
































APPENDICES A-1

abbreviation

APPENDIX 1.A
Acronyms and Abbreviations

acronym

ABS
AQI
ASP
BAT
BTEX
CERCLA
CFC
CSTR
DAF
DCE
DDT
DNAPL
DRE
EIR
EPA
FC
FEMA
FS
GBT
gped
HDPE
HSWA
LDso
LNAPL
MF
msl
MSW
MTBE
MVOC
NAPL
NF
NFPA
NMVOC
NOx
NPDES
NRCS
NSDWR
NTU
NTU
PAH
Pb
PCB
PCDD
PCDF
PCE
PFR
PM
PM,,
PM, 5
PRP
PSI
PT
PVC
RBC
RCRA

acrylonitrile-butadiene-styrene plastic

Air Quality Index

activated sludge process

best available technology

compounds composed of benzene, toluene, ethylbenzene, and xylene
Comprehensive Environmental Response, Compensation, and Liability Act
chlorofluorocarbons

completely stirred tank reactor

dissolved air floatation

dichloroethylene

insecticide dichlorodiphenyltrichloroethane

dense nonaqueous phase liquid

destruction and removal efficiency

environmental impact report

United States Environmental Protection Agency
fecal coliform

Federal Emergency Management Agency

fecal streptococcus

gravity belt thickener

gallons per capita per day

high density polyethylene

Hazardous and Solid Waste Amendments

lethal dose; concentration from which 50% of exposed population will die
light nonaqueous phase liquid

microfiltration

mean sea level

municipal solid waste

methyl tertiary-butyl ether

methane-based volatile organic compound
nonaqueous phase liquid

nanofiltration

National Fire Protection Association
nonmethane-based volatile organic compound
nitrogen oxide gases

National Pollutant Discharge Elimination System
Natural Resources Conservation Service

National Secondary Drinking Water Regulations
nephelometric turbidity units

number of transfer units

polycyclic aromatic hydrocarbons or polyaromatic hydrocarbons
lead

polychlorinated biphenyls

polychlorinated dibenzodioxin

polychlorinated dibenzofuran

perchloroethylene

plug flow reactor

particulate matter

particulate matter with a size between 2.5 pm and 10 pm
particulate matter with a size less than 2.5 pm
potentially responsible parties

Pollutants Standards Index

primary treatment

polyvinyl chloride

rotating biological contactor

Resource Conservation and Recovery Act

(continued)
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A-2 WATER RESOURCES AND ENVIRONMENTAL DEPTH REFERENCE MANUAL

abbreviation

APPENDIX 1.A (continued)
Acronyms and Abbreviations

acronym

RDF
RO
SARA
SCR
SRF
SVE
SVoC
TC
TCDD
TCE
TEF
TEQ
TF
THMs
TKN
TOC
TSP
UF
USACE
USDA
USDC
USEPA
USGS
USNWS
uv
VOC
WAS
WHPA
WL
WWTP

refuse derived fuel

reverse 0smosis

Superfund Amendments and Reauthorization Act
selective catalytic reduction

solid recovered fuel

soil vapor extraction

semi-volatile organic chemicals

total coliform
2,3,7,8-tetrachlorodibenzo-p-dioxin
trichloroethylene

toxic equivalence factors

2,3,7,8-TCDD toxic equivalent

trickling filter

trihalomethanes

total Kjehldahl nitrogen

total organic carbon

total suspended particulates
ultrafiltration

United States Army Corps of Engineers
United States Department of Agriculture
United States Department of Commerce
United States Environmental Protection Agency
United States Geological Survey

United States National Weather Service
ultraviolet

volatile organic compound
waste-activated sludge

wellhead protection areas

working level

wastewater treatment plant
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APPENDIX 1.B

Flow Rate and Velocity Unit Conversions

multiply by to obtain
gallon/minute 0.06309 liter /second
0.004419 acre-foot /day
0.002228 cubic foot /second
0.001440 million gallon/day
63.09 x 107° cubic meter/second
liter /second 15.85 gallon/minute
0.07005 acre-foot/day
0.03531 cubic foot/second
0.02282 million gallon/day
0.0001 cubic meter /second
acre-foot /day 226.3 gallon/minute
14.28 liter/second
0.5042 cubic foot/second
0.3259 million gallon/day
0.01428 cubic meter/second
cubic foot/second 448.8 gallon /minute
28.32 liter /second
1.983 acre-foot/day
0.6463 million gallon/day
0.02832 cubic meter /second
million gallon/day 694.4 gallon/minute
43.81 liter /second
3.068 acre-foot /day
1.547 cubic foot /second
0.04382 cubic meter/second
cubic meter/second 15,850 gallon/minute
1000 liter /second
70.04 acre-foot /day
35.31 cubic foot/second
22.83 million gallon/day

A-3
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A-4 WATER RESOURCES AND ENVIRONMENTAL DEPTH REFERENCE MANUAL

APPENDIX 1.C
Volumetric Unit Conversions

multiply by to obtain
cubic inch 0.01639 liter
0.004329 U.S. gallon
5.787 x 107* cubic foot
2.143 x 1074 cubic yard
0.1639 x 107* cubic meter
0.0013 x 107° acre-foot
liter 61.02 cubic inch
0.2642 U.S. gallon
0.03531 cubic foot
0.001308 cubic yard
0.001 cubic meter
810.6 x 107° acre-foot
U.S. gallon 231.0 cubic inch
3.785 liter
0.1337 cubic foot,
0.004951 cubic yard
0.003785 cubic meter
3.068 x 1078 acre-foot
_g cubic foot 1728 cubic inch
-g 28.32 liter
a 7.481 U.S. gallon
5 0.03704 cubic yard
3 0.02832 ) cubic meter
22.96 x 107 acre-foot
cubic yard 46,660 cubic inch
764.6 liter
202.0 U.S. gallon
27 cubic foot,
0.7466 cubic meter
619.8 x 107° acre-foot
cubic meter 61,020 cubie inch
1000 liter
264.2 U.S. gallon
35.31 cubic foot
1.308 cubic yard
810.6 x 107° acre-foot
acre-foot 75.27 x 10° cubic inch
1,233,000 liter
325,900 U.S. gallon
43,560 cubic foot
1.613 cubic yard
1233 cubic meter
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APPENDIX 2.A
Physical Properties of Water at Atmospheric Pressure
(U.S. customary units)

absolute

specific (dynamic) kinematic vapor

temperature density weight viscosity viscosity pressure

(°F) (slug/ft*) (Ibf/ft*) (Ibm-sec/ft?) (ft*/sec) (Ibf/in®)
32 1.940 62.416 0.374 x 1074 1.93 x 1072 0.09
40 1.940 62.423 0.323 x 10~ 1.67 x 107° 0.12
50 1.940 62.408 0.273 x 1071 1.41 x 107° 0.18
60 1.939 62.366 0.235 x 10~* 1.21 x 1078 0.26
70 1.936 62.300 0.205 x 1074 1.06 x 107° 0.36
80 1.934 62.217 0.180 x 107* 0.929 x 107° 0.51
90 1.931 62.118 0.160 x 10~* 0.828 x 107° 0.70
100 1.927 61.998 0.143 x 10~* 0.741 x 107° 0.95
120 1.918 61.719 0.117 x 1074 0.610 x 107° 1.69
140 1.908 61.386 0.0979 x 107*  0.513 x 107° 2.89
160 1.896 61.006 0.0835 x 107 0.440 x 107° 4.74
180 1.883 60.586 0.0726 x 107" 0.385 x 107° 7.51
200 1.869 60.135 0.0637 x 107" 0.341 x 107° 11.52
212 1.847 59.843 0.0593 x 10™*  0.319 x 107° 14.70

A-5

Adapted from Design of Roadside Channels with Flezible Linings, Hydraulic Engineering Circular No. 15, 3rd ed., Table A.7, 2005, U.S. Federal

Highway Administration.
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A-6 WATER RESOURCES AND ENVIRONMENTAL DEPTH REFERENCE MANUAL

APPENDIX 2.B
Physical Properties of Water at Atmospheric Pressure

(SI units)
absolute absolute
specific (dynamic) kinematic vapor
temperature density weight viscosity viscosity pressure
(°C) (kg/m*) (N/m?) (Pa-s) (m®/s) (Pa)
0 1000 9810 1.79 x 1072 1.79 x 10~° 611
5 1000 9810 1.51 x 1073 1.51 x 1076 872
10 1000 9810 1.31 x 107® 1.31 x 1078 1230
15 999 9800 1.14 x 1073 1.14 x 1076 1700
20 998 9790 1.00 x 1073 1.00 x 107 2340
25 997 9781 891x 1074 8.94x 1077 3170
30 996 9771 7.97 x 1074 8.00 x 1077 4250
35 994 9751 7.20 x 1074 7.24 x 1077 5630
40 992 9732 6.53 x 10~* 6.58 x 1077 7380
50 988 9693 5.47 x 107 5.53 x 1077 12300
60 983 9643 4.66 x 1071 4.74 x 1077 20000
70 978 9594 4.04 x 1074 4.13 x 1077 31200
80 972 9535 3.54 x 1074 3.64 x 1077 47400
90 965 9467 3.15 x 1074 3.26 x 1077 70100
100 958 9398 2.82 x 1074 2.94 x 1077 101 300

Adapted from Design of Roadside Channels with Flezible Linings, Hydraulic Engineering Circular No. 15, 3rd ed., Table A6, 2005, U.S. Federal
Highway Administration.
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APPENDICES A-7

APPENDIX 5.A
Selected Ten States Standards

3.1. Surface Water
A surface water source includes all tributary streams and drainage basins, natural lakes, and artificial reservoirs or impoundments
above the point of water supply intake. A source water protection plan enacted for continued protection of the watershed from
potential sources of contamination shall be provided as determined by the reviewing authority.
3.1.1. Quantity
The quantity of water at the source shall be adequate to meet the maximum projected water demand of the service area as shown
by calculations based on a one in 50 year drought or the extreme drought of record, and should include consideration of multiple
year droughts.
4.1. Clarification
Clarification is generally considered to consist of any process, or combination of processes, which reduces the concentration of
suspended matter in drinking water prior to filtration.
4.1.1. Presedimentation
Detention time: Three hours detention is the minimum period recommended; greater detention may be required.
4.1.2. Coagulation
Coagulation shall mean a process using coagulant chemicals and mixing by which colloidal and suspended material are
destabilized and agglomerated into settleable or filterable flocs, or both. The engineer shall submit the design basis for the
velocity gradient (G value) selected, considering the chemicals to be added and water temperature, color, and other related water
quality parameters. For surface water plants using direct or conventional filtration, the use of a primary coagulant is required at
all times.
4.1.2.a. Mixing: The detention period should not be more than 30 seconds with mixing equipment capable of imparting a
minimum velocity gradient (G) of at least 750 ft/sec-ft. The design engineer should determine the appropriate G value and
detention time through jar testing.
4.1.3. Flocculation
Flocculation shall mean a process to enhance agglomeration or collection of smaller floc particles into larger, more easily settleable
or filterable particles through gentle stirring by hydraulic or mechanical means.
4.1.3.b. Detention: The detention time for floc formation should be at least 30 minutes with consideration to using tapered
(i.e., diminishing velocity gradient) flocculation. The flow-through velocity should be not less than 0.5 ft/min nor greater than
1.5 ft/min.
4.1.3.c. Equipment: Agitators shall be driven by variable speed drives with the peripheral speed of paddles ranging from
0.5 ft/sec to 3.0 ft/sec. External, non-submerged motors are preferred.
4.1.3.d. Piping: Flocculation and sedimentation basins shall be as close together as possible. The velocity of flocculated water
through pipes or conduits to settling basins shall be neither less than 0.5 ft /sec nor greater than 1.5 ft/sec. Allowances must be
made to minimize turbulence at bends and changes in direction.
4.1.4. Sedimentation
Sedimentation shall follow flocculation. The detention time for effective clarification is dependent upon a number of factors
related to basin design and the nature of the raw water. The following criteria apply to conventional sedimentation units.
4.1.4.a. Detention time: Detention time shall provide a minimum of four hours of settling time. This may be reduced to two
hours for lime-soda softening facilities treating only groundwater. Reduced sedimentation time may also be approved when
equivalent effective settling is demonstrated or when overflow rate is not more than 0.5 gal/min-ft* (1.2 m/h).
4.1.4.c. Outlet weirs and submerged orifices shall be designed as follows.
4.1.4.c.1. The rate of flow over the outlet weirs or through the submerged orifices shall not exceed 20,000 gal/day-ft
(250 m*/d-m) of the outlet launder.
4.1.4.c.2. Submerged orifices should not be located lower than 3 ft below the flow line.
4.1.4.c.3. The entrance velocity through the submerged orifices shall not exceed 0.5 ft/sec.
4.1.4.d. Velocity: The velocity through settling basins should not exceed 0.5 ft /min. The basins must be designed to minimize
short-circuiting. Fixed or adjustable baffles must be provided as necessary to achieve the maximum potential for clarification.
4.1.5 Solids Contact Unit
Units are generally acceptable for combined softening and clarification where water characteristics, especially temperature, do
not fluctuate rapidly, flow rates are uniform, and operation is continuous. Before such units are considered as clarifiers without
softening, specific approval of the reviewing authority shall be obtained. Clarifiers should be designed for the maximum uniform
rate and should be adjustable to changes in flow which are less than the design rate and for changes in water characteristics. A
minimum of two units are required for surface water treatment.
4.1.5.9. Detention Period
The detention time shall be established on the basis of the raw water characteristics and other local conditions that affect the
operation of the unit. Based on design flow rates, the detention time should be
4.1.5.9.a. two to four hours for suspended solids contact clarifiers and softeners treating surface water, and

(continued)
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A-8 WATER RESOURCES AND ENVIRONMENTAL DEPTH REFERENCE MANUAL

APPENDIX 5.A (continued)
Selected Ten States Standards

4.1.5.9.b. one to two hours for the suspended solids contact softeners treating only groundwater.
4.1.5.12. Weirs or Orifices
The units should be equipped with either overflow weirs or orifices constructed so that water at the surface of the unit does not
travel over 10 ft horizontally to the collection trough.
4.1.5.12.a. Weirs shall be adjustable, and at least equivalent in length to the perimeter of the tank.
4.1.5.12.b. Weir loading shall not exceed
4.1.5.12.b.1. 10 gal/min-ft of weir length (120 L/min-m) for units used for clarifiers, and
4.1.5.12.b.2. 20 gal/min-ft of weir length (240 L/min-m) for units used for softeners.
4.2 Filtration
Acceptable filters shall include, upon the discretion of the reviewing authority, the following types.
4.2.a. rapid rate gravity filters (4.2.1),
4.2.b. rapid rate pressure filters (4.2.2),
4.2.c. diatomaceous earth filtration (4.2.3),
4.2.d. slow sand filtration (4.2.4),
4.2.e. direct filtration (4.2.5),
4.2.f. deep bed rapid rate gravity filters (4.2.6),
4.2.g. biologically active filters (4.2.7),
4.2.h. membrane filtration (see Interim Standard on Membrane Technologies), and
4.2.i. bag and cartridge filters (see policy statement on Bag and Cartridge Filters for Public Water Systems).
4.2.1. Rapid Rate Gravity Filters
4.2.1.6. Filter material: The media shall be clean silica sand or other natural or synthetic media free from detrimental
chemical or bacterial contaminants, approved by the reviewing authority, and having the following characteristics.

%’,’ 4.2.1.6.a. a total depth of not less than 24 in and generally not more than 30 in,

g 4.2.1.6.b. a uniformity coefficient of the smallest material not greater than 1.65, and

a 4.2.1.6.c. a minimum of 12 in of media with an effective size range no greater than 0.45 mm to 0.55 mm.

o 4.2.1.6.d. Types of filter media

o 4.2.1.6.d.1. Anthracite: Filter anthracite shall consist of hard, durable anthracite coal particles of various sizes.

Blending of non-anthracite material is not acceptable. Anthracite shall have an
4.2.1.6.d.1.a. effective size of 0.45 mm to 0.55 mm with uniformity coefficient not greater than 1.65 when used
alone,
4.2.1.6.d.1.b. effective size of 0.8 mm to 1.2 mm with a uniformity coefficient not greater than 1.7 when used as a
cap,
4.2.1.6.d.1.c. effective maximum size of 0.8 mm when used as a single media on potable groundwater for iron and
manganese removal only (effective sizes greater than 0.8 mm may be approved based upon onsite pilot plant studies
or other demonstration acceptable to the reviewing authority).
4.2.1.6.d.1.d. a specific gravity greater than 1.4, |
4.2.1.6.d.1.e. an acid solubility less than 5%, and
4.2.1.6.d.1.f. a Mho’s scale of hardness greater than 2.7.
4.2.1.6.d.2. Sand: Sand shall have
4.2.1.6.d.2.a. an effective size of 0.45 mm to 0.55 mm,
4.2.1.6.d.2.b. a uniformity coefficient not greater than 1.65,
4.2.1.6.d.2.c. a specific gravity greater than 1.4, and
4.2.1.6.d.2.d. an acid solubility less than 5%.
4.2.1.6.d.4. Granular activated carbon (GAC): Granular activated carbon as a single media may be considered for
filtration only after pilot or full scale testing and with prior approval of the reviewing authority.
4.2.1.6.e. Support media
4.2.1.6.e.2. Gravel: Gravel, when used as the supporting medium, shall consist of cleaned and washed, hard, durable,
rounded silica particles and shall not include flat or elongated particles. The coarsest gravel shall be 2'/2 in in size when
the gravel rests directly on a lateral system, and must extend above the top of the perforated laterals. Not less than four
layers of gravel shall be provided in accordance with the following size and depth distribution.

size depth

2% in to 1% in 5in to 8 in
1% in to % in 3into5in
Y% in to Y4 in 3into 5 in
1% in to %6 in 2 in to 3 in
%6 in to ¥ in 2into3in

(continued)
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APPENDIX 5.A (continued)
Selected Ten States Standards

4.2.3.8. Filtration
4.2.3.8.a. Rate of filtration: The recommended nominal rate is 1.0 gal/ min-ft? of filter area (2.4 m/h) with a
recommended maximum of 1.5 gal/min-ft* (3.7 m/h). The filtration rate shall be controlled by a positive means.
4.3. Disinfection
Chlorine is historically the preferred disinfecting agent. Disinfection may be accomplished with gas and liquid chlorine, calcium or
sodium hypochlorites, chlorine dioxide, ozone, or ultraviolet light. Disinfection is required for all surface water supplies, groundwater
under the direct influence of surface water, and for any groundwater supply of questionable sanitary quality or where other
treatment is provided. Disinfection with chloramines is not recommended for primary disinfection. The required amount of primary
disinfection needed shall be specified by the reviewing authority. Continuous disinfection is recommended for all water supplies.
Consideration must be given to the formation of disinfection by-products (DBP) when selecting the disinfectant.
4.3.1. Chlorination Equipment
4.3.1.2. Capacity: The chlorinator capacity shall be such that a free chlorine residual of at least 2 mg/L can be maintained in
the water once all demands are met after contact time of at least 30 minutes when maximum flow rate coincides with
anticipated maximum chlorine demand. The equipment shall be of such design that it will operate accurately over the desired
feeding range.
4.3.3. Residual Chlorine
4.3.3.a. Minimum free chlorine residual in a water distribution system should be 0.2 mg /L. Minimum chloramine residuals,
where chloramination is practiced, should be 1.0 mg/L at distant points in the distribution system.
7.3 Distribution System Storage
7.3.1. Pressures
The maximum variation between high and low levels in storage structures providing pressure to a distribution system should not
exceed 30 ft. The minimum working pressure in the distribution system should be 35 psi (240 kPa) and the normal working
pressure should be approximately 60 psi to 80 psi (410 kPa to 550 kPa). When static pressures exceed 100 psi (690 kPa), pressure
reducing devices should be provided on mains or as part of the meter survey on individual service lines in the distribution system.
8.2. System Design
8.2.1 Pressure
All water mains, including those not designed to provide fire protection, shall be sized after a hydraulic analysis based on flow
demands and pressure requirements. The system shall be designed to maintain a minimum pressure of 20 psi (140 kPa) at ground
level at all points in the distribution system under all conditions of flow. The normal working pressure in the distribution system
should be approximately 60 psi to 80 psi (410 kPa to 550 kPa) and not less than 35 psi (240 kPa).
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Selections from Recommended Standards for Water Works, Policies for the Review and Approval of Plans and Specifications for Public Water
Supplies, 2007 ed.
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APPENDIX 5.B

National Primary Drinking Water Regulations Code of Federal Regulations (CFR), Title 40, Ch. I, Part 141, October 2003

MCLG* MCL or TT" potential health effects from sources of contaminant
microorganisms (mg/L)" (mg/L)" ingestion of water in drinking water
Cryptosporidium 0 TT* gastrointestinal illness (e.g., human and animal fecal waste

diarrhea, vomiting, cramps)
Giardia lamblia 0 {1 P gastrointestinal illness (e.g., human and animal fecal waste
diarrhea, vomiting, cramps)
heterotrophic plate n/a TT* HPC has no health effects; it is an HPC measures a range of bacteria
count analytic method used to measure that are naturally present in the
the variety of bacteria that are environment.
common in water. The lower the
concentration of bacteria in
drinking water, the better
maintained the water is.
Legionella 0 TT* Legionnaire’s disease, a type of found naturally in water; multiplies
pneumonia in heating systems
total coliforms 0 5.0% Not a health threat in itself; it is Coliforms are naturally present in
(including fecal used to indicate whether other the environment as well as in feces;
coliform and E. coli) potentially harmful bacteria may fecal coliforms and E. coli only come
be present.” from human and animal fecal waste.
turbidity n/a TT® Turbidity is a measure of the soil runoff
cloudiness of water. It is used to
indicate water quality and
filtration effectiveness (e.g.,
whether disease causing
organisms are present). Higher
turbidity levels are often
associated with higher levels of
disease causing microorganisms
such as viruses, parasites, and
some bacteria. These organisms
can cause symptoms such as
nausea, cramps, diarrhea, and
associated headaches.
viruses (enteric) 0 T gastrointestinal illness (e.g., human and animal fecal waste
diarrhea, vomiting, cramps)
disinfection MCLG" MCL or TT® potential health effects from sources of contaminant
products (mg/L)" (mg/L)" ingestion of water in drinking water
bromate 0 0.010 increased risk of cancer by-product of drinking-water
disinfection
chlorite 0.8 1.0 anemia in infants and young by-product of drinking-water
children; nervous system effects disinfection
haloacetic acids n/a’ 0.060 increased risk of cancer by-product of drinking-water
(HAAS5) disinfection
total n/ al 0.080 liver, kidney, or central nervous by-product of drinking-water
trihalomethanes system problems; increased risk of  disinfection
(TTHMs) cancer
(continued)
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APPENDIX 5.B (continued)
National Primary Drinking Water Regulations Code of Federal Regulations (CFR), Title 40, Ch. I, Part 141, October 2003

MCLG" MCL or TT® potential health effects from sources of contaminant
disinfectants (mg/L)" (mg/L)" ingestion of water in drinking water
chloramines (as Cls) 4° 4.0* eye/nose irritation, stomach water additive used to control
discomfort, anemia microbes
chlorine (as Cl,) 4° 4.0° eye/nose irritation, stomach water additive used to control
discomfort microbes
chlorine dioxide 0.8° 4.0° anemia in infants and young water additive used to control
(as ClO3) children, nervous system effects microbes
inorganic MCLG" MCL or TT® potential health effects from sources of contaminant
chemicals (mg/L)" (mg/L)" ingestion of water in drinking water
antimony 0.006 0.006 increase in blood cholesterol; discharge from petroleum refineries;
decrease in blood sugar fire retardants; ceramics;
electronics; solder
arsenic 09 0.010 as of skin damage or problems with erosion of natural deposits; runoff
January 23, cirulatory systems; may increase from orchards; runoff from glass and
2006 cancer risk electronics production wastes
asbestos (fiber > 7 million 7 MFL increased risk of developing decay of asbestos cement in water
10 micrometers) fibers per benign intestinal polyps mains; erosion of natural deposits
liter
barium 2 2 increase in blood pressure discharge of drilling wastes;
discharge from metal refineries;
erosion of natural deposits
beryllium 0.004 0.004 intestinal lesions discharge from metal refineries and
coal-burning factories; discharge
from electrical, aerospace, and
defense industries
cadmium 0.005 0.005 kidney damage corrosion of galvanized pipes;
erosion of natural deposits;
discharge from metal refineries;
runoff from waste batteries and
paints
chromium (total) 0.1 0.1 allergic dermatitis discharge from steel and pulp mills;
erosion of natural deposits
copper 1.3 TR short-term exposure: corrosion of household plumbing
action gastrointestinal distress systems; erosion of natural deposits
level = 1.3 long-term exposure: liver or
kidney damage
People with Wilson’s disease
should consult their personal
doctor if the amount of copper in
their water exceeds the action
level.
cyanide (as free 0.2 0.2 nerve damage or thyroid discharge from steel /metal factories;

cyanide)

problems

discharge from plastic and fertilizer
factories

(continued)
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A-12 WATER RESOURCES AND ENVIRONMENTAL DEPTH REFERENCE MANUAL

APPENDIX 5.B (continued)
National Primary Drinking Water Regulations Code of Federal Regulations (CFR), Title 40, Ch. I, Part 141, October 2003

inorganic MCLG* MCL or TT® potential health effects from sources of contaminant
chemicals (mg/L)" (mg/L)" ingestion of water in drinking water
fluoride 4.0 4.0 bone disease (pain and tenderness ~ water additive that promotes strong
of the bones); children may get teeth; erosion of natural deposits;
mottled teeth discharge from fertilizer and
aluminum factories
lead 0 T infants and children: delays in corrosion of household plumbing
action physical or mental development; systems; erosion of natural deposits
level =0.015  children could show slight deficits
in attention span and learning
disabilities
adults: kidney problems,
high blood pressure
mercury (inorganic) 0.002 0.002 kidney damage erosion of natural deposits;
discharge from refineries and
factories; runoff from landfills and
croplands
nitrate (measured as 10 10 Infants below the age of six runoff from fertilizer use; leaching
nitrogen) months who drink water from septic tanks/sewage; erosion of
containing nitrate in excess of the natural deposits
MCL could become seriously ill
and, if untreated, may die.
Symptoms include shortness of
breath and blue baby syndrome.
nitrite (measured as 1 1 Infants below the age of six runoff from fertilizer use; leaching
nitrogen) months who drink water from septic tanks/sewage; erosion of
containing nitrite in excess of the natural deposits
MCL could become seriously ill
and, if untreated, may die.
Symptoms include shortness of
breath and blue baby syndrome.
selenium 0.05 0.05 hair and fingernail loss; numbness discharge from petroleum refineries;
in fingers or toes; circulatory erosion of natural deposits;
problems discharge from mines
thalium 0.0005 0.002 hair loss; changes in blood; leaching from ore-processing sites;
kidney, intestine, or liver discharge from electronics, glass,
problems and drug factories
organic MCLG" MCL or TT® potential health effects from sources of contaminant
chemicals (mg/L)" (mg/L)" ingestion of water in drinking water
acrylamide 0 TT* nervous system or blood added to water during sewage/
problems; increased risk of cancer wastewater treatment
alachlor 0 0.002 eye, liver, kidney, or spleen runoff from herbicide used on row
problems; anemia; increased risk crops
of cancer
atrazine 0.003 0.003 cardiovascular system or runoff from herbicide used on row
reproductive problems Crops
benzene 0 0.005 anemia; decrease in blood discharge from factories; leaching
platelets; increased risk of cancer from gas storage tanks and landfills
benzo(a)pyrene 0 0.0002 reproductive difficulties; leaching from linings of water
(PAHSs) increased risk of cancer storage tanks and distribution lines
(continued)
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APPENDIX 5.B (continued)
National Primary Drinking Water Regulations Code of Federal Regulations (CFR), Title

40, Ch. I, Part 141, October 2003

organic MCLG*® MCL or TT® potential health effects from sources of contaminant
chemicals (mg/L)" (mg/L)" ingestion of water in drinking water
carbofuran 0.04 0.04 problems with blood, nervous leaching of soil fumigant used on
system, or reproductive system rice and alfalfa
carbon tetrachloride 0 0.005 liver problems; increased risk of discharge from chemical plants and
cancer other industrial activities
chlordane 0 0.002 liver or nervous system problems; residue of banned termiticide
increased risk of cancer
chlorobenzene 0.1 0.1 liver or kidney problems discharge from chemical and
agricultural chemical factories
24D 0.07 0.07 kidney, liver, or adrenal gland runoff from herbicide used on row
problems crops
dalapon 0.2 0.2 minor kidney changes runoff from herbicide used on rights
of way
1,2-dibromo-3- 0 0.0002 reproductive difficulties; runoff/leaching from soil fumigant
chloropropane increased risk of cancer used on soybeans, cotton,
(DBCP) pineapples, and orchards
o-dichloro-benzene 0.6 0.6 liver, kidney, or circulatory discharge from industrial chemical
system problems factories
p-dichloro-benzene 0.007 0.075 anemia; liver, kidney, or spleen discharge from industrial chemical
damage; changes in blood factories
1,2-dichloroethane 0 0.005 increased risk of cancer discharge from industrial chemical
factories
1,1-dichloroethylene 0.007 0.007 liver problems discharge from industrial chemical
factories
cis-1,2- 0.07 0.07 liver problems discharge from industrial chemical
dichloroethylene factories
trans-1,2- 0.1 0.1 liver problems discharge from industrial chemical
dichloroethylene factories
dichloromethane 0 0.005 liver problems; increased risk of discharge from industrial chemical
cancer factories
1,2-dichloropropane 0 0.005 increased risk of cancer discharge from industrial chemical
factories
di(2-ethylhexyl) 0.4 0.04 general toxic effects or discharge from industrial chemical
adipate reproductive difficulties factories
di(2-ethylhexyl) 0 0.006 reproductive difficulties; liver discharge from industrial chemical
phthalate problems; increased risk of cancer factories
dinoseb 0.007 0.007 reproductive difficulties runoff from herbicide used on
soybeans and vegetables
dioxin (2,3,7,8- 0 0.00000003 reproductive difficulties; emissions from waste incineration
TCDD) increased risk of cancer and other combustion; discharge
from chemical factories
diquat 0.02 0.02 cataracts runoff from herbicide use
endothall 0.1 0.1 stomach and intestinal problems runoff from herbicide use
endrin 0.002 0.002 liver problems residue of banned insecticide
epichlorohydrin 0 i g increased cancer risk; over a long discharge from industrial chemical

period of time, stomach problems

factories; an impurity of some water
treatment chemicals

(continued)
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A-14 WATER RESOURCES AND ENVIRONMENTAL DEPTH REFERENCE MANUAL

APPENDIX 5.B (continued)
National Primary Drinking Water Regulations Code of Federal Regulations (CFR), Title 40, Ch. I, Part 141, October 2003

organic MCLG*® MCL or TT* potential health effects from sources of contaminant
chemicals (mg/L)" (mg/L)" ingestion of water in drinking water
ethylbenzene 0.7 0.7 liver or kidney problems discharge from petroleum refineries
ethylene dibromide 0 0.00005 problems with liver, stomach, discharge from petroleum refineries
reproductive system, or kidneys;
increased risk of cancer
glyphosphate 0.7 0.7 kidney problems; reproductive runoff from herbicide use
difficulties
heptachlor 0 0.0004 liver damage; increased risk of residue of banned termiticide
cancer
heptachlor epoxide 0 0.0002 liver damage; increased risk of breakdown of heptachlor
cancer
hexachlorobenzene 0 0.001 liver or kidney problems; discharge from metal refineries and
reproductive difficulties; agricultural chemical factories
increased risk of cancer
hexachloro- 0.05 0.05 kidney or stomach problems discharge from chemical factories
cyclopentadiene
lindane 0.0002 0.0002 liver or kidney problems runoff/leaching from insecticide
used on cattle, lumber, and gardens
methoxychlor 0.04 0.04 reproductive difficulties runoff/leaching from insecticide
used on fruits, vegetables, alfalfa,
and livestock
oxamyl (vydate) 0.2 0.2 slight nervous system effects runoff/leaching from insecticide
used on apples, potatoes, and
tomatoes
polychlorinated 0 0.0005 skin changes; thymus gland runoff from landfills; discharge of
biphenyls (PCBs) problems; immune deficiencies; waste chemicals
reproductive or nervous system
difficulties; increased risk of
cancer
pentachlorophenol 0 0.001 liver or kidney problems; discharge from wood preserving
increased cancer risk factories
picloram 0.5 0.5 liver problems herbicide runoff
simazine 0.004 0.004 problems with blood herbicide runoff
styrene 0.1 0.1 liver, kidney, or circulatory discharge from rubber and plastic
system problems factories; leaching from landfills
tetrachloroethylene 0 0.005 liver problems; increased risk of discharge from factories and dry
cancer cleaners
toluene 1 1 nervous system, kidney, or liver discharge from petroleum factories
problems
toxaphene 0 0.003 kidney, liver, or thyroid runoff/leaching from insecticide
problems; increased risk of cancer used on cotton and cattle
2,4,5-TP (silvex) 0.05 0.05 liver problems residue of banned herbicide
1,2,4- 0.07 0.07 changes in adrenal glands discharge from textile finishing
trichlorobenzene factories
1,1,1-trichloroethane 0.20 0.2 liver, nervous system, or discharge from metal degreasing

circulatory problems

sites and other factories

(continued)
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APPENDIX 5.B (continued)
National Primary Drinking Water Regulations Code of Federal Regulations (CFR), Title 40, Ch. I, Part 141, October 2003

organic MCLG" MCL or TT® potential health effects from sources of contaminant

chemicals (mg/L)" (mg/L)" ingestion of water in drinking water

1,1,2-trichloroethane 0.003 0.005 liver, kidney, or immune system discharge from industrial chemical

problems factories
trichloroethylene 0 0.005 liver problems; increased risk of discharge from metal degreasing
cancer sites and other factories

viny! chloride 0 0.002 increased risk of cancer leaching from PVC pipes; discharge
from plastic factories

xylenes (total) 10 10 nervous system damage discharge from petroleum factories;
discharge from chemical factories

MCLG* MCL or TT* potential health effects from sources of contaminant

radionuclides (mg/L)" (mg/L)" ingestion of water in drinking water

alpha particles none’ 15 pCi/L increased risk of cancer erosion of natural deposits of certain
minerals that are radioactive and
may emit a form of radiation known
as alpha radiation

beta particles and none?’ 4 mrem/yr increased risk of cancer decay of natural and artificial

photon emitters deposits of certain minerals that are
radioactive and may emit forms of
radiation known as photons and
beta radiation

radium 226 and none? 5 pCi/L increased risk of cancer erosion of natural deposits

radium 228

(combined)

uranium 0 30 pg/L as increased risk of cancer; kidney erosion of natural deposits

of December 8, toxicity
2003
“Definitions:

Mazimum Contaminant Level (MCL): The highest level of a contaminant that is allowed in drinking water. MCLs are set as close to MCLGs as
feasible using the best available treatment technology and taking cost into consideration. MCLs are enforceable standards.

Magimum Contaminant Level Goal (MCLG): The level of a contaminant in drinking water below which there is no known or expected risk to
health. MCLGs allow for a margin of safety and are non-enforceable public health goals.
Magzimum Residual Disinfectant Level (MRDL): The highest level of a disinfectant allowed in drinking water. There is convincing evidence that
addition of a disinfectant is necessary for control of microbial contaminants.
Mazimum Residual Disinfectant Level Goal (MRDLG): The level of a drinking water disinfectant below which there is no known or expected risk to
health. MRDLGs do not reflect the benefits of the use of disinfectants to control microbial contaminants.

Treatment Technique: A required process intended to reduce the level of a contaminant in drinking water.

¥Units are in milligrams per liter (mg/L) unless otherwise noted. Milligrams per liter are equivalent to parts per million.

(continued)
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A-16 WATER RESOURCES AND ENVIRONMENTAL DEPTH REFERENCE MANUAL

APPENDIX 5.B (continued)
National Primary Drinking Water Regulations Code of Federal Regulations (CFR), Title 40, Ch. 1, Part 141, October 2003

“The EPA’s surface water treatment rules require systems using surface water or ground water under the direct influence of surface water to
(1) disinfect their water, and (2) filter their water or meet criteria for avoiding filtration so that the following contaminants are controlled at the
following levels.

* Cryptosporidium (as of January 1, 2002, for systems serving > 10,000 and January 14, 2005, for systems serving < 10,000): 99% removal

* Giardia lamblia: 99.9% removal /inactivation

* Legionella: No limit, but the EPA believes that if Giardia and viruses are removed /inactivated, Legionella will also be controlled.

* Turbidity: At no time can turbidity (cloudiness of water) go above 5 nephelolometric turbidity units (NTU); systems that filter must ensure

that the turbidity go no higher than 1 NTU (0.5 NTU for conventional or direct filtration) in at least 95% of the daily samples in any month.
As of January 1, 2002, turbidity may never exceed 1 NTU, and must not exceed 0.3 NTU in 95% of daily samples in any month.

* Heterotrophic plate count (HPC): No more than 500 bacterial colonies per milliliter.

* Long Term 1 Enhanced Surface Water Treatment (as of January 14, 2005): Surface water systems or ground water under direct influence
(GWUDI) systems serving fewer than 10,000 people must comply with the applicable Long Term 1 Enhanced Surface Water Treatment Rule
provisions (e.g., turbidity standards, individual filter monitoring, cryptosporidium removal requirements, updated watershed control require-
ments for unfiltered systems).

Filter Backwash Recycling: The Filter Backwash Recycling Rule requires systems that recycle to return specific recycle flows through all
processes of the systems’ existing conventional or direct filtration system or at an alternate location approved by the state.

“More than 5.0% of samples are total coliform-positive in a month. (For water systems that collect fewer than 40 routine samples per month, no
more than one sample can be total coliform-positive per month.) Every sample that has total coliform must be analyzed for either fecal coliforms or
E. coli: If two consecutive samples are TC-positive, and one is also positive for E. coli or fecal coliforms, the system has an acute MCL violation.
“Fecal coliform and E. coli are bacteria whose presence indicates that the water may be contaminated with human or animal wastes. Disease-causing
microbes (pathogens) in these wastes can cause diarrhea, cramps, nausea, headaches, or other symptoms. These pathogens may pose a special health
risk for infants, young children, and people with severely compromised immune systems.
/Although there is no collective MCLG for this contaminant group, there are individual MCLGs for some of the individual contaminants.
* Haloacetic acids: dichloroacetic acid (0); trichloroacetic acid (0.3 mg/L). Monochloroacetic acid, bromoacetic acid, and dibromoacetic acid are
regulated with this group but have no MCLGs.
* Trihalomethanes: bromodichloromethane (0); bromoform (0); dibromochloromethane (0.06 mg/ L). Chloroform is regulated with this group
but has no MCLG.
‘MCLGs were not established before the 1986 Amendments to the Safe Drinking Water Act. Therefore, there is no MCLG for this contaminant.
and copper are regulated by a treatment technique that requires systems to control the corrosiveness of their water. If more than 10% of tap
water samples exceed the action level, water systems must take additional steps. For copper, the action level is 1.3 mg/L, and for lead it is 0.015 mg/L.
‘Each water system agency must certify, in writing, to the state (using third party or manufacturers’ certification) that, when acrylamide and epi-
chlorohydrin are used in drinking water systems, the combination (or product) of dose and monomer level does not exceed the levels specified, as
follows.
* acrylamide = 0.05% dosed at 1 mg/L (or equivalent)
* epichlorohydrin = 0.01% dosed at 20 mg/L (or equivalent)
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APPENDIX 5.C

National Secondary Drinking Water Regulations
Code of Federal Regulations (CFR),
Title 40, Ch. 1, Part 143, July 2010

contaminant secondary standard
aluminum 0.05-0.2 mg/L
chloride 250 mg/L
color 15 (color units)
copper 1.0 mg/L
corrosivity noncorrosive
fluoride 2.0 mg/L
foaming agents 0.5 mg/L

iron 0.3 mg/L
manganese 0.05 mg/L
odor 3 threshold odor number
pH 6.5-8.5

silver 0.10 mg/L
sulfate 250 mg/L
total dissolved solids 500 mg/L

zine 5 mg/L
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2, 3, 7, BTCDD toxic equivalent, 10-9

A

ABS, 74
Absent, TC, 6-3
Abstraction, initial, 1-17
Acid rain, 10-6
Acrylonitrile-butadiene-styrene, 7-4
composite pipe, 7-4
Act, Safe Drinking Water, 4-5
Activated
carbon adsorption, 11-4
carbon treatment, 5-11
sludge, 8-3
sludge foaming, 9-16
sludge, waste-, 9-2
Acute exposure, 6-13
Adsorption, 813
activated carbon, 11-4
process, 11-4
Advanced
wastewater treatment, 8-5
water treatment, 5-11
Aerated grit chamber, 8-7
Aeration
complete-mix, 9-4
extended, 9-3, 9-8
high purity oxygen, 9-5
high rate, 9-4
period, 9-10
step-flow, 9-4
Aerobe, 6-4
facultative, 6-4
obligate, 6-4
Aerobic
decomposition, 6-4
digestion, 9-13
Aerotolerant anaerobe, 6-4
Aesthetic properties of water, 6-6
Age, sludge, 9-7
Air
-to-cloth ratio, 10-13
pollution, 10-3, 10-10
Quality Index, 10-6
sparging, 11-7
stripping, 11-8
Algae, 6-3
Alluvium, 11-6
Alternating flow system, 8-5
Ammonia stripping, 8-13
Amoeboid, 6-3
Anabolism, 6-4
Anaerobe
aerotolerant, 6-4
facultative, 6-4
obligate, 6-4
Anaerobic
decomposition, 6-4
digestion, 9-12
Analysis, runoff, 1-12
Andrews equation, 9-6
Anoxic decomposition, 6-4
Aquifer, 4-1, 11-6
classification, 11-6
confined, 11-7
profile, 4-1
unconfined, 11-7

Area

bearing, 2-4

nonattainment, 10-4

wellhead protection, 4-6
Asbestos cement pipe, 7-4
Assurance, quality, 6-13
Atmospheric inversion, 10-6
Attenuation, natural, 11-10
Attrition scrubbing, 11-5
Axial flow pump, 2-11

B

Bacteria, 6-2
Bacteriophage, 6-2
Baghouse, 10-12
Bar screen, 8-6
Barrier, permeable reactive, 11-6
Base flow, 1-8
Basin, 1-2
equalization, 8-5
Batch reactor, 8-12
Bearing area, 2-4
Bed, sand, 9-15
Bedrock
metamorphic, 11-6
sedimentary, 11-6
Belt thickening, gravity (GBT), 9-14
Bernoulli
energy equation, 3-2
equation, 2-2
Best
available technology, 11-1
management practice, 3-24
Biocaccumulation, 6-5
Biochemical oxygen, 6-8
demand, 6-8
Biofilm, 7-6
Biofilter media, 11-9
Biofiltration, 11-9
Biogas, 9-12
Bioreactor, membrane (MBR), 9-16
Bioremediation, plant-assisted, 11-10
Biosolid, 9-2
Biotreatment reactor, 8-12
Bioventing, 11-10
Biphenyl, polychlorinated, 10-7
Blast enhanced fracturing, 11-9
BOD, 6-8
carbonaceous, 8-4
soluble, 7-3
BOD,, test, 6-9
Brake power, 2-11, 4-7
Branched pipe network, 2-8 (fig)
Breakpoint, 10-7
Bulking, sludge, 9-15

C

Camp formula, 8-6
Capacity, 5-3
storage, 5-3
Carbon
monoxide, 10-6
total organic, 6-11
treatment, activated, 5-11

Carbonaceous

biochemical oxygen demand, 8-4
BOD, 84

Carnivore, 6-5

Cast iron pipe, 7-4

Catabolism, 6-4

Catalytic reduction, selective, 10-14
Cavitation, 2-13

CBOD;, 8-4

Centrifugal flow pump, 2-11

Chain

food, 6-5
of custody protocol and report, 6-13

Chamber

aerated grit, 8-7
grit, 8-6
grit, horizontal flow, 8-6

Channel

rectangular, 3-5

rectangular, wetted perimeter, 3-6
trapezoidal, 3-5

trapezoidal, wetted perimeter, 3-6
triangular, 3-5

triangular, wetted perimeter, 3-6

Chart, Moody friction factor, 2-5
Chemical

disinfecting process, 5-9
oxidation, 11-4
oxygen demand, 6-8, 6-10

Chicane, 9-15

Chloride, polyvinyl, 7-4
Chromista, 6-3
Chronic exposure, 6-13
Ciliate, 6-3

Circular pipe flowing

full, 3-5

full, wetted perimeter, 3-6
half full, 3-5

half full, wetted perimeter, 3-6

Clarifier

final, 8-3
secondary, 8-3

Classification, aquifer, 11-6
Cleaning, filter, 8-13

Cloth ratio, air-to-, 10-13
Co-current centrifuge design, 9-14
COD, 6-8

Coefficient

composite runoff, 1-14
contraction, 3-16

expansion, 3-16

flow, 2-16, 2-17

friction loss, 2-10
Hazen-Williams roughness, 2-6
Manning roughness, 3-4
rational runoff, 1-13

reaction rate, 6-9

specific growth rate, 9-6

Coliform, 6-3

fecal, 6-3

Colilert Presence/Absence method, 6-3
Collection

force, 7-3
gravity, 7-3

Combined flow system, completely

mixed, 85

Complete

-mix aeration, 9-4
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I-2 WATER RESOURCES AND ENVIRONMENTAL DEPTH REFERENCE MANUAL

mix reactor, 8-12
Completely

mixed combined flow system, 8-5

mixed fixed flow system, 8-5

stirred tank reactor, 8-12
Composite runoff coefficient, 1-14
Compound, volatile organic, 11-8
Compression settling, 8-8
Concentration

effluent substrate, 9-8

influent substrate, 9-7, 9-8

time, 1-13
Concrete sewer pipe, 7-4
Condensation scrubber, 10-11
Conductivity, hydraulic, 4-2
Cone

Tmhoff, 7-2

of depression, 4-4
Confined aquifer, 11-7
Confining layer, 11-7
Congener, 10-7
Conservation

of energy equation, 2-2

of mass equation, 2-2

of momentum equation, 2-3
Constant

dimensionless Henry's, 11-8

Henry's, 11-8

Henry’s law, 11-7
Contactor, rotating biological, 8-15
Contamination, groundwater, 4-5
Continuity equation, 2-2, 3-3
Continuous flow reactor, 8-12
Contraction coefficient, 3-16
Control

groundwater, 4-3

inlet, 3-28

method, groundwater, 4-3

outlet, 3-28

quality, 6-13
Conventional granular media

filtration, 8-12

Conveyance, 3-14
Corrosion, 7-6
Corrosivity, 10-2
Counter-current centrifuge design, 9-14
Countercurrent, 8-13

tower, 814
Criteria, return interval, 1-5
Critical

depth, 3-10

flow, 3-10

sag distance, 6-12
Cross-flow tower, 813
Cryptosporidium parvum, 6-2
CSTR, 8-12
Culvert, 3-28

design, 3-28

hydraulic, 3-28
Curve

dissolved oxygen sag, 6-11

DO sag, 6-11

number, 1-17

number, NRCS method, 1-17

oxygen sag, 6-11
Cut-off trench, 4-3
Cutoff, molecular weight, 817
Cycle, hydrologic, 1-1
Cytotoxin, 6-13

D

DAF, 9-13
Daphnia, 8-17
Darcy’s law, 4-3
Death rate, 9-7
Decay rate, endogenous, 9-7
Dechlorination, 8-18
Declaration, negative, 10-1
Decomposition

aerobie, 6-4

anaerobic, 6-4

anoxic, 6-4
Deep well system method, 4-3
Demand, 6-8
biochemical oxygen, 6-8
carbonaceous biochemical oxygen, 8-4
chemical oxygen, 6-8, 6-10
normal residential water, 5-2
oxygen, 6-8
peak daily water, 5-2
theoretical oxygen, 6-8
water, 5-2
Denitrification, 8-16
Dense nonaqueous phase liquid, 11-2
Deoxygenation, 6-11
process, 6-11
rate of, 6-11
Deposition
dry, 10-6
wet, 10-6
Depression, cone of, 4-4
Depth
critical, 3-10
normal, 3-10
Desalination, 5-11
Design
co-current centrifuge, 9-14
counter-current centrifuge, 9-14
culvert, 3-28
storm sewer, 3-19
thrust block, 2-3
Desorption, thermal, 11-7
Destruction and removal efficiency, 10-7
Detention
pond, 3-24
time, 5-5, 8-8
Dewatered sludge, 9-15
Dewatering, groundwater, 11-3
Diagram, Rippl, 1-9
Digestion
aerobic, 9-13
anaerobic, 9-12
mesophilic, 9-12
thermophilie, 9-12
Dilution
purification, 7-8
rate, 3-8
Dimensionless Henry’s constant, 11-8
Dioxide, sulfur, 10-8
Dioxin, 10-8
Direct filtration, 8-12
Directional well, 11-9
Discharge
Elimination System, National
Pollutant, 81
specific, 3-11
Discrete settling, 8-8
Disinfecting process
chemical, 5-9
physical, 5-9
Disinfection, 5-9, 6-13
Dissolved
air flotation (DAF), 9-13
oxygen, 6-7
oxygen sag curve, 6-11
solid, 7-2
Distance, critical sag, 6-12
Distribution, 5-11
main, 5-11
system, water, 5-11
Ditch oxidation, 9-3
DNAPL, 11-2
DO sag curve, 6-11
Domestic wastewater, 7-1
Dose, 5-9
Doubling time, 9-7
Drawdown, 4-4
Drinking water standard, 5-2
Dry

deposition, 10-6

scrubber, 10-12
Ductile iron pipe, 7-4
Dynamic thrust force, 2-3

E

Effect, orographic, 1-3
Efficiency
destruction and removal, 10-7
pump, 2-11
removal, 9-9
Effluent substrate concentration, 9-8
Elasticity, modulus of, 2-15
Electro-osmosis, 11-5
Electrokinetics, 11-5
Electrostatic precipitator, 10-12
Elimination System, National Pollutant
Discharge, 8-1
Emerging, 10-9
Endogenous
decay rate, 9-7
phase, 9-7
respiration, 9-13
Energy grade line, 3-12
Engineering
environmental, 10-1
groundwater, 4-1
open channel hydraulic, 3-2
water treatment, 5-1
Enhanced biological phosphorus
removal, 8-16
Environmental
engineering, 10-1
impact report, 10-1
Equalization
basin, 85
flow, 85
Equation
Andrews, 9-6
Bernoulli, 2-2
Bernoulli energy, 3-2
conservation of energy, 2-2
conservation of mass, 2-2
conservation of momentum, 2-3
continuity, 2-2, 3-3
Hazen-Williams, 2-6
Manning, 3-4, 7-5
Monod, 9-6
Sichardt’s, 11-3
Streeter-Phelps, 6-12
Thiem, 4-5
Thomas, 6-5
van't Hoff-Arrhenius, 6-9
water budget, 1-2
Equivalent
pipe method, 2-10
population, 7-6
toxic, 10-9
Erosion, 1-26
Eukaryote, 6-2
Eutrophication, 6-6
Evapotranspiration, 1-11
Ex situ soil washing, 11-5
Expanded packed bed reactor, 812
Expansion coefficient, 3-16
Exponential phase, 9-7
Exposure
acute, 6-13
chronic, 6-13
Extended aeration, 9-3, 9-8
Extremeophile, 6-1

F

F-list waste, 10-2
Factor
peak, 7-5
peaking, 5-3
stripping, 11-8
toxic equivalence, 10-9
Facultative
aerobe, 6-4
anaerobe, 6-4
FC present, 6-4
Fecal

coliform, 6-3
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coliform present, 6-4
streptococcus, 6-3
Feeder main, 5-11
Fiber bed scrubber, 10-11
Filter
cleaning, 813
multimedia, 8-12
press, 9-15
roughing, 813
trickling, 8-13
uniform media, 812
Filtration, 5-8
conventional granular media, 8-12
direct, 8-12
Final clarifier, 8-3
Fire storage volume, 5-4
Fixed film system, 9-2
Flagellate, 6-3
Floc, 5-6
Flocculant settling, 8-8
Flocculation, 5-6
mixing time, 5-6
Floodplain, 3-30
Floodway, 3-30
Flotation, dissolved air (DAF), 9-13
Flow
base, 1-8
coefficient, 2-16, 2-17
critical, 3-10
equalization, 85
gradually varied, 3-11
gutter, 3-21
net, 4-2
nonuniform varied, 3-3
open channel, 3-2
overland, 1-8
peak, 7-4
pump, 2-11
pump, axial, 2-11
pump, centrifugal, 2-11
reactor, continuous, 8-12
regime, 3-3
regime, inlet control, 3-28
regime, outlet control, 3-28
steady, 3-3
subcritical, 3-10
supercritical, 3-11
system, completely mixed combined, 8-5
uniform, 3-3
unsteady, 3-3
Fluid hammer, 2-15
Fluidized
bed combustion system, 10-14
packed bed reactor, 8-12
Flume, Parshall, 3-24
Flux
solids, 8-8
water, 9-16
Foaming, activated sludge, 9-16
Food chain, 6-5
Force
collection, 7-3
dynamic thrust, 2-3
momentum, 2-3
pressure, 2-3
reaction, 2-3
static, 2-3
Formula, Camp, 8-6
Fraction of available hypochlorite, 5-9
Fractional purity, 5-9
Fracturing
blast enhanced, 11-9
hydraulic, 11-9
pneumatic, 11-9
Frequency, storm, 1-5
Friction loss coefficient, 2-10
Froude number, 3-11
Fungi, 6-2
Fungus, 6-2

G

Ganglia, 11-2
Gas stripping, 11-8
Gauge, pitot-static, 2-17
GBT, 9-14
Generation time, 9-7
Giardia lamblia, 6-2
Glacial sediment, 11-6
Glass transition temperature, 11-6 (ftn)
Grade line, energy, 3-12
Gradient
head loss, 4-3
mean velocity, 5-6
Gradually varied flow, 3-11
Graph, scatter, 7-5
Gravity, 7-3
belt thickening (GBT), 9-14
collection, 7-3
separation, 11-5
thickening, 9-14
Grit chamber, 8-6
aerated, 8-7
Ground level ozone, 10-5
Groundwater, 4-1
contamination, 4-5
control, 4-3
control method, 4-3
dewatering, 11-3
engineering, 4-1
Growth rate coefficient, specific, 9-6
Gutter flow, 3-21

H

Hammer

fluid, 2-15

water, 2-15
Hardness, 5-10
Hardy-Cross method, 2-14
Hazardous waste, 10-1
Hazen-Williams

equation, 2-6

roughness coefficient, 2-6

ead

loss gradient, 4-3
loss, minor, 2-10
net positive suction, 2-13
total dynamic pumping, 2-11
velocity, 2-2
Height of the transfer unit, 11-9
Henry's
constant, 11-8
constant, dimensionless, 11-8
law constant, 11-7
Herbivore, 6-5
High
-rate activated sludge, 9-8
purity oxygen aeration, 9-5
rate aeration, 9-4
Hopper, 10-12
Horizon, soil, 4-1
Horizontal flow grit chamber, 8-6
HSG, 1-12
HTU, 11-9
Hydraulic
conductivity, 4-2
culvert, 3-28
fracturing, 11-9
jump, 3-11
loading rate, 5-5, 8-8
radius, 3-4
residence time, 9-8
resistance time, 8-8
Hydraulics, 2-1
Hydrocyclone, 8-7
Hydrogen sulfide, 7-6
Hydrograph, 1-7
method, NRCS synthetic unit
triangular, 1-9
storm, 1-7
synthetic, 1-9

unit, 1-8
Hydrologic
cycle, 1-1
soil group, 1-12
Hydrology, 1-1
Hydrophobicity, 6-6
Hyetograph, 1-6
Hyperthermophile, 6-2
Hypochlorite, fraction of available, 5-9

|

Igneous, 11-6
Ignitability, 10-2
Imhoff cone, 7-2
Impaction, 813
Impingement plate scrubber, 10-11
In situ
soil washing, 11-5
stabilization, 11-6
vitrification, 11-5
Index
Air Quality, 10-6
Pollutant Standards, 10-6 (ftn)
sludge density, 9-13
sludge volume, 9-13
Indicator organism, 6-3
Industrial wastewater, 7-1
Infiltration, 1-12, 4-7, 7-5
inflow, 7-5
trench, 4-7
Inflow, 7-5
infiltration, 7-5
Influence
radius of, 11-3
zone of, 4-6
Influent substrate concentration, 9-7, 9-8
Initial abstraction, 1-17
Inlet control, 3-28
Interest point, 1-3
Intermittent flow system, 85
Interval
recurrence, 1-5
return, 1-5
Inversion, atmospheric, 10-6
Invert, 3-7
Ton migration, 11-5

INDEX - L

J
Jump, hydraulic, 3-11

K

K-list waste, 10-2
Kjehldahl nitrogen, total, 6-6

L

Lag phase, 9-7
Lateral, sewer, 7-5
Law, Darcy’s, 4-3
Layer, confining, 11-7
Lead, 10-6
Level
trophic, 6-5
working, 10-7
Lift pump, 8-2
Light
nonaqueous phase liquid, 11-2
pollution, 10-3
Lime-soda process, 5-10
Line, energy grade, 3-12
Liquid
dense nonaqueous phase, 11-2
light nonaqueous phase, 11-2
nonaqueous phase, 11-2
Liquor, mixed, 9-2
suspended solid, 9-2
volatile suspended solid, 9-3
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LNAPL, 11-2

Loading rate
hydraulic, 5-5, 8-8
surface, 8-8
weir, 8-8

Log phase, 9-7

M

M. parvicella, 9-16
Macronutrient, 6-5
Main
distribution, 5-11
feeder, 5-11
transmission, 5-11
Management practice, best, 3-24
1g
equation, 3-4, 7-5
roughness coefficient, 3-4
Matter, particulate, 10-8
Maximal rate, 9-5
MBR, 9-16
Mean velocity gradient, 5-6
Mechanical scrubber, 10-11
Media
biofilter, 11-9
filter, uniform, 8-12
Membrane
bioreactor (MBR), 9-16
treatment, 5-11
Mesophile, 6-2
Mesophilic digestion, 9-12
Metabolic
pathway, 6-4
process,
Metabolite, 6-4
Metamorphic bedrock, 11-6
Meter obstruction, 2-16
Method
Colilert Presence/Absence, 6-3
deep well system, 4-3
equivalent pipe, 2-10
groundwater control, 4-3
Hardy-Cross, 2-14
most. probable number, 6-5
NRCS curve number, 1-17
NRCS synthetic unit triangular hydro-
graph, 1-9
rational, 1-12
standard step, 3-13
straight-line, 1-8
sump and ditch, 4-3
vertical sand drain, 4-3
well-point system, 4-3
Microaerophile, 6-4
Micronutrient, 6-5
Microorganism, 6-1
Migration ion, 11-5
Minimum
required volume, 1-9
water pressure, 5-4
Minor head loss, 2-10
Mixed
combined flow system, completely 8-5
liquor, 9-2
liquor suspended solid, 9-2
liquor volatile suspended solid, 9-3
Mixing
rapid, 5-5
time, flocculation, 5-6
Modulus of elasticity, 2-15
Molecular weight cutoff, 8-17
Momentum, force, 2-3
Monod equation, 9-6
Monoxide, carbon, 10-6
Moody friction factor chart, 2-5
Most probable number method, 6-5
Multimedia filter, 8-12
Municipal wastewater, 7-1
MWCO, 8-17

N

NAPL, 11-2
National Pollutant Discharge Elimination
System, 8-1
permit, 10-4
Natural attenuation, 11-10
Negative declaration, 10-1
Nephelometric turbidity unit, 7-2
Net
flow, 4-2
positive suction head, 2-13
seepage, 4-2
Networ?cge
branched pipe, 2-8 (fig)
Theissen, 1-7
Nitrification, 8-14
Nitrobacter, 8-14
Nitrogen
oxide, 10-4
total Kjehldahl, 6-6
Nitrosomonas, 8-14
Nocardia, 9-16
Noise pollution, 10-3
Nonaqueous phase liquid, 11-2
Nonattainment area, 10-4
Nonhazardous waste, 10-1
Nonpoint source pollution, 10-3
Nonuniform varied flow, 3-3
Normal
depth, 3-10
residential water demand, 5-2
NPDES, 8-1, 10-4
wastewater effluent standard, 8-2
CS

curve number method, 1-17
synthetic unit triangular hydrograph
method, 1-9
NTU, 7-2
Number
curve, 1-17
Froude, 3-11
most probable, 6-5
of transfer units, 11-8, 11-9
threshold odor, 6-6
Nutrient, 6-5

0]

Obligate

aerobe, 6-4

anaerobe, 6-4
Observed yield, 9-5
Obstruction meter, 2-16
Off-stream reservoir, 5-3
OLR, 7-6
Omnivore, 6-5
On-stream reservoir, 5-3
Open channel

flow, 3-2

hydraulic engineering, 3-2
Organic loading rate, 7-6, 7-7
Organism

indicator, 6-3

polyphosphate accumulating, 8-16
Orographic effect, 1-3
Osmosis, electro-, 11-5
QOutlet control, 3-28
Overburden, soil, 11-9
Overflow rate, surface, 5-8
Overland flow, 1-8
Oxidation

chemical, 11-4

ditch, 9-3
Oxide, nitrogen, 10-4
Oxygen

demand, 6-8

demand, biochemical, 6-8

demand, carbonaceous biochemical, 8-4

dissolved, 6-7

sag curve, 6-11

transfer, rate of, 9-10

Ozone
ground level, 10-5
stratospheric, 10-5

P

P-list waste, 10-2
Packed bed reactor, 8-12
PAO, 8-16
Parallel piping, 2-7
Parameter, specific substrate utilization, 9-8
Parshall flume, 3-24
Particle settling velocity, 5-7
Particulate matter, 10-8
Parvicella, M., 9-16
Pathogen, 6-2
Pathway, metabolic, 6-4
PCB, 10-7
waste, 10-7
Peak
daily water demand, 5-2
factor, 7-5
flow, 7-4
runoff, 1-9
runoff, time to, 1-9
Peaking factor, 5-3
Percent saturation value, 6-7
Perimeter, wetted, 3-6
Period, aeration, 9-10
Permeability, 4-2
Permeable reactive barrier, 11-6
Permit
National Pollutant Discharge Elimina-
tion System, 10-4
Phage, 6-2
Phase

endogenous, 9-7
exponential, 9-7
lag, 9-7
log, 9-7
stationary, 9-7
Phosphorus removal, 8-16
Physical disinfecting process, 5-9
Phytoextraction, 11-10
Phytoplankton, 6-3
Phytoremediation, 11-10
Phytostabilization, 11-10
Phytostimulation, 11-10
Phytotransformation, 11-10
Pl 1-3
Pipe
acrylonitrile-butadiene-styrene, 7-4
asbestos cement, 7-4
cast iron, 7-4
flowing full, circular, 3-5
flowing half full, circular, 3-5
concrete sewer, 7-4
ductile iron, 7-4
method, equivalent, 2-10
network, branched, 2-8
polyvinyl chloride, 7-4
PVC, 74
reinforced plastic mortar, 7-4
vitrified clay, 7-4
Piping parallel, 2-7
Pitot-static gauge, 2-17
Plant
-assisted bioremediation, 11-10
waste and wastewater treatment, 7-3
wastewater treatment, 8-2
Plantae, 6-3
Plug flow reactor, 812
Pneumatic fracturing, 11-9
Point
of interest, 1-3
source, 8-1
source pollution, 10-3
Pollutant
Discharge Elimination System,
National, 8-1
Standards Index, 10-6 (ftn)
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Pollution, 10-3
air, 10-3, 10-10
light, 10-3
noise, 10-3
nonpoint source, 10-3
point source, 10-3
prevention, 10-9
radioactive, 10-3
soil, 10-3
thermal, 10-3
visual, 10-3
water, 10-3
Polychlorinated biphenyl, 10-7
Polyphosphate accumulating
organism, 8-16
Polyvinyl chloride, 7-4
Pond
detention, 3-24
reservoir routing technique, 3-25
retention, 3-24
Population equivalent, 7-6
Porosity, 4-2
Power
brake, 2-11, 4-7
pump, 4-6
Precipitator, electrostatic, 10-12
Present
fecal coliform, 6-4
TC, 6-3
Press filter, 9-15
Pressure
force, 2-3
minimum, 54
minimum water, 5-4
water, 2-1
Pretreatment, 8-3
Prevention, pollution, 10-9
Primary treatment, 8-3
Procedure
QA/QC, 6-13
quality assurance, 6-13
quality control, 6-13
Process
adsorption, 11-4
chemical disinfecting, 5-9
deoxygenation, 6-11
lime-soda, 5-10
metabolic, 6-4
physical disinfecting, 5-9
reoxygenation, 6-11
Profile, aquifer, 4-1
Program, Wellhead Protection, 4-6
Prokaryote, 6-2
Properties of water, aesthetic, 6-6
Protection, Wellhead, Program, 4-6
Protista, 6-3
Protozoa, 6-3
Psychrophile, 6-2
Pump
axial flow, 2-11
centrifugal flow, 2-11
efficiency, 2-11
lift, 82
power, 4-6
Purification
dilution, 7-8
self-, 7-8
Purity, fractional, 5-9
PVC, 7-4
pipel 7-4

Q

QA/QC procedure, 6-13
Quality
assurance, 6-13
assurance procedure, 6-13
control, 6-13

R

Radioactive pollution, 10-3
Radius
hydraulic, 3-4
of influence, 11-3
Radon, 10-7
Rain, acid, 10-6
Rainfall distribution type
I, 1-6
IA, 1-6
1, 1-6
1, 1-6
Rapid mixing, 5-5
Rate

death, 9-7
dilution, 9-8
endogenous decay, 9-7
hydraulic loading, 5-5
maximal, 9-5
of deoxygenation, 6-11
of oxygen transfer, 9-10
of reoxygenation, 6-11
of substrate utilization, 9-8
organic loading, 7-6, 7-7
recirculation, 9-9
surface overflow, 5-8
weir loading, 8-8
Ratio
air-to-cloth, 10-13
recycle, 9-9
void, 4-2
waste, 9-9
Rational
method, 1-12
method, time of concentration, 1-13
runoff coefficient, 1-13
RBC, 8-15
RCRA, 10-1
Reaction
force, 2-3
rate coefficient, 6-9
Reactivity, 10-2
Reactor, 8-3
batch, 8-12
biotreatment, 8-12
complete mix, 8-12
completely stirred tank, 8-12
continuous flow, 8-12
expanded packed bed, 8-12
fluidized packed bed, 8-12
packed bed, 8-12
plug flow, 812
seeding, 9-9
Recirculation rate, 9-9
Rectangular
channel, 3-5
channel, wetted perimeter, 3-6
weir, 3-22
Recurrence interval, 1-5
Recycle ratio, 9-9
Reduction
selective catalytic, 10-14
source, 10-9
Regime flow, 3-3
settling, 8-8
Reinforeed plastic mortar pipe, 7-4
Rejection solute, 9-16
Relative roughness, 2-5
Remediation, 11-1
Removal
efficiency, 9-9
enhanced biological phosphorus, 8-16
phosphorus, 8-16
Reoxygenation, 6-11
process, 6-11
rate of, 6-11
Report
chain of custody and protocol, 6-13
environmental impact, 10-1
Reservoir
off-stream, 5-3
on-stream, 5-3

Resistance time, hydraulic, 8-8
Resource Conservation and Recovery
Act, 10-1

Respiration, endogenous, 9-13
Retention, pond, 3-24
Return

-activated sludge, 9-2

interval, 1-5

interval criteria, 1-5
Returned activated sludge, 8-4
Rhizofiltration, 11-10
Rippl diagram, 1-9
Rotating biological contactor, 8-15

Rotifera, 8-17
Roughing filter, 8-13
Roughness

relative, 2-5
specific, 2-5

Runoff, 1-12

analysis, 1-12

coefficient, composite, 1-14
peak, 1-9

time to peak, 1-9

S

Safe Drinking Water Act, 4-5
Sag time, 6-12

Sand bed, 9-15

Scatter graph, 7-5
Screen, bar, 8-6

Scrubber

condensation, 10-11

dry, 10-12

fiber bed, 10-11

impingement plate, 10-11

mechanical, 10-11

venturi, 10-11

wet, 10-10
Scrubbing, attrition, 11-5
SDWA, 4-5
Secondary

clarifier, 8-3

treatment, 8-3, 8-4, 9-2
Sediment, glacial, 11-6
Sedimentary bedrock, 11-6
Sedimentation, 5-7, 8-12
Seeding reactor, 9-9
Seepage, 4-2

net, 4-2

velocity, 4-3, 4-4
Selective catalytic reduction, 10-14
Self-purification, 7-8
Separation, gravity, 11-5
Septic system, 8-1
Settleable solid, 7-2
Settling

compression, 8-8

discrete, 8-8

flocculant, 8-8

regime, 8-8

uniform, 8-8

velocity, particle, 5-7

zone, 8-8
Sewage treatment, 8-2
Sewer lateral, 7-5
Sichardt’s equation, 11-3
Sieving, 812

/straining, 8-12
Sludge, 9-2

activated, 8-3

age, 9-7

bulking, 9-15

density index, 9-13

dewatered, 9-15

high-rate activated, 9-8

return-activated, 9-2

returned activated, 8-4

stabilization, 9-12

volume index, 9-13

waste-activated, 9-2
Smog, 10-6

I-5
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Softening, water, 5-10
Soil
horizon, 4-1
hydrologic group, 1-12
overburden, 11-9
pollution, 10-3
type, 1-26
washing ex situ, 11-5
washing in situ, 11-5
Solid
dissolved, 7-2
flux, 8-8
mixed liquor suspended, 9-2

mixed liquor volatile suspended, 9-3

settleable, 7-2

suspended, 7-2

total, 7-2

total dissolved, 7-2

volatile, 7-2
Soluble BOD, 7-3
Solute rejection, 9-16
Source

point, 8-1

reduction, 10-9
Sparging, air, 11-7
Specific

discharge, 3-11

growth rate coefficient, 9-6

roughness, 2-5

substrate utilization parameter, 9-8

Sporozoan, 6-3
Stabilization

in situ, 11-6

sludge, 9-12
Standard

drinking water, 5-2

step method, 3-13
Standards, Ten States, 5-1
Static force, 2-3
Stationary phase, 9-7
Steady flow, 3-3
Step-flow aeration, 9-4
Storage, 5-3

tank, water, 5-4

volume, fire, 5-4
Storm

frequency, 1-5

hydrograph, 1-7

sewer design, 3-19
Straight-line method, 1-8
Straining, 8-12
Stratospheric ozone, 10-5
Streeter-Phelps equation, 6-12
Streptococeus, fecal, 6-3
Stripping

air, 11-8

ammonia, 813

factor, 11-8

gas, 11-8
Subcritical flow, 3-10
Substrate utilization, rate of, 9-8
Sulfide, hydrogen, 7-6
Sulfur dioxide, 10-8
Sump and ditch method, 4-3
Supercritical flow, 3-11
Superficial filtering velocity, 10-13
Surface

loading rate, 8-8

overflow rate, 5-8
Surge, 8-5
Suspended

growth system, 9-2

solid, 7-2

solid, mixed liquor, 9-2

solid, mixed liquor volatile, 9-3
Synthetic hydrograph, 1-9
System

alternating flow, 8-5

completely mixed combined flow, 85

completely mixed fixed flow, 8-5
fixed film, 9-2
fluidized bed combustion, 10-14

intermittent flow, 85

National Pollutant Discharge Elimina-

tion, 8-1
septic, 8-1
suspended growth, 9-2
water distribution, 5-11

T

Table, water, 4-1
Tank, water storage, 5-4
TC
absent, 6-3
present, 6-3
TDH, 2-11

Technique, pond and reservoir routing, 3-25

Technology, best available, 11-1
Temperature, glass transition, 11-6
Ten States Standards, 5-1
Tertiary treatment, 8-5
Test
BOD,, 6-9
ultimate BOD, 6-9
Thalweg, 3-7
Theissen network, 1-7
Theoretical oxygen demand, 6-8
Thermal
desorption, 11-7
pollution, 10-3
Thermophile, 6-2
Thermophilic digestion, 9-12
Thickening
gravity, 9-14
gravity belt (GBT), 9-14
zone, 8-8
Thiem equation, 4-5
ThOD, 6-8
Thomas equation, 6-5
Threshold odor number, 6-6
Thrust block design, 2-3
Time
detention, 5-5, 8-8
doubling, 9-7
flocculation mixing, 5-6
generation, 9-7
hydraulic residence, 9-8
hydraulic resistance, 8-8
of concentration, 1-13
of concentration, total, 1-13
sag, 6-12
to peak runoff, 1-9
washout, 9-9
Total
dissolved solid, 7-2
dynamic head, 2-11
dynamic pumping head, 2-11
Kjehldahl nitrogen, 6-6
organic carbon, 6-11
solid, 7-2
time of concentration, 1-13
Tower
countercurrent, 8-14
cross-flow, 8-13
Toxic
equivalence factor, 10-9
equivalent, 10-9
Toxicity, 6-13, 10-2
Transfer unit, 11-8
height, 11-9
number of, 11-8, 11-9
Transition temperature, glass, 11-6
Transmission, main, 5-11
Transmissivity, 4-2
Trapezoidal
channel, 3-5
channel, wetted perimeter, 3-6
weir, 3-23
Treatment
activated carbon, 5-11
advanced wastewater, 85
advanced water, 5-11
engineering, water, 5-1

membrane, 5-11
plant, wastewater, 8-2
primary, 8-3
secondary, 8-3, 8-4, 9-2
sewage, 8-2
tertiary, 85
Trench
cut-off, 4-3
infiltration, 4-7
Triangular
channel, 3-5
channel, wetted perimeter, 3-6
weir, 3-23
Trickling
filter, 8-13
Trihalomethane, 8-17
Trophic level, 6-5
True growth yield, 9-5
Turbidity, 8-18
Type
I, 1-6
IA, 1-6
1, 1-6
I, 1-6
soil, 1-26

U

U-list waste, 10-2
Ultimate BOD test, 6-9
Unconfined aquifer, 11-7
Uniform
flow, 3-3
media filter, 8-12
settling, 8-8
Unit
hydrograph, 1-8
nephelometric turbidity, 7-2
number of transfer, 11-8, 11-9
transfer, 11-8
Unsteady flow, 3-3

\'

V-notch weir, 3-23
Vadose zone, 11-7
Value percent saturation, 6-7
van’t Hoff-Arrhenius equation, 6-9
Velocity

gradient, mean, 5-6

head, 2-2

particle settling, 5-7

seepage, 4-3, 4-4

superficial filtering, 10-13
Venturi scrubber, 10-11
Vertical sand drain method, 4-3
Virus, 6-2
Visual pollution, 10-3
Vitrification, in situ, 11-5
Vitrified clay pipe, 7-4
VOC, 11-8
Void ratio, 4-2
Volatile

organic compound, 11-8

solid, 7-2

suspended solid, mixed liquor, 9-3
Volatilization, 11-7
Volume

fire storage, 5-4

minimum required, 1-9

W

Washing

ex situ soil, 11-5

in situ soil, 11-5
Washout time, 9-9
Waste

-activated sludge, 9-2

and wastewater treatment plant, 7-3

F-list, 10-2
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hazardous, 10-1
K-list, 10-2
nonhazardous, 10-1
P-list, 10-2
PCB, 10-7
ratio, 9-9
U-list, 10-2
Wastewater
advanced treatment, 8-5
domestic, 7-1
effluent standards, NPDES, 8-2
industrial, 7-1
municipal, 7-1
treatment plant, 8-2
Water, 5-4
aesthetic properties, 6-6
budget equation, 1-2
demand, 5-2
distribution system, 5-11
drinking standard, 5-2
flux, 9-16
hammer, 2-15
pollution, 10-3
pressure, 2-1
softening, 5-10
storage tank, 5-4
table, 4-1
treatment engineering, 5-1
treatment, advanced, 5-11
Watershed, 1-2
Weir
loading rate, 8-8
rectangular, 3-22
trapezoidal, 3-23
triangular, 3-23
V-notch, 3-23
Well
-point system method, 4-3
directional, 11-9
yield, 4-4
Wellhead
protection area, 4-6
Protection Program, 4-6
Wet
deposition, 10-6
scrubber, 10-10
Wetted perimeter, 3-6
circular pipe flowing full, 3-6
circular pipe flowing half full, 3-6
rectangular channel, 3-6
trapezoidal channel, 3-6
triangular channel, 3-6
WHPA, 4-6
WHPP, 4-6
Working level, 10-7

Y

Yield, 9-5
observed, 9-5
true growth, 9-5
well, 4-4

Z

Zone
of influence, 4-6
settling, 8-8
thickening, 8-8
vadose, 11-7
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