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A
Absorption, 540
Accuracy, 746

of flow-metering systems, 286–291
Acetic acids, 156–157, 798
Acid cleaning, 39
Acid dip processes, 39
Acidic solutions, 333
Acidity, 346
Acidity error, 348, 363
Acids, 156–159

acetic, 156–157
hydrochloric, 157
nitric, 157–158
phosphoric, 158–159
sulfuric, 159

Acid wastewater, 43
Activated carbon, 164, 532, 540, 635

equipment, 542
adsorber configurations, 542, 544f
carbon column, 542, 543f
fixed beds, 542–543
moving bed system, 543

manufacturing process, 540–542
operational strategy

abnormal and emergency conditions, 
554–556

carbon column, 545, 546f, 547,  
550f, 551f

loading guidelines, 552
pressure air and air/vacuum relief 

valve, 547, 549f
procedures, 552–553
shutdown, 553–554
startup process, 548–549, 552
underdrain, 547, 547f, 548f

regeneration process, 556–557
reviewing plans and specifications, 

559–560
safety hazards, 557–559
sampling and analysis, 557
upstream process, 560

Activated sludge process (ASP), 507, 508f, 
662, 742

Activated sludge systems, 820, 821
Actuators, 745f
Acute health effects, 5, 113
Adequate ventilation system, 161
Administrative authority, 94

Administrative controls, 179
Administrative fine penalties, 91–92
Adsorption, 540, 635

activated carbon. See Activated carbon
Aerated grit channels, 743
Aeration, 309, 712
Aeration systems, 742
Aeration tank, 505, 726
Aerators, 188
Aerobic, 747
Aerobic bacteria, 11
Aerobic conditions, 309
Aerobic organisms, 820
Agglomeration, 369, 629
Aging tanks, 386
Agitator, 351, 352f
Air binding, 474
Airborne combustible dust, 134
Air gap, 195, 998

separation system, 1009
Air pressure, 128, 534
Air purifying respirators (APR), 127
Air-scour system, 429, 434
Air stripping, 532

coke tray aerator, 532
controlling discharge contaminants, 

535–536
countercurrent packed towers, 532,  

533, 533f
cross-flow tower, 533
diffused aeration, 532
equipment, 535
operating principles

air pressure, effects of, 534
chemical characteristics, 534
countercurrent packed bed contactor, 

533–534
temperature, 534–535

operational strategy, 537
preventive maintenance, 538, 539f
troubleshooting, 537–538

safety hazards, 539
Air supplying respirators, 127
Air to solids (A/S) ratio, 452–453
Algae, 3, 7, 442
Alignment testing methods, 971f
Aliquots, 278, 674
Alkaline, 332
Alkaline substances, 338
Alkaline wastes, 43

Alkalinity, 346, 375
Alkalinity error, 348, 363
Alternating current (AC), 716, 926, 951

motors, 966–969
motor temperature limits, 957t

Alum coagulation, 355, 356f
Alum feed system, 390f
Aluminum, 19, 40, 950
Aluminum sulfate (alum), 162–163, 375, 

462–463
Amines, 191
Ammeter, 931–935
Ammonia, 3, 356
Ammonia-oxidizing bacteria (AOB), 877
Ammonium, 612
Amperage, 738, 925
Ampere (A), 925–926
Amperometric, 828
Amperometric sensors, 868–869
Amplitude, 926
Anaerobic, 810
Anaerobic bacteria, 11, 842
Anaerobic decomposition, 7
Anaerobic digestion processes, 810,  

812f, 841
egg-shaped, 880f
performance, 880

Analog, 714, 738, 948
Analog readout, 228
Anhydrous, 339, 375–376
Anion, 373, 449
Anionic, 629
Anionic polymers, 631, 641
Anodes, 569, 828
Anodizing, 37, 40–41, 570
Anoxic, 810
Anti-Friction Bearing Manufacturers’ 

Association (AFBMA) standards, 955
AOB. See Ammonia-oxidizing bacteria 

(AOB)
APF. See Assigned protection factor (APF)
Approximate measurement methods, 

280–286
APR. See Air purifying respirators (APR)
Aquatic vegetation, 7
Aqueous, 788

conductivity, 798, 800
ASP. See Activated sludge process (ASP)
Asphyxiants, 122
Asphyxiation, 144, 844

Note: Page number followed by f and t refers to figures and tables respectively.
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Aspirator-type air injection, 448
Assigned protection factor (APF), 127
ATC. See Automatic temperature 

compensation (ATC)
Atmospheric hazards, 139–149

atmospheric testing results, 149
flammable and explosive gases, 145–147
humidity, 148–149
oxygen-deficient atmosphere, 148
respiratory protection program, 148
testing for, 142
toxic gases, 143–145

Atmospheric monitoring, 748
Audiometric test records, 181
Audits and management support, 32
Auger, 915
Autoignition temperature, 167
Automatic flowmeter, 228
Automatic flow-proportional sampling, 215
Automatic operation, 722–729
Automatic sampling devices, 279, 678

flow-proportioned pacing, 278–280, 279f
Automatic temperature compensation 

(ATC), 790
Automation system components, 713–716

architecture, 714f
field device, 713–716

Autotransformer reduced-voltage  
starters, 961

Average flow, 305, 306
A-weighting, 178
Axial-flow impeller, 351
Axial to impeller, 982
Axis of the impeller, 982

B
Backflow device, 194, 195, 195f, 395, 1010
Backflushing process, 505
Back pressure, 881
Backwashing process, 637, 712

gravity filters, 427–430, 428f, 434,  
436–438, 436f

inert-media pressure filters, 471
cycles, 473–474
pumps, 472–473, 472f
wet well, 472

Bacteria, 370
Baffles, 310, 393
Baffling, 351
BAFs. See Biological aerated filters (BAFs)
Ballasts, 851
Barium ferrite, 347
Barium sulfate, fouling, 638
Barometric pressure, 824
Bar racks, 182, 312
Bar screens, 182, 312, 313f, 314, 314f, 315f
Baseline monitoring reports (BMRs), 66, 

77, 80, 209
Bases, 159–162

hypochlorite compounds, 161

sodium carbonate, 161–162
sodium hydroxide, 160–161

Basis metal, 569, 570
BAT. See Best available technology (BAT)
Batch mode, 420, 421, 518–520, 519f

modified, 520, 520f
Batch processes, 345, 572–582, 576f
Battery-powered portable dissolved 

oxygen meter, 833f
BBP program. See Bloodborne pathogens 

(BBP) program
Bearings, 1002–1006
Belt drives, 1006–1007
Belt press, 918f
Bench-scale analyses, 494, 620
Best available technology (BAT), 72
Best available technology economically 

achievable (BAT) review, 70
Best management practices (BMPs), 31–32
Best practicable technology (BPT), 72
Biflow system, 431
Biochemical oxygen demand (BOD), 

51–52, 65, 210, 215, 369, 748
Biocides, 191–192
Biodegradable, 309
Biofouling, 833f
Biological aerated filters (BAFs), 529–532, 

530f, 531f, 712, 713f, 748, 775f
wastewater treatment, 818f

Biological contamination, 5, 6
Biological flotation, 446
Biological processes, 371, 747
Biomass, 538
Biosolids, 29
Bloodborne pathogens (BBP) program, 

136
Blowdown, 16, 21, 280, 284
BMP-based standards, 76, 93
BMRs. See Baseline monitoring reports 

(BMRs)
BOD. See Biochemical oxygen demand 

(BOD)
BOD

5
 (5-day BOD), 312

Boilers, 283
blowdown flow rate, 284, 284f

Bottom feed concrete basin filter, 480, 482f
Bound water, 418
BPT. See Best practicable technology 

(BPT)
Breakpoint chlorination, 859
Breakthrough, 428, 889
Bright dipping process, 41, 41f
Brinelling, 1006
British thermal units (BTUs), 280–281
Broad-crested weirs, 244, 244f
Brush, 967
BTUs. See British thermal units (BTUs)
Bubblers, 261–263

totalizing system of, 288
Buffering capacity, 333, 583
Buffer solution, 345, 790
Building codes, 96

Building maintenance programs,  
922–923

Bulking, 338, 788
Bump check, 848
Bypass, 310

C
Cake, 665
Calcium carbonate, 165
Calcium hydroxide, 160
Calcium oxide, 160
Calcium scaling, 488
Calcium sulfate precipitation, 637
Calibration, 286–291, 687–691

and cross-checking, 698–699
turbidity meter, 891–892

Calibration cylinder, 291, 292
Calibration drift, 848
Calibration standards, 792–793
Canister-type respirators, 129
Capacitance probes, 266–267, 266f
Capital improvement plan, 911
Carbon dioxide, 582
Carbon-filled odor control unit, 775f
Carbon monoxide, 144, 845–847, 846t

detector, 145
Carcinogens, 121, 849
Cardiopulmonary resuscitation (CPR), 136
Catalyst, 629
Catalytic bead sensors, 841, 842f, 848
Categorical Pretreatment  

Standards, 68–75
Categorical standards, 37, 210

industrial categories, 75t
modifications, 83–85
types, 75–76

Cathodes, 569, 828
Cationic, 641
Cationic polymers, 628
Cations, 373, 449, 627
Caustic scrubbing system, 154, 681
Caustic soda, 160–161, 339, 596

feed system, 389f
Caution, 150
Cavitation, 448, 680–681, 681f, 979, 980f
Cell constant, 800–801, 802f
Centrifugal pumps, 453, 938, 977–982, 

977f, 978f, 1020
CFR. See Code of Federal Regulations 

(CFR)
Chain drives, 921–922
Chain of custody, 217
Chain-of-custody procedures, 94, 678
Channels, 920–921
Charge neutralization, 373
Chart recorder, 259f
Check valves, 1010
Chelates, 357
Chelating agents, 39, 538, 571
Chelation, 19
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Chemical coagulants, 915
Chemical coatings, 40, 40f
Chemical contamination, 5, 6
Chemical equilibrium, 583
Chemical etching, 569
Chemical feed rates, 292
Chemical feed systems

inert-media pressure filters, 462
adding and mixing chemicals, 

463–467
aluminum sulfate, 462–463
polymers, 463, 464f

Chemical hazards, 151–155
chemical storage drains, 155
chlorine and sulfur dioxide, 152–154
poisonous and toxic chemicals, 152
polymers, 154–155

Chemical milling, 41
Chemical oxygen demand (COD), 28, 381
Chemical plating, 569
Chemical pumps, 394–397, 395f–397f
Chemical safety goggles, 162
Chemical treatment process, 368, 371
Chlorinators, 919–920
Chlorine, 6, 144, 608, 844–845

contact tank, 858f
control strategies, 860–868
and sulfur dioxide, 152–154

Chlorine demand, 724
Chlorine disinfection, 858–871
Chlorine gas, 878
Chlorine gas leakage, 919
Chlorine-measuring devices, 867f
Chlorine residual, 612, 724

control, 864–866
Chlorine sensors, 748
Chromic acid anodic coatings, 40, 570
Chromium, 358, 571
Chromium recovery, 635f
Chromium reduction, 358
Chronic health effects, 5, 113
CIP cycles. See Clean-in-place (CIP)  

cycles
Cipolletti weir, 250, 254, 254f, 254t
Circuit breakers, 787, 908, 942–946, 943f
Circuits, 924
Civil remedies, 94
Clamp-on ammeter, 931
Clamp-on multimeter, 930f
Clamp-on transducer, 272
Clarified effluent, 629
Clarifiers, 184–185, 400–401

circular, 402f
efficiency, 413
rectangular, 401, 402f, 403f
traveling bridge, 401, 403f
tube settlers, 404, 404f–406f, 407

Class 1, Division 1 (C1D1) environments, 
836

Clean Air Act Amendments of 1990, 87
Clean-in-place (CIP) cycles, 508–509
Clean Water Act (CWA), 59–61, 70

Closed loop controller system, 46, 725, 
726f, 728f

Closed-pipe flow-metering systems, 226, 
227, 267–278

electromagnetic flowmeters, 267–268, 
268f

mechanical flowmeters, 268–271
ultrasonic flowmeters, 271–275, 271f

Closed thermostats, 945f
CMMS. See Computer maintenance 

management system (CMMS)
Coagulation, 354, 369, 370, 372–374

injection, 386
chemical mixing equipment, 386, 387f
chemical pumps, 394–397, 395f–397f
dry chemical systems, 386–393, 

388f–394f
liquid systems, 394
maintenance requirements, 397

jar testing, 379–385, 380f
lime, 378–379
metal salts, 374–376, 376f
performance optimization testing, 

385–386
polymers, 376–377, 378f

Coagulation–flocculation reaction, 374f
Coarse screens, 312–316, 330f
COD. See Chemical oxygen demand (COD)
Code of Federal Regulations (CFR), 59, 64
Coke tray aerator, 532
Coliforms, 64, 369, 849
Colloids, 371, 620
Color comparison kits, 703f
Colorimetric analyzers, 869–871, 870f
Colorimetric measurement, 868
Colorimetric test kits, 703
Colorometric measurement, 596
Combination electrodes, 344, 344f
Combined chlorine, 859
Combustible liquid, 167
Comminuting, 181
Comminutors, 182
Common metals, 572
Common-sense approach, 123
Communicable diseases, 12
Comparative depth measurement, 287, 

289–290
Compatible pollutants, 24, 51–52
Competent person, 131, 732
Complexed metals, 571

chemical reduction, 626–627
coprecipitation, 629–630
dithiocarbamates, 627–628, 628t
high pH precipitation, 626
insoluble starch xanthate (ISX), 632
removal, 626–632
sodium borohydride, 630–632
trisodium salt, 630

Compliance, 209
Compliance monitoring program, 62
Composite samples, 215, 413, 673, 674

proportioning, 292–293

Compound loop systems, 867–868, 867f
Compressed air leaks, 910
Compressed air pressure, 353
Compressed air systems, 881–889,  

1025, 1026
conditioning, 885–889
detecting air leaks, 888–889

Compressor system, 882–885, 1027f
Computer maintenance management 

system (CMMS), 329, 359, 719,  
912–914, 951, 1000

schedule generated by, 913f
Concentrated solutions, 52–53
Concentration-based standards, 75
Concentration-based waste limits, 225
Concentration-dependent flux, 517–518
Concentration factor (CF), 513

water flux temperature, 526t
Concentration polarization, 517
Concentric vs. eccentric fittings, 978f
Conditioning

defined, 418
elutriation, 425–426
sludge, 418
thermal, 418–419

operating guidelines, 420–421
troubleshooting, 421–422, 423f

wet oxidation, 422–425, 424f, 425t
Conductivity, 23, 217, 395, 798–810

aqueous solution, 798
calibration and maintenance 

requirements, 805–807
definition, 798
measurement principles, 798–803
operating principle of, 800f
sensor configurations, 802f, 803–805
and wastewater treatment, 807–810

Conductors, 266, 754, 928
Confined spaces, 130, 132, 186, 219, 478, 

731–732, 923
class A, 134
class B, 134
class C, 134
entry permit, 134, 137f, 733f
manholes, 138–139
non-permit, 134
operators working in, 840
permit-required, 133
pre-entry checklist, 137f, 733f

Constant rate, 290
Contact, 278
Contact conductivity sensors, 803, 806f
Contactors, 938, 939
Containerized sludges, 665
Contaminants, in industrial wastestreams, 

368–370
Continuous backwash, upflow, deep-bed 

silica sand media filter, 480–481, 
481f, 483f

auxiliary equipment, 481
channel/piping, 482
turbidity meters, 484–485, 484f
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Continuous backwash, upflow, deep-bed 
silica sand media filter (continued )

filter sand movement evaluation form, 
493f

maintenance, 491–493, 492f
operational strategy, 485–487, 486f

abnormal, 488, 489f–491f
normal, 487–488

reviewing plans and specifications, 
494–495

safety precautions, 493–494
Continuous control, 724
Continuous monitoring, 221
Continuous operation, 420, 421
Continuous process, 572–582, 819
Contracted rectangular weir, 250, 251, 

251f, 251t
Contracted weir, 250
Contractor, 136
Control circuit, 959
Control mechanism, 92
Control panels, 672f
Control strategies, 720–729

automatic operation, 722–729
manual operation, 720–722

Control system, 720
strategy, 348–354

dead time, 349–352
detention time, 349–352
equalization, 349
final element, 354
mixing, 349–352
pH controller, 353–354
pH transmitter, 353
primary element, 353

Conventional chemical treatment methods, 
575t

Conventional pollutants, 28
Cooking, 5
Coolants containing petroleum, 43
Copper, 950
Copper cyanide complex, 607
Coprecipitation, 357, 629–630
Corrosive/corrosion, 122, 206, 332, 375, 

568, 781, 908, 947
Corrosive gases, 746
Corrosive materials, 149, 166–167
Countercurrent packed towers, 532, 533, 

533f
Couplings, 1007–1008
CPR. See Cardiopulmonary resuscitation 

(CPR)
Criminal misdemeanor actions, 95
Criminal penalties, 93
Criminal violation, 93
Cross-checking, 698–699
Cross-flow filtration system, 500, 501f
Cross-flow tower, 533
Cryogenic liquids, 130
Cubic feet of air per minute (CFM), 535
Current, 925, 926–927
Current overload values, 738

Current transducers, 911f
Current transformers (CT), 932
Cutting tools, 1029
CWA. See Clean Water Act (CWA)
Cyanide, 39, 208, 571, 575, 607–620

by alkaline chlorination, 612f
Cyanide destruction efficiency, 22
Cyanide ion, 607
Cyanide oxidation, 358
Cyanide wastes, 43
Cyanogen chloride, 358, 608
Cycles, 926
Cylindrical screen, operation, 322f

D
DAF. See Dissolved air flotation (DAF)
Danger, 150
Dangerous air contamination, 133
Dangerous atmospheres, 835
Data loggers, 229, 836

gas sensors, 840
Deadband, 722
Dead-end filtration system, 500,  

501f, 502
Dead time, 349–352, 363
Decant tanks, 420, 474
Decant water, 309
Dechlorination, 858
Decibel (dB), 178
Defensive driving techniques, 193
Dehumidifiers, 1009
Delamination, 525
Delta pressure, 517
Density, 370
Deoxyribonucleic acid (DNA), 850
Department of Energy (DOE), 169
Department of Transportation (DOT), 150
Depth filtration, 432
Desiccant, 219
Desiccant dryers, 886, 887f
Detention time, 349–352, 363, 369, 

407–409
Dewatering process, 398
Dewatering systems, 718, 743, 744f, 915
Dewater sludge, 918f
Dew point, 920
Dial indicators, 1007
Diaphragm pumps, 394, 395, 395f, 397

positive displacement, 396f, 397f
Diatomaceous earth, 632
Dielectric, 266
Differential pressure sensors, 773–775, 

774f, 775f
Differential-producing flow-measuring 

device, 698f
Differential reference electrodes, 345
Diffused aeration, 532
Digesters, 185–187, 921
Digital, 714, 738, 948
Digital conductivity meters, 801

Digital multimeter, 929f
Digital output, 715f
Digital readout, 228
Digital signals, 714
Dilute solutions of pollutants, 52
Dilution streams, 77
Dipping probes, 261
Direct chemical feed system, 670
Direct current (DC), 716, 926, 951

vs. alternating current, 803f
Direct dischargers, 61, 849
Direct reading colorimeter, 704f
Discharge heads, 1017
Discrete signals, 714
Disinfection process, 5

instrumentation, 848–871
Disinfection systems, 915–920
Disk filters, 325–326, 326f
Dissolved air flotation (DAF), 370, 446

chemical pretreatment, 449
definition of, 446
methods, 446
operating procedures, 454–457, 456t
performance of, 449–454, 456t
process configurations, 446
rectangular unit, 446, 447f
recycle-flow units, 446, 448
troubleshooting guide, 457–458, 459f
vacuum/pressure, 446

Dissolved oxygen (DO), 3, 7, 726, 747, 
819–835

battery-powered portable, 833f
calibration requirements, 834–835
electrochemical sensors, 828–830
measuring, 822–832
optical and amperometric Clark, 831f
optical sensors, 830–832, 832f
probes designed for laboratory use,  

834f
saturation, 826t
sensors, 878

Dissolved solids, 14, 808
Distilled water, 2
Dithiocarbamates, 627–628, 628t
Doctor blade, 322
DOE. See Department of Energy (DOE)
Domestic sewage exemption, 86
Domestic wastewater, 10
Doppler Effect, 271
Doppler flowmeters, 272–273, 273f,  

759–761, 759f
Dosing control strategy, 856–857
DOT. See Department of Transportation 

(DOT)
Double disc pumps, 986–987, 986f
Downflow filters, 430, 431f
DPD (N,N-diethyl-p-phenylenediamine), 

869, 870f
DPD method, 611
Drag out, 33, 569
Drift, 281
Drinking water, 5–6
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Driver training, 90
Dry alum, 162–163
Dry chemical systems, 386–393, 387f–394f
Dry cleaning techniques, 32
Dry polymer hydration system, 393f
Dry polymers, 154, 641–642
Dry pressure sensors, 768–773, 770f
Duplex pump station, 724f
Dusts, 162
Dye dilution method, 290–291

E
Earplug insertion-type hearing protection, 

180f
EDL. See Electrical double layer (EDL)
EDTA. See Ethylenediaminetetraacetic acid 

(EDTA)
EEBA. See Emergency escape breathing 

apparatus (EEBA)
Effluent, 3, 298, 368
Effluent Guidelines Division, 61
Effluent limits, 209
Effluent rate-control valve, 438
Effluent weirs, 184
Egg-shaped anaerobic digesters, 880f
Electrical conductivity, 798
Electrical double layer (EDL), 372, 373
Electrical energy, 173
Electrical hazards, 138
Electrical resistance, 778–782
Electrical service panel, 787f
Electrical system equipment, 938–948

circuit breakers, 942–946
fuses, 941–942
ground, 946–948
protective devices, 939–941

Electricity, 924–951
electrical system equipment, 938–948

circuit breakers, 942–946
fuses, 941–942
protective devices, 939–941

meters and testers, 928–938
megger, 936–937, 936f
motor rotation indicator, 938
ohmmeters, 937–938
voltage testing, 929–931

motor and supervisory control systems, 
948–950

protective devices, 939–941
records, 951
understanding, 925–928

ampere (A), 925–926
conductors and insulators, 928
current, 926–927
energy requirements, 928
power, 927–928
volts, 925

Electric shock, 173–178
Electrochemical oxygen gas sensors, 847
Electrochemical process, 570

Electrochemical sensors, 828–830,  
829f, 835

Electrocoagulation, 660–661
Electrodes, 343, 685, 754, 791f, 797f,  

829, 874
Electrodialysis, 633
Electroless immersion plating, 569
Electroless plating, 44
Electrolysis, 660
Electrolyte alkaline cleaners, 39
Electrolytes, 335, 583, 633, 790, 798
Electrolyte solution, 685, 790
Electrolytic, 37
Electrolytic recovery, 633
Electromagnetic flowmeters, 267–268, 

268f, 715f
Electromagnetic meters, 754–758, 755f
Electromagnetic spectrum, 786f
Electromotive force (EMF), 925
Electron, 926
Electronic pressure sensors, 767
Electroplating, 39, 45, 569
Electrowinning, 572
Elutriation, 418, 425–426
Emergency, 914

maintenance activities, 50
notification list, 119t

Emergency escape breathing apparatus 
(EEBA), 133

Emergency Planning and Community 
Right-To-Know Act of 1986 
(EPCRA), 86–87

Emergency plannings, safety programs, 
118–119

Emergency procedures, 118
Emergency response plan, 911
EMF. See Electromotive force (EMF)
Employee education, 33
Employee training, 181
Emulsions/dispersion polymers, 39,  

154, 660
End-of-pipe treatment technologies, 27
Energized electrical equipment, 171
Energy-isolating devices, 175, 176,  

177f, 730f
Energy requirements, 928
Energy-rich biogas, 810
Enforcement authority, 94
Engineering controls, 179
Engulfment, 134, 731
Engulfment hazards, 138
Entrain, 184, 271, 325, 418, 762
Environmental Crimes Division, 95
Environmental movement, 59
Environmental Protection Agency (EPA), 

60–61, 119, 150
categorical regulations, 74
categorical standard modifications, 

83–85
General Pretreatment Regulations, 94
industrial categories regulated by, 

68t–69t

minimum requirements, 92–93
pollution control strategy, 70
pretreatment program, 75
Regional Waste Management Division 

Director, 82, 83
regulation development process, 70–73
reporting requirements, 79–83

EPA Categorical Pretreatment regulations, 
28

EPCRA. See Emergency Planning and 
Community Right-To-Know Act of 
1986 (EPCRA)

Equalization, 298–311
benefits, 301–303
control system strategy, 349
flow equalizing basins, 303–311

construction, 310
mixing, 309–310
pumps and flow controls, 310–311
sizing factors, 309
volume, 303–308, 308f

location, 299–301
operation, 311

Equalizing basins, 274, 292, 298, 349,  
521, 578

flow, 303–311
size of, 304t
volume, 308f

Equipment cleaning, 32
Equipment errors, 264
Equivalence point, 342, 583, 585
Etching, 41, 45, 46f
Ethylenediaminetetraacetic acid  

(EDTA), 39
Evaporation, 572, 633
Evaporation losses, 281
Excessive bearing and motor temperature, 

1007
Excessive moisture, 885
Excessive solids, 191
Excessive suction lift, 681
Exfiltration, 20
Exhaust gas, 582
Exhaust systems, 681, 684
Existing Direct Dischargers, 72
Existing Indirect Dischargers, 73
Existing sources, 61
Explosion proof (XP), 836

ventilation, 186
Explosive atmosphere monitoring, 142f
Exposed measurement junctions, 785, 785f
Externally fed rotating screen, 321–323, 

321f
Eye exposure, 164
Eye protection, 125

F
Facility maintenance

electricity. See Electricity
emergencies, 914
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Facility maintenance (continued )
general. See General facility maintenance
lockout/tagout, 914
maintenance program, 906–914
motors. See Motors
pneumatic system maintenance, 

1025–1028
pumps. See Pumps

Facultative heterotrophs, 878
Failure mode effects and criticality analysis 

(FMECA), 88
Falls, 732–734
Faraday’s law, 754
Fats, oils, and grease (FOG), 517
Federal and state laws, 120, 121
Federal authority, delegation of, 61
Federal Pretreatment Regulations, 65
Federal Prohibited Discharge Standards, 67
Federal Water Pollution Control Act (1972), 

59, 60, 62, 64, 72, 73
Felony criminal actions, 95
Ferric chloride, 163, 375–376
Ferric iron, 629
Ferric sulfate, 163–164
Ferrous base materials, 39
Ferrous sulfate, 596
Fiberglass, 14
Field-mounted sensors, 833
Field-mounted systems, 796, 796f
Filamentous bacteria, 788
Filler/drain plugs, 972f
Film formation, 967
Filter aid, 442, 632
Filter feed pumps, 461–462, 462f
Filter sand movement evaluation  

form, 493f
Filter underdrain system, 429, 433, 435f, 

467, 470
Fine screening, 316–327

rotating screens, 320–327
static screens, 316–320

Fire point, 167, 1000
Fires, hazards, 170–173

exits, 173
and extinguishers, 171–172, 172f
prevention, 170–171

Fish, 7
Fit test, 128
Fixed beds, 542–543
Fixed gas sensors, 836–839
Flame polished, 197
Flammable liquid, 167
Flammables/explosive gases, 145–147

discharge of, 20–21
Flange-mounted electromagnetic meter, 

754f
Flash point, 167, 1000
Flights, 323, 401
Floatable solids, 15
Floats, 227, 723, 724f, 948
Float system, 314
Floc, 370

Flocculation, 369, 370, 397–400, 398f, 399f, 
574, 640–660. See also Polymers

dry polymers, 641–642
polymer testing, 643–645
troubleshooting, 659–660
wet polymers, 641, 642f, 643

Flocculators, 398, 399f, 400
Floc formation, 630
Flotation thickening. See Dissolved air 

flotation (DAF)
Flow control method, 470–471
Flow equalization systems, 298, 299f
Flow equalizing basins, 303–311

construction, 310
mixing, 309–310
pumps and flow controls, 310–311
sizing factors, 309
volume, 303–308, 308f

Flowing reference electrodes, 343
Flow measurement, 224–225

accuracy and calibration, 286–291
approximate measurement methods, 

280–286
automatic sampler flow-proportioned 

pacing, 278–280, 279f
chemical feed rates, 292
closed-pipe flow-metering systems, 

267–278
equalizing basin, 292
flow basics, 225–229
influent/effluent, 291–292
open-channel secondary elements, 

259–267
primary open-channel. See Primary 

open-channel flow measurement
proportioning composite samples, 

292–293
special cases, 278

Flowmeter
attributes, 230f
automatic, 228
instrumentation, 279
types of, 229

Flow-metering devices, 225, 229,  
693–701, 694t

electromagnetic meters, 754–758
mechanical flowmeters, 764–766
open-channel, 231, 753–754
sensor maintenance, 698
sensors, 748–766
ultrasonic meters, 759–764

Flow nozzles, 257
Flow-proportional sampling, 215
Flow-proportioned composite sample, 292
Flow rate, 225–226
Flow-through turbidity meter, 893–894, 893f
Fluidization, 473
Flumes, 227, 233–244, 233f

H-type, 256–257
Palmer-Bowlus, 235–237
Parshall, 227, 237–244, 238f, 239f, 240t

Fluorescent dye, 290

Flux, 504
FMECA. See Failure mode effects and 

criticality analysis (FMECA)
F/M ratio. See Food to microorganism 

(F/M) ratio
Food-grade phosphoric acid, 158
Food processing industry, 56
Food to microorganism (F/M) ratio, 889
Foot protection, 125–126
Force mains, 226
Forklifts, 193–194
Formaldehyde, 39, 626
Formazin, 891, 892
Forward and reverse function, 742
Four-electrode conductivity sensors, 804f
Free chlorine, 611, 858
Free oxygen, 878
Freon, 144
Fresh air blower, 846f
Friction loss, 979f
Fuels, 190
Full-flow pressure flotation, 446
Function-specific training, 90
Fused disconnect switches, 939, 940f
Fuses, 908, 941–942, 941f

G
Galvanic cells, 829
Galvanic Clark sensors, 829
Garnet, 433
Gas detection systems, 142, 837f
Gas detectors, 145, 149

hydrogen sulfide, 143f
Gaseous chlorine, 858
Gaseous sulfur dioxide, 595, 596
Gas flow-metering sensors, 810–819,  

811f
thermal mass flowmeters, 810–819

Gasoline, 145, 190
Gas sensors, 835, 839f

configuration, 836–841
data logging, 840
fixed, 836–839
hydrogen sulfide, 844
portable meters, 839–840
and transmitter, 838f

Gas-tight goggles, 156
Gate valves, 1010–1013, 1012f, 1013f
Gauges, 923
General awareness training, 89
General facility maintenance, 914–924

building maintenance, 922–923
chain drives, 921–922
disinfection systems, 915–920
grounds, 923
headworks, 915
repair shop, 923
safety equipment, 923–924
solids handling, 915
tanks and channels, 920–921
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General Pretreatment Regulations, 64–67, 
83–84

General prohibitions, 67, 93
Generation and discharge frequency, 55–59
Generators, 86
Germicide, 850
GFCIs. See Ground-fault circuit interrupters 

(GFCIs)
GHS. See Globally Harmonized System of 

Classification and Labeling of 
Chemicals (GHS)

Globally Harmonized System of 
Classification and Labeling of 
Chemicals (GHS), 123

Gloves, 126
Grab samples, 214–215, 673, 674
Granular activated carbons (GACs), 541
Gravimetric, 889

TSS analysis, 899
Gravity belt thickener, 918f
Gravity filtration, 426–427

backwashing, 427–430, 428f, 436f
biflow system, 431
chemical safety hazards, 445
components, 433–438
depth filtration, 432
downflow filters, 430, 431f
electrical safety hazards, 444–445
filtering process, 427
instrumentation, 438–439
mechanical safety hazards, 445
operational strategy, 430, 442–444,  

443f
reviewing plans and specifications, 445
sand filter, 433f, 434f
sectional filter, 437f
surface-straining system, 432
troubleshooting guide, 439, 440f–442f
underdrains, 433, 435f, 436f
upflow filter, 431, 432f

Grease cups, 998
Grease fittings, 972
Greases, 661, 1000
Grit channels, 184, 747
Grit tanks, 920
Grounded thermocouple, 785, 785f
Ground-fault circuit interrupters (GFCIs), 

175, 946
Grounds, 923, 946–948
Groundwater sources, 52
Guardrails, 186

H
Haloacetic acids (HAAs), 849
Hand-off-automation (HOA) switch, 461, 

671, 722, 722f
Hand protection, 126
Hard hats, 127
Harmful physical agents, 122
Hazard and operability (HAZOP), 88

Hazard communication, 120–124
definition, 121

Hazard Communication Standard (HCS), 
87–88, 120

Hazardous and Solid Waste Amendments 
(HSWA), 28

Hazardous atmosphere detection, 835–848
Hazardous material regulations, 89–90
Hazardous waste disposal reporting, 82–83
Hazardous waste laws, 97–98
Hazardous wastes, 28, 149, 151, 208, 621
Hazards, 113

atmospheric. See Atmospheric hazards
confined spaces. See Confined spaces
electric shock and stored energy, 173–178
fires, 170–173
infections and infectious diseases, 132
materials, 149–168

acids, 156–159
bases, 159–162
chemical hazards, 151–155
corrosive, 166–167
hazardous waste, 151
powders, 164–165
salts, 162–164
solvents and flammable, 167–168

noise, 178–181
physical, 130–131
radiological, 169
specific

housekeeping, 196
industrial waste, 189–192
small pumping stations, 192–193
treatment facilities, 181–189
vehicles, 193–194
water supplies, 194–195

types of, 130–181
HCl. See Hydrochloric acid (HCl)
HCS. See Hazard Communication Standard 

(HCS)
Head losses, 272, 310, 427–428, 438–439, 

638, 755
Head protection, 127
Heads, 226, 227, 693, 979

on backwash water, 437
Headworks, 181, 436, 743, 915
Hearing loss, 179
Heater elements, 960
Heat hazards, 130
Heavy metal removal, 357
Heavy metals, 41
Heavy solids, 17
Henry’s law equation, 822, 825
Hertz (Hz), 738, 926
Heterotrophs, 878
Hexavalent chromium, 43, 332, 358,  

570–572, 575, 597f, 617, 634
reduction, 594–607

High pH precipitation, 626
High-pressure hydraulic cleaning unit, 1031f
High-pressure wet oxidation (HPO), 422, 

424, 425

High-purity oxygen activated sludge 
process, 821f

High-velocity cleaners (HVC), 983
HMI. See Human machine interface (HMI)
HOA switch. See Hand-off-automation 

(HOA) switch
Hollow fiber membranes, 497, 498f, 500, 

500f, 504–506, 504f, 505f
Horizontal pressure filter vessels, 467, 468f
Horizontal squirrel cage induction motor, 

952f
Horsepower, 954
Hot dip coating, 40
Housekeeping, 196
HPO. See High-pressure wet oxidation 

(HPO)
H-type flumes, 256–257, 290
Human health, 11–12
Human machine interface (HMI), 717, 

725f, 948, 950
display screen, 949f

Human-made disasters, 100
Humidity, 148–149
HVC. See High-velocity cleaners (HVC)
Hydrated lime (calcium hydroxide), 160, 

334, 378
Hydraulic calibration, 286, 287
Hydraulic jump, 191, 232, 235, 237, 238
Hydraulic loading, 220, 552
Hydraulic overloads, 206, 221
Hydraulics, 100
Hydrochloric acid, 157, 339, 348, 858
Hydrofluoric acid, 346
Hydrogen cyanide, 122, 144
Hydrogen ion, 790
Hydrogen sulfide, 11, 122, 143, 144, 190, 

208, 621, 842–844
emission, 840
exposures, 844t
gas detectors, 143f
gas sensors, 844

Hydrolysis, 358, 609
Hydrostatic testing, of extinguishers, 170
Hydrosulfite, 595
Hydroxide ions, 338t
Hydroxide precipitation, 571, 576f, 577f, 

621, 624, 624t
Hydroxides, 159
Hypochlorite compounds, 161
Hypochlorous acid, 858, 859, 879
Hypodermic needles, 132

I
IDLH. See Immediately dangerous to life 

or health (IDLH)
Immediately dangerous to life or health 

(IDLH), 127, 154, 684
Immersion plating, 569
Immiscible solvents, 20
Impeller, 461, 938
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Inactivation, 850
Inactive gate valves, 1012
Incident report, 116–118
Incineration, 536
Incline screw pumps, 989, 990f
Indirect chemical feed system, 670–671
Indirect dischargers, 61, 849
Indoor ferric chloride day tank, 376f
Inductive conductivity sensors, 804,  

805
Industrial discharges, 61, 222t–223t

regulatory monitoring, 224
Industrial Technology Division, 60, 61
Industrial treatment personnel, 27
Industrial waste monitoring

flow measurement devices, 224–293
flow basics, 225–229
primary open-channel, 229–259

need for, 206
objectionable characteristics, waste, 

208–209
program, 209–224

legal authority, 210–212
locating discharge problems, 220
sampling, 213–220
self-monitoring, 212–213

requirements, 209–210
strategies, 220–224
warning systems, 221–224

Industrial wastes, 569
hazards, 189–192

amines, 191
biocides, 191–192
fuels, 190
pH, 192
surface-active agents, 191
toxic gases, 190–191

inspector, 96
survey, 210
types of, 12

Industrial wastewater, 298
definition of, 206
discharge permit, 211
discharges, 207f
limitations, 93–95
prohibitions, 93

Industrial wastewater treatment system 
(IWTS), 15–16, 50–51, 206, 298, 311

collection system, 16
flammables, discharge of, 20–21
hydraulic capacity problems, 16–17
odors, 17–18
plugging, 17
temperature, 21

contaminants removal, 368–370
effects of, 15–26

hydraulic overload, 22
interference, 22–23, 23t
treatment system, 22–24

facility, 3. See also Treatment facility 
safety

facility and plant operators, 2, 98–101

maintenance activities, 49–50
National Pretreatment Program.  

See National Pretreatment Program
pollution prevention, 26–34
printed circuit board manufacturing, 

44–47
regulatory requirements

delegation of federal authority, 61
Environmental Protection Agency, 

60–61
regulated dischargers, 61

sources, 34–51
maintenance activities, 49–50
manufacturing processes, 36–47
utility processes, 47–49

utility processes, 47–49
variables, 51–59

compatible and noncompatible 
pollutants, 51–52

concentrated solutions, 52–53
dilute solutions, 52
generation and discharge frequency, 

55–59
pollutant concentration and mass, 

53–55
Industry, water uses by, 8f, 9–10
Inert-media pressure filters

applications, 470
backwash system, 471

cycles, 473–474
pumps, 472–473, 472f
wet well, 472

chemical feed systems, 462
adding and mixing chemicals,  

463–467
aluminum sulfate, 462–463
polymers, 463, 464f

decant tanks, 474
description of, 458–459, 460f, 461
filter feed pumps, 461–462, 462f
flow control method, 470–471
holding tank, 461
interior piping, 467
maintenance, 477
operational strategy, 474–475
performance test chart, 477, 478f
reviewing plans and specifications,  

479
safety hazards, 478–479
troubleshooting guide, 475f–476f
underdrain system, 467, 470
vessels, 467, 468f, 469f

Inert metal electrode, 685
Infections and infectious diseases, 132
Infiltration, 20
Influent/effluent, 291–292, 298
Infrared (IR) sensors, 841, 842, 843f
In-line equalization, 298, 303
Inorganic elements, 7
Inorganic materials, 152
Inorganic salts, 5
Inorganic solids, 15

Inorganic wastes, 10, 12
Insertion-style paddlewheel flowmeters, 

269f, 765f
Insertion-style thermal mass flowmeters, 

814, 814f
Insoluble starch xanthate (ISX), 632
Instrumentation, 231

and control
compressed air systems, 881–889
disinfection process instrumentation, 

848–871
oxidation–reduction potential (ORP), 

871–880
process automation. See Process 

automation
safety hazards, 729–734
sensors. See Sensors
suspended solids, 889–890
turbidity, 889–890
variable frequency drives (VFD), 

734–744
gravity filtration, 438–439

Instrument calibration, 287, 288
for depth measurement, 288f

Insulators, 928
Interference, 22–23, 23t
Interior piping, 467
Intermediate-pressure wet oxidation (IPO), 

422, 424, 425
Internally fed rotating screens, 323,  

324f, 325f
Internal thermal protection devices, 945
Interparticle bridging, 373–374
Inventory, 668–669
Ion exchange, 572, 633, 634
Ion exchange resins, 626, 635, 638
Ionization of water, 336, 583, 788
Ions, 333, 569
Ion selective electrode (ISE), 788–789,  

789f
IPO. See Intermediate-pressure wet 

oxidation (IPO)
Iron fouling, 637
ISE. See Ion selective electrode (ISE)
ISX. See Insoluble starch xanthate (ISX)
IWTS. See Industrial wastewater treatment 

system (IWTS)

J
Jar testing, 355, 379–385, 380f, 620
Jet rodders, 1029
Job shop, 84
Jogging, 327

K
Kennison nozzle, 257, 257f
K-factor values, 268, 764
Klaus process, 18
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L
Label hazards, 123
Laboratory DO sensors, 834, 835
Laboratory safety, 196–199
Laboratory support, 701–704
Laboratory turbidity meter, 896f
Lamella settler, 622f
Laminar, 695, 749, 760
Laminar flow, 273
Land use ordinances, 97
Lantern ring (seal cage), 979, 993
Launders, 184

for filtered water collection, 486
Lead-acid battery, 220
Leads, 279, 926
Legal authority, 210–212
LELs. See Lower explosive limits (LELs)
Leopold-Lagco flume, 237
Level-sensing devices, 264–266,  

762–764
Lime feed system, 378–379, 388f
Lineal feet, of weir, 409
Linearity, 779
Linear polyethylene, 218
Lipophilic, 24
Liquid alum, 163
Liquid chemical storage, 31
Liquid coagulants, 386
Liquid injection systems, 394
Liquid photo-sensitive resists, 44
Liquid polymers, 154
Liquid sodium hypochlorite, 858, 919
Liquid–solids separation performance, 327
Lithium, 348
Loading, 298
Local collection system disposal codes, 

95–96
Local ordinances, 96
Locating discharge problems, 220
Lockout/tagout, 329, 417, 729–731,  

730f, 914
procedure, 175–178, 177f

Lower explosive limits (LELs), 134, 139, 
139f, 145, 219, 748, 842f

infrared sensor for, 843f
Low-pressure wet oxidation (LPO), 418, 

419, 422, 423
Low-voltage control circuit, 959
LPO. See Low-pressure wet oxidation 

(LPO)
Lubrication, 971–972
Lubrication chart, 1001t

M
Machining, 37
MACT standards. See Maximum achievable 

control technology (MACT) standards
Magnetic circuit breaker, 942
Magnetic starters, 735f, 959, 959f, 960f, 962

Maintenance programs, 906–914
classifications, 906–912
flow chart, 907f
predictive, 908
preventive, 907

Manhole ring, 218
Manholes, 138–139, 214

Palmer-Bowlus flumes in, 227, 228f, 235f
Mannich reaction polymer, 154
Manual operation, 720–722
Manual sampling, 678
Mass-based limit, 225
Mass-based standards, 75
Mass emission rate, 53
Mass, pollutant concentration and, 53–55
Material distribution systems, 32
Material substitutions, 33
Maximum achievable control technology 

(MACT) standards, 87
MBR systems. See Membrane bioreactor 

(MBR) systems
Mechanical and static mixers, 394f
Mechanical flocculators, 398, 399f
Mechanical flowmeters, 268–271, 764–766
Mechanical hazards, 138
Mechanical lifting device, 138
Mechanical maintenance, 906
Mechanical plating, 39
Mechanical seals, 995, 998–999, 998f
Mechanical surface aeration, 721f
Megger, 936–937, 936f
Megging, 936
Megohm, 937, 969
Membrane bioreactor (MBR) systems,  

507–509, 507f–509f, 712, 713f, 729, 
818, 819f

Membrane filtration, 14, 369, 495, 496f, 497
cross-flow filtration, 500, 501f
dead-end filtration system, 500, 501f, 502
hollow fiber membranes, 504–506,  

504f, 505f
materials and lifespan, 502
operational strategy

batch mode, 518–520, 519f
cleaning procedures, 524–525
continuous stages-in-series, 520, 521f
feed pretreatment, 521–522, 522f
modified batch mode, 520, 520f
sampling, 527–528
SCADA system, 522–523, 523f, 524f
series tube arrangement, 518, 519f
water flux measurements, 525–527, 

526t
performance evaluation, 510

concentration-dependent flux, 
517–518

concentrations, of waste components, 
513–515

flux, 510–511
log removal, 513
membrane fouling, 518
recirculation flow, 516–517

rejection, 511–512, 512f
temperature, 517
transmembrane pressure, 515–516

plate and frame membranes, 507
pressure vessels, 497, 498f, 499f, 500
recordkeeping, 528
safety precautions, 528–529
spiral membranes, 506, 506f
submerged flow, 497, 500, 501f, 502f
submersible membrane bioreactor 

systems, 507–509, 507f–509f
tubular membranes, 503–504, 503f

Membrane fouling, 502, 518
Mercaptans, 18
Mesh, 325, 541
Metal coloring, 40, 569
Metal finishing industries, 37–43

anodizing, 40–41
bright dipping process, 41, 41f
cleaning and surface preparation, 37, 39
electroplating and, 78t
etching and chemical milling, 41
existing sources for, 73t
machining, 37
manufacturing processes, 38f
new sources for, 74t
plating and coating, 39–40
waste/wastewater characteristics for, 42f

Metal hydroxide sludges, 621
Metallic electrodes, 799
Metal oxide composition, 778
Metal pickling liquor, 575
Metal salts, 374–376, 376f
Metal sludge, 665
Metal wastestreams treatment, 568

finishing category, 574t
laboratory support, 701–704
operation and maintenance. See 

Operation and maintenance (O&M)
sludge treatment and disposal, 663–667
sources of, 569–571
treatment strategies and processes, 

572–663
batch treatment, 572–577, 576f–577f
common metals removal, 594–625
complexed metals removal, 626–632
continuous treatment, 577–578
conventional chemical treatment 

methods, 575t
cyanide, 607–620
electrocoagulation, 660–661
flocculation, 640–660
hexavalent chromium reduction, 

594–607
neutralization, 582–594
other pollutant removal, 661–663
precious metals recovery, 633–640
precipitation, 620–625
solvent control, 661–662
source control, 578–582
toxic organics control, 662

Meters, 928–938
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Microfiltration (MF), 495, 497
Microns, 316, 372, 635
Microorganisms, 5, 7, 851

population, 849t
Mild liquid soap, 165
Milligrams per liter (mg/L), 11
Mils, 504, 1007
Miscible solvents, 20
Mixed liquor, 505
Mixed liquor suspended solids (MLSS), 

507, 777
Mixing, pH control strategy, 349–352
MLSS. See Mixed liquor suspended solids 

(MLSS)
Moisture removal, 885
Molded-case circuit breaker, 943–944, 943f
Mole, 336, 377, 813
Molecular weight, 376
Monitoring requirements, 209–210
Monomer, 377
Monovalent, 631
Mother circuit boards, 670
Motor and supervisory control systems, 

948–950
Motor circuit elements, 940f
Motor-operated actuator, 746f
Motor rotation indicator, 938
Motors, 951–976

alignment, 969–970
alternating current motors, 966–969
classification types, 952f
contactor operation, 961f
failure, causes of, 956
insulation, 956–958, 958f
nameplate, 953–955
other considerations, 969–972
starters, 958–962
troubleshooting, 972–976
variable frequency drives, 962–966
variable-speed, 966–969

Moving bed system, 543
Mudballs, 433
Mud fouling, 637
Muff-type hearing protection, 180f
Multi-gang lockout hasp, 731f
Multipurpose extinguishers, 172
Multistage reciprocating compressor, 885f
Municipal treatment plants, 2, 3
Municipal wastewater treatment, 29
Muriatic acid, 157
Mutagenic, 121

N
Nameplate data, 953–955
Nameplates, 925
Nanofiltration (NF), 495, 497
Naphtha, 191
Nappe, 245

aeration of, 250
Narrow shaft, 977

National Fire Protection Association 
(NFPA), 123

National Fire Protection Association 
Standard 820 (NFPA 820), 185, 186

National Pollutant Discharge Elimination 
System (NPDES) permit program, 
62–64, 88, 206, 332, 334, 368, 369t, 
569, 748, 788

regulations affecting, 63t
National Pretreatment Program, 60, 62, 

64–85
Categorical Pretreatment Standards, 

68–75
categorical standard modifications, 

83–85
categorical standard types, 75–76
General Pretreatment Regulations, 64–67
Prohibited Discharge Standards, 67–68
total toxic organics, 77–78, 78t
wastestream types, 76–77

Natural cycles, 3–4
Natural disasters, 100
Natural purification cycles, 3
Negative-acting photo-sensitive resists, 44
Negative pressure respirators, 127
Negative temperature coefficient (NTC), 

778–779
Neoprene gloves, 126
Nephelometric turbidity meters, 894
Nephelometric turbidity units (NTUs),  

480, 890
Nephelometry, 890
Nernst equation, 790, 793, 874
Net gross adjustment, 84
Neutralization, 332, 333, 572, 582–594, 

1000
reagents, 335t

New Direct Dischargers, 73
New Indirect Dischargers, 73
New Source Performance Standards 

(NSPS), 73
New sources, 61
NFPA. See National Fire Protection 

Association (NFPA)
Nickel cyanide complex, 607
Nitrate, 3
Nitric acid, 157–158
Nitrite, 3
Nitrogen, 7
Nitrogen cycle, 4f
Nitrogen gas, 877
Noble-metal electrode, 685
Noise, 178–181

exposure time periods and levels, 180t
Noise reduction rating (NRR), 180
Non-body-contact recreation, 7
Noncategorical industries, 74
Non-collection system water losses, 

280–286
Noncompatible pollutants, 24, 51–52
Noncontact conductivity sensors, 803, 

804f, 805f, 806f

Noncontact meters, 272
Nonelectrolytic alkaline cleaning, 37
Nonferrous base materials, 39
Nonhazardous materials, 569
Nonionic, 641
Non-permit confined space, 134, 732
Nonsettleable solids, 14
Nonsparking tools, 186
Nonvolatile organic compounds, 534
Normal (N ), 342, 583
Notice, 150
NPDES permit program. See National 

Pollutant Discharge Elimination 
System (NPDES) permit program

NRC. See US Nuclear Regulatory 
Commission (NRC)

NRDC Settlement Agreement, 73
NRR. See Noise reduction rating (NRR)
NSPS. See New Source Performance 

Standards (NSPS)
NTC. See Negative temperature coefficient 

(NTC)
NTUs. See Nephelometric turbidity units 

(NTUs)
Nutrient cycles, 3

concept of, 3
Nutrients, 3

O
Occupational Safety and Health 

Administration (OSHA), 110, 219, 
732, 914

Office of Water and Wastewater 
Management (OWWM), 61

Ohmmeters, 937–938
Ohms, 780, 925
Ohm’s law, 799, 926
Oil fouling, 637
Oily waste removal, 661
OJT. See On-the-job training (OJT)
Olfactory fatigue, 143
O&M. See Operation and maintenance 

(O&M)
On-site treatment exemption, 86
On-the-job training (OJT), 113
Open-channel flow conditions, 226
Open-channel flow systems, 695
Open-channel Parshall flume, 750f, 763
Open-channel primary element, 229–259

flumes, 233f, 235–244, 238f, 239f, 240t
operation and maintenance, 257–259
weirs, 244–255

Open-channel secondary elements, 
259–267

bubblers, 261–263
dipping probes, 261
floats, 260–261
pressure sensors, 263
ultrasonic meter, 263–264, 264f

Open loop controller system, 725f

00024570-00000003_CH11_IDX_p1071-1088.indd   1080 20/12/22   1:34 PM



Index  1081

Operation and maintenance (O&M),  
210, 669f

manual, 327
metal wastestreams treatment, 667–701

direct chemical feed system, 670
flow-measuring devices, 693–701
indirect chemical feed system, 

670–671
instrumentation, 670
oxidation–reduction potential, 

684–685
process monitoring, 671–673
pumps, 679–681
sampling, 673–679
troubleshooting, 670–671
ventilation and exhaust systems,  

681, 684
Operator interfaces, 717–720
Operators, industrial wastewater treatment 

facility, 98–101
Optical and electrochemical DO sensors, 

832
Optical DO sensors, 830–832
Ordinary combustibles, 171
Organic acids, 19
Organic coagulant aids, 164
Organic fouling, 636
Organic industrial wastes, 10
Organic matter, 2
Organic nitrogen, 860
Organic overloads, 208
Organic solids, 15
Organic solvents, 569, 571
Organic wastes, 10, 12
Orifice plate meters, 227
Orifice plate installations, 276f
Orifices, 386
O-ring seals, 1011
ORP. See Oxidation–reduction potential 

(ORP)
OSHA. See Occupational Safety and Health 

Administration (OSHA)
Output devices, 716–720

operator interfaces, 717–720
Overload protection devices, 960
OWWM. See Office of Water and 

Wastewater Management (OWWM)
Oxidation, 332, 571, 871

cyanide destruction by, 607–620
Oxidation–reduction potential (ORP), 24, 

357–359, 596, 610, 684–685, 747, 
871–880

calibration, 687–691
calibration and maintenance 

requirements, 875–876
cell, 875f
chemistry, 871–873
cleaning, 686
electrodes, 876
measurement and configuration, 873–875
measurement electrodes, 874f
pH meters and, 685–693

and pH sensors, 874
process control metrics, 876–880
troubleshooting, 691–693, 692f
value ranges, 877f

Oxidation state, 627, 871
Oxidative conditions, 638
Oxidative disinfection processes, 878–880
Oxidizing agents, 630, 878
Oxygen concentration, 846–847
Oxygen-consuming wastes, 6
Oxygen deficiency, 133, 148, 208, 847

atmospheres, 148
Oxygen-demanding wastes, 7
Oxygen depletion, 11
Oxygen enrichment, 133, 219, 847

P
Packing, 993–995

hooks, 994f
Packing rings, 979
Paddle wheel meters, 269, 765
PAI. See Performance Audit Inspection 

(PAI)
Paint stripping, 39
Palmer-Bowlus flumes, 227, 228f, 234, 

235–237, 236f, 290, 697f
depth-to-flow relationships for, 237
in sampling manhole, 235f

PAO. See Phenylarsine oxide (PAO)
PAOs. See Phosphate-accumulating 

organisms (PAOs)
PAPR. See Powered air purifying 

respirators (PAPR)
Parabolic nozzle, 257, 257f
Parshall flumes, 227, 237–244, 238f, 239f, 

240t, 290, 696f, 749, 753, 762f
Partial-flow pressure flotation, 446
Partial pressures, of oxygen, 822
Particle surface charge, 371–372
Particulates, 369
Parts per million (ppm), 142, 585, 844
Part-winding starters, 961
Passivating, 40, 570
Pass-through, 568

of pollutants, 24
Path control, 179
Pathogenic organisms, 12, 132
Pathogens, 480, 660, 848, 915
PCI. See Pretreatment Compliance 

Inspection (PCI)
PEL. See Permissible exposure limit (PEL)
Percent slope, 793
Performance Audit Inspection (PAI), 63
Performance metrics, 407

detention time, 407–409
solids loading rate, 412
surface loading rate, 410–411
weir overflow rate, 409–410

Performance optimization testing, 385–386
Periodic compliance report, 81–82

Periodic inspection, 910
Peristaltic pumps, 394–395, 395f
Per liter, 11
Permeability, 773
Permeate, 788
Permissible exposure limit (PEL), 128, 134
Permit-required confined space, 133, 732
Personal exposure hazards, 155
Personal protective equipment (PPE), 133, 

155, 494
pH, 12, 65, 192, 373, 744

measurement, 788–798
calibration standards, 792–793
electrode configurations, 794–798
system for laboratory use, 795f

meters, 685–693, 686f
calibration, 687–691
cleaning, 686
troubleshooting, 691–693, 692f

problems, 18–20
pH adjustment systems, 332, 350f

basics, 333–338
biological treatment, 356–357
chemicals, 338–340
common, 354–359
control system strategy, 348–354
detention times for, 351t
discharge, 355–356
electrode, 359, 361, 362t
equipment maintenance, 359
heavy metal removal, 357
manufacturing process, 362–363
mechanical operation, 359
performance factors, 346–348
scale, 333f
sensors, 342–348
titration curve, 340–342
troubleshooting, 359–363, 360f–361f

Phenylarsine oxide (PAO), 611
Phosgene, 190
Phosphate-accumulating organisms 

(PAOs), 878
Phosphate coatings, 40, 570
Phosphoric acid, 158–159
Phosphorus, 7
pH probe, 685f
pH sensor, 342–348

measurement electrode, 874
pH transmitter, 353
Physical–chemical treatment, 370–371

chemical application, 371
coagulation. See Coagulation
flocculation, 397–400, 398f, 399f
particle surface charge, 371–372
safety hazards, 414, 416–417
sedimentation

clarifier efficiency, 413
performance metrics, 407–412
sedimentation basin, 400–407, 

401f–406f
short-circuiting, 413, 414f

troubleshooting, 413–414, 415f–416f
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Physical hazards, 130–131
Physical injuries, 130, 138
Physical waste treatment process, 368
Physical well-being, 124
Piezometer, 767, 768f
Piezoresistive effect, 767
Piezoresistive electrical pressure  

switch, 777f
Pig, 18, 1030
PI loop. See Proportional and integral (PI) 

loop
Pilot-scale study, 479
Pinpoint floc, 370
Pipe-integrated thermal mass  

flowmeters, 814f
Piston pump, 983f
Pitot tube, 227, 697f
Pitot tube meters, 275, 275f
Plastic pigs, 1032f
Plastic pipe, 21
Plate and frame filter press, 663, 663f, 664f
Plate and frame membranes, 507
Plate settler, 623f
Platinum, 779
Platinum electrodes, 685
Platinum RTD probes, 779f
PLCs. See Programmable logic controllers 

(PLCs)
Plug flow, 310
Plugged pump, 1032
Plugging, 17
Plug valves, 1013–1014
Plunger pumps, 984–986, 984f, 985f
Pneumatic actuator, 746f
Pneumatic ejector system, 976, 989–992, 

991f–993f
Pneumatic systems, 881

maintenance, 1025–1028
Pneumatic valve actuator, 718f, 884f
Point sources, 60
Poisoned electrodes, 685
Poisonous/toxic chemicals, 152
Poisons, 191
Polarization, 803
Polarographic Clark sensors, 828
Pollutants, 298, 568

concentration, 53–55
Pollution, definitions of, 2
Pollution prevention, 26–34

control and regulations, 28–29
economic benefits, 30
opportunities, 30–34

audits and management support, 32
best management practices, 31–32
material distribution systems, 32
material substitution, 33
process modification, 33–34
process operations, 32
product reformulation, 34

treatment to, 28
Pollution Prevention Act of 1990, 26,  

28–29

Polychlorinated biphenyls, 24
Polyelectrolyte fouling, 637
Polyelectrolytes, 370, 376, 636, 640
Polymer feed system, 391f
Polymers, 154–155, 370, 376–377, 378f, 

463, 464f, 620, 627, 640, 891
application, 645–658
characteristics of, 641t
flow rate, 659
mixing and aging system, 398f
testing, 643–645

Polysaccharide material, 418
Polystyrene filter media, 776f
Polyvinyl chloride (PVC), 19
Ponds, 188–189
Porous junction, 790
Portable DO meters, 833
Portable gas meters, 839–840, 840f
Portable ladders, 131
Portable multi-gas monitor, 142f
Portable ORP instrument, 876f
Portable pH meter, 795f
Portable pH test kit, 702f
Positive-acting photo-sensitive resists, 44
Positive displacement compressors,  

883, 883f
Positive displacement diaphragm pumps, 

396f, 397f
Positive displacement pumps, 183, 394, 

776, 976, 1019–1020
Positive pressure respirators, 127
Positive temperature coefficient (PTC), 

778–779
Potassium chloride, 685
Potting compounds, 687
POTWs. See Publicly owned treatment 

works (POTWs)
Pour point, 1000
Powdered activated carbon (PAC), 541
Powders, 164–165
Power, 927–928
Powered air purifying respirators (PAPR), 

127
Powered industrial trucks, 193
Power factor, 927
Practicing workplace safety, 110
Precious metals, 41, 571

recovery, 633–640
Precipitation, 373, 571
Precoat, 325
Predictive maintenance programs, 786, 

908, 911
Preliminary screening tests, 380
Preliminary treatment

definition, 298
equalization, 298–311
importance, 298
pH adjustment. See pH adjustment
screening. See Screening

Preserving samples, 678, 679t
Pressure filters, inert-media.  

See Inert-media pressure filters

Pressure head, 310
Pressure methods, 1028
Pressure-sensing technologies, 767–777

applications and types, 768–777
differential pressure sensors, 773–775, 

774f, 775f
dry pressure sensors, 768–773
pressure switches, 775–777
submersible pressure sensors, 768–773

operation, 767–768
Pressure sensors, 263, 769f
Pressure switches, 714, 775–777
Pressure vessels, membrane filtration, 497, 

498f, 499f, 500
Pretreatment Compliance Inspection  

(PCI), 63
Pretreatment facility inspector, 212
Pretreatment Standards for Existing 

Sources (PSES), 61, 73
Pretreatment Standards for New Sources 

(PSNS), 61, 73
Preventive maintenance program, 214,  

786, 907
Primary element, 227
Primary open-channel flow measurement, 

229–259, 231t
flumes, 233f, 235–244, 238f, 239f, 240t
operation and maintenance, 257–259
weirs, 244–255

Primary standards, 891
Primary treatment, 11
Priming, 981
Printed circuit board manufacturing, 

44–47, 48f
Priority pollutants, 70
Priority toxic pollutants, 71t
Proactive maintenance programs, 906, 911
Process automation, 712–729

control strategies, 720–729
output devices, 716–720
programmable logic controllers (PLCs), 

716, 717f
system components, 713–716

Process modification, 33–34
Process monitoring, 671–673
Process operations, 32
Process variables (PV), 712, 725, 908
Process waste characteristics, 41
Production-based standards, 75
Product recovery systems, 536
Product reformulation, 34
Product storage, 31–32
Programmable logic controllers (PLCs), 

229, 672, 713, 716, 717f, 744,  
948–949, 949f

Progressive cavity pumps, 394, 395f, 987
Prohibited Discharge Standards, 67–68
Propeller meter, 270f
Propeller pumps, 982
Proportional and integral (PI) loop, 727
Proportional composite sample, 675t
Proportional control, 727f, 860–864
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Protective equipment, 124–130
eye protection, 125
foot protection, 125–126
head protection, 127
respiratory protection, 127–130

Protective safety gear, 124
Proteinaceous material, 418
Protozoa, 132, 849
PSES. See Pretreatment Standards for 

Existing Sources (PSES)
PSNS. See Pretreatment Standards for New 

Sources (PSNS)
PTC. See Positive temperature coefficient 

(PTC)
Publicly owned treatment works (POTWs), 

9, 15–16, 18, 37, 68, 206, 210, 312, 
568, 628

authority for, 90
collection system, 20, 21, 211
concentrated wastes, 53
effects from industrial wastes, 25–26
effluent and sludge, 26
hydraulic capacity, 56
influent and secondary treatment, 20, 21
local, 61
monitoring program by, 213
operating agency, 95
and regulatory agencies, 211
treatment plant, 92
wastewater collection system, 37

Pulse width modulation (PWM), 736, 737f
Pumping stations, 192–193
Pumps, 679–681, 976–1025

air gap separation system, 1009
bearings, 1002–1006
belt drives, 1006–1007
centrifugal, 977–982, 977f, 978f
classification, 680f
components, 1002–1010
controls, 1010
couplings, 1007–1008
dehumidifiers, 1009
double disc, 986–987, 986f
driving equipment, 1022
incline screw, 989, 990f
lubrication, 999–1001
maintenance, 1002f
piston, 983f
plunger, 984–986, 984f, 985f, 1032
pneumatic ejectors, 989–992
progressive cavity, 987
propeller, 982
reciprocating, 982–987
rotary lobe, 988
seals, 992–999

mechanical seals, 995, 998–999
packing, 993–995

shear pins, 1008
shutdown, 1022
startup, 1015–1020
troubleshooting, 682f–684f, 1023f–1025f
types, 976–992

valves, 1010–1014
variable-speed belt drives, 1008, 1009f
verifying pump performance, 1020–1022

Putrefaction, 11
PVC. See Polyvinyl chloride (PVC)
PWM. See Pulse width modulation (PWM)

Q
Quality assurance program, 32
Quality control, 678–679
Quenching, 830
Quicklime (calcium oxide), 160, 378–379

R
Radial-flow impellers, 351
Radial to the impeller, 982
Radioactive contamination, 6
Radioactive wastes, 10, 12
Radiological hazards, 169
Rag wipes, 32
Rainwater, 2
Rapid sand filter, 433f
RAS pumps. See Return activated sludge 

(RAS) pumps
Rate-of-flow controller (RFC), 471
Raw material, 31–32
RBCs. See Rotating biological contactors 

(RBCs)
RCRA. See Resource Conservation and 

Recovery Act (RCRA)
Reactive maintenance, 786, 906
Reagents, 40, 349, 570
Receiver control, 179
Receiving waters, 2, 3, 208, 332

nutrient cycles, 3
Reciprocating compressors, 883
Reciprocating pumps, 982–987
Recirculation flow, 516–517
Recording charts, 217
Records, 951
Rectangular weirs, 250–255, 250f,  

290, 696f
contracted, 250, 251, 251f, 251t
suppressed, 250, 252t, 253f

Recycle-flow pressure flotation, 446, 448
Recycling, 27
Redox, 685
Redox reactions, 828, 871
Reducing agents, 358, 595, 879
Reduction, 332, 569, 871
Reference, 343, 739
Reference electrode, 343–345, 789, 789f, 

790, 792f
Reference measurement, 290
Refrigerant air dryers, 886
Regenerated carbon, 542
Regular maintenance, 906
Regulated dischargers, 61

Regulated streams, 76
Regulatory agencies, 211, 212
Regulatory requirements

building codes, 96
delegation of federal authority, 61
Environmental Protection Agency, 60–61
federal statutes and regulations, 85–95

Clean Air Act, 87
EPCRA, 86–87
Hazard Communication Standard, 

87–88
local wastewater ordinances and 

codes, 90–95
Resource Conservation and Recovery 

Act, 85–86
worker right-to-know laws, 87–88

hazardous waste laws, 97–98
land use ordinances, 97
local collection system disposal codes, 

95–96
National Pretreatment Program. See 

National Pretreatment Program
NPDES permit program, 62–64
regulated dischargers, 61
underground tank laws, 96–97

Rejection, 480, 511–512, 512f
Removal credits, 84–85
Repair shop, 923
Reporting incidents, 116–118
Representative sampling, 213, 673, 677
Resilience, 911
Resin fouling, 637
Resistance, 744, 925
Resistive temperature devices (RTDs), 778, 

811, 816
Resource Conservation and Recovery Act 

(RCRA), 28, 85–86
Respiratory protection program, 127–130, 

148
Respiratory protective equipment, 147
Respiratory safety equipment, 129
Response time, 347
Retentate, 511
Return activated sludge (RAS) pumps,  

743, 748
Reverse osmosis (RO), 495, 497, 626, 633, 

639–640
RFC. See Rate-of-flow controller (RFC)
Right-to-know laws, 120
Ringing, 727, 727f
Rinse water, 43

reduction methods, 34
Rising sludge, 449
Rochelle salts, 39
Rodding tools, 1030f
Rods, 1029
Rotameter, 463, 693, 695f
Rotary drum thickener, 918f
Rotary lobe pumps, 988, 988f
Rotary press, 918f
Rotary screw compressors, 883, 884f, 886f
Rotating biological contactors (RBCs), 820
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Rotating screens, 320–327
externally fed, 321–323, 321f
installations, 322f
internally fed, 323, 324f, 325f
in operation, 323f
troubleshooting, 328f–329f

Rotor, 394, 764, 951
Routine maintenance activities, 49
Routine operator tasks, 673f
RTDs. See Resistive temperature devices 

(RTDs)
Rubber wearings, 1007
Run command, 739
Run-to-failure (RTF) approach, 906

S
Sacrificial anodes, 660
Safety data sheets (SDSs), 122, 151, 377, 

630, 968
Safety equipment, 923–924
Safety hazards, 151, 729–734

confined spaces, 731–732
falls, 732–734
lockout/tagout, 729–731

Safety programs, 111–119
emergency plans, 118–119
preventive measures, 114f
reporting incidents, 116–118
training program, 113–116

Safety training, 89
Salinity, 824
Salts, 162–164

aluminum sulfate, 162–163
ferric chloride, 163
ferric sulfate, 163–164
sodium aluminate, 164

Sampling, 213–220, 673–679
composite, 215
devices and equipment, 678
grab, 214–215
of industrial wastes, 213–220
portable equipment, 217–219
preservation, 678, 679t

and security, 215–217, 216t
representative, 673, 677
safety, 219–220

Sampling point, 214
Sampling safety, 196–199
Sand filter, 433, 433f, 434f, 623f. See also 

Continuous backwash, upflow, 
deep-bed silica sand media filter

SAR. See Supplied air respirators  
(SAR)

SARA. See Superfund Amendment 
Reauthorization Act (SARA)

Saturated desiccant, 886
Saybolt Universal Viscosity (SUV), 1000
Saybolt viscometer, 999
SBR systems. See Sequencing batch reactor 

(SBR) systems

SCADA systems. See Supervisory control 
and data acquisition (SCADA) 
systems

Scaling, 379, 797, 919
SCBA. See Self-contained breathing 

apparatus (SCBA)
SCFM. See Standard cubic feet per minute 

(SCFM)
Screening, 312–331, 981f

coarse, 312–316
definition, 312
fine. See Fine screening
maintenance, 327–330, 331f
safety procedures, 330–331

Screening units, 916f
depositing sludge, 917f
differential level in, 917f

Screw press, 918f
Scrubber wastewater, 36
Scum lines, 1029–1030
SDSs. See Safety data sheets (SDSs)
Sealed reference electrodes, 344
Seasonal industries, 221
Secondary containment, 31
Secondary element, 227
Secondary measuring device, 259–267
Secondary standards, 891, 892
Secondary treatment, 11
Secondary wastewater treatment, 312
Sectional filter, 436–437, 437f
Sedimentation, 312, 369, 370, 576f, 577f

clarifier efficiency, 413
performance metrics, 407–412
sedimentation basin, 400–407, 401f–406f
short-circuiting, 413, 414f

Sedimentation basin, 400–407, 401f–406f
Segregated metal finishing wastestreams, 

573f
Segregation, 32, 571
Self-contained breathing apparatus 

(SCBA), 110, 127, 219
Self-monitoring, 62, 209, 212–213
Semipermeable membrane, 828
Sensitivity, 746, 938
Sensor maintenance, 698
Sensors, 712, 744–848

conductivity, 798–810
dissolved oxygen (DO), 819–835
flow metering, 748–766

electromagnetic meters, 754–758, 755f
mechanical flowmeters, 764–766
open-channel, 753–754
ultrasonic meters, 759–764

gas flow-metering, 810–819
hazardous atmosphere detection, 

835–848
pH measurement, 788–798
pressure-sensing technologies,  

767–777
temperature. See Temperature sensors

Septic, 3, 309
Septic conditions, 208, 413

Sequencing batch reactor (SBR) systems, 
820

batch treatment, 899f
Sequestering, 626
Set contact closure, 278
Set points, 142, 353, 357, 438, 717, 723, 724
Settleable solids, 14
Settleometer, 14
Shaft, 977
Shaft packing failure, 996f–997f
Sharp-crested weirs, 244, 244f, 255
Shear pins, 1008
Sheaves, 1006
Shock hazards, 173
Shock loads, 206
Short-circuiting, 310, 409, 413, 414f
Side-line equalization, 298–299, 303
Significant industrial users (SIUs), 66
Silver chloride, 610
Silver oxide, 610
Single-phase power, 926, 930f
Single-stage systems, 883
SIUs. See Significant industrial users (SIUs)
Skin contact, 158
Slake, 378–379
Sleeves, 977
Slipping hazards, 155
Slough, 508
Sludge, 369

conditioning, 418
and scum, 10–11
types, 421t

Sludge age, 889
Sludge bulking, 371
Sludge digestion system, 186
Sludge lines, 1030–1032
Sludge sampler, 921
Sludge treatment and disposal, 663–667
Slug loadings, 24
Slugs, 82, 214, 220, 407
Sluice gates, 1014
Slurries, 346, 379
Smoking, 186
Soak cleaners, 39
Sodium aluminate, 164
Sodium bisulfite, 595, 596, 630, 879
Sodium borohydride, 630–632, 632t
Sodium carbonate, 341t
Sodium chloride, 798
Sodium cyanate, 608
Sodium dithionite, 631
Sodium hydrophosphite, 39
Sodium hydrosulfite, 358, 595, 637
Sodium hydroxide, 19, 160–161, 338, 346, 

608, 620, 629
alkali conversion table for, 340t

Sodium hypochlorite, 358, 608–610, 637, 
807f, 878

injection pump, 724
Sodium sulfide, 190
Soft water, 637
Solenoid valves, 463
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Solid coagulants, 386
Solids, 312

dissolved, 14
floatable, 15
handling, 915
loading rate, 412
organic and inorganic, 15
in raw wastewater, 14f
suspended, 14
total, 14
in wastewater, 12–15

Solid-state reduced-voltage starters, 961
Solution polymers, 154
Solvent wastes, 43
Solvent-based cleaning processes, 33
Solvent control, 661–662
Solvent degreasing, 39
Solvent management plan, 77, 580
Solvents, 21, 144, 208, 220, 569

and flammable materials, 167–168
Sonic industrial imager, 888, 888f, 910, 

910f, 1026
Sophistication of pneumatic  

systems, 882
Source control, 179
Sour water, 18
SPC chart. See Statistical process control 

chart (SPC chart)
Specific gravity, 429, 627
Specific prohibitions, 67, 93
Speed reference, 739
Spill containment system, 31
Spilled polymers, 164
Spiral membranes, 506, 506f
Splash loss, 281
Split housing type, progressive cavity 

pumps, 987, 987f
Spray alkaline cleaners, 39
Squeegees, 32
SS. See Suspended solids (SS)
Stabilization, 11, 298, 572
Staff gauge, 227, 289
Standard cubic feet per minute (SCFM), 

451, 812
Standards, 792
Standard temperature and pressure  

(STP), 813
Starters, 958–962
State agencies, 209
State and local authorities, 61
State laws, 120, 121
State legislation, 29
State/local pretreatment program, 67
Static screens, 316–320
Statistical process control chart (SPC 

chart), 528
Stator, 394, 951
Stern layer, 372–373
Stilling well, 233, 233f

advantage of, 233
Stored energy, 173–178
Stormwater regulations, 88–89

STP. See Standard temperature and 
pressure (STP)

Stratification, 840
Stripping process, 36
Strong alkalies, 19
Submerged membrane filtration system, 

497, 500, 501f, 502f
Submersible nephelometric turbidity 

sensor, 895f, 896f
Submersible pressure sensors, 768–773, 

769f
Submersible sensors, 894
Suction, 1017
Suction lift, 978
Suction piping, 978
Sulfate, 6, 11
Sulfide, 18

industrial discharges of, 18
precipitation, 624, 624t

Sulfonators, 920
Sulfur dioxide, 582, 595, 844–845, 920
Sulfuric acid, 159, 334, 339, 596

container, 150f
Sumps, 132
Superfund Amendment Reauthorization 

Act (SARA), 86
Supernatant, 379
Supervisors, 111, 115

accident report, 117
Supervisory control and data acquisition 

(SCADA) systems, 217, 438, 439, 
444, 445, 473, 508, 718–720, 719f, 
908, 950

membrane filtration, 522–523, 523f, 524f
Supplied air respirators (SAR), 127
Suppressed rectangular weir, 250, 252t, 253f
Surcharged, 278
Surcharged tank, 474
Surface-active agents, 33, 191, 518, 626
Surface aerators, 309
Surface coatings, 37
Surface loading rate, 407, 410–411
Surface-mounted mechanical aerator, 820f
Surface-straining system, 432
Surface-wash system, 434
Suspended insoluble iron, 637
Suspended solids (SS), 14, 65, 210, 369, 

576, 637, 747, 889–890
measurement, 897–900
removal using plate settler and sand 

filter, 622f
Sweep-floc, 373
Swing arms, 1010
Swing check valve, 1011f
Switchgear, 938
Synergistic reaction, 122

T
Tagout, 329, 417, 729–731, 730f, 914
Tailgate safety meetings, 110, 115–116

Tanks, 920–921
TDH. See Total dynamic head (TDH)
Tear-gas type substances, 191
Temperature

coefficient, 793
compensation, 347
and salinity, 824

Temperature sensors, 745f, 777–787
electrical resistance, 778–782
thermal imaging cameras, 786–787
thermocouples, 782–786, 783f, 784f

Teratogenic, 121
Tertiary treatment process, 368–369
Testers, 928–938
Tetanus, 132
TFR. See Total filterable residue (TFR)
Thermal conditioning, 418–419

operating guidelines, 420–421
troubleshooting, 421–422, 423f

Thermal imaging cameras, 786–787, 787f
Thermal-magnetic trip circuit breakers, 944
Thermal mass flowmeters, 810–819,  

817f, 818f
Thermal resistors (thermistors), 778
Thermal (heated) wastes, 10, 12
Thermistors, 779f
Thermocouples, 782–786

cutaway view of, 784f
physical properties of, 783f

Three-phase power, 926–927, 930f,  
933, 951

Threshold limit value (TLV), 143, 151
Time interval, 291
Time-weighted average (TWA), 151
Titration, 340, 583
Titration curves, 340–342, 342f, 583, 584f
TLV. See Threshold limit value (TLV)
TMP. See Transmembrane pressure (TMP)
Total chlorine, 859
Total dissolved solids (TDS), 284, 808
Total dynamic head (TDH), 1020
Total filterable residue (TFR), 65
Totalizers, 217, 228, 229, 259f, 260
Total solids, 14
Total suspended solids (TSS), 748, 889
Total toxic organics (TTO), 77–78, 78t, 122
Toxic, 568, 747, 919
Toxic compounds, 6
Toxic gases, 143–145, 190–191, 208
Toxic industrial wastes, 2
Toxicity, 144, 332, 628, 845
Toxic organics, 24, 661

compounds, 152
control, 662

Toxic pollutants, 70
priority, 71t

Toxic Release Inventory (TRI), 29
Toxics, 120
Toxic substances, 12, 134, 208, 556, 636
Toxic Substances Control Act (TSCA) of 

1976, 122
Train operators, 123–124
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Tramp oil, 521, 522
Transducer, 263
Transit meters, 273–275, 761–762, 762f
Transmembrane pressure (TMP), 508, 

515–516
Transpiration, 3
Trapezoidal (Cipolletti) sharp-crested  

weir, 254f
Traveling bridge clarifier, 401, 403f
Treatment facility safety

aerators, 188
applying protective coatings, 189
bar screens and racks, 182
clarifiers, 184–185
comminuting and grinding equipment, 

182
digesters and digestion equipment, 

185–187
grit channels, 184
hazards, 181–189. See also Hazards
laboratory safety, 196–199
operator, 110
ponds, 188–189
protective equipment, 124–130
pump rooms, 183
safety programs, 111–119
sampling safety, 196–199
trickling filters, 187–188
wet wells and sumps, 183–184
workplace safety. See Workplace  

safety
TRI. See Toxic Release Inventory (TRI)
Trichloroethane (TCA), 144
Trichloroethylene (TCE), 534
Trickling filters, 820
Trihalomethanes (THMs), 849
Trimercapto-s-triazine trisodium salt, 630
Trisodium salt, 630
Trivalent chromium, 358, 571, 596, 620
Troubleshooting

air stripping, 537–538
ball bearing failure, 1003f–1006f
continuous backwash, upflow, deep-bed 

silica sand media filter, 488, 
489f–491f

dissolved air flotation, 457–458, 459f
electric motors, 974f–976f
gravity filtration, 439, 440f–442f
magnetic starters, 963f–965f
maintenance, 670–671
motors, 972–973
oxidation–reduction potential (ORP), 

691–693, 692f
pH meters, 691–693, 692f
physical–chemical treatment, 413–414, 

415f–416f
pneumatic ejector system, 992f
pressure filters, 475f–476f
pumps, 682f–684f, 1023f–1025f
rotating screens, 328f–329f

shaft packing failure, 996f–997f
static screens, 321f
thermal conditioning, 421–422, 423f

TSS. See Total suspended solids (TSS)
TTO. See Total toxic organics (TTO)
Tube settlers, in clarifiers, 404,  

404f–406f, 407
Tubular membranes, 503–504, 503f
Turbidity, 369, 889–890
Turbidity meters, 439, 484–485, 484f,  

889, 890f
flow-through, 893–894, 893f
laboratory, 896f
portable and laboratory units, 894–896
submersible sensors, 894

Turbidity units (TU), 442
Turbine-style mechanical flowmeters, 269, 

269f, 765, 765f
Turbine water meter, 270f
TWA. See Time-weighted average (TWA)
Two-electrode conductivity sensors, 804f

U
UEL. See Upper explosive limits (UEL)
Ultrafiltration (UF), 495, 497, 620
Ultrafiltration wastewater treatment, 521, 

522f
Ultrasonic flowmeters, 271–275, 271f

differential pressure systems, 275
doppler flowmeters, 272–273, 273f
pitot tube meters, 275, 275f
transit meters, 273–275
velocity modified flowmeters (VMFMs), 

275–277
Ultrasonic measuring device, 228f

Parshall flume with, 228f
Ultrasonic meters, 263–264, 264f, 759–764

doppler meters, 759–761
level-sensing devices, 762–764
transit meters, 761–762, 762f

Ultrasonic sound, 263f
Ultrasonic transducer installation, 265f
Ultrasonic vibration, 39
Ultraviolet (UV), 611, 747

disinfection systems, 849, 851, 852f
emission intensity, 855
intensity sensors, 854, 856
lamps, 851f
light spectrum, 850f

Ultraviolet (UV) light, 169, 850–857
dosing control strategy, 856–857
process control instrumentation, 

853–856
Underdrains, 436f. See also Filter 

underdrain system
Underground tank laws, 96–97
Ungrounded thermocouple, 785, 785f
Uniform film of oxidation, 967

Unneutralized phosphoric acid, 159
Unplugging pipelines, 1028–1029
Unregulated streams, 76
Upflow filter, 431, 432f
Upper explosive limits (UEL), 139, 145
US Nuclear Regulatory Commission  

(NRC), 169
UVT. See UV transmissivity (UVT)
UV transmissivity (UVT), 853

V
Vaccination for tetanus, 132
Valves, 1010–1014

gate, 1010–1013, 1012f, 1013f
plug, 1013–1014
plugged, 1032
sluice gates, 1014
types of, 745f

Vapor-phase activated carbon, 536
Variable-area flowmeter, 463
Variable frequency drives (VFD), 398, 400, 

716, 734–744, 735f, 927, 945
forward and reverse function, 742
installation, setup, and operation, 

736–742
motors, 962–966
operating principles, 735–736
small-horsepower, 736f
with user interface module, 737f
wastewater applications, 742–744

Variable-speed belt drives, 1008, 1009f
Vehicles, 193–194

maintenance, 194
Velocity head, 226, 694
Velocity modified flowmeters (VMFMs), 

275–277
Ventilation systems, 681, 684
Venturi meters, 227, 277f
Venturi-type aspirators, 641, 642f
Vertical pressure filter vessels, 467, 469f
Vessels, pressure filter, 467, 468f, 469f
VFD. See variable frequency drives (VFD)
Vibration monitoring, 908
Vibration sensor, 909f
Virgin carbon, 542
Viscometer, 999
Viscosity, 154, 413, 638, 908, 999
VMFMs. See Velocity modified flowmeters 

(VMFMs)
V-notch weirs, 227, 228f, 244, 245f,  

246–250, 248f, 248t, 249t, 278, 290
VOCs. See Volatile organic compounds 

(VOCs)
Voids, 480
Volatile, 20
Volatile acids, 878
Volatile organic compounds (VOCs), 532. 

See also Air stripping
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Voltage, 714, 925, 951, 954
Voltage testing, 929–931
Voltage tick, 931, 931f
Volts, 925
Volume, 303–308, 308f

equalizing basins, 308f
Volumetric concentration factor (VCF), 

513–514
Volute, 977

W
Warning systems, 150, 221–224
WAS. See Waste activated sludge (WAS)
Washing equipment, 43
Waste activated sludge (WAS), 398, 746
Waste characteristics, 15
Waste discharges, 10–26

human health, 11–12
industrial wastewaters, effects of, 15

collection system, 16–21
effluent and sludge disposal and 

reuse, 24–25
POTW, 25–26
treatment system, 22–24

other effects, 12
oxygen depletion, 11
sludge and scum, 10–11
solids in wastewater, 12–15

Waste minimization, 27
Waste segregation, 32
Wastestream

segregation, 571, 572
types, 76–77

Wastewater
applications, 742–744
definition of, 2

Wastewater collection system, 280
Wastewater discharges, 132

Wastewater facilities, 91
Wastewater ordinances, 211, 568

and codes, 90–95
Wastewater treatment, 5

biological aerated filters (BAFs), 818f
conductivity and, 807–810
and conveyance systems, 140t–141t
equalization of, 56
flow systems in, 226
generation, 43
plants, 222t
principal objective, 11
processes, 3
solids in, 12–15
utility system discharges of, 49t

Water-based film developing systems, 33
Waterborne diseases, 13f
Water-contact recreation, 6–7
Water flux measurements, 525–527, 526t
Water hammer, 430, 734, 965
Water molecule, 336
Water Quality Act (1987), 60, 62
Water reduction methods, 33
Water reuse, 26
Water supplies, 194–195
Water uses, 5–10

agriculture, 9
aquatic vegetation, 7
drinking, 5–6
fish, 7
by industry, 8f, 9–10
recreation, 6–7
wildlife, 7

Watts, 927
Weak electrolytes, 583, 798
Wear rings, 979
Weighted gate, 278
Weirs, 227, 233–235, 233f, 244–255, 247f, 

401
broad-crested, 244, 244f

dimensions, 246f
in operation, 246f
overflow rate, 409–410
rectangular, 250–255, 250f
sharp-crested, 244, 244f
submerged, 246f
V-notch, 227, 228f, 244, 245f, 246–250, 

248f, 248t, 249t
Well-functioning reference electrode 

junctions, 790
Wet/damp carbon, 165
Wet oxidation, 418, 422–425, 424f, 425t
Wet polymers, 641, 642f, 643
Wet wells, 132, 459, 472, 720, 920

and sumps, 183–184
Wide-mouthed plastic bottles, 678
Work environment/conditions, 112
Worker right-to-know laws, 87–88, 

120–124
chemicals and hazardous conditions, 

122
elements of, 121–124
hazardous materials, 121–122
training program, 123–124

Workplace safety
accident prevention, 120
authorities, 111
effectiveness, 111
hazard communication, 120–124
management responsibilities, 110
practicing, 110
program. See Safety programs
worker right-to-know laws, 120–124

Wye-delta starters, 961

Z
Zeta potential, 372
Zoning ordinances, 97
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