions to achieve a certain degree of environmental protection (output orientation).

Some environmental legislation and regulations are needed to protect the health and welfare of society;
market incentives alone will not work. For example, it would be very difficult to put a dollar value on dis-
charge of toxic materials, such as PCB or mercury, into the environment. Another reason for environmental
legislation and regulations is that long-term viability of the environment is essential in order to provide nec-
essary life-support systems. Investment decisions can rarely be made to take into account long-term protec-
tion of the life-support systems that belong to everyone—a property of the commons.

2.1
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Some projects involve exploitation of energy and other natural resources at an unprecedented rate, raising
questions of temporal optimality of market allocations. In such cases, market economy is unable to properly
account for all long-term economic and social benefits and costs. As Solow has pointed out, “. . . there are
reasons to expect market interest rates to exceed the social interest rate of time preference. . .” (2) As a re-
sult, the market will tend to encourage consumption of exhaustible resources too rapid. Consequently, cor-
rective public intervention—or regulations—aimed at slowing down this consumption needs to be struc-
tured. This can be accomplished through conservation, subsidies, or a system of graduated severance taxes

2.

CONCERNS REGARDING ENVIRONMENTAL LEGISLATION
AND REGULATIONS

Many public administrators, engineers, planners, industrialists, and other decision makers recognize the
need for environmental legislation and related regulations to protect the environment. They also recognize
the importance of economic efficiency and utility. There are, indeed, a number of concerns regarding many
environmental regulations. These concerns are shared by many who feel that environmental regulations can
be structured so that they minimally affect efficiency and productivity of the industry, minimally interfere
with essential federal programs such as national defense, and still achieve reasonable environmental protec-
tion goals. Some of the concerns related to environmental regulations are:

® Regulations seem to be structured in a way that the costs are excessive compared to the benefits they gen-
erate.

® [n general, the regulations are of command-and-control type. Consequently, in a free-market economy,
they are ineffective and do not preserve elements of voluntary choice.

® Regulations are ineffective because they lack properly structured incentives for achieving social goals.

® |t is widely believed that command-and-control regulations generate inefficiencies, both at the macro-
and microeconomic levels.

® Some environmental regulations require unnecessary paperwork and cause unnecessary delays in com-
pletion schedules, which, in turn, create additional costs.

® Many regulations at different government levels, such as federal, state, and local, are duplicative and, at
times, incompatible with each other; consequently, they create unnecessary work and inefficiencies.

LEGISLATIVE DATA SYSTEMS

New amendments to major environmental legislation are continually being enacted by the U.S. Congress
and regulatory agencies are continually modifying environmental regulations. Because of this, a number of
environmental legislative data systems have been developed. Described here are some of the existing legisla-
tive data systems that readers may want to use, depending upon their specific needs.

Federal Legal Information through Electronics (FLITE)

The FLITE system operates as an information retrieval and analysis service (3). Although FLITE does not
exist as an actual computerized system, it does provide access to other computerized full-text legal systems
such as JURIS, LEXIS, and WESTLAW. Lawyers trained in information retrieval techniques field reference
questions from federal agencies and conduct searches. This service is backed up by services such as infor-
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mation analysis, abstracting, and legal research. It operates in a “batch mode,” with searches run overnight.
The user seeking the information does not actually perform the search but relies on trained legal staff to per-
form that service. Its major drawbacks are cost and possible time delays involved in using the batch mode
approach.

Justice Retrieval and Inquiry System (JURIS)

JURIS is a U.S. Department of Justice computer-based storage and retrieval system for federal legislative
and litigatory information (4). It is specifically designed to serve federal lawyers. It is a full-text system and
is designed for use by legal personnel. Information from the system could be rather voluminous, and conse-
quently, difficult to use for environmental impact analysis (EIA) purposes.

Computer-Aided Environmental Legislative Data System (CELDS)

This system contains abstracts of environmental regulations and is designed for use in environmental impact
analysis and environmental quality management (5, 6). The abstracts are written in an informative narrative
style, with all legal jargon and excessive verbiage removed. Characteristics of this system are:

1. Legislative information is indexed to a hierarchical keyword thesaurus, in addition to being indexed to a
set of environmental attributes, which number approximately 700.

2. Information can be obtained for federal and individual state environmental regulations, as well as regula-
tory requirements related to the keywords or environmental attributes.

3. Appropriate reference documents, such as enactment/effective date, legislative reference, administrative
agency, and bibliographical reference are also included.

The system is structured in order to satisfy the user agency’s (U.S. Department of Defense) specific needs
for environmental regulations; consequently, needs of other agencies may not be completely satisfied by this
system. Recent augmentations to the system include mining regulations of concern to U.S. Department of
Energy and river-specific use classifications and regulations of concern to the U.S. Environmental Protec-
tion Agency.

LEXIS

LEXIS is a full-text system from Mead Data Central (7). It is a database with a family of files that contain
the full text of the following:

1. United States Code—a codification by major title of the body of United States statutes

2. Code of Federal Regulations—a codification by major titles of current effective administrative agency
regulations

3. Federal Register (July 1980 to the present)

4. Supreme Court decisions since 1960

5. State court decisions—courts of last resort, intermediary courts, and lower courts

WESTLAW

Like LEXIS, this is a full-text retrieval system from West Publishing Co. (8). It provides access to the text of
the:
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1. United States Code

2. Code of Federal Regulations

3. Federal Register

4. Supreme Court decisions as found in the Supreme Court Reporter, a West publication

5. State court decisions

6. Shepard’s Citations—a publication providing cross references for court litigation and establishing legal

precedents

OVERVIEW OF FEDERAL ENVIRONMENTAL LEGISLATION

An overview of federal environmental legislation is provided in this section. State environmental legislation
and regulations have been patterned after the federal programs. Information on the selected major federal
environmental laws is organized under the following main headings:

1. Basic objective

2. Key provisions

3. Enforcement responsibilities and federal—state relationship
4. Accomplishments and impacts

Clean Air Act (42 U.S.C. 7401 et seq.) 1970, 1977, 1990 Amendments
Enacted: 1967. Major amendments 1970, 1977, and 1990.

Basic Objective. The Clean Air Act of 1970, which amended the Air Quality Act of 1967, was established
“to protect and enhance the quality of the Nation’s air resources so as to promote public health and welfare
and the productive capacity of its population.” Since 1970, the basic act has been significantly amended to
reflect national concern over air quality. Support for cleaner air has come from both environmentalists and
the general public, although legislation has been politically controversial because of its impact on industry
and economic growth.

The major provisions of the act are intended to set a goal for cleaner air by setting national primary and
secondary ambient air quality standards. These standards define levels of air quality necessary to protect
public health, while secondary standards define levels necessary to protect the public welfare from any
known or anticipated adverse effects of a pollutant.

The basic objectives of the Clean Air Act Amendments of 1977 were to define issues related to signifi-
cant deterioration and nonattainment areas, to implement a concept of a mission offset, to encourage use of
innovative control technologies, to prevent industries from benefiting economically from noncompliance
with air pollution control requirements, to state that using tall stacks to disperse air pollutants may not be
considered a permanent solution to the air pollution problem, to state that federal facilities must comply
with both procedural and substantive state pollution control requirements, and to establish guidelines for fu-
ture EPA standard setting in a number of areas (9).

The 1990 Clean Air Act Amendments (CA 90) represent another major effort by the U.S. Congress to ad-
dress many complex and controversial issues related to clean air legislation. CA 90 is expected to have pro-
found and far-reaching effects on federal facilities and industry. One indication of the magnitude of efforts
commanded by these amendments is their estimated cost. Expenditures to meet the new requirements are
projected to be $20 to $25 billion per year. Basic objectives of CA 90 are to overhaul the nonattainment pro-
visions, to create an elaborate technology-based control program for toxic air pollutants, to address acid pre-
cipitation and power plant emissions, to mandate the phaseout of CFCs, and to greatly strengthen enforce-
ment powers of regulatory agencies.
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Key Provisions. Key provisions of the seven most important titles of the act are summarized as follows:

Title I: Attainment and Maintenance of the National Ambient-Air Quality Standards. This title de-
scribes air pollution control requirements for geographic areas in the United States that have failed to meet
the National Ambient Air Quality Standards (NAAQS). These areas are known as nonattainment areas.
Ozone is currently the most pervasive nonattainment pollutant in the United States, and this title is directed
at controlling the pollutants (volatile organic compounds and nitrogen oxides) that contribute to ground-lev-
el ozone formation. For cities out of attainment for ozone, the 1990 amendments require that such cities take
steps to reduce ozone with the eventual goal of reaching attainment. Methods depend on level of nonattain-
ment: marginal, moderate, serious, severe, and extreme. Similar categorization of U.S. cities is performed
for cities out of attainment for other criteria pollutants (i.e., carbon monoxide and particulate matter). The
more severe the category, the more drastic the pollutant reduction measure. Title VI of this act discusses
stratospheric ozone issues.

Title II: Mobile Sources. This title deals with revised tailpipe emission standards for motor vehicles.
Requirements under this title compel automobile manufacturers to improve design standards to limit carbon
monoxide, hydrocarbon, and nitrogen oxide emissions. Manufacturers must also investigate the feasibility of
controlling refueling emissions. For the worst ozone and carbon monoxide nonattainment areas, reformulat-
ed and oxygenated gasolines will be required.

Title III: Hazardous Air Pollutants. This title deals with control of hazardous air pollutant emissions
and contingency planning for accidental release of these pollutants. Requirements of this title are, perhaps,
the most costly aspects of CA 90.

Title 1IV: Acid Deposition Control. The amendments establish a totally new control scheme for address-
ing the acid rain problem. The exclusive focus is on power plant emissions of sulfur dioxide and nitrogen ox-
ide. Sulfur dioxide emissions are to be reduced by approximately 10 million tons annually in two phases—
the first to take effect in 1995, the second in 2000. It is important to note that these reductions are to be
achieved through a new market-based system under which power plants are to be allocated “emissions al-
lowances” that will require plants to reduce their emissions or acquire allowances from others to achieve
compliance. The target for the reduction of nitrogen oxide is established at 2 million tons per year.

Title V: Permits. This title provides for the states to issue federally enforceable operating permits to ap-
plicable stationary sources. The permits are designed to improve the ability of the federal EPA, state regula-
tory agencies, and private citizens to enforce the requirements of CA 90. These permits will also be used to
clarify operating and control requirements for stationary sources.

Title VI: Stratospheric Ozone Protection. This title limits emissions of chlorofluorocarbons (CFCs),
halons, and other halogenic chemicals that contribute to the destruction of stratospheric ozone. Provisions of
this title closely follow the control strategies recommended in June 1990 by the second meeting of parties to
the Montreal protocol.

Title VII: Enforcement. Requirements of this title completely replace existing enforcement provisions in
the Clean Air Act Amendments of 1977. New enforcement actions include higher maximum fines and terms
of imprisonment. Seriousness of violations has been upgraded and liabilities are now targeted at senior man-
agement rather than on-site operators.

Enforcement Responsibilities; Federal-State Relationship. A major provision of the Clean Air Act estab-
lishes the concept of the state acceptance of the primary issue. Under the enforcement responsibilities estab-
lished in the act, the EPA sets certain federal minimum standards and procedures. The states must then pass
their own regulatory programs based upon these minimum standards. State programs must be submitted to
the EPA for approval before the state can accept enforcement responsibilities. In lieu of an approved state
program, the federal program will be in force. State regulatory programs must address the issue of how to
improve air quality in areas not meeting NAAQS, and protecting areas that meet NAAQS from deterioration
of air quality.

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.
Any use is subject to the Terms of Use as given at the website.



ENVIRONMENTAL LEGISLATION

2.6 CHAPTER TWO

Since the 1990 amendments, states have been passing and reviewing their regulatory programs to reflect
deadlines mandated by the act. The impact of these regulatory programs has been enormous. The EPA must
review and approve or dissapprove programs for 50 states, each of which must incorporate all the key provi-
sions of the act into the programs.

Accomplishments and Impacts. Although significant strides have been made in improving air quality
since the Clean Air Act was originally passed in 1970, the nation’s concern with air pollution and its impacts
is still evolving. Some politically unpopular control strategies in the area of land use regulations and trans-
portation controls have been modified or eliminated. Many statutory deadlines have been postponed. In or-
der to provide for continued economic growth, and recognizing the energy needs of the nation, many air pol-
lution control requirements continue to be modified.

Noise Control Act (42 U.S.C. 4901 et seq.)
Enacted: 1972 (PL 92-574). Major amendments: 1976 (PL 94-301); 1978 (PL 95-609).

Basic Objective. Noise pollution is one of the most pervasive environmental problems. A report to the
President and Congress on noise indicates that between 80 and 100 million people are bothered by environ-
mental noise on a daily basis, and approximately 40 million people are adversely affected (10).

Since noise is a by-product of human activity, the extent of exposure increases as a function of population
growth, population density, mobility, and industrial activities. Acts such as NEPA also have an effect on
noise control requirements and related land uses.

In congressional hearings regarding federal aviation noise policy, it was pointed out that aviation noise is
a serious environmental problem for those who live near airports. The Federal Aviation Administration has
authority to regulate aircraft noise emissions, and classifies aircraft into three categories based on their noise
levels. Stage 1 aircraft, with the highest emissions, are planes manufactured in the 1960s and 1970s. The
original 707 and DC-8 are examples. Stage 2 aircraft represent newer designs, such as the 737 and later
models of the 727. Stage 3 aircraft are the newest designs, mostly of mid-1980s production, such as the
MDS8O and 767, and are notably quieter than older designs.

Since 1988, operation of stage 1 aircraft have been flatly prohibited at many urban airports, which has re-
duced the number of persons seriously affected by noise from an estimated 7 million in the mid-1970s to 3.2
million in 1990. Stage 2 aircraft may continue to be operated, though their proportion in the fleet is decreas-
ing through natural attrition, and all are expected to drop out of use after the year 2000. Many citizens’
groups and airport authorities are requesting even faster phaseout of stage 2 aircraft. The European Commu-
nity prohibits the purchase of new stage 2 aircraft, even as replacements, and plans to phase out their use
well before 2000. The business and economic implications of this regulation of aircraft type are serious. The
mix of stage 2 and stage 3 aircraft varies widely among airline companies, with some of the highest propor-
tions of older aircraft being held by companies in relatively poor financial condition, who may not be able to
afford the purchase of new aircraft (/1).

The Noise Control Act has four basic objectives:

1. New product noise emission standards directed principally at surface transportation and construction
noise sources

2. The utilization of “in-use” controls directed principally at aviation, interstate motor carriers, and railroad
noise sources

3. The labeling of products for protection against voluntary high-level individual exposure

4. The development of state and local programs to control noise

Key Provisions. The act mandates the EPA to promulgate standards for noise emissions from the following
new products:
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Portable air compressors

Medium- and heavy-duty trucks
Earth-moving machinery

Buses

Truck-mounted solid waste compactors
Motorcycles

Jackhammers

Lawn mowers

Additionally, the act specifies that the following sources will be regulated via performance standards:

Construction equipment

Transportation equipment (with the aid of the Department of Transportation)
Any motor or engine

Electrical or electronic equipment

Any other source that can feasibly be regulated

Section 7 of the act also amends the Federal Aviation Act and regulates aircraft noise and sonic booms.
The Federal Aviation Administration (FAA) is given the authority to regulate such noise after consultation
with and review by the EPA.

In 1978, the Noise Control Act was amended by the Quiet Communities Act. This amendment provided
for greater involvement by state and local authorities in controlling noise. Its objectives are:

® The dissemination of information concerning noise pollution

® The conducting or financing of research on noise pollution

® The administration of the quiet communities program, which involves grants to local communities, the
monitoring of noise emissions, studies on noise pollution, and the education and training of the public
concerning the hazards of noise pollution

® The development and implementation of a national noise environmental assessment program to (a) iden-
tify trends in noise exposure, (b) set ambient levels of noise, (c) set compliance data, (d) assess the effec-
tiveness of noise abatement

® The establishment of regional technical assistance centers

The EPA is further given the authority to certify a product as acceptable for low noise emission levels. These
certified products are to be used by federal agencies in lieu of a like product that is not certified.

Enforcement Responsibilities; Federal-State Relationship. The EPA has enforcement responsibilities un-
der the act, as indicated in the key provisions, and is mandated to promulgate noise emission standards. The
FAA controls noise from aircraft and sonic booms.

The 1978 amendments (Quiet Communities Act) were an attempt to recognize that noise pollution is
very often a local community problem and needs to be regulated at that level. Thus, many noise regulations
are promulgated at the local level, with support from the state and national level in the form of grants and re-
search results.

Accomplishments and Impacts. The effects of the law are

1. The establishment of noise emission standards for:

® Construction equipment
® [nterstate motor vehicles (40 CFR, Part 202)
® Railroads (40 CFR, Part 201)
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® Portable air compressors (40 CFR, Part 204)
® Aircraft noise and sonic boom

2. The establishment of labeling requirements for certain types of equipment (40 CFR, Part 211)

3. The establishment of the quiet communities program, which has encouraged more involvement by
state and local agencies in the setting of more stringent noise levels and the enforcement of those
levels

4. The requirement for federal agencies to purchase equipment certified by the EPA as having low-noise
emissions in lieu of like products not having a certificate.

On a more fundamental level, the act has served to increase noise pollution awareness on the part of the
public and has validated concerns over this often overlooked type of pollution. It has stimulated more and
better research into the effects of noise on the quality of life, as well as the health hazard aspects.

Safe Drinking Water Act (42 U.S.C. 300f et seq.)
Enacted: 1974 (PL 93-523). Major amendments: 1977 (PL 95-190); 1986 (PL 99-339); 1996 (PL 104-182).

Basic Objectives. The primary objectives of the Safe Drinking Water Act are twofold: (1) to protect the
nation’s sources of drinking water, and (2) to protect public health to the maximum extent possible, using
proper water-treatment techniques (/2). The act establishes the need to set contaminant levels to protect
public health. These levels were established in regulations issued pursuant to the act, which requires the EPA
to develop regulations for the protection of underground sources of drinking water. Any underground injec-
tion of wastewater must be authorized by a permit. Such a permit is not issued until the applicant can prove
that such disposal will not affect drinking water sources. Finally, the act requires procedures for inspection,
monitoring, record keeping, and reporting.

Key Provisions. Key provisions of the act can be summarized as:

1. The establishment of national primary drinking water standards based on maximum contaminant levels
(MCLs)

2. The establishment of treatment techniques to meet the standards

The establishment of secondary drinking water standards

4. The establishment of those contaminants for which standards are set, based on studies conducted by the
National Academy of Sciences. The EPA requests comments from the Science Advisory Board, estab-
lished under the Environmental Research, Development, and Demonstration Act of 1978, prior to pro-
posals on new or revised MCLs

5. The establishment of state management programs for enforcement responsibilities. States must submit
regulatory programs to the EPA for approval. These programs must set primary and secondary drinking
water standards that meet or better the national standards. They must also regulate by permit facilities
that treat drinking water supplies

6. The protection of underground sources of drinking water

7. The establishment of procedures for development, implementation, and assessment of demonstration
programs designed to protect critical aquifer protection areas located within areas designated as sole or
principal source aquifers

8. The requirement for state programs to protect wellhead areas from contaminants that may have adverse
effects on public health

9. Originally, the EPA was required to regulate twenty-five additional drinking water contaminants each

w
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year. The 1996 amendments changed this requirement and instead mandated that the EPA regulate the
contaminants that pose the greatest risk and are most likely to occur in water systems.

10. The 1996 amendments created a fund that aids water systems. The fund provides assistance for infra-
structure upgrades and source water protection programs.

Enforcement Responsibilities; Federal-State Relationship. The passage of the Drinking Water Act in
December 1974, and amendments passed through 1996, have broadened EPA’s authority and responsibility
to regulate the quality of the nation’s drinking water regulations, with the states having the major responsi-
bility for enforcing these regulations.

States must submit drinking water programs to the EPA for approval. These programs must meet, at a
minimum, the federal standards for drinking water quality. They must also include procedural aspects for in-
spection and monitoring, as well as control technology and emergency procedures for noncompliance to
protect the public health. States are also given enforcement responsibilities for the control of underground
sources of water supply. These responsibilities must include permitting procedures.

Accomplishments and Impacts. There are more than 240,000 public water supply systems serving over
200 million people. Many of these systems are not using the most effective equipment and techniques to col-
lect, treat, and deliver potable water to the public. According to the EPA (/3), more than half of these sys-
tems are out of compliance because of

. Inadequate treatment techniques

. Inadequately trained operators

. Poor system design

. Inadequate monitoring procedures

FESROS I S

The only variations from state to state are procedural, such as record keeping. Issues involving other leg-
islation are also closely tied to safe drinking water; for example, the protection of the nation’s waterways un-
der the Clean Water Act impacts the ultimate protection of the water supply for potable water. Similarly, the
leaching of hazardous wastes into groundwater can affect underground water quality. Thus, the quality of
sources of drinking water is closely tied by other major legislation to the control of pollution.

Clean Water Act (33 U.S.C. 1251 et seq.)

Enacted: 1948 (Ch. 758, 62 Stat. 1155). Major amendments 1956 (Ch. 518, §1, 70 Stat. 498); 1972 (PL 92-
500); 1977 (PL 95-217); 1987 (PL 100-4) (14).

Basic Objective. The Clean Water Act is the primary authority for water pollution control programs with
emphasis on surface waters. The objective of these programs is to “restore and maintain the chemical, phys-
ical, and biological integrity of the nation’s waters.” The act set national goals to:

1. Eliminate the discharge of pollutants into navigable waters by 1985

2. Set interim goals of water quality that will protect fish and wildlife and will provide for recreation by
July 1, 1983

Prohibit the discharge of toxic pollutants in quantities that might adversely affect the environment
Construct publicly owned waste-treatment facilities with federal financial assistance

Establish waste-treatment management plans within each state

Establish the technology necessary to eliminate the discharge of pollutants

Develop and implement programs for the control of nonpoint sources of pollution to enable the goals of
the act to be met

Nonkw
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The goals are to be achieved by a legislative program that includes permits under the National Pollutant Dis-
charge Elimination System (NPDES). Effluent limitations imposed under the initial legislation required the
existing sources of pollution to use the “best practicable” treatment technology by 1977 and the “best avail-
able” technology by 1983; amendments provided means for modification of compliance dates. It requires an
independent set of effluent limitations of new sources.

Key Provisions. Development of effluent standards and permit systems and state and local responsibilities
are key provisions of the act.

Effluent standards for existing and new sources of water pollution are established. These are source-spe-
cific limitations. Also, the act lists categories of point sources for which the EPA must issue standards of
performance for new sources. States must develop and submit to the EPA a procedure for applying and en-
forcing these standards.

The EPA may establish a list of toxic pollutants and establish effluent limitations based on the best avail-
able technology economically achievable for point sources designated by the EPA. The EPA has also issued
pretreatment standards for toxic pollutants.

Anyone conducting an activity, including construction or operation of a facility, that may result in any
discharge into navigable waters must first obtain a permit. Permit applications must include a certification
that the discharge meets applicable provisions of the act, under NPDES. Permits for a discharge into ocean
water are issued under separate guidelines from the EPA. The Corps of Engineers issues permits for the dis-
charge of dredged or fill material in ocean water, based on criteria established by the Corps.

The act makes provision for direct grants to states to help them in administering pollution-control pro-
grams. It also provides grants to assist in the development and implementation of waste-treatment manage-
ment programs, including the construction of waste-treatment facilities. The federal share of construction
costs was to be no more than 55% after October 1, 1984.

To be eligible for these grants, states must develop waste-treatment management plans that are based
upon federally issued guidelines. These programs must be approved by the EPA and must include:

1. Regulatory programs to assure that the treatment facilities will include applicable pretreatment require-
ments

2. The identification of sources of pollution and the process by which control will be achieved

. A process to control sources of groundwater pollution

4. The control of pollution from dredged or fill material into navigable waters; this must meet Section 404
requirements of this act

w

Waste-treatment management is on an areawide basis, providing for the control of pollution from all
point and nonpoint sources. In addition, the states are required to develop implementation plans for EPA ap-
proval to meet minimum water quality standards established by the EPA.

Other provisions of the act state that federal facilities must comply with all federal, state, and local re-
quirements for the abatement and control of pollution. Also, the act provides grants to conduct a national
wetlands inventory.

In November 1990, the EPA issued regulations setting forth the NPDES permit application requirements
for stormwater discharges associated with industrial activities, discharge from municipal storm sewer sys-
tems that serve urban areas of 250,000 population or greater, and discharges from municipal storm sewer
systems serving populations between 100,000 and 250,000.

Enforcement Responsibilities; Federal-State Relationship. Except for issuing permits for the discharge
of dredged or fill material, the EPA has no enforcement responsibilities for the act. The Corps of Engineers
has the responsibility of issuing permits for specific categories of activities involving discharge of dredged
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or fill materials if the discharge will cause only minimal adverse effects. Sites for the discharge of dredged
or fill material are specified by EPA guidelines.

Like many other major environmental statutes, the Clean Water Act emphasizes eventual state primacy
and enforcement responsibilities. When the state has plans for preserving or restoring water quality, and the
EPA has approved those programs, the state will then assume enforcement responsibilities. Both these pro-
grams are based upon a minimal federal regulatory involvement. The federal role is also one of providing
grants to states for the implementation of these programs.

Accomplishments and Impacts. The Clean Water Act is enforced through two major interrelated strate-
gies—a statutory program for the improvement of water quality and a related program of federal grants for
the construction and expansion of wastewater treatment works.

A national clean water goal, initially to be achieved by 1983, first provides a statutory guideline for a leg-
islative program intended to eliminate all pollution in national waters. Discharge permits were then required
for all water effluent discharges into national waters, and these permits may not be granted unless the source
of the discharge utilizes the effluent treatment technology required by the act. These discharge permits are
granted and administered according to the NPDES, initially to be administered by EPA but which may be
transferred for administration to the states subject to their compliance with detailed criteria contained in the
federal law.

Effluent limitations imposed under the act generally require that existing sources of pollution make use
of the “best practicable” treatment technology by 1977, and the “best available” technology by 1983, and the
statute also imposes an independent set of effluent limitations on new sources of water pollution. Discharges
from wastewater treatment plants also require a discharge permit under the NPDES system.

Water quality standards established under the earlier water quality act are also continued. Standards must
be established by a state if it has not done so previously. The EPA and the states must establish more strin-
gent effluent limitations than those otherwise required by the act if needed to meet water quality standards.
As in the Clean Air Act, the water quality and discharge permit requirements of the Clean Water Act can be
expected to have a major impact on land development patterns through the influence they exert on the loca-
tion of water pollution sources.

As in the Clean Air Act, the water pollution control requirements are applied principally to point sources
of pollution. Where the Clean Water Act differs from the Clean Air Act is in its specific statutory require-
ments for a water quality planning program that includes specific land development control authority.

The Clean Water Act also addresses problems caused by the diffusion of water from nonpoint areawide
sources of pollution, such as stormwater runoff and water runoff from on-site construction activities. Con-
trols over nonpoint sources are also required by the act. They are first required in the “regulatory program,
which must be a part of the areawide waste treatment planning process. This program must include “proce-
dures and methods,” including “land use requirements,” to control nonpoint pollution sources.

The dredge and fill program under Section 404 of the 1972 Water Pollution Control Act authorizes a per-
mit program for dredge and fill activities in “waters of the United States” to be administered by the U.S.
Army Corps of Engineers. Deliberate congressional selection of the language defining the jurisdiction of the
Corps led to an expansion of the program to include coastal and freshwater wetlands as well as navigable
waters. This extension of jurisdiction makes a federal dredge and fill permit necessary for residential and
other development in wetlands areas. The Corps is authorized to issue permits for dredge and fill activities
at disposal sites specified by the Corps under regulations jointly developed by it and the EPA. The required
review covers analysis similar to the environmental assessments or environmental impact statements. The
Corps is to consider the need for the permit, alternative locations and methods, beneficial and detrimental
effects, and cumulative impacts.

The act also authorizes the EPA to veto dredge and fill permits issued by the Corps of Engineers if they
have an “unacceptable adverse effect” on municipal water supplies or shellfish beds or on fishery, wildlife,
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or recreational areas. With the 1977 amendments, Congress preserved the broad jurisdiction of the dredge
and fill program over all waters, but authorized a delegation to the states of the authority to issue permits for
waters not classed as navigable and shifted control over nonpoint sources of pollution to Section 208. An
amendment to Section 404 exempts from the dredge and fill permit requirement a series of earth-moving ac-
tivities such as normal farming and construction sites, as well as any nonpoint sources subject to control un-
der a state nonpoint source control program approved under Section 208.

The Water Pollution Control Amendments of 1981 (PL 97-17) legalized oxidation ponds, lagoons and
ditches, and trickling filters as the equivalent of secondary treatment if water quality is not adversely affect-
ed.

Under this act, the EPA administers programs that provide financial grants to local agencies for the plan-
ning of wastewater management facilities. The Corps of Engineers participates in the planning of waste-
water facilities or systems as follows:

1. The Corps of Engineers may perform a single-purpose wastewater management study in response to a
congressional resolution or an act of Congress.

2. The Corps of Engineers may engage in wastewater management planning as part of an urban study.

3. The Corps of Engineers may provide advisory assistance to local or state agencies engaged in areawide
waste treatment planning at the request of such agency.

Water quality planning under Section 208, also referred to as “208 Planning,” was initiated under this act.
A substantial number of 208 plans were developed.

The prevailing trend in water pollution control regulation and research has been in the direction of tech-
nology-based rather than water-quality-based, causing some point-source pollution control projects to be-
come excessively costly by providing treatment beyond the levels required by receiving waters. On the other
hand, pressing problems like surface runoff, combined sewer overflows, operation and maintenance, and
toxic and hazardous waste disposal remained unresolved. Many scientists and engineers recommend that the
facilities to treat point-source pollutants should be developed in concert with measures that may be needed
for control of nonpoint sources.

Resource Conservation and Recovery Act (RCRA) (42 U.S.C. 6901 et seq.)

Enacted: 1976 (PL 94-580) (as an amendment that completely revised the Solid Waste Disposal Act). Major
amendment: 1984 (PL 98-6 16) (Hazardous and Solid Waste Amendments of 1984); 1992 (PL 102-386)
(Federal Facility Compliance Act) (15).

Basic Objective. RCRA, as it now exists, is the culmination of a long series of pieces of legislation, dating
back to the passage of the Solid Waste Disposal Act of 1965, which address the problem of waste disposal. It
began with the attempt to control solid waste disposal and eventually evolved into an expression of the na-
tional concern with the safe and proper disposal of hazardous waste. Establishing alternatives to existing
methods of land disposal and to conversion of solid wastes into energy are two important needs noted by the
act.

The RCRA of 1976 gives the EPA broad authority to regulate the disposal of hazardous wastes; encour-
ages the development of the solid waste management plans and nonhazardous waste regulatory programs by
states; prohibits open dumping of wastes; regulates underground storage tanks; and provides for a national
research, development, and demonstration program for improved solid waste management and resource con-
servation techniques.
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The control of hazardous wastes will be undertaken by identifying and tracking hazardous wastes as they
are generated, ensuring that hazardous wastes are properly contained and transported, and regulating the
storage, disposal, or treatment of hazardous wastes. A major objective of the RCRA is to protect the envi-
ronment and conserve resources through the development and implementation of solid waste management
plans by the states. The act recognizes the need to develop and demonstrate waste management practices
that are not only environmentally sound and economically viable but also conserve resources. The act re-
quires the EPA to undertake a number of special studies on subjects such as resource recovery from glass
and plastic waste and managing the disposal of sludge and tires. An Interagency Resource Conservation
Committee has been established to report to the President and the Congress on the economic, social, and en-
vironmental consequences of present and alternative resource conservation and resource recovery tech-
niques.

Key Provisions. Hazardous wastes are identified by definition and publication. Four classes of definitions
of hazardous waste have been identified: ignitability, reactivity, corrosivity, and toxicity. The chemicals that
fall into these classes are regulated primarily because of the dangerous situations they can cause when land-
filled with typical municipal refuse. Four lists, containing approximately 1000 distinct chemical com-
pounds, have been published. (These lists are revised as new chemicals become available.) These lists in-
clude waste chemicals from nonspecific sources, by-products of specific industrial processes, and pure or
off-specification commercial chemical products. These classes of chemicals are regulated primarily to pro-
tect groundwater from contamination by toxic products and by-products.

The act requires tracking of hazardous wastes from generation, to transportation, to storage, to disposal
or treatment. Generators, transporters, and operators of facilities that dispose of solid wastes must comply
with a system of record keeping, labeling, and manufacturing to ensure that all hazardous waste is designat-
ed only for authorized treatment, storage, or disposal facilities. The EPA must issue permits for these facili-
ties, and they must comply with the standards issued by the EPA.

The states must develop hazardous waste management plans, which must be EPA-approved. These pro-
grams will regulate hazardous wastes in the states and will control the issuance of permits. If a state does not
develop such a program, the EPA, based on the federal program, will do so.

Solid waste disposal sites are to be inventoried to determine compliance with the sanitary landfill regula-
tions issued by the EPA. Open dumps are to be closed or upgraded within 5 years of the inventory. As with
hazardous waste management, states must develop management plans to control the disposal of solid waste
and to regulate disposal sites. EPA has issued guidelines to assist states in developing their programs.

As of 1983, experience and a variety of studies dating back to the initial passage of the RCRA legislation
found that n estimated 40 million metric tons of hazardous waste escaped control annually through loop-
holes in the legislative and regulatory framework. Subsequently, Congress was forced to reevaluate RCRA,
and in doing so found that RCRA fell short of its legislative intent by failing to regulate a significant number
of small-quantity generators, regulate waste oil, ensure environmentally sound operation of land disposal fa-
cilities, and realize the need to control the contamination of groundwater caused by leaking underground
storage tanks. Major amendments were enacted in 1984 in order to address the shortcomings of RCRA. Key
provisions of the 1984 amendments include:

® Notification of undergound tank data and regulations for detection, prevention, and correction of releases

® Incorporation of small-quantity generators (which generate between 100 and 1000 kg of hazardous waste
per month) into the regulatory scheme

® Restriction of land disposal of a variety of wastes unless EPA detemines that land disposal is safe from
human health and environmental points of views

® Requirement of corrective action by treatment, storage, and disposal facilities for all releases of haz-
ardous waste regardless of when the waste was placed in the unit
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® Requirement of the EPA to inspect government-owned facilities (which handle hazardous waste) annual-
ly, and other permitted hazardous waste facilities at least every other year
® Regulation of facilities that burn wastes and oils in boilers and industrial furnaces

Enforcement Responsibilities; Federal-State Relationship. Subtitle C of the Solid Waste Disposal Act,
as amended by the RCRA of 1976, directs the EPA to promulgate regulations for the management of haz-
ardous wastes.

The hazardous waste regulations, initially published in May 1980, control the treatment, storage, trans-
port, and disposal of waste chemicals that may be hazardous if landfilled in the traditional way. These regu-
lations (40 CFR 261-265) identify hazardous chemicals in two ways—by listing and by definition. A chem-
ical substance that appears on any of the lists or meets any one of the definitions must be handled as a
hazardous waste.

Like other environmental legislation, RCRA enforcement responsibilities for hazardous waste manage-
ment will eventually be handled by each state, with federal approval. Each state must submit a program for
the control of hazardous waste. These programs must be approved by the EPA before the state can accept en-
forcement responsibilities.

The state programs will pass through three phases before final approval will be given. The first phase is
the interim phase, during which the federal program will be in effect. The states will then begin submitting
their programs for the control of hazardous wastes. The second-phase programs will address permitting pro-
cedures. A final phase will provide federal guidance for design and operation of hazardous waste disposal
facilities. Many states have chosen to allow the federal programs to suffice as the state program to avoid the
expense of designing and enforcing the program.

It should also be noted that the Department of Transportation has enforcement responsibilities for the
transportation of hazardous wastes and for the manifest system involved in transporting.

Accomplishments and Impacts. The 1980 regulations for the control of hazardous wastes were a response
to the national concern over hazardous waste disposal. States have begun to discover their own “Love
Canals,” and the impacts of unregulated disposal of hazardous wastes on their communities. While the “Su-
perfund” legislation provides funds for the cleanup of such sites, RCRA attempts to avoid future “Love
Canals.”

Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA) (42 U.S.C. 9601 et seq.)

Enacted: 1980 (PL 96-510). Major amendment: 1986 (PL 99-499) (Superfund Amendments and Reautho-
rization Act) (16).

Basic Objective. The act, known as Superfund or CERCLA, has four objectives:

1. To provide the enforcement agency the authority to respond to the releases of hazardous wastes (as de-
fined in the Federal Water Pollution Control Act, Clean Air Act, Toxic Substances Control Act, Solid
Waste Disposal Act, and by the administrator of the enforcement agency) from “inactive” hazardous
waste sites which endanger public health and the environment

. To establish a hazardous substance Superfund

. To establish regulations controlling inactive hazardous waste sites

4. To provide liability for releases of hazardous wastes from such inactive sites

W N
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The act amends the Solid Waste Disposal Act. It provides for an inventory of inactive and “orphan” haz-
ardous waste sites and for appropriate action to protect the public from the possible dangers of such sites. It
is a response to the concern for the dangers of negligent hazardous waste disposal practices.

Key Provisions

1. The establishment of a hazardous substance Superfund based on fees from industry and federal appropri-
ations to finance response actions

2. The establishment of liability to recover costs of response from liable parties and to induce the cleanup of
sites by responsible parties

3. The determination of the number of inactive hazardous waste sites by conducting a national inventory.
This inventory includes coordination by the Agency for Toxic Substances and Disease Registry (ATSDR)
of the Public Health Service for the purpose of implementing the health-related authorities in the act.

4. The provision of the authority of the EPA to act when there is a release or threat of release of a pollutant
from a site that may endanger public health. Such action may include “removal, remedy, and remedial ac-
tion.”

5. The revision, within 180 days of enactment of the act, of the National Contingency Plan for the Removal
of Oil and Hazardous Substances (40 CFR, Part 300). This plan must include a section to establish pro-
cedures and standards for responding to releases of hazardous substances, pollutants, and contaminants
and abatement actions necessary to offset imminent dangers.

Enforcement Responsibilities, Federal-State Relationship. The EPA has responsibility for enforcement
of the act as it pertains to the inventory, liability, and response provisions. The EPA is also responsible for
claims against the Hazardous Substance Superfund, which is administered by the president. The EPA is re-
sponsible for promulgating regulations to designate hazardous substances, reportable quantities, and proce-
dures for response. The National Response Center, established by the Clean Water Act, is responsible for no-
tifying appropriate government agencies of any release.

The following Department of Transportation agencies also have responsibilities under the act:

U.S. Coast Guard—response to releases from vessels

Federal Aviation Administration—responses to releases from aircraft
Federal Highway Administration—responses to releases from motor carriers
Federal Railway Administration—responses to releases from rolling stock

States are encouraged by the act to participate in response actions. The act authorizes the EPA to enter
into contracts or cooperative agreements with states to take response actions. The fund can be used to defray
costs to the states. The EPA must first approve an agreement with the state, based on the commitment by the
state to provide funding for remedial implementation. Before undertaking any remedial action as part of a
response, the EPA must consult with the affected state(s).

Accomplishments and Impacts. On July 16, 1982, the EPA published the final regulations pursuant to
Section 105 of the act, revising the National Contingency Plan for Oil and Hazardous Substances under the
Clean Water Act, reflecting new responsibilities and powers created by CERCLA. The plan establishes an
effective response program. Because the act requires a national inventory of inactive hazardous waste sites,
the intent is to identify potential danger areas and effect a cleanup or remedial actions to avoid or mitigate
public health and environmental dangers. In studying a sampling of these sites, the House Committee on In-
terstate and Foreign Commerce (House Report No. 96-1016) found four dangerous characteristics common
to all the sites. These characteristics are:
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. Large quantities of hazardous wastes

. Unsafe design of the sites and unsafe disposal practices

. Substantial environmental danger from the wastes

. The potential for major health problems for people living and working in the area of the sites
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The intent of the act is to eliminate the above problems by dealing with the vast quantities of hazardous
and toxic wastes in unsafe disposal sites in the country. The immediate impact of the act has been the identi-
fication of the worst sites where the environmental and health dangers are imminent. This priority list will
be used to spend the money available in the Hazardous Waste Response Fund in the most effective way to
eliminate the imminent dangers. The long-term impact of the act will be to eliminate and clean up all the
identified inactive sites and develop practices and procedures to prevent future hazards in such sites,
whether active or inactive. Another accomplishment of the act is to establish liability for the cost of cleanup
to discourage unsafe design and disposal practices. The act has armed the EPA with the authority to pursue
an active program of cost recovery for cleanup from responsible parties.

Superfund Amendments and Reauthorization Act (SARA)
(42 U.S.C. 11001 et seq.)

Enacted: 1986 (PL 99-499) (7).

Basic Objective. This act revises and extends CERCLA (Superfund authorization). CERCLA is extended
by the addition of new authorities provided for by the Emergency Planning and Community Right-to-Know
Act of 1986 (also known as Title III of SARA). Title III of SARA provides for “emergency planning and
preparedness, community right-to-know reporting, and toxic chemical release reporting. This act also estab-
lishes a special program within the Department of Defense for restoration of contaminated lands, somewhat
similar to the Superfund under CERCLA.

Key Provisions. There are key provisions that apply when a hazardous substance is handled and when an
actual release has occurred. Even before any emergency has arisen, certain information must be made avail-
able to state and local authorities, and to the general public upon request. Facility owners and operators are
obligated to provide information pertaining to any regulated substance present on the facility to the appro-
priate state or local authorities (Subtitle A). Three types of information are to be reported to the appropriate
state and local authorities (Subtitle B):

1. Material safety data sheets (MSDSs), which are prepared by the chemical manufacturer of any hazardous
chemical and are retained by the facility owner or operator (or, if confidentiality is a concern, a list of
hazardous chemicals for which MSDSs are retained can be made available). These sheets contain gener-
al information on a hazardous chemical and provide an initial notice to the state and local authorities.

2. Emergency and hazardous chemical inventory forms, which are submitted annually to the state and local
authorities. Tier I information includes the maximum amount of a hazardous chemical that may be pres-
ent at any time during the reporting year and the average daily amount present during the year prior to the
reporting year. Also included is the “general location of hazardous chemicals in each category.” This in-
formation is available to the general public upon request. Tier II information is reported only if requested
by an emergency entity or fire department. This information provides a more detailed description of the
chemicals, the average amounts handled, the precise location, storage procedures, and whether the infor-
mation is to be made available to the general public (allowing for the protection of confidential informa-
tion).

3. Toxic chemical release reporting, which releases general information about effluents and emissions of
any “toxic chemicals.”
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In the event that a release of a hazardous substance does occur, a facility owner or operator must notify
the authorities. This notification must identify the hazardous chemical involved; amounts released; time, du-
ration, and environmental fate; and suggested action.

A multilayer emergency planning and response network on the state and local government levels is to be
established, also providing a notification scheme in the event of a release.

Enforcement Responsibilities; Federal-State Relationship. Local emergency planning committees or an
emergency response commission appointed by the governor of the state are responsible for the response
scheme. The primary drafters of the local response plans are local committees, which are also responsible
for initiating the response procedure in the event of an emergency. Each state commission will supervise the
local activities.

Accomplishments and Impacts. SARA legislation to promote emergency planning and to provide citizen
information at the local level was a response to the Bhopal, India, disaster. A major intent is to reassure U.S.
citizens that a similar tragedy will not occur in this country, and thus have a calming effect. The standardiza-
tion of reporting and record keeping should produce long-term benefits and well-designed response plans.
Whether a high-quality emergency response involvement can be maintained indefinitely at the local level re-
mains a question.

Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA)
(7 U.S.C. 136 et seq.)

Enacted: 1947 (Ch. 125, 61 Stat. 163). Major amendments: 1972 (PL 92-5 16); 1978 (PL 95-396); 1988 (PL
100-532); 1991 (PL 102-237) (18).

Basic Objective. FIFRA is designed to regulate the use (which is in excess of 1 billion pounds) and safety
of pesticide products within the United States. The 1972 amendments, a major restructuring that established
the contemporary regulatory structure, are intended to ensure that the environmental harm resulting from the
use of pesticides does not outweigh the benefits.

Key Provisions

1. The evaluation of risks posed by pesticides (requiring registration)

2. The classification and certification of pesticides by specific use (as a way to control exposure)

3. The restriction of the use of pesticides that are harmful to the environment (or suspending or canceling
the use of the pesticide)

4. The enforcement of the above requirements through inspections, labeling, notices, and state regulation

Enforcement Responsibilities; Federal-State Relationship. The EPA is allowed to establish regulations
concerning registration, inspection, fines, and criminal penalties, and to stop the sales of pesticides. Primary
enforcement responsibility, however, has been assumed by almost every state. Federal law only specifies that
each state must have adequate laws and enforcement procedures to assume primary authority.

As in the case for almost any federal law, FIFRA preempts state law to the extent that it addresses the pes-
ticide problem. Thus, a state cannot adopt a law or regulation that counters a provision of FIFRA, but can be
more stringent.

Accomplishments and Impacts. While the volume of pesticides and related information is enormous,
FIFRA has enabled the EPA to acquire much information for analysis of risk and environmental degradation
that results from the use of pesticides. This information has been, and will continue to be, generally invalu-

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.
Any use is subject to the Terms of Use as given at the website.



ENVIRONMENTAL LEGISLATION

2.18 CHAPTER TWO

able in such analyses. However, Congress continues to struggle with the balancing of benefits and detri-
ments of the use of pesticides in its attempt to deal with the economic, scientific, and environmental issues
that are involved in the regulation of pesticides.

Marine Protection, Research, and Sanctuaries Act (33 U.S.C. 1401 et seq.)
Enacted: 1972 (PL 92-532). Major amendments: 1984 (PL 98-498); 1988 (PL 100-627) (19).

Basic Objective. This act regulates the dumping of all types of materials into the ocean. It prevents or se-
verely restricts the dumping of materials adversely affecting human welfare, the marine environment, eco-
logical systems, or economic potentialities. It provides for a permitting process to control the ocean dump-
ing of dredged material.

The act also establishes the marine sanctuaries program, which designates certain areas of the ocean wa-
ters as sanctuaries, when such designation is necessary to preserve or restore these areas for their conserva-
tion, recreation, ecology, or aesthetic values. States are involved in the program through veto powers to pro-
hibit a designation.

Key Provisions. The EPA is responsible for issuing permits for the dumping of materials in ocean waters
except for dredged material (regulated by the Corps of Engineers), radiological, chemical, and biological
warfare agents, and high-level radioactive waste for which no permits are issued.

The EPA has established criteria for reviewing and evaluating permit applications (40 CFR, Subchapter
H). These criteria consider:

1. The need for the proposed dumping

The effect of such dumping on human health and welfare, including economic, aesthetic, and recreation-
al values

The effect of such dumping on marine ecosystems

The persistence and permanence of the effects of the dumping

The effect of dumping particular volumes and concentrations of such materials

Locations and methods of disposal or recycling, including land-based alternatives

The effect on alternate uses of oceans, such as scientific study, fishing, and other living resource ex-
ploitation

o

Nk w

The Secretary of the Army is responsible for issuing permits for the transportation and disposal of
dredged material in ocean waters. The Secretary applies the same criteria for the issuance of permits as the
EPA uses and will issue permits in consultation with the EPA. Permits issued by the EPA or the Corps of En-
gineers designate:

The type of material authorized to be transported for dumping or to be dumped

The amount of material authorized to be transported for dumping or to be dumped

The location where such transport for dumping will be terminated or where such dumping will occur
The length of time for which the permits are valid

Any special provisions

eIl B

The other major provision of the act is the establishment of the Marine Sanctuaries program.

Enforcement Responsibilities; Federal-State Relationship. The EPA has responsibility for issuing and
administering permits for the dumping of all materials (except for dredged material) into ocean waters. The
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Corps of Engineers has responsibility for permits for the dumping of dredged or fill material in ocean wa-
ters. Each agency has issued regulations to control ocean dumping. The National Oceanic and Atmospheric
Administration (NOAA) in the Department of Commerce is responsible for administering the Marine Sanc-
tuaries Program and issuing regulations to implement it. The states in which a sanctuary is designated can
stop the designation by certifying that the terms are unacceptable to the state.

Accomplishments and Impacts. In January 1982, the Department of Commerce released the “Program
Development Plan” for the National Marine Sanctuary Program. In this program, emphasis is on the use of
marine sanctuaries for both public and private concerns. This will be particularly evident in the exploitation
of the areas for mineral resources. A greater participation by those states in which the sanctuaries are locat-
ed is being fostered. This greater involvement on the part of affected states will also extend to the permitting
process for the dumping of wastes and dredged material into ocean waters.

Toxic Substances Control Act (TSCA) (15 U.S.C. 2601 et seq.)
Enacted: 1976 (PL 94-469). Major amendments: 1986 (PL 99-419); 1988 (PL 100-551) (20).

Basic Objective. This act sets up the toxic substances program, which is administered by the EPA. If the
EPA finds that a chemical substance may present an unreasonable risk to health or to the environment and
that there are insufficient data to predict the effects of the substance, manufacturers may be required to con-
duct tests to evaluate the characteristics of the substance, such as persistence, acute toxicity, or carcinogenic
effects. Also, the act establishes a committee to develop a priority list of chemical substances to be tested.
The committee may list up to 50 chemicals that must be tested within 1 year. However, the EPA may require
testing for chemicals not on the priority list.

Manufacturers must notify the EPA of the intention to manufacture a new chemical substance. The EPA
may then determine if the data available are inadequate to assess the health and environmental effects of the
new chemical. If the data are determined to be inadequate, the EPA will require testing. Most importantly,
the EPA may prohibit the manufacture, sale, use, or disposal of a new or existing chemical substance if it
finds the chemical presents an unreasonable risk to health or the environment. The EPA can also limit the
amount of the chemical that can be manufactured and used and the manner in which the chemical can be
used.

The act also regulates the labeling and disposal of polychlorinated biphenyls (PCBs) and prohibited their
production and distribution after July 1979.

In 1986, Title II, “Asbestos Hazard Emergency Response,” was added to address issues of inspection and
removal of asbestos products in public schools and to study the extent of, and response to, the public health
danger posed by asbestos in public and commercial buildings.

Key Provisions. Testing is required on chemical substances meeting certain criteria to develop data with
respect to the health and environmental effects for which there are insufficient data relevant to the determi-
nation that the chemical substance does or does not present an unreasonable risk of injury to health or the
environment.

Testing includes identification of the chemical and standards for test data. Testing is required for the fol-
lowing:

1. Manufacturers of a chemical meeting certain criteria
2. Processors of a chemical meeting certain criteria
3. Distributors or persons involved in disposal of chemicals meeting certain criteria
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Test data required by the act must be submitted to the EPA, identifying the chemical, listing the uses or
intended uses, and listing the information required by the applicable standards for the development of test
data.

The EPA will establish a priority list of chemical substances for regulation. Priority is given to substances
known to cause or contribute to cancer, gene mutations, or birth defects. The list is revised and updated as
needed.

A new chemical may not be manufactured without notification to the EPA at least 90 days before manu-
facturing begins. The notification must include test data showing that the manufacture, processing, use, and
disposal of the chemical will not present an unreasonable risk of injury to health or the environment. Chem-
ical manufacturers must keep records for submission to the EPA as required. The EPA will use these reports
to compile an inventory of chemical substances manufactured or processed in the United States.

The EPA can prohibit the manufacture of a chemical found to present an unreasonable risk of injury to
health or the environment or otherwise restrict a chemical. The act also regulates the disposal and use and
prohibits the future manufacture of PCBs, and requires the EPA to engage, though various means, in re-
search, development, collection, dissemination, and utilization of data relevant to chemical substances.

Enforcement Responsibilities; Federal-State Relationship. The EPA has enforcement responsibilities for
the act, but the act makes provisions for consultations with other federal agencies involved in health and en-
vironmental issues, such as OSHA and the Department of Health and Human Services. Initially, the states
could receive EPA grants to aid them in establishing programs at the state level to prevent or eliminate un-
reasonable risks to health or the environment related to chemical substances.

Accomplishments and Impacts. TSCA has provided a framework for establishing that chemical manufac-
turers take responsibility for the testing of chemical substances as related to their health and environmental
effects. It places the burden of proof on the manufacturer to establish the safety of a chemical, yet still gives
the EPA the final authority to prohibit or severely restrict chemicals in commerce. Thus, it is an attempt at
the introduction of a chemical to prevent significant health and environmental problems that may surface
later on. The fact that when this legislation was initially passed, PCB effects were such an issue because of
their widespread and uncontrolled use is reflective of public concerns over the number of other possible
chemicals commonly used which could be carcinogenic. Public concern was so visible that an immediate
need was perceived to regulate PCBs. Thus, PCBs are controlled and specifically prohibited by TSCA rather
than RCRA.

National Environmental Policy Act (NEPA) (42 U.S.C. 4341 et seq.) 1969/70

The complete text of this legislation is presented in Fig. 10.1. Basic objectives and key provisions of the act
are well defined in the language of this legislation (27). Please see Chapter 10 for further discussion of this
act.

Enforcement Responsibilities; Federal-State Relationship. The President’s Council on Environmental
Quality (CEQ) has the main responsibility for overseeing federal efforts to comply with NEPA. In 1978,
CEQ issued regulations to comply with the procedural provisions of NEPA. Other provisions of NEPA apply
to major federal actions significantly affecting the quality of the human environment.

Accomplishments and Impacts. The enactment of this act has added a new dimension to the planning and
decision-making process of federal agencies in the United States (22). This act requires federal agencies to
assess the environmental impact of implementing their major programs and actions early in the planning
process. For those projects or actions that are either expected to have a significant effect on the quality of the
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human environment or are expected to be controversial on environmental grounds, the proponent agency is
required to file a formal environmental impact statement (EIS) (22, 23). Other accomplishments and im-
pacts of the act are:

® [t has provided a systematic means of dealing with environmental concerns and including environmental
costs in the decision-making process.

It has opened governmental activities and projects to public scrutiny and public participation.

Some projects have been delayed because of the time required to comply with the NEPA requirements.
Many projects have been modified or abandoned to balance environmental costs with other benefits.

It has served to accomplish the four purposes of the act as stated in its text.

National Historic Preservation Act (16 U.S.C. 470-470t)

Enacted: 1966 (PL 89-665). Major amendments: 1973 (PL 93-54); 1976 (PL 94-422); 1980 (PL 96-515);
1992 (PL 102-575) (24).

Basic Objective. The act establishes a national policy of preserving, restoring, and maintaining cultural re-
sources. The Advisory Council on Historic Preservation is given responsibility under the act to implement
this national policy. The National Register of Historic Places is the mechanism by which historic properties
can be protected. Any property in the National Register or eligible for inclusion is protected from certain
types of activities and can receive funding for restoration and maintenance. Amendments to the act gave the
National Park Service the responsibility for determination of eligibility for inclusion in the National Regis-
ter. State historic preservation officers are ultimately given enforcement responsibilities within the state.

Key Provisions

1. Regulations for determination of eligibility in the National Register of Historic Places
2. A federal agency must take into account the effect of a project on any property included in or eligible for
inclusion in the National Register.
. The advisory council must be given an opportunity to comment on a federal project.
4. Federal agencies must inventory all property and nominate any eligible properties to the National Regis-
ter.
. Federal agencies must provide for the maintenance of federally owned registered sites.
6. Agencies must coordinate projects with the state historic preservation officer of the state in which the
project is located.
7. States can qualify for federal grants for the protection, restoration, and maintenance of properties in the
National Register.

(98]

(9,1

Enforcement Responsibilities; Federal-State Relationship. Enforcement responsibilities involve a triad
of agencies. The Advisory Council on Historic Preservation is given the ultimate authority to comment on a
federal project that may impact a property in or eligible for inclusion in the National Register. The National
Park Service has responsibility for making determinations or eligibility. The state historic preservation offi-
cer has the final responsibility for protecting and maintaining eligible properties.

Accomplishments and Impacts. The greatest impact of the act has been the inclusion of cultural concerns
in the environmental area. Federal agencies are including cultural assessments as part of the environmental
assessment process. The act has served to highlight the national concern to preserve its cultural heritage in
the form of the protection of historic sites, buildings, and properties.
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The major accomplishment has been the publication of a list of protected sites in the National Register
and the provision of funds to restore and maintain those sites for future generations. Many new projects in
urban areas to be located in a historic district may be opposed by the community on the grounds of their ad-
verse effects in terms of character, scale, or style of the historic district.

Wild and Scenic Rivers Act (16 U.S.C. 1271 et seq.)
Enacted: 1968 (PL 90-542). Major amendment: 1974 (PL 93-279) (25).

Basic Objective. This act establishes the Wild and Scenic River System. It essentially protects rivers des-
ignated for their wild and scenic values from activities that may adversely impact those values. It provides
for a mechanism to determine if a river can meet certain eligibility requirements for protection as a wild
and/or scenic river.

Key provisions. In planning for the use and development of water and land resources, federal agencies
must give consideration to potential wild and scenic river areas. This potential must be discussed in all river
basin and project plans submitted to Congress. No federal agency is allowed to assist in any way in the con-
struction of a water resources project having a direct and adverse effect on the values for which a river was
designated as part of the Wild and Scenic River System.

Likewise, no agency is allowed to recommend authorization or request appropriations to begin construc-
tion of a project on a designated river without informing the administering secretary (Secretary of the U.S.
Department of Interior or Agriculture) in writing, 60 days in advance, and without specifically reporting to
Congress on how construction would conflict with the act and affect values of the river being protected by
the act.

No agency is permitted to recommend authorization of, or request appropriations to initiate, construc-
tion of a project, on or directly affecting a river designated for potential addition to the system during the
full 3 fiscal years after the designation, plus 3 more years for congressional consideration, unless the
Secretary of Interior or Agriculture advises against including the segment in the system in a report that
lies before Congress for 180 in-session days. The comparable time limit for state-promised additions is 1
year.

Agencies must inform the Secretary of any proceedings, studies, or other activities which would affect a
river that is designated as a potential addition to the system. Agencies having jurisdiction over lands that in-
clude, border upon, or are adjacent to any river within or under consideration for the system protect the river
with management policies and plans for the lands as necessary.

Enforcement Responsibilities; Federal-State Relationship. The Department of the Interior has ultimate
authority for administering the program, but the states can designate rivers for inclusion in the system. The
Department of Agriculture administers and designates rivers in national forests.

Accomplishments and Impacts. As of July 1996, 160 rivers had been designated either wild, scenic, or
recreational as part of the act. The Act has attempted to preserve designated rivers and their values from ad-
verse impacts.

Coastal Zone Management Act (16 U.S.C. 141 et seq.)

Enacted: 1972 (PL 92-583). Major amendments: 1976 (PL 94-370); 1980 (PL 96-464); 1985 (PL 99-272);
1990 (PL 101-508); 1996 (PL 104-150) (26).
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Basic Objective. The act was passed in response to the public’s concern for balanced preservation and de-
velopment activities in coastal areas. It was designed to help states manage these competing demands and
provided funding to states participating in the federal program.

The legislation emphasized the state leadership in the program, and allowed states to participate in the
federal program by submitting their own coastal zone management proposals. The purpose of these state
programs, which are federally approved, is to increase protection of coastal areas while better managing de-
velopment and government activities at all levels. The act established the Office of Coastal Zone Manage-
ment (OCZM) in the National Oceanic and Atmospheric Administration (NOAA). Once the OCZM has ap-
proved a state program, federal agency activities within a coastal zone must be consistent “to the maximum
extent practicable” with the program.

Key Provisions. Federal agencies must assess whether their activities will directly affect the coastal zone
of a state having an approved program.

The 1980 amendments included, as part of coastal areas, wetlands, floodplains, estuaries, beaches, dunes,
barrier islands, coral reefs, and fish and wildlife and their habitat. The act also provides public access to the
coast for recreational purposes.

States are encouraged to prepare special area management plans addressing such issues as natural re-
sources, coastal-dependent economic growth, and protection of life and property in hazardous areas. Federal
grants are available to the states to cover 80% of the costs of administering their federally approved coastal
zone management programs. They may use 30% of their grants to implement the 1980 amendment provi-
sions.

The states are also encouraged to inventory coastal resources, designate those of “national significance,”
and establish standards to protect those so designated.

Enforcement Responsibilities; Federal-State Relationships. The act is administered by OCZM as part of
the NOAA. However, the underlying objective of the act is to involve agencies at the state and local levels in
the administering process. While the act does not require states to submit a coastal zone management pro-
gram for approval, it does provide two major incentives for states to join the federal program; one is finan-
cial assistance to administer the program, and the other is that any federal activity in a coastal zone must in-
clude the consistency determination process, which involves consultation with the state.

Accomplishments and Impacts. Because the consistency determination is a major factor or incentive in en-
couraging states to participate in the coastal zone management program, it is imperative to clearly define when
such a consistency determination is required. The act states that it is necessary when a federal activity will “di-
rectly affect” the coastal zone. Since 1979, NOAA has been attempting to define “directly affecting.” The lat-
est attempt in January, 1982, was withdrawn in May, 1982. Thus there is not yet a clear definition of this term.

The central issue is whether off-coast survey (OCS) activities by the Department of Interior are subject to
consistency determinations. The recent extensive off-shore tracts opened for lease by the Secretary of the In-
terior serve to highlight the conflict between the federal government and affected states. At the present time,
NOAA is waiting the outcome of litigation involving OCS activities before attempting a further definition of
“directly affecting,” although at the appeals court level, the court ruled in favor of including a specific lease
in the consistency determination process. Thus, the two major incentives for encouraging states to partici-
pate in the program are currently in jeopardy.

Endangered Species Act (16 U.S.C. 1 531-1 542)

Enacted: 1973 (PL 93-205). Major amendments: 1978 (PL 95-632); 1982 (PL 97-304); 1988 (PL 100-478)
(27).
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Basic Objective. This act seeks to conserve endangered and threatened species. It directs the Fish and
Wildlife Service of the U.S. Department of Interior to promulgate a list of endangered and threatened
species and designate critical habitat for those species. Amendments also created the Endangered Species
Committee to grant exemptions for the act.

Federal agencies must carry out programs for the conservation of listed species and must take actions to
ensure that projects they authorize, fund, or carry out are not likely to jeopardize the existence of the listed
species or result in the destruction or modification of habitat declared to be critical.

The act divides procedures for those projects begun before and after November 10, 1978. For those not
under construction before November 10, 1978, agencies must request the Fish and Wildlife Service to fur-
nish information as to whether any species listed, or proposed to be listed, are in the area. If such species are
present, a biological assessment must be completed by the proponent agency within 180 days.

If the biological assessment or other project information reveals that a species may be affected, the agency
must consult with the Fish and Wildlife Service (or National Marine Fisheries Service). Consultation must be
completed by the service within a 90-day period. The Department of the Interior provides the agency with an
opinion as to how the action will affect the species or its critical habitat, and suggests reasonable alternatives.
The agency may apply for an exemption to the act to the Endangered Species Committee.

Key Provisions. Of major significance is the promulgation of a list of species that have been found to be ei-
ther threatened or endangered and the protection of species on the list from activities that may impact their
continued protection and survival. Also, the act provides for the designation of habitat from activities that may
harm the delicate ecological balance necessary for the existence of a listed species. Federal agencies are re-
quired to perform a biological assessment before undertaking a project to determine the impact of a project on
a listed species or its habitat. If that impact is negative, the agency must undertake mitigation procedures or
the project must be halted. An important provision of the act is the establishment of an Endangered Species
Committee to grant exemptions from the act. A federal agency must consult with the Fish and Wildlife Ser-
vice if the results of the biological assessment show a listed species may be affected by a project. The Fish and
Wildlife Service will suggest alternatives to the agency. A process is established whereby a species can be de-
termined to be threatened or endangered, and thus eligible for the list, or cannot be removed from the list.

Enforcement Responsibilities; Federal-State Relationship. The Fish and Wildlife Service of the Depart-
ment of Interior has enforcement responsibilities under the act and must ultimately decide on all biological
assessments and mitigation procedures. While states can compile their own lists of species and the degrees
of protection required, species on the federal list are under the jurisdiction and protection of the federal gov-
ernment, and a violation of the act carries federal penalties.

Accomplishments and Impacts. The Endangered Species Act has served to stop the rapid rate of extinc-
tion of many species. Perhaps the greatest success has been with the bald eagle, which is making a success-
ful return, largely due to its protection under the act. Perhaps the most visible of its impacts was the halting
of a major water project, the Tellico Dam, due to its impact on a listed species. The result of that action and
the result of the Supreme Court decision was the 1978 amendment establishing the Endangered Species
Committee, which can grant exemptions from the act.

For many of the species listed, it is too late to prevent ultimate extinction, but for others, such as the bald
eagle, the grizzly bear, and the alligator, the act has protected the species and its habitat to allow for its sur-
vival.

Fish and Wildlife Coordination Act (16 U.S.C. 661 et seq.)

Enacted: 1934 (Ch. 55, 48 Stat. 401). Major amendments: 1946 (Ch. 965, 60 Stat. 1080); 1958 (PL 85-624);
1965 (PL 89-72) (28).
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Basic Objective. This act provides that wildlife conservation be given equal consideration and be coordi-
nated with other aspects of water resource development programs. It establishes the need to coordinate ac-
tivities of federal, state, and private agencies in the development, protection, and stocking of wildlife re-
sources and their habitat. Also, the act provides procedures for consultation between agencies with the
purpose of preventing loss of and damage to wildlife resources from any water-resource-related project. Any
such consultation includes the Fish and Wildlife Service, the head of the agency having administrative con-
trol of state and wildlife resources, and the agency conducting the project.

Key Provisions. The act requires officers of the agency conducting the project to give full consideration to
Fish and Wildlife Service recommendations and those of the state agency. “Full consideration” includes mit-
igation measures.

Any report recommending authorization of a new project must contain an estimate of wildlife benefits
and losses and the costs and amount of reimbursement required. Adequate provision must be made for the
use of projects lands and water for the conservation, maintenance, and management of wildlife resources,
including their development and improvement.

Lands to be measured by a state for the conservation of wildlife must be managed in accordance with a
plan that must be jointly approved by the federal agency exercising primary administrative responsibility, the
Secretary of the Interior, and the administering state agency.

Enforcement Responsibilities; Federal-State Relationship. Enforcement of the act involves the triad co-
ordination of the Department of Interior (Fish and Wildlife Service), the state wildlife agency, and the
agency undertaking the water-resource-related project.

Accomplishments and Impacts. The Department of the Interior has issued regulations to implement the
act. Under the initial regulations, federal agency consultation procedures would be consistent. However, in
July, 1982, the proposed regulations were withdrawn in favor of administrative actions preparing memoran-
da of agreement. Likewise, the Department of the Interior has withdrawn from attempts to establish proce-
dures for mitigation techniques. Thus, federal agencies are left with the requirement to coordinate with state
agencies and with the Fish and Wildlife Service but are under no legal mandate to implement recommenda-
tions arising from such consultation.

Pollution Prevention Act of 1990 (PL 101-508, Title VI, Subtitle F Sections
6601-6610)

Basic Objective. Traditionally, environmental legislation in the United States has focused on an end-of-
pipe-control approach for minimizing discharge of pollutants to the environment. By using this approach,
considerable progress has been made in reducing the total discharge of pollutants to the environment. How-
ever, this often has resulted in transferring pollutants from one medium to the other and in many cases is not
cost-effective. The basic objective of the Pollution Prevention Act (29) is to establish a national policy of
preventing or reducing pollution at the source wherever feasible, and it directs the federal EPA to undertake
certain steps in that regard. Prior to this act, RCRA Hazardous and Solid Waste Amendments of 1984 had
established a program of waste minimization through many provisions including requiring large-quantity
generators to certify on their waste manifests that they have a program in place to minimize the amount and
toxicity of wastes generated to the extent economically feasible.

Key Provisions. The Pollution Prevention Act of 1990 established as national policy the following waste
management hierarchy:
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1. Prevention. The waste management priority is to prevent or reduce pollution at the source whenever fea-
sible.

2. Recycling. Where pollution cannot be prevented, it should be recycled in an environmentally safe manner
whenever feasible.

3. Treatment. In the absence of feasible prevention and recycling, pollution should be treated to applicable
standards prior to release or transfers.

4. Disposal. Only as a last resort are wastes to be disposed of safely.

The Pollution Prevention Act further directed the EPA to:

1. Establish a prevention office independent of the agency’s single-medium program offices (EPA added
pollution prevention to the existing function of Assistant Administrator for Pesticides and Toxic Sub-
stances). Congress appropriated $8 million for each of the fiscal years 1991, 1992, and 1993 for the new
office to fulfill the functions delineated in the act.

2. Facilitate the adoption by business of source-reduction techniques by establishing a source-reduction
clearinghouse and a state matching grants program. Congress further appropriated 58 million for each of
the fiscal years 1991, 1992, and 1993 for state grants, with a 50% state match requirement.

3. Establish a training program on source-reduction opportunities for state and federal officials working in
all agency program offices.

4. Identify opportunities to use federal procurement to encourage source reduction.

5. Establish an annual award program to recognize a company or companies that operate outstanding or in-

novative source reduction programs.

Issue a biennial status report to Congress (initial report to be issued October-November 1992).

7. Require an annual toxic chemicals source reduction and recycling report for each owner or operator of a
facility already required to file an annual toxic chemical release form under section 313 of the Superfund
Amendments and Reauthorization Act (SARA) of 1986.

&

The EPA is pursuing integrating pollution prevention into all its programs and activities and has developed
unique voluntary reduction programs with public and private sectors. The EPA 33/50 program, through vol-
untary enrollment and direct action by industry, seeks to reduce the generation of high-priority wastes from
a target group of 17 toxic chemicals by 50% by 1995, with an interim goal of 33% reduction by 1992. This
reduction is measured against a 1988 baseline.

Enforcement Responsibilities; Federal-State Relationship. EPA conducts a yearly audit of major users of
toxic substances and producers of toxic wastes. “The purpose of the audits is to determine:

® whether there are better and less environmentally damaging ways to complete the task without use of tox-
ic substances

® whether there are ways to minimize the production of toxic wastes

® whether there are ways to recycle the toxic substances

® and who is regulated” (30)

Again, the federal government’s statutes take precedence over state statutes. The act also pledges federal as-
sistance to states (up to 50%) with pollution prevention programs under the act.

Accomplishments and Impacts. “The primary purpose of the Pollution Prevention Act is to discourage the
disposal of recyclable toxic substances” (30). The Act focuses on industry, government, and public attention
on reducing the amount of pollution through cost-effective changes in production, operation, and raw mate-
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rials use (37). “Opportunities for source reduction are often not realized because of existing regulations, and
the industrial resources required for compliance, focus on treatment and disposal. Source reduction is funda-
mentally different and more desirable than waste management or pollution control” (31).

“Pollution prevention also includes other practices that increase efficiency in the use of energy, water or
other natural resources, and protect our resource base through conservation. Practices include recycling,
source reduction, and sustainable agriculture” (317).

TRENDS IN ENVIRONMENTAL LEGISLATION AND REGULATIONS

The 1970s was a decade of extensive new federal legislation covering all spheres of environmental concern.
The pace of new initiatives seems certain to slow considerably, barring a significant crisis or disaster that
might spark new legislative initiatives. In the 1980s, emphasis was directed toward refining existing legisla-
tion and fine tuning current regulatory and enforcement policies. In the 1990s emphasis has been on balanc-
ing economic and environmental costs and on pollution prevention.

New Legislation

Concern for protecting the quality of groundwater resources, casually expressed in the Clean Water Act, and
more forcibly articulated by RCRA, is likely to be the focus of new environmental legislation in the near fu-
ture. Groundwater supplies water to a considerable percent of our population, which is accustomed to with-
drawing water from nature and using it without treatment, except perhaps for softening. Recently, it has be-
come widely known that groundwater supplies are very vulnerable to permanent damage due to seepage
from chemical waste disposal sites. Often pollutants are persistent trace organics that defy treatment with
conventional technology at affordable costs.

Experience and expertise developed in response to RCRA groundwater requirements will have to be ex-
panded greatly to provide the degree of protection and capability for corrective action that is likely to be
called for.

Another major initiative stemming from concern for the disposal of hazardous wastes will revolve around
limitations on land disposal of such wastes. States have begun the process that will likely ban disposal of
certain kinds of wastes that can be shown to be treated and handled by alternate methods. Federal initiatives
in the form of an amendment to RCRA are likely to establish national limitations on land disposal of certain
kinds of waste.

Another high-profile environmental issue is the protection of wetlands in the near term and possible
restoration and creation of wetlands in the future. Key issues for forthcoming legislation will be changes in
Section 404 of the Clean Water Act, designation of a single, lead federal agency, and delegation procedures
for states with approved plans to have primary responsibility for planning and permitting wetland protection.
For the most part, protection refers to actions to prevent destruction of wetlands. Unless man-made for
wastewater treatment, wetlands in the United States are protected from pollution damage by the Clean Water
Act.

In other areas, legislation and regulations will continue to evolve to address air pollution, such as global
warming, ozone depletion, acid rain, and indoor air quality. Water supply and water pollution issues that will
become important in the future include nonpoint (and stormwater) controls, and effective use of water re-
sources management practices, i.e., allocations for withdrawal and for waste assimilation. Medical and in-
fectious wastes are newer public issues in the management of solid and hazardous wastes.

Nuclear waste management, always a controversial and emotional issue, is likely to create major environ-
mental and economic problems for society. Regulations for effective nuclear waste management are likely to
be made more stringent.
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Balancing Federal and Nonfederal Roles

The legislation of the 1970s and the implementing regulations were structured largely on the basis of a very
dominant federal role in environmental protection. This balance is shifting in the 1980s as part of an overall
change in federal government policy that is transferring much of the regulatory enforcement responsibilities
to the states.

For a number of years, popular rhetoric of state and local agencies expressed a desire for more say in en-
vironmental affairs. Along with reduced federal direction, fewer federal dollars are earmarked for the feder-
al share in implementing environmental protection programs. In fact, it is the desire to lower federal expen-
ditures that is driving and decreasing federal involvement in environmental programs and not a basic
philosophical shift in how government affairs can best be conducted on behalf of the populace.

Reduced federal financial support, however, is not part of the package previously espoused by state and
local politicians. In fact, several states have voiced objections to taking over the administration and enforce-
ment of certain environmental programs if federal financial support drops below a certain threshold level.

Balancing Economic and Environmental Costs

The common theme of the environmental movement is that good environmental quality is good for the econ-
omy in the long run. The short-run economic dislocation problems with this philosophy were largely ignored
in the 1970s. Corporations and municipalities were expected to pay whatever was needed to correct past en-
vironmental problems and to provide future environmental protection, no matter the price. Federal laws and
regulations established ambitious compliance schedules, which were occasionally relaxed, but which for the
most part committed industry and public to considerable expenditures.

Opposition to spend what it takes was often stated ineffectively, mostly because the arguments advanced
tended to overstate the problem. Too often, decisions to close companies or shut down plants were attributed
solely to the cost of environmental regulations. No doubt these were important factors and may have been
the sole factor in several instances, but not to the extent that was often claimed.

The national priority of the 1980s was renewal of the economy and a trend toward cost-effective regula-
tions. There is, and will be, a requirement on regulators and enforcers to collect the facts before imposing
major and costly requirements. The philosophy of the 1970s was that all potential problems imaginable had
to be prevented. Now, it is recognized that the possibilities that could be safeguarded are too numerous for
this approach to be affordable.

Another manifestation of the recognition that priority must be given to the economy will be reduced pa-
perwork requirements for industry. A theme of the environmental regulators in the 1970s was that industry
was a source of extensive potential useful and interesting information on a variety of environmental topics
and that a proper role for the regulator was to ask industry to submit such information whether or not imme-
diate need was apparent. This placed an extensive and costly burden on industry that is gradually being re-
laxed.

In summary, the trends toward environmental regulations and environmental protection can be stated as
follows:

1. Adjustments in the federal and nonfederal roles are likely to increase state participation in the enforce-
ment and administration of environmental regulations.

2. Balancing of economic and environmental goals is likely to take the form of moderation in achieving
some environmental goals that adversely affect economic activities.

3. Public support for environmental protection and related life-support systems is expected to continue, es-
pecially in the industrialized countries.

4. In the United States, midcourse correction to major environmental legislation is expected to be made by

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.
Any use is subject to the Terms of Use as given at the website.



ENVIRONMENTAL LEGISLATION

ENVIRONMENTAL LEGISLATION 2.29

the legislative bodies. This midcourse correction will be based upon benefits (environmental protection
and enhancement) and costs associated with environmental requirements.

5. To the extent possible, regulations will move away from the command-and-control type approach
presently used in most cases. The reason being that in a free-market economy, command-and-control
regulations are inefficient and do not preserve elements of voluntary choice. To the extent technologi-
cally practical, future regulatory approaches will focus on the use of economic incentives, such as mar-
ketable discharge licenses or permits and effluent charges.
6. With increasing experience in the pollution control technology areas, regulatory controls will move
away from the “hothouse” types of control technologies that deteriorate rather quickly and end up con-
tributing large amounts of pollutants and incurring high operation and maintenance costs during the life
cycle of the control devices. Instead, more practical emission standards, with built-in economic incen-
tives, will be established so that cost-effective pollution control technology that provides overall lower
pollutants during the life cycle of the equipment could be used.
7. More emphasis will be placed on new concepts such as pollution prevention, industrial ecology, and
sustainable development.
8. Many problems of the global commons, such as acid rain, global warming, deforestation, and biodiver-
sity, will become issues of international concern and international cooperation.
9. Industrialization in developing countries and continued population increases will further adversely af-
fect environmental quality, especially in the developing countries.
10. Vigorous public support for incorporating environmental concerns into the decision-making process, as
embodied in the provisions of legislation such as the National Environmental Policy Act (NEPA), is ex-
pected to continue.
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CHAPTER 3

AIR AND WATER
QUALITY STANDARDS

Lilia A. Abron, Ph.D
Robert A. Corbitt, PE.*

In the United States, the national goals for air and stream water quality to protect public health and welfare
and environmental resources are established by the Clean Air Act and the Clean Water Act. The Safe Drink-
ing Water Act and its regulations are solely for public health protections; they are the final regulatory barri-
er for protection of public drinking water and, as such, include standards for contaminants of concern and
identify contaminants requiring further study.

Since the relationship between health and air quality is less understood than that between health and wa-
ter quality, the Clean Air Act and the Clean Water Act are not parallel. The approach of the Clean Air Act is
to determine the relationship between public health and air quality while restoring, maintaining, and improv-
ing the air environment. The Clean Water Act moves forward, based on the accomplishments made and
knowledge gained, to achieve the ultimate goal of clean, fishable, swimmable waters devoid of pollutants
and toxicants.

This legislation requires the use of quality standards and criteria for control of pollutants in the environ-
ment. Two approaches are used to set standards to restore, maintain, and improve the quality of the air and
water environments. One approach establishes environmental or ambient conditions, such as air quality or
stream water quality, and the second stipulates discharge limitations. Discharge limits are developed based
on emission or effluent limitations for the desired air or water quality or based on available technology.

AIR QUALITY OBJECTIVES

The goal of the Clean Air Act is to protect the public health and welfare from the harmful effects of air pol-
lutants. To this end, national ambient air quality standards were developed as a quality reference point. Also,
state implementation plans were required to manage and regulate the provisions of the act, including permit-
ting. Table 3.1 provides a reference list of U.S. Environmental Protection Agency (EPA) regulations for im-
plementing the Clean Air Act.

Ambient Air Quality Standards
Congress mandated that the EPA promulgate national ambient air quality standards as maximum levels of

selected pollutants that would lead to unacceptable air quality. These numerical standards were to be based

*Contributors to this chapter were Judith C. Chow and John G. Watson.

3.1
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TABLE 3.1 Air Program Regulations

40 CFR Part Topic
50 National primary and secondary ambient air quality standards
51 Requirements for preparation, adoption, and submittal of implementation plans
52 Approval and promulgation of implementation plans
53 Ambient air monitoring reference and equivalent methods
54 Prior notice of citizen suits
55 Outer continental shelf air regulations
56 Regional consistency
57 Primary nonferrous smelter orders
58 Ambient air quality surveillance
59 [Reserved]
60 Standards of performance for new stationary sources
61 National emission standards for hazardous air pollutants
62 Approval and promulgation of state plans for designated facilities and pollutants
63 National emission standards for hazardous air pollutants for source categories
66 Assessment and collection of noncompliance penalties by EPA
67 EPA approval of State noncompliance penalty program
68 Chemical accident prevention provisions
69 Special exemptions from requirements of the Clean Air Act
70 State operating permit programs
71 Federal operating permit programs
72 Permits regulation
73 Sulphur dioxide allowance system
74 Sulfur dioxide opt-ins
75 Continuous emission monitoring
76 Acid rain nitrogen oxides emission reduction program
77 Excess emissions
78 Appeal procedures for acid rain program
79 Registration of fuels and fuel additives
80 Regulation of fuels and fuel additives
81 Designation of areas for air quality planning purposes
82 Protection of stratospheric ozone
85 Control of air pollution from motor vehicles and motor vehicle engines
86 Control of air pollution from new and in-use motor vehicles and new and in-use motor
vehicle engines: Certification and test procedures
87 Control of air pollution from aircraft and aircraft engines
88 Clean-fuel vehicles
89 Control of emissions from new and in-use nonroad engines
90 Control of emissions from nonroad spark-ignition engines
91-92 [Reserved]
93 Determining conformity of federal actions to state or federal implementation plans
94 [Reserved]
95 Mandatory patent licenses
96-99 [Reserved]
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on background studies that included control technology, costs, energy requirements, emission reduction
benefits, and environmental impacts.

The national primary ambient air quality standards are judged necessary, with an adequate margin of
safety, to protect public health. Secondary standards were developed to protect the public welfare from any
known or anticipated adverse effects of a pollutant, such as impaired vision or damage to buildings and life-
forms.

The pollutant levels of the national primary and secondary ambient air quality standards are presented in
Table 3.2. The reference condition for these standards is a temperature of 25°C and a pressure of 760 mm
Hg.
The promulgation of the standards stated that they should not in any way be considered to allow signifi-
cant deterioration of an area’s existing air quality. Furthermore, the states may establish statewide or region-
al ambient air quality standards that are more stringent than the national standards.

In 1997, the ambient air quality standards were revised to include particulate matter that is 2.5 microns or
less in diameter (PM, 5). While the standards for particulate matter that is 10 microns or less in diameter
(PM, ) retain the same values as the prior National Ambient Air Quality Standards, their forms are new. Pre-
viously, the particulate material applied to the highest 24-hour or annual averages found within a planning
area, and monitoring networks were often designed to measure these highest values. These networks did not

TABLE 3.2 National Primary and Secondary Ambient Air Quality Standards (/)

Pollutant Air Quality Standard
Sulfur Dioxide
Primary 80 pg/m? 0.03 ppm Annual arithmetic mean
365 pg/m? 0.14 ppm Maximum 24-h concentration not to be
exceeded more than once per year
Secondary 1300 wg/m? 0.5 ppm Maximum 3-h concentration not to be

exceeded more than once per year
Particulate Matter

PM, 5 150 pg/m? — Annual arithmetic mean, 3-year averaging,
spatial averaging
65 pg/m? — 24-h 98th percentile, 3-year averaging, at
each monitor
PM,, 50 pg/m? — Annual arithmetic mean
150 pg/m? — 24-h 99th percentile, averaged over 3 years
Carbon Monoxide
Primary and secondary 10,000 pg/m? 9 ppm 8-h average concentration not to be exceeded
more than once per year
40,000 pg/m? 35 ppm 1-h average concentration not to be exceeded
more than once per year
Ozone
Primary and secondary 157 pg/m? 0.08 ppm 8-h average concentration, 3-year average of
annual fourth-highest daily maximum 8-h
average
Nitrogen dioxide
Primary and secondary 100 pwg/m? 0.53 ppm Annual arithmetic mean
Lead
Primary and secondary 1.5 pg/m? — Maximum arithmetic mean averaged over a

calendar quarter
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necessarily represent the overall exposure of populations to excessive particulate matter concentrations.
Some data from these networks were disregarded by epidemiologists as being unrelated to health indicators,
such as hospital admissions and death. The new forms for these standards are intended to provide more ro-
bust measures for the particulate indicator. The new PM, 5 standards will enhance the value of compliance
measurements for evaluating health effects.

The implementation steps for the revised PM, 5 and PM,, ambient standards include:

® PM, s and PM,, standards promulgated by the EPA

® PM, s compliance networks installed and operating and PM,, networks revised. Many PM,, compliance
sites will be discontinued in favor of new PM, s sites.

® Metropolitan Planning Areas (MPA) defined and designated as unclassifiable with respect to PM, 5 and
PM,, standards. MPAs must be defined for Metropolitan Statistical Areas (MSAs) containing more than
200,000 inhabitants. States may define additional MIPAs with smaller populations. Areas with existing
or pending PM,, State Implementation Plans (SIPs) are obligated to implement the measures in those
plans.

® (Collect compliance data and conduct special studies. Compliance data are PM, 5 and PM, measurements
with Federal Reference Methods or Federal Equivalent Methods. Fifty sites in the United States will ac-
quire PM, 5 samples amenable to chemical characterization for elements, ions, and carbon year after year.
Two hundred and fifty sites will acquire chemical data for shorter time periods and may be moved from
one area to another.

® Five-year evaluation of particulate matter health criteria completed by the EPA. By presidential order, no
planning areas will be declared in nonattainment until the technical basis for the new standards is reeval-
uated in light of new research.

® Presuming the current PM standards are justified by the reevaluation, planning areas exceeding the stan-
dards will be assigned attainment or nonattainment status.

® SIPs are formulated and submitted to demonstrate how planned emissions reductions will bring an area
into attainment of the standard. SIPs will be based on measured concentrations and source apportionment
studies.

® Emissions reduction measures are implemented and attainment is demonstrated by measured PM, 5 and
PM,, concentrations below the National Ambient Air Quality Standards levels.

The regulatory schedule to implement these standards is on par with the three- to ten-year schedule need-
ed to extract the relevant science from health effects and field studies. Of particular note is that nonattain-
ment areas will not be designated prior to a reevaluation of the scientific basis for a particulate standard.
This provides business, governmental, and scientific groups with sufficient time to complete experiments
that will better elucidate the relationships between emissions, human exposures to particles, and adverse
health effects.

Air Quality Regions

Regions within a state are designated as either attainment or nonattainment areas. When the air quality ex-
ceeds national ambient air quality standards, the region is an “attainment area.” The designations are pollu-
tant-specific, which means an area may fall into both categories for different pollutants.

Permits are issued to new or modified existing major sources in attainment areas. These permits are part
of the “prevention of significant deterioration” program and apply to facilities expected to emit over 100
tons per year of national ambient air quality standard pollutants or 250 tons per year of other pollutants fol-
lowing application of emission controls.
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Also, the states are required to issue permits for controlling emissions from major stationary sources in
nonattainment areas. The principal considerations for issuance of the permit are

1. A net reduction in the total relevant pollutant emissions by regulation of a source or areawide controls

2. Compliance with the lowest achievable emission rate

3. Compliance of all sources owned or operated by the applicant in the state with applicable state and feder-
al regulations

4. Determination that the applicable implementation plan is being carried out for the subject nonattainment
area

EMISSION STANDARDS

Congress also required the EPA to develop emissions standards as a means for future controls of air pollu-
tion. In particular, there are standards on new source performance and hazardous pollutant controls.

New Source Performance Standards

The Clean Air Act established the mechanism for promulgation of standards of performance for new sta-
tionary sources of air pollution. Table 3.3 provides the regulation reference for the source categories that are
judged to contribute significantly to air pollution with respect to public health or welfare.

The new source performance standards are set for specific processes and apply to all new processes of
that type and to existing sources that are substantially modified or rebuilt. The regulations also specify test
standards that apply nationwide. On the state level, existing facilities must meet a state-promulgated stan-
dard pursuant to requirements of the Clean Air Act.

Hazardous Air Pollutant Standards

National emission standards for hazardous air pollutants apply to new and existing sources. The selected
pollutants are those which may cause or contribute to increased mortality or an increase in serious irre-
versible or incapacitating reversible illness. Table 3.4 lists substances designated as hazardous air pollutants
by the EPA. The pollutants and source categories promulgated as national emission standards are presented
in Table 3.5.

DRINKING WATER QUALITY STANDARDS

The Safe Drinking Water Act, as amended in 1996, has numerous provisions directed to the identification
and treatment of contaminants that may endanger public health and welfare. Three important drinking water
quality regulations for both biological and chemical contaminants are the:

1. Primary Drinking Water Standards (/3) specifying enforceable minimum contaminant levels for protec-
tion of related human health

2. Secondary Drinking Water Standards (/4) identifying nonenforceable guidelines for minimum contami-
nant levels oriented to protection of aesthetic values

3. Contaminant Candidate List (/5) designating contaminants for study that may require regulation in the
future
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TABLE 3.3 Standards of Performance for New Stationary Sources (2)

40 CFR
60 Subpart Source

A General Provisions

B Adoption and Submittal of State Plans for Designated Facilities

C Emissions Guidelines and Compliance Times

Cb Emissions Guidelines and Compliance Schedules for Municipal Waste Combustors
Cc Emissions Guidelines and Compliance Schedules for Municipal Waste Landfills

Cd Emissions Guidelines and Compliance Schedules for Sulfuric Acid Production Units
D Fossil-Fuel Fired Steam Generators (Construction Commenced after 8-17-71)

Da Electric Utility Steam Generating Units (Construction Commenced after 9-18-78)
Db Industrial-Commercial-Institutional Steam Generating Units

Dc Small Industrial-Commercial-Institutional Steam Generating Units

E Incinerators

Ea Municipal Waste Combustors (Construction between 12-20-89 and 9-20-94)

Eb Municipal Waste Combustors (Construction after 9-20-94)

F Portland Cement Plants

G Nitric Acid Plants

H Sulfuric Acid Plants

I Asphalt Concrete Plants

J Petroleum Refineries

K Storage Vessels for Petroleum Liquids (Construction Commenced after 6-11-73 and Prior to 5-19-78)
Ka Storage Vessels for Petroleum Liquids (Construction Commenced after 5-18-78 and Prior to 7-23-84)
Kb Volatile Organic Liquid Storage Vessels (Construction Commenced after 7-23-84)

L Secondary Lead Smelters

M Secondary Brass and Bronze Ingot Production Plants

N Primary Emissions from Basic Oxygen Process Furnaces (Construction Commenced after 6-11-73)
Na Secondary Emissions From Basic Oxygen Process Steelmaking Facilities (Construction Commenced

After 1-20-83)

(0] Sewage Treatment Plants

P Primary Copper Smelters

Q Primary Zinc Smelters

R Primary Lead Smelters

S Primary Aluminum Reduction Plants

T Phosphate Fertilizer Industry: Wet-Process Phosphoric Acid Plants

U Phosphate Fertilizer Industry: Superphosphoric Acid Plants

A" Phosphate Fertilizer Industry: Diammonium Phosphate Plants

w Phosphate Fertilizer Industry: Triple Superphosphate Plants

X Phosphate Fertilizer Industry: Granular Triple Superphosphate Storage Facilities

Y Coal Preparation Plants

Z Ferroalloy Production Facilities

AA Steel Plants: Electric Arc Furnaces

AA? Steel Plants: Electric Arc Furnaces and Argon—Oxygen Decarburization Vessels (Constructed After

8-17-83)

BB Kraft Pulp Mills

CC Glass Manufacturing Plants

DD Grain Elevators

EE Surface Coating of Metal Furniture

GG Stationary Gas Turbines

HH Lime Manufacturing Plants

KK Lead—Acid Battery Manufacturing Plants

LL Metallic Mineral Processing Plants
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TABLE 3.3 Standards of Performance for New Stationary Sources (2) (continued)

40 CFR
60 Subpart Source
MM Automobile and Light-Duty Truck Surface Coating Operations
NN Phosphate Rock Plants
PP Ammonium Sulfate Manufacture
QQ Graphic Arts Industry: Publication Rotogravure Printing
RR Pressure Sensitive Tape and Label Surface Coating Operations
SS Industrial Surface Coating: Large Appliances
TT Metal Coil Surface Coating
uu Asphalt Processing and Asphalt Roofing Manufacture
\'A% Equipment Leaks of VOC in the Synthetic Organic Chemicals Manufacturing Industry
ww Beverage Can Surface Coating Industry
XX Bulk Gasoline Terminals

AAA New Residential Wood Heaters

BBB Rubber Tire Manufacturing Industry

DDD VOC Emissions from the Polymer Manufacturing Industry
FFF Flexible Vinyl and Urethane Coating and Printing

GGG Equipment Leaks of VOC in Petroleum Refineries

HHH Synthetic Fiber Production Facilities

1II VOC Emissions from the Synthetic Organic Chemical Manufacturing Industry Air Oxidation Unit
Processes

ARAJ Petroleum Dry Cleaners

KKK Equipment Leaks of VOC From Onshore Natural Gas Processing Plants

LLL Onshore Natural Gas Processing: SO, Emissions

000 Nonmetallic Mineral Processing Plants

PPP Wool Fiberglass Insulation Manufacturing Plants

NNN VOC Emissions from the Synthetic Organic Chemical Manufacturing Industry Distillation Opera-
tions

QQQ VOC Emissions from Petroleum Refinery Wastewater Treatment

RRR VOC Emissions from Synthetic Organic Chemical Manufacturing Industry Reactor Processes

SSS Magnetic Tape Coating Facilities

TTT Industrial Surface Coating: Surface Coating of Plastic Parts for Business Machines

uuu Calciners and Dryers in Mineral Industries

VvV Polymeric Coating of Supporting Substrate Facilities
WWW  Municipal Solid Waste Landfills

Primary Drinking Water Standards

Primary drinking water standards are established by EPA for microbiological and chemical contaminants
that may be found in drinking water and could have adverse effects on humans. The National Primary
Drinking Water Regulations and the National Primary Drinking Water Regulations Implementation are set
forth under 40CFR141 and 40CFR142, respectively.

The regulated contaminants, MCLG, MCL, potential health effects from ingestion of water, and sources
of contaminant in drinking water are listed in Table 3.6. The maximum contaminant level goals (MCLGs)
are the maximum levels of a contaminant in drinking water at which no known or anticipated adverse effect
on human health would occur and allow for a margin of safety. MCLGs are not enforceable. However, the
maximum contaminant levels (MCLs), which are the maximum allowable concentration of the contaminant,
are enforceable and are mandatory for all public water supplies.
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TABLE 3.4 Hazardous Air Pollutants (3)

Acrylonitrile Hexachlorocyclopentadiene
Asbestos Inorganic arsenic
Benzene Manganese

Beryllium Methyl chloroform
1,3-Butadiene Methylene chloride
Cadmium Mercury

Carbon tetrachloride Nickel

Chlorinated benzenes Perchloroethylene
Chlorofluorocarbon Phenol

Chloroform Polycyclic organic matter
Chloroprene Radionuclides
Chromium Toluene

Coke oven emissions Trichloroethylene
Copper Vinyl chloride
Epichlorohydrin Vinylidene chloride
Ethylene dichloride Zinc and zinc oxide
Ethylene oxide

TABLE 3.5 National Emission Standards for Hazardous Air Pollutants (3)

40 CFR 61
subpart Emission

Radon-222 Emissions from Underground Uranium Mines

Beryllium

Beryllium Rocket Motor Firing

Mercury

Vinyl Chloride

Radionuclide Emissions from Department of Energy (DOE) Facilities

Radionuclide Emissions from Facilities. Licensed by the Nuclear Regulatory Commission (NRC)
and Federal Facilities other than Department of Energy

Equipment Leaks (Fugitive Emission Sources) of Benzene

Radionuclide Emissions from Elemental Phosphorus Plants

Benzene Emission from Coke By-Product Recovery Plants

Asbestos

Inorganic Arsenic Emissions from Glass Manufacturing Plants

Inorganic Arsenic Emissions from Primary Copper Smelters

Inorganic Arsenic Emissions from Arsenic Trioxide and Metallic Arsenic Production Facilities

Radon Emissions form Department of Energy Facilities

Radon Emissions form Phosphogypsum Stacks

Radon Emissions from Disposal of Uranium Mill Tailings

Equipment Leaks (Fugitive Emission Sources)

Radon-222 Emissions from Licensed Uranium Mill Tailings

Benzene Emissions form Benzene Storage Vessels

Benzene Emissions from Benzene Transfer Operations

Benzene Waste Operations
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TABLE 3.6 National Primary Drinking Water Standards (73)

3.9

Potential health
MCLG MCL effects from Sources of contaminant
Contaminants (mg/L) (mg/L) ingestion of water in drinking water
Fluoride 4.0 4.0 Skeletal and dental Natural deposits; fertilizer, aluminum
fluorosis industries; water additive
Volatile Organics
Benzene Zero 0.005 Cancer Some foods; gas, drugs, pesticides,
paint, plastic industries
Carbon Tetrachloride Zero 0.005 Cancer Solvents and their degradation products
p-Dichlorobenzene 0.075 0.075 Cancer Room and water deodorants, and
“mothballs”
1,2-Dichloroethane Zero 0.005 Cancer Leaded gasoline, fumigants, paints
1,1-Dichloroethylene 0.007 0.007 Cancer Plastics, dyes, perfumes, paints
Trichloroethylene Z€Ero 0.005 Cancer Textiles, adhesives, and metal
degreasers
1,1,1-Trichloroethane 0.2 0.2 Liver, Nervous Adhesives, aerosols, textiles, paints,
system effects inks, metal degreasers
Viny1 Chloride Zero 0.002 Cancer May leach from PVC pipe; formed by
solvent break down
Coliform and Surface Water Treatment
Giardia lamblia Zero TT Gastroenteric disease Human and animal fecal waste
Legionella Zero TT Legionnaire’s Indigenous to natural waters; can grow
disease in water heating systems
Standard Plate Count N/A TT Indicates water
quality,
effectiveness
of treatment
Total Coliform* Zero <5%+ Indicates Human and animal fecal waste
gastroenteric
pathogens
Turbidity* N/A TT Interferes with Soil runoff
disinfection
filtration
Viruses Zero TT Gastroenteric disease Human and animal fecal waste
Inorganics
Antimony 0.006 0.006 Cancer Fire retardants, ceramics, electronics,
fireworks, solder
Asbestos (>10m) TMFL 7MFL Cancer Natural deposits; asbestos cement in
water systems
Barium* 2 2 Circulatory system Natural deposits, pigments, epoxy
effects sealants, spent coal
Beryllium 0.004 0.004 Bone, lung damage Electrical, aerospace, defense industries
Cadmium* 0.005 0.005 Kidney effects Galvanized pipe corrosion; natural
deposits; batteries, paints
Chromium* (total) 0.1 0.1 Liver, kidney, Natural deposits; mining,
circulatory electroplating, pigments
disorders
Cyanide 0.2 0.2 Thyroid, nervous Electroplating, steel, plastics, mining,

system damage

fertilizer
(continues)
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CHAPTER THREE

TABLE 3.6 National Primary Drinking Water Standards (13) (continued)

Potential health
MCLG MCL effects from Sources of contaminant
Contaminants (mg/L) (mg/L) ingestion of water in drinking water
Inorganics (cont.)
Mercury* (inorganic) 0.002  0.002 Kidney, nervous Crop runoff; natural deposits;
batteries,
system disorders electrical switches
Nitrate 10 10 Methemoglobulinemia Animal waste, fertilizer, natural
deposits, septic tanks, sewage
Nitrite 10 10 Methemoglobulinemia Same as nitrate; rapidly converted
to nitrate
Selenium* 0.05 0.05 Liver damage Natural deposits; mining, smelting,
coal/oil combustion
Thallium 0.0005 0.002 Kidney, liver,brain Electronics, drugs, alloys, glass
intestinal
Organics (1 of 4)
Acrylamide zero TT Cancer, nervous Polymers used in sewage/
system effects wastewater treatment
Adipate, 0.4 0.4 Decreased body Synthetic rubber, food packaging,
(di(2-ethylhexyl)) weight cosmetics
Alachlor Z€ero 0.002 Cancer Runoff from herbicide on corn,
soybeans, other crops
Atrazine 0.003  0.003 Mammary gland Runoff from use as herbicide on
tumors corn and non-cropland
Carbofuran 0.04 0.04 Nervous, reproductive  Soil fumigant on corn and cotton;
system effects restricted in some areas
Chlordane* Zero 0.002 Cancer Leaching from soil treatment for
termites
Chlorobenzene 0.1 0.1 Nervous system Waste solvent from metal
and liver effects degreasing processes
Dalapon 0.2 0.2 Liver and kidney Herbicide on orchards, beans,
effects coffee, lawns, road/railways
Dibromochloropropane Zero 0.0002 Cancer Soil fumigant on soybeans, cotton,
pineapple, orchards
o-Dichlorobenzene 0.6 0.6 Liver, kidney, blood Paints, engine cleaning compounds,
cell damage dyes, chemical wastes
cis-1,2-Dichloroethylene 0.07 0.07 Liver, kidney, nervous ~ Waste industrial extraction solvents
circulatory
trans-1,2-Dichloroethylene 0.1 0.1 Liver, kidney, nervous  Waste industrial extraction solvents
circulatory
Dichloromethane Zero 0.005 Cancer Paint stripper, metal degreaser,
propellant, extraction
1,2-Dichloropropane Zero 0.005 Liver, kidney Soil fumigant; waste industrial
effects; cancer solvents
Dinoseb 0.007  0.007 Thyroid, reproductive ~ Runoff of herbicide from crop and
organ damage non-crop applications
Dioxin Zero 0.00000003 Cancer Chemical production by-product;
impurity in herbicides
Diquat 0.02 0.02 Liver, kidney, eye Runoff of herbicide on land and
effects aquatic weeds
2,4-D* 0.07 0.07 Liver and kidney Runoff from herbicide on wheat,
damage corn, rangelands, lawns
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3.1

TABLE 3.6 National Primary Drinking Water Standards (13) (continued)

nervous system

Potential health
MCLG MCL effects from Sources of contaminant
Contaminants (mg/L) (mg/L) ingestion of water in drinking water
Endothall 0.1 0.1 Liver, kidney, Herbicide on crops, land/aquatic
gastrointestinal weeds; rapidly degraded
Endrin 0.002  0.002 Liver, kidney, heart Pesticide on insects, rodents, birds;
damage restricted since 1980
Epichlorohydrin Zero TT Cancer Water treatment chemicals; waste
epoxy resins, coatings
Ethylbenzene 0.7 0.7 Liver, kidney, Gasoline; insecticides; chemical
nervous system manufacturing wastes
Ethylene dibromide zero 0.00005 Cancer Leaded gasoline additives; leaching of
soil fumigant
Glyphosate 0.7 0.7 Liver, kidney damage  Herbicide on grasses, weeds, brush
Heptachlor Zero 0.0004  Cancer Leaching of insecticide for termites,
very few crops
Heptachlor epoxide Zero 0.0002  Cancer Biodegradation of heptachlor
Hexchlorobenzene zero 0.001 Cancer Pesticide production waste by-product
Hexachlorocyclo- 0.05 0.05 Kidney, stomach Pesticide production intermediate
pentadiene damage
Lindane 0.0002 0.0002  Liver, kidney, nervous Insecticide on cattle, lumber, gardens;
immune, circulatory restricted in 1983
Methoxychlor 0.04 0.04 Growth, liver, kidney  Insecticide for fruits, vegetables,
nerve effects alfalfa livestock, pets
Oxamyl (Vydate) 0.2 0.2 Kidney damage Insecticide on apples, potatoes,
tomatoes
PAHs (benzo(a)pyrene)  zero 0.0002  Cancer Coal tar coatings, burning organic
matter volcanoes, fossil fuels
PCBs Zero 0.0005  Cancer Coolant oils from electrical
transformers; plasticizers
Pentachlorophenol Zero 0.001 Liver and kidney Wood preservatives, herbicide, cooling
effects, and cancer tower wastes
Phthalate, Zero 0.006 Cancer PVC and other plastics
(di(2-ethylhexyl))
Picloram 0.5 0.5 Kidney, liver damage = Herbicide on broadleaf and woody
plants
Simazine 0.004  0.004 Cancer Herbicide on grass sod, some crops,
aquatic algae
Styrene 0.1 0.1 Liver, nervous Plastics, rubber, resin, drug industries;
system damage leachate from city landfills
Tetrachloroethylene zero 0.005 Cancer Improper disposal of dry cleaning and
other solvents
Toluene 1 1 Liver, kidney, nervous, Gasoline additive; manufacturing and
circulatory solvent operations
Toxaphene Z€ero 0.003 Cancer Insecticide on cattle, cotton, soybeans;
canceled in 1982
2,4,5-TP 0.05 0.05 Liver and kidney Herbicide on crops, right-of-way, golf
damage courses; canceled in 1983
1,2,4-Trichlorobenzene  0.07 0.07 Liver, kidney damage  Herbicide production, dye carrier
1,1,2-Trichloroethane 0.003  0.005 Kidney, liver, Solvent in rubber, other organic products;

chemical production wastes
(continues)
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CHAPTER THREE

TABLE 3.6 National Primary Drinking Water Standards (13) (continued)

Potential health

MCLG MCI effects from Sources of contaminant
Contaminants (mg/1) (mg/T) ingestion of water in drinking water
Organics (cont.)
Xylenes (total) 10 10 Liver, kidney, By-product of gasoline refining;
nervous system paints, inks, detergents
Lead and Copper
Lead* Zero TT++ Kidneys, nervous Natural/industrial deposits; plumbing,
system damage solder, brass alloy faucets
Copper 1.3 TT# Gastrointestinal Natural/industrial deposits; wood
irritation preservatives, plumbing
Other Interim Standards
Beta/photon emitters Zero 4mrem/yr  Cancer Decay of radionuclides in natural and
man-made deposits
Alpha emitters Zero 15pCi/L Cancer Decay of radionuclides in natural
deposits
Combined Radium Zero 5pCi/L Bone cancer Natural deposits
226/228
Arsenic* 0.05 0.05 Skin, nervous Natural deposits; smelters, glass,
system toxicity electronics wastes; orchards
Total Trihalomethanes zero 0.10 Cancer Drinking water chlorination

by-products

Notes: TT = Special treatment techniques required.

*Contaminants with interim standards which have been revised.

+ = Less than 5% positive samples.
MFL = million fibers per liter.

++ = Action Level 0.01 5mg/L.
#= Action Level 1.3 mg/L.

pCi = picocuries

Secondary Drinking Water Standards

Secondary drinking water standards (Table 3.7) are established by the EPA for control of aesthetic qualities
relating to public acceptance and include contaminants that affect taste, color, odor, and appearance.
These standards provide recommended secondary maximum contaminant levels (SMCLs) that are not
enforceable maximum values. The National Secondary Drinking Water Regulations are set forth in

40CFR143.

Drinking Water Contaminant Candidate List

Drinking water contamination generally results from:

® Contaminants that find their way into drinking water sources from industrial waste releases, agricultural

runoff, atmospheric deposition, and other pollution sources
® Contaminants formed during the treatment of water supplies, including disinfection by-products
® Materials used for treatment, storage, and distribution of water
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TABLE 3.7 National Secondary Drinking Water Standards (/4)

Contaminant SMCL
Aluminum, mg/L 0.05t0 0.2
Chloride, mg/L 250
Color, color units 15
Copper, mg/L 1.0
Corrosivity noncorrosive
Fluoride, mg/L 2.0
Foaming agents 0.5
Iron, mg/L 0.3
Manganese, mg/L 0.05
Odor, threshold odor numbers 3

PpH, units 6.5t08.5
Silver, mg/L 0.1
Sulfate, mg/L 250
Total dissolved solids, mg/L 500
Zinc 5

Prior to the 1996 Amendments, the Safe Drinking Water Act (SDWA) required the EPA to publish a drink-
ing water priority list (DWPL) of contaminants every three years. The DWPL was to include contaminants
that were known or anticipated to occur in drinking water and which may have required regulation under the
SDWA. During the two-year period before the 1996 Amendments, the EPA developed a National Drinking
Water Program Redirection Strategy (/6) to:

® Establish priorities for setting safety standards based on health risks and sound science

® Support strong, flexible partnerships among the EPA, states, local governments, and other stakeholders to
protect public health

® Promote effective community-based source water protection

The Redirection Strategy provided an overall framework for the development of the Contaminant Candidate
List (CCL), as well as for other drinking water program activities.

The SDWA, as amended in 1996, required the EPA to publish a list of contaminants that are not subject to
any proposed or promulgated national primary drinking water regulation (NPDWR), are known or anticipat-
ed to occur in public water systems, and which may require regulations under the SDWA (/3).

The list of candidates were to be published after consultation with the scientific community, including
the Science Advisory Board, after notice and opportunity for public comment, and after consideration of the
occurrence database established under the SDWA. Unregulated contaminants considered for the list must in-
clude, but are not limited to, substances referred to in the Comprehensive Environmental Response, Com-
pensation, and Liability Act of 1980 (CERCLA), and substances registered under the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA).

The CCL is the source of priority contaminants for the EPA’s drinking water program. Priorities for
drinking water research, occurrence monitoring, guidance development (including the development of
health advisories), are drawn from the list. The CCL also serves as the list of contaminants from which the
EPA makes determinations of whether or not to regulate specific contaminants.

The chemical and microbiological contaminants presented as the 1998 Drinking Water Contaminant
Candidate List, are listed in Table 3.8. Chemical contaminants are identified by name and Chemical Ab-
stracts Service Registry Number (CASRN). The 1998 CCL includes 50 chemical contaminants/contaminant
groups and 10 microbiological contaminants.
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TABLE 3.8 Drinking Water Contaminant Candidate List (/5)

Chemical contaminants CASRN
1,1,2,2-tetra-chloroethane 79-34-5
1,2 ,4-trimethylbenzene. 95-63-6
1,1 -dichloro-ethane 75-34-3
1,1 -dichloro-propene 563-58-6
1,2-diphenylhydrazine 122-66-7
1,3 -dichloropropane 142-28-9
1,3-Dichloropropene 542-75-6
2,4,6-trichlorophenol 88-06-2
2,2-dichloropropane 594-20-7
2,4-dichlorophenol 120-83-2
2,4-dinitrophenol 51-28-5
2,4-dinitrotoluene 121-14-2
2,6-dinitrotoluene 606-20-2
2-methyl-Phenol (o-cresol) 95 -48-7
Acetochlor 34256-82-1
Acetone 67-64-1
Alachlor ESA and other acetanilide pesticide degradation products
Aldrin 309-00-2
Aluminum 7429-90-5
Boron 7440-42-8
Bromobenzene 108-86-1
DCPA mono-acid degradate 887-54-7
DCPA di-acid degradate 2136-79-0
DDE 72-55-9
Diazinon 333-41-5
Dieldrin 60-57-1
Disulfoton 298-04-4
Diuron 330-54-1
EPTC (s-ethyl-dipropylthiocarbamate) 759-94-4
Fonofos 944-22-9
Hexachlorobutadiene 87-68-3
p-Isopropylbenzene (p-cymene) 99-87-6
Linuron 330-55-2
Manganese 7439-96-5
Methyl bromide 74-83-9
Methyl-#-butyl ether (MTBE) 1634-04-4
Metolachlor 51218-45-2
Metribuzin 21087-64-9
Molinate 2212-67-1
Naphthalene 91-20-3
Nitrobenzene 98-95-3
Organotins NA
Perchlorate NA
Prometon 1610-18-0
RDX 121-82-4
Sodium 7440-23-5
Sulfate 14808-79-8
Terbacil 5902-51-2
Terbufos 13071-79-9
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TABLE 3.8 Drinking Water Contaminant Candidate List (15) (continued)

Chemical contaminants CASRN
Triazines and degradation products of triazines (including, but not limited to)
Cyanazine 21725-46-2
Atrazine-desethyl 6190-65-4
Vanadium 7440-62-2

Microbiological Contaminants

Acanthamoeba (guidance expected for contact lens wearers)
Adenoviruses

Aeromonas hydrophila

Caliciviruses

Coxsackieviruses

Echoviruses

Helicobacter pylori

Microsporidia (Enterocytozoon and Septata)
Mycobacterium avium intracellulare (MAC)

WATER QUALITY OBJECTIVES

The intent of the Clean Water Act is to restore, maintain, and enhance the chemical, physical, and biological
integrity of the nation’s waters. To this end, a program of establishing stream water quality standards and ef-
fluent limitations was set forth.

Water Quality Standards

The relationship between water quality standards and criteria evolved from the Water Quality Act of 1965.
Standards of stream water quality were required to be established while considering their use and value for
public water supplies; propagation of fish and wildlife, recreational purposes, and agricultural, industrial,
and other legitimate uses. Criteria are a scientific requirement on which a decision is based concerning the
suitability of water quality to support a designated use.

Water quality standards are enforceable by law and apply to all navigable waters. A water quality stan-
dard, as defined in the 1965 act, is a process which consists of

1. Determining the designated water use
2. Adopting applicable criteria to maintain that use
3. Developing an implementation and enforcement plan for the adopted water quality criteria

The purposes of water quality standards are to protect the public health or welfare and enhance the quali-
ty of water consistent with the designated water uses. An example of criteria used to support a designated
stream use is presented in Table 3.9. In most cases, a criterion is a numeric constituent concentration or lev-
el. However, where a numeric value is not available or known, a narrative statement can be used. When a cri-
terion becomes a part of the state’s water quality standards, it is then an enforceable requirement that is used
to regulate pollutants under the Clean Water Act.

A point of confusion often arises when working with standards and criteria under the Clean Water Act.
Under the Clean Water Act, a standard is a process and criteria are part of the standard. Under the Safe
Drinking Water Act, numeric constituent concentrations or levels (criteria) are standards.

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.
Any use is subject to the Terms of Use as given at the website.



AIR AND WATER QUALITY STANDARDS
TABLE 3.9 Example Water Quality Standard (4)

Basic Water Use

All waters of the State shall be protected for the basic uses of water contact recreation, fish, other aquatic life,
and wildlife. These uses compose Class I. Criteria for Class I Waters shall apply to all waters of the State unless
contravened by more restrictive criteria for other specific classes. Criteria to protect Class I waters are sufficiently
stringent to afford protection also for public water supply in freshwater areas (with treatment by filtration and disin-
fection), agricultural water supply, and industrial water supply. More restrictive criteria are established to protect
shellfish harvesting waters, natural trout waters, and recreational trout waters.

General Water Quality Criteria

The waters of the State at all times shall be free from:

(1) Substances attributable to sewage, industrial waste, or other waste that will settle to form sludge deposits that
are unsightly, putrescent, or odorous to a degree as to create a nuisance, or that interfere directly or indirectly
with water uses;

(2) Floating debris, oil, grease, scum, and other floating materials, attributable to sewage, industrial waste, or
other waste in amounts sufficient to be unsightly to a degree as to create a nuisance, or that interfere directly
or indirectly with water uses;

(3) Materials attributable to sewage, industrial waste, or other waste which produce taste, odor, or change the ex-
isting color or other physical and chemical conditions in the receiving waters to a degree as to create a nui-
sance, or that interfere directly with water uses; and

(4) High-temperature, toxic, corrosive, or other deleterious substances attributable to sewage, industrial waste, or
other waste in concentrations or combinations which interfere directly or indirectly with water uses, or which
are harmful to human, animal, plant, or aquatic life.

Class I: Water Contact Recreation and Aquatic Life. Waters which are suitable for:

(1) Water contact sports;

(i1) Play and leisure time activities where the human body may come in direct contact with the surface water; and

(iii) The growth and propagation of fish (other than trout), other aquatic life, and wildlife.

These criteria shall apply during periods of flow greater than or equal to the 7-day, 10-year low flow. Where the
waters of the State are or may be affected by discharges from point sources, these standards shall apply outside of
any mixing zones which may be designated by the Administration. It is recognized that in some cases the natural
water quality of a stream segment may not be consistent with the criteria established for the stream. In these cases,
it is not intended that these natural conditions constitute a violation of the water quality standards, or that the water
quality to be maintained and achieved be substantially different from that which would occur naturally.

Criteria for Class I Waters: Water Contact Recreation and Aquatic Life

1. Bacteriological. There may not be any sources of pathogenic or harmful organisms in sufficient quantities to
constitute a public health hazard. A public health hazard will be presumed if the fecal coliform density ex-
ceeds a log mean of 200 per 100 ml, based on a minimum of not less than 5 samples taken over any 30-day pe-
riod, or if 10 percent of the total number of samples taken during any 30-day period exceed 400 per 100 ml,
unless a sanitary survey approved by the Department of Health and Mental Hygiene disclosed no significant
health hazard.

2. Dissolved Oxygen. The dissolved oxygen concentration shall be not less than 5.0 mg/liter at any time.

3. Temperature. For all discharges of heat, the maximum temperature outside the mixing zone may not exceed
90°F (32°C) or ambient temperature of the receiving waters, whichever is greater. In addition, a discharge of
heat may not create thermal barriers that adversely affect aquatic life.

4. pH. Normal pH values may not be less than 6.5 or greater than 8.5.

5. Turbidity. Turbidity may not exceed levels detrimental to aquatic life. Turbidity in the receiving water, result-
ing from any discharge may not exceed 150 NTU (nephelometer turbidity units) at any time or 50 NTU as a
monthly average. NTU are equivalent measures to FTUs (formazin turbidity units) and JTUs (Jackson turbidi-
ty units).

6. Toxic Materials. The toxic materials listed here may not exceed these designated limits at any time:

(i) Polychlorinated Biphenyls (PCBs)—0.001 pg/liter:
(i1) Endrin—.004 pg/liter;

(ii1) Toxaphene—.005 pg/liter;

(iv) DDT—0.001 pg/liter;

(v) Benzidine—0.1 pg/liter;

(vi) Aldrin-Dieldrin—0.003 pg/liter;

3.16
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The first step in establishing water quality standards is to determine the stream uses. States have primary
responsibility for designating stream segment uses, and the standards are then established based on the des-
ignated use. The water uses are determined by analyzing the water’s existing uses and the potential to attain
particular uses based on physical, chemical, biological, and hydrological characters of the waters and the
economic impacts of attaining various uses. The Clean Water Act requires that, wherever attainable, water
quality standards should provide for the protection and propagation of fish, shellfish, and wildlife and to
provide for recreation in and on the water. Stream uses, of course, vary from state to state, but one state’s
stream use cannot result in the violation of another state’s stream use of the same stream.

The second step is to establish criteria that will protect an organism, an organism community, or a pre-
scribed water use or quality with an adequate degree of safety. The Clean Water Act provides guidance on
establishing criteria, in lieu of which experimental bioassay or biological criteria must be used. Each criteri-
on should be based on the latest scientific information available on the effect of a pollutant on aesthetics, hu-
man health, and aquatic life. In terms of commonly used criteria, all of the states” water quality standards
contain criteria for dissolved oxygen, pH, fecal coliform bacteria, temperature, and aesthetic qualities.

TABLE 3.10 Water Program Regulations

40 CFR Part Topic
100 [Reserved]
104 Public hearings on effluent standards for toxic pollutants
108 Employee protection hearings
109 Criteria for state, local and regional oil removal contingency plans
110 Discharge of oil
112 Oil pollution prevention
113 Liability limits for small onshore storage facilities
114 [Reserved]
116 Designation of hazardous substances
117 Determination of reportable quantities for hazardous substances
121 State certification of activities requiring a federal license or permit
122 EPA administered permit programs: the national pollutant discharge elimination system
123 State program requirements
124 Procedures for decision making
125 Criteria and standards for the national pollutant discharge elimination system
129 Toxic pollutant effluent standards
130 Water quality planning and management
131 Water quality standards
132 Water quality guidance for the Great Lakes System
133 Secondary treatment regulation
135 Prior notice of citizen suits
136 Guidelines establishing test procedures for the analysis of pollutants
140 Marine sanitation device standard
141 National primary drinking water regulations
142 National primary drinking water regulations implementation
143 National secondary drinking water regulations
144 Underground injection control program
145 State underground injection control program requirements
146 Underground injection control program: Criteria and standards
147 State underground injection control programs
148 Hazardous waste injection restrictions
149 Sole source aquifers
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Several documents have been published that may be of use in assisting in the establishment of water qual-
ity criteria (58, 17). After criteria are established, the state holds hearings to review the water quality stan-
dards and for public comment. Following any changes or revisions, the state adopts the standards pursuant to
state law. The standards are then reviewed by the EPA and accepted or rejected. Once the standards have
been accepted, the standards for interstate navigable waters become federal and state standards. The stan-
dards should be reviewed and revised where applicable, at least once every three years.

Water Quality Protection Programs

In addition to standards per se, there are many federal “water” programs affecting water quality. Table 3.10
lists selected regulations promulgated by the EPA for the Clean Water Act and the Safe Drinking Water Act.

EFFLUENT STANDARDS

Effluent discharge limitation guidelines and standards have been, and are being, developed to help meet
stream standards and associated use designations. The enforcement mechanism legislated by the Clean Wa-
ter Act of 1977 is the National Pollutant Discharge Elimination System (NPDES). NPDES permits are is-
sued to municipal and industrial dischargers to ensure that pollutant discharges do not result in a violation of
water quality standards. State and federal monitoring, inspection, and enforcement programs ensure compli-
ance with standards and permits.

The NPDES permit contains technology-based treatment requirements for domestic or industrial facili-
ties and for phased improvements in technology to allow higher levels of treatment.

For waters that will not achieve water quality standards after implementation of technology-based con-
trols, a total maximum daily load (TMDL) analysis is required by the Clean Water Act. A TMDL analysis
includes the determination of the relative contributions of pollutants from point, nonpoint, and natural back-
ground sources, including a margin of safety of pollutants that can be discharged to a water quality-limited
waterbody to meet water quality standards.

More specifically, an allowable TMDL is defined as the sum of the individual wasteload allocations for
existing and future point sources (including stormwater) and load allocations for existing and future non-

TABLE 3.11 Secondary Treatment Requirements (9)

Pollutant Effluent limitations*

BOD;T 30 (45) mg/L Maximum 30-day average
45 (65) mg/L Maximum 7-day average
85% (65) removal Minimum 30-day average

Suspended solids 30 (45) mg/L Maximum 30-day average
45 (65) mg/L Maximum 7-day average
85% (65) removal Minimum 30-day average

pH 6.0-9.0 Range

*() denotes value applicable to treatment equivalent to secondary treatment. Adjustment available for effluents from trickling
filter facilities and waste stabilization pond facilities.

fCBOD; is approved substitute for BODs, the CBODj limitations are:

40 mg/L Maximum 30-day average

60 mg/L Maximum 7-day average

65% removal ~ Minimum 30-day average
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point sources (including diffuse runoff and agricultural stormwater) and natural background materials with a
margin of safety incorporated to account for uncertainty in the analysis. Load reductions obtained through
the implementation of BMPs required in the NPDES program for stormwater should be reflected in the
TMDL analysis.

Secondary Treatment

The baseline level of treatment for effluents from publicly owned treatment works is secondary treatment.
Table 3.11 shows the required level of effluent quality for secondary treatment or its equivalent. Industrial
wastes discharged to the treatment works may alter the stated limits.

Especially since federal grant monies were used to assist in construction funding of most municipal treat-
ment facilities, a national program was developed for industrial waste pretreatment. The requirements of this
program are summarized in Table 1.12.

Industrial Effluents

Permits for industrial effluents are subject to state and/or federal requirements. In particular, many industrial
categories are covered by federal effluent guidelines and standards (/7), as shown by Table 3.13.

Toxic Pollutants

Special emphasis is placed on the control of an effluent containing toxic pollutants. Table 3.14 lists pollu-
tants that have been designated as toxic by the EPA. Effluent standards have been promulgated for some tox-
ic pollutants; these are highlighted in Table 3.15.

TABLE 3.12 National Pretreatment Standards (10)

1. General Prohibitions: A user may not introduce into a publicly owned treatment works (POTW) any pollutant(s)
which cause “pass through” without a change in nature or “interference” with treatment processes, including
sludge use or disposal.

2. Specific Prohibitions: The following pollutants shall not be introduced into a POTW:

a. Pollutants which create a fire or explosion hazard in the POTW;

b. Pollutants that will cause corrosive structural damage to the POTW, but in no case discharges with pH lower
than 5.0, unless the works is specifically designed to accommodate such discharges;

¢. Solid or viscous pollutants in amounts which will cause obstruction to the flow in the collection system and
the treatment plant resulting in interference with operations;

d. Any pollutant, including oxygen-demanding pollutants (BOD, etc.) released in a discharge at a flow rate
and/or pollutant concentration that will cause interference with the POTW operations;

e. Heat in amounts that will inhibit biological activity in the POTW resulting in interference, but in no case heat
in such quantities that the temperature at the POTW exceeds 40°C (104°F) unless the approval authority,
upon request of the POTW, approves alternate temperature limits.

3. Categorical Requirements: Standards specifying quantities or concentrations of pollutants or pollutant properties
which may be discharged to a POTW by existing or new industrial users in specific industrial subcategories will
be established as separate regulations under the appropriate subpart of 40 CFR Chapter I, Subchapter N. These
standards, unless specifically noted otherwise, shall be in addition to the general prohibitions established above
(40 CFR 403.5).
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TABLE 3.13 Industrial Effluent Limitations and Guidelines

Aluminum Forming (40 CFR 467)

Development Document for Effluent Limitations Guidelines and Standards for the Aluminum Forming Point
Source Category [Draft], U.S. Environmental Protection Agency, EPA 440/1-80-073a, Washington, D.C.,
1980.

Development Document for Effluent Limitations Guidelines and Standards for the Aluminum Forming Point
Source Category [Proposed], U.S. Environmental Protection Agency, EPA 440/1-82-073b, Washington, D.C.,
1982.

Asbestos Manufacturing (40 CFR 427)

Development Document for Proposed Effluent Limitations Guidelines and New Source Performance Standards
for the Building, Construction and Paper Segment of the Asbestos Manufacturing Point Source Category [Pro-
posed], U.S. Environmental Protection Agency, EPA 440/1-73-017, Washington, D.C., 1973.

Battery Manufacturing (40 CFR 461)

Development Document for Effluent Limitations Guidelines and Standards for the Battery Manufacturing Point
Source Category [Draft], U.S. Environmental Protection Agency, EPA 440/1-80-067a, Washington, D.C.,
1980.

Development Document for Effluent Limitations Guidelines and Standards for the Battery Manufacturing Point
Source Category [Proposed], U.S. Environmental Protection Agency, EPA 440/1-82-06Th, Washington, D.C.,
1982.

Builders’ Paper and Board Mills (40 CFR 431)

Development Document for Effluent Limitations Guidelines and New Source Performance Standards for the
Builders’ Paper and Roofing Felt Segment of the Builders’ Paper and Board Mills Point Source Category, U.S.
Environmental Protection Agency, EPA 440/1-74-026a, Washington, D.C., 1974.

Development Document for Effluent Limitations Guidelines and Standards for the Pulp, Paper and Paperboard
and the Builders’ Paper and Board Mills Point Source Categories [Proposed], U.S. Environmental Protection
Agency, EPA 440/1-80-025b, Washington, D.C., 1980.

Centralized Waste Treatment (Landfills and Incinerators) (40 CFR 437)

Detailed Costing Document for the Centralized Waste Treatment Industry, U.S. Environmental Protection Agency,
EPA 821/R-95-002, Washington, D.C., 1995

Environmental Assessment of Proposed Effluent Guidelines for the Centralized Waste Treatment Industry, U.S.
Environmental Protection Agency, EPA 821/R-95-003, Washington, D.C., 1995.

Preliminary Data Summary for the Hazardous Waste Treatment Industry, U.S. Environmental Protection Agency,
EPA 440/1-89-100, Washington, D.C., 1989.

Statistical Support Document for Proposed Effluent Limitations Guidelines and Standards for the Centralized
Waste Treatment Industry, U.S. Environmental Protection Agency, EPA 821/R-95-005, Washington, D.C.,
1995.

Coal Mining (40 CFR 434)

Development Document for Interim Final Effluent Limitations Guidelines and New Source Performance Stan-
dards for the Coal Mining Point Source Category—Group II, U.S. Environmental Protection Agency, EPA
440/1-75-057, Washington, D.C., 1975.

Development Document for Interim Final Effluent Limitations Guidelines and New Source Performance Stan-
dards for the Coal Mining Point Source Category, U.S. Environmental Protection Agency, EPA 440/1-76-057a,
Washington, D.C., 1976.

Development Document for Proposed Effluent Limitations Guidelines, New Source Performance Standards, and
Pretreatment Standards for the Coal Mining Point Source Category, U.S. Environmental Protection Agency,
EPA 440/1-81-057b, Washington, D.C., 1981.

Economic Impact of Interim Final and Proposed Effluent Guidelines: Coal Mining, U.S. Environmental Protec-
tion Agency, EPA 23011-75-058b, Washington, D.C., 1976.

Effluent Limitations Guidelines and Standards of Performance for the Coal Mining Point Source Category Ratio-
nale and Methodology, U.S. Environmental Protection Agency, Washington, D.C., 1977.

Evaluation of Performance Capability of Surface Mine Sediment Basins [Draft], U.S. Environmental Protection
Agency, EPA 440/1-79-200, Washington, D.C., 1979.

Winter and Spring Water Quality Survey of Acid Mine Drainage Neutralization Plants [Executive Summary], U.S.
Environmental Protection Agency, Washington, D.C., 1975.
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TABLE 3.13 Industrial Effluent Limitations and Guidelines (continued)

Coil Coating (40 CFR 465)

Development Document for Effluent Limitations Guidelines and Standards for the Coil Coating Point Source
Category [Draft], U.S. Environmental Protection Agency, EPA 440/1-79-071a, Washington, D.C., 1979.

Development Document for Effluent Limitations Guidelines and Standards for the Coil Coating Point Source
Category [Draft], U.S. Environmental Protection Agency, EPA 440/1-81-071b, Washington, D.C., 1981.

Development Document for Effluent Limitations Guidelines and Standards for the Coil Coating Point Source
Category (Canmaking Subcategory) [Proposed], U.S. Environmental Protection Agency, EPA 440/1-83-071b,
Washington, D.C., 1983.

Copper Forming (40 CFR 468)

Development Document for Effluent Limitations Guidelines and Standards for the Copper Forming Point Source
Category [Proposed], U.S. Environmental Protection Agency, EPA 440/1-82-074b, Washington, D.C., 1982.

Economic Impact Analysis of Proposed Effluent Limitations and Standards for the Copper Forming Industry, U.S.
Environmental Protection Agency, EPA 440/2-82-011, Washington, D.C., 1982.

Electrical and Electronic Components (40 CFR 469)

Development Document for Effluent Limitations Guidelines and Standards for the Electrical and Electronic
Components Point Source Category [Draft], U.S. Environmental Protection Agency, EPA 44011-80-075a,
Washington, DC., 1980.

Development Document for Effluent Limitations Guidelines and Standards for the Electrical and Electronic
Components Point Source Category [Proposed], U.S. Environmental Protection Agency, EPA 440/1-82-075b,
Washington, D.C., 1982.

Development Document for Effluent Limitations Guidelines and Standards for the Electrical and Electronic
Components Point Source Category (Phase II) [Proposed], U.S. Environmental Protection Agency, EPA 440/1-
83-075b, Washington, D.C., 1983.

Economic Impact Analysis of Proposed Effluent Guidelines and Standards for the Electrical and Electronic Com-
ponents Industry—Phase II: Cathode Ray and Luminescent Coatings Subcategories, U.S. Environmental Pro-
tection Agency, EPA 440/2-83-001, Washington, D.C., 1983.

Electroplating (40 CFR 413)

Development Document for Effluent Limitations Guidelines and New Source Performance Standards for the Cop-
per, Nickel, Chromium, and Zinc Segment of the Electroplating Point Source Category, U.S. Environmental
Protection Agency, EPA 440/1-74-003 a, Washington, D.C., 1974.

Development Document for Proposed Existing Source Pretreatment Standards for the Electroplating Point
Source Category, U.S. Environmental Protection Agency, EPA 440/1-78-085, Washington, D.C., 1978.

Economic Analysis of Effluent Guidelines: The Electroplating Industry (Copper, Nickel, Chromium and Zinc),
U.S. Environmental Protection Agency, EPA 230/2-74-007, Washington, D.C., 1974.

Economic Analysis of Proposed Effluent Guidelines: The Electroplating Industry (Copper, Nickel, Chromium,
and Zinc) [Revision], U.S. Environmental Protection Agency, EPA 230/1-73-007, Washington, D.C., 1973.

Explosives Manufacturing (40 CFR 457)

Contractor Document for Effluent Limitations Guidelines for the Explosives Manufacturing Point Source Catego-
ry [Draft Final], U.S. Environmental Protection Agency, 1981.

Draft Development Document for Proposed Effluent Limitations Guidelines, New Source Performance Standards
and Pretreatment Standards for the Explosives Manufacturing Point Source Category—Subcategory E: Formu-
lation and Packaging of Blasting Agents, Dynamite, and Pyrotechnics, U.S. Environmental Protection Agency,
Washington, D.C., 1979.

Ferroalloy Manufacturing (40 CFR 424)

Economic Analysis of Proposed Effluent Guidelines. The Ferroalloys Industry, U.S. Environmental Protection

Agency, EPA 230/1-73-009, Washington, D.C., 1973.
Fertilizer Manufacturing (40 CFR 418)
Summary Report Phosphate Fertilizer Subcategory of the Fertilizer Manufacturing Point Source Category, U.S.
Environmental Protection Agency, Washington, D.C., 1982.
Glass Manufacturing (40 CFR 426)
Development Document for Proposed Effluent Limitations Guidelines and New Source Performance Standards
for the Pressed and Blown Glass Segment of the Glass Manufacturing Point Source Category, U.S. Environ-
mental Protection Agency, EPA 440/1-74-034, Washington, D.C., 1974. (continues)
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TABLE 3.13 Industrial Effluent Limitations and Guidelines (continued)

Ink Formulating (40 CFR 447)

Development Document for Proposed Effluent Limitations Guidelines and New Source Performance Standards
for the Paint Formulating and the Ink Formulating Point Source Categories—Group 11, U.S. Environmental
Protection Agency, EPA 440/1-75-050, Washington, D.C., 1975.

Inorganic Chemicals (40 CFR 415)

Development Document for Effluent Limitations Guidelines and New Source Performance Standards for the Ma-
Jjor Inorganic Products Segment of the Inorganic Chemicals Manufacturing Point Source Category, U.S. Envi-
ronmental Protection Agency, EPA 440/1-74-007a, Washington, D.C., 1974.

Economic Analysis of Effluent Guidelines for the Inorganic Chemicals Industry, U.S. Environmental Protection
Agency, EPA 230/2-74-015, Washington, D.C., 1974.

pH Control of Industrial Waste Waters in the Inorganic Chemicals Industry [Draft], U.S. Environmental Protec-
tion Agency, Washington, D.C., 1979.

Iron and Steel Manufacturing (40 CFR 420)

Development Document for Effluent Limitations Guidelines and New Source Performance Standards for the Steel
Making Segment of the Iron and Steel Manufacturing Point Source Category, U.S. Environmental Protection
Agency, EPA 440/1-74-024a, Washington, D.C., 1974.

Development Document for Effluent Limitations Guidelines and Standards for the Iron and Steel Manufacturing
Point Source Category—Vol. I: General [Proposed], U.S. Environmental Protection Agency, EPA 440/1-80-
024b1, Washington, D.C., 1980.

Development Document for Effluent Limitations Guidelines and Standards for the Iron and Steel Manufacturing
Point Source Category—Vol. I1I: Coke Making Subcategory, Sintering Subcategory, Iron Making Subcategory
[Proposed], U.S. Environmental Protection Agency, EPA 440/1-80-024b2, Washington, D.C., 1980.

Development Document for Effluent Limitations Guidelines and Standards for the Iron and Steel Manufacturing
Point Source Category—Vol. II1: Steel Making Subcategory, Vacuum Degassing Subcategory, Continuous Cast-
ing Subcategory [Proposed], U.S. Environmental Protection Agency, EPA 440/1-80-024b3, Washington,
D.C.,1980.

Development Document for Effluent Limitations Guidelines and Standards for the Iron and Steel Manufacturing
Point Source Category—Vol. IV: Hot Forming Subcategory [Proposed], U.S. Environmental Protection Agency,
EPA 440/1-80-024b4, Washington, D.C., 1980.

Development Document for Effluent Limitations Guidelines and Standards for the Iron and Steel Manufacturing
Point Source Category—Vol. V. Scale Removal Subcategory, Acid Pickling Subcategory [Proposed], U.S. Envi-
ronmental Protection Agency, EPA 440/1-80-024b5, Washington, D.C., 1980.

Development Document for Effluent Limitations Guidelines and Standards for the Iron and Steel Manufacturing
Point Source Category—Vol. VI: Cold Forming Subcategory, Alkaline Cleaning Subcategory, Hot Coating Sub-
category [Proposed], U.S. Environmental Protection Agency, EPA 440/1-80-024b6, Washington, D.C., 1980.

Economic Analysis of Proposed and Interim Final Effluent Guidelines: Integrated Iron and Steel Industry, U.S.
Environmental Protection Agency, EPA 230/1-76-048, Washington, D.C., 1976

Economic Analysis of Proposed and Interim Final Effluent Guidelines: The Specialty Steel Industry, U.S. Envi-
ronmental Protection Agency, EPA 230/1-74-034a, Washington, D.C., 1976.

Leather Tanning and Finishing (40 CFR 425)

Development Document for Effluent Limitations Guidelines and New Source Performance Standards for the
Leather Tanning and Finishing Point Source Category, U.S. Environmental Protection Agency, EPA 440/1-74-
016a, Washington, D C, 1974.

Development Document for Effluent Limitations Guidelines and Standards for the Leather Tanning and Finishing
Point Source Category [Proposed], U.S. Environmental Protection Agency, EPA 440/1-79-016, Washington,
D.C., 1979.

Economic Analysis of Effluent Guidelines: Leather Tanning and Finishing Industry, U.S. Environmental Protec-
tion Agency, EPA 230/2-73-016, Washington, D.C., 1974.

Supplementary Development Document for Effluent Limitations Guidelines for the Leather Tanning and Finish-
ing Point Source Category [Proposed], U.S. Environmental Protection Agency, EPA 440/1-86-016s, Washing-
ton, D.C., 1986.
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TABLE 3.13 Industrial Effluent Limitations and Guidelines (continued)

Low BTU Gasification

Low BTU Gasifier Wastewater Treatability: Phase Il Pilot Plant Study at Holston Army Ammunition Plant [Final

Draft], U.S. Environmental Protection Agency, Washington, D.C., 1986.
Meat Products (40 CFR 432)

Development Document for Effluent Limitations Guidelines and Standards of Performance for the Off-Site Ren-

dering Industry [Draft], U.S. Environmental Protection Agency, Washington, D.C., 1974.
Metal Finishing (40 CFR 433)

Development Document for Effluent Limitations Guidelines and Standards for the Metal Finishing Point Source
Category [Proposed], U.S. Environmental Protection Agency, EPA 440/1-82-091b, Washington, D.C., 1982.

Economic Analysis of Effluent Guidelines: The Metal Finishing Industry, U.S. Environmental Protection Agency,
EPA 230/1-74-032, Washington, D.C., 1974.

Economic Analysis of Proposed Effluent Standards and Limitations for the Metal Finishing Industry, U.S. Envi-
ronmental Protection Agency, EPA 440/2-82-004, Washington, D.C., 1982.

Metal Molding and Casting (Foundries) (40 CFR 464)

Development Document for Effluent Limitations Guidelines and Standards for the Metal Molding and Casting
(Foundries) Point Source Category—Vol. I [Proposed], U.S. Environmental Protection Agency, EPA 440/1-82-
070b1, Washington, D.C., 1982.

Development Document for Effluent Limitations Guidelines and Standards for the Metal Molding and Casting
(Foundries) Point Source Category—Vol. II [Proposed], U.S. Environmental Protection Agency, EPA 440/1-82-
070b2, Washington, D.C., 1982.

Mineral Mining and Processing (40 CFR 436)

Analysis of Effluent Data from the Crushed Stone Industry [Final Report], U.S. Environmental Protection
Agency, Washington, D.C., 1984.

Development Document for Effluent Limitations Guidelines and Standards of Performance: Mineral Mining and
Processing Industry, Vol. III—Clay, Ceramic, Refractory and Miscellaneous Minerals [Draft], U.S. Environ-
mental Protection Agency, Washington, D.C., 1974.

Development Document for Effluent Limitations Guidelines and Standards of Performance: The Clay, Gypsum,
Refractory and Ceramic Products Industries [Draft], U.S. Environmental Protection Agency, Washington,
D.C., 1975.

Development Document for Interim Final Effluent Limitations Guidelines and New Source Performance Stan-
dards for the Minerals for the Construction Industry—Vol. I: Mineral Mining and Processing Industry, U.S.
Environmental Protection Agency, EPA 440/1-75-059, Washington, D.C., 1975.

Development Document for Interim Final Effluent Limitations Guidelines and Standards of Performance: Miner-
al Mining and Processing Industry, U.S. Environmental Protection Agency, EPA 44011-76-059a, Washington,
D.C., 1976.

Suspended Solids Removal in the Crushed Stone Industry, U.S. Environmental Protection Agency, Washington,
D.C., 1982.

Nonferrous Metals Forming and Metal Powders (40 CFR 471)

Development Document for Effluent Limitations Guidelines and Standards for the Nonferrous Metals Forming
and Iron and Steel, Copper Forming, Aluminum Metal Powder Production and Powder Metallurgy Point
Source Category [Proposed], U.S. Environmental Protection Agency, EPA 440/1-84-019b, Washington, D.C.,
1984.

Nonferrous Metals Manufacturing (40 CFR 421)

Development Document for Effluent Limitations Guidelines and New Source Performance Standards for the
Bauxite Refining Subcategory of the Aluminum Segment of the Nonferrous Metals Manufacturing Point Source
Category, U.S. Environmental Protection Agency, EPA 440/1-74-019c, Washington, D.C., 1974.

Development Document for Effluent Limitations Guidelines and New Source Performance Standards for the Pri-
mary Aluminum Smelting Subcategory of the Aluminum Segment of the Nonferrous Metals Manufacturing
Point Source Category, U.S. Environmental Protection Agency, EPA 440/1-74-019d, Washington, D.C., 1974.

Development Document for Effluent Limitations Guidelines and New Source Performance Standards for the Sec-
ondary Aluminum Smelting Subcategory of the Aluminum Segment of the Nonferrous Metals Manufacturing
Point Source Category, U.S. Environmental Protection Agency, EPA 440/1-74-019¢e, Washington, D.C., 1974.

(continues)
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TABLE 3.13 Industrial Effluent Limitations and Guidelines (continued)

Nonferrous Metals Manufacturing (40 CFR 421) (cont.)

Development Document for Effluent Limitations Guidelines and Standards for the Nonferrous Metals Manufac-
turing Point Source Category [Draft], U.S. Environmental Protection Agency, EPA 440/1-79-019a, Washing-
ton, D.C., 1979.

Development Document for Effluent Limitations Guidelines and Standards for the Nonferrous Metals Point
Source Category, Vol. —General Development Document [Proposed, U.S. Environmental Protection Agency,
EPA 440/1-83-019b1, Washington, D.C., 1983.

Development Document for Effluent Limitations Guidelines and Standards for the Nonferrous Metals Point
Source Category, Vol. [I—Supplemental Development Documents for: Primary Aluminum, Primary Copper
Smelting and Electrolytic Refining, Primary Lead, Primary Zinc, Metallurgical Acid Plants [Proposed], U.S.
Environmental Protection Agency, EPA 440/1-83-019b2, Washington, D.C., 1983.

Development Document for Effluent Limitations Guidelines and Standards for the Nonferrous Metals Point
Source Category, Vol. III—Supplemental Development Documents for: Primary Tungsten, Primary Columbi-
um-Tantalum, Secondary Silver, Secondary Lead, Secondary Aluminum, Secondary Copper [Proposed], U.S.
Environmental Protection Agency, EPA 440/1-83-019b3, Washington, D.C., 1983.

Development Document for Interim Final Effluent Limitations Guidelines and Proposed New Source Perfor-
mance Standards for the Lead Segment of the Nonferrous Metals Manufacturing Point Source Category—
Group I, Phase 11, U.S. Environmental Protection Agency, EPA 440/1-75-032a, Washington, D.C., 1975.

Development Document for Interim Final Effluent Limitations Guidelines and Proposed New Source Perfor-
mance Standards for the Primary Copper Smelting Subcategory and the Primary Copper Refining Subcatego-
ry of the Copper Segment of the Nonferrous Metals Manufacturing Point Source Category—Group I, Phase II,
U.S. Environmental Protection Agency, EPA 440/1-75-032b, Washington, D.C., 1975.

Development Document for Interim Final Effluent Limitations Guidelines and Proposed New Source Perfor-
mance Standards for the Secondary Copper Subcategory of the Copper Segment of the Nonferrous Metals
Manufacturing Point Source Category—Group I, Phase 11, U.S. Environmental Protection Agency, EPA
44011-75-032¢, Washington, D.C., 1975.

Development Document for Interim Final Effluent Limitations Guidelines and Proposed New Source Perfor-
mance Standards for the Zinc Segment of the Nonferrous Metals Manufacturing Point Source Category—
Group I, Phase 11, U.S. Environmental Protection Agency, EPA 440/1-75-032, Washington, D.C., 1975.

Economic Analysis of Effluent Guidelines: The Nonferrous Metals Industry (Aluminum), U.S. Environmental Pro-
tection Agency, EPA 230/2-74-0 18, Washington, D.C., 1974.

Economic Analysis of Pretreatment Standards: The Secondary Copper and Aluminum Subcategories of the Non-
ferrous Metals Manufacturing Point Source Category, U.S. Environmental Protection Agency, EPA 230/1-76-
041a, Washington, D.C., 1976.

Economic Impact of Proposed Water Pollution Controls on the Nonferrous Metals Manufacturing Industry
(Phase II), U.S. Environmental Protection Agency, EPA 230/1-75-04 1, Washington, D.C., 1975.

Supplemental for Pretreatment to the Interim Final Development Document for the Secondary Aluminum Seg-
ment of the Nonferrous Metals Manufacturing Point Source Category, U.S. Environmental Protection Agency,
EPA 440/1-76-081c, Washington, D.C., 1976.

Oil and Gas Extraction (40 CFR 435)

Development Document for Interim Final Effluent Limitations Guidelines and Proposed New Source Perfor-
mance Standards for the Oil and Gas Extraction Point Source Category—Group 11, U.S. Environmental Protec-
tion Agency, EPA 440/1-76-055a, Washington, D.C., 1976.

Economic Analysis of Proposed and Interim Final Effluent Guidelines for the Onshore Oil Producing Industry,
U.S. Environmental Protection Agency, EPA 230/1 -75-063b, Washington, D.C., 1976.

The Potential Benefits of Effluent Limitation Guidelines for Coastal Oil and Gas Facilities in Cook Inlet, Alaska,
U.S. Environmental Protection Agency, EPA 821/R-95-013, Washington, D.C., 1995.

Preliminary Data Summary for the Coastal, Onshore and Stripper Subcategories of the Oil Gas Extraction Point
Source Category, U.S. Environmental Protection Agency, EPA 440/1-89-105, Washington, D.C., 1989.

Water Quality Benefit Analysis for the Proposed Effluent Guidelines for the Coastal Subcategory of the Oil
and Gas Extraction Industry, U.S. Environmental Protection Agency, EPA 821/R-95-011, Washington, D.C.,
1995.
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TABLE 3.13 Industrial Effluent Limitations and Guidelines (continued)

Assessment of Environmental Fate and Effects of Discharges from Offshore Oil and Gas Operations, U.S. Envi-
ronmental Protection Agency, EPA 440/4-85-002, Washington, D.C., 1985.

Cost-Effectiveness Analysis of Proposed Effluent Guidelines Regulations for the Offshore Oil and Gas Industry,
U.S. Environmental Protection Agency, Washington, D.C., 1984.

Development Document for Proposed Effluent Limitations Guidelines and New Source Performance Standards
for the Offshore Subcategory of the Oil and Gas Extraction Point Source Category, U.S. Environmental Protec-
tion Agency, EPA 440/1-85-055, Washington, D.C., 1985.

Produced Water Radioactivity Study [Final Draft], U.S. Environmental Protection Agency, Washington, D.C.,
1993.

Regulatory Impact Analysis of the Effluent Guidelines Regulation for the Offshore Subcategory of the Oil and
Gas Extraction Industry, U.S. Environmental Protection Agency, Washington, D.C., 1991.

Ore Mining and Dressing (40 CFR 440)

Asbestos in the Ore Mining and Dressing Industry: Identification, Analysis, Treatment Technology, Health As-
pects, and Field Sampling Results, U.S. Environmental Protection Agency, Washington, D.C., 1979.

Characterization of Wastewater and Solid Wastes Generated in Selected Ore Mining Subcategories (Sb, Hg, Al, V
W, Ni, Ti), U.S. Environmental Protection Agency, Washington, D.C., 1981.

Development Document for Effluent Limitations Guidelines and New Source Performance Standards for the Ore
Mining and Dressing Point Source Category, Vol. I, U.S. Environmental Protection Agency, EPA 440/1-78-
061d, Washington, D.C., 1978.

Development Document for Effluent Limitations Guidelines and New Source Performance Standards for the Ore
Mining and Dressing Point Source Category, Vol. II, U.S. Environmental Protection Agency, EPA 440/1-78-
061e, Washington, D.C.,1978.

Development Document for Interim Final and Proposed Effluent Limitations Guidelines and New Source Perfor-
mance Standards for the Ore Mining and Dressing Industry, Vol. [—Group II, U.S. Environmental Protection
Agency, EPA 440/1-75-061, Washington, D.C., 1975.

Development Document for Interim Final and Proposed Effluent Limitations Guidelines and New Source Perfor-
mance Standards for the Ore Mining and Dressing Industry, Vol. II—Group 11, U.S. Environmental Protection
Agency, EPA 440/1-75-061c, Washington, D.C., 1975.

Development Document for Proposed Effluent Limitations Guidelines and New Source Performance Standards
for the Ore Mining and Dressing Point Source Category, U.S. Environmental Protection Agency, EPA 440/1-
82-061b, Washington, D.C., 1982.

Economic Analysis of Effluent Guidelines: The Ore Mining and Dressing Industry, U.S. Environmental Protection
Agency, EPA 23 0/2-75-062, Washington, D.C., 1977.

Environmental Assessment for the Ore Mining and Dressing Industry [Interim Final], U.S. Environmental Protec-
tion Agency, Washington, D.C., 1981.

Titanium Sand Dredging Wastewater Treatment Practices, U.S. Environmental Protection Agency, Washington,
D.C., 1980.

Wastewater Treatment, Historical Data, and Pilot-Scale Treatability Experiments—Bunker Hill Company, Kel-
logg, Idaho, U.S. Environmental Protection Agency, Washington, D.C., 1980.

Wastewater Treatment, Historical Data, and Pilot-Scale Treatability Experiments—White Pine Copper Corp.,
White Pine, Michigan, U.S. Environmental Protection Agency, Washington, D.C., 1980.

1984 Alaskan Placer Mining Study and Testing Summary Report [Preliminary Draft], U.S. Environmental Protec-
tion Agency, Washington, D.C., 1984.

Cost-Effectiveness Analysis of Effluent Limitations and Standards for the Placer Gold Mining Industry, U.S. En-
vironmental Protection Agency, Washington, D.C., 1985.

Development Document for Proposed Effluent Limitations Guidelines and New Source Performance Standards
for the Ore Mining and Dressing Point Source Category—Gold Placer Mine Subcategory, U.S. Environmental
Protection Agency, EPA 440/1-85-061b, Washington, D.C., 1985.

Economic Impact Analysis of Proposed Effluent Limitations and Standards for the Gold Placer Mining Industry,
U.S. Environmental Protection Agency, EPA 440/2-85-026, Washington, D.C., 1985.

Evaluation of Wastewater Treatment Practices Employed at Alaskan Gold Placer Mining Operations, U.S. Envi-
ronmental Protection Agency, Washington, D.C., 1979. (continues)
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TABLE 3.13 Industrial Effluent Limitations and Guidelines (continued)

Organic Chemicals, Plastics and Synthetic Fibers (40 CFR 414)

Addendum to Development Document for Proposed Effluent Limitations Guidelines and New Source Perfor-
mance Standards for the Synthetic Resins Segment of the Plastics and Synthetic Materials Manufacturing Point
Source Category, U.S. Environmental Protection Agency, EPA 440/1-74-036a, Washington, D.C., 1974.

Development Document for Effluent Limitations Guidelines and New Source Performance Standards for the Ma-
Jjor Organic Products Segment of the Organic Chemicals Manufacturing Point Source Category, U.S. Environ-
mental Protection Agency, EPA 440/1-74-009a, Washington, D.C., 1974.

Development Document for Effluent Limitations Guidelines and New Source Performance Standards for the Syn-
thetic Polymer Segment of the Plastics and Synthetic Materials Manufacturing Point Source Category, U.S. En-
vironmental Protection Agency, EPA 440/1-75-036b, Washington, D.C., 1975.

Development Document for Effluent Limitations Guidelines and New Source Performance Standards for the Syn-
thetic Resins Segment of the Plastics and Synthetic Materials Manufacturing Point Source Category, U.S. En-
vironmental Protection Agency, EPA 440/1-74-010a, Washington, D.C., 1974.

Development Document for Proposed Effluent Limitations Guidelines and New Source Performance Standards
for the Organic Chemicals and Plastics and Synthetic Fibers Industry—Vol. 1: BPT (Best Practicable Technol-
ogy), U.S. Environmental Protection Agency, EPA 440/1-83-009b1, Washington, D.C., 1983.

Development Document for Proposed Effluent Limitations Guidelines and New Source Performance Standards
for the Organic Chemicals and Plastics and Synthetic Fibers Industry—Vol. II: BAT (Best Available Technolo-
gv), US. Environmental Protection Agency, EPA 440/1-83-009b2, Washington, D.C., 1983.

Development Document for Proposed Effluent Limitations Guidelines and New Source Performance Standards
for the Organic Chemicals and Plastics and Synthetic Fibers Industry—Vol. I1l. BAT, U.S. Environmental Pro-
tection Agency, EPA 440/1-83-009b3, Washington, D.C., 1983.

Economic Analysis of Effluent Guidelines: Organic Chemicals Industry (Major Products), U.S. Environmental
Protection Agency, EPA 230/2-75-019, Washington, D.C., 1975.

Economic Analysis of Proposed Effluent Guidelines: The Plastics and Synthetics Industry (Phase II), U.S. Envi-
ronmental Protection Agency, EPA 230/1-74-044, Washington, D.C., 1974.

Re-Evaluation of the Economic Impact Analysis of Effluent Limitations Guidelines for the Organic Chemicals,
Plastics, and Synthetic Fibers Industry Using Revised Compliance Costs, U.S. Environmental Protection
Agency, EPA 440/1-91-009b, Washington, D.C., 1991.

Selected Summary of Information in Support of the Organic Chemicals, Plastic and Synthetic Fibers Point Source
Category: Notice of Availability of Information, U.S. Environmental Protection Agency, Washington, D.C.,
1985.

Supplement to the OCPSF Development Document for Effluent Limitations Guidelines and New Source Perfor-
mance Standards for the Organic Chemicals, Plastics, and Synthetic Fibers Point Source Category, U.S. Envi-
ronmental Protection Agency, EPA 440/1-91-009a, Washington, D.C., 1991.

Paint Formulating (40 CER 446)

Development Document for Proposed Effluent Limitations Guidelines and New Source Performance Standards
for the Paint Formulating and the Ink Formulating Point Source Categories—Group 11, U.S. Environmental
Protection Agency, EPA 440/1-75-050, Washington, D.C., 1975.

Paving and Roofing Materials (Tars and Asphalts) (40 CER 443)

Contractor s Report for Effluent Limitations Guidelines (BATEA), New Source Performance Standards, and Pre-
treatment Standards for the Paving, Roofing and Flooring (Tar and Asphalt) Categories, U.S. Environmental
Protection Agency, Washington, D.C., 1978.

Pesticide Chemicals (40 CFR 455)

Development Document for Expanded Best Practicable Control Technology, Best Conventional Pollutant Control
Technology, Best Available Technology, New Source Performance Technology, and Pretreatment Technology in
the Pesticide Chemicals Industry, U.S. Environmental Protection Agency, EPA 440/1-82-079b, Washington,
D.C., 1982.

Preliminary Data Summary for the Pesticide Chemicals Point Source Category, U.S. Environmental Protection
Agency, EPA 440/1-89-060e, Washington, D.C., 1989.

Categorization Assessment Report for Pesticide Active Ingredients [Final Report], U.S. Environmental Protection
Agency, Washington, D.C., 1993.
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TABLE 3.13 Industrial Effluent Limitations and Guidelines (continued)

Cost-Effectiveness Analysis of Proposed Effluent Limitations Guidelines and Standards for the Pesticide Manu-
facturing Industry, U.S. Environmental Protection Agency, EPA 821/R-92-004, Washington, D.C., 1992.

Development Document for Best Available Technology, Pretreatment Technology, and New Source Performance
Technology for the Pesticide Chemical Industry [Proposed], U.S. Environmental Protection Agency, EPA
821/R-92-005, Washington, D.C., 1992.

Development Document for Effluent Limitations Guidelines for the Pesticide Chemicals Manufacturing Point
Source Category—Group II, U.S. Environmental Protection Agency, EPA 440/1-78-060e, Washington, D.C.,
1978.

Economic Impact Analysis of Proposed Effluent Limitations Guidelines and Standards for the Pesticide Manufac-
turing Industry, U.S. Environmental Protection Agency, EPA 821 /R-92-003, Washington, D.C., 1992.

Environmental Assessment of the Pesticide Manufacturing Industry [Final Report], U.S. Environmental Protection
Agency, Washington, D.C., 1993.

Prioritization of Pesticide Active Ingredients (PAls) Based on Commonly Known Environmental Characteristics
[Draft Report], U.S. Environmental Protection Agency, Washington, D.C., 1990.

Summary of Toxic Release Inventory (TRI) Data for the Pesticide Manufacturing Industry [Draft Final], U.S. En-
vironmental Protection Agency, Washington, D.C.., 1992.

Toxic Weighting Factors for Pesticide Active Ingredients and Priority Pollutants [Final Report], U.S. Environmen-
tal Protection Agency, Washington, D.C., 1993.

Petroleum Refining (40 CFR 419)

Development Document for Effluent Limitations Guidelines and New Source Performance Standards for the Pe-
troleum Refining Point Source Category, U.S. Environmental Protection Agency, EPA 440/1-74-014a, Wash-
ington, D.C., 1974.

Development Document for Proposed Effluent Limitations Guidelines, New Source Performance Standards, and
Pretreatment Standards for the Petroleum Refining Point Source Category, U.S. Environmental Protection
Agency, EPA 440/1-79-014b, Washington, D.C., 1979.

Economic Analysis of Effluent Guidelines. Petroleum Refining Industry, U.S. Environmental Protection Agency,
EPA 230/2-74-020, Washington, D.C., 1974.

Economic Analysis of Proposed Revised Effluent Standards and Limitations for the Petroleum Refining Industry,
U.S. Environmental Protection Agency, EPA 440/1-79-027, Washington, D.C., 1979.

pH Effluent Limitations Under Continuous Monitoring (40 CFR 401.17)

Background Document for Modification of pH Effluent Limitations Guidelines and Standards for Point Sources
Required by NPDES Permit to Monitor Continuously Effluent pH, U.S. Environmental Protection Agency, EPA
440/2-80-082, Washington, D.C., 1980.

pH Control of Industrial Effluents—Vol. I, U.S. Environmental Protection Agency, Washington, D.C., 1978.

Statistical and Documentation Support for pH Regulation Development, U.S. Environmental Protection Agency,
Washington, D.C., 1980.

Summary of Public Participation and Agency Response to Public Comments on Modlification of Effluent Limita-
tions Guidelines and Standards for pH Values for Point Sources that Continuously Monitor Effluent pH, U.S.
Environmental Protection Agency, Washington, D.C., 1982.

Technical, Analytical, and Statistical Support for Promulgation of Final pH Regulation, U.S. Environmental Pro-
tection Agency, Washington, D.C., 1982.

Pharmaceutical Manufacturing (40 CER 439)

Development Document for Effluent Limitations Guidelines and Standards for the Pharmaceutical Point Source
Category [Proposed], U.S. Environmental Protection Agency, EPA 440/1-82-084, Washington, D.C., 1982.
Development Document for Effluent Limitations Guidelines and Standards for the Pharmaceuticals Manufactur-
ing Point Source Category [Proposed], U.S. Environmental Protection Agency, EPA 440/1-83-084b, Washing-

ton, D.C., 1983.

Development Document for Interim Final Effluent Limitations Guidelines and Proposed New Source Perfor-
mance Standards for the Pharmaceutical Manufacturing Point Source Category—Group 11, U.S. Environmen-
tal Protection Agency, EPA 440/1-75-060, Washington, D.C., 1976.

Pharmaceutical Manufacturing Industry: Effluent Limitations Guidelines and Standards—Public Meeting, U.S.

Environmental Protection Agency, Washington, D.C., 1994. (continues)
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TABLE 3.13 Industrial Effluent Limitations and Guidelines (continued)

Pharmaceutical Manufacturing (40 CER 439) (cont.)

Preliminary Data Summary for the Pharmaceutical Manufacturing Point Source Category, U.S. Environmental

Protection Agency, EPA 440/1-89-084, Washington, D.C., 1989.
Phosphate Manufacturing (40 CFR 422)

Development Document for Interim Final Effluent Limitations Guidelines and Proposed New Source Perfor-
mance Standards for the Other Non-Fertilizer Phosphate Chemicals Segment of the Phosphate Manufacturing
Point Source Category—Group I, Phase II, U.S. Environmental Protection Agency, EPA 440/1-75-043, Wash-
ington, D.C., 1975.

Plastics Molding and Forming (40 CFR 463)

Development Document for Effluent Limitations Guidelines and Standards for the Plastics Molding and Forming
Point Source Category [Proposed], U.S. Environmental Protection Agency, EPA 440/1-84-069b, Washington,
D.C., 1984.

Economic Impact Analysis of Proposed Effluent Limitations and Standards for the Plastics Molding and Forming
Industry, U.S. Environmental Protection Agency, EPA 440/2-84-001, Washington, D.C., 1984.

Polychlorinated Biphenyls

Economic Analysis of Proposed Toxic Pollutant Effluent Standards for Polychlorinated Biphenyls: Transformer,
Capacitor, and PCB Manufacturers, U.S. Environmental Protection Agency, EPA 230/1-76-068, Washington,
D.C., 1976.

Porcelain Enameling (40 CFR 466)

Development Document for Effluent Limitations Guidelines and Standards for the Porcelain Enameling Point

Source Category [Proposed], U.S. Environmental Protection Agency, EPA 440/1-81-072b, Washington, D.C.,

1981.
Pulp, Paper, and Paperboard (40 CFR 430)

Development Document for Advanced Notice of Proposed or Promulgated Rule Making for Effluent Limitations
Guidelines and New Source Performance Standards for the Bleached Kraft, Groundwood, Sulfite, Soda,
Deink, and Non-Integrated Paper Mills Segment of the Pulp, Paper, and Paperboard Mills Point Source Cat-
egory—Group I, Phase II, U.S. Environmental Protection Agency, EPA 440/1-75-047, Washington, D.C.,
1975.

Development Document for Effluent Limitations Guidelines and New Source Performance Standards for the Un-
bleached Kraft and Semichemical Pulp Segment of the Pulp, Paper, and Paperboard Mills Point Source Cate-
gory, U.S. Environmental Protection Agency, EPA 440/1-74-025a, Washington, D.C., 1974.

Development Document for Effluent Limitations Guidelines and Standards for the Pulp, Paper and Paperboard
and the Builders’ Paper and Board Mills Point Source Categories [Proposed], U.S. Environmental Protection
Agency, EPA 440/1-80-025b , Washington, D.C., 1980.

Development Document for Interim Final and Proposed Effluent Limitations Guidelines and Proposed New
Source Performance Standards for the Bleached Kraft, Groundwood, Sulfite, Soda, Deink and Non-Integrated
Paper Mills Segment of the Pulp, Paper, and Paperboard Point Source Category—Group I, Phase II. Vol. I,
U.S. Environmental Protection Agency, EPA 440/1-76-047a, Washington, D.C., 1976.

Development Document for Interim Final and Proposed Effluent Limitations Guidelines and Proposed New
Source Performance Standards for the Bleached Kraft, Groundwood, Sulfite, Soda, Deink and Non-Integrated
Paper Mills Segment of the Pulp, Paper, and Paperboard Point Source Category—Group I, Phase I1: Vol. 11,
U.S. Environmental Protection Agency, EPA 440/1-76-047b, Washington, D.C., 1976.

Development Document for Proposed Effluent Limitations Guidelines and Standards for Control of Polychlori-
nated Biphenyls in the Deink Subcategory of the Pulp, Paper and Paperboard Point Source Category, U.S. En-
vironmental Protection Agency, Washington, D.C., 1982.

Economic Impact Analysis of Proposed Effluent Guidelines and Standards for Deink Subcategory in the Pulp, Pa-
per, and Paperboard Industry, U.S. Environmental Protection Agency, EPA 440/2-82-014, Washington, D.C.,

1982.

Economic Impact Analysis of Proposed Effluent Limitations Guidelines, New Source Performance Standards
and Pretreatment Standards for the Pulp, Paper and Paperboard Mills Point Source Category—Vol. I: Eco-
nomic Impact Analysis, U.S. Environmental Protection Agency, EPA 440/2-80-086.1, Washington, D.C.,

1980.
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TABLE 3.13 Industrial Effluent Limitations and Guidelines (continued)

Economic Impact Analysis of Proposed Effluent Limitations Guidelines, New Source Performance Standards and
Pretreatment Standards for the Pulp, Paper and Paperboard Mills Point Source Category—Vol. II: Detailed
Description of Product Sectors, U.S. Environmental Protection Agency, EPA 440/2-80-086.2, Washington,
D.C., 1980.

Preliminary Data Summary for the Pulp, Paper and Paperboard Point Source Category, U.S. Environmental Pro-
tection Agency, EPA 440/1-89-025, Washington, D.C., 1989.

Statistical Support Document for Proposed Effluent Limitations Guidelines and Standards for the Pulp, Paper,
and Paperboard Point Source Category, U.S. Environmental Protection Agency, EPA 821/R-93-023, Washing-
ton, D.C., 1993.

Summary of Technologies for the Control and Reduction of Chlorinated Organics from the Bleached Chemical
Pulping Subcategories of the Pulp and Paper Industry, U.S. Environmental Protection Agency, Washington,
D.C., 1990.

Technical Support Document for Proposed Best Management Practices Programs: Pulping Liquor Management,
Spill Prevention, and Control, U.S. Environmental Protection Agency, Washington, D.C., 1993.

Technical Workshop for Permit Writers on Final Pulp, Paper, and Paperboard Industry Regulations, U.S. Environ-
mental Protection Agency, Washington, D.C., 1983.

U.S. EPA/Paper Industry Cooperative Dioxin Screening Study, U.S. Environmental Protection Agency, EPA
440/1-88-025, Washington, D.C., 1988.

U.S. EPA/Paper Industry Cooperative Study— “The 104 Mill Study” [Summary Report], U.S. Environmental Pro-
tection Agency, Washington, D.C., 1990.

Water Quality Assessment of Proposed Effluent Guidelines for the Pulp, Paper, and Paperboard Industry, U.S.
Environmental Protection Agency, EPA 821/R-93-022, Washington, D.C., 1993.

Rubber Manufacturing (40 CFR 428)

Development Document for Proposed Effluent Limitations Guidelines and New Source Performance Standards
for the Fabricated and Reclaimed Rubber Segment of the Rubber Processing Point Source Category, U.S. Envi-
ronmental Protection Agency, EPA 440/1-74-030, Washington, D.C., 1974.

Economic Analysis of Effluent Guidelines: Rubber Processing Industry, U.S. Environmental Protection Agency,
EPA 230/2-74-024 , Washington, D.C., 1974.

Seafood Processing (40 CFR 408)

Report to Congress: Section 74 Seafood Processing Study—Executive Summary, U.S. Environmental Protection
Agency, EPA 440/1-80-020, Washington, D.C., 1980.

Section 74 Seafood Processing Study, Executive Summary—Appendix, U.S. Environmental Protection Agency,
Vol. I EPA 440/1-80-020a, Washington, D.C., 1980.

Section 74 Seafood Processing Study, Vol. II, U.S. Environmental Protection Agency, EPA 440/1-80-020b, Wash-
ington, D.C., 1980.

Section 74 Seafood Processing Study, Vol. 111, U.S. Environmental Protection Agency, EPA 440/1-80-020c, Wash-
ington, D.C.., 1980.

Shipbuilding Industry

Development Document for Effluent Limitations Guidelines and New Source Performance Standards: Shore Re-
ception Facilities [Draft], U.S. Environmental Protection Agency, Washington, D.C., 1976.

Development Document for Effluent Limitations Guidelines and Standards of Performance for the Shipbuilding
and Repair Industry: Graving Docks and Floating Drydocks [Preliminary Draft], U.S. Environmental Protec-
tion Agency, Washington, D.C., 1976.

Soap and Detergent Manufacturing (40 CFR 417)

Economic Analysis of Proposed Effluent Guidelines: Soap and Detergent Industry, U.S. Environmental Protection

Agency, EPA 230/1-73-026, Washington, D.C., 1973.
Steam Electric Power Generating (40 CFR 423)

Development Document for Effluent Limitations Guidelines and New Source Performance Standards for the
Steam Electric Power Generating Point Source Category, U.S. Environmental Protection Agency, EPA 440/1-
74-029a, Washington, D.C., 1974.

Development Document for Effluent Limitations Guidelines and Standards for the Steam Electric Point Source
Category [Proposed], U.S. Environmental Protection Agency, EPA 440/1-80-029b, Washington, D.C., 1980.

(continues)
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TABLE 3.13 Industrial Effluent Limitations and Guidelines (continued)

Steam Electric Power Generating (40 CFR 423) (cont.)

Economic Analysis for the Proposed Revision of Steam-Electric Utility Industry Effluent Limitations Guidelines,
U.S. Environmental Protection Agency, EPA 440/1-80-029¢e, Washington, D.C., 1980.

Economic Analysis of Effluent Guidelines: Steam Electric Powerplants, U.S. Environmental Protection Agency,
EPA 230/2-74-006, Washington, D.C., 1974.

Economic Analysis of Proposed Effluent Guidelines: Steam Electric Powerplants, U.S. Environmental Protection
Agency, EPA 230/1-73-006, Washington, D.C., 1973.

Supplement for Pretreatment to the Development Document for the Steam Electric Power Generating Point
Source Category, U.S. Environmental Protection Agency, EPA 440/1-77-084, Washington, D.C., 1977.

Sugar Processing (40 CFR 409)

Development Document for Proposed Effluent Limitations Guidelines and New Source Performance Standards:
Beet Sugar Segment of the Sugar Processing Point Source Category, U.S. Environmental Protection Agency,
EPA 440/1-73-002, Washington, D.C., 1973.

Report on the Evaluation of Wastewater Discharges from Raw Cane Sugar Mills on the Hilo-Hamakua Coast
of the Island of Hawaii, U.S. Environmental Protection Agency, EPA 440/1-89-044, Washington, D.C.,

1989.
Textile Mills (40 CFR 410)

Development Document for Effluent Limitations Guidelines and New Source Performance Standards for the Tex-
tile Mills Point Source Category, U.S. Environmental Protection Agency, EPA 440/1-74-022a, Washington,
D.C., 1974.

Development Document for Effluent Limitations Guidelines and Standards for the Textile Mills Point Source
Category [Proposed], U.S. Environmental Protection Agency, EPA 440/1-79-022b, Washington, D.C.,

1979.

Economic Analysis of Effluent Guidelines: Textiles Industry, U.S. Environmental Protection Agency, EPA 230/2-

75-028, Washington, D.C., 1975.
Timber Products Processing (40 CFR 429)

Development Document for Effluent Limitations Guidelines and New Source Performance Standards for the Ply-
wood, Hardboard, and Wood Preserving Segment of the Timber Products Processing Point Source Category,
U.S. Environmental Protection Agency, EPA 440/1-74-023a, Washington, D.C., 1974.

Development Document for Effluent Limitations Guidelines Standards for the Timber Products Processing Point
Source Category [Proposed], U.S. Environmental Protection Agency, EPA 440/1-79-023b, Washington, D.C.,
1979.

Development Document for Proposed Effluent Limitations Guidelines and New Source Performance Standards
for the Wet Storage, Sawmills, Particleboard and Insulation Board Segment of the Timber Products Processing
Point Source Category, U.S. Environmental Protection Agency, EPA 440/1-74-033, Washington, D.C., 1974.

Development Document for Proposed Effluent Limitations Guidelines and New Source Performance Standards
for the Wood Furniture and Fixture Manufacturing Segment of the Timber Products Processing Point Source
Category—Group II, U.S. Environmental Protection Agency, EPA 440/1-74-033a, Washington, D.C., 1974

Economic Impact Analysis of Alternative Pollution Control Technologies: Wet Process Hardboard and Insulation
Board Subcategories of the Timber Products Industry, U.S. Environmental Protection Agency, EPA 440/2-79-0
17, Washington, D.C., 1979.

Economic Impact Analysis of Alternative Pollution Control Technologies: Wood Preserving Subcategories of the
Timber Products Industry, U.S. Environmental Protection Agency, EPA 440/2-79-018, Washington, D.C.,
1979.

Water Supply

Guidance for Evaluating the Adverse Impact of Cooling Water Intake Structures on the Aquatic Environment:

Section 316(b) [Draft], U.S. Environmental Protection Agency, Washington, D.C., 1977.
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TABLE 3.14 Toxic Water Pollutants
Jolatile benzo(k)fluoranthene
acrolein bis(2-chloroethoxy)metha.ne
acrylonitrile bis(2-chloroethyl)ether
benzene bis(2-chloroisopropyl)ether
bromoform bis (2-ethylhexyl)phthalate
carbon tetrachloride 4-bromophenyl phenyl ether
chlorobenzene butylbenzyl phthalate
chlorodibromomethane 2-chloronaphthalene
chloroethane 4-chlorophenyl phenyl ether
2-chloroethylvinyl ether chrysene
chloroform dibenzo(a,h)anthracene
dichlorobromomethane 1,2-dichlorobenzene
1,1-dichloroethane 1,3-dichlorobenzene
1,2-dichloroethane 1,4-dichlorobenzene
1,1-dichloroethylene 3,3’-dichlorobenzidine
1,2-dichloropropane diethyl phthalate
1,3-dichloropropylene dimethyl phthalate
ethylbenzene di-n-butyl phthalate
methyl bromide 2,4-dinitrotoluene
methyl chloride 2,6-dinitrotoluene
methylene chloride di-n-octyl phthalate
1,1,2,2-tetrachloroethane 1,2-diphenylhydrazine (as azobenzene)
tetrachloroethylene fluroranthene
toluene fluorene
1,2-trans-dichloroethylene hexachlorobenzene
L1,1-trichloroethane hexachlorobutadiene
L1,2-trichloroethane hexachlorocyclopentadiene
trichloroethylene hexachloroethane
Vinyl chloride indeno( 1,2,3-cd)pyrene
Acid Compounds isophorone
2-chlorophenol napthalene
2,4-dichlorophenol nitrobenzene
2,4-dimethylphenol N-nitrosodimethylamine
4.6-dinitro-o-cresol N-nitrosodi-n-propylamine
2.4-dinitrophenol N-nitrosodiphenylamine
2-nitrophenol phenanthrene
4-nitrophenol pyrene
p-chloro-m-cresol 1,2,4-trichlorobenzene
pentachlorophenol Pesticides
phenol aldrin
2,4,6-trichlorophenol alpha-BHC
Base/Neutral beta-BHC
acenaphthene gamma-BHC
acenaphthylene delta-BHC
anthracene chlordane
benzidine 4,4'-DDT
benzo(a)anthracene 4,4'-DDE
benzo(a)pyrene 4,4'-DDD
3,4-benzofluoranthene dieldrin
benzo(ghi)perylene alpha-endosulfan (continues)
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TABLE 3.14 Toxic Water Pollutants (continued)

Pesticides (cont.)
beta-endosulfan
endosulfan sulfate
endrin
endrin aldehyde
heptachlor
heptachlor epoxide
PCB-1242
PCB-1254
PCB-1221
PCB-1232
PCB-1248
PCB-1260
PCB-1016
toxaphene

Metals//Cyanide and Total Phenols

Antimony, Total
Arsenic, Total
Beryllium, Total
Cadmium, Total
Chromium, Total

Copper, Total
Lead, Total
Mercury, Total
Nickel, Total
Selenium, Total
Silver, Total
Thallium. Total
Zinc, Total
Cyanide, Total
Phenols, Total

TABLE 3.15 Toxic Pollutant Effluent Standards (12)

Toxic pollutant Source Effluent limitation
Aldrin/Dieldrin Manufacturer Prohibited
Formulator Prohibited
DDT Manufacturer Prohibited
Formulator Prohibited
Endrin Manufacturer
Existing 1.5 pg/L (A)
0.0006 kg/kkg (B)
7.5 pg/L ©
New 0.1 pg/L (A)
0.00004 kg/kkg (B)
0.5 pg/L ©
Formulator Prohibited
Toxaphene Manufacturer
Existing 1.5 pg/L (A)
0.00003 kg/kkg (B)
7.5 ng/L ©
New 0.1 pg/L (A)
0.000002 kg/kkg (B)
0.5 pg/L ©
Formulator Prohibited
Benzidine Manufacturer 10 pg/L (A)
Existing and New 0.130 kg/kkg (B)
50 pg/L ©
Applicator 10 pg/L (A)
Existing and New 25 ng/L ©)
Polychlorinated Biphenyls (PCBs) Electrical Capacitor Manufacturer Prohibited
Electrical Transformer Manufacturer Prohibited

(A) An average per working day, calculated over any calendar month.
(B) Monthly average daily loading per quantity of pollutant produced.
(C) A sample(s) representing any working day.
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Source: STANDARD HANDBOOK OF ENVIRONMENTAL ENGINEERING
CHAPTER 4
AIR QUALITY CONTROL

Robert A. Corbitt, P.E.*

Air quality control needs vary from correction of air pollution problems originating from relatively small ar-
eas, such as an industrial park impacted by one or more emission sources, to those from large areas, such as
an urban area impacted by a number of sources and a variety of contaminants.

Air pollution is used to describe the presence in the atmosphere of one or more contaminants in quanti-
ties and/or characteristics that will, over a period of time be injurious to or unreasonably interfere with pub-
lic health and welfare or natural environmental processes. Contaminants are categorized as particulate mat-
ter and gases and their associated forms, including dust, smoke, fumes, mist, and vapor. The primary
gaseous air contaminants are carbon monoxide, hydrocarbons, nitrogen oxides, and sulfur oxides (7, 2, 3).

Meteorological and topographical factors contribute to the creation and continuation of air pollution un-
der specific site conditions. Temperature inversions prevent upward diffusion, and very low wind speeds al-
low emissions to remain near their source. Some terrains cause emissions to follow specific patterns from
one area to another.

Generally, sources of air contaminants may be classified as stationary, mobile, or fugitive. Respectively,
they are attributed to point sources, such as industrial stack emissions; transportation activities, such as au-
tomobile emissions; and uncontrolled (fugitive) sources, such as wind-blown dusts from stockpiles.

The environmental engineer is instrumental in controlling particulate and gas sources of air contami-
nants. Source control is the first abatement method considered. For particulates, settling chambers, inertial
separators, wet scrubbers, and fabric filters are used. Gas controls include absorption, adsorption, condensa-
tion, flaring, and incineration. Other areas of practice address acid rain issues, fugitive emissions, odor con-
trol, indoor air quality, and noise abatement.

AIR POLLUTANTS: SOURCES AND EFFECTS

A substance is not normally identified as an air contaminant until its presence and concentration actually or
potentially produce or contribute to development of a deleterious effect. The composition of an unpolluted
dry air is shown in Table 4.1.

Sources of air contaminants may be classified as stationary, mobile, or fugitive. Mobile sources are at-
tributed to transportation activities, such as automobile exhausts, and are not included per se in this text.
This chapter focuses on emissions from stationary sources. Special sections are provided on fugitive emis-
sions and related “air” topics of odor, indoor air quality, and noise pollution. These sections address source,
effect, and control of pollutants.

*This chapter includes contributions from Harold J. Rafson.

4.1
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TABLE 4.1 Composition of Dry Air

Component Concentration, ppm
Nitrogen 780,800
Oxygen 209,500
Argon 9,300
Carbon dioxide 315
Neon 18
Helium 5.2
Methane 1.0+
Krypton 1.0
Nitrous oxide 0.5
Hydrogen 0.5
Xenon 0.08
Nitrogen dioxide 0.02
Ozone 0.01+

The effects of an air pollution problem range in scope from a single type of contaminant to a multifaceted
problem resulting from multiple contaminants complexed by atmospheric interactions.

Sources of Air Contaminants

Air contaminants originate in a wide variety of chemical compositions and different physical states and are
emitted from a diversity of sources. Discussions follow that identify primary air contaminants and their prin-
cipal sources. The term “primary” is used to denote direct emissions of a contaminant. In some cases, sec-
ondary air contaminants are formed in the atmosphere by chemical interactions among primary contami-
nants under normal atmospheric constituents.

Carbon Monoxide. Carbon monoxide (CO) is a colorless, odorless, tasteless gas formed primarily by the
incomplete combustion of carbonaceous fuels. Important variables affecting its emission concentration in-
clude combustion chamber residence time and turbulence (physical characteristics), flame temperature, and
oxygen concentration.

By far, the major source of carbon monoxide is fuel combustion in the internal combustion engine of mo-
bile sources. Miscellaneous combustion sources and industrial processes contribute to a much lesser extent.

A companion gas emission from fuel combustion is carbon dioxide (CO,), which is also a secondary con-
taminant formed by the oxidation (very slow reaction rate) of carbon monoxide in the atmosphere.

Hydrocarbons. Compounds of carbon and hydrogen constitute primary hydrocarbon contaminants, such
as aromatics, olefins, and paraffins, which originate with the processing and use of petroleum and its prod-
ucts. Derivatives or secondary contaminants, such as aldehydes, ketones, and organic acids, are formed
when hydrogen is replaced with oxygen, halogens, or other substituent groups.

Like carbon monoxide, the most significant source of hydrocarbons is the use of petroleum products to
fuel motor vehicles. Petroleum processing, solvent use, and related uses of petroleum products in commer-
cial and industrial operations contribute to air pollution by hydrocarbons.

Lead. Unlike other toxic heavy metals, lead is relatively abundant throughout the world and, thus, has
many potential pathways into the human body via inhalation and ingestion. The potential for lead in air pol-
lution is greatest in the vicinity of sources and in densely populated areas.
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Historically, the primary source of lead emissions has been the result of tetraethyl lead additives to gaso-
line. Legislative controls have done much to lessen the impact of this source in the United States. Stationary
sources include mining, smelting, waste incineration, iron and steel production, lead alkyl manufacturing,
and battery manufacturing, where the lead is released in stack and fugitive emissions.

Nitrogen Oxides. Of the numerous forms of nitrogen oxide possible, nitric oxide (NO) and nitrogen diox-
ide (NO,) are the most significant air contaminants. Nitric oxide is the primary contaminant and is formed
by all high-temperature, atmospheric combustion through the direct combination of nitrogen and oxygen. In
the presence of sunlight, nitric oxide combines with atmospheric oxygen to form nitrogen dioxide as a sec-
ondary contaminant.

The major source of nitrogen oxides is from fuel combustion, where the quantity of nitrogen oxides is a
function of the available nitrogen and oxygen concentrations, reaction time, and temperature. The chemical
processing industry is another notable source of localized emissions.

Ozone. Photochemical oxidants, mostly as ozone, are the product of atmospheric reactions of such certain
contaminants (precursors), such as hydrocarbons and nitrogen oxides, in the presence of sunlight. The for-
mation of ozone also involves the physical processes of dispersion and transport of precursors.

Particulate Matter. The term “particulate matter” (or “aerosols”) is used to denote solid and liquid matter
of organic or inorganic composition that is suspended as the result of a stack or fugitive emission. The mat-
ter may be individual elements and/or compounds and may or may not be emitted along with gaseous conta-
minants.

Particle size may be used to classify the types of sources. For example, particles less than 1 pwm (in diam-
eter) are mostly products of condensation and combustion. Large particles, above 10 pm, result from physi-
cal actions, such as wind erosion and grinding or spraying operations. Those particles between 1 and 10 um
tend to be fugitive dusts, process dusts, and combustion products.

Sulfur Oxides. The air contaminants categorized as sulfur oxides are sulfur dioxide (SO,), which is pre-
dominant, and sulfur trioxide (SO;). The primary source for both is the combustion of fuels, mainly coal,
containing sulfur in the presence of air (oxygen). The most significant secondary contaminant is sulfuric
acid.

Effects of Air Contaminants

Impacts on public health, vegetation, materials, and/or visibility are used to describe the effects of air conta-
minants. In the United States, the Environmental Protection Agency (EPA) develops and administers emis-
sion source criteria and ambient air quality standards (Chapter 3) intended to control negative effects. Dis-
cussions follow on the effects of the contaminants included in the ambient air quality standards.

Carbon Monoxide. The significance of carbon monoxide is its effects on human and other animal health;
plants are relatively insensitive, and other deleterious effects are not notable.

Carbon monoxide is absorbed by the lungs and is associated with a decrease of oxygen-carrying capacity
of the bloodstream and of available oxygen for body tissue. As a function of concentrations and exposure
time, effects may include physiologic stress and impaired motor skills, visual discrimination, and time inter-
val recognition.

Hydrocarbons. The effects of hydrocarbons vary according to the individual compounds and derivatives.
Generally, hydrocarbons are recognized as components and promoters of photochemical smog. The associ-
ated effects are eye irritation and other manifestations, injury to sensitive plants, and reduced visibility.
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Lead. The multitude of sources and exposures to lead make it more than an air contaminant. Primary ex-
posure occurs from direct inhalation, and secondary exposure comes from various routes to produce inges-
tion of lead. Furthermore, lead affects human health at the subcellular, cellular, and organ system levels.
Some specific effects of higher blood levels of lead include anemia, cognitive deficits, peripheral neu-
ropathies, and encephalopathy symptoms.

Nitrogen Oxides. The effects of nitrogen oxides are often referenced as NO, NO,, and NO,; however, the
most deleterious effects tend to be from NO,. For example, since nitrogen dioxide absorbs the full visible
spectrum of light energy, it can reduce visibility even in the absence of particulate matter.

Other effects include a number of respiratory disorders, depending on concentration, time of exposure,
and affected age group. Material effects include fading of certain dyes, deterioration of selected fabrics, and
cases of metal corrosion. Also, extended exposures can cause leaf or other damage to vegetation.

Ozone. The effects of ozone are widespread and are the result of its characteristics as a high-strength oxi-
dizing chemical. Human health, materials, and vegetation are all subject to adverse impact as a function of
ozone concentration and contact time.

Particulate Matter. Some effects of particulate matter are very evident to the affected general public.
Problems of reduced visibility, eye irritation, and soiling of clothes are readily noticeable.

Other effects, such as interactions with other contaminants, are less obvious. For example, the adverse ef-
fects of sulfur oxides are increased in the presence of particulate matter, and human respiratory problems
may be accelerated due to contaminants associated with inhaled particulates.

Sulfur Oxides. The effects of sulfur oxides are manifested in the presence of particulate matter. This is
shown by case studies and research investigations with respect to health impacts related to irritation of the
respiratory system, to reduced visibility, to corrosion of materials, and to varying sensitivity of plant
species.

An effect widely publicized is the formation of acid (H,S0,) rain by the reaction of sulfur oxides and at-
mospheric moisture. Acid rain has a pH of 2 or less and is responsible for acidifying streams and lakes and,
thus, not only killing fish but leaving waterways too acidic to be reinhabited. European and North American
countries are confronted with not only air pollution control problems but also political issues due to the mi-
gration of acid rain across political boundaries.

CHARACTERIZATION

The characterization of an emission stream begins with a survey of facility operations and a determination
of emission locations. The stack emissions must be quantified through a sampling and measurement pro-
gram, and, in some cases, ambient air monitoring is required or desirable. The following discussion focuses
on procedures for an industrial installation (4), but largely applies to other facilities, such as a solid waste in-
cinerator.

Emission Survey

The first step in characterizing air pollution from an industrial facility is the emission survey, which locates
sources and defines quantities for all air contaminants.
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Source Identification. The identification of emission sources begins with an in-depth review of process
flow sheets and associated data. This data base is then tested and verified by a tour of plant operations.

Process Flow Sheets. Design, or preferably, “record” drawings of the facility’s processes will identify the
location of emission sources. Typically, process flow sheets will provide sufficient information on input ma-
terials and process functions to make a qualitative assessment of the emissions. Figure 4.1 illustrates the
components of a simple, generic process flow sheet.

Design development reports, permit applications, historical process and emission records for the facility
or a similar facility, and other such data will aid in the preliminary identification of emission sources.

This step of the emission survey concludes with the development of plant-specific survey data sheets
pertaining to the process(es) and emission control(s) data and with the establishment of an appropriate filing
or coding system for data management (4).

Plant Inspection. With the foregoing material in hand, an inspection tour is made of the plant to verify
available records, to record undocumented changes, and to provide input (Table 4.2), to the design of control
equipment. Candid interviews with plant operating personnel are a very important function during the tour.

Completing the plant inspections with accurate stack information is another important task. These data
are needed for development of a testing program.

Emission Quantifications. Data from the records search and plant tour are next organized to formulate
specific emission survey functions as part of the plant’s compliance schedule.

Compliance Program. Source testing is required to define needs to achieve compliance, to demonstrate
effectiveness of new control techniques, or to provide records of continuing compliance based on quantita-
tive field results from individual sources. Steps in achieving compliance are charted in Figure 4.2 (3).

Quantification Procedures. The emission survey is developed by applying a combination of procedures
related to quantity measurements from existing files, ongoing record keeping and monitoring, and new data
collection. These procedures include review of permit application and design data, analysis of fuel and raw
material usage, calculation of mass balance, application of expected emission factors from the literature (6),
and new testing of emission sources.

Raw material| Unit
A

1 Emission Emission
Additive l
Waste .
product - Ugit Uzlt |, Final product
Emission
By-product Wastewater
Raw rgaterlal Uniit

2 Water

—

Fuel

FIG. 4.1 Example process flow sheet.
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TABLE 4.2 Plant Inspection Data Needed for Control Equipment Design (4)

Site characteristics Process characterization

1. Environmental conditions, such as ambient 1. Capacity and capability of existing control equipment
temperatures and wind patterns

2. Proximity to sensitive areas, such as residential 2. Reuse/recycling of collected emissions and process
or public access developments by-products and wastes

3. Availability of water and power 3. Status and future of control regulations

4. Availability of solid waste and waste-water 4. Anticipated changes in raw material and additives
disposal facilities

5. Physical limitations, such as roof loads and space 5. Frequency of startups and shutdowns

6. Plant expansion plans

Emission Measurements

Measurement of plant emissions provides a data base for determination of needs for new control equipment,
effectiveness of existing control equipment, compliance with emission regulations and/or permit require-
ments, and losses of products or by-products via the emission. The process involves sampling and testing
procedures and physical and chemical measurements.

Emission Testing. The planning and conduct of emission testing begins with development of the testing
program, including definition of sampling point requirements. Finally, the test procedures are defined.

Testing Program Development. A first step in developing a compliance testing program is to define and
coordinate with the participants. The participants normally include plant process and pollution control per-
sonnel, the testing team, and the regulatory agency. The goal of this group is to agree on general and often
very specific aspects of the testing program.

Using the applicable regulatory requirements, compliance schedule criteria, and the findings of the emis-
sion survey, a written testing program is initiated. Contents include the location of sampling points, parame-
ters to be tested, and the facility production operations for the test period.

Sampling Point Requirements. In addition to defining an emission for testing, sampling requirements
must be refined to best obtain representative samples for analysis. Sampling ports, a work platform, and a
power supply are the primary features of a stack sampling arrangement. Using U.S. customary units for di-
mensioning, Figure 4.3 illustrates and denotes requirements for stack sampling.

Emission Measurements. In order to standardize procedures for obtaining representative samples, the
EPA has published reference sampling methods for most parameters of interest. These methods are com-
piled in Table 4.3. The following discussions and illustrations are used to highlight requirements for selected
measurements.

Velocity. Reference method 2 is used for determining the velocity and volumetric flow rate of stack gases.
At several sampling points with equal portions of the stack volume, the velocity and temperature are mea-
sured with the system shown in Figure 4.4.

Moisture Content. Reference method 4 describes procedures for determining moisture content of a stack
gas, and Figure 4.5 illustrates a moisture sampling train. This method is not applicable if liquid droplets are
present.

When liquid droplets are in the emission stream, gas temperatures should be obtained at several designat-
ed points in the stack. By assuming that the emission stream is saturated, the moisture content is determined
from a psychrometric chart or saturated vapor pressure tables.

Particulates. Reference method 5 is designed for material collectible at 120°C (250°F) on a filtering
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(Outside)
. 2in min
(Inside) 8in rﬁ\:g unless gate valve

/ insta
3 in 1.D. {min) industrial flange
capped when not in use

Sampling Ports
A. 2ports, 90° apart with diam Install gate valve if stack

oter less than 10 ft + port contains dangerous gases

length or gases over 200°F under

4 ports, 90° apart with diam- (‘ positive pressure

eter over 10 ft + port length Strength Requirements
+ PN g ardrai X 5o g s

b\ 50 b radial tension load
200 b vertical shear load
750 ft-bb moment

Al least two stack diameters
below stack exit

At least one stack diameter

At least eight stack diameters b \/ plus 3 ft from stack circumference

above last obstruction PN
Work area clear Y~ Clearance .
ance ] T Sons 6 in
S
Work Platform N ,2——’-

A, Atleast 3 ft wide (4 ft wide for
. stacks with 10 ft or greater
1.D.) and capable of support-
ing 3 people and 200 Ib of
test equipment

115-V, 15-A, single-phase, 60-Hz AC
located on platform

- B.  Safe guardrail on plat-
form with access by safe
ladder or other suitable
means. If ladder is used,
ladder well must be
located at least 3 ft from
ports

C.  No obstructions to be
within 3 ft horizontal
radius on platform
beneath ports

FIG. 4.3 Typical sampling point provisions (4).

medium. Alternate reference methods are published for special applications. In addition, some sampling
system alterations may be required by other regulatory agencies.

Sampling for particulates is performed at several designated points, representing equal areas, in the stack.
The most widely used sampling apparatus is illustrated in Figure 4.6. Selection of the sampling points must
be sensitive to potential stratification of particulates; common problems are shown in Figure 4.7.

Sulfur Dioxide. Reference method 6 uses the sample train presented in Figure 4.8 and is applicable to all
stationary sources of sulfur dioxide except sulfuric acid plants.

Sampling for sulfur dioxide requires only a single collection point located at the center of the stack or at
least 1 m (3.28 ft) from the inner wall. In addition, the sample must be extracted at a constant rate, which re-
quires adjustments for any changes in stack gas velocity.

Continuous Emission Monitoring. Continuous emission monitoring (CEM) consists of two steps: extract-
ing or locating a representative sample, and analyzing the sample. The types of CEM methods are:

e Extractive method, in which gas is withdrawn from the stack, conditioned, and analyzed
® In-situ method, in which gas is not extracted but is monitored in the stack by the analyzer
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TABLE 4.3 Reference Sampling Methods (7)

Method 1—Sample and velocity traverses for stationary
sources

Method 2—Determination of stack gas velocity and
volumetric flow rate (Type S Pitot tube)

Method 2A—Direct measurement of gas volume
through pipes and small ducts

Method 2B—Determination of exhaust gas volume flow
rate from gasoline vapor incinerators

Method 3—Gas analysis for carbon dioxide, oxygen,
excess air, and dry molecular weight

Method 3A—Determination of oxygen and carbon
dioxide concentrations in emissions from stationary
sources (instrumental analyzer procedure)

Method 4—Determination of moisture content in stack
gases

Method 5—Determination of particulate emissions
from stationary sources

Method SA—Determination of particulate emissions
from the asphalt processing and asphalt roofing
industry

Method 5SB—Determination of nonsulfuric acid
particulate matter from stationary sources

Method 5SD—Determination of particulate matter
emissions from positive pressure fabric filters

Method SE—Determination of particulate emissions
from the wool fiberglass insulation manufacturing
industry

Method SF—Determination of nonsulfate particulate
matter from stationary sources

Method 6—Determination of sulfur dioxide emissions
from stationary sources

Method 6A—Determination of sulfur dioxide, moisture,
and carbon dioxide emissions from fossil fuel
combustion sources

Method 6B—Determination of sulfur dioxide and
carbon dioxide daily average emissions from fossil
fuel combustion sources

Method 6C—Determination of sulfur dioxide emissions
from stationary sources (instrumental analyzer
procedure)

Method 7—Determination of nitrogen oxide emissions
from stationary sources

Method 7A—Determination of nitrogen oxide
emissions from stationary sources

Method 7B—Determination of nitrogen oxide
emissions from stationary sources (ultraviolet
spectrophotometry)

Method 7C—Determination of nitrogen oxide
emissions from stationary sources

Method 7D—Determination of nitrogen oxide emission
from stationary sources

Method 7E—Determination of nitrogen oxides
emissions from stationary sources (instrumental
analyzer procedure)

Method 8—Determination of sulfuric acid mist and
sulfur dioxide emissions from stationary sources

Method 9—Visual determination of the opacity of
emissions from stationary sources

Method 10—Determination of carbon monoxide
emissions from stationary sources

Method I0A—Determination of carbon monoxide
emissions in certifying continuous emission
monitoring systems at petroleum refineries

Method 11—Determination of hydrogen sulfide content
of fuel gas streams in petroleum refineries

Method 12—Determination of inorganic lead emissions
from stationary sources

Method 13A—Determination of total fluoride
emissions from stationary sources—SPADNS
zirconium lake method

Method 13B—Determination of total fluoride
emissions from stationary sources—specific ion
electrode method

Method 14—Determination of fluoride emissions from
potroom roof monitors of primary aluminum
plants

Method 15—Determination of hydrogen sulfide,
carbonyl sulfide, and carbon disulfide emissions
from stationary sources

Method ISA—Determination of total reduced sulfur
emissions from sulfur recovery plants in petroleum
refineries

Method 16—Semicontinuous determination of sulfur
emissions from stationary sources

Method 16 A—Determination of total reduced sulfur
emissions from stationary sources (impinger
technique)

Method 16B—Determination of total reduced sulfur
emissions from stationary sources

Method 17—Determination of particulate emissions
from stationary sources (instack filtration
method)

Method 18—Measurement of gaseous organic
compound emissions by gas chromatography

Method 19—Determination of sulfur dioxide removal
efficiency and particulate matter, sulfur dioxide and
nitrogen oxides emission rates

Method 20—Determination of nitrogen oxides, sulfur
dioxide, and oxygen emissions from stationary gas
turbines

Method 21—Determination of volatile organic
compounds leaks

(continues)

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.
Any use is subject to the Terms of Use as given at the website.



AIR QUALITY CONTROL

4.10 CHAPTER FOUR

TABLE 4.3 Reference Sampling Methods (continued)

Method 22—Visual determination of fugitive emissions

from material sources and smoke emissions from
flares

Method 24—Determination of volatile matter content,

water content, density, volume solids, and weight
solids of surface coating

Method 24 A—Determination of volatile matter content

and density of printing inks and related coatings
Method 25—Determination of total gaseous
nonmethane organic emissions as carbon
Method 25 A—Determination of total gaseous organic
concentration using a flame ionization analyzer
Method 25B—Determination of total gaseous organic
concentration using a nondispersive infrared
analyzer

Method 27—Determination of vapor tightness of

gasoline delivery tank using pressure-vacuum
test

Appendix B—Performance Specifications

Performance Specification 1—Performance
specifications and specification test procedures for
transmissometer systems for continuous
measurement of the opacity of stack emissions

Performance Specification 2—Specifications and
test procedures for SO, and NO, continuous
emission monitoring systems in stationary sources

Performance Specification 3—Specifications and
test procedures for O, and CO, continuous emission
monitoring systems in stationary sources

1.90-2.54 cm
(0.75-1.0in)

S O_—_—\

T Temperature sensor

Leak-free
connections

Type-S pitot tube

Manometer

FIG.4.4 Velocity measurement system (4, 7).
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1.9 cm (0.75 in)
Probe
Pitot tube \é Condenser-ice bath
Filter _ system including
(either in stack A Stack silica gel tube
or out of stack) wall

Reverse-type
pitot tube

~
Pitot manometer
Vacuum

Thermometers gauge

Bypass

Airtight
pump

FIG. 4.5 Moisture sampling train (4, 7).

Temperature sensor

Thermometer

Thermometer
Pitot tube Heated area \_
- \ Filter holder j Check
Stack R e o __ valve
Temperature wall
sensor
Freve — Silica gel

Reverse-type
pitot tube

Vacuum line

’ |
Pitot manometer Thermometers Impingers Ice bath

Bypass valve

Dry gas meter  Airtight
pump

FIG. 4.6 Particulate sampling train (4, 7).
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FIG. 4.7 Stratification of particulates. (a) Horizontal duct, stratification
due to settling; (b) junctions, stratification due to poor mixing; (c) turns and
obstruction, stratification due to inertia of particles and turbulence (4).

® [Indirect parameter method, in which a surrogate or predictive parameter is validated for use in lieu of the
(regulated) emission of interest

The determination of which method to use is dependent on the emission monitoring requirements, emission
characteristics, stack characteristics, and availability of equipment and test methods to accomplish the
analysis (111, 112).

A summary of the new source performance standards (NSPS) or “Standards of Performance for New Sta-
tionary Sources” criteria and the NSPS noncriteria for pollutant monitoring are presented in Tables 4.4 and
4.5, respectively (/11). The latest version of 40 CFR 60 should be consulted for current information, specif-
ic provisions, averaging periods, reporting requirements, and other information (/13).
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FIG. 4.8 Sulfur dioxide sampling train (4, 7).

Ambient Air Monitoring

Monitoring of ambient air has several applications. For example, the regulatory agency may require ambient
air monitoring for specific pollutants, and, in fact, the limiting pollutant concentration may be stipulated for
measurement at the property line. Ambient air monitoring also provides useful data on background levels
and trends in air quality.

The specifics of ambient air monitoring programs are unique in their development and conduct. A com-
mon goal is to obtain a representative sample from an unconfined volume of air in the vicinity of one or
more emission sources. The program further requires measurements for one or more primary and/or sec-
ondary pollutants.

Site Selection. The monitoring program objectives influence the number of monitoring sites, whereas me-
teorology and topography are primary factors in locating individual monitoring sites.

The simplest case is one in which there is a predominant wind directly over a uniform topography for an
isolated plant site emitting a single pollutant that does not change composition in the atmosphere. Two mon-
itoring sites are used: one upwind to provide background concentrations and one downwind to monitor the
effects of the plant’s emission. However, most sites have several variables with respect to meteorological and
topographic factors and to off-site pollutant migration.
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TABLE 4.4 NSPS Criteria for Pollutant Monitoring Requirements

Compliance Excess
Averaging Emissions
Pollutant and Period for Reporting
Source Category and Type Diluent Monitors CEMS Data Period
Fossil-Fuel-Fired Steam Generators SO, and NO (O, or — 3 hours
> 250 x 10° Btu/hour heat input CO, as diluent)
Opacity — 6 minutes
Electric Utility Steam Generating SO, and NO, emissions, SO, 30 day rolling average —
Units > 73 MW (250 x 10° Btu/hour) percent removal (O, or CO, (boiler operating days)
heat input as diluent)
Opacity — 6 minutes
Industrial-Commercial—-Institutional SO, and NO, emissions, SO, 30-day rolling average —
Steam Generators >29 MW percent removal (O, or CO, as (boiler operating days)
(100 x 10° Btu/hour) heat input diluent)
Opacity — 6 minutes
Small Industrial-Commercial-Institutional SO, emissions, SO, percent 30-day rolling average
Steam Generators >2.9 MW <29 MW removal (certain sources) (boiler operating days)
(10 to 100 x 108 Btu/hour) heat input (O, or CO, as diluent)
Opacity — 6 minutes
Municipal Waste Combustors SO, with O, as diluent, SO, 24 hours —
>250 tons/day percent removal (certain sources)
NO, emissions with O, as 24 hours —
diluent
CO with O, as diluent 4 hour and 24 hour —
periods
Opacity — 6 minutes
Portland Cement Plants Opacity — 6 minutes
Nitric Acid Plants NO, emissions — 3 hours
Sulfuric Acid Plants SO, emissions (O, or CO, — 3 hours
monitors or other procedures to
calculate emissions)
Petroleum Refineries — — —
Fluid Catalytic Cracking Unit Regenerators CO — 1 hour
SO, emissions SO, removal, 7-day rolling average —
sulfur oxides (certain sources)
Opacity — 6 minutes
Fuel Gas Combustion Devices SO,with O, as diluent, (H,S in — 3 hour
fuel gas as alternative) rolling
average
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TABLE 4.4 NSPS Criteria for Pollutant Monitoring Requirements (continued)

Compliance Excess
Averaging Emissions

Pollutant and Period for Reporting
Source Category and Type Diluent Monitors CEMS Data Period
Claus Sulfur recovery Plant >20 LTD* SO, with O, as diluent 12 hours
with oxidation control system
Claus Sulfur recovery Plant >20 LTD TRS with O, as diluent or dilution 12 hours
with reduction control system sampling system with oxidation

and SO, with O, as diluent
Primary Copper Smelter — —
Dryer Opacity 6 minutes
Roaster, smelting furnace, and SO, 6 hour period —
copper converter
Primary Lead Smelter — —
Blast furnace, dross reverberatory Opacity 6 minutes
furnace, or sintering machine discharge
Sintering machine, electric smelting SO, 2-hour period —
furnace and converter
Ferroalloy Product Facilities, submerged Opacity 6 minutes
electric arc furnaces
Steel Plants—Electric Arc Furnaces and Opacity — 6 minutes
Argon Decarburization Vessels (exceptions
for certain controls)
Steel Plants—Electric Arc Furnaces and Opacity 6 minutes
Argon Decarburization Vessels (exceptions
for certain controls)
Kraft Pulp Mills — — _
Recovery Furnaces Opacity 6 minutes
Glass Manufacturing Plants Opacity 6 minutes
Lime Manufacturing Plants, rotary Opacity 6 minutes
lime kilns
Phosphate Rock Plants, dryers, calciners, Opacity 6 minutes
and grinders
Onshore Natural Gas Processing, Velocity (also SO, if oxidation control 24 hours
sweetening units system or reduction control system
followed by incinerator is used

Calciners and Dryers in Mineral Industries ~ Opacity 6 minutes

(with dry control devices)

*LTD = Long tons per day

4.15
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TABLE 4.5 NSPS Noncriteria for Pollutant Monitoring Requirements

Excess
Emissions
Pollutant and Reporting
Source Category and Type Diluent Monitors Period
Petroleum Refineries — —
Fuel Gas Combustion Devices H,S in fuel gas (as alternative to SO, 3-hour rolling
with O, in emissions) average
Claus Sulfur recovery Plant >20 LTD with TRS with O, as diluent or dilution 12 hours
reduction control system sampling system with oxidation and SO,
with O, as diluent
Kraft Pulp Mills—Emissions from recovery boilers, TRS with O, as diluent 12 hours
lime kilns, digester system, brown stock washer
system, evaporator, and condensate stripper systems
VOC Emissions from Polymer Industry — —
Carbon absorbers vOC 3 hours
Condensers Temperature or VOC 3 hours
Flexible Vinyl and Urethane Coating and VOC 3 hours
Printing—Rotogravure printing lines with
recovery units
Synthetic Organic Chemical Manufacturing Specified parameters or VOC CEMS 3 hours
Industry—Units with air oxidation reactors
Onshore Natural Gas Processing, sweetening units velocity (TRS and/or SO, as alternative 24 hours
for certain sources)
Petroleum Refinery Waste Water System—Units VOC 3 hours
with carbon absorbers
Magnetic Tape Coating Facilities—Units with VOC inlet and outlet streams for certain 3 hours

carbon absorbers sources

Polymeric Coating of Supporting Substrates—Units VOC inlet and outlet streams for certain 3 hours
with carbon absorbers sources

Monitoring Equipment. Most ambient air monitoring programs include meteorological monitoring of
wind velocity and direction. In some cases, temperature sensing at multiple elevations is used to monitor sta-
bility of the air mass. Particulates and sulfur dioxide are the pollutants most often monitored.

Particulate monitoring is usually accomplished with a high-volume sampler, which is a vacuum-type de-
vice that draws air through a filter used for particulate analysis. This sampler provides average concentra-
tions over a period of up to 24 hours. The total air flow is determined by the difference in rotameter readings
at the start and conclusion of the test.
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Monitoring for gaseous pollutants, such as sulfur dioxide, is accomplished with dynamic samplers for av-
erage concentrations over a 24-hour period and with static samplers for longer periods, e.g., 30 days. A dy-
namic sampling bubble train for sulfur dioxide monitoring is shown in Figure 4.9. A sulfation plate for stat-
ic sampling of sulfur dioxide is presented in Figure 4.10.

RISK MANAGEMENT

Section 112(r) of the Clean Air Act and the Chemical Accident Prevention Provisions, 40 CFR 68, establish
the legislative and regulation bases for risk management planning. The regulation identifies the substances
to be regulated, presents a three-tier compliance approach (Programs 1, 2, and 3), and further defines specif-
ic requirements of the risk management plan.

The regulations apply only to stationary sources with processes that contain threshold quantities of the
listed regulated substances. The list includes 77 toxic chemicals with threshold quantities in the range of 500
t0 20,000 1bs (225 to 9070 kg) and 63 flammable substances of 10,000 1bs (4535 kg). For example, chlorine
is regulated when more than 2,500 1bs (1135 kg) is on-line and stored on-site (/74).

The risk management plan requirements increase in complexity with higher program levels. Program 1
applies when there has been no off-site accident history, there are no public receptors in the worst-case sce-
nario, and emergency response is coordinated with local responders. The site/process is Program 2 when it is
not eligible for Program 1 or 3. Distinctions of Program 3 are that the process is subject to the U.S. Occupa-
tional Safety and Health Administration, Process Safety Management standard (29 CFR 1910.19) and the
process is in SIC code 2611, 2812, 2819, 2821, 2865, 2869, 2879, or 2911.

The risk management planning process begins with the determination that threshold quantities of regulat-
ed substances are on-site. If present, the next step is to perform a hazard assessment, which defines a five-
year accident history and includes an off-site consequence analysis (/15). In all cases, a worst-case release
scenario is analyzed. For Programs 2 and 3, an alternate scenario also is analyzed. The consequence analyses
use air dispersion modeling to define off-site impacts on the public and the environment. The required para-
meters for dispersion modeling are presented in Table 4.6. The hazard assessment establishes the basis for
development of prevention and emergency response programs.

The prevention program for Program 1 is simply a certification that no additional measures are needed to
prevent off-site consequences. Program 2 and 3 prevention programs address safety information, process
hazardous analysis, operations procedures, training, maintenance, compliance audits, and incident investiga-
tions. In addition, Program 3 prevention programs include management of change, prestartup review, em-
ployee participation, and hot work permits.

For the emergency response program, Program 1 requires only a commitment to coordinate with local re-
sponders. Program 2 and 3 plans are detailed and site-specific to regulated substance release. Program pro-
visions must address public notification, first-aid and emergency medical treatment, deployment and use of
emergency response equipment, and training in a written plan.

The resulting risk management plan encompasses the hazard assessment, prevention program, emer-
gency response program, and plan certification. The plan is required by June 21, 1999 and thereafter when a
regulated substance is first present above a threshold quantity. When new substances are added to the regu-
lated list, the plan must be complete within three years of the regulation. The regulation also specifies times
for review and update of the plan.

PARTICULATE CONTROLS

Particulate matter is generated by a variety of physical and chemical mechanisms from numerous sources
and is composed of finely dispersed liquids and solids. Control of particulate emissions is achieved either by
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FIG. 4.10 Static sulfur dioxide sampling unit.

prevention of particle generation or by collection of entrained particles in the facility’s gas emission. Com-
mon control devices include settling chambers, inertial separators, impingement separators, wet scrubbers,
fabric filters, and electrostatic precipitators.

Source Controls

Alternatives for source control are limited, especially with respect to total prevention of particle generation,
which normally relies on fuel switching. Thus, the more common strategy is process modification or opti-
mization to reduce the emission quantity and/or to improve particle collectibility.

Fuel Substitution. Energy or fuel substitution can be an effective technique for reducing particulate emis-
sions, but its use is contingent on fuel availability and the emission reduction objectives. This approach has
been very useful for small and old sources, where new air pollution control expenses could have been pro-
hibitive to continued operation.

Recognizing that there are site-specific combustion characteristics and variable fuel properties, Table 4.7
illustrates an emission factor analysis for a boiler fired by pulverized coal. In this case, natural gas reduces
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TABLE 4.6 Required Parameters for Dispersion Modeling (115)

Worst-Case Scenario

Alternative Scenario

Endpoints
Endpoints for toxic substances are specified in
reference guidance.

For flammable substances, endpoint is overpressure of

1 psi for vapor cloud explosions,

Wind speed/stability

Use wind speed of 1.5 m/s and F stability class unless
demonstrated that local meteorological data
applicable to the site show a higher minimum wind
speed or less stable atmosphere at all times during

the previous three years. If demonstrated, these
minimums may be used. Reference guidance
assumes 1.5 rn/s and F stability.

Ambient temperature/humidity

For toxic substances, use the highest daily maximum

temperature and average humidity for the site
during the past three years. Reference guidance
assumes 25°C (77°F) and 50% humidity.

Height of release
For toxic substances, assume a ground-level release.

Topography
Use urban or rural topography, as appropriate

Dense or neutrally buoyant gases
Tables or models used for dispersion of regulated
toxic substances must appropriately account for
gas density. Reference guidance provides tables
for buoyant and dense gases.

Temperature of released substance

Consider liquids (other than gases liquefied by
refrigeration) to be released at the highest daily
maximum temperature, based on data for the
previous three years, or at process temperature,
whichever is higher. Assume gases liquefied by
refrigeration at atmospheric pressure are released
at their boiling points. Reference guidance allows

substitution of 25°C (77°F) or the boiling point of

the released substance.

Endpoints for toxic substances are specified in
reference guidance.

For flammable substances, endpoint is overpressure of
1 psi for vapor cloud explosions, or

Radiant heat level of 5 kW/m? for 40 seconds for heat
from fires (or equivalent dose), or

Lower flammability limit (LFL) as specified in NFPA
documents or other generally recognized sources

For site-specific modeling, use typical meteorological
conditions for the site. If reference guidance is used,
assume wind speed of 3 m/s and D stability.

May use average temperature/humidity data gathered
at the site or a local meteorological station.
Reference guidance assumes 25°C (77°F) and 50%
humidity.

Release height may be determined by the release
scenario. Reference guidance assumes a ground-
level release.

Use urban or rural topography, as appropriate

Tables or models used for dispersion must
appropriately account for gas density. Reference
guidance provides tables for buoyant and dense
gases.

Substances may be considered to be released at a
process or ambient temperature that is appropriate
for the scenario. Reference guidance allows
substitution of 25°C (77°F) or the boiling point of
the released substance.
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TABLE 4.7 Particulate Emission Reduction Potential of Alternate Energy Sources (8)

Particulate emission,

Assumed particulate ng/J (1b/10° Btu)
Energy source emission control, % of delivered energy
Natural gas 0 21(0.048)*
No. 6 fuel oil 0 47(0.108)1
Bituminous coal 98.0 140(0.320)

*Based on an emission factor of 15 1b/10° ft* for gas with a heating value of 37,300 kJ/m? and on an estimated conversion ef-
ficiency of 31.4%.

tBased on an emission factor of 5 1b/1000 gal for oil to 0.3% sulfur content with a heating value of 42,000 kJ/L and on an es-
timated conversion efficiency of 30.8%.

emissions by 55 and 85% with respect to No. 6 fuel oil and bituminous coal. The development of economi-
cal synthetic fuels will improve the availability of clean fuels.

Another alternative is to shift from on-site power generation to purchase of electricity. However, energy
substitution is not normally a cost-effective alternative except in the case of smaller facilities where relative-
ly high costs of particulate control would influence the analysis.

Process Modifications. Modifications of process feed materials, process unit functions, and process vari-
ables to eliminate or reduce particulates are key elements of optimization controls. These efforts may also
identify changes to reduce the volume of exhaust gas and/or alter the particle size distribution. All of these
actions may have the advantage of reducing treatment costs and providing a broader range of treatment de-
vices to consider (8).

The physical properties of feed materials, such as particle size, chemical composition, and moisture con-
tent, may have significant effects on particulate emissions, depending on the specific industrial process. In
general, where heated air is used for drying, fine particles in the process feed material cause an increase in
particulate emissions. Thus, screening or cleaning of raw feed material can reduce the emissions from the
drying process.

In some cases, a process step(s) can be eliminated. For example, the transfer of material from one process
operation to another may contribute to fugitive particulate losses. Process change options include longer
conveyors, pneumatic instead of open conveyors, or combination of process steps.

Another alternative is to incorporate processes that wet or agglomerate the feed and/or process materials.
The benefits are an increase in the effective particle size and in the efficiency of emission control devices.

Settling Chambers

Simple gravity separation is the basis of one of the oldest collection devices—the settling chamber (/, 8, 9).
As illustrated in Figure 4.11, a settling chamber is a long, enlarged section in the exhaust system. As the
cross-sectional area increases, there is a corresponding decrease in the exhaust gas velocity, which permits
coarser particles to fall from the air suspension. These features are illustrated in Figure 4.12.

Settling chambers offer the advantages of modest construction, simple operation, dry collection, and
small pressure drops. Structural space requirements are a significant disadvantage and are generally the lim-
iting factor in use of settling chambers as primary collection methods.

The design of a settling chamber is based on the settling velocity of the particles to be removed. General-
ly, chambers will have flow-through velocities less than 3 m/s (10 ft/s) and will effectively remove particles
greater than 50 wm in size. Efficiencies may be improved by use of horizontal plates or shelves (Figure
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(a)

()

FIG. 4.11 Settling chamber configurations. (a) Boxlike; (b) plate box;

(c) flat box.
N  E—
Flow —— —_—
/elocity T

darticle T Coarse
size

Fines

—_—
Distance

FIG. 4.12 Settling chamber performance features.
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4.11b) or by increasing the width-to-depth ratio (Figure 4.11c¢); these approaches reduce the required parti-
cle settling distance. Dry collectors, such as scrappers and screw conveyors, are used to collect the settled
particles.

The following equations are used to determine detention time, terminal velocity, pickup velocity, and ef-
ficiency. The detention (residence) time of the gas stream in the settling chamber is

_WLH

6
o

where 6 = detention time, s
W = chamber width, m
L = chamber length, m
H = chamber height, m
O = flow rate, m3/s

For the particle size of concern, the terminal settling velocity is

d2
y,— 8P
18w

where V, = terminal velocity, m/s
g = acceleration of gravity, 9.806 m/s?
p, = particle density, kg/m?
d = particle diameter, in
i = gas viscosity, kg/m-s

Thus, the design particle will fall predicted distance /4, equal to the product of the detention time and termi-
nal velocity.

The design should also consider the limiting velocity which will pick up deposited particles and reentrain
them into the gas stream. The following theoretical equation is used:

_ [0.4gd(p, — po)]*°
V,= 3

g
where V), = pickup velocity, m/s
pg = gas density, kg/m?

The percent removal efficiency E of the settling chamber design for the referenced particle size is

h ViWL
E==—x100= o x 100

Current practice tends to use settling chambers as a pretreatment device to remove coarse and abrasive
particles for the protection and more effective use of more sophisticated collection equipment.

Inertial Separators

Inertial separators work by imparting centrifugal force to the particles to be removed. They are widely used
collection devices for particles larger than 15 pwm. Particles between 5 and 15 wm may be removed satis-
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factorily using special systems. Conventional inertial separators are categorized as cyclone or mechanical
units (7, 8).

Inertial separators are often used to remove heavier particles before further treatment. Due to the many
varieties of units available, the design engineer should consult with equipment manufacturers during the de-
sign development.

Cyclone Separators. A cyclone is a versatile and low-cost separator that separates particles from the gas
stream without the use of moving parts. A wide variety of units are available; Figure 4.13 illustrates four
types based on tangential or axial gas inlet, gas outlet, and dust outlet configurations.

The vortex required for particle separation is created by injecting the gas stream into the cylinder section
through tangential inlets or by use of stationary vanes with axial inlets. Most cyclones have a double vortex
gas path that expels particles along the cylinder walls at the point at which the vortex changes direction.

The performance of cyclone separators is primarily dependent on particle size, and system design takes
into consideration collection efficiency, pressure drop, and unit size. The collection efficiency increases
with higher pressure drops associated with such factors as higher inlet gas velocities and larger unit features,

such as cyclone body length.
)]
()

(b)
1

(d)

FIG. 4.13 Types of cyclone separators. (a)
tangential inlet, axial outlet, axial dust outlet;
(b) tangential inlet, axial outlet, tangential
dust outlet; (c) axial inlet, axial outlet, axial
dust outlet; (d) axial inlet, axial outlet, tangen-
tial dust outlet.
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The cyclone efficiency also increases with increase in particle density, number of gas revolutions, ratio of
body diameter to outlet diameter, and smoothness of the inner cyclone wall. Efficiency will increase with a
decrease in gas viscosity, cylinder diameter, inlet duct width or area, outlet diameter, and gas density.

Single Cyclone Separators. The basic configuration for a single cyclone separator is the tangential inlet,
axial outlet, and axial dust outlet type unit, as shown in Figure 4.14. However, the following discussions and
relationships are fundamental to all cyclone separators.

The inlet velocity should be high enough to provide a high separation efficiency without creating exces-
sive turbulence. Inlet velocities typically range from 10 to 25 m/s (30 to 85 ft/s) (9).

Cyclones are sized using a separation factor based on the premise that the centrifugal force applied to
particles varies as the square of the inlet velocity and inversely as the radius of the cyclone. This relationship
is expressed as (/):

Gas
Inlet ~O) Outlet
I ¥
Gas —» l-lc § ic
Cylindrical "D;’T
section
L
4——[)0———— 1
Conical
section
Z
c
A A

J —=| =— Dustoutlet

|

FIG. 4.14 Single cyclone separator.
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where S = separation factor
V; = gas inlet velocity, m/s
r, = cylinder radius, m
g = acceleration of gravity, 9.806 m/s?

Though not expressed by a specific equation, collection efficiency generally varies directly with the separa-
tion factor.

The pressure drop across a cyclone is the result of several factors, including inlet and outlet losses, inter-
nal wall friction, and kinetic energy in the outlet gas. The most accurate determination is made though actu-
al or prototype testing.

Pressure drop may be approximated by the equation (/):

KB,H,
-0

where F' = cyclone friction loss, number of cyclone inlet velocity heads
K = empirical constant
B, = gas inlet width, m
H, = gas inlet height, m
D, = gas outlet diameter, m

Values of K range from 7.5 to 18.4, with 16 being one typical value.

Cyclone performance may be correlated with various parameters using numerous theoretical models (7,
8-15). Common practice is to use the concept of cut size d., which is defined as the particle diameter col-
lected with 50% efficiency. Smaller particles will be less effectively collected, and larger-diameter particles
will be collected more efficiently. The critical particle diameter is that size collected with 100% efficiency.

A popular cyclone performance model involves the calculation of the 50% particle cut diameter d, as fol-
lows (7):

g - OnB, 0.5
¢ |: 2qTNVl(pp - pg) ]

where d, = Particle diameter collected with 50 percent efficiency, pm
W = gas viscosity, kg/m's
B_. = gas inlet width, m
N = effective number of gas turns
V; = gas inlet velocity, m/s
p, = particle density, kg/m?
p, = gas density, kg/m’

The number of gas turns may range from 0.5 to 10 with a value of 5 expected for high-efficiency cyclones.
The N value is approximated by the following equation:

(2L + Z,)

H

c

where L = cylinder length, in
Z, = cone length, m
H_ = gas inlet height, m
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High-Efficiency Cyclone Separator. By increasing the body length and decreasing the body diameter
from that of a simple cyclone, high-efficiency cyclones are used for particles in the 5- to 10-pm size. These
physical features, relative to the simple cyclone, tend to increase the cylinder length, the inlet velocity, the
detention time, and the centrifugal force on the particles, and to decrease the cylinder diameter.

As was illustrated by Figure 4.14, a high-efficiency cyclone consists of a cylinder with a rectangular, tan-
gential gas inlet; a tubular, axial gas outlet; and a conical lower section with an axial particle outlet. Typical
dimensional ratio for this unit are (/):

Cylinder diameter D,

Cylinder length L=2D,
Cone length Z.=2D,
Gas inlet width B.=0.25D.
Gas inlet height H.=0.5D,

Gas outlet length H.+8§5=0.625D,
Gas outlet diameter D,=0.5D,
Particle outlet J=0.25D,

Mechanical Separators. Using centrifugal force supplied by a rotating vane or impeller, particulates move
rapidly to the separator’s perimeter for removal. Mechanical separators have somewhat higher efficiencies
than simple gravity separators. Several types of separators are available in the marketplace.

The advantages of mechanical separators are their compactness, collection efficiency of smaller parti-
cles, and effectiveness when many units are used. However, they do no perform well when exposed to parti-
cles that tend to cake or otherwise accumulate on the rotating blade, and there is the disadvantage of energy
use requirements. By operating at low speeds of 400 to 800 rpm, the effects of abrasion and material buildup
are minimized.

Impingement Separators

Mists and dry particles will impinge on a surface due to their greater inertia when an exhaust stream is de-
flected around a surface. The simplest type of impingement separators are baffled chambers, as illustrated in
Figure 4.15. Various devices with simple to complex patterns use plates, cylinders, or other surfaces to col-
lect particles.

The collection of mists is the best application of impingement separators. The collected liquid forms a
film on the surface and then drips into the collection chamber. Since dry particles may be reentrained as they
fall from the collecting surface, liquid sprays are used to wash the surface. The wetted surface also improves
particle collection.

Impingement separators offer numerous options to the design engineer. They have potential for use as
pretreatment devices or as the primary collection equipment.

Wet Scrubbers

Using a variety of methods, wet scrubbers are collection devices that wet particles in order to remove them
from the gas stream. They utilize inertial impaction and/or Brownian diffusion as the particle collection
mechanism, and droplets, sheets, and jets as the liquid collection mechanism. Table 4.8 lists primary advan-
tages and disadvantages of wet scrubbers with respect to fabric filters and electrostatic precipitators.

In Table 4.9, major categories of wet scrubbers are listed in order of increasing performance capabilities
and energy requirements for nonmechanical and then for mechanically aided units. Discussions will follow
on the more popular types of scrubbers.
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FIG. 4.15 Baffled chamber impingement separator.

The primary design features of wet scrubbers are penetration (efficiency) and pressure drop across the
device, which is a function of the liquid-to-gas ratio. Tables 4.10 and 4.11 show typical ranges of the liquid-
to-gas ratio and pressure drop for selected scrubber types.

A secondary design feature is the use of a demister to remove liquid droplets, wetted solids, and/or con-
densed mist. The entrained mist is collected by features that make the gas stream change its flow direction,
resulting in coalescence and gravity separation. Figure 4.16 illustrates alternate features of a baffle-type im-
pingement demister, which is a very common and simple method.

Operation and maintenance practices for wet scrubber installations are essential to satisfy not only design
objectives but also other site specifics, such as air quality control, employee health, and general safety. Most
wet scrubber component failures (such as clogged spray nozzles) result from abrasion, corrosion, chemical
scaling, sedimentation, and wear or alignment on moving parts (§).

Wet scrubbers typically use water as the cleaning liquid. Water usage and wastewater disposal require-
ments are important factors in the evaluation of a scrubber alternative, and both are influenced by the quan-
tity of particles collected, the size distribution of the particles, and the presence of dissolved contaminants in
the wastewater. Many applications recirculate the scrubber liquid, which reduces consumption demand but
will lead to higher particulate and dissolved solids concentrations, requiring treatment and disposal.

Liquid recirculating scrubber systems usually include a makeup water source and pump, a scrubber efflu-

TABLE 4.8 Advantages and Disadvantages of Wet Scrubbers*

Advantages Disadvantages

Absorbs gas phase emissions Condensate plume suggests pollution
Compact size Corrosion

Efficient through wide loading range Inefficient with high-temperature gases
Insensitive to moisture content Requires high power input

Low capital cost Waste scrubber liquid handling required

Low operating and maintenance cost
Reentrainment rare
Versatility for hazardous emissions

*Prepared with respect to fabric filters and electrostatic precipitators
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TABLE 4.9 Major Types of Wet Scrubbers (8)

4.29

Category

Particle capture
mechanism

Liquid collection
mechanism

Types of scrubbers

Preformed spray
scrubbers

Packed-bed scrubbers

Plate scrubbers

Venturi scrubbers

Orifice scrubbers

Mechanical scrubbers

Inertial impaction

Inertial impaction

Inertial impaction
Diffusional impaction

Inertial impaction
Diffusional impaction

Inertial impaction
Diffusional impaction
Inertial interception

Droplets

Sheets, droplets

Droplets, jets, and sheets

Droplets

Droplets

Droplets and sheets

Spray towers
Cyclonic spray towers
Vane-type cyclonic towers
Multiple-tube cyclones
Standard packed-bed scrubbers
Fiber-bed scrubbers
Moving-bed scrubbers
Crossflow scrubbers
Grid-packed scrubbers
Perforated-plate scrubbers
Impingement-plate scrubbers
Horizontal impingement-plate
(baffle) scrubbers
Standard venturi scrubbers
Variable-throat venturi
scrubbers: flooded disk,
plumb bob, movable blade,
radial flow, variable rod
Orifice scrubbers

Wet fans
Disintegrator scrubbers

ent pump, a settling basin or pond, and a pump for recirculating treated water. Some installations require
multiple settling units with sludge collectors and sludge disposal facilities. Other system features may in-
clude chemical treatment for solids precipitation, pH control, and gravity or pressure filtration.

Preformed Spray Scrubbers.

The principal features of preformed spray scrubbers are their low energy re-

quirements and their low efficiency for removing particles less than 5 pm in diameter.

Spray Tower. A spray tower or chamber is the simplest type of wet scrubber in that it consists of a shell
wherein liquid droplets fall by gravity through the gas stream, flowing toward a demister and the top gas out-
let. This system is illustrated in Figure 4.17.

TABLE 4.10 Typical Liquid-to-Gas Ratios for Wet Scrubbers (8)

Liquid-to-gas ratio

Scrubber type L/m3 Gal/1000
Spray tower 1.30-2.70 9.7-20
Cyclone 0.70-1.30 5.2-9.7
Packed bed 0.10-0.50 0.75-3.7
Moving bed 1.30-2.70 9.7-20
Impingement plate 0.40-0.70 3.0-5.2
Venturi 0.70-1.00 52-7.5
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TABLE 4.11 Typical Wet Scrubber Pressure Drop (8)

Pressure drop

Scrubber type kPa in H,O
Spray tower 0.25-0.5 1.0-2.0
Cyclone 0.25-0.8 1.0-3.2
Packed bed 0.25-2.0 1.0-8.1
Impingement plate 0.25-2.0 1.0-8.1
Venturi 1.5-18 6.1-73
Orifice 0.5-4.0 2.0-16

Cyclone Scrubber. A number of cyclone scrubber devices are available, ranging from a simple cyclonic
spray tower to specially fabricated multistage units. Common features include a tangential gas inlet to a cy-
clindrical vessel and a lower axial particle and/or liquid discharge outlet.

A cyclonic spray tower uses the features of a cyclone separator and simple spray tower, as shown in Fig-
ure 4.18. A modification is the vane-type cyclonic tower, which uses internal vanes to impact the cyclonic
motion. Both of these systems function with an upward gas flow. A downward gas flow is used in a multiple-
tube cyclone scrubber, which consists of multiple minitubes with separate liquid supply.

Packed-Bed Scrubbers. The characteristics of packed bed scrubbers include introduction of liquid near
the top of the unit followed by a trickling down of the liquid to the packed bed. The liquid and gas flows
may be concurrent, crosscurrent, or countercurrent. Also, there may be one or more layers (stages) of pack-
ing.

The collection efficiency depends upon the contact time of the gas stream on the packed bed. Coarsely
packed beds are used to remove large, coarse dusts and mists; the converse is true for finely packed beds,
which are also more prone to clogging with higher particulate concentrations in the gas stream. Packing in-
cludes coke, crushed rock, raschig or other rings, ben or other saddles, and other materials and shapes.

Concurrent packed-bed scrubbers are usually the most efficient for smaller particles, but they tend to
have higher pressure drops. The cross-current scrubber requires less liquid flow, usually has a lower pressure
drop, and tends not to clog. The countercurrent type requires the most liquid flow and is best suited for high-
er loadings. Figure 4.19 illustrates a two-stage countercurrent scrubber.

Plate Scrubbers. A plate (tray) scrubber consists of a tower containing one or more perforated plates; flow
is countercurrent with the gas entering near the bottom of the tower. Generally, the plates have impingement

_ APAPA
2 1 [S84] R

Gas Gas

direction direction
Slats Louvers Slats Louvers

(a) (b)

FIG. 4.16 Baffle-type demisters. (a) Open-vane design; (b) closed-vane design (/6).
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FIG. 4.17 Spray tower scrubber.
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FIG. 4.18 Cyclonic pray tower scrubber.
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FIG. 4.19 Two-stage packed bed scrubber.

baffles over the perforation to force the rising gas to turn into the liquid level on the plates. These devices are
useful for collection of particles over 1 wm in diameter.

Venturi Scrubbers. One of the most common particulate-removal devices is the venturi scrubber, because
of its simplicity and relatively high collection efficiency of particles in the 0.5- to 5-wm range. The gas
stream is passed through a venturi section to which, or before which, a low-pressure liquid (generally water)
is added at the throat. The system is unique in that it not only collects fine particles but also absorbs some
gas-phase emissions.

The liquid may be injected in the throat (wetted approach) of the venturi scrubber when the gas stream is
close to saturation. In many instances, especially for hot gases, the liquid is injected in the converging sec-
tion (nonwetted approach) of the scrubber. In both cases, the liquid is atomized by the turbulence in the
throat and begins to collect particles impacting the liquid as a result of differing velocities for the gas stream
and atomized droplets. Downstream in the diverging section, the mixture decelerates, and further impacts
occur, causing the droplets to agglomerate. Often, a centrifugal fan is installed upstream (forced draft) or
downstream (induced draft) from the scrubber; the fan provides a motive force to the gas stream.

The liquid droplets are normally atomized by impacting the liquid spray with a high-velocity gas stream.
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The alternate approach is to feed the liquid through small, high-pressure orifices in the spray nozzles. This
system has the disadvantage of requiring a clean liquid feed stream for protection against clogging.

Once the particles have been captured by the liquid, a separator is used to remove the particle or liquid
from the gas stream. Figure 4.20 illustrates the application of a venturi scrubber preceding a simple cyclone
separator.

The design of a venturi scrubber may be based on previous experience with an analogous application,
field tests of a scrubber on the source, or collection of sufficient data to characterize the gas stream. The lat-
er data include particle size distribution, flow rate, and temperature needed to utilize performance curves for
a given unit. Table 4.12 presents the typical range of design data for a venturi scrubber application.

The most important design consideration is the pressure drop across the venturi (Figure 4.21), which can
be derived by equations (/7) or use of performance curves. A simple approach for calculation of pressure
drop is (18):

AP = V2L % 10

Gas outlet

Cyclone
separator

Venturi scrubber

A

Gas inlet

Particle/liquid
discharge outlet

FIG. 4.20 Venturi scrubber system.
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TABLE 4.12 Venturi Scrubber Design Data (/, 8)

Parameter Value

Pressure drop 1-20 kPa (5-80 in H,0)

Gas velocity at throat 75-100 m/s (15,000-20,000 ft/mm)
Liquid application rate 0.4-1 L/m? (3-7.5 gal/1000 ft)
Recirculation Possible

where AP = pressure drop across venturi, cm H,O
V, = throat gas velocity, cm/s
L = water to gas volume ratio, L/m>

In U.S. customary units, the equation becomes
AP =5V2L x 1073

where AP V,, and L are expressed in terms of inch of water, ft/s, and gallons per 1000 ft3, respectively.

A typical venturi scrubber performance curve includes logarithmic relationships of pressure drop, collec-
tion efficiency, and particle size (/7-21). Figure 4.22 is representative of plots likely to be supplied by a
manufacturer; the relationships vary from unit to unit. By knowing the particle size and collection efficiency
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FIG. 4.21 Venturi scrubber pressure profile.
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FIG. 4.22 Venturi scrubber performance curves (/9).

required, the pressure drop is estimated by the performance curve. If the pressure drop is too high, the de-
signer needs to develop an alternative to venturi scrubber treatment.

The range of pressure drops noted in Table 4.11 is indicative of the variety of applications for venturi
scrubbers. Low-range pressure drops apply to bark boilers, solid waste incinerators, and mineral crushers.
Midrange sources include coal boilers, kilns, and dryers. Liquid waste incinerators and metal smelters nor-
mally exhibit the higher pressure drops (22).

The design also considers the corrosive and erosive nature of the gas stream during the selection of
construction materials for the venturi scrubber. Manufacturers should be consulted during this process.
Generally, the scrubber will be constructed of carbon or stainless steel. Ceramic or other liners may also be
used.

Venturi scrubbers can be sized using either gas flow rate at inlet conditions, 0, ,, or the saturation flow
rate, O, (23). The calculation involves

(T,,+273)

Qe,s = Qe,a (Te + 273)
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in ST units, or

(T, +460)

Qe,x = Qe,a (Te +460)

in U.S. customary units

where O, ; = saturated gas stream flow rate, am?/s (aft>/min)
0, = inlet gas stream flow rate, am>/s (aft’/min)
T,, = temperature of the saturated gas stream, °C (°F)
T, = temperature of the gas stream, °C (°F)

The saturated gas temperature is determined using a psychrometric chart, Figure 4.23. The measured
moisture content M, of the gas stream in percent by volume is converted to units of kg (Ib) H,O/kg (Ib) dry
air by multiplying the percent value by 0.0062 to obtain the humidity value for the psychrometric chart.

Orifice Scrubbers. An orifice scrubber is also known as an entrainment or self-induced spray scrubber. In
this device, the gas stream passes over a pool of liquid at a high velocity before entering an orifice. The high
velocity results in centrifugal forces, impingement, and turbulence, which cause wetting of the particles for
their separation and collection from the gas stream. Orifice scrubbers have low penetration of particles
around 2 wm in diameter and larger.

Mechanical Scrubbers. Those devices in which the liquid spray is generated by a rotating element, such
as a drum, disk, or fan, are referred to as mechanical scrubbers. This approach produces very finely divided
droplets, which results in effective capture of fine particles at the expense of higher energy costs.

Fabric Filters

One of the most efficient devices for removal of particulates is the fabric filter collector. Fabric filters have
the capability of maintaining collection efficiencies above 99% for particle size down to 0.3 wm (24-28).

The basic features of a fabric filter unit consist of woven or felted fabric, usually in the form of tubes
(bags) that are suspended in a housing structure (baghouse). The emission stream is distributed by means of
specially designed entry and exit plenum chambers, providing equal gas flow through the filtration medium.

The particle collection mechanisms for fabric filters include inertial impaction, Brownian diffusion, in-
terception, gravity settling, and electrostatic attraction. The particles are collected in dry form either on a
dust cake supported by the fabric (most efficient) or on the fabric itself (8, 27, 28). The process occurs with
a relatively low pressure drop requirement. Periodically, most of the dust cake is removed for disposal; the
residual dust serves as an initial filtration aid while the new dust cake develops.

Fabric filter systems are presented with respect to the three primary cleaning methods. Discussions fol-
low on considerations of important design features of the fabric filter itself (1, 8, 27, 28).

Fabric Filter Systems. The particle collection mechanisms used in various fabric filter collectors are rela-
tively the same. However, the equipment geometry, mode of cleaning, and supplier modifications are quite
diverse. This diversity is due to the many applications of fabric filtration with specific performance require-
ments and physical characteristics.

The most common way to classify fabric filters is by the fabric cleaning method. The three major meth-
ods are mechanical shaking, reverse air cleaning, and pulse jet cleaning (8). Other cleaning methods include
manual cleaning, pneumatic shakers, bag collapse, and sonic cleaning (/).
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Mechanical Shakers. Many baghouses use some type of mechanical shaking, usually driven by an elec-
tric motor. The rotary motion of the motor is translated into an oscillation, and the bags are shaken horizon-
tally (typically) or vertically. The cleaning process progresses through individual compartments containing
several bags.

There should be no pressure inside the filter bag during the shaking cycle. Unless the blower is off during
the cleaning cycle, it is common to use a small amount of reverse airflow to ensure complete bag collapse
during the cycle. When the unit serves a high-temperature source, such as a furnace, the thermal drive may
be sufficient to interfere with cleaning even if the blower is off.

As dust accumulates on the fabric filter, the pressure loss through the unit increases until a prescribed
maximum pressure is reached and cleaning is necessary to reduce the pressure loss. Manual, semiautomatic,
or automatic cleaning cycles are used. Sufficient time is needed to ensure a thorough cleaning once the cycle
is initiated. Automatic cleaning cycles are started on a time-cycle basis or are keyed to a maximum allow-
able pressure drop. Some reverse jet systems operate with continuous cleaning.

The shaking action creates a standing wave in the filter bag and causes flexing of the fabric. This causes
the dust cake to crack and release portions of the dust; some dust remains on the fabric and in the fabric it-
self. The cleaning intensity is controlled by the tension on the filter bag and by the amplitude, frequency, and
duration of the shaking process.

Reverse Air. For fabric filters using reverse airflow cleaning, a large volume of low-pressure air is direct-
ed countercurrent to the normal gas stream flow during filtration. The reversal of gas flow causes the caked
dust to crack and assists in the removal of the cake.

Usually, the cleaning process occurs off-line. This is especially true for inside filter collectors in which
cleaning is done by isolated units or compartments. Also, in this case, anticollapse rings may be needed to
prevent closure of the collector and dust bridging.

A separate blower may be used to provide the reverse air for cleaning. The air supply may be either
cleaned exhaust gas or outside air. The flow rate varies with the characteristics of the dust being filtered.

Pulse Jet. In systems using filtration on the exterior of the fabric collector, pulse jet cleaning may be
used. The process involves the application of a high-pressure pulse of compressed air inside of the top of the
collector for a short time (a fraction of a second). This action tends to form a wave action down the collector
while rapidly expanding the fabric and quickly dislodging all collected dust. Thus, vibration from the wave
action and fabric flexing from the pressure increase are the primary cleaning mechanisms.

The cleaning air pulse is normally up to 700 to 825 kPa (100 to 120 1b/in?) for a duration less than 0.1 to
0.2 s. These characteristics normally permit cleaning to be accomplished on-line. A disadvantage occurs in
that the high-pressure air pulse typically increases particulate emissions during the on-line cleaning process.
Also, since the pulse removes all of the filter cake, filtering actions by any residual dust is lost. Because of
this, woven fabrics are favored over felted fabrics.

Fabric Filter Design. Characterization of the emission stream is important in the design of a fabric filter
system. Data needs include gas flow rates, temperature ranges, acid dew point, moisture content, and partic-
ulate mass loading. The analysis should identify the presence of large particulate matter, sticky particulate
matter, and potentially flammable or explosive gases or particulate matter. With this data base, an appropri-
ate collector can be designed for the required level of particulate control.

The selection of the filter fabric and sizing of the collector normally are accomplished in conjunction
with the design of the cleaning system. The size of the fabric filter is related to the necessary air-to-cloth ra-
tio and the expected number of units to be out of service for cleaning and/or maintenance at any given time.
Additional considerations are operating condition, system pressure drop, safety, compartment construction,
instrumentation, solids removal equipment, and need for good maintenance (8).

Fabric. A number of natural and synthetic fabrics are used in fabric filter collectors. Cotton and wool are
the most common natural fibers, while the synthetics include dacron, fiberglass, nylon, and others. Often,
the fabrics are coated with various substances to prolong service life and/or enhance particle collection. For
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example, graphite finishes are used to reduce static charge buildup and to smooth the fabric yarn to reduce
abrasion. Another example is the use of a silicone treatment to improve resistance to abrasion.

In many cases, the final fabric selection will be the result of prior experience with a similar application
and the associated selection of cleaning method and air-to-cloth ratio. However, important factors to consid-
er include (8):

Dust penetration
Temperature—operating and maximum
Chemical degradation—acid and alkaline
Abrasion resistance

Cake release

Pressure drop

Cleaning method

Fabric construction—woven or felted
Cost—initial and replacement

A comparison of leading fabric characteristics is presented in Table 4.13.

Air-to-Cloth Ratio. Filtration velocity is often referenced as the air-to-cloth (A/C) ratio, which is defined
as the emission gas stream flow rate at actual conditions divided by the net fabric (cloth) area active for fil-
tration. The units are expressed as m3/min/m? (ft>/min/ft?) or simply as m/min (ft/min). Table 4.14 provides
factors to apply to net cloth area to obtain gross cloth area for the physical sizing and costing of units.

The A/C ratio suggests the amount of air filtered over a period of time without specific regard to the
cross-sectional area occupied by the fabric filter cloth. As a result, theoretical or empirical relationships are

TABLE 4.13 Characteristics of Leading Filter Fabrics®

Maximum
continuous Resistance®
operating

temperature Mineral  Organic
Fiber type? °F Abrasion acids acids Alkalies  Solvent
Cotton? 180 G P G G E
Wool® 200 FIG F F P/F G
Modacrylic® (Dynel) 175 F VG VG G G
Polypropylene® 200 E E E E G
Nylon polyamide® (Nylon 6 & 66) 220 P F VG E
Acrylic? (Orion) 260 6 G G F E
Polyester® (Dacron, Creslan) 275 E G G G E
Nylon aromatic® (Nomex) 450 E F G VG E
Fluorocarbon (Teflon, TFE) 500 F/G E# E# Es E#
Fiberglass? 550 PG" VG E E

9References 1, 8, 19, 24, 29-31. Where data differed, a representative category was chosen.

bRepresents the major categories of filtration fibers. Names in parentheses indicate some principal trade names.

P = poor resistance, F = fair resistance, G = good resistance, VG = very good resistance, and E = excellent resistance.
4Woven fabrics only.

¢Woven or felted fabrics.

/Considered to surpass all other fibers in abrasion resistance.

&The most chemically resistant of all these fibers.

h After treatment with a lubricant coating.
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TABLE 4.14 Net to Gross Cloth Area Conversion Factors (26)

Factor to obtain

12,001-24,000
24,001-36,000
36,001-48,000
48,001-60,000
60,001-72,000
72,001-84,000
84,001-96,000
96,001-108,000

Net cloth area, A,,, ft? gross cloth area, A, ft?
1-4,000 Multiply by 2
4,001-12,000 Multiply by 1.5

Multiply by 1.25
Multiply by 1.17
Multiply by 1.125
Multiply by 1.11
Multiply by 1.10
Multiply by 1.09
Multiply by 1.08
Multiply by 1.07

108,001-132,000 Multiply by 1.06
132,001-180,000 Multiply by 1.05
180,001+ Multiply by 1.04

not used to size units. Sizing is based on demonstrated experience of manufacturers for various applications
and is recommended for a specific dust or fume and cleaning method. Table 4.15 illustrates A/C ratios for a
variety of applications.

The factors which influence the selected A/C ratio include the cleaning method, filter fabric, and particle
size and concentration characteristics. Without cost-effectiveness considerations, low A/C ratios will tend to
improve particle removal efficiencies by lessening the chance of creating pinhole leaks in the dust cake
where aerodynamic effects are important.

Operating Condition. As illustrated in Figure 4.24, for a coal-fired industrial boiler with an air heater, the
fabric filter system may operate under negative or positive pressure, depending on the fan placement, which
involves consideration of the emission’s characteristics. The negative-pressure systems tend to have the most
applications (/, 27, 32).

When the emission gases are pushed through the system by a fan (forced-draft fan) located upstream, the
system unit is a positive-pressure baghouse. This approach eliminates the need for ductwork and, in many
cases, a stack downstream of the fabric filter, which reduces needs for space and other materials but increas-
es difficulties for monitoring. Leaks from the fabric filter enter the surrounding air and, thus, increase the
potential for fugitive emissions. Furthermore, the fan is subjected to the full dust (and fume) load and the as-
sociated wear from abrasive actions.

A negative-pressure baghouse is one where the fan (induced-draft fan) is located on the downstream,
clean side of the fabric filter. The filter housing needs to be sealed to avoid the intake of outside air that
would normally cool the emission stream. Cooling may reduce the gas temperature below its dew point and
cause damaging condensation inside the unit. In some situations, the presence of outside air could produce a
risk of fire and/or explosion. On the other hand, leaks in negative-pressure systems will not cause fugitive
dust emissions.

Differential Pressure. The pressure drop across a fabric filter is the sum of the static pressure drop across
the cleaning fabric and that developed across the accumulated cake. The latter increases over time from the
last to the next cleaning cycle. Many units operate with a differential pressure of 0.5 to 2 kPa (2 to 8 in H,0);
however, some units operate at differential pressures up to 2.5 or 3 kPa (10 to 12 in H,0).

Safety. When handling flammable or explosive contaminants, special safety provisions are needed to
minimize damage in the event of a fire or explosion. Some basic precautions include:
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TABLE 4.15 Air-to-Cloth (A/C) Ratios for Various Emissions (25, 28)

A/C ratios recommended for cleaning method, ft/mm

Dust or fume Shaker Reverse air Pulse jet
Abrasives 2.0-3.0 * 9
Alumina 2.25-3.0 * *
Aluminum 3.0 * 16
Aluminum oxide 2.0 * *
Asbestos 2.5-4.0 * 9-16
Bauxite 2.25-3.2 * 8-10
Blast cleaning 30-35 * *
Carbon 1.2-2.5 * 57
Carbon black 1.5-2.5 1.1-1.5 8-12
Chrome 1.5-2.5 * 9-12
Coal 2.0-3.0 * 12-16
Coke 2.5 * 9-12
Dyes 2.0 * 10
Fertilizer 2.0-3.5 1.8-2.0 8-10
Flint 2.5 * *
Fly ash 2.0 2.1-23 9-10
Foundry * * 8-12
Glass 2.5 * *
Graphite 1.5-3.0 1.5-2.0 7-9
Gypsum 2.0-3.5 1.8-2.0 10-16
Iron ore 2.0-3.5 * 11-12
Iron oxide 2.0-3.0 1.5-2.0 8-16
Iron sulfate 2.0-2.5 1.5-2.0 6-8
Lead oxide 2.0-2.5 1.5-1.8 6-9
Leather 3.54.0 * 15-20
Lime 2.0-3.0 1.5-2.0 10-16
Limestone 2.0-3.3 * 8-12
Machining 3.0 * 16
Manganese 2.25 * *
Metal fumes 1.5 1.5-1.8 6-9
Metal powders 2.0 * 9-10
Mica 2.25-3.3 1.8-2.0 9-11
Paint pigments 2.0 * *
Paper 3.54.0 * 10-12
Perchlorates * * 10
Plastics 2.0-3.0 * 7-10
Polyethylene * * 10
PVC * * 7
Resin 2.0 * 8-10
Silica 2.25-2.8 1.2-1.5 7-12
Silica flour 2.0-2.5 * *
Silicates * * 9-10
Silicon carbide * * 10
Slate 2.5-4.0 * 12-14
Starch 2.25 * *
Talc 2.25 * *

*No information available.
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FIG. 4.24 (a) Positive- and (b) negative-pressure baghouse systems.

® The fabric filter should be located out-of-doors. If this is not possible, it should be located near an exteri-
or wall as remote as possible from personnel.

® An explosion relief hatch should be provided on the unit and sized with respect to volume and maximum
pressures from an event.

® The construction of the unit shell should be adequately reinforced to withstand the initial impacts of a fire
or explosion until secondary systems respond.

® Sprinklers or other means should be provided inside the unit. The system should be interlocked with
process operations so as to stop inlet flow and outlet exhaust in the event of a fire.

® [In the ductwork, fire and smoke dampers should be installed to protect personnel and, to the extent prac-
tical, equipment and structures.

® Fabric filters should be of the static-dissipative type to minimize the possibility of ignition from a static
discharge when particles are released from the filter. Also, the fabric should be fire-resistant.

Electrostatic Precipitators

Electrostatic precipitators use electrical energy to charge and collect particles. They have high removal
efficiencies; in addition, they are effective for a variety of source categories and emission gas characteris-
tics. These features are outlined in Table 4.16, which lists advantages and disadvantages of electrostatic
precipitation. Discussions follow on the basic system approaches, system components, and design consid-
erations.
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TABLE 4.16 Advantages and Disadvantages of Electrostatic Precipitation

Advantages:
Highly effective collection with efficiencies exceeding 99% in some cases.
Low power requirements and associated low operating power costs.
Capable of removing very small particles, even those not removable by other treatment schemes.
Dry dust collection often used, which may be useful for product and by-product recovery.
Pressure drops are small.
Temperature changes are small with dry systems; most impacted in spray-wet systems.
Low maintenance requirements due to few or no moving parts.
System tolerant to high temperatures, with no special provisions below 535°C (1000°F).
Collection efficiency and system capacity can be easily expanded with larger or additional units.
Some pollutants, such as acid and tar mists, are effectively collected by other schemes.
Disadvantages:

1. Capital investment is high.

2. Space requirements are relatively large.

3. Very low or high resistivity particles are difficult to remove.

4. Relatively constant operating conditions are needed for efficient collection.

5

6

7

COXNAANRBN—

—_

. Gaseous wastes are not affected.
. Safety is a concern due to high voltage.
. Wet systems produce sludges that may require dewatering before disposal.

Electrostatic Precipitation Systems. The classification of electrostatic precipitators may be as dry or wet
systems and/or as single- or two-stage systems (7, 8, 33).

Dry Systems. The dry precipitator with plate-type collection electrodes is the predominant type of system
in industrial applications and is the process most discussed in this section.

Wet Systems. The primary difference in wet and dry systems is the method by which collected particles
are cleaned from the collection electrode. Three common wet precipitator configurations are the plate type
with horizontal gas flow, the concentric plate type with vertical gas flow, and the conventional pipe type with
reversing vertical flow.

Single-Stage Systems. Most applications of electrostatic precipitators use the single-stage mode of opera-
tion.

Tiwo-Stage Systems. The two-stage precipitator unit was developed to clean air in conjunction with insti-
tutional, commercial, and industrial air conditioning systems. For emission control, these units usually are
restricted to applications requiring collection of liquid particles that drain quickly from the collection elec-
trode.

Component Characteristics. The principal features of an electrostatic precipitator are the housing, dis-
charge and collection electrodes, power source, cleaning mechanism, and solids-handling system. Other fea-
tures include the gas distribution system and instrumentation. Figure 4.25 illustrates most of these features
for a dry precipitator (7, 8, 19, 33, 34).

Housing Materials. Carbon steel is the most common material for the electrostatic precipitator housing.
In cases where the gas stream contains high concentrations of sulfur oxides or where there is liquid—gas con-
tact, stainless steel may be needed. An alternate to the latter is to maintain the gas stream temperature above
the dew point (1, 26, 33, 34).

The nature of the housing is that it is gas-tight and weatherproof and that it is grounded to ensure person-
nel safety. The principal features include the housing proper with its shell and insulated housing as well as
the inlet and outlet connections, the dust hopper, and inspection ports.
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FIG. 4.25 Dry electrostatic precipitator schematic.

Discharge Electrode. Design of the discharge electrode is influenced by the composition of the emission
stream. Physically, the electrode may take a variety of shapes, such as cylindrical [0.16 to 0.32 cm (/16 to ¥s
in) diameter] or square [0.48 cm (*/16 in) typical] wire or stamped or formed metal strips. The shape influ-
ences the current and voltage characteristics. For example, the smaller the wire or the more pointed its sur-
face, the greater should be the current for a specific voltage.

The mounting of the discharge electrode is accomplished in one of two ways. The wire—weight approach
uses weights at the bottom to hold in place a suspended electrode. The rigid-frame system has the electrode
rigidly attached to masts or frames. Figure 4.26 illustrates these types of electrodes.

The dust particles are charged by ions from the discharge electrode, and the electric field strength gov-
erns the amount of charge on the particles. Field strength is based on system voltage and the distance be-
tween the discharge and collection electrode.

Generally, electrostatic precipitators are operated with as high a secondary voltage as possible, which
will limit sparking. Sparking reduces collection efficiencies as a result of an instantaneous voltage drop and
suspension of the electrostatic collection field. In some cases, automatic voltage controls are used to control
sparking within a specified range.

Collection Electrode. Dust is collected on the grounded electrodes of the electrostatic precipitator. These
electrodes, also called plates, come in a variety of shapes for flat units, and, in some cases, the precipitator is
equipped with cylindrical collection surfaces (8, 33).

Generally, the collection electrodes are available in lengths of 1 to 4 m (3 to 12 ft), wire—weight, or 2 m
(6 ft) to greater than 5 m (15 ft), rigid-frame. Also, they come in heights of 3 to 12 m (9 to 36 ft) for
wire—weight and as high as 15 m (50 ft) for rigid-frame designs. The electrodes are grouped to form inde-
pendently rapped collecting modules for assembly in straight and parallel alignment with the discharge
electrodes.

The electrode support system design must consider cleaning methods; in particular, rappers for dry sys-
tems will impact their energy to the electrode in the form of vibration and impact loadings.

Transformer—Rectifier. Electrical power supplied to the electrostatic precipitator comes from a high-
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FIG. 4.26 Discharge electrodes. (a) Weighted wire; (b) rigid frame; (c) rigid discharge electrode
(RDE) (33).

voltage transformer—rectifier, which converts low-voltage ac power to high-voltage dc (normally in the neg-
ative form). Generally, multiple units are used.

Voltage and current values are related to such factors as electrode geometry and gas and particle charac-
teristics. Typically, input voltage is 460 V, three-phase, 60 Hz (ac) with an output voltage between 45 and 70
kV (dc). The maximum rated current output is usually in the range of 250 to 1500 mA (8).

Cleaning Mechanism. Rappers and liquid washdown are the cleaning mechanisms for dry and wet elec-
trostatic precipitators, respectively. In both cases, the frequency and intensity of cleaning requires case-by-
case design and operating flexibility.
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Wire—weight and rigid-frame designs are used to categorize rappers for dry electrostatic precipitator ap-
plications. Cleaning and rapping are very important in the overall performance of the system. Improperly in-
stalled or operating rappers may result in particle reentrainment and/or sparking as a result of particle
buildup on the collection electrode.

For wire—weight systems, the rapping impulses are provided by either single-impulse or vibratory rap-
pers, which are either electrically or pneumatically activated. In some cases, the rapper is used to clean a
system’s discharge electrodes. Recognizing the many variables of the rappers’ physical characteristics and
of individual emission (particle) streams, Table 4.17 illustrates typical ranges of rapper system characteris-
tics.

Mechanical hammer rappers are used for rigid-frame installations. Each frame is served by a hammer
driven by a low-speed motor. The rapping intensity is determined by the hammer weight, and the frequency
is controlled by the shaft rotation speed.

For wet precipitators, cleaning is performed by the flow of a thin film of liquid over the collection elec-
trode. In some cases, sprays are used to cool, condition, and/or scrub the gas stream. Since the spray is pre-
cipitated with the particles, a secondary wetting of the collection electrode is provided.

Solids Handling. Dust hoppers collect the precipitated particles from a dry electrostatic precipitator. Typ-
ically, the hopper is like an inverted pyramid converged to a round or square discharge. For best results, par-
ticles are removed frequently, or continuously, from the hopper, which is not normally designed as a storage
facility.

Either pressure or vacuum systems are used to remove particles from larger hoppers. In smaller installa-
tions, a screw conveyor may be used. Wet sluicing is another approach for removal of the solids. In the for-
mer cases, the solids can be disposed of in a dry form. Sluiced solids require a pond or other means to re-
move solids from the liquid stream.

Design Considerations. Important gas stream and particle properties that affect the effectiveness of elec-
trostatic precipitation of particulate matter include particle size distribution, gas flow rate, resistivity, and
temperature. The design must also consider how these characteristics affect the corrosiveness of the parti-
cles and the removability of particles from the collection electrodes.

For the electrostatic precipitator itself, manufacturers are a primary source for design data. An important
design determination is the area of the collection electrode. Typical design data for other parameters are
shown in Table 4.18 (1, 8, 33).

Particle Size. Electrostatic precipitation is most effective with coarser, larger particles. Small particles in
the 0.2- to 0.4-pum diameter range are most difficult to remove because the field-charging mechanism is re-
placed by diffusion charging by thermal ions (random collisions) as a charging mechanism for very small
particles. If there is a large percentage of small particles less than 1 wm, they can inhibit the generation of
the charging corona in the inlet field, and, as a result, the effectiveness of electrostatic precipitation may be
unsatisfactory.

TABLE 4.17 Wire—Weight Rapper Characteristics (33)

Parameter Typical value
Collection area per rapper unit 110-150 m?(1200-1600 ft?)
Discharge electrode length served per rapper unit 3002150 m (1000-7000 ft)
Rapping intensity 3-35 r/kg (5-50 ft/1b)
Rapping interval range 0.5-10 min
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TABLE 4.18 Electrostatic Precipitator Design Data (7, 8)

Parameter Typical range
Horizontal length of collection plates 0.5-1.0 times height
Vertical height of collection plates 3.7-73m (12-24 ft)
Spacing of collection plates 20-28 cm (8-11 in)
Treating time 2-10s

Velocity through precipitator 1-2 m/s (3-6 ft/s)

Particle drift velocity (W) 0.03-0.18 m/s (0.1-0.6 ft/s)
Applied voltage 30-75 kV

Corona current 0.03-3.3 mA/m (0.01-1 mA/ft)
Field strength 2.7-5.9 kV/ecm (7-15 kV/in)
Treatment time 2-10s

Gas temperature, standard up to 370°C (up to 700°F)
Efficiency 90-99.9%

Computer models, supplier experience, owner testing, and/or historic applications should be used to pre-
dict the impact of particle size distribution on the system removal efficiency. To the extent possible, size dis-
tribution should be determined or projected under the full range of expected operating conditions.

Gas Flow. The design needs to interact the gas volume with the unit to maintain a velocity in the range of
1to 2 m/s (3 to 6 ft/s).

Low velocity, below 0.6 to 0.9 m/s (2 to 3 ft/s), can result in poor distribution of the gas and even dropout
of particles en route to the unit. Flexibility to bypass portions of the electrostatic precipitator can be obtained
with dampers and is one means to control variable gas flow rates.

High velocities may cause rapping and reentrainment of particles because of the aerodynamic forces on
the particles. The critical velocity will vary from project to project due to the influences of gas flow, plate
configuration, unit size, resistivity, and other factors and properties.

Resistivity. Resistivity considerations apply only to dry electrostatic precipitators. Resistivity is a mea-
sure of a particle’s ease in conducting electricity, and higher values signify less ability of the particle to
transfer the charge.

The preferred range of resistivity is usually taken as 108 to 10'° ()-cm; Table 4.19 depicts electrostatic
precipitator characteristics associated with several levels of resistivity. Factors influencing resistivity include
chemical composition, moisture content, and temperature of the gas stream and/or particulates to be re-
moved.

Particles with low resistivity are difficult to collect since they tend to lose their charge and drop off the
collection electrode to become reentrained in the gas stream. Special design features for collection elec-
trodes or coatings are needed to reduce reentrainment.

On the other hand, particles with high resistivity create problems by blinding the collection electrode
with an accumulation of particles. Conditioning agents for the particles, oversized units, and/or frequent
cleaning are used to improve the performance of systems collecting high-resistivity particles.

Temperature. Temperature effects on resistivity can be significant, and the designer should be aware of
the relationship for individual process applications. Gas temperatures up to 370°C (700°F) are considered
normal and at 535°C (1000°F) are high. Special conditions are needed for very high temperatures, such as
those around 700°C (1300°F).

Collection Area. The area of the collection plate (electrode) is an important design consideration and is a
function of the gas stream flow rate, the particle drift velocity, and the design system removal efficiency. The
Deutsch—Anderson relationship for these variables is often used and may be expressed as
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TABLE 4.19 Characteristics Associated with Different Resistivity Levels

Resistivity level, 2-cm ESP characteristics

Less than 103 1. Normal operating voltage and current levels unless dust layer is thick enough to
reduce plate clearances and cause higher current levels

. Reduced electrical force component retaining collected dust, vulnerable to high
reentrainment losses

. Negligible voltage drop across dust layer

. Reduced collection performance due to 2

. Normal operating voltage and current levels

. Negligible voltage drop across dust layer

. Sufficient electrical force component retaining collected dust

. High collection performance due to 1, 2, and 3

. Reduced operating voltage and current levels with high spark rates

. Significant voltage loss across dust layer

. Moderate electrical force component retaining collected dust

. Reduced collection performance due to 1 and 2

. Reduced operating voltage levels; high operating current levels if power supply
controller is not operating properly

2. Very significant voltage loss across dust layer

3. High electrical force component retaining collected dust

4. Seriously reduced collection performance due to 1, 2, and probably back corona

[\

1081010

1011

—_ R W= B WN =W

Greater than 102

Typical values. Operating voltage: 30-70 kV, dependent on design factors; operating current density: 5-50 nA/cm? Dust layer
thickness: Y4 to 1 in.

-0
A W In(1-E)
where A = collection plate area, m? (ft?)
Q = gas stream flow rate at actual conditions, m3/h (ft3/min)
t = time conversion factor, 3600 (60)
W = particle drift velocity, m/s (ft/s)
E = desired collection efficiency expressed as a decimal

Typical values for drift velocity are presented in Table 4.20; manufacturers and further literature review
are additional sources. Otherwise, a value of 0.09 m/s (0.3 ft/s) may be used for particles with a resistivity in
the range of 107 to 10'° )-cm or 0.03 m/s (0.1 ft/s) for particles with a higher resistivity in the range of 10!!
to 1013 Q-cm (1).

GAS CONTROLS

Gaseous pollutants originate from many industrial processes and may be either organic (i.e., volatile organic
compounds), or inorganic (i.e., nitrogen oxides or sulfur oxides) in composition. Following characterization
of the emission stream, the first priority in pollution control is to investigate source and process reduction
measures. Conventional gas emission treatment techniques include absorption, adsorption, condensation,
flaring, and incineration. Also, particulate control systems (especially wet scrubbers) may substantially re-
duce gaseous pollutants as a secondary process.
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TABLE 4.20 Typical Values for Drift Velocity for Various Applications (/)

Application Drift velocity, ft/s
Pulverized coal 0.33-0.44
Paper mills 0.25
Open-hearth furnace 0.19
Secondary blast furnace (80% foundry iron) 0.41
Gypsum 0.52-0.64
Hot phosphorus 0.09
Acid mist (H,SO,) 0.19-0.25
Acid mist (TiO,) 0.19-0.25
Flash roaster 0.25
Multiple-hearth roaster 0.26
Portland cement (wet manufacturing) 0.33-0.37
Portland cement (dry manufacturing) 0.19-0.23
Catalyst dust 0.25
Gray-iron cupola (iron—coke ratio = 10) 0.10-0.12

Note: rn/s = 0.305 ft/s

Source Controls

In this context, source controls include not only consideration of raw products but also effectiveness of
process operations. The source controls previously discussed for particulates have secondary impacts on
gaseous contaminants; this is also true for some of the following impact particulate emissions. Often, the
source control techniques, such as fuel switching, reduce both types of emissions (8, 36, 37).

Fuel Substitution. Historically, fuel substitution is used to reduce sulfur oxide emissions and, in more re-
cent times, to reduce nitrogen oxides. Alternate fuel sources and alternate fuels, such as natural gas and fuel
oil, should be considered. In the future, more use of synthetic fuels and, perhaps, nuclear power will be more
viable alternatives. Trends in other modes of power generation and energy use may provide cost-effective,
nonpolluting use of hydropower, solar energy, geothermal energy, and wind power.

Fuel Cleaning. Desulfurization and denitrification of fuels are emerging as source controls. The greatest
potential for fuel cleaning has been demonstrated for coal. The current findings show minimal benefits from
cleaning other fuels such as natural gas and fuel oil (36, 37).

Desulfurization. The most effective desulfurization process is coal cleaning. Sulfur occurs in coal primar-
ily as organic sulfur, which is chemically bound to the coal, and also as inorganic sulfur, which is found in
discrete particles of pyrite in the coal.

Physical coal cleaning removes ash-forming impurities along with pyrite. Generally, the process involves
crushing the coal to a size whereby mineral and coal particles may be separated using differences in density
or surface properties. Most separation techniques use density as the design parameter; the actual separation
process may be a hydraulic jig, hydroclone, froth flotation system, concentrating table, dense-medium ves-
sel, or classifier (38—41).

Chemical coal cleaning is being developed to complement the desulfurization gains by physical cleaning
methods. In contrast to physical cleaning, the developing technology and associated costs will likely limit
the use and/or effectiveness of chemical coal cleaning (36, 40, 41).

Denitrification. Seemingly, fuel denitrification of coal and heavy oils could be used to control nitrogen
oxide emissions, but current technology is limited. Some marginal secondary benefits have been observed
as a result of desulfurization processes (39).
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Process Modifications. Since most gaseous emissions are the result of combustion processes, the system
should be thoroughly evaluated for opportunities to improve efficiency. Increased efficiency reduces fuel costs
and the quantity of fuel-derived pollutants. Also, more complete use of fuel leads to less volatile emissions.

Sulfur and, in particular, nitrogen oxide emissions are sensitive to combustion operating conditions and
equipment design. For example, modified operating conditions for nitrogen oxide control include low excess
air, off-stoichiometric or staged combustion, flue gas recirculation, reduced air preheat, reduced firing rate,
and steam or water injection. Equipment modifications include burner design and spacing (36, 37).

Fluidized bed combustion is a primary alternative to conventional practice. Table 4.21 provides a com-
parison of advantages and disadvantages of fluidized bed combustion compared with conventional boilers.
Research and development efforts are addressing atmospheric and pressurized systems.

Absorption

Air pollution control by absorption is the process whereby one or more gaseous contaminants are selectively
dissolved into a relatively nonvolatile liquid. The liquid contains less than the equilibrium concentration of
the gaseous component. Absorption is a major chemical engineering unit operation and is covered in many
technical references.

In some cases, the effluent from an absorber can be reprocessed to recover a usable by-product; however,
more often it is simply discharged to a wastewater treatment system. Absorption is commonly used to con-
trol emissions of sulfur dioxide, hydrogen sulfide, hydrogen chloride, chlorine, ammonia, and nitrogen ox-
ides. Organics may also be absorbed, but their removal is more dependent on liquid solvent selection and
subsequent wastewater treatment capabilities.

Absorption is categorized as chemical or physical. Chemical absorption occurs when there is a reaction
between the absorbed gas and the liquid solvent. Physical absorption occurs when the absorbed gas merely
dissolves in the liquid solvent. Typical liquid solvents include water, mineral oils, and specially prepared
aqueous solutions.

Flue gas desulfurization is an important application of absorption processes. Eight specific absorption
processes are summarized in Table 4.22 and illustrated by referenced schematic diagrams in Figures 4.27 to
4.33.

Absorber Systems. Gas absorption systems are designed to maximize contact between the gas and liquid
solvent in order to permit interphase diffusion of the materials. Absorbers found to adequately disperse the
liquid include packed towers, plate or tray towers, spray chambers, and venturi scrubbers.

TABLE 4.21 Advantages and Disadvantages of Fluidized Bed Combustion (36, 37)

Advantages:

Compact size yielding low capital cost, modular construction, factory assembly, and low heat transfer area.
Higher thermal efficiency including higher heat release and heat transfer.

Potentially efficient control of sulfur oxides by direct contact of coal with a SO, absorber.

Lower combustion temperature resulting in less fouling and corrosion and reduced NO, formations.
Fuel versatility including a wide range of low-grade fuels, such as char from synthetic fuels processing.
Adaptable to a high-efficiency gas—steam turbine combined power generation cycle.

. Waste solids are in dry form.

Disadvantages:

1. Large particulate loading in the flue gas.

2. Potentially large amounts of solid waste, SO, absorbent.

3. Limited applied technology beyond that of the petroleum industry.

NounkwLb =
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TABLE 4.22 Absorption Processes for Sulfur Oxide Control

Process Description [lustration
Lime Nonregenerable process with lime slurry. Calcium sulfite and sulfate formed. Figure 4.27
Sludge landfillable (16, 36, 42—45).
Limestone Nonregenerable process with limestone slurry. Calcium sulfite and sulfate Figure 4.28
formed. Sludge landfillable (16, 36, 44—46).
Dual alkali Regenerable process with sodium solution. Calcium sulfite and sulfate formed Figure 4.29
by lime or limestone regeneration. Sludge landfillable (36, 47, 48).
Sodium solution ~ Nonregenerable process with sodium hydroxide or carbonate. Spent absorbent Figure 4.30
of sodium sulfate requires treatment (36, 50).
Ammonia-based  Nonregenerable process with ammonium hydroxide. Ammonium sulfate salable ~ Figure 4.31
by-product. Alternate processes available (36, 51, 52).
Wellman-Lord Regenerable process with aqueous sulfite. Liquid SO,, liquid SO;, sulfuric acid, = Figure 4.32
or elemental sulfur recoverable by-products (36, 51, 52).
Citrate Regenerable process with water enhanced by citric acid and sodium hydroxide Figure 4.33
or carbonate. Liquid SO, or elemental sulfur recoverable by-products (36, 53).
Magnesium oxide Regenerable process with magnesium oxide. SO,, liquid SO,, liquid SO;, or
elemental sulfur recoverable by-products (36, 52, 54).
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FIG. 4.27 Lime flue gas desulfurization process (36).
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FIG. 4.28 Limestone flue gas desulfurization process (36).

When water is the liquid solvent, absorbers are analogous to wet scrubbers used for reduction of particu-
late emissions. Thus, this type of equipment can serve to reduce both types of contaminants. However, this
basis of design will be more specifically directed to one or the other.

Packed Tower Absorber. A packed tower uses any of a variety of packing materials to expose a large (wet-
ted) surface area to the gas stream. The most common and most efficient flow pattern is countercurrent, with
the gas stream Limestone entering near the bottom of the tower and the liquid solvent entering near the top.
Figure 4.34 (page 4.34) illustrates this system.

In practice, the packing tends to be manufactured shapes from materials that are structurally sound,
chemically inert, and relatively inexpensive. Raschig rings are used most often, but other shapes include
Berl saddles, Intalox saddles, Lessing rings, cross-partition rings, and spiral-type rings.

Plate Tower Absorber. Using a countercurrent flow pattern, plate towers utilize multiple plates to produce
stepwise contact for the absorption process. The number of plates is a function of the mass transfer opera-
tion, the degree of removal required, and the desired separation.

The predominant type of plate used is the bubble cap type, which is illustrated in Figure 4.35 (page 4.59).
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FIG. 4.29 Dual alkali flue gas desulfurization process (65).

As the liquid solvent flows across the plate at a controlled depth, the gas stream flows through the periphery
slots in the bubble cap and into the solvent.

Spray Chamber Absorber. The spray-type absorber also uses a countercurrent flow pattern where the gas
stream flows upward through a fine spray of the liquid solvent. The surface area for absorption is simply the
surface of the spray droplets. Since fine droplets are required for surface contact, the solvent is susceptible
to entrainment in the gas stream. Perhaps the best application of spray chamber absorbers is as a pretreat-
ment for other more effective (and expensive) systems.

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.
Any use is subject to the Terms of Use as given at the website.



AIR QUALITY CONTROL

4.54 CHAPTER FOUR

Exhaust

‘ Reheat I

1O IE000480000008

@ Absorber
NaCo3 Flue gas

or Fan
NaOH
storay
:’Reﬁirculatlon
an
Water Pump
Bleed
off | (' Treatment or
Pump disposal

Liquor ——m
storage

Pump

FIG. 4.30 Sodium solution flue gas desulfurization process (36).

Venturi Absorber. Dispersion and mixing of the gas stream and liquid solvent by a venturi absorber is
achieved by injecting the solvent into the gas stream as it passes through the venturi or the converse. The rel-
atively short contact time limits the use of venturi absorbers to pretreatment for gaseous contaminant control.

Absorber Design. Removal of gaseous pollutants by absorption involves three operations.

1. The pollutant is diffused through the gas stream to the surface of the liquid solvent.
2. The pollutant is dissolved into the liquid solvent at the gas—solvent interface.
3. The dissolved pollutant is diffused from the interface into the mass of liquid solvent.

The basic relationship of the absorption process is expressed as:

N, =Kgp —p) K(C; - C)

where N, =mass transfer coefficient
K =reaction coefficient for gas
p = partial pressure of gas
p; = partial pressure of gas at interface
K = reaction coefficient for solvent
C; = concentration in solvent at interface
C = concentration in solvent

The equilibrium condition occurs at the gas—solvent interface. One approach, the two-film concept, consid-
ers that a hypothetical film exists on each side of the interface. Figure 4.36 (page 4.60) illustrates the two-
film model.
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FIG. 4.31 Ammonia-based flue gas desulfurization process (36).

Detailed design information is available from suppliers and mass transfer technical references. The fol-
lowing addresses more general design considerations. For example, Table 4.23 (page 4.60) lists design con-
siderations for the more commonly used packed tower and bubble cap plate absorbers.

The absorption rate is normally improved by greater surface contact, higher liquid-to-gas ratios, higher
gas concentrations, and lower temperatures. The physical properties of the reaction are affected by common
characteristics such as diffusion, viscosity, and density. Respective flow rates and temperatures are impor-
tant operating conditions.

Adsorption

The phenomenon whereby a gas molecule is retained by either chemical or physical forces is known as ad-
sorption. The mechanism of adsorption is complex and is discussed in numerous references and elsewhere
in this handbook with respect to water and wastewater treatment (/, /9, 36, 55).

The adsorbing material, or adsorbent, is naturally most important, and its primary characteristics are a
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FIG. 4.32 Wellman—Lord flue gas desulfurization process (7).

preferential affinity for the contaminant(s) of concern and a large ratio of surface area to volume derived
from a highly porous composition. Activated carbon is the most commonly used adsorbent, and alumina,

bauxite, and silica gel are examples of other

adsorbents.

Activated carbon adsorbs organic gases and vapors, with and without the presence of water. In the ab-
sence of water vapor, silica gel adsorbs organic and inorganic gases. When water vapor is present, alumina,
bauxite, and silica gel remove water from the gas and, thus, perform a drying function. Gas adsorption prac-
tice normally focuses on the removal of volatile organic compounds using activated carbon.

The adsorptive capacity of the activated carbon system is favored by the following relative conditions

Higher-molecular-weight compounds
Unsaturated compounds

Cyclical structured compounds
Lower operating temperature

Higher compound concentrations
Lower vapor pressures
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FIG. 4.34 Countercurrent packed tower absorber.

Adsorption isotherms are used to express a specific abatement scheme by showing the amount of contami-
nant adsorbed with respect to equilibrium pressure or concentration at a constant temperature.

Adsorber Systems. The two most common adsorber systems use fixed bed and fluidized bed units. Other
types and configurations are available as supplier options.

Fixed-Bed Adsorber. In the simplest case, a fixed-bed adsorber works as a batch operation using a single
adsorber unit. As a minimum, the system must have two units so that one is operable during the time re-
quired to regenerate the parallel unit. Figure 4.37 (page 4.61) illustrates this configuration. Multiple adsor-
bers may be used in series, provided a “standby” unit is available.

The progression of adsorption through the unit begins near the inlet and moves toward the outlet. Break-
through is the term used to describe when traces of contaminants are leaving the adsorber unit and signify-
ing that the parallel standby unit should be placed in service.

Fluidized-Bed Adsorbers. Continuous adsorption is obtained by use of fluidized-bed adsorbers with coun-
tercurrent flow of the gas stream and adsorbent. Gas enters the bottom of the adsorber unit and flows axially
through the unit. Fresh or regenerated adsorbent is added at the top of the unit while there is a continuous re-
moval of spent or saturated adsorbent removed at the bottom. Adsorbent regeneration occurs off-line.

Adsorber Design. For a specific application, adsorbent suppliers and equipment manufacturers are often a
good source of design data related to performance of similar facilities. Technical literature may be used, but
adsorption references are generally more focused on adsorption from liquids than from gas streams.

Even though there are a variety of adsorbents used to remove a very wide range of vapor and gaseous
compounds, adsorber design may still be discussed with respect to three steps: (1) pretreatment, (2) adsorp-
tion, and (3) regeneration.

Pretreatment. Adsorber units are not suited for treatment of gas streams with appreciable amounts of par-
ticulates. Alternate systems, such as scrubbers, may be used to remove particulates, and organics may be re-
moved with fabric filters, or by pretreatment before going through an adsorber unit.
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Since the adsorption process favors lower temperatures, heat exchangers are needed if the temperature
significantly exceeds about 40°C (100°F).

Dehumidification is a pretreatment process that is normally utilized to maintain relative humidity below
50% so as to minimize the competition of water vapor for adsorption sites in activated carbon systems. Oth-
er systems, such as one using silica gel, require total removal of water vapor before pollutant adsorption be-
gins.

When dealing with volatile organic compounds, the design should evaluate flammable or explosive po-
tential in the gas stream and there should be consultation with the insurance carrier if there may be a prob-
lem. Lower explosive limit (LEL) data are published for many individual compounds (56). A rule of thumb
is to limit volatile organic compound concentrations to 10,000 ppmv (79).

Treatment. The primary treatment process requires definition of the adsorbent best suited for the gas
stream, the quantity of the adsorbent, the sizing of the adsorber units, and the piping system and other ap-
purtenances.
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The quantity of adsorbent is based on the adsorption isotherm and pollutant concentration. The number
of adsorber units, cycle time, emission flow rate, and molecular weight also enter the calculations. Typically,
a safety factor is applied to compensate for fluctuations in the emission stream characteristics and adsorp-
tion capacity reductions following repeated regeneration.

Regeneration. Normally, regeneration is accomplished by exposing the adsorbent to high temperatures in
the adsorber unit or a special off-line system. For activated carbon, steam regeneration is common practice,
and a downstream condenser is used to capture the desorbed pollutants.

The design should use a cost-effective analysis to develop the regeneration system, if, in fact, one is eco-

TABLE 4.23 Design Considerations for Gas Absorbers

Packed tower absorber Bubble cap plate absorber
Packing material Plate spacing

Packing volume Number of plates
Packing placement Liquid flow rate

Liquid distribution Gas flow rate

Liquid flow rate Superficial slot velocity
Gas flow rate Bubble cap spacing
Tower diameter Type of bubble cap
Tower height Weir lengths

Pressure drop Pressure drop

Column weight Liquid disposition
Liquid disposition
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FIG. 4.37 Fixed-bed carbon adsorption system.

nomically favored. For smaller units, the economics may favor replacement of adsorbent with new product.
For other cases, only partial regeneration may be justified.

Condensation

In specific cases, contaminants in the form of gases and vapors can be effectively controlled by condensa-
tion. In other cases, a condenser is used for pretreatment to reduce the load or potential operational problems
with other (often more expensive) air pollution control equipment.

Vapors are condensed to a liquid phase by either increasing the system pressure without a change in tem-
perature or by decreasing the system temperature without a pressure change. Air pollution control con-
densers typically employ the approach of removing heat from the vapor emission.

Condenser Systems. Condensers are categorized as being a contact or surface type. In a contact con-
denser, the vapors, coolant, and condensate are all mixed inside the unit’s shell. On the other hand, surface
condensers operate without the coolant coming in direct contact with the vapor or condensate.

Contact Condensers. Three common types of contact condensers are barometric, spray, and jet units.
Each is relatively simple to build and operate, and the coolant is typically water.

The barometric condenser works on a countercurrent flow with the vapor emission entering near the bot-
tom of the unit with a cascading water coolant flow from the upper reaches of the unit. The spray condenser
functions with an upflow of the vapor emission through a group of spray nozzles; generally, this unit is sim-
ilar to a wet scrubber design for removal of particulate matter. A high-velocity jet condenser uses a vapor to
enhance mixing of the water coolant with the emission stream.

Despite many advantages of contact condensers over surface condensers, there are two significant disad-
vantages. One is that contact units require a large volume of coolant, perhaps 10 to 20 times more than a sur-
face unit. The other is that correction of an air pollution problem has now created water pollution problems.
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Due to the volume of condensate requiring treatment, it is often too expensive to justify continued use of
contact versus surface condensers.

Surface Condensers. Most surface condensers are of the shell-and-tube type. Manufacturers provide units
with tube-bundle configurations, which may be horizontal and/or vertical in alignment. Figure 4.38 illus-
trates a shell-and-tube condenser with a vertical tube-bundle alignment.

Cooling waters flow inside the tubes while vapors condense on the shell side. For surface condensers, the
cooling water or other coolant is often reused, since it has not been contaminated by the condensate. A cool-
ing tower or other heat dissipater is needed to dissipate heat gained in the condenser.

In addition to the surface condenser’s advantage of producing a relatively small volume of condensate for
wastewater treatment, the surface condenser may be recovering a condensate that can be recycled to the
source as a recovered by-product.

Condenser Design. The design approach and complexity depends on the number and nature of condensi-
ble pollutants in the emission stream. Detailed design information is available from suppliers and technical
references (I, 19, 55, 57).

Emission
outlet

|

Coolant
inlet

Condensate

— Gas flow

Coolant
outlet

Emission
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|
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FIG. 4.38 Shell-and-tube condenser.
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The design process involves determination of the condensation temperature required, coolant selection,
condenser sizing, and coolant requirements. If water vapor is present in the emission stream, pretreatment is
needed for dehumidification, such as by heat exchanger, so that water (or, in some cases, ice) will not inter-
fere with the condenser’s purpose of removing vapor contaminants.

Flaring

For some time, flares (open flames) have been used to burn waste gases that are not economical to recover or
are the results of intermittent, uncertain, or emergency process operations (19, 58).

Flare Systems. The more common types of flares are steam-assisted, air-assisted, and pressure head. Typi-
cally, the flare operation is classified as smokeless, nonsmokeless, or fired.

Smokeless operations are needed for destruction of organics that are heavier than methane, and they
normally use steam or air to provide efficient mixing to complete the combustion process. The nonsmoke-
less operation is simply the burning of material that produces smoke. Fired (also called endothermic) flares
are those that require additional energy to provide complete combustion. Steamassisted, smokeless flares
are the most frequently used and are the focus of this section. Figure 4.39 illustrates a typical system.

The first treatment process component in the typical flare system is a knockout drum to collect water
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FIG. 4.39 Steam-assisted flare system schematic (/9).

Downloaded from Digital Engineering Library @ McGraw-Hill (www.digitalengineeringlibrary.com)
Copyright © 2004 The McGraw-Hill Companies. All rights reserved.
Any use is subject to the Terms of Use as given at the website.



AIR QUALITY CONTROL

4.64 CHAPTER FOUR

droplets, which may extinguish the flare, and organic droplets, which can produce burning particles in the
final emission. Next, a water seal, stack seal, or other means is used to prevent flame flashback during low
emission flow rates.

Flare Design. Under ideal conditions, complete combustion of volatile organic compounds could occur.
However, in practice, the designer’s goal is to achieve 98% or greater efficiency. Studies have shown that a
minimum of 11,200 kJ/m?3 (300 Btu/ft?) of net heating value is required for steam- (and air-) assisted flares.
(For unassisted flares, multiply by 0.667.) Often, an active or standby supplemental fuel, such as natural gas,
is necessary to maintain heating values in the emission stream.

For design of steam-assisted flares, calculations are needed to determine supplementary fuel require-
ments, flare gas flow rate, flare gas heat content, flare gas exit velocity, and steam requirements. Equations
are presented based on U.S. Customary units; conversion factors are 1.06 kJ/Btu, 0.0283 m3/ft3, and 1.61
(N-m3/h)/(scfm).

Supplemental Fuel Requirements. When a supplemental fuel supply is needed, the following equation
may be used to calculate the natural gas flow rate:

(300 4,)0,
I 582

where O, = natural gas flow rate, scfim
h, = emission heat content, Btu/scf
0, = emission flow rate, scfm

If h, is greater than or equal to 300 Btu/scf, O, equals zero.

Flare Gas Flow Rate. The flare gas flow rate, Qg,, is equal to the sum of the emission flow rate 9, and
the flow rate of any required supplemental fuel Oy

Flare Gas Heat Content. When the emission heat content 4, is 300 Btu/scf (design minimum) or more,
the flare gas heat content A, equals /.. Otherwise, supplemental fuel is added to increase the heat content
such that 4, equals &g, equals 300 Btu/scf.

Flare Gas Exit Velocity. In order to maintain flame stability, very low flare gas exit velocities should be
avoided; a minimum recommended velocity is 0.03 ft/s (59). Using flare exit velocity as a function of heat
content, Table 4.24 provides guidance on maximum flare gas exit velocities, U,,,,.

The exit velocity calculation begins with

3.0604, .

Upe =
g Dtip2

TABLE 4.24 Flare Gas Exit Velocities (/9)

Flare gas heat content™ /g, Btu/scf Maximum exit velocity, Uy, ft/s
hge <300 —
300 = hg, < 1,000 3.28 [10(0-0118%£1g+0.908)]
hge = 1,000 400

*If no supplementary fuel is used, /g, = A,.
"Based on studies conducted by EPA, waste gases having heating values less than 300 Btu/scf are not
assured of achieving 98% destruction efficiency when they are flared in steam-assisted flares.
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where Up, = flare gas exit velocity, ft/s

Onga = flare gas flow rate at actual conditions, acfm
Dy;,, = flare tip diameter, in
Knowing the flare gas temperature Ty, (°F), the actual flow rate condition is

_ Qﬂg(Tﬂg + 460)
flg.a 530

Steam Requirements. The mass-to-mass ratio of steam to gas may range from 0.15 to 0.50. In order to
achieve the desired 98% combustion, a ratio of 0.4 1b steam per pound of flare gas is recommended (60).
The steam flow equation is

0, =1.03 X103 x Qg x MWy,
or
0,=1.03 x103(16.70,+ Q. MW,

where Q, = steam requirement, Ib/min
MW = mean molecular weight, Ib-mole

Incineration

Incinerators, also called afterburners, use combustion to convert combustible (volatile) gases, vapors, and/or
particulates to carbon dioxide, water, and ash. Primary applications are for control of volatile organic com-
pounds, including hazardous wastes, and odorous compounds, but the applications are sensitive to sources
that do not have low gas flow rates and low particulate concentrations. Generally, incineration is not cost-
and energy-effective for the sole removal of particulate matter. Also, emissions containing significant quan-
tities of such pollutants as halogens and sulfur will require scrubbers or other control devices for treatment
of flue gases (1, 8, 19).

Incinerator Systems. Two basic types of incinerators are used as air pollution control devices: thermal (di-
rect-fired) and catalytic. In both cases, the process requires supplementary fuel, since the gas stream
volatiles are almost always below concentrations required to sustain combustion. In addition, due to operat-
ing problems, catalytic incinerators are severely limited in applications with a very high concentration of
particulates.

Thermal Incinerators. Thermal incinerators operate at high temperatures and are widely used. The com-
bustion temperature and residence time are the primary variables affecting the incinerator’s destruction effi-
ciency. Figure 4.40 is a schematic diagram of a typical thermal incinerator system with a heat exchanger. Di-
Iution air, combustion air, and flue gas treatment features may or may not be required, depending on the
specific application.

Gas characteristics are also important. For example, halogenated compounds require higher temperatures
and longer residence times for complete oxidation than do unsubstituted organics. Table 4.25 presents de-
sign variables for these two conditions.

The flue gas from a thermal incinerator is at a high temperature and contains economically recoverable
heat energy. Typical installations use heat exchangers that provide preheating of the gas emission stream be-
fore it enters the combustion chamber.

Catalytic Incinerators. Catalytic incineration operates by passing a preheated gas stream through a cata-
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FIG. 4.40 Thermal incinerator system schematic.

lyst bed to oxidize the combustible emissions. The catalyst is used to initiate and promote combustion at
much lower temperatures than those required for thermal incineration.

A schematic diagram of a catalytic incinerator system is presented in Figure 4.41. A heat exchanger is
an option for systems with recuperative heat exchange, i.e., heat transfer between two gas streams. Site-
specific conditions define any needs or requirements for dilution air, combustion air, and/or flue gas treat-
ment.

Normally, catalysts are metals of the platinum family that are thinly coated on an inert support material.
The catalyst bed may be a metal mesh mat, ceramic honeycomb, or other configurations designed to maxi-
mize surface area. In some cases, the catalysts may be in sphere or pellet form. Designers are cautioned in
the use of catalytic incinerators for (organic) particulate removal because particulate residue can coat the
catalyst, which reduces the surface area and inhibits the process performance.

In addition to gas characteristics, the performance of a catalytic incinerator is a function of catalyst prop-
erties, operating temperature in and out of the catalyst bed, and space velocity, which is the total volumetric
flow rate entering the catalyst bed divided by the bed’s volume.

Particularly for volatile organic compounds, catalytic incinerators are capable of essentially complete de-
struction of the pollutants. But, cost-effective destruction efficiency values have an upper range of 90 to
95%.

Suggested values and limits for design variables for a fixed-bed catalytic incinerator are presented in
Table 4.26. The minimum bed inlet temperature is designated as 315°C (600°F) to ensure an adequate initial
reaction rate. The minimum temperature at the bed outlet is a function of combustible material concentration
(or heat content); a conservative value of 540°C (1000°F) is designated to ensure an adequate overall reac-
tion rate to achieve the desired destruction efficiency. The maximum outlet temperature is set at 650°C
(12000F) to prevent catalyst deactivation by overheating. For the 90 and 95% destruction efficiency, the

TABLE 4.25 Thermal Incinerator System Design Variables (59, 60)

Nonhalogenated stream Halogenated stream
Required Combustion Combustion
destruction temperature, Residence temperature, Residence
efficiency, % °C (°F) time, s °C (°F) time, s
98 870 (1,600) 0.75 1100 (2,000) 1.0
99 980 (1,800) 0.75 1200 (2,200) 1.0
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FIG. 4.41 Catalytic incinerator system schematic.

space velocities correspond to 0.042 m? (1.5 ft®) and 0.057 m3 (2 ft?), respectively, per 1610 m3/h (1000
ft3/min) of combined gas flow.

Incinerator Design. Some design features, such as operating temperatures, were discussed in the presen-
tation on thermal and catalytic incinerators. Discussions follow on fuel (heat) requirements and heat recov-
ery. Other design features include incinerator sizing, burner selection, protection systems, construction ma-
terial, and instrumentation.

Supplementary Fuel Requirements. Fuel requirements are determined by a heat balance, using the heat
of fuel combustion and the sensible heat needed to raise the temperature of the gas and its combustibles up
to the required temperature for the desired level of destruction efficiency. The heating value of the com-
bustible emissions (and recovered waste heat) is deducted to determine the net supplementary fuel require-
ments.

Heat Recovery. Generally, heat recovery from the flue gas is cost-effective. Heat recovery equipment is
classified as either recuperative or regenerative. Recuperative systems recover heat continuously and operate
in a concurrent, countercurrent, or crosscurrent mode. Fixed- or moving-bed regenerative systems provide
heat recovery on an intermittent basis through alternate heating and cooling of a solid. Thus, air and flue gas
flows are periodically reversed.

TABLE 4.26 Fixed-Bed Catalytic Incinerator System Design Variables

Required Temperature at Temperature at the
destruction the catalyst bed catalyst bed outlet’ Space velocity,
efficiency, % inlet?, °C (°F) °C (°F) SV, h!
90 315 (600) 535-630 (1000-1200) 40,000¢
95 315 (600) 535-630 (1000-1200) 30,0007

“Minimum temperature of combined gas stream (emission stream + supplementary fuel combustion products) entering the cat-
alyst bed is designated as 315°C (600°F) to ensure an adequate initial reaction rate.

bMinimum temperature of flue gas leaving the catalyst bed is designated as 535°C (1000°F) to ensure an adequate overall re-
action rate to achieve the required destruction efficiency. Note that this is a conservative value; it is in general a function of the
HAP concentration (or heat content) and a temperature lower than 535°C (1000°F) may be sufficient to achieve the required de-
struction level. Maximum temperature of flue gas leaving the catalyst bed is limited to 630”C (120°F) to prevent catalyst deacti-
vation by overheating.

¢Corresponds to 0.04 m3 (1.5 ft?) of catalyst per 1610 N-m3/h (1000 scf/min) of combined gas stream.

4Corresponds to 0.06 m? (2.0 ft?) of catalyst per 1610 N-m3/h (1000 scf/min) of combined gas stream.

Source: Refs. 59, 61, 62.
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FUGITIVE EMISSIONS

In individual cases, fugitive emissions may be sufficient to cause violations of ambient air quality stan-
dards even after implementation of source controls. This is particularly likely with respect to emissions of
particulate matter. The sources of fugitive emissions are categorized as fugitive industrial process (particu-
late and chemical) emissions or as fugitive dust (8, 63—68).

Fugitive Industrial Particulate Emissions

Particulates from an industry-related activity that are not collected through a primary exhaust or control sys-
tem are known as industrial process fugitive emissions. The primary control techniques are ventilation sys-
tems, process optimization, and suppression.

Fugitive Particulate Sources. Industrial particulate fugitive emissions may originate from indoor or out-
door operations. The indoor sources include materials handling, storage activities, and other industrial oper-
ations, and outdoor sources include mining operations, rock crushing, sandblasting, and other activities.
Table 4.27 lists a number of emission sources and shows applicable control techniques.

Emission Controls. As shown in Table 4.27, ventilation and collection, process optimization, and wet sup-
pression are the primary controls for industrial process fugitive emissions. The evaluation of control alterna-

TABLE 4.27 Industrial Process Fugitive Emission Sources and Applicable Control
Techniques (63)

Ventilation and Process Wet
Source collection optimization suppression

Material handling

Transferring or conveying

Loading—unloading

Storage

Bagging or packaging
Material crushing and screening
Mineral mining

Drilling

Blasting X

Extraction

Waste disposal (tailings) X
Metallurgical operations

Furnace charging

Furnace tapping (product and slag)

Casting

Mold preparation

Casting shakeout

Slag disposal

Sintering

Coke oven charging

Coking (leaks)

Coke pushing X

Coke quenching

LI
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Lol I I ]

>
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>
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>
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tives is site-specific and involves consideration of the industrial process and facilities, the characteristics of
the emission(s), and the secondary impacts of the control techniques.

Ventilation Systems. Localized enclosures and hoods and building ventilation are two techniques to
control sources of industrial process fugitive emissions. The former is generally most desirable and cost-
effective.

Common sources amenable to localized controls include processes such as (8, 63, 64, 69-71):

® Materials handling: Conveyors, elevators, feeders, loading and unloading, product bagging, and storage
silos
® Solids beneficiation: Crushing, screening, and other classifying operations

These and other sources are included in Table 4.27.

Several examples are used to illustrate localized controls. Figure 4.42 shows a covered conveyor with ex-
haust hoods; production transfer points require special attention. In Figure 4.43, alternate systems for a con-
veyor loading a hopper with a storage bin are presented. A related case of a chute loading a storage bin is il-
lustrated in Figure 4.44. The last control example is the use of a hood at a bag-filling operating, as shown in
Figure 4.45.

In practice, the closer the hood is to the dust source, the better the collection efficiency and the less air is
needed for the collection process. Enclosures and associated exhaust hoods should be designed to provide a
smooth flow of air at an appropriate control velocity.

The capture velocity is usually based on published data for velocities of released particles and on the ve-
locity of ambient air. The potential impact of capture velocity on uptake of valuable process products should

o ——
1- T }' 7 Rubber

. skirt
80 gm min. i —i /J\r// 77

o

- D

Cover conveyor between transfer points.
Exhaust at transfer points as required.
Exhaust minimum additional 0.5 m%s per inch of
belt width at a maximum of 9-m intervals.
Entry loss = entry loss factor for tapered
hood X duct velocity pressure.
Duct velocity = 1100 m/min minimum.

9 m max.

FIG. 4.42 Belt conveyor ventilation for fugitive emissions control (72).
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loading point

FIG. 4.43 Conveyor-hopper-bin ventilation for fugitive emissions control (72).

The ventilation system design considers the relationship of velocity and volume. When collection is near
the source, systems using high velocity and low volume are generally preferred, since they have minimal re-
quirements for ductwork, pollution control equipment, and makeup air. Requirements for higher air volumes
are increased when the collection point is more remote from the source.

The more localized ventilation systems will generally use dry dust collectors, such as cyclones and fabric
filters. Dry collectors have the advantage of relatively low life-cycle costs and ease of collected dust dispos-
al.

Ventilation controls for an entire building, or segregated portion thereof, may be the only feasible ap-
proach when there are numerous minor sources combining to cause a problem situation. Fabric filters are
normally used for removing particulates. Due to the large airflow rates required and a potential for unsafe
occupational exposure, general area ventilation systems are not a first choice alternative.

Process Optimization. Many options are available to industry on a case-by-case basis to control fugitive
emissions. Generalized approaches include proper operation and maintenance of plant equipment, prompt

Q

Locate remote from
loading point

-

Chute
to bin

FIG. 4.44 Chute-bin ventilation for fugitive emissions con-
trol (72).
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W x

Hood attached to bin

Scale support

FIG. 4.45 Bag-filling ventilation for fugitive emissions control
(72).

cleanup of spillage before it becomes airborne, and partial or complete seclusion and/or shielding of fugitive
dust sources.

Suppression. Conventional systems using water, chemicals, or foam and special systems, such as electro-
statically charged fog, are used to suppress fugitive dust in material handling and beneficiation processes.
Chemical additives to water and foam systems are more expensive than water systems but offer the advan-
tage of being more long lasting (63-65, 69, 73, 74).

Fugitive Industrial Chemical Emissions

As with particulates, fugitive chemical emissions, as gas or as liquid emitting gas, may occur as an uncon-
trolled release from an industrial process, and similar control approaches to those used for particulates may
apply. For instance, emissions from a plating tank may be controlled with more effective use of hoods and
local ventilation techniques.

Fugitive emissions may also come from leaking equipment. This requires a more unique control technol-
ogy, such as containment or source control. This is the focus of the following discussion (67, 68, 75).

Fugitive Chemical Sources. There are many potential sources of fugitive emissions in the chemical
process and similar industries have many potential sources of fugitive emissions. Categorically, the pollu-
tants of most concern are volatile organic compounds.

A problem arises when a number of relatively small sources from equipment leaks and other nonprocess
sources accumulate to an undesirable level. Typical sources include leaks from
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Valves

Pumps

Compressors
Pressure-relief valves
Sampling connections
Open-ended lines
Flanges

Table 4.28 provides a comparison of emissions from these sources in terms of individual source emission
factors and of total source contribution for volatile organic compounds (VOCs).

Source Controls. Since emission control of these equipment-related sources is unit-specific, control tech-
niques are discussed by source category.

Valves. With the exception of check and relief valves, a stem is used to operate an industrial process
valve. A source of a fugitive gas emission comes from a failure of the stem seal. The failure may be caused
by improper installation, deterioration over time, and/or wear from use.

Typically, packing glands are used to seal the stem. A wide variety of packing materials are available for
site-specific applications. An alternative approach is to use O-rings, which are adaptable to a smaller range
of conditions.

Repair varies from simple to complex techniques used on-line, to off-line repair, to complete replacement
of the valve and sealant system. Figure 4.46 illustrates primary valve maintenance points for a stemmed
valve.

Special valves are available that are designed for little or no leak potential. Bellows sealed and diaphragm
valves are two examples and are illustrated in Figures 4.47 and 4.48, respectively. The bellows sealed valves
are the least prone to leaking.

Pumps. The typical fugitive gas emissions from pumps occur as a result of sealant failure where the mov-
ing shaft meets the stationary casing. The common sealants are packed and mechanical seals.

Reciprocating and rotating shafts successfully use packed seals. Figure 4.49 illustrates a typical design of
a packed seal. Lubricants are required between the moving shaft and the stationary packing to control fric-
tion-generated heat between the two materials.

The potential for leaks is further reduced by use of mechanical seals; however, these seals are used only

TABLE 4.28 Comparison of Fugitive Emissions from Equipment Types (68)

Percent of total

Emission factor, VOC fugitive

Equipment type Process fluid kg/h emissions
Valve Gas/vapor 0.0056 47

Light liquid 0.0071 }

Heavy liquid 0.00023
Pump Light liquid 0.0494 } 16

Heavy liquid 0.0214
Compressor — 0.228 4
Pressure-relief valve Gas/vapor 0.1040 9
Sampling connection — 0.0150 3
Open-ended line — 0.0017 6
Flange — 0.00083 15

100
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FIG. 4.46 Primary maintenance points for a valve stem (72).
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FIG. 4.47 Typical design of a bellows sealed valve (72).
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Diaphragm

Diaphragm

Disk

FIG. 4.48 Typical design of diaphragm valve (67).

with rotating shafts. Leak potential may be further reduced by utilizing dual redundant seals. Mechanical
seal designs incorporate a lapped seal face between a stationary element and a rotating seal ring. Figures
4.50 and 4.51 show key elements of a basic design for a single pump seal and of alternate designs for dual
seals. Close tolerances are a must for effective use of mechanical seals.

Canned-motor, diaphragm, and magnetic-drive pumps have unique operating characteristics that do not
require a sealant to control leakage.

Compressors. Most concepts for fugitive emission control from pumps apply to compressors. Typical

Gland

Pump ring
stuffing
box

Stationary

_,&\. element

+ m ] QNN RO Possible

YT St
I ON i g — s

Fluid
end

Shaft / \_, Rotating

FIG. 4.49 Typical design of a packed sealed pump shaft (67).
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Packing Possible leak
area

Fluid end

Pump stufting box \— Packing gland

FIG. 4.50 Typical design of a single mechanical pump seal (67).

control applications are packed seals for reciprocating compressors and mechanical seals for rotating (shaft)
compressors. Some newer sealing systems include vents to a control device.

Pressure-Relief Devices. A spring-loaded pressure-relief valve is the most common device used to allevi-
ate excessive operating pressures. The valve opens at a set pressure and then reseats when the operating
pressure returns to below the set value. Reseating is often a source of fugitive emissions, and the source may
vary from a single improper reseat to continuous failure due to a degraded seating element. Figure 4.52 il-
lustrates a pressure-relief valve and rupture disk device to control fugitive gas emissions.

A rupture disk pressure-relief device does not allow any emissions until the pressure is so large as to
cause the disk to rupture. Another fugitive emission control scheme is to route any discharge from a pres-
sure-relief device to an appropriate control system or device.

Sampling Connections. Since purging of sampling lines is a source of fugitive emissions, closed-purge
sampling systems should be used. Two such systems are illustrated in Figure 4.53.

Open-Ended Lines. Particularly in the chemical process industry, a plant may have many open-ended
valves and lines to drain, purge, or vent a process fluid. Fugitive gas emission control options include rout-
ing to a control device and/or use of plugs, caps, and blind flanges.

Flanges. Generally, flanges and other connectors are the largest category and most widespread source of
fugitive emissions in a plant. Problems may arise due to use of an improper flange gasket, to assembly defi-
ciencies among connecting parts, or to inadequate tightening of the flange bolts. The flange gasket must be
resistant to expected chemical (corrosion) and physical (thermal) conditions.

Fugitive Dust

Particulates from open sources that become airborne through wind and/or human activity are referred to as
fugitive dust. The primary control techniques include wet suppression, stabilization, and specialized tech-
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FIG. 4.51 Two arrangements of dual mechanical pump seals. (a) Back-to-back arrangement; (b) tandem arrangement

(46).

niques. The special case of fugitive dust control at hazardous waste remedial action sites is discussed in
Chapter 9.

Fugitive Dust Sources. Unpaved roads and construction activities are the primary sources of fugitive dust
that are of concern. These and other sources are listed in Table 4.29, along with common control techniques
for each source.

Dust Controls. In evaluating and selecting the dust control scheme, the designer needs to consider cost ef-
fectiveness and pollutant reduction as well as any possible negative impacts on the area’s environment. The
latter is especially true with respect to applications of chemicals that may degrade ground and/or surface wa-
ters.

Wet Suppression. Plain water has been used for many years to suppress fugitive dust. However, this ap-
proach is only temporary and must be repeated at regular intervals. Other shortcomings include potential un-
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TABLE 4.29 Fugitive Dust Emission Sources and Applicable Control Techniques (63, 67)

Surface
cleaning Good
Wet Speed  transportation operating

Source suppression Stabilization reduction controls Windbreaks  practices
Unpaved roads X X X
Construction activities X X X
Dust from paved roads X
Off-road motor vehicles X
Overburden removal/storage X X
Reclamation efforts X X
Inactive tailings piles X X
Disturbed soil surfaces X X X
Agricultural tilling X

desirable freezing problems in colder areas and inadequate water supplies or sources in arid regions. Wetting
agent additions will increase the effective period of wet suppression and, thus, reduce water demands.

Chemical Stabilization. Particulate release from unpaved roads or other exposed surfaces can be reduced
or prevented by chemical stabilization that binds dust and surface particles to form a protective crust. Chem-
ical suppressants can be categorized as salts, lignin sulfonate, wetting agents, petroleum derivatives, and
special mixtures. Trade names of some tested fugitive dust suppressants are shown in Table 4.30.

Salts, such as calcium chloride, magnesium chloride, and trade name mixtures absorb and retain moisture
in the surface layer. Stabilization from wetting agents and surfactants occurs due to lowering of the surface
tension of water and the resulting rapid penetration into the surface layer. The other dust suppressants tend
to bind fines to larger particles in the surface layer.

Water solution is the normal means of chemical application. The design considerations are

® Application intensity, volume per unit area
® Application frequency, number of applications per unit of time

TABLE 4.30 Classification of Tested Chemical Suppressants (66)

Dust suppressant category Trade name
Salts Peladow
LiquiDow
Dustgard
Oil well brine
Lignosulfonates Lignosite
Trex
Surfactants Biocat
Petroleum-based Petro Tac
Coherex
Arco 2200
Arco 2400
Generic 2 (QS)
Mixtures Arcote 220/Flambinder

Soil Sement
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® Dilution ratio, volume of concentrated chemical to volume of water
® Application procedure, truck-mounted sprays, fixed-spray system, or other means

The implementation alternatives for a chemical stabilization system (for unpaved roads) is presented in
Table 4.31.

The longevity of a chemically stabilized surface is a function of many factors. For example, heavy traffic
(weight, volume, and speed) negatively impacts unpaved roads. Freeze—thaw cycles break down the crust
formed by many binding agents. Heavy rains will remove soluble chemicals from treated surfaces.

Physical Stabilization. In physical stabilization, a cover is placed on exposed surfaces to prevent particles
from becoming airborne from wind or machinery action. For example, rock, soil, slag, straw, or other mate-
rial may be placed over stockpiles or steep slopes (77).

For unpaved roads, ditches, and the like, special fabrics have been developed to stabilize the surface.
These fabrics are also referred to as “road carpet,” and are also used to prevent erosion by runoff.

In lieu of road carpet, gravel is an alternative for stabilizing unpaved dirt roads. Of course, paving is the
most effective control for fugitive road dust (66, 78).

Vegetative Stabilization. The techniques of deploying vegetation to control (water) erosion are also effec-
tive in the stabilization of exposed surfaces to control fugitive dust emissions. In both cases, the area should
not be mechanically disturbed after planting (8, 74, 76).

TABLE 4.31 Implementation Alternatives for Chemical Stabilization of an Unpaved Road (66)

Cost elements Implementation alternatives

Purchase and ship chemical Ship in railcar tanker (11,000-22,000 gal/tanker)
Ship in truck tanker (4000-6000 gal/tanker)
Ship in drums via truck (55 gal/drum)
Store chemical Store on plant property
In new storage tank
In existing storage tank
Needs refurbishing
Needs no refurbishing
In railcar tanker
Own railcar
Pay demurrage
In truck tanker
Own truck
Pay demurrage
In drums
Store in contractor tanks
Prepare road Use plant-owned grader to minimize ruts and low spots
Rent contractor grader
Perform no road preparation

Mix chemical and water in application Put chemical in spray truck
truck Pump chemical from storage tank or drums into application truck
Pour chemical from drums into application truck, generally using
forklift

Put water in application truck
Pump from river or lake
Take from city water line
Apply chemical solution via surface Use plant-owned application truck
spraying Rent contractor application truck
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Specialized Techniques. Some fugitive dust controls are relatively specific to the site and/or situation. Ex-
amples include

Vehicle speed reduction—Iless turbulence
Surface (street) cleaning—reduces reentrainment
Traffic control—reduces vehicle access
Windbreaks—Iessens surface wind speed

Good operating practices

VOLATILE ORGANIC COMPOUND CONTROL

The Clean Air Act Amendments (CAAA) of 1990 increased regulations of volatile organic compounds
(VOCs) and hazardous air pollutants (HAPs). In particular, Section 112 deals with the control of HAPs, by
industry, and lists 188 chemical compounds and groups that must use Maximum Achievable Control Tech-
nology (MACT). Because of groups of compounds in this list, there are actually about 400 regulated HAPs.
Generally, the regulations establish stringent standards that require reductions of emissions by 95-98% and
are loaded with complex record keeping. These regulations include construction and operating permit provi-
sions and allow for emissions averaging.

VOCs: Sources and Effects

Volatile organic compounds refers to emissions that readily vaporize at relatively low temperatures. Stan-
dards have been promulgated for more than twenty commercial source categories. A distribution of VOC
sources in the United States is shown in Table 4.32, for all sources and for stationary sources.

On a mass emission basis, the top fourteen VOCs and HAPs in the United States are (/16):

Toluene m-Xylene Chlorobenzene
Formaldehyde Benzene Acetic acid

Methylene chloride 0-Xylene Trichlorotrifluoroethane
Methyl chloroform Perchloroethylene Trichloroethylene
Ethylene p-Xylene

TABLE 4.32 Sources of VOCs in the United States (116)

Source All Sources, % Stationary Sources, %

Mobile sources 32

Miscellaneous solvent uses 16 23
Surface coating 14 20
Miscellaneous sources 13 20
Petroleum marketing 10 14
Hazardous waste TDSF 8 12
Petroleum refining 3 5
Chemical manufacture 2 3
Industrial processes 2 2

Note: TDSF is treatment, storage, and disposal facilities.
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Mass of emissions alone does not evidence the relative severity of VOCs or other toxic pollutants. The
toxicity of a compound and the degree of exposure are equally important and must be considered together.
For example, toluene is the most emitted compound but is less toxic than benzene, a carcinogen liked to
leukemia. Many VOC compounds are suspected carcinogens.

Characterization

All regulations that aim to limit emissions must define the regulated quantities, whether by quality or con-
centration. Therefore, it is extremely important to consider the testing methods used to arrive at the esti-
mates of emissions before and after the use of controls (/17).

Since all methods result in estimates, with variations due to the test method, statistics should be applied
to interpret data for environmental compliance. The engineer is urged not only to think in terms of produc-
tion process and control technologies, but also the measurement of contamination levels, its estimates and
variations. It is important to arrive at an understanding with regulators on the sampling and testing methods
used, and the way data will be analyzed and conclusions drawn.

Emission Modeling

There are two fundamental aspects of emission modeling. First, an estimation of VOC emissions from a
source is necessary. Second, the dispersion of that emission into the atmosphere must be evaluated with re-
spect to potential impacts on both the public and the environment (/17).

There are many cases in which it is difficult to measure VOC emissions from a source, such as from open
basins. Computer models are often used to estimate emissions. However, there is a wide variation in the re-
sults obtained from differing models, and the selection of models should be critically assessed.

Dispersion of emissions into the atmosphere is especially important with hazardous and toxic materials, as
with odors. Since controls aim to be risk-based, these dispersion calculations should become a part of the eval-
uation of any emission control strategy. Similarly, when applied to odors, these dispersion calculations can be
varied to allow a determination of the limits of emissions to avoid an unwarranted impact on a neighbor.

VOC Control Methods

This section deals with emission control systems applicable to VOC removals, and comments are made on
control technologies applied to VOC emissions. The control technologies for VOC and odor emissions often
are the same (/17).

Before selecting any emission control system, the engineer should be aware of the fundamentals concern-
ing the VOC to be removed, and the performance requirements of the control device. To remove any com-
pound, the engineer should consider a compound’s vapor pressure, solubility in water or other solvents, reac-
tivity, ability to be adsorbed, and its biodegradability. Through a review of these basic characteristics, a good
choice can be made of the logical approach to be used for control.

Source Controls. Since the best approach to pollution control is not to pollute in the first place, each
process emission should be reviewed for controls or formulation changes that can limit VOC emissions. Pol-
lution prevention using source controls has been very effective in decreasing VOC emissions, such as in the
paint and coating, metal finishing, printing, and textile industries.

Collection. Fugitive emissions represent a significant problem in some industries. Careful process design
is required to contain emissions and careful collection system design is required to transport these emissions
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to treatment and control devices. Improperly designed collection systems will result in unnecessary, untreat-
ed emissions. Design of effective collection systems is straightforward, having been dealt with in many text-
books on ventilation and air flow. The engineer is urged to pay attention to the basics and not to compromise
duct and fan design, which may lead to inadequate collection, excessive leaks, high power consumption, or
system fouling.

Condensation. VOC emissions often can be controlled by condensation when present at an adequate con-
centration. Provisions have to be made for removal of particulates and moisture. The selection of the applic-
able condensation temperature will depend on the VOC vapor pressure and the percentage to be removed. A
wide range of condensation temperatures are obtainable from various media, such as air, water, chilled wa-
ter, brines, chilled heat transfer fluids such as glycol, “freon”-type compounds, and liquid nitrogen.

Thermal Oxidation. Thermal oxidation is applicable to VOC removal, particularly where emissions are at
higher concentrations. Most VOCs are flammable and, thus, decrease the need for added heat to achieve the
required thermal oxidation temperatures. Operating costs can be high, and system design should consider
various methods of heat reduction and recovery.

There are numerous types of thermal oxidizers, such as catalytic recuperative, thermal recuperative, cat-
alytic regenerative, and thermal regenerative; flares and rotary concentrators may be used as supplements. In
general, when the concentration of the stream is 15-20% of LEL (lower explosive limit), then both catalytic
recuperative or thermal recuperative are applicable. Above that level, thermal recuperative is preferred. A
rotary concentrator expands the range of applicability of a thermal oxidizer by concentrating the contami-
nant, which decreases the size and operating cost of the thermal oxidation equipment.

Adsorption. Carbon adsorption has wide application in the control of VOCs. However, it has special oper-
ating requirements and high costs, and each application should be carefully examined. Carbon adsorption is
usually a batch operation with multiple beds, allowing for some beds to be regenerated while others are still
on-line. Spent carbon is normally regenerated with steam, and the volatiles are subsequently condensed and
separated.

The advantage of carbon adsorption is that it is versatile and can recover solvents for reuse. Carbon ad-
sorbers are used to treat lower concentrations of emissions than condensers. Also, carbon adsorption is fre-
quently used in hybrid systems for its “polishing” capabilities, after prior stages, such as condensation or
scrubbing, have removed the major contaminants.

Particulates can cause high pressure drops, and heat of absorption must be controlled to avoid ignition.
Moisture greatly limits absorption capacity. Regenerated carbon still retains some residual contaminants,
and therefore, some concentration of contaminants will always pass through.

Carbon absorption is not applicable to compounds with high volatility that boil below 0°C. Less volatile
compounds may have strong attractions to the carbon and are difficult to remove. Care must be taken in de-
sign to avoid exothermic reactions, which can cause hot spots or bed fires.

Wet Scrubbers. There are hundreds of different designs of wet scrubbers. This section will specifically
comment on the applicability of major designs of wet scrubbers to VOC removal.

Recirculating Scrubbers. The most common recirculating scrubbers are packed columns or coarse spray
designs, either in a vertical or horizontal configuration. Vertical packed columns are the most common wet
scrubbers in use. The engineer should avoid conditions that will plug the packing.

Virtually all recirculating wet scrubbers fail at removing VOCs, because whatever VOCs are removed are
subsequently revolatalized. The only way VOCs could be effectively removed would be to use a once-
through operation. In almost all cases for recirculating scrubbers, this is not practical, since the liquid-to-gas
ratio is large.

Possible applications for recirculating scrubbers are: where the VOC is at high temperatures and some re-
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moval can be achieved by the scrubber acting as a direct contact condenser; where the VOC has high water
solubility; and where the VOC can be chemically reacted and bound so as not to revolatalize.

Nonrecirculating Scrubbers. Nonrecirculating or fog scrubbing overcomes problems of high liquid-to-
gas ratios by generating an enormous amount of surface area with fine droplets of less than 10 microns. The
amount of liquid required for effective scrubbing is greatly decreased, often to 1 gal/min per 10,000 cfm
(0.063 L/s per 4.7 m>/s), and this makes a once-through operation practical. This scrubbing technique has
been found to be effective both for removal of VOCs by adsorption to the surface of the droplet and for dif-
fusion into the droplet for solution and chemical reaction.

Biological Systems. A number of VOCs are biodegradable through proper selection of biota, temperature,
moisture, pH, and nutrients, so that the biological medium is active. There are practical limitations of biolog-
ical systems because of the space required, maximum limits of contaminant concentrations, limits of air flow
quantities, and power consumption. Biological media decompose and must be replaced, which adds to the
costs. Nevertheless, biofilters have found applications for VOC control, most often to treat wastewater odors.

Hybrid Systems. There are many combinations of technologies, called hybrid systems, which are more
beneficial than single systems. Examples are: absorption and recycling (where the solvent is water); absorp-
tion in water (using fog scrubbing) and biotreatment; combustion air supplementation; fuel oil absorption
before burning; and concentration/condensation.

ODOR CONTROL

Compounds which produce offensive odors are discussed in this section, with emphasis on alternative con-
trol methods. Odor abatement techniques are similar to those used to reduce gas and vapor pollutant emis-
sions, except that adjustments are needed to accommodate the lower concentrations of odorous compounds.

As a result of the numerous and often interacting aesthetic, analytical, and legal aspects of odor control,
project- and site-specific investigations are vital to determine the level of odor control needed. Then, a de-
sign development phase can be conducted to determine the most cost-effective technique to satisfy the pro-
ject requirements (79-84, 118—122).

Odor: Sources and Effects

Potential sources of odors are as vast as the combination of odorous compounds possible in industrial, com-
mercial, and residential applications. Furthermore, the concentration required for the identification of an
odor is quite varied. (For selected compounds, Table 4.33 illustrates typical odor thresholds.) For example, at
wastewater treatment facilities, hydrogen sulfide (H,S) is the dominant odor. Other forms of sulfur, nitro-
gen, and organic compounds contribute odors, which are released from the water surface in areas of in-
creased turbulence.

In the plant influent, odors emanate from reduced sulfur compounds produced under anaerobic condi-
tions in the sewage collection system or treatment process recycles. Oxidized aldehydes, ketones, and car-
boxylic acids, the result of degradation of carbohydrates, fats, and proteins, also contribute odors. In the pre-
liminary and primary treatment process areas, reduced sulfur compounds are the dominant odor producers.

Screening, grit removal, hydraulic drops across weirs, and turbulence in channels are the primary odor
emission points in wastewater treatment works. Also, sludge digestion and biosolids processing can create
conditions that release odorous compounds during mixing and transfer operations. As air is introduced dur-
ing secondary treatment, oxidized compounds create an earthy, musty odor considerably less offensive than
the reduced sulfur compounds. As a result, secondary treatment processes require less odor control.
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TABLE 4.33 Typical Odor Recognition Thresholds

Compound ppm by volume
Acetaldehyde 0.2
Acetic acid

Acetone 100
Acrolein 0.2
Acrylonitrile 20
Allyl chloride 0.5
Ammonia 50
Aniline 1
Benzene 5
Benzyl chloride 0.05
Benzyl sulfide 0.002
Bromine 0.05
Butyric acid 0.001
Carbon disulfide 0.2
Carbon tetrachloride 20
Chloral 0.05
Chlorine 0.3
0-Cresol 0.001
Dimethylacetamide 50
Dimethylformamide 100
Dimethylsulfide 0.001
Diphenyl sulfide 0.005
Ethanol 10
Ethyl acrylate 0.0005
Ethyl mercaptan 0.001
Formaldehyde

Hydrochloric acid 10
Hydrogen sulfide gas 0.0005
Methanol 100
Methylene chloride 200
Methylene ethyl ketone 10
Methyl isobutyl ketone 0.5
Methyl mercaptan 0.002
Methyl methacrylate 0.2
Monochlorobenzene 0.2
Nitrobenzene 0.005
Perchlorethylene 5
Phenol 0.05
Phosgene

Phosphine 0.02
Pyridine 0.02
Styrene 0.05
Sulfur dichloride 0.001
Sulfur dioxide 0.5
Toluene 5
Trichloroethylene 20
p-Xylene 0.5
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The effects of odors may be as simple as a nuisance or as complex as a threat to life. In between these
conditions, various odors may cause nausea or other forms of illness. In the eyes of the public, any odor rep-
resents the presence of air pollution.

Characterization

The human nose is extremely sensitive to the detection, intensity, and character of odors. Excluding persons
with high sensitivity or insensitivity to odors, “odor panels” are often used to determine threshold concen-
trations. The panel findings of odor threshold may be reported as the effective dosage at which 100%
(EDjg0), 50% (EDs,), and 0% (ED,) of the panelists recognize the odor. The threshold at EDs, is commonly
used.

An odor panel may also report odor units per cubic foot, which is defined as the amount of odorous gas
necessary to contaminate a cubic foot of air to the detection threshold. This approach is analogous to the di-
lution to threshold (D/T) ratio. The D/T level is a ratio of the final air volume after dilution to the odor
threshold of the initial volume of air. A volume of air that is at or below the odor threshold has a D/T value
of one.

Several techniques are available for static or dynamic odor testing. The syringe dilution method is the pri-
mary static test. A very popular dynamic test is the force-choice-triangle olfactometer test, which comes
from industrial sensory-quality control procedures. The American Society for Testing and Materials pro-
vides standardization of odor-testing procedures. Gas chromatography provides an alternate approach to
panels.

The sensation of odor intensity varies logarithmically with the concentration of the odorous compound
and is expressed by the Webber—Fechner equation

I=KlogC

where [ = odor intensity
K = constant
C = odor concentration

This characteristic intensifies the requirement for highly effective control measures and is complicated when
more than one odorous compound is present. The intensities of a mixture of odors may be independent,
counteractive, additive, or synergistic.

Odor Control Methods

To better manage air flows and treat air streams that have similar characteristics, exhaust gases from similar
process areas are often grouped into air handling zones. To estimate the quantities of air to be treated, the
room volume and the number of air changes required to provide adequate odor control and provide protec-
tion from the accumulation of hazardous or explosive gases are determined. For example, fire safety codes
require that a minimum of 12 air changes per hour be provided to wastewater treatment process areas where
people may freely enter. Additional air changes may be required to ensure that negative pressure within a
process building is maintained and odors do not escape. In a pump wet well, 24 air changes per hour are re-
quired. To minimize the buildup of moisture and corrosive gases, the headspace under covered channels and
tanks usually has six to eight air changes per hour.

The various methods of odors control include those presented in Table 4.34. Selection of control alterna-
tives is very source- and odor-type-specific. Also, the point(s) of effectiveness monitoring, such as stack
emission, plant property line, or other locations, should be determined.
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TABLE 4.34 Odor Control Methods

Method Process

Source control Replace or modify operating systems
Absorption Capture by water or other fluids
Adsorption Capture by activated carbon
Biological Oxidation by microorganisms
Chemical Oxidation of odor components
Condensation Cooling of odorous steam
Containment Hold or retain for treatment
Counteraction Diminished in presence of another odor
Dilution Dispersion below threshold levels
Incineration Combustion of odor agent

Masking Superimpose a fragrance

In addition to odor control, the dispersion of the treated exhaust must be done in a manner that minimizes
potential downwind impacts. The stack height must be of sufficient height to avoid the aerodynamic influ-
ences of building cavities and wakes. As a guide, stack heights may equal 1.5 to 2.5 times the height of the
largest nearby building, and exit velocities may range between 45 and 60 feet per second. Actual stack
height designs are determined by dispersion modeling analysis.

Odor/dispersion modeling analyses are performed to validate that selected odor control technologies are
sufficient to meet the plant odor criteria. A dispersion modeling analysis is a mathematical method which
relates the odorous emission from the stack to ambient air concentrations.

The model inputs include the odor emission rates, stack parameters, building dimensions, site layout, sur-
rounding topography, and meteorology. Proximity to property lines also is considered. Site plans, building
configurations, and air flow estimates, developed during design, refine predictions of potential odor impacts
and result in a more comprehensive evaluation of odor control systems. Finally, the height of the stacks for
each air handling zone and/or odor control system is defined.

Source Control. The source of odor may be a raw product, process, and/or housekeeping. Each area
should be examined as an area for odor control by replacement or modification of the operating scheme.

An example of raw product control includes the substitution for low-sulfur fuels to a boiler. In wastewater
treatment, biological treatment processes may be expanded or high-rated to overcome odor-producing prob-
lems. Housekeeping solutions may be as simple as periodic cleaning of equipment and floor spaces.

Absorption. Water or other liquid solutions are used to scrub airstreams in many different applications.
This absorption process requires that the odorous compound be soluble in the scrubbing solution. The
scrubber systems (such as a packed bed) have the added benefit of removing other pollutants from the
airstream. For example, absorption and chemical treatment may be designed to occur simultaneously in the
same odor control scrubber unit; this is a popular approach when odor control is the only air quality control
requirement.

Adsorption. Some solids will adsorb odorous compounds. Common treatment processes use activated car-
bon as the adsorbent. The efficiency is largely a function of temperature, pressure, and flow rate. For exam-
ple, temperatures should not exceed 50°C (120°F). Once the adsorbent becomes loaded with the odorous
compounds, it must be regenerated through chemical or physical means, or it must be disposed of and re-
placed with new adsorbent.
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Other factors that affect the performance of an adsorption system include: the concentration of the odor,
the characteristics of the adsorbent and its quality, the adsorber design, carbon particle size, bed depth, bed
depth-to-diameter ratio, time to breakthrough, and regeneration frequency.

Biological Treatment. Some microorganisms will oxidize odorous compounds; however, performance
data for direct biological odor control is lacking.

Chemical Treatment. Oxidizing agents and lime have application in source control to oxidize the odor-
producing compound and increase its solubility, respectively. Under special controlled conditions, ozone is
used by industry for gas-to-gas odor treatment. Other agents, such as chlorine, chlorine dioxide, and potassi-
um permanganate, are successful odor treatments when added to a gas scrubber (absorption) solution.

Condensation. For odors associated with steam, contact condensers are effective control devices. The con-
densate should be discharged to a sanitary sewer or on-site treatment should be provided to prevent a water
pollution problem.

Containment. Covers or other means of containment may be used to control odors. The emissions from
the contained airstream generally provide a concentrated source of odors for treatment by other methods,
such as scrubbers or incinerators.

Counteraction. When sufficient quantities of a counteractant are mixed with an odorous airstream such
that no odor is distinguished, counteraction control is accomplished.

Dilution. Control of odors by simple dilution can occur with the addition of sufficient fresh air to reduce
the odor concentration to below the threshold level. This method is not likely to be effective unless the quan-
tity and intensity of odor compounds are very small. Tall stacks and heated gas streams have been success-
fully used by the utility industry for dilution of large volumes of gases by plume dispersion. The stack sys-
tems are useful for low concentrations of odor and can be a second-stage system following another control
method.

Incineration. Combustion of odorous compounds is practiced using direct or catalytic incineration. The
approach is especially applicable where there are small quantities of highly intensive odors and there are ex-
isting boilers or incinerators available.

Direct Incineration. Direct fume incineration is a traditional system that provides excellent removal of
odors. The basis of this technology is to raise the temperature of the gas stream to 650 to 800°C (1200 to
1500°F) for a reaction time of less than one second.

The system includes a fuel feed system, open flame burners, combustion zone, and exhaust system. Nat-
ural gas and, to a lesser extent, propane, butane, or other fuels are used. It is important that complete combus-
tion occur, since partially oxidized compounds may be created that are more odorous than the original source.

Catalytic Incineration. The catalytic incinerator operates in the 250 to 500°C (500 to 900°F) range with
an associated smaller fuel demand. The system does not have good application when the gas stream is carry-
ing metals, other solids, or liquids, or when the gas stream contains compounds, or their subsequent by-
products, which will interact with the catalyst. Thus, gas and equipment characteristics must be examined
closely before selection of a catalytic incineration system.

Masking. The masking of odors is accomplished by superimposing a less objectionable odor or fragrance,
or by adding a compound to desensitize the nose. However, the objectionable odor may be more persistent
and cause problems further from the source. Masking has its best application when the odor is of low inten-
sity and of short or intermediate duration.
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INDOOR AIR QUALITY

The control of indoor air quality is an area of increasing interest and concern. Early efforts were directed to
the protection of health for industrial workers. The control measures are very source-specific, such as fume
hoods on plating tanks and in chemical laboratories.

Indoor air contaminants individually may or may not pose a significant health risk, but many commercial
and residential buildings have more than one source contributing to impact indoor air quality.(/123, 124)
Sources that emit gases or particles into the air are the primary cause of indoor air quality problems in build-
ings. Inadequate ventilation can increase indoor pollutant levels by not bringing in enough outside air to dilute
emissions from indoor sources and by not exhausting indoor air pollutants to the outside. High temperature
and humidity levels also may increase concentrations of some pollutants. Table 4.35 provides an overview of
the principal indoor air contaminants, their source, health effects, and typical control techniques.

The principal factors affecting the presence and concentration of indoor air contaminants are:

Indoor sources (e.g., combustion sources and building materials)

Outdoor sources

Natural and mechanical indoor and outdoor air exchanges

Dispersion within the building and its subdivisions

Physical conditions indoors (e.g., humidity and temperature)

Gas and/or particulate reactions dependently and independently in the indoor environment
Building occupants (e.g., metabolism and smoking habits)

The three basic strategies for control of indoor air quality are source control, ventilation improvements
and air cleaners. Generally, the cost of indoor air quality control is least for source control and most expen-
sive for air cleaners.

Most often, the most effective way to improve indoor air quality is to eliminate individual pollution
sources or to reduce their emissions. For example, sources that contain asbestos may be sealed or enclosed,
and others sources, such as gas stoves, can be adjusted to decrease the emissions. Specific sources of indoor
air pollution were listed in Table 4.35.

Increasing the amount of outdoor air coming indoors is another approach to lowering the concentrations
of indoor air pollutants in buildings. For example, most home heating and cooling systems, including forced
air heating systems, do not mechanically bring fresh air into the house. Control alternatives are to open win-
dows and doors, operate window or attic fans, when the weather permits, or run a window air conditioner
with the vent control open to increase the outdoor ventilation rate. Local bathroom or kitchen fans that ex-
haust outdoors remove contaminants directly from the room where the fan is located and thus, increase the
outdoor air ventilation rate.

Source control is particularly important to control air pollutants during short-term activities that can gen-
erate high levels of pollutants, such as painting, paint stripping, heating with kerosene heaters, cooking, or
engaging in maintenance and hobby activities, such as welding, soldering, or sanding. Weather permitting,
these activities may be performed at more suitable facilities equipped with enhanced ventilation systems.

There are many types and sizes of air cleaners on the market, ranging from relatively inexpensive table-
top models to sophisticated and expensive whole-building systems. The effectiveness of an air cleaner is af-
fected by the strength of the pollutant source. Some air cleaners are highly effective at particle removal,
while others, including most tabletop models, are not. Air cleaners generally are designed to remove partic-
ulate pollutants.

The effectiveness of an air cleaner depends on how well it collects pollutants from indoor air and how
much air it draws through the cleaning or filtering element. A very efficient collector with a low air-circula-
tion rate will not be effective, nor will a cleaner with a high air-circulation rate but a less efficient collector.
The long-term performance of any air cleaner requires routine and preventive maintenance.
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TABLE 4.35 Indoor Air Pollutants Overview (123)

4.89

Sources

Health Effects

Control Techniques

Deteriorating, damaged,
or disturbed insulation,
fireproofing, acoustical
materials, and floor
tiles.

Wet or moist walls,

ceilings, carpets, and
furniture; poorly
maintained humidifiers,
dehumidifiers, and air
conditioners; bedding;
household pets.

Unvented kerosene and

gas space heaters;
leaking chimneys and
furnaces; back-drafting
from furnaces, gas
water heaters,
woodstoves, and
fireplaces; gas stoves.
Automobile exhaust
from attached garages.
Environmental
tobacco smoke.

Cigarette, pipe, and

cigar smoking.

Asbestos

No immediate symptoms, but long-term
risk of chest and abdominal cancers
and lung diseases.

Smokers are at higher risk of developing

asbestos-induced lung cancer.

Biologicals

Eye, nose, and throat irritation; shortness
of breath; dizziness; lethargy; fever;
digestive problems.

Can cause asthma, humidifier fever,
influenza and other infectious diseases.

Carbon Monoxide

At low concentrations, fatigue in healthy
people and chest pain in people with
heart disease.

At higher concentrations, impaired vision
and coordination, headaches, dizziness;
confusion, nausea.

Can cause flu-like symptoms that clear
up after leaving home.

Fatal at very high concentrations.

Leave undamaged asbestos material alone
if it is not likely to be disturbed.

Use trained and qualified contractors for
control measures that may disturb
asbestos and for cleanup.

Use fans to vent kitchens and bathrooms
outdoors.

Vent clothes dryers to outdoors.

Clean cool mist and ultrasonic
humidifiers and refill with clean water
daily.

Empty water trays in air conditioners,
dehumidifiers, and refrigerators
frequently.

Use basements as living areas only if
they are leak proof and adequate
ventilation. Use dehumidifiers, if
necessary.

Keep gas appliances properly adjusted.

Consider a vented space heater to replace
an unvented one

Use an exhaust fan over gas stoves,
vented to outdoors.

Open flues when fireplaces are in use.

Have a trained professional inspect, clean,
and tune up central heating system
annually. Repair any leaks promptly.

Do not idle the car inside garage.

Environmental Tobacco Smoke (ETS)

Eye, nose, and throat irritation;
headaches; lung cancer; may
contribute to heart disease.

Specifically for children, increased risk
of lower respiratory tract infections
and ear infections; build-up of fluid
in the middle ear; increased severity
and frequency of asthma episodes;
decreased lung function.

Do not smoke in the building or permit
others to do so.

Do not smoke if children are present,
particularly infants and toddlers.

If smoking indoors cannot be avoided,
increase ventilation in the area where
smoking takes place.

Open windows or use exhaust fans.

(continues)
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TABLE 4.35 Indoor Air Pollutants Overview (continued)

Sources Health Effects Control Techniques
Formaldehyde

Pressed wood products
and furniture made
with these products.
Urea-formaldehyde
foam insulation (UFFI).
Combustion sources
and environmental
tobacco smoke.

Lead-based paint,
contaminated soil, dust,
and drinking water.

Kerosene heaters,

unvented gas stoves
and heaters.

Environmental tobacco

smoke.

Household products
including: paints, paint
strippers, and other
solvents; wood
preservatives; aerosol
sprays; cleansers and
disinfectants; moth
repellents; stored fuels
and automotive
products; hobby
supplies; dry-cleaned
clothing

Eye, nose, and throat irritation; wheezing
and coughing; fatigue; skin rash;
severe allergic reactions.

May cause cancer.

May also cause other effects listed under
“organic gases.”

Lead

Lead affects practically all systems
within the body. Lead at high levels
(at or above 80 micrograms per
deciliter (80 pg/dL) of blood) can
cause convulsions, coma, and
even death.

Lower levels of lead can cause adverse
health effects on the central nervous
system, kidney, and blood cells.

Blood lead levels as low as 10 wg/dL
can impair mental and physical
development.

Nitrogen Dioxide

Eye, nose, and throat irritation.

May cause impaired lung function and
increased respiratory infections in
young children.

Organic Gases

Eye, nose, and throat irritation;
headaches, loss of coordination,
nausea; damage to liver, kidney, and
central nervous system.

Some organics can cause cancer in
animals; some are suspected or known
to cause cancer in humans.

Use “exterior-grade” pressed wood
products (lower-emitting because they
contain phenol resins, not urea resins).

Use air conditioning and dehumidifiers to
maintain moderate temperature and
reduce humidity levels.

Increase ventilation, particularly after
bringing new sources of formaldehyde
into the home.

Keep areas where children play as dust-
free and clean as possible.

Leave lead-based paint undisturbed if it is
in good condition; do not sand or burn
off paint that may contain lead.

Hire a qualified contractor to remove lead
paint.

Do not bring lead dust into the building.

If your work or hobby involves lead,
change clothes and doormats before
entering your home.

Keep gas appliances properly adjusted.

Consider a vented space heater to replace
an unvented one.

Use an exhaust fan over gas stoves and
vented to outdoors.

Open flues when fireplaces are in use.

Have a trained professional inspect, clean,
and tune up central heating system
annually. Repair any leaks promptly.

Use household products according to
manufacturer’s directions.

Provide plenty of fresh air when using
these products.

Throw away unused or little-used
containers

Keep out of reach of children and pets.

Never mix household care products
unless directed by the label.
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TABLE 4.35 Indoor Air Pollutants Overview (continued)

4.91

Sources

Health Effects

Control Techniques

Products used to kill
household pests
(insecticides,
termiticides, and
disinfectants).

Products used on
lawns and gardens
that drift or are
tracked inside the
building.

Earth and rock beneath
foundation; well
water; building
materials.

Fireplaces, woodstoves,
and kerosene
heaters.

Environmental tobacco
smoke.

Pesticides

Irritation to eye, nose, and throat; damage
to central nervous system and kidney;
increased risk of cancer.

Radon

No immediate symptoms. Estimated to
contribute to between 7,000 and 30,000
lung cancer deaths each year.

Smokers are at higher risk of developing
radon-induced lung cancer.

Respirable Particles

Eye, nose, and throat irritation; respiratory
infections and bronchitis; lung cancer.

Effects attributable to environmental
tobacco smoke are listed above.

Use strictly according to manufacturer’s
directions.
Mix or dilute outdoors.
Apply only in recommended quantities.
Dispose of unwanted containers safely.
Increase ventilation when using indoors.
Use nonchemical methods of pest control
where possible
Do not store unneeded pesticides inside
home.
Store clothes with moth repellents in
separately ventilated areas, if possible.

Test building for radon.

Fix building if radon level is 4 picocuries
per liter (pCi/L or higher.

Radon levels less than 4 pCi/L still pose a
risk, and in many cases may be reduced

Vent all furnaces to outdoors.

Keep doors open when using unvented
space heaters.

Have a trained professional inspect, clean,
and tune up central heating system
annually. Repair any leaks promptly.

Change filters on central heating and

cooling systems and cleaners according to
manufacturer’s directions.

The environmental engineer has an important role in the technical assessment and control of indoor air
quality. Because of its widespread occurrence in residences and public interest, radon gas is discussed further.

Radon: Sources and Effects

Radon is a colorless, radioactive, inert gaseous element that occurs naturally from the radioactive decay of
radium atoms found in soils and rocks throughout the world. (Radium and, thus, radon are decay products in
the uranium series.) The radon decay process releases alpha radiation and produces the intermediate prod-
ucts polonium 218, lead 214, bismuth 214, and polonium 214. These products are referred to as radon decay
products, radon progeny, or radon daughters.

Concerns about radon contamination come from studies and research linking the effects of radon expo-
sure to lung cancer. An important health study by the National Academy of Science analyzed the effects of
high exposures to radon and its daughters on underground miners (85). Numerous other studies have been,
or are being, undertaken, especially with respect to residential exposure over time.
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Soil gas is considered the most important contributor of radon, with decreasing levels of contribution
from outdoor air, potable water, and building materials (86). Radon measurements may be taken using rela-
tively simple and inexpensive devices that are commercially available and use charcoal canisters and alpha
track-etch detector techniques. Public and private testing services are also available (87, 88). The informa-
tion in Figure 4.54 is useful in the selection of measuring locations.

Levels of radon below 4 pCi/L are generally recognized as acceptable and require no action. As levels in-
crease toward 200 pCi/L, additional measurements should be made and some mitigation is warranted. High-
er levels indicate a significant enough problem that radon reduction techniques should be implemented.

Residential Radon ReductionTechniques

Radon levels in detached residential houses can be reduced by

1. Preventing the entry of radon gas
2. Ventilating the air containing radon gas

Key to Major Radon Entry Routes

Soil Gas

A Cracks in concrete slab

B Cracks between poured concrete (slab) and blocks
C Pores and cracks in concrete blocks
D Slab-footing joints

E Exposed soil, as in sump

F Weeping tile

G Mortar joints

H Loose-fitting pipes

Building M

! Granite

Water

J Water

Grade level

FIG. 4.54 Major radon entry routes into detached houses (86).
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TABLE 4.36 Summary of Radon Reduction Techniques (86)

Estimated Operating
House annual average conditions
Principle of types concentration Confidence in and
Method operation applicable reduction, % effectiveness applicability References
Natural Air exchange causing All* 90® Moderate Open windows and air 89, 90
ventilation replacement and vents uniformly

dilution of indoor around house

air with outdoor Air exchange rates up to

air by uniformly 2 per hour may be

opening windows attained. May require

and vents energy and comfort

penalties and/or loss
of living space use

Forced-air Air exchange causing All 90° Moderate Continuous operation 89-91
ventilation replacement and of a central fan with
dilution of indoor air fresh air makeup,
with outdoor air by window fans, or
the use of fans local exhaust fans
located in windows Forced-air ventilation
or vent openings can be used to increase

air exchange rates up
to 2 per hour

May require energy
and comfort penalties
and/or loss of
living space use

Forced-air Air exchange causing All 96¢ Moderate Continuous operation 89-93
ventilation replacement and to high of units rated at
with heat dilution of indoor air 25-240 {t*/min
recovery with outdoor air by Air exchange increased
the use of a fan- from 0.25 to 2 per hour
powered ventilation In cold climates units
system can recover up to 70%

of heat that would

be lost through house
ventilation without
heat recovery

Active Provide clean makeup All 0-104 Moderate? Provide outside makeup 94
avoidance- air to household air to appliances such
of house appliances that as furnaces, fireplaces,
depressur-- exhaust or consume clothes dryers, and
ization indoor air room exhaust fans
Sealing major Use gas-proof barriers All Local exhaust Extremely Areas of major soil-gas 92,94,
radon to close off and of the source case entry such as cold 95
sources exhaust/ventilate may produce specific rooms, exposed earth,
sources of soil-gas- significant sumps, or basement
borne radon housewide drains may be sealed
reductions and ventilated by

exhausting collected
air to the outside

Sealing radon Use gas-proof sealants All 30-90 Extremely  All noticeable interior cracks, 92, 96
entry to prevent soil-gas- case cold joints, openings
routes borne radon entry specific around services, and

pores in basement walls
and floors should be
sealed with appropriate
materials

(continues)
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TABLE 4.36 Summary of Radon Reduction Techniques (continued)

Estimated Operating
House annual average conditions
Principle of types concentration Confidence in and
Method operation applicable reduction, % effectiveness applicability References
Drain tile soil Continuously collect, BB Up to 98 Moderate/  Continuous collection of 97
ventilation dilute, and exhaust PCB soil-gas-borne radon
soil-gas-borne radon S using a 160-ft3/min fan
from the footing to exhaust a perimeter
perimeter of houses drain tile

Applicable to houses with a
complete perimeter foot-
ing level drain tile system
and with no interior block
walls resting on subslab

footings
Active Continually collect, BB Up to 99 + Moderate Continuous collection of soil- 97
ventilation dilute, and exhaust to high gas-borne radon using one
of hollow- soil-gas-borne radon 250-ft3/min fan to exhaust
block from hollow-block all hollow-block perimeter
basement basement walls basement walls

Baseboard wall collection
and exhaust system used
in houses with French
(channel) drains

Subslab soil Continually collect and BB 8090, as high Moderate Continuous collection of 92,97,
ventilation exhaust soil-gas- PCB as 99 in to high soil-gas-borne radon 98
borne radon from S some cases using one fan (~100
the aggregate or soil ft3/min, =0.4 in; H,0
under the concrete suction) to exhaust aggre-
slab gate or soil under slab

For individual suction point
approach, roughly one
suction point per 500 ft
of slab area

Piping network under slab is
another approach, might
permit adequate ventilation
without power-driven fan

“BB (block basement) houses with hollow-block (concrete block or cinder block) basement or partial basement, finished or unfin-
ished; PCB (poured concrete basement) houses with full or partial, finished or unfinished poured-concrete walls; C (Crawl space) houses
built on a crawl space; S (Slab, or slab-on-grade) houses built on concrete slabs.

YField studies have validated the calculated effectiveness of fourfold to eightfold increases in air exchange rates to produce up to 90%
reductions in indoor radon.

“Recent radon mitigation studies of 10 inlet/outlet balanced mechanical ventilation systems have reported radon reduction up to 96%
in basements. These studies indicate air exchange rates were increased from 0.25 to 1.3 per hour.

“This estimate assumes that depressurizing appliances (i.e., local exhaust fans, clothes dryers, furnaces, and fireplaces) are used no
more than 20% of the time over a year. This suggests that during the heating season use of furnaces and fireplaces with provision of
makeup air may reduce indoor radon levels by up to 50%.

¢Studies indicate that significant entry of soil-gas-borne radon is induced by pressure differences between the soil and indoor environ-
ment. Specific radon entry effects of specific pressurization and depressurization are also dependent on source strengths, soil conditions,
the completeness of house sealing against radon, and baseline house ventilation rates.

/Ongoing studies indicate that where a house’s drain tile collection system is complete (i.e., it goes around the whole house perimeter)
and the house has no interior hollow-block walls resting on subslab footings, high radon entry reduction can be achieved.
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3. Removing the source of radon
4. Removing radon and/or its decay products from indoor air

Practice focuses on use of the first two techniques; associated radon reduction methods are summarized in
Table 4.36. Removing the source of radon creates a secondary problem in that the soil must be handled and
treated as a low-level radioactive waste. Methods are not well developed for removal of radon by treatment
of indoor air.

Preventing Radon Entry. The principal methods for preventing radon entry into a house are sealing all
points of entry for soil gas (Figure 4.54); reversing airflow from soil to house by raising house air pressure
relative to that of the soil; replacing or treating radon-contaminated potable water; and replacing or avoiding
radon-producing building materials.

Ventilating for Radon Reduction. Once radon has entered the house, ventilation is used to replace indoor
air with outside air (of low radon contamination) and to dilute radon levels in air not replaced. Figure 4.55
shows the effect of increasing ventilation rates from 0.2 to 2 air changes per hour. Principal characteristics of
this method are that the effectiveness of ventilation decreases with increased ventilation rates and that the
radon source strength and entry rate establishes a finite level where higher ventilation rates are not productive.

g | S S—
s —
2 . 50% reduction in
5 +— ! radon concentration
£ ' results from a twofold
T gl increase (0.2510 0.5
g ' ach) in ventilation.
[
e L '
3 : : 75% reduction results
R -] A . Y from a fourfold increase
S i ! in ventilation
= oo 90% reduction results
2 H : from an eightfold
s P increase in ventilation
8 P
w 3 - -
S b
© i 1
£ L b
|

2.0 3.0

Tight Leaky
house house
Average
house

Ventilation rate, air changes per hour (ach)

FIG. 4.55 Effect of ventilation on indoor radon concentrations (86).
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NOISE POLLUTION

Noise is recognized as a form of pollution because it is a public health hazard causing hearing impairments
and a nuisance causing psychological stress. These problems are controllable by the use of source and/or
path controls and of protective equipment. Table 4.37 lists and defines some of the key terms and units used
in noise control (99—104). This section focuses on noise from stationary sources.

Noise: Sources and Effects

Initially, the industrial workplace was the focus of noise investigative and control measures. Later, increased
attention was given to community noises and to noises in the home.

The time distribution and variation of noise level are important in the evaluation of source-and-effect re-
lationships. For example, random or sudden noise is more noticeable and unsettling than constant sound lev-
els. Likewise, unusual sounds, cycles of periodic sounds, and background noise levels need to be related in
the source-and-effect analysis.

Sources of Noise. Noise or sound comes from a universe of sources in nature as well as industry and com-
munity life. The major sources of community noise are transportation- (air, road, and rail) and construction-
related. Table 4.38 compares average sound levels with common sources of noise.

Sound levels vary with the individual characteristics of the source and with the listener’s distance from
the source. Ranges for common sounds and industrial plant sounds are illustrated in Figures 4.56 and 4.57,
respectively.

Urban versus suburban environments and factory versus office workplaces are simply two of the factors
influencing the quantity and duration of noise exposure. Figure 4.58 depicts generalized noise exposure pat-
terns for several lifestyles.

Effects of Noise. Historically, real and potential hearing damage were the most serious effects of noise. Ef-
forts by the manufacturing and construction industries and by regulatory actions have lessened the likeli-

TABLE 4.37 Noise Control Terms and Units

Decibel, dB A unit of sound pressure equal to 20 times the logarithm (base 10) of the magnitude of a sound
pressure p to the reference sound pressure p,. The reference pressures in air and water are
0.00002 and 0.1 N/m?, respectively. The unit of dBA is the measured A-scale sound level.
Since most sound-measuring instruments measure sound pressure, decibel usually refers to
sound pressure level.

Frequency The number of periods (cycles) repeated over a unit of time and is expressed as cycles per sec
(cps) or Hertz (Hz).

Intensity The average rate of sound energy transmitted through a unit of area in the direction specified and
is expressed in watts per square meter, W/m?2.

Loudness A subjective attribute and is expressed qualitatively, such as quiet or loud. Quantitative systems
for loudness levels use phons or sones.

Noise An undesired or unwanted audible sensation, sound, or an intermittent oscillation or vibration.

Phons The average sound pressure level, dB, relative to a pure 1000 cps, or 1000 Hz, and is expressed
on an arithmetic scale.

Sones The loudness of a 1000-cps, or 1000-Hz, sound at 40-dB intensity above a listener’s threshold; is

expressed on a logarithmic scale.
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TABLE 4.38 Noise Levels from Common Sources

Sound Level, dB Source
20 Soft whisper, wind in tree
30 Concert hall, recording studios
40 Nearby conversation, residential neighborhood at night, hospitals
50 Business office, restaurant
60 Secretarial area, normal conversation
70 Along average street, transformers
80 Along busy street, pumps, steam valves
90 Cooling towers, hammermill, home shop tools
100 High-speed subway train, newspaper press room, air hammer
115 and above Shaker on railroad car, pneumatic riveter, turbines

hood for hearing damage occurrences. Thus, the secondary impact of nuisance is the most common concern
for noise control.

The nuisance effects of noise include interference with speech, physiologically unsettling environment at
home and work, and more specific problems such as disruption of sleep. The extent of these effects varies,
sometimes significantly, between individuals and as a factor of the noise source.

The noise characteristics that affect the listener’s response include the overall loudness, sound pressure
level, duration of exposure, time distribution of occurrence, and sound frequency. Other factors are the lis-
tener’s total exposure (e.g., work life), age, and individual susceptibility.

Diesel locomotive at 50 ft

Heavy truck at 50 ft
Motorcycle AAAIALARNCANARRAN NN RN

Power fawnmower

Subway (including screech noise)
Pleasure motorboat

Train passenger

Food disposer

Automobile at 50 ft
Automobile passenger
Home shop tools

Food blender

Vacuum cleaner Measurement location
Air conditioner (window units) . :
Clothes dryer Outdoors
Washing machine S;r;r:rtgér
Refrigerator inhome  TEEEEEED

40 50 60 70 80 90 100 110 120
Maximum A-weighted sound level, dB

FIG.4.56 Range of community noise levels (103).
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Noise levels, dB(A)

80 8 90 95 100 105 110 115 120

1. Pneumatic power tools
(grinders, chippers,
etc.)

2. Molding machines
(I.S., blow molding, ——
etc.)

3. Air blow-down devices
(painting, cleaning,
etc.)

4. Blowers (forced, induced,
fan, etc.)

5. Air compressors (recipro-
cating, centrifugal)

8. Metal forming (punch,
shearing, etc.)

7. Combustion (furnaces,
flare stacks) 20 ft

8. Turbogenerators
(steam) 6 ft

9. Pumps (water,
hydraulic, etc.)

10. Industrial trucks
(LP gas) -

11. Transformers -

FIG.4.57 Range of industrial plant noise levels at operator’s position (103).

Interpreting available scientific information, the EPA identified a range of yearly day—night sound levels
sufficient to protect public health and welfare from the effects of noise. These levels are presented in Table
4.39 and Figure 4.59. They do not represent standards but are viewed as levels below which there is no rea-
son to suspect that the general population will be at risk from any of the identified effects.

Characterization

In order to identify strategies for noise control, the environmental engineer must characterize the source and
impacts of the troublesome noise. The logical first step is a noise survey, which provides a data base for fur-
ther definition of sound characteristics.

Noise Survey. Using a sound-level meter, a noise survey has one or more of the following objectives:

1. Determine if noise levels comply with applicable regulations.
2. Determine if noise levels are so high as to threaten hearing loss or to inhibit employee performance.
3. Develop a data base for a noise-reduction plan.
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FIG. 4.58 Generalized individual noise exposure patterns (/03).
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TABLE 4.39 Yearly Average Equivalent Sound Levels to Protect Public Health and Welfare (99)

Indoor Outdoor
To protect To protect
Hearing against Hearing against
Activity loss both Activity loss both
Measure interference consideration effects” interference consideration effects”
Residential with Ly, 45 45 55 55
outside space and Legs) 70 70
farm residences
Residential with no Ly, 45 45
outside space Legs) 70
Commercial Lega) a 70 70¢ a 70 70¢
Inside transportation Legoa) a 70 a
Industrial Leqay’ a 70 70¢ a 70 70¢
Hospitals Ly, 45 45 55 55
Legay 70 70
Educational Legs) 45 45 55 55
Leqa)’ a 70 70
Recreational areas Leg4) 70 70¢ a 70 70¢
Farm land and general ~ Lq4) a 70 70¢

unpopulated land

“Since different types of activities appear to be associated with different levels, identification of a maximum level for activity
interference may be difficult except in those circumstances where speech communication is a critical activity. (See Figure 4.59 for
noise levels as a function of distance which allow satisfactory communication.)

"Based on lowest level.

“Based only on hearing loss.

9An L,y of 75 dB may be identified in these situations so long as the exposure over the remaining 16 h per day is low enough
to result in a negligible contribution to the 24-h average, i.e., no greater than an L ,of 60 dB.

Note: Explanation of identified level for hearing loss: The exposure period which results in hearing loss at the identified level
is a period of 40 years.

The planning and conduct of the survey should consider the capability and calibration of the measuring
equipment, interview data from users of the survey area, time variations as well as “normal” operations, and
other techniques typical to a compliance and/or base data survey.

Sound Characteristics. In the assessment of noise, important characteristics include sound frequency and
assorted sound levels. Each provides insight into the identification and development of abatement alterna-
tives.

Frequency. The frequency of a sound is a function of the sound’s wavelength and the transmitting medi-
um and is expressed as:

c

f:
X

where /" = frequency, cps or Hz
¢ = velocity of sound, m/s
x = wavelength, m
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FIG. 4.59 Distances outdoors over which conversation is considered intelligible (99).

Furthermore, sound frequency has three zones:

[u—

Infrasonic: £'< 20 cps
2. Audible: 20 cps = f'= 20,000 cps
3. Ultrasonic: /> 20,000 cps

In addition, there are three categories of noise: wide-band, narrow-band, and impulse. A wide-band noise
is one that spans a wide range of frequencies, such as those in a manufacturing operation. Power tools are
examples of a noise over a narrow range of frequencies. Impulse noise is a temporary sound that may or may
not be repetitive.

A frequency analysis is used to divide the noise into those three bands or into more narrow ranges and to
determine relatively how much sound energy is in each range. Approaches to noise control design are direct-
ly related to frequency. A system for reducing high-frequency noise may have very little or no impact on
low-frequency sound. The converse is true.
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Sound Levels. For any noise or combination of noises, characterization includes the variation over time
and the intensity, power, and/or pressure levels of the sound(s).

The time-related variations (distribution) in sound levels may be relatively constant, as with a waterfall,
periodic (or cyclic), as with the cycling of an HVAC unit; or random, as with neighborhood activities. These
variations are illustrated in Figure 4.60. Understanding variations in the level and occurrence of sound are
important in assessing noise-reduction strategies (/02).

In the assessment of noise, sound intensity, power, and pressure levels are expressed in decibels and are
equal to a factor times the logarithm (base 10) of one quantity to a reference quantity. A summary of these
background relationships follows.

Sound intensity / is expressed in watts per square meter by

where W = sound power, W
A = area of propagation, m?

Sound level
—_—

Time

(@

Sound level
—

VAR

——
Time

(b)

M

- >
Time

()

Sound level
—

FIG. 4.60 Types of sound level varia-
tions. (a) Constant sound: (b) periodic
sound; (¢) random sound.
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For a spherical wavefront, the surface area is 472, and for a distance of r expressed in meters, the inten-
sity equation becomes

w
I=——
412

Furthermore, sound intensity and sound pressure are related by

p2

I="—
pc

where p = root mean square sound pressure, Pa
p = air density, kg/m?
¢ = sound propagation speed, m/s

The sound intensity level is defined by
= lo
1 g IO

where L; = sound intensity level, dB
I = sound intensity, W/m?
I, = reference sound intensity of 1072 W/m?

The sound power level is defined by

TABLE 4.40 Applications of Noise Control Techniques

Noise source/environment

Noise control techniques Community Equipment Transportation

Isolation
Replacement
Air sources
Vibration
Damping
Enclosure
Valving
Location
Suppression
Hearing protection
Conduits
Mufflers
Silencers —
Shielding
Absorption X
Barriers —

| >4 4

SR

> |

| 54 s b 2
> | > |

= |
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TABLE 4.41 Permissible Occupational Noise Exposures (/06)

Sound level, dBA Duration, h/day

_.
o
S
SO~ —NWhaow
W

._.

=

9
IA
[ERI
G

14 1()
w g VVO

where L,, = sound power level, dB
W = sound power, W
W, = reference sound power of 10712 W

The sound pressure level is defined by
PZ

L,= IOIOgP_g

P
=20 log?
0

TABLE 4.42 Design Noise Level/Land Use Activities (107)

Design noise level,* dBA

Activity
category Ley(h) Lo(h) Description of land use activity category
A 57% 60+ Land where serenity and quiet are of extraordinary significance, such as
amphitheaters
B 67+ 70+ Picnic areas, recreation areas, and the like that are not included in
category A, and residences, hotels, public meeting rooms, churches,
libraries, hospitals, and similar facilities
C 72% 75% Developed lands with activities not included in categories A and B
D —1 —1 Undeveloped lands
E 52§ 55§ Residences, hotels, public meeting rooms, churches, libraries, hospitals,

and similar facilities

*Either L, or L., (but not both) may be used on a project
TExterior

iNo Limit

§Interior
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where L, = sound pressure level, dB
P = sound pressure, N/m?
P, = reference sound pressure of 2 x 105 N/m?

Most sound-measuring instruments measure the quantity of sound pressure, i.e., sound pressure level.

Noise Control

The control of noise is achieved using one or more of a variety of measures. In particular, individual control
measures are discussed under the categories of isolation, suppression, and shielding. Typical applications of
these techniques are presented in Table 4.40 with respect to community (e.g., home and office), equipment
(e.g., construction and manufacturing), and transportation (e.g., air, rail, and road) sources. The level of
noise control required is generally dictated by local or national laws.

For example, under authority of the Occupational Safety and Health Act (OSHA), maximum occupation-
al exposures to noise have been established. These sound levels are presented in Table 4.41, based on mea-
surement on the A scale at a slow response using a standard sound meter. The act contains other provisions
for intermittent noise and general protection of workers (/06).

In another example, the U.S. Department of Transportation has regulations on design noise levels for sev-
eral land use activities. The levels in Table 4.42 represent a balancing of what may be desirable and what
may be achieved. The stated values are set as maximum values with the recognition that lower noise levels
would result in even greater benefits to the community (1/07).

Isolation. Noise reduction at its source is the basis of isolation control measures.

Replacement. Often, significant noise reduction at the source is achieved by replacement of deteriorating
or simply outdated equipment and engines with newer models that perform more quietly. In many cases, cur-
rent models were redesigned to incorporate noise-reduction features, which may be changes in the physical
components and/or in the operation mode.

In addition to customer requests, manufacturers have been under legislative and regulatory pressure to
develop quieter equipment. One example is the role of the U.S. Federal Aviation Administration in reducing
aircraft noise by establishing limits on aircraft engine noise.

Air Sources. The movement of large volumes of air and use of high-pressure air are two source control is-
sues. The noise from the former may be lessened by using a lined bellows between the air source (outside)
and the air-handling equipment (inside).

On the other hand, control of high-pressure air noises requires design modifications, such as redesigned
nozzles or orifices, and/or operational changes, such as an increase in air volume with a corresponding re-
duction in velocity.

Vibration. Disturbing noises from production machines are the result of structural transmission noise and
vibration. Control measures include isolation of the source by use of elastic discontinuities at joints and/or
machine mounts. Isolation means and materials include springs, shock absorbers, cork, rubber, and plastics.

Damping. Some structural source noises and vibrations are a result of materials used in construction. In
these cases, substitution of construction materials is a control. When noise levels are not highly bothersome,
special damping tapes or spray-on coatings are successful control measures.

Enclosure. When vibration isolation and damping techniques are not sufficient controls, the source may
be enclosed in a separately prepared enclosure. The simplest approach is to use a hinged cover especially
prepared with sound-insulating material; an example is the common use of covers on high-speed printers in
an office area.

Valving. Liquid flow, especially from cavitating conditions, and air- or steamflow, downstream of a sig-
nificant pressure drop, are sources of noise that can be reduced by valving. Special valves and operating
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Flow=—"

FIG. 4.61 Muffler component isometric.

techniques are used for liquid flow situations. An effective measure for compressible fluids (air) is to use
two or more valves in the pressure-reduction step and, thus, reduce turbulence, which in turn reduces noise.
In addition, localized insulation wrapping of downstream conduit provides added noise control.

Location. Space planning in the home, office, and manufacturing plant offers an opportunity to locate or
relocate a noise source to an isolated site within the occupied structure. Normally, remote locating of noise
sources is considered in design of new facilities. Thus, location controls tend to be most appropriate to addi-
tions of new processes and/or equipment as part of an industrial plant modification. Assessment of noise po-
tential before installation is a major factor in the cost-effectiveness of this control measure.

In the transportation area, locating is better described as routing. Land travel controls almost always ap-
ply to new road and rail construction. However, in the air, aircraft patterns may be adjusted to meet special
conditions, such as the routing of supersonic aircraft away from populated areas.

Suppression. For noise control near the source, suppression techniques are used. Most apply filtering to
noise transmitted through the air.

Hearing Protection. Especially for construction and industrial workers with high on-the-job exposures to
noise, earplugs and earmuffs are effective in noise suppression for hearing protection. The disadvantages of
this approach, especially for extended periods, is the physical and/or psychological discomfort of the chosen
device. Continued improvements for user comfort are being developed.

Earmuffs tend to be somewhat more effective than earplugs. The selection issue is mostly one of whether
or not this approach to noise control is sufficient to reduce worker exposure to a time-weighted average lim-
it established for the application.

Also, the frequency of the noise should be evaluated before selection of the hearing protector. Some ear-
muffs and earplugs provide best results at higher or lower frequencies.

Conduits. High-pressure transmission lines for liquids and gases as well as solid conveyor tunnels are con-
duits—transmitters of sources of noise. Control measures include internal liners or (multilayer) coverings.
Sheet lead, plastics, glass, fiber, and rock wool are some of the materials used in these applications. In the case
of HVAC ductwork, the effects of thermal and noise insulation are optimized by the covering technique.

Mufflers. A very effective approach for middle- and high-frequency noise control is the muffler. The unit
is designed to attenuate sound waves with minimal back pressure. The results are achieved using baffles and
reduced velocities.

For example, a typical muffler includes a cylinder-type unit wherein the outer portion from a through-
pipe conduit is a number of side cavities where the noise suppression occurs. Figure 4.61 illustrates this con-
cept. In some cases, a porous packing is used to increase efficiency. Airflow to the cavities is regulated by
the size and number of holes from the center section.

Silencers. Depending on the required noise reduction, operating conditions, and noise frequency, si-
lencers are used on equipment exhaust systems. Silencers, like mufflers, are commercially available in a va-
riety of shapes and sizes and are typically of metal construction.
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Two types of silencers are dissipative and reactive. Dissipative silencers are good for high-frequency
sounds and rely on sound-absorbing liners. For low-frequency application, reactive silencers are used. They
function by reflecting sound energy back toward the noise source.

Shielding. The third category of noise control is shielding and is the approach most distanced from the
noise source.

Absorption. Indoors sound levels tend to accumulate; however, use of absorptive materials on ceilings
and walls will reduce the area’s overall noise level and lessen the additive effect of background noise on a
machine operator. In a commercial and residential setting, floor coverings further reduce overall noise lev-
els. Furthermore, in an office setting, fixed and movable partitions reduce noise levels, and the develop-
ments in modular furniture are very cognizant of needs to control noise.

Barriers. Sources freely radiate noise in the outdoors; this is the scenario for highway (and railway)
noise conditions. Buildings, hills, and other terrain features function as noise barriers. Engineered barriers
include walls and/or earthen berms. Noise control combines with visual screening to use barriers as a con-
trol measure for new and expanding major transportation routes through populated areas. The designer
should consult the governing authority (and suppliers) for applicable design and construction requirements
(108-110).
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CHAPTERSS

WATER SUPPLY

Robert A. Clark, Ph.D., PE.
Virendra Sethi, Ph.D.
David L. Tippin, PE.
James A. Williams, PE.

Historically, the environmental engineer has found ways and means to provide ample quantities of quality
drinking water for domestic use as well as quality water for commercial and industrial uses. Water supply
issues include demand projections, quality requirements, surface water and groundwater source evaluations,
groundwater production, surface water collection, surface water treatment, saline water treatment,
nonconventional water production, and treated water distribution.

The typical surface water treatment plant uses chemicals to enhance removal of suspended solids and
for disinfection. Physical treatment processes include simple settling and filtration. In sequence, the traditional
unit processes are rapid mix, coagulation, flocculation, sedimentation, filtration, and disinfection. Auxiliary
systems are needed for chemical feed facilities and for sludge handling. More specialized processes include
carbon adsorption, ion exchange, and softening.

Treatment of other sources generally requires site-specific determination of raw water quality. Often, the
quantity of demand will influence the cost-effective selection of treatment processes. Groundwater supplies
require well development and treatment, such as aeration, softening, and/or disinfection. Brackish and saline
waters also require site-specific determination of treatment processes. Typical processes include membrane
technology, such as reverse osmosis and electrodialysis.

The water distribution system includes (small) service and distribution lines, (large) transmission mains,
and storage facilities. Elevated storage tanks with gravity distribution and/or ground storage tanks with
distribution pumping are designed to provide the quantity and pressure required to satisfy system demands.
Generally, fire demands control design.

Since the early 1900’s, the American Water Works Association (AWWA) has been developing standards
for the drinking water industry. The standards also are designed to enhance water utility operations while
addressing hundreds of products and procedures. A discussion and listing of AWWA standards is included
at the end of this chapter.

WATER DEMAND

The nation’s water resources have been extensively developed to satisfy a variety of beneficial uses. Water
projects generally support a dominant single purpose, such as urban water supply, irrigation, flood control,
or navigation.

Water withdrawn for offstream use consists of two variables: (1) the part returned to the surface water or
groundwater source after being used, and (2) the part consumed but not returned to the source after use. A

5.1
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typical example of consumption is vegetation transpiration. Much of the water used for irrigation, particularly
sprinkler irrigation, either is transpired by the plants or is evaporated from the soil. Withdrawals may include
saline water, but the major concern of this discussion is with freshwater withdrawals and consumption for
each category of use.

Table 5.1 summarizes the actual use in 1975 and the projected uses for 2000 for each of the major
consumption categories. As can be seen, the largest withdrawal use is for irrigation, and the next-largest
use cooling water for steam electric generation (/).

In order to properly evaluate a water system, it is useful to be able to estimate demands for specific uses.
Table 5.2 summarizes demand from a number of specific domestic, commercial, industrial, and agricultural
activities (2). Each of these activities is discussed separately in the following sections.

Domestic Use

Average daily domestic (central) withdrawal in 1975 was 118 gal (0.43 m?) per capita per day; a typical family
of four used about 87 gal (0.33 m®) per capita per day for drinking, culinary, washing, and sanitary needs (/).
The 31 gal (0.12 m®) per capita per day difference is accounted for by delivery losses, fire protection, street
washing, city and park maintenance, and other similar items. Most central systems have the capacity to
deliver 150 gal (0.57 m®) per capita per day, but this amount includes some water for manufacturing, which is
accounted for in manufacturing water use. In a typical rural household (noncentral) domestic use averages
about 44 gal (0.25 m°®) inside.

Recent studies have refined the estimates for indoor water use. One national study developed estimates
of indoor residential water use where individual water using appliances were metered (/22). In more
recent studies, residential customer water meters were fitted with portable data loggers measured for
analysis of indoor water use (/23—125). Estimated percentages of indoor residential water use by fixture

TABLE 5.1 Water Withdrawals and Consumption, by Functional Use (/)

Total withdrawals, 10°¢ gal/day Total consumption, 10° gal/day
Functional use 1975 1985 2000 1975 1985 2000
Fresh water:
Domestic:
Central (municipal) 21,164 23,983 27918 4976 5,665 6,638
Noncentral (rural) 2,092 2,320 2,400 1,292 1,408 1,436
Commercial 5,530 6,048 6,732 1,109 1,216 1,369
Manufacturing 51,222 23,687 19,669 6,059 8,903 14,699
Agriculture:
Irrigation 158,743 166,252 153,846 86,391 92,820 92,506
Livestock 1,912 2,233 2,551 1,912 2,233 2,551
Steam electric generation 88,916 94,858 79,492 1,419 4,062 10,541
Minerals industry 7,055 8,832 11,328 2,196 2,777 3,609
Public lands and others* 1,866 2,162 2,461 1,236 1,462 1,731
Total fresh water 338,500 330,375 306,397 106,590 120,545 135,080
Saline water,! total 59,737 91,236 118,815
Total withdrawals 398,237 421,611 425,212

*Includes water for fish hatcheries and miscellaneous uses.
Saline water is used mainly in manufacturing and steam electric generation.
Note: To convert from 106 gallons per day to 90 cubic meters per day, multiply by 3.785.
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TABLE 5.2 Typical Water Demand Levels (2)
Type of establishment Gal/day (m®/day)
Airports (per passenger) 3.5(0.013)
Apartments, multiple-family (per resident) 60 (0.23)
Bathhouses (per bather) 10 (0.04)
Camps:

Construction, semipermanent (per worker) 50 (0.19)

Day with no meals served (per camper) 15 (0.06)

Luxury (per camper) 100-150 (0.38-0.57)

Resorts, day and night, with limited plumbing (per camper) 50(0.19)

Tourist with central bath and toilet facilities (per person) 35(0.13)

Cottages with seasonal occupancy (per resident) 50 (0.19)
Courts, tourist with individual bath units (per person) 50 (0.19)
Clubs:

Country (per resident member) 50 (0.19)

Country (per nonresident member present) 25(0.10)
Dwellings:

Boarding houses (per boarder) 50 (0.19)

Additional kitchen requirements for nonresident boarders 50 (0.19)

Luxury (per person) 10 (0.038)

Multiple-family apartments (per resident) 50-75 (0.19-0.28)

Rooming houses (per resident) 60 (0.23)

Single family (per resident) 50-75 (0.19-0.28)
Estates 100-150 (0.38-0.57)
Factories (gallons per person per shift) 15-35 (0.06-0.13)
Highway rest area (per person) 5(0.02)

Hotels with private baths (2 persons per room) 60 (0.23)
Hotels with private baths (per person) 50 (0.19)
Institutions other than hospitals (per person) 75-125 (0.28-0.47)

Hospitals (per bed) 250—400 (0.95-1.51)
Laundries, self-service (gallons per washing, i.e., per customer) 50 (0.19)

Livestock (per animal):

Cattle (drinking) 12 (0.04)

Dairy (drinking and servicing) 35(0.13)

Goat (drinking) 2 (0.01)

Hog (drinking) 4(0.02)

Horse (drinking) 12 (0.04)

Mule (drinking) 12 (0.04)

Sheep (drinking) 2(0.01)

Steer (drinking) 12 (0.04)

Motels with bath, toilet, and kitchen facilities (per bed space) 50 (0.19)

With bed and toilet (per bed space) 40 (0.15)
Parks:

Overnight with flush toilets (per camper) 25 (0.10)

Trailers with individual bath units, no sewer connection (per trailer) 25(0.10)

Trailers with individual baths, connected to sewer (per person) 50 (0.19)

Picnic:
With bathhouses, showers, and flush toilets (per picnicker) 20 (0.08)
With toilet facilities only (gallons per picnicker) 10 (0.04)
Poultry:
Chicken (per 100) 5-10 (0.02-0.048)
Turkeys (per 100) 10-18 (0.04-0.07)
(continues)
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TABLE 5.2 Typical Water Demand Levels (continued)

Type of establishments Gal/day (m%/day)
Restaurants with toilet facilities (per patron) 7-10 (0.03-0.04)
Without toilet facilities (per patron) 2 (0.01-0.0)
With bars and cocktail lounge (additional quantity per patron) 2 (0.01)

Schools:
Boarding (per pupil)

75-100 (0.28-0.38)

Day with cafeteria, gymnasiums, and showers (per pupil) 25 (0.01)

Day with cafeteria but no gymnasiums or showers (per pupil) 20 (0.08)

Day without cafeteria, gymnasiums, or showers (per pupil) 15 (0.06)
Service stations (per vehicle) 10 (0.04)
Stores (per toilet room) 400 (1.51)
Swimming pools (per swimmer) 10 (0.04)
Theaters:

Drive-in (per car space) 5(0.02)

Movie (per auditorium seat) 5(0.02)
Workers:

Construction (per person per shift) 50 (0.19)

Day (school or offices per person per shift) 15 (0.06)

are shown in Table 5.3 (/26). Based on a 1987 nationwide study, estimated indoor residential water use was
60 gal/capita/day (22.8 m*/capita/day), and a 1997 study reported an average of 60.45 gal/capita/day (23 m*/
capita/day) (125, 127).

The following sections discuss variation in peak demand and special uses, such as lawn sprinkling
and fire protection.

Peak Demands. The rate of water use for an individual water system will vary directly with domestic activity
in the home or with an operational farm program. Usage rates are generally highest in the home near mealtimes,
during midmorning laundry periods, and shortly before bedtime. During the intervening daytime hours and
at night, water use may be virtually nil. Thus, the total amount of water used by a household may be distributed

over only a few hours of the day, during which the actual use is much greater than the average rate determined
from Table 5.2.

TABLE 5.3 Estimated Percent of Indoor Residential Water Use by Fixture

Source 1984 Study (122) 1997 Study A (123) 1997 Study B (125)
Fixture Type
Bath 12 2 2
Clothes washer 22 24 24
Dishwasher 2 3 2
Faucet 14 15 18
Shower 14 17 21
Toilet 23 26 30
Leak 13 12 4
Total 100 100 100
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Simultaneous operation of several plumbing fixtures will determine the maximum peak rate of water de-
livery for the home water system. For example, a shower, an automatic dishwasher, a lawn sprinkler, and a
flush valve toilet all operated at the same time would probably produce a near-critical peak. It is true that
not all of these facilities are usually operated together; but if they exist on the same system, there is always
a possibility that a critical combination may result, and for design purposes, this method of calculation
is sound. Table 5.4 summarizes the rate of flow that would be expected for certain household and farm
fixtures (2).

Lawn Sprinkling. The amount of water required for lawn sprinkling depends upon the size of the lawn, type
of sprinkling equipment, climate, soil, and water control. In dry or arid areas, the amount of water may equal
or exceed the total used for domestic or farmstead needs. For estimating purposes, a rate of approximately 2
in/h (1.27 cm/h) of surface area is reasonable. This amount of water can be applied by sprinkling 30 gal (0.11
m?) of water per hour over each 100 ft* (9.29 m?).

When possible, the water system should have a minimum capacity of 500 to 600 gal/h (1.89 to 2.27 m3/h).
A water system of this size may be able to operate satisfactorily during a peak demand. Peak flows can be
estimated by adding lawn sprinkling to peak domestic flows but not to fire flows.

Fire Protection. In areas of individual water supply systems, effective firefighting depends upon the facilities
provided by the property owner. The National Fire Protection Association has prepared a report that outlines
and describes ways to utilize available water supplies (2).

The use of gravity water supplies for firefighting presents certain basic problems. These include the
construction of a dam, farm pond, or storage tank to hold the water until needed, and the determination of
the size of pipeline installed from the supply. The size of pipe is dependent upon two factors:

1. The total fall or head from the point of supply to the point of use
2. The length of pipe required

TABLE 5.4 Rates of Flow for Certain Plumbing, Household, and Farm Fixtures (2)

Flow pressure* Flow rate
Location kgf/em? 1b/in? L/s gal/min*
Ordinary basin faucet 0.56 8 0.13 2.0
Self-closing basin faucet 0.56 8 0.16 25
Sink faucet, % in 0.56 8 0.28 45
Sink faucet, ¥z in 0.56 8 0.28 45
Bathtub faucet 0.56 8 0.38 6.0
Laundry tub faucet, % in 0.56 8 0.32 5.0
Shower 0.56 8 0.32 5.0
Ballcock for closet 0.56 8 0.19 3.0
Flush valve for closet 1.05 15 0.95-2.52 15-407
Flushometer valve for urinal 1.05 15 0.95 15
Garden hose (50 ft, %-in sill cock) 2.11 30 0.32 5.0
Garden hose (50 ft, ¥-in outlet) 1.05 15 0.21 3.33
Drinking fountains 1.05 15 0.05 0.75
Fire hose, ¥ in, %-in nozzle 2.11 30 2.52 40

*Flow pressure is the pressure in the supply near the faucet or water outlet while the faucet or water outlet is wide
open and flowing.
"Wide range is due to variation in design and type of closet flush valves.
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A properly constructed well tapping a good aquifer can be a dependable source for both domestic use and
fire protection. If the well is to be relied upon for fire protection without supplemental storage, it should
demonstrate, by pumping test, minimum capacity of 8 to 10 gal/min (0.03 to 0.04 m’*/min) continuously for a
period of 2 h during the driest time of the year.

A more dependable installation results when motor, controls, and powerlines are protected from fire. A
high degree of protection is achieved when all electrical elements are located outside at the well, and there
is a separate powerline bypassing other buildings.

The smallest individual pressure systems commercially available provide about 210 gal (0.80 m®) per
house or 3.5 gal/min (0.01 m*/min). While this capacity will furnish a stream, through an ordinary garden
hose, of some value in combating incipient fires or in wetting down adjacent buildings, it cannot be expected
to be effective on a fire that has gained any headway. When such systems are already installed, connections
and hose should be provided. When a new system is being planned or a replacement of equipment made, it
is urged that a capacity of at least 500 gal/h (1.89 m3/h) an hour or 8.33 gal/min (0.032 m*/min) be specified
and the supply increased to meet this demand. If necessary, storage should be added. The additional cost
for the larger unit necessary for fire protection is partially offset by the increased quantities of water available
for other uses and will reduce fire insurance premiums.

Manufacturing Use

In 1954, manufacturing industries withdrew about 32.4 billion gallons per day (bgd) (122.6 million m*/day) of
fresh and saline water from surface and groundwater sources and recycled this water within the plant about
1.8 times before returning 93.2% to a water source. By 1975, the combined amount of water withdrawn
increased to 60.9 bgd (230.4 million m*/day), which was recycled about 2.2 times before 90.5%. was returned
to surface water sources (/).

Agricultural Use

Water in agriculture is used for irrigation and livestock. Livestock watering is only 1% of the total water
withdrawal for agricultural use. Of all functional water uses, irrigation is the largest agricultural use of wate