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A
Abnormal conditions

chlorination, 351, 368, 373, 379–380
coagulation, 164, 165
filtration, 296
flocculation, 164, 165
sedimentation, 248

Absorption, 260
Accident prevention, 552–556
Accident reports, 37
Accidents, laboratory, 552
Acidic, defined, 559
Acid rain, 2, 72
Acids, used in laboratories, 551
Acid titration curve, 566
Acquisition, water rights, 66
Activated carbon, 20, 263, 274–275, 510,  

514–523, 527
Additional resources

algae control, 96, 101
aquatic weed control, 101
chlorination, 432
coagulation, 199
corrosion control, 457, 464, 482
disinfection, 432
filtration, 320
flocculation, 199
hardness in water, 570
intake structures, 121
laboratory procedures, 534, 556, 559, 

560, 564, 570, 578, 588, 607, 612, 
614

laboratory safety, 556
lake destratification, 103
microbiological test methods, 618
microscopic organisms, controlling, 101
operation, 53
reservoirs, 121
safe drinking water, 8
sampling, 627
sedimentation, 255
source water, 121
standard methods, laboratory, 82
taste and odor control, 528
water quality, 26
water sources, 71
water utilities, 71

Administration
coagulation, 162
filtration, 294

flocculation, 162
operator duties, 47
sedimentation, 246

Adsorbate, 514
Adsorbent, 514
Adsorption, 96, 230, 260, 265,  

514, 522
Adverse effects, corrosion, 438
Aeration, 105, 506–508
Aggressive Index (AI), 459
Aging tank, 159
Agricultural runoff, 3, 60–61, 67,  

73, 496

AI. See Aggressive Index (AI)
Air binding, filters, 299
Air blowers, 506
Air conditioning, 45
Air gap, 369
Air stripping, 508
Algae

additional resources, 82
blue-green, 80, 96, 103
chemical control, 19
chlorine demand, 82
control in reservoirs

additional resources, 97, 101
aesthetics, 92
application of chemicals, 92, 93
bluestone algicide, 92
chemical dosage, 94
chemicals available, 92
chemical use and handling, 19
copper sulfate, 92, 93
formulas, 97
monitoring, 101
permits, 92
purpose, 92
recordkeeping, 101
reservoirs, 92
safety, 92, 101
species, 96

dissolved oxygen, 82
filtration, 284, 296, 297, 304
identification, 82
monitoring, 101
nutrients, 62
organic loading, 82
pH, 81
photosynthesis, 81
reservoirs, 92
respiration, 81, 493

solids-contact units, problems, 228
tastes and odors, 79

Algal blooms, 62, 67, 75, 79–82, 86, 
92–102, 105, 108, 111, 118, 491, 
492, 505, 527

Aliphatic hydroxy acids, 96
Aliquot, 608
Alkalinity

and buffering, 565
coagulation, 130
conditions, 568
corrosion control, 446
methyl orange, 94
monitoring, 582
procedure, 567
solids-contact units, 231
test, 565–570

Alum, 20, 128, 129, 147, 153, 163, 179
feeder, 34
sludges, 239

Aluminum sulfate, 20, 128, 147, 153,  
163, 179

Ambient temperature, 390
Amendments to the Safe Drinking Water 

Act (SDWA), 306
Ammonia, 335, 337, 339, 342, 386, 391
Ammonia-oxidizing bacteria (AOB), 342
Ammonia, test for leaks, 370, 386
Ammonium hydroxide, 20
Ammonium sulfate, 20
Ampere, 444
Amperometric titration method, 399, 574
Anaerobic, 77, 83, 102, 451
Analog, 692
Anhydrous ammonia, 20
Anionic polymer, 20, 128
Annular space, 451, 452
Anode, 439
Anthracite coal, 263, 265, 267, 269

AOB. See Ammonia-oxidizing bacteria 
(AOB)

Apparent color, 180
Application of chemicals, reservoirs,  

92, 94
Aquatic plants, 78
Aquatic weed control, additional  

resources, 101
Aquifer, groundwater, 63
Arsenic, 5
Artesian wells, 61, 63
Artificial respiration, 24

Index
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Asbestos-cement pipe, 466
Aseptic, 611
Autoclave, 542, 593
Automatic sampling, 624
Available chlorine residual, 334, 338

B
Backflow prevention, 501
Backwashing filters, 269, 270, 286, 292, 

301–302
Bacteria

defined, 623
detection methods, 589
quantity afffect on sample, 596
types of counts, 589

Bacterial cells, 331
Bacterial cultures, 589
Bacteria, pathogenic, 26, 326
Bacteriologic safety indicator, 588
Baffles

coagulation, 135, 136
flocculation, 135, 136
mixing, 130–136
sedimentation, 207, 209

Ballasted flocculation
flocculation basin, 184
hydrocyclones, 185, 190
injection tank, 185
intermittent use, 195
maintenance, 196
microsand, 186
optimization, 193
performance, 193
rapid mix tank, 184
sedimentation basin, 185
troubleshooting, 195

Barium, 5
Bases (caustics), used in laboratories, 551
Basins

flocculation, 134–135
sedimentation, 208–219

Batch mixture, polymer, 159
Baylis surface wash system, 272
Biochemical oxygen demand (BOD), 27, 

77, 454
Biological growths, 490, 500, 508, 527
Biological tests, 588–618
Biological, water quality, 70
Bitter tastes, 332, 455
Blanket (sludge) sounder, 242
Blanks, 593
Blenders, pumped, 132
Blowers, 506
Blue-green algae, 80, 96, 103
Bluestone algicide, 92

BOD. See Biochemical oxygen demand 
(BOD)

Boils, filters, 283, 284, 296, 297, 298
Bottled water, 488
Breakpoint chlorination, 338, 381, 586

Breakthrough, filters, 266, 270, 282, 297, 
298, 315

Brilliant Green Bile (BGB) Broth, 590, 594
Bromine, 332
Bruises, injury, 550
Buddy system, safety, 50, 305
Budget, maintenance, 38
Buffer, 130, 337, 446
Buffered dilution water, 593
Buffer solution, 561
Bumping a filter, 283
Burns

first aid, 23
laboratory, 550, 555

Butterfly valves, 117
Byproducts, disinfection, 7, 179

C
Cadmium, 5, 456
Calcium carbonate, 447, 454, 456, 459–465

equivalent, 448, 565, 569, 570
Calcium carbonate precipitation potential 

(CCPP), 454, 456
Calcium hydroxide, 20
Calcium hypochlorite, 20, 336
Calcium oxide, 20
Calibration, instrument, 541
Capacitors, 46
Carcinogen, 331, 573
Carcinogen chlorogranic compounds, 573
Cardiopulmonary resuscitation (CPR), 24
Cascade aerator, 507
Cathode, 440
Cathode film protection, 442
Cathode ray tube displays, 30
Cathodic protection

chlorination equipment, 375
corrosion control, 113, 118, 443, 466–472
intake-outlet structures, 115, 117
sedimentation basins, 233
solids-contact units, 233

Cationic polymer, 20, 129, 147
pretreatment process aids, 275

Cations, 439
Cattails, 109
Caustics, 23, 551
Caustic soda, 20, 461, 462, 551

CCPP. See Calcium carbonate precipitation 
potential (CCPP)

Certification, operator, 44, 47, 52
Chain-of-custody sample protocol, 627
Charge chemistry, 180
Checklist, plant inspection, 12, 13
Chelated, 92
Chemical disinfectants, 332
Chemical dosage

algae control, 96
coagulation, 156–164
reservoirs, 96
solids-contact units, 227–239

Chemical feeders
adjustment, 172
calibration, 173
coagulation, 151
gravimetric, 172
volumetric, 172

Chemical labeling, laboratory, 553
Chemical mixing, 129
Chemical names, 536–538
Chemical solution, 158, 545–549

tank, 351
Chemical spills, 51, 496
Chemical storage

and movement, 552
and supply, 21

Chemical tests, corrosion, 454–459
Chemical use and handling

algae control, 19, 20
calculations, 21
characteristics, 20
chlorine, 20, 21, 23
clarification, 19
coagulation, 18, 20
corrosion control, 19, 20, 462
disinfection, 19, 20
first aid, 23
fluoridation, 19, 20
recordkeeping, 36–38
safety, 22, 23, 50
softening, 19, 20
storage, 21, 552
taste and odor control, 19, 20
turbidity reduction, 19
types, 19, 20

Chemical, water quality, 66–68
Chemistry

coagulation-flocculation, 129, 145
corrosion, 438, 441
disinfection, 331–334
enhanced coagulation, 179

CHEMTREC, 406
Chloramination

blending, 342
chlorine to ammonia-nitrogen  

ratios, 341
contact time, 346
critical factors, 346
how to produce chloramines, 341
nitrification, 341, 342
postammoniation, 340
preammoniation, 340
prechlorination, 341
residuals, 341
special water users, 342
use, 340

Chloramines, 336, 338–344
Chloride, 7
Chlorinated hydrocarbons, 70
Chlorination

abnormal operation, 351, 368, 373, 379
additional resources, 432
ammonia test for leaks, 370, 386
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amperometric titration, 574
breakpoint, 338, 381, 587
CHEMTREC, 406
chloramination, 341
chloramines, 336, 338–344
chlorinator, 353–359, 368, 376–385
chlorine, 333
chlorine dioxide, 337, 391–399
chlorophenol, 340
contact time, 346
container storage, 373, 389
corrosion, 359, 376, 401
critical factors, 346
CT values, 346
demand, 334, 347, 348, 584
dichloramine, 339
distribution system, 381
dosage, 334
DPD test, 383, 400, 574
emergency repair kits, 386, 387

equipment, 351, 358 (see also 
Chlorination equipment)

failure, 385
first aid, 404
flow diagram, 350
formulas, 366, 382
free available residual chlorine, 338
hazards, 401
hypochlorinator, 351–353, 364
hypochlorite, 337
injection point, 346
injector water supply, 369
leaks, 361, 362, 369, 378, 385–389,  

403
mains, 351
maintenance, 368, 385, 403
math assignment, 431
math, example problems, 424
mixing, 346
monitoring, 327
monochloramine, 339
nitrification, 341, 342
normal operation, 351, 364, 372
operation, 363–381
operator training, safety, 405
organic matter, 330, 338
pathogen removal, 331
performance, 363
pH, 329, 334, 346, 391
phenol, 340
points of application, 349, 350
population served, 327
postchlorination, 9, 346, 349, 350, 381
prechlorination, 9, 336, 341, 346, 349, 

350, 381
precursor, THM, 74, 82, 349
process calculations, 347
purpose, 8
rechlorination, 349
reducing agents, 329, 335, 346
removing chlorine, 362, 363
reporting, 327

reservoirs, 351
residual chlorine, 331, 334, 339, 342, 

344, 346, 377, 399, 572, 584
safety, 360, 362, 401–406
sampling, 327, 328
self-contained breathing apparatus, 362, 

386, 401, 403
storage of containers, 373, 389
tanks, 351, 387
tastes and odors, 9, 79, 340, 349, 381, 

509
temperature, 329, 346
training, safety, 405
trichloramine, 340
trihalomethanes (THMs), 9, 330, 331, 

349, 391
troubleshooting, 380, 384, 385, 398
turbidity, 329, 346
variables, 330
viruses, 326, 327, 330, 391
waterborne diseases, 326
water supply systems, 349
wells, 349

Chlorination equipment
air gap, 369
amperometric titration, 400
cathodic protection, 376
chemical solution tank, 351
CHEMTREC, 406
chlorinator, 353–359, 368, 376–385
chlorine dioxide, 391–399
connections, 363
containers, 359–363
corrosion, 359, 370, 376, 401
cylinders, 360–361
detection, chlorine leaks, 379, 385–389, 

402
dew point, 370
diaphragm pump, 351, 352
DPD test, 383, 400, 574
eductor, 351
ejector, 351, 358
emergency repair kit, 387
evaporator, 370, 374
failure, 385
fusible plugs, 360, 361
hazards, 401
hypochlorinator, 351–353, 364
injector, 351, 356, 377, 384
installation, 351, 389
laboratory, 383, 393
leaks, 361, 362, 369, 378, 385–389, 403
lifting beam, 361
location, 389
maintenance, 368, 385, 403
manifold, 359, 390
math, example problems, 43
metering, 356, 358, 361
operation, 363–381
parts, 358
pigtail tubing, 363
plan review, 389

poppet valves, 365
pressure controls, 354
residual analyzer, 377, 378, 399
review of plans and specifications,  

389
rotameter, 356
safety, 360, 362, 368, 401–406
self-contained breathing apparatus, 362, 

386, 401, 403
shutdown, 364
solution feeders, 351–353
startup, 364, 369
storage, containers, 373, 389
ton tanks, 361–362
troubleshooting, 380, 384, 385
trunnions, 361
vacuum-controlled chlorinators,  

353–359, 377
valves, 360, 363, 365, 369, 375
ventilation, 390
water supply system, 369
weighing, 360, 390
wrench, 363
yoke-type connectors, 362, 363

Chlorinator, 353–359, 368, 376–385
Chlorine

ammonia, 335, 338, 340, 342, 386
ammonia test for leaks, 370, 386
available residual, 334, 338
chemical, 20
CHEMTREC, 406
chloramines, 336, 338–344
concentrations, effects, 402
demand, 334, 347, 348, 584
detection, leaks, 378, 385–389, 403
detention rate curve, 345
disinfection action, 333
dose, 334, 348
emergency repair kits, 386, 387
first aid, 23, 404
frozen, 376
handling, 19
hydrogen sulfide, 336
hypochlorite, 336
hypochlorous acid, 334, 337, 339
ice, 376
leaks, 23, 361, 362, 364, 369, 378,  

385–389, 403
maximum removal rate, 362,  

390
on-site generation, 337
pH, 329, 334, 336, 391
physiological response, 402
prechlorination, 9, 336, 341, 346, 350, 

351, 381
properties, 401
protection from, 403
rate of withdrawal, 369, 390
reaction with impurities, 335
reaction with water, 334
residual, 331, 334, 338, 339, 341, 344, 

346, 377, 399, 584
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Chlorine (continued)
safety, 361
use, 19
withdrawal rate, 362, 390

Chlorine demand
algae, 82
organics, 86
solution, 585
test, 584–588
turbidity, 74

Chlorine dioxide
ammonia, 391
chemical, 20
corrosion, 392
facilities, 391–399
generation, 392
iron and manganese, 338
maintenance, 397, 398
operation, 393–399
pH, 391
phenolic tastes and odors, 338
reaction in water, 338
reactions with impurities, 338
safety, 393, 405
shutdown, 396
sodium chlorite, 393
startup, 395
taste and odor control, 340, 513
trihalomethanes, 338, 391
troubleshooting, 398, 399

Chlorine residual test, 572–579
Chloroform, 573
Chlorophenol, 340, 510
Chlororganics, 338, 505, 573
Chromium, 5, 456
Chromocult Coliform Agar Presence–

Absence Membrane Filter Test, 589
Circular basins, 213, 214
Circular charts, electronic instrumentation, 

30
Cistern, water storage, 61
Citric acid, 94, 97
Clarification chemicals, 20
Clarifiers, 214–215, 228, 229, 467
Clear well

operation, 12, 15
purpose, 10

Coagulation
abnormal conditions, 164, 165
alkalinity, 130
alum, 20, 128, 129, 147, 153, 163, 179
basins, 132
calculation of dose, 156–162
chemical feeders, 151
chemicals, 20
chemistry, 130, 170
coagulant aids, 128, 129, 147
color removal, 126
definition, 126
destabilization, 180
detention time (mixing), 126, 129, 141
dose, 153, 155, 163

equipment operation, 171
evaluation, 150
floc formation, 133, 154, 165
interaction with other processes, 136
jar test, 130, 145
laboratory tests, 138, 140, 145, 162, 164, 

167, 169, 181
maintenance, 170, 178
math assignment, 199
metallic salts, 128
mixing, 130, 131
monitoring process, 138, 140
operation, 136–141, 170
pathogen removal, 330
pH, 130
polymers, 126, 129, 147
process, 126, 136, 138, 164
purpose, 8, 126
recordkeeping, 162, 164, 166,  

168, 170
safety, 159, 163, 169, 170, 178
sampling, 169
shutdown, 166
solids-contact units, 227
startup, 167
sweep treatment, 179, 181
taste and odor control, 504
time, detention (mixing), 128, 129, 141
troubleshooting, 165, 182
turbidity removal, 129, 139, 163, 164
visual observation, 138, 154, 164
water quality, 138, 139, 161, 164,  

165, 169
Coliform Agar ES, 618
Coliform bacteria, 70, 87, 327, 588
Coliform-positive samples, 588
Coliform tests

Colilert method, 591, 616
fermentation tubes, 590
membrane filter, 607–610, 613
Presence–Absence (P–A) Method, 

614–616
Colilert method, 591, 616
Colilert test (enzyme substrate test), 

616–618
Colisure test (enzyme substrate test), 

616–618
Colitag Presence–Absence (P–A) Test,  

589, 618
Colloids, 126, 260
Color, 7, 69, 82, 86, 126, 180, 275, 280, 

282, 284, 296, 298, 561
Colored water, complaints, 488
Colorimeter, 577
Colorimetric measurement, 560
Combined residual chlorine, 584
Communication, 36, 37
Communication, plant, 164, 166
Community water system, 6
Complaints

colored water, 488
corrosion, 452, 458

handling, 49
recordkeeping, 37, 524
tastes and odors, 488, 523, 524, 526

Complete treatment, 72
Composite sample, 25, 619, 623
Compound substance, 537
Compression settling, 209
Computer programs

energy conservation, 46
instrumentation and controls, 31

Concrete, 470
Conditions, waterworks facilities, 497
Conductivity, 111, 447
Confined spaces, 50
Connections, equipment, 362
Conservation, 2
Construction

reservoirs, 86
wells, 67

Consumer complaints, 26, 49, 452, 488, 
523, 524, 525

Consumer demands for water, 3
Contactor, ozone, 420
Contact time, chlorine, 346
Containers

chlorine, 359–363, 372, 389
sampling, 628

Contamination. See also Water quality
groundwater, 2

Controls. See Process instrumentation and 
controls

Control valves, filter, 303
Conventional filtration, 260, 276
Copper, 5, 7, 455

Copper Rule. See Lead and Copper Rule
Copper sulfate, 20, 92, 93, 491, 508
Corrosion

additional resources, 528
adverse effects, 438
Aggressive Index (AI), 459
alkalinity, 446
annular space, 451, 452
anode, 439
asbestos-cement pipe, 466
calcium carbonate, 446, 454, 456, 

459–465
cathode, 439
cathode film formation, 442
cathodic protection, 113, 118, 444, 

466–472
caustic soda, 461
chemicals, 19, 20, 462
chemical tests, 454–459
chemistry, 438, 441
clarifiers, 467
complaints, 459
concrete, 470
conductivity, 447
control, 19, 20, 459–472
corrosivity, 438, 453, 458
coupons (steel specimen), 453
currents, electrical, 442, 443, 467, 470
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damages, 438
dead ends, 450
definition, 438
dezincification, 442
differential-concentration cell, 438
dissolved oxygen, 441, 447, 451, 454
dissolved solids, 447
drinking water, 438
Driving Force Index (DFI), 459
electrolysis, 444, 470, 471
electrolyte, 440
Enslow column, 456, 464
erosion corrosion, 445, 469–472
external, 469–472
filters, 298, 299, 304, 467
flocculators, 466, 467
flow diagram, 460
flow tests, 453
galvanic cell, 438, 440, 441, 442, 443
galvanic series, 440
hardness, 447
hexametaphosphate, 466
hydrated lime, 461
impressed current, 467
indices, 456, 459
inhibitors, 442
Langelier Index (LI), 457–459
Larson method, 457
Lead and Copper Rule, 448, 452, 473
leaks, 453
lime, 462
Marble Test, 448, 456, 463
material examination, 453
math assignment, 482
maximum contaminant level goal 

(MCLG), lead and copper, 476
methods of control, 10
monitoring water quality, 473, 475
oxygen concentration cell, 450
oxygen, dissolved, 441, 447, 451, 454
pH, 447, 451, 457
polyphosphate compounds, 448, 466
problems, 438
process discussion, 438
purpose of control, 10
quicklime, 461
recordkeeping, 481
regulations, 448, 453, 473
Ryznar Index (RI), 459
sacrificial anode, 441
Safe Drinking Water Act (SDWA), 473
sampling, 476
sedimentation basins, 233, 252
silica compounds, 448, 466
soda ash, 461
soils, 438, 439, 444, 469
solids-contact units, 233
steel, 470
stray current electrolysis, 444, 470
sulfate-reducing bacteria, 449
temperature, 445
total dissolved solids, 458

toxic metals, 448, 455
trimetaphosphate, 464
troubleshooting, 472
tubercle, 440, 451
tuberculation, 438
upflow clarifiers, 234
variables, 443
velocity, water, 445
visual observations, 452, 468, 470
zinc coatings, 466

Corrosion problems
adverse effects, 438
chlorination, 359, 375, 401
chlorine dioxide, 391
complaints, 459
copper, 455
filtration, 298, 299, 304, 467
Lead and Copper Rule, 448, 452, 473
total dissolved solids (TDS), 458

Corrosive gases, 444
Corrosive materials, 551
Corrosivity, 7, 438, 453, 459
Costs

energy conservation, 45, 46, 48
maintenance, 44
operation and maintenance, 3, 44
particle counter, 314
treatment, 2, 3, 81, 82, 84
water rates, 2
watershed management, 86

Coupons (steel specimen), 453

CPR. See Cardiopulmonary resuscitation 
(CPR)

Cross-connection, 67, 499, 501
Cryptosporidiosis, 62, 588

Cryptosporidium, 307, 310, 312, 315, 329, 
423, 496

CT value, 346
Culture strategy, test, 589
Culture tubes, 539
Current, electric, 438, 442, 443, 467, 470
Currents, sedimentation basins, 207, 208
Cuts, injury, 550, 554
Cylinders, chlorine, 360–361
Cysts, 330

D
Daily procedures, operation, 11–15
Dairies, 497
Damages, corrosion, 438

Dams and reservoirs. See also Reservoirs
draining, 108
inspection, 108
maintenance, 108–109
vegetation, 109

Data recording, 548
Data sheets, jar test, 149
Day tank, 159

DBPR. See Disinfectants and Disinfection 
Byproducts Rule (DBPR)

Dead ends
corrosion, 450
tastes and odors, 498, 501

Debris dams, 204, 205
Decant water, 494
Dechlorination, 509
Degasification, 505, 507

Deionized water versus distilled water, 
584–585

Demand, chlorine, 334, 347, 348
Demand for water, 3, 17
Demineralized water, 592
Density, 204, 207
Density currents, 207, 208, 246
Depolarization, 447
Depth sampling, 625, 626
Design, sedimentation basins, 208, 219
Destabilization, 180
Destratification, 102–109
Detection, chlorine leaks, 379, 385–389, 

403
Detention rate curve, chlorine, 345
Detention time

chlorine, 346
coagulation, 126, 140, 142
curves, 144, 145, 345
definition, 141, 144, 145
flocculation, 133, 141, 142
nitrification, 342
reservoirs, 18
sedimentation basins, 219–223, 233
solids-contact units, 233

Dew point, 370
Dezincification, 442

DFI. See Driving Force Index (DFI)
Diallyldimethylammonium (DADMA), 

cationic polymers, 276
Diaphragm pump, 351, 352
Diatomaceous earth, 265

filtration, 264, 269, 270
Diatoms, 96, 340
Dichloramine, 339, 340, 573
Dielectric, 442
Die-offs, 491, 494
Differential-concentration cell, 438
Diffusers, 131
Digital indicators, 30
Dilution water, 593
Dimictic, 75, 83
Direct filtration, 72, 260, 276, 277, 297
Direct runoff, 60
Dirty water, 83
Disasters, 35
Discharge standards, sludge, 27
Diseases, waterborne, 326
Disinfectants and Disinfection Byproducts 

Rule (DBPR), 307, 328

Disinfection. See also Chlorination
action, 8, 333
additional resources, 432
agents of disinfection, 331
bacterial cells, 331
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Disinfection (continued)
bacteria, pathogenic, 326
bitter taste, 332
breakpoint chlorination, 338, 381
bromine, 332
byproducts, 7, 179, 332
calculations, 347
chemical disinfectants, 332
chemicals, 19, 20
chlorination, 9, 333
chlorine, 333
chlorine dioxide, 337, 391–399
coliform, 327
contact time, 346
critical factors, 346

Cryptosporidium, 328, 423
CT values, 346
cysts, 330
disease, waterborne, 326
dosage, 334
enzymes, 333
fecal coliforms, 588
flow diagram, 350
formulas, 366, 382

Giardia, 7, 327, 346, 423
giardiasis, 326
heat, 332
hepatitis, 326
hypochlorite, 336
inorganic matter, 330
iodine, 332
math assignment, 431
math, example problems, 424
maximum contaminant level, 327
microbial standards, 327
microorganisms, 330–331
mixed-oxidants system, 423–424
monitoring, 327
organic matter, 330, 338
oxidation, 83
ozone, 332, 417
parasites, 326
pathogenic organisms, 326
pathogen removal, 330
pH, 329, 334, 346, 391
physical means, 331
population served, 328
postchlorination, 9, 346, 349, 350, 381
prechlorination, 9, 336, 340, 346, 349, 

350, 381
process calculations, 347
processes, 331–349
purpose, 8
reducing agents, 329, 335, 346
removal processes, pathogens, 330
reporting, 328
residual chlorine, 331, 334, 338, 339, 

342, 346, 377, 399–401, 572, 584, 
586

sampling, 327, 328
spore-forming bacteria, 330
standards, microbial, 327

sterilization, 326
taste, bitter, 332
temperature, 329, 346
trihalomethanes (THMs), 9, 330, 331, 

349, 391
troubleshooting, 380, 384, 385, 398
turbidity, 329, 346
ultrasonic waves, 332
ultraviolet rays, 332, 414
ultraviolet (UV) systems, 331, 406, 414
variables, 329
viruses, 327, 330, 391
waterborne diseases, 326

Disinfection byproducts (DBPs), 7, 179, 
332

Disposal of sludge, 26
Dissolved oxygen (DO)

algae, 82
corrosion, 441, 447, 450, 454
depletion, 82, 85, 92, 105, 109, 492
diurnal cycle, 493
fish kills, 82
photosynthesis, 81
profile, reservoir, 76, 77
reservoirs, 102–109
supersaturation, 82, 493

Dissolved solids, corrosion, 447
Distilled water

in culture media, 592

versus deionized water, 585
in lab samples, 571

Distribution systems
disinfection, 585
flow regulation, 15
flushing, 83
oxidation, 83
sampling, 620–623
tastes and odors, 497, 501, 503

Diurnal dissolved oxygen (DO) cycle, 493

DO. See Dissolved oxygen (DO)
Dose, chlorine, 334, 348
Double-deck basins, 213
DPD Colorimetric Method, 575–579
DPD test, 342, 383, 399
DPD titrimetric method, 574
Drag-chains, 211, 240, 241
Draining reservoirs, 108
Drawdown, wells, 67
Drinking water

corrosion, 438
laws, 326
monitoring program, 25, 28
quality, 12, 15
quantity, 12–14
regulations, 7
safety, 326
sampling, 5, 619–628
tastes and odors, 489
turbidity removal, 7, 25

Driving Force Index (DFI), 459
Drowning, safety prevention measures, 49
Dual media, 263, 267, 268

Duties, operator, 51
Dysentery, contamination of water supply, 

62

E
Earthquakes, 35
Earthy tastes and odors, 81, 494, 503, 527

EBCT. See Empty Bed Contact Time 
(EBCT)

E. coli (EPA Method 1603), 613
E*Colite Test, 589, 618
Eddy currents, 207
EDTA titrant, 571
Eductor, 351
Effective size, granular sample, 266
Effective water depth, 225
Efficiency

filtration, 267, 286, 296
sedimentation basins, 204, 245

Ejector, 351, 358
Electrical charge, particles, 207
Electrical equipment, safety, 254
Electrical signal transmission, 31
Electric motors, 45
Electric shock, 550, 554
Electrochemical probe, 560
Electrochemical reaction, 438
Electrochemical series, 440
Electrolysis, 444, 470, 471
Electrolytic cell, 439
Electromotive series, 440
Electron, 440
Electronic signal transmission, 30
Emergency

alum feeder, 34
chemical spills, 32
chlorine repair kits, 387
chlorine residuals, 33
communications, 36
conditions, 32
corrosion control, 34
disasters, 35
earthquakes, 35
equipment, 33
equipment repairs, 44
errors, 33
failures, 32
filters, 34
fires, 35
flash mix, 34
flocculators, 34
floods, 35
grit basin, 33
intake screens, 33
natural disasters, 35
polymer feeder, 34
postchlorination, 34
power, 34
prechlorination, 34
procedures, 32
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rapid mix, 34
raw water changes, 32
red alert, 32
repairs, 44
sedimentation tank, 34
spills, chemicals, 32
treatment processes, 32
turbidity breakthrough, 35

Emergency response procedure, 166
Empty Bed Contact Time (EBCT), 522
Endpoint, 565
Endrin, 6
Energy conservation

air conditioning, 45
capacitors, 46
computer use, 46
conservation, 45
consideration, 46
cost analysis, 46, 48
electric motors, 46
heating, 45
lighting, 45
management, 46
mixing, 132
power management, 46
procedures, 45
ventilating, 46

Enforcement, regulations, 306
Enhanced coagulation

apparent color, 180
charge chemistry, 180
chemical reactions, 180
color, 179, 180
jar test, 181
process control, 180
recordkeeping, 168
safety, 168
shutdown, 166
startup, 167
sweep treatment, 179, 181
troubleshooting, 182
true color, 180

Enslow column, 456, 464
Enzymes, 333
Enzyme substrate coliform test, 591
Enzyme substrate tests, 589, 616–618
Epidemiology, 66
Epilimnion, 75

Equipment. See also Laboratory  
equipment

chlorination, 351, 356
coagulation, 170
electrical, 50
electrochemical probe, 560
emergency, 33
filtration, 262, 263, 264, 268, 273–274
flocculation, 133, 135
lab basics, 534–538
laboratory, 538–545
ozone, 417, 419
records, 36, 43
sampling, 625

sedimentation basins, 252
ultraviolet (UV) systems, 407

Erosion corrosion, 445
Erosion, soil, 88
Escherichia coli (E. coli), 613
Eutrophic, 77, 87
Eutrophication, 87, 89, 492
Evaporator, chlorine, 370, 374
Evapotranspiration, 61, 90
Explosions, 550, 551
Explosive atmospheres, 49
External corrosion, 469–472
Eye burns, first aid, 23

F
Facultative bacteria, 588
Failures, 32, 33

chlorination, 385
Farming practices, affect on watershed, 89

FC test. See Fecal coliform (FC) test
Fecal coliform (FC) test, 599, 611

E. coli, 588
Feeders, chemical

adjustment, 172
calibration, 173
coagulation, 151

Feedlots, animals, 497
Fermentation tubes, 590
Ferric chloride, 20
Ferric sulfate, 20
Ferrous sulfate, 20
Fertilization, 88
Filter aid chemicals, 297
Filter Backwash Rule, 272
Filtration

abnormal conditions, 296
activated carbon, 263, 274
additional resources, 320
administration, 294
air binding, 299
algae, 284, 296, 297, 304
anthracite coal, 263, 265, 267, 269
backwashing, 270, 286, 292, 301–302
boils, 283, 284, 296, 297, 298
breakthrough, 266, 270, 281, 296, 297, 

298, 315
bumping a filter, 283
calculations, 286–294
color, 275, 276, 280, 282, 284, 296, 298
control systems, 273, 274, 303
control valves, 303
conventional, 260, 276
corrosion, 298, 299, 304, 466, 467
diatomaceous earth, 264, 269, 270
direct, 72, 260, 276, 277, 297
dual media, 263, 269
effective size, granular sample, 266
efficiency, 267, 287, 294
equipment, 262, 263, 264, 268, 273–274
filter aid, 297, 298

flow diagram, 261
fluidized media, 270
formulas, 287, 291
galleries, 305
garnet, 263, 265, 267, 268

Giardia removal, 309
gravity, 262, 263, 267, 268, 269
head loss, 266, 280, 281, 296, 298, 299, 

303
inline filtration, 276, 277
instrumentation, 294
interaction with other processes, 275
laboratory, 278, 281, 284, 297, 298
layout, 267
maintenance, 283, 294, 304
math assignment, 320
mechanisms, 262
media, 8, 260, 262, 263, 265, 268, 283, 

284, 294
expansion, 284
loss, 280, 283, 284, 291, 294, 297, 298

mixed media, 263, 268
monitoring, 281, 282, 284, 294, 298, 303
mudballs, 270, 272, 280, 283, 284, 296, 

298, 299, 304
multi-media, 263, 268, 269
normal conditions, 278, 281
operating deck, 273
operation, 267, 270, 278, 281, 284, 296, 

302–303
pathogen removal, 331
percent backwash water, 281, 291, 294
performance, 265, 284, 286, 294, 298
polymers, 129, 276
precoat, 262, 264
pressure, 262, 263
pretreatment, 275
process actions, 280, 284, 296, 298
process control, 278
process description, 280
production, 265, 267, 294
purpose, 8, 260, 261
rapid sand, 262
rate, 263, 265, 267, 287, 290, 297
recordkeeping, 294, 295, 304
ripening period, 276, 282
run time, 281, 297, 298
safety, 305
sampling, 284, 287
shortened filter runs, 81, 298
shutdown, 300, 303
slow sand, 262
startup, 300, 302
surface wash, 271, 272, 297, 301, 303
Surface Water Treatment Rule (SWTR), 307
time, 81, 281, 297, 298
troubleshooting, 298
turbidimeter, 279, 280, 294, 303
turbidity, 278, 281, 284, 294, 297, 298, 

303, 308 (see also Particle counter)
breakthrough, 266, 270, 282, 296, 297, 

298, 316
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Filtration (continued) 
types of filters, 262
underdrains, 262, 263, 268, 281
uniformity coefficient, 267
unit filter run volume (UFRV), 281, 288, 

290, 294, 730, 746
visual observations, 284
wash water, 300, 301
water quality, 276, 282, 284, 294, 303

Fire
blanket, uses, 555
classifications, 556
extinguisher, 556
laboratory, 550, 555
plant, 35
wild, 73, 90

First aid
chemicals, 24
chlorine, 23, 405
laboratory, 552

First-draw sampling, 627
Fish

kills, 82, 494
reservoirs, 85, 96, 101

Fishy tastes and odors, 503, 509
Flame-polished glass, 555
Flammable or explosive materials used in 

laboratories, 550
Flash mixing

coagulation, 126, 130–132, 140
emergency, 34
methods, 129, 131
purpose, 8

Flights, sludge removal, 240, 241
Floc

characteristics, 206
formation, 133, 155, 165
sludge, 150

Flocculation
abnormal conditions, 164, 165
baffles, 134, 135
ballasted, 183–198
basins, 134, 135
chemical feeders, 151
chemistry, 130
color removal, 126
definition, 128
description, 133, 141
detention time, 133, 141, 142
emergency, 34
equipment operation, 171
evaluation, 151, 155
flocculators, 133
floc formation, 133, 154, 165
interaction with other processes, 136
jar test, 136, 145–155, 181
laboratory tests, 139, 140, 145–155, 164, 

165, 169, 180
maintenance, 170, 177
math assignment, 199
mixing, 130–136
monitoring process, 138, 140

operation, 137–141, 170
purpose, 133, 136
recordkeeping, 162, 166, 168, 170
safety, 163, 168, 170, 178
sampling, 251
short-circuiting, 134, 139
shutdown, 166
solids-contact process, 136, 227
speed adjustment, 139
startup, 166
stirrers, 133
taste and odor control, 505, 527
temperature, 140
troubleshooting, 165
turbidity removal, 138, 163, 164
visual observations, 139, 154, 164
water quality, 139, 140, 162, 164,  

165, 169
Flocculators

corrosion, 466, 467
horizontal, 133, 134
paddle, 133
propeller, 133
tapered-energy mixing, 135
turbine, 133
vertical, 133

Flood gates, 108
Floods, emergency, 35
Flow pattern, 8–10, 205, 261, 350, 460
Flow regulation

calculations, 18
clear wells, 16
daily variation, 15–18
demand-feedback, 16
demands, 15, 17
distribution system, 16
historical records, 16
pressures, 16
pumping rates, 14, 16
storage, 16
system demands, 16
treatment processes, 18
unusual events, 16
weather affects, 16

Flow tests, corrosion, 453
Fluidized media, 270
Fluoridation, 19, 20
Fluoride, 5, 7, 19, 20
Fluosilicic acid, 20
Flushing, 83, 498, 503
Foaming agents (MBAS), 7
Formazin Turbidity Units (FTU), 562
Formulas

algae control in reservoirs, 97
chemical feeders, 151
chlorination, 365, 382
detention time, 141
disinfection, 366, 381
filtration, 287, 291
jar test, 152
laboratory, chemicals, 536–538
polymer solutions, 156

sampling, 621
sedimentation, 220, 234
solids-contact units, 234
taste and odor control, 518
volume, 142

Frazzle ice, 107, 120
Free available residual chlorine, 338
Free residual chlorine, 573
Frozen chlorine, 376
Frozen reservoir, 106, 116

FTU. See Formazin Turbidity Units (FTU)
Fulvic acid, 179
Fusible plugs, 360, 361

G
GAC. See Granular activated carbon (GAC)
Galleries, filtration, 305
Galvanic cell, 438, 440, 441, 442
Galvanic series, 440
Garnet, 263, 265, 267, 269
Gates

flood, 108
intake, 117
outlet, 103, 112, 117

Geological log, 66
Geosmin, 81, 489, 527

Giardia, 7, 74, 309, 312, 315, 327, 346, 
423, 496

Giardia lamblia, 307, 308
Giardiasis, 62, 74, 326, 588
Glasses, safety, 551
Glassware, laboratory, 542–545, 592
Grab sample, 25, 137, 313, 623, 625
Grading, soil, 89
Granular activated carbon (GAC),  

514, 522
Grassy tastes and odors, 79, 503, 509
Gravity filters, 262, 267, 268
Grid systems, mixing, 132
Grit basin, 33, 204, 206
Groundwater

recharge, 65
sampling, 620
source, 61, 62

H
Hands-only CPR, 405
Hardness

control, 10
corrosion, 450
removal, 10

Hardness test, 570–572
Hazardous materials

disposal, 554, 555
laboratory, 550–551

Hazardous spills, 89
Hazardous wastes, 3
Hazards, chlorination, 401
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Head loss
coagulation, 132
filtration, 265, 280, 282, 294, 298, 299, 

302
Health hazards

disease, 62
groundwater recharge, 64
laboratory, 550

Heat, disinfection, 332
Heating buildings, 45
Hepatitis, 62, 326
Herbicides, 89
Heterotrophic bacteria, 7, 340
Hexametaphosphate, 466
High-rate settlers, 214, 217
High resolution redox (HRR), 400
High Test Hypochlorite (HTH), 20, 336, 522
Historical records, 16
Holding time, sampling, 627, 628
Horizontal flocculators, 133, 134
Household plumbing, 498

HRR. See High resolution redox (HRR)
Humic acid, 179
Hyacinths, water, aquatic plants, 78
Hybrid control systems, 31
Hydrated lime, 20, 461
Hydraulic mixing, 105, 131
Hydraulic signal transmission, 30
Hydraulics, sedimentation, 207
Hydrocyclones

clogging, 192
feed solution, 191
inlet pressure, 192
maintenance, 198
microsand

addition, 189
concentration, 186
Safety Data Sheet (SDS), 190

overflow, 192
startup, 185
underflow, 191

Hydrogen sulfide
chlorine reaction with, 335
reservoirs, 82, 84, 111
tastes and odors, 503

Hydrologic (water) cycle, 61
Hydrophobic, 515
Hygiene, laboratory, 551
Hypochlorinator, 351–353, 364
Hypochlorite

calcium hypochlorite, 20, 336
calculation example, 428
disinfection, 336
HTH (High Test Hypochlorite), 20, 336, 

522
hypochlorous acid, 334, 336, 339, 573
ion, 334
reactions with water, 336
safety, 405
sodium hypochlorite, 20, 336

Hypochlorous acid, 334, 336, 339, 573
Hypolimnion, 75, 77, 85, 104, 105

I
Ice

chlorine, 376
intake-outlet structures, 116, 120

IDLH. See Immediately Dangerous to Life 
or Health (IDLH)

IESWTR. See Interim Enhanced Surface 
Water Treatment Rule

Imhoff cone, 518
Immediately Dangerous to Life or Health 

(IDLH), 390
Impermeable, 61
Impressed current, 467
Impurities in water, 126
Inclined intake structures, 116
Indicators, 560
Indices, corrosion, 456, 459
Industrial discharges, 88
Inhalation or swallowing, first aid, 24
Inhibitors, corrosion, 442
Injection point, chlorine, 346
Injector, chlorine, 351, 353, 356, 377, 384
Injector water supply, 356
Inlet zone, 208
Inline filtration, 275, 277
Inorganic, 5, 69

compounds, 537
materials, 489
matter, 330

In-plant sampling, 620
Inspection

corrosion, 452
maintenance, 38
reservoirs, 99
taste and odor control, 498, 500

Installation, chlorination equipment, 351, 389
Instructions, maintenance, 38

Instrumentation, filtration, 294. See also 
Process instrumentation and 
controls

Instrument-based water quality tests, 
557–564

Instrument calibration, 561
Intake gates, 113
Intake screens, 33, 106, 112–117

Intake structures. See also Outlet structures
additional resources, 121
cathodic protection, 113
facilities, 112–117
gates, 113–117
ice, 108, 116, 120
inclined, 116
math assignment, 121
multilevel, 62, 79, 114
operation and maintenance, 119
records, 120
safety, 120
screens, 112–117
single-level, 113, 114
valves, 115
withdrawal level, 116–117

Interaction with other processes
coagulation-flocculation, 136
filtration, 275
sedimentation, 204

Interim Enhanced Surface Water Treatment 
Rule (IESWTR), 307, 327

Inventory records, 37
Iodine, disinfection, 332
Iodine number, 514
Ion, 439, 537
Iron, 7
Iron and manganese control

chlorine dioxide, 337
purpose, 10
reservoirs, 83, 84
SMCL (secondary maximum contaminant 

level), 7
Iron bacteria, 449
Irrigation runoff, 2, 60, 495, 496
Irrigation water, 64

J
Jar test

alkalinity monitoring, 582
apparatus, 137, 147, 580
coagulation, 130, 145, 165
coagulation/flocculation, 579–584
data sheets, 149
definition, 130
dosages, 138
enhanced coagulation, 181
floc, 148, 150
flocculation, 137, 147
frequency, 151
jar shape, selecting, 579
mixing speeds and times, 148
odor control, 505, 510, 516, 517, 519
polymer and coagulant aid dosages,  

581
procedure, 145, 579
reagents, 147
streaming current meter, 155
taste and odor control, 505, 509, 516, 

517, 519
use, 137

Jobs, knowledge and skills needed, 52

K
Kemmerer depth sampler, 626
Kjeldahl nitrogen, 499

L
Labeling sample container, 627

Laboratory. See also Laboratory equipment; 
Laboratory glassware; Laboratory 
procedures; Laboratory safety

000200010271997877_CH13_IDX_p793-812.indd   801 08/06/17   12:35 pm



802    Index     

Laboratory (continued)
chlorination, 383, 399
coagulation-flocculation, 139, 140,  

145–156, 164, 165, 169, 181
disinfection, 378, 399
filtration, 278, 282, 284, 297, 298
jar test, 145, 579
metric system units, 534–536
odor control, 526
recordkeeping, 39–41, 111
safety, 112
sedimentation, 251
taste and odor control, 525

Laboratory equipment
autoclave, 542
colorimeter, 574–577
pH meter, 560
turbidimeter, 563

Laboratory glassware
culture tube, 539
meniscus, 542
pipets, 543
test tubes, 539

Laboratory procedures
accident prevention, 552–556
acid titration curve, 566
additional resources, 534, 559, 560, 570, 

578, 588, 607, 612, 614
additional test methods, 618
alkalinity test, 565–570
bacterial cultures, 589
basic concepts, 534–538
biological tests, 588–618
calibration, 561
chain-of-custody protocol, 627
chapter review, 630
chemical burns, 555
chemical names, 536–538
chemical solutions, 545–548
chemical storage and movement,  

552
chlorine demand test, 584–588
chlorine residual test, 572–579
coliform bacteria, 588
Colilert method, 591, 616
corrosive materials, 551
data recording, 548
enzyme substrate tests, 616–618

equipment, 538–542 (see also Laboratory 
equipment)

erratic laboratory results, 561
error sources, 619
Escherichia coli, 613
fecal coliform, 588
fire extinguisher, 555–556
formulas, 536–538, 621–622

glassware, 542–545 (see also Laboratory 
glassware)

hardness test, 570–572
hazardous materials, 550
hazards in laboratory, 550–551
identification strategies, testing, 590

instrument-based tests, 557–564
jar test, 579
labeling chemicals, 553–554
liquid media sterilization, 593
math assignment, 629
media, 590
media preparation and storage, 593
membrane filter (MF) method, 607–611

membrane filter method-E. coli, 613–614
membrane filter procedure 

modifications, 611–612
meniscus, 543
metric system, 534–536
microbial testing material, 592
most probable number (MPN) 

procedure, 590, 596–607
MPN Index, 601, 605
multiple tube fermentation, 590, 

594–607
notebooks, 548
pH test, 559–561
plant process tests, 579–588
Presence-Absence (P-A) method, 591, 

614–616
quality control, 549
recordkeeping, 548
reference-type sample, 549
reporting lab results, 627
safety, 550–556
safety and hygiene, 551

sampling, 619–627 (See also Sampling)
devices, 624
techniques, 625–627

solutions, 545
standardized solutions, 566
techniques, 538–542, 553
temperature test, 557
test methods, overview, 589–592
thermometer types, 557–558
titrations, 564–579
total coliform bacteria testing, 594–618
toxic fumes, 555
turbidity test, 561
turbidity units (TU) and measures, 562
using glassware, 542–545
waste disposal, 555
water quality tests, 557–618
worksheets, laboratory, 548, 549

Laboratory safety
accident prevention, 552
acids, 551
additional resources, 556
bases, 551
bruises, 550
burns, 550, 555
caustics, 551
chemical storage, 552
corrosive materials, 551
cuts, 550, 554
electric shock, 550, 554
explosions, 550, 551
fires, 550, 555–556

first aid, 552
flammable materials, 551
glasses, safety, 551
hazardous materials, 550–551
hazards, 550
hygiene, 551
mercury, 553
movement of chemicals, 552–553
Occupational Safety and Health 

Administration (OSHA ), 550
personal safety, 551
prevention of accidents, 552
protective clothing, 552
shock, 550, 554
techniques, 553
toxic materials, 550, 555

Lab results, reporting, 627
Lagoons, sludge, 494
Lake destratification, additional resources, 

102

Lakes, 62. See also Reservoirs
Land subsidence, 64
Land use, 90
Langelier Index (LI), 453, 457–458
Larson method, 457
Laundering weirs, 155, 210
Lauryl tryptose broth, 590
Laws, drinking water, 326–329
Lead, 7, 473
Lead and Copper Rule

analytical methods, 477
certification requirements, 477
first-draw sampling, 627
health concerns, 473, 474
lead ban history, 442
lead service line replacement, 479
maximum contaminant level goals 

(MCLGs), 475
monitoring deadlines, 475
monitoring requirements, 474, 475
public education, 473, 480
recordkeeping requirements, 481
regulations, 473–475
reporting requirements, 473, 480, 481
sampling procedures, 475–476
treatment requirements, 478

Leaks
chlorine, 23, 360, 362, 369, 378,  

385–389, 403
corrosion, 452

Legionella, 307
LES endo agar, 590

LI. See Langelier Index (LI)
Lifting beam, chlorine tanks, 361
Lighting, energy conservation, 45
Lime, corrosion control, 461
Limited resource, water, 2
Lindane, 6
Liquid media sterilization, 593
Littoral zone, 78
Livestock grazing, 89
Location, chlorination equipment, 389
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Logarithm, 457–459
Logging, 73
Long Term 1 Enhanced Surface Water 

Treatment Rule (LT1ESWTR), 307
Long Term 2 Enhanced Surface Water 

Treatment Rule (LT2ESWTR), 307

M
Mains, disinfection, 351
Maintenance

ballasted flocculation, 196
budget, 38
chlorination, 368, 385, 402
chlorine dioxide, 396
coagulation, 170
costs, 38, 44
dams, 108
emergency repairs, 38, 44
equipment, 42
filtration, 284, 294, 304
flocculation, 170
inlet structures, 116
inspection, 42
instructions, 38
intake screens, 106–107, 112–117
intake structures, 119–120
management, records, 43
odor control, 497, 503, 518
operator’s duties, 38
ozone, 420–422
particle counter, 316–320
planning, 38
preventive, 38
program, 38
records, 36
reservoirs, 108
routine, 42
scheduling, 38
sedimentation, 252–253
solids-contact, 253
spare parts management, 43–44
taste and odor control, 497, 503, 518
tools, 42
training, 44–45
ultraviolet (UV) systems, 414–417
work orders, 44

Management
energy conservation, 46
maintenance, 38
records, 43

Manganese, 7
Manifold, 359, 390
Manual sampling, 624
Manual sludge removal, 240
Marble Test, 448, 456, 463
Mass concentration, 545
Material examination, corrosion, 453
Math assignment

basic math overview, 53
chlorination, 431

coagulation, 199
corrosion control, 482
disinfection, 431
filtration, 320
flocculation, 199
laboratory procedures, 629
sedimentation, 255
source water, reservoir management, 

and intake structures, 121
taste and odor control, 528

Maximum contaminant level (MCL) 
(primary standards), 5, 6, 327

organic chemicals, 306
MBAS (foaming agents), 7
m-ColiBlue24® Test, 589, 618
Mean flow velocity, 225
Mechanical equipment, safety, 50
Mechanical mixing, 105, 132
Mechanical rakes, 240
Mechanical signal transmission, 29
Mechanical sludge removal, 240,  

241, 247
Media

expansion, 284
filtration, 8, 260, 262, 265, 268, 283,  

284, 294
loss, 280, 283, 284, 291, 294, 297, 298
preparation and storage, 593–594

Membrane filter
counting colonies, 612
inoculation, 608
need, 591

Membrane filter (MF) method, 589, 
607–611

Membrane filter method–E. coli (EPA 
Method), 589, 591, 613–614

Membrane filter procedures modifications, 
611–612

Meniscus, 542
Mercury, 5, 408, 417, 553
Mesotrophic, 78
Metalimnion, 75, 76, 83, 85
Metallic salts, 128
Metering, chlorine, 356, 361
Methoxychlor, 6
Methylisoborneol (MIB), 81, 489, 527
Methyl orange alkalinity, 94
Metric system, 534–536

MIB. See Methylisoborneol (MIB)
Microbes, 590
Microbial populations, 491, 492
Microbial standards, 7, 327
Microbial testing, materials, 592
Micron, 129
Microorganisms, 330
Microprocessors, 31
Microscopic organisms controlling,  

101
Mining, 88, 90
Mixed media, 263, 268
Mixed-oxidant disinfection,  

423

Mixing
baffles, 131, 133, 135
blenders, pumped, 132
chemicals, 130, 131
chlorine, 345
coagulation, 130, 132
diffusers, 131
energy consumption, 131
flash, 126, 131, 132, 139
flocculation, 130–133, 139
grid systems, 132
hydraulic, 105, 131
mechanical, 105, 131
paddles, 132, 133
propellers, 132, 133
pumped blenders, 131, 132
reservoirs, 102
throttling valves, 131
turbines, 132, 133
valves, 131

Mole, 546
Molecular weight, 129
Molecule, 440
Monitoring

algae in reservoirs, 101
chlorination, 326
coagulation, 138, 140
control systems, 534
disinfection, 328
drinking water, 25, 27, 28
filtration, 278, 282, 284, 294, 298, 303
flocculation, 138, 140
instrumentation, 28
reservoirs, 101, 109, 117
rivers, 497
sedimentation, 244, 247
taste and odor control, 497, 502

Monochloramine, 339, 573
Monomers, 129
Monomictic, 75, 83
Mosquitos, 109
Most Probable Number (MPN) procedure, 

589, 594–607
Motors, electric, 46
Mouth-to-mouth resuscitation, 405
MPN Index, 601, 605
Mudballs, 270, 272, 280, 283, 294, 297, 

298, 304
Multilevel intake-outlet structures, 79, 114
Multi-media filter, 263, 268, 269
Multiple Tube Fermentation Method (MPN 

Procedure), 589, 590, 594–607
Municipal wastes, 495
Musty tastes and odors, 81, 494, 497, 503, 527

N
National Pollutant Discharge Elimination 

System (NPDES) Permit, 27, 480, 
495

Natural disasters, 35–36
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Nephelometer, 520, 562
Nephelometric method, 562
Nephelometric Turbidity Unit (NTU), 268, 

562
Nitrate, MCL (maximum contaminant 

level), 5
Nitrification, 341, 342
Nitrite-oxidizing bacteria, 342
Nitrogen, Kjeldahl, 499
Noble metal, 441
Noncommunity water system, 6
Nonionic polymer, 20, 129

pretreatment process aids, 276
Nonsettleable solids, 126
Nontransient noncommunity water  

system, 6
Normal conditions

chlorination, 351, 364, 373
coagulation-flocculation, 137
filtration, 278, 281
sedimentation, 244

Notebooks, lab, 548

NPDES Permit. See National Pollutant 
Discharge Elimination System 
(NPDES) Permit

NTU. See Nephelometric Turbidity Unit 
(NTU)

Nutrients
reservoirs, 74, 77–78, 86, 92,  

103, 105
taste and odors, cause, 492, 497

O
Objective, water treatment, 3, 25
Observations, visual

coagulation, 138, 155, 164
corrosion, 453, 468, 472
filtration, 284
flocculation, 139, 155, 164
odor control, 502–504
plant tour, 11
sedimentation, 245, 247
taste and odor control, 502–504

Occupational Safety and Health Act 
(OSHA), 550

Occupational Safety and Health 
Administration (OSHA), 550

Ocean, 60
Odor, 7, 69, 83

threshold, 7, 79, 516
Ohm, 444
Oil fields, 89
Olfactory fatigue, 516
Oligotrophic, 77
Onsite chlorine generation, 337
Open water, drowning prevention, 49
Operation

chlorination, 363–377
chlorine dioxide, 393–396
coagulation, 137–141, 170

disinfection, 363–382
filtration, 265, 278, 281, 284, 286, 296, 

302–303
flocculation, 137–141, 170
intake structures, 119
odor control, 516
operator duties, 11
particle counter, 310, 316–320
records and reports, 39–41
sedimentation, 219, 244, 252
sludge handling, 240
solids-contact units, 232

Operator
administration, 47
certification, 44, 47, 52
checklist, 11, 13
daily procedures, 11–15
duties, 51–52
handling of chemicals, 19, 23
maintenance, 38
objectives, 25
operation, 11–12
pay, 52
procedures, 11–15
public relations, 49
pumping rates, 12
qualifications, 51
recordkeeping, 11–15, 36–38
requirements, 5
responsibility, 19, 51
safety, 401
safety training programs, 405
salary, 52
sampling, 5, 27
staffing needs, 52
supervision, 47
system pressures, 14
training programs, 44–45, 528
water quality, 14–15
water quantity, 12–14

Oral communications, 11, 15, 37, 164
Orders (types of reservoirs), 107
Organic

chlorine demand, 74, 86, 338
compounds, 537
MCL (maximum contaminant level), 5–6
source, 70
substances, 489

Organic loadings, reservoirs, 73, 82, 85
Organic matter, chlorine demand, 330
Organism, 588
Orifices, flocculation, 133

ORP probe. See Oxidation-reduction 
potential (ORP) probe

Oscillatoria curviceps, 80

OSHA. See Occupational Safety and Health 
Administration (OSHA)

Outlet gates, 103, 112, 114. See also Intake 
structures

Outlet structures. See also Intake structures
cathodic protection, 118
valves, 117

Outlet zone, 210
Overflow rate, 223
Overgrazing, problems caused by, 89
Overturn, lake, 62, 75, 77, 80,  

84, 103
Oxidation

corrosion, 447
disinfection, 83
in distribution systems, 83
taste and odor control, 509–512

Oxidation-reduction potential (ORP) 
probe, 111, 400

Oxidizing agent, 338
Oxygen concentration cell, 450
Oxygen depletion, 493

Oxygen, dissolved. See Dissolved oxygen 
(DO)

Oxygen, lack of, 50
Ozonation, 512
Ozone

advantages, 422
applications, 421
characteristics, 20, 422
chemical reaction, 421
contactor, 420
costs, 423
description, 417
disinfection, 332, 417
effectiveness, 417, 422, 423
electrical supply, 419
equipment, 418
gas preparation, 418
generator, 419, 420
limitations, 422–423
maintenance, 421
residual, 420
safety, 421
tastes and odors, 421, 509, 512

P
Paddle flocculators, 131, 133
Paddles, mixing, 132, 133
Parasites, 326
Particle counter

bubbles, 317, 319
cost, 314
Cryptosporidium, 310, 312
cumulative count, 312, 313
differential count, 312, 313
effluent turbidity, 316
filter flow rate, 310
filter ripening, 310
filter run time, 310–311
flow control, 317

weir, 318

Giardia, 309, 312
grab samples, 313
in-process measurements, 314
in-process model, 313
laboratory model, 313

000200010271997877_CH13_IDX_p793-812.indd   804 08/06/17   12:35 pm



Index    805

maintenance, 316–319
membrane integrity, 317
mounting diagram, 318
need, 310
operation, 310, 316–320
overconcentration, 319
performance monitoring, filter, 310
portable, 313
public health, 310
quality assurance/quality control  

(QA/QC), 319–320
references, 320
sample tubing, 317
sensitivity, 312
startup, 319
Surface Water Treatment Rule (SWTR), 

308
troubleshooting, 319
turbidimeter, 315
uses, 310

Particle counting, 309. See also Particle 
counter

Particulates, 126, 206
Pathogenic organisms, 26, 326, 588
Pathogen removal

coagulation, 330
disinfection, 330
filtration, 331
sedimentation, 331

Pathogens, 588
Pay, operator, 52
Percent backwash water, 281, 291–293
Percolation, 495
Periphyton, 80
Permeability, 265
Permits

chemical application, 92
National Pollutant Discharge Elimination 

System (NPDES), 27, 480, 495
Pesticides, 70, 89–90
pH

algal blooms, 81
chlorination efficiency, 81, 329, 334, 346, 

385
chlorine dioxide, 385
coagulation, 130
corrosion, 447, 451, 457
definition, 81
meter, 560
secondary maximum contaminant level 

(SMCL), 7
test, 559–561

Phenol, 340, 510
Phenolic compounds, 510
Phenolic tastes and odors, 338, 340
Phenol number, 514
Phenolphthalein alkalinity, 568
pH meter, 567

alternative indicators, 568
Phosphate, 88, 448
Photosynthesis, 81, 493
Physical, disinfection, 331–332

Physical, water quality, 5–6, 68–70
Physiological response, chlorine, 402
Phytoplankton, 78
Piezometer, 280
Pigtail tubing, 360, 363
Pilot tests, 19
Pink water, 510
Pinpoint floc, 243
Pipets, laboratory, 543
Plankton, 80, 92, 491

sampling nets, 81
Planning, maintenance, 38
Plan review, chlorination, 389
Plant process tests, 579–587
Plan view

coagulation, 126, 128
definition, 126
flocculation, 126, 128

Plastic tastes in water supply, 498
Plate settlers, 213
Platinum cobalt units, 181

PLC. See Programmable logic controller 
(PLC)

Plumbing, 498
Pneumatic signal transmission, 29–30
Points of chlorine application, 349, 351
Point source, 204
Polarization, 447
Pollution, 492–493, 495
Polyelectrolytes, 129
Polymers

aging tanks, 159
approval for use, 130
coagulant, 128, 129, 130, 148
day tank, 159
dry, 159
feeder, 34
filter aid, 129
liquid, 159–160
preparation for solution, 158
pretreatment process aids, 276
safety, 159
selection, 129
solution, 158
types, 128, 129
use, 129

Polyphosphate compounds, 448, 466
Pond weeds, aquatic plants, 78
Poppet valves, 365
Population served, 328
Pore size, filter, 260
Postammoniation, 340
Postchlorination, 9, 34, 346, 349, 350, 381
Potable water, 96, 573
Potassium permanganate, 20, 510, 522, 526
Powdered activated carbon (PAC), 500, 

511, 514–516, 526–527
Power

factor, 46
failure, 34
management, 34–35, 46

Preammoniation, 340

Prechlorination, 9, 34, 336, 341, 346, 349, 
350, 381, 509, 527

Precipitation, 83, 204, 578
Precoat, filtration, 262, 264
Precursors, THM (trihalomethane), 74, 82, 

349
Prescriptive water rights, 66
Presedimentation

coagulation, 204
debris dam, 204, 206
flocculation, 204
grit basins, 204, 206
sand traps, 204
troubleshooting, 249–250

Presence-Absence Broth, 618
Presence-Absence (P-A) method, 589, 591, 

614–616
Preservation of samples, 628
Pressure filters, 263
Pressures, distribution system, 16
Presumptive test

example, 616
total coliform bacteria, 594

Pretreatment, filtration, 275
Prevention of accidents, 552
Preventive maintenance, 38
Primary regulations, 5
Procedures

emergency, 32–36
operation, 11–15
sampling, 619

Process actions
coagulation-flocculation, 138, 164
filtration, 280, 284, 296, 298
sedimentation, 245, 248

Process, disinfection, 331
Processing sludges, 27
Process instrumentation and controls

cathode ray tube display, 31
computers, 31
control methods, 31
hybrid, 31
instrumentation, 28
microprocessors, 31
monitored functions, 28
relay logic, 30
sensing methods, 28
signal transmission, 29
valves, 29

Process variables, 204
Profile, reservoir

dissolved oxygen (DO), 76, 77
temperature, 76, 77

Programmable logic controller (PLC), 
409

Program, maintenance, 38
Propeller flocculators, 133–134
Propellers, mixing, 133
Protection from chlorine, 362
Protective clothing, 551–552
Public confidence, 488
Public health, 3, 62, 65, 67
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Public relations, 49, 488
Public use, reservoirs, 72
Public water system, 5
Pumped blenders, 132
Pumping rates, 12, 16

Q
Qualifications for operator jobs, 51
Quality control, laboratory, 549
Quality, drinking water, 12–15
Quartz sleeve, 415
Quicklime, 20, 461

R
Radioactivity, maximum contaminant level 

(MCL), 6
Radiological water quality, 6, 68, 71

Rapid mix, 34. See also Flash mixing
Rapid sand filtration, 262
Rate of chlorine withdrawal, 361, 390
Rate of filtration, 265, 267, 286, 290, 297
Rates, water, 2
Raw water, 32, 499, 503
Readycult Coliforms 100 Presence-Absence 

Test, 589
Reaeration-destratification, 102–109
Reagent

chlorine demand-free water, 585
chlorine dosing solution, 585
freshness, 580
prepared, 575
stock chlorine solution, 585
using pipets, 544

Rechlorination, 349
Recirculation, solids-contact units,  

231–234
Reclaimed water, 64
Recordkeeping

algae control in reservoirs, 101
coagulation, 162, 164, 166, 168, 170
complaints, 523, 525
corrosion control, 481
filtration, 294, 295, 304
flocculation, 162, 166, 168, 170
intake structures, 120
laboratory, 548
reservoirs, 101, 111
sedimentation, 246
taste and odor control, 504, 517,  

523, 524
Records and reports

accident, 37
chemicals, 37
complaints, 37, 523, 524
daily operation, 11–15
documenting daily operations, 37
equipment, 37, 43
historical, 16

inventory, 37
laboratory, 39–41
maintenance, 36–38
management, 43
operation, 36–38
oral communications, 12, 14, 37
performance, 37
physical, 37
plans and specifications, 37
written documents, 37

Recreation
lakes, 119
reservoirs, 72, 84, 86, 108

Rectangular basins, 212
Red alert, emergency, 32
Reducing agents, 330, 335, 346, 584
Reduction

definition, 83
stratified waters, 83

References. See also Additional resources
operation, 52
particle counter, 320
water treatment, 52

Regeneration interval, granular activated 
carbon (GAC), 522

Regulation of flows. See Flow regulation
Regulations

drinking water
filtration, 307
Giardia lamblia, 307

Safe Drinking Water Act (SDWA), 5, 6, 
326, 473

watershed management, 88
Relay logic, 31
Removal of trees, 86
Removal processes

chlorine, 362
pathogens, 330

Removing chlorine, 362
Repairs

emergency, 38, 44
maintenance, 38

Reporting, disinfection, 327

Reports. See Records and reports
Representative sample, 169, 454, 619
Reservoir management

algae control, 92
copper sulfate, 20, 92, 93, 491, 508
importance, 72
public use, 72
purposes, 72, 86
recreation, 72
reduction of treatment costs, 85
removal of trees, 86
taste and odor control, 492, 503
water quality, 72, 84, 86
watershed management, 86

Reservoirs
additional resources, 71, 121
algae, 92
algal blooms, 92, 103, 105,  

111, 118

anaerobic, 103
blue-green algae, 80, 96, 103
cattails, 109
chlorination, 349
control of algae, 92
destratification, reaeration, 102–109
disinfection, 349
dissolved oxygen depletion, 92, 108
draining, 108–109
flood gates, 108
freezing, 102–103, 106, 116
hypolimnion, 104, 105

inlet-outlet structures, 112–116 (see also 
Intake structures)

inspection, 108

intake structures, 107, 112–117 (see also 
Intake screens; Intake structures; 
Outlet structures)

maintenance, 108
math assignment, 121
mixing, 103
monitoring, 109, 117
mosquitos, 109
nutrients, 103, 105
orders (types), 107

outlet gates, 103 (see also Outlet 
structures)

reaeration, 102–109
recordkeeping, 111
recreation, 72, 84, 85, 108
safety, 112
sampling, 619
service storage, 16, 72
silt survey, 107
source of water, 62
stratification, 62, 75, 102–109, 499
taste and odor problems, 103, 108,  

111, 117
thermal stratification, 75, 102–109
turnover, 103, 107
vegetation, 109
water quality, 72, 79, 84, 102, 107, 109, 

110, 111, 113, 116
withdrawal level, 115

Residual analyzer, chlorine, 377, 399
Residual chlorine, 331, 334, 339, 342, 344, 

346, 377, 399, 572, 584
concentrations, 578
types, 573

Respiration, algae, 81, 493
Resuscitation, cardiopulmonary 

resuscitation (CPR), 24
Rights to use water, types, 66
Riparian water rights, 66
Ripening period, filtration, 276, 282
Rivers, 61
Rotameter, 356
Rotten egg tastes and odors, 503
Routine maintenance, 42
Runoff, surface, 73, 495, 496
Run time, filtration, 281, 297, 298
Ryznar Index (RI), 459
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S
Sacrificial anode, 441
Safe Drinking Water Act (SDWA), 5,  

305–306, 326, 442, 473
Safe drinking water laws, 5–6, 326

Safety. See also Laboratory safety
algae control in reservoirs, 92, 101
buddy system, 50, 305
causes of accidents, 49
chemical applications, 101
chemicals, 22, 51
chlorination, 360, 361, 401–406
chlorine dioxide, 385, 405
coagulation, 159, 163, 168, 170, 178
confined spaces, 50
drinking water, 326
drowning prevention, 49
electrical equipment, 50
explosive atmospheres, 49
filtration, 305
fire blanket, 555
fire extinguisher, 556
flocculation, 163, 168, 170, 178
General Industry Safety Orders, 550
hazards, 42, 401
hypochlorite, 405
intake structures, 120
mechanical equipment, 50
open surfaces, 50
oxygen, 50
ozone, 421
procedures, 49
program, 49
pump stations, 51
reservoirs, 112
sedimentation, 244
taste and odor control, 512, 521
toxic gases, 50
ultraviolet (UV) systems, 408
underground structures, 50
ventilation, 51
waste disposal, 555

Safety Data Sheet (SDS), 19, 393, 552
Safe yield for surface water supplies, 67
Salary, operator, 52
Sample preservation, 627, 628
Sample, unchlorinated, filtering, 608
Sampling

additional resources, 627
automatic, 624
bacteria quantity, 596
chain-of-custody protocol, 627
chlorination, 327, 328
coagulation, 168
collection, 624–628
composite samples, 25, 619, 623
containers, 627, 628
depth, 624–626
depth sampling, 625
devices, 624
disinfection, 327, 328

distribution system, 620–622
drawn from main, 621
drinking water, 3, 619–628
errors, 619
filtration, 284, 287
first-draw sampling, 627
flocculation, 169
formulas, 621
grab samples, 25, 623, 625
groundwater, 620
holding time, 627, 628
in-plant, 620
Kemmerer depth sampler, 626
labeling container, 627
lakes, 620
manual, 624
odor control, 499, 504, 525
parameters, 623
preservation, 627, 628
preservation of sample, 628
procedures, 619
reference-type sample, 549
reporting lab results, 627
representative sample, 619
reservoirs, 620
results, 619
rivers, 619
sedimentation, 251
small water system, 621
source water, 619
stations, 624
surface, 625
taste and odor control, 499, 504, 526
techniques, 625–627
types, 619, 623–624
volume, 628
water tap, 626
well profile, 620

Sampling bottles, 592
Sanitary landfills, 3
Sanitary survey, 499

groundwater, 66
surface water, 67
treatment of water, 67

Saturation, 456
Scheduling maintenance, 38
Screens, intake, 106, 112–117

SDWA. See Amendments to the Safe 
Drinking Water Act (SDWA)

Seawater intrusion, 3, 61, 64
Secchi disc, 103
Secondary regulations, 7
Security, plant, 45
Sedges, aquatic plants, 78
Sedimentation

abnormal conditions, 248
additional resources, 255
administration, 246
baffles, 207, 209
basins, 208–219
cathodic protection, 234, 469
circular basins, 213, 214

clarifiers, 213–215, 228, 229, 467
compression settling, 209
control, process, 245
corrosion control, 234, 253
currents, 207, 208
debris dam, 204, 206
definition, 204
density, 206
density currents, 207, 208, 245
description, 204
design, 208
detention time, 219–223, 234
double-deck basins, 213
eddy currents, 207
effective water depth, 225
efficiency, 204, 245
electrical charge, 207
emergency, 34
equipment, 252
floc characteristics, 206
flow diagram, 205
formulas, 220, 234
grit basins, 204, 206
high-rate settlers, 213, 217
hydraulics, 207
inlet zone, 208
interaction with other processes,  

243
laboratory, 251
launders, 210
maintenance, 252–253
math assignment, 255
mean flow velocity, 225
monitoring, 244, 247
normal conditions, 244
operation, 219, 244, 252
outlet zone, 210
overflow rate, 223
particle, 204
pathogen removal, 330
performance, 212, 245
pinpoint floc, 243
plate settlers, 213
presedimentation, 20, 204
process actions, 138, 248
process variables, 204
purpose, 8, 204
recordkeeping, 246
rectangular basins, 213
safety, 254
sampling, 251
settling rate, particles, 207, 224
settling zone, 208
short-circuiting, 208, 213, 245
shutdown, 250, 251
size of particles, 204, 206
sludge blanket, 215, 216, 231, 245
sludge removal, 210, 211, 220, 240–243, 

246, 497, 502
sludge solids, 246
sludge zone, 209
solids-contact units, 215, 227–243
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Sedimentation (continued)
square basin, 213, 215
startup, 250
surface loading, 223
taste and odor control, 505, 527
temperature, 206, 207, 216, 249
troubleshooting, 249
tube settlers, 213, 217
turbidity, 243, 251
types of basins, 212
upflow clarifiers, 215
variables, 204
viscosity, 204
visual observations, 245, 247
v-notch weirs, 210
water quality, 243, 247, 248, 249
weir loading rate, 226
weirs, 210
wind, 207, 208, 215
zones, 208

Selenium, 5
Self-contained breathing apparatus, 362, 

386, 401, 402
Sensing (measuring) methods, 28
Sensitivity, particle counter, 312
Septic sludge, 240
Septic tank leaching systems, 3, 87, 495
Septic tastes and odors, 494, 497
Septum, 264
Service storage reservoirs, 16
Settleable solids, 126
Settling rate, particles, 207, 224
Settling zone, 208
Shock, electric, 550, 552
Shock load, 212
Shortage, water, 2
Short-circuiting

detention time, 219
flocculation, 134, 139
in reservoirs, 67
sedimentation, 208, 213, 245

Shortened filter runs, 81, 298
Shutdown

chlorination, 364
chlorine dioxide, 394
coagulation-flocculation, 166
filtration, 300, 303
sedimentation, 248, 250
ultraviolet (UV) systems, 412

Signal transmission
electrical, 30
electronic, 30
hydraulic, 30
mechanical, 29
pneumatic, 29

Silica, 448, 466
Silt

loading, 85
source, 60
survey, reservoir, 107

Silver, 7
Single-level intake structures, 113, 114

Sinkholes, 108
Size of particles, 204, 206
Skin burns, first aid, 24
Slake, 461
Slow sand filtration, 264
Sludge

blanket, 215, 216, 231, 245
control, 231
definition, 150
floc, 150
handling and disposal

alum sludges, 239
blanket sounder, 242
characteristics, 240
discharge standards, 27
disposal, 27
drag-chains, 211, 240, 241
equipment, 240, 241, 252
flights, 240, 241
frequency of removal, 240, 242
manual sludge removal, 240
mechanical rakes, 240, 241
mechanical sludge removal, 240, 241, 

247
National Pollutant Discharge 

Elimination System (NPDES) Permit, 
27

need, 497, 503
operation, 242
processing, 26, 27
removal, 240, 241
sedimentation, 10
septic sludge, 240
sounder, sludge depth, 242
sources, 26
traveling bridges, 240, 241

lagoons, 494
removal, 210, 211, 220, 240–243, 246, 

497, 503
solids, 246
taste and odor control, 498, 503
zone, 209

Slurry, 229–231, 233, 264, 461, 515
Small water system sampling, 621
Snowmelt, 73
Soda ash, 20, 461, 462
Sodium carbonate, 20
Sodium chlorite, 392
Sodium fluoride, 20
Sodium hydroxide, 20, 551
Sodium hypochlorite, 20, 336
Sodium silicofluoride, 20
Softening

chemicals, 19, 20
purpose, 10
solids-contact units, 227

Soil grading, 89
Soils, corrosion, 438, 439, 443, 444, 469
Solids-contact units

advantages, 228
algae problems, 230
alkalinity, 231

arithmetic, 234
cathodic protection, 234
chemical dosage, 231–242
coagulation, 227
corrosion, 234
description, 215, 216, 227
detention time, 234
disadvantage, 228
drawings, 228, 229
flocculation, 135, 227
flow rate, 230
formulas, 234, 235
lime dose, 235
maintenance, 234
operation, 231
operational control, 231
overflow rate, 223
recirculation rate, 231, 233, 234
sampling taps, 230
sedimentation, 227
sludge blanket, 215, 231, 245
sludge control, 231
slurry, 229, 231–234
softening, 227
taste and odor problems, 230
temperature, 216, 230, 231
troubleshooting, 249
turbidity, 227, 231
volume over volume test, 232
water quality, 233, 249
weighting agents, 231, 233
wind, 215

Solution feeders, 351–353, 365
Solutions, chemical, 545–548
Sounder, sludge, depth, 242
Source, particulates, 126
Sources of water

contamination, 68
direct runoff, 60
groundwater, 61, 63
hydrologic cycle, 61
lakes, 62
ocean, 60
reclaimed water, 64
reservoirs, 62
rivers, 61
selection of source, 65
springs, 61, 64
streams, 61
surface water, 60
water cycle, 61
wells, 64

Source water
additional resources, 121
math assignment, 121
sampling, 619

Spare parts, managing, 43
Species, algae, 94
Specifications, review, chlorination, 389
Specific gravity, 152, 580
Spills, chemical, 51, 496
Spore-forming bacteria, 330
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Springs, sources of water, 64
Square basin, 213, 215
Staffing needs, operators, 51
Stage 2 Disinfection By-Products (Stage 2 

D/DBP), 329
Standardization, 545
Standardized lab solutions, 566
Standards, microbial, 7, 328
Standard solution, 545
Startup

chlorination, 364, 369
chlorine dioxide, 395
coagulation, 167
disinfection, 364, 369
filtration, 300, 302
flocculation, 166
particle counter, 319
sedimentation, 250
ultraviolet (UV) systems, 412

Station, sampling, 624
Steel, corrosion, 470
Steel specimen coupons, 453
Sterilization, 326, 592
Stirrers, flocculation, 133
Stock solution

concentrations, 580
creating, 580
volume calculation, 580

Stock solution, preparing, 593
Storage

chemicals, 21, 552
chlorine containers, 373, 386
flow regulation, 15

Stormwater runoff, 91, 495
Strategy, taste and odor control, 518, 525
Stratification, reservoirs, 62, 75, 102–106, 499
Stray current electrolysis, 443, 470
Streaming current meter, 155
Streams, 61
Streicher backwash design, 274
Strip charts, electronic instrumentation, 30
Submergence, 273
Subsidence, land, 64
Sulfate-reducing bacteria, corrosion, 449
Sulfate, secondary maximum contaminant 

level (SMCL), 7
Superchlorination, 509
Supernatant, 518, 582
Supersaturation, 456, 459, 463
Supersaturation, dissolved oxygen (DO), 

82, 493
Surface loading, 223
Surface runoff, 495, 496
Surface wash, filters, 271, 272, 297, 299, 

302, 303
Surface water sampling, 582
Surface Water Treatment Rule (SWTR), 64, 

70, 289, 291, 307, 308, 327, 346
Suspended solids, 126
Sustained yield for wells, 64
Swallowing or inhalation, first aid, 24
Swampy tastes and odors, 503

SWTR. See Surface Water Treatment Rule 
(SWTR)

System demands, 16

T
Tanks, chlorine, 351, 361–363, 387
Tapered-energy mixing, 135
Taste and odor control (T&O)

Actinomycetes, 490
activated carbon, 511, 514–522, 527
additional resources, 528
adsorption, 514, 522
aeration, 506–508
agricultural wastes, 496
air blowers, 506
air stripping, 508
algae, 79, 490
algal bloom, 491, 492, 505, 527
backflow prevention, 501
biological growths, 490, 500, 503
bitter tastes, 332, 503
blowers, 506
cascade aerators, 507
causes, 489–494
chemicals, 20
chemical spills, 496
chlorine, 9, 79, 339, 349, 381, 509
chlorine dioxide, 339, 513
chlorophenolic, 510
coagulation, 505
complaints, 488, 523, 524, 525
compounds, 489
conditions, waterworks facilities, 497
consumer complaints, 488, 523, 524, 525
copper sulfate, 92, 93, 491, 508
cross-connections, 499, 501
dairies, 497
dead ends, 498, 501
decant water, 494
degasification, 505, 507
die-offs, 491, 494
disinfection, 10, 79
distribution systems, 497, 500, 503
dosages, 527
earthy tastes, 81, 494, 503, 527
effects of problems, 488
empty bed contact time (EBCT), 522
environmental conditions, 492
eutrophication, 492
feedlots, 497
fertilizers, 496
fish kills, 494
fishy tastes, 503, 509
flocculation, 505, 527
flushing, 498
formulas, 518
geosmin, 81, 489, 527
granular activated carbon (GAC), 522
grassy tastes, 79, 503, 509
household plumbing, 498

human causes, 495
hydrogen sulfide, 503
identifying problems, 523
industrial discharges, 495
inspection, 498, 500
irrigation runoff, 495, 496
jar test, 505, 510, 516, 517, 518
laboratory, 526
lagoons, sludge, 494
locating sources, 498
maintenance, 503, 518
math assignment, 528
methylisoborneol (MIB), 81, 489, 527
microbial populations, 491, 492
monitoring program, 502
monitoring, rivers, 497
municipal wastes, 495
musty tastes, 81, 494, 497, 503, 527
National Pollutant Discharge Elimination 

System Permit (NPDES), 497
nutrients, 492, 497
odor, secondary maximum contaminant 

level (SMCL), 7
oxidation, 509–513
oxygen depletion, 493
ozone, 420, 509, 512
permit, National Pollutant Discharge 

Elimination System (NPDES), 497
phenolic compounds, 510
photosynthesis, 493
plankton, 491
plant inspection, 498
plastic tastes, 498
plumbing, household, 498
pollution, 492, 495
potassium permanganate, 510, 522, 527
powdered activated carbon (PAC), 511, 

514–516, 527
prechlorination, 509, 527
prevention, 502, 528
problem identification, 523
raw water, 499, 502
recordkeeping, 504, 523, 524
recycle water, 494
regeneration interval, granular activated 

carbon (GAC), 522
removal by filtration, 274
reservoirs, 79, 82, 92, 103, 111, 115, 492, 

499
rotten egg tastes, 503
runoff, 494, 496
safety, 511
sampling, 499, 504, 526
sanitary survey, 499
sedimentation, 505, 527
septic, 494, 498
sludge lagoons, 494
sludge removal, 497, 503
solids-contact units, 230
sources, 495
spills, 496
stormwater runoff, 495
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Taste and odor control (T&O) (continued)
strategy, 516, 526
stratification, 499
sulfate-reducing bacteria, 491
swampy, 503
taste tests, 499, 502, 525
taste threshold test, 499, 502
temperature, 493
threshold odor number (TON), 79, 516
training, operator, 528
transmission systems, 499, 526
treatment methods, 505
treatment plants, 497, 500
urban runoff, 496
visual observations, 499
wastewaters, 495
waterfall devices, 507
water quality, 70
waterworks facilities, 498–502

Taste tests, 498, 502, 523

TCE. See Tichloroethylene (TCE)

TDS. See Total dissolved solids (TDS)

Techniques, laboratory, 553. See also 
Laboratory procedures

Temperature
chlorination, 329, 346
corrosion, 445
disinfection, 329, 346
flocculation, 140
profile, 76, 77
sedimentation, 204, 206, 249
solids-contact units, 216, 228, 231
tastes and odors, 492–494

Temperature test, laboratory, 557
Tests

biological test goals, 589
culturing media, 590
enzyme substrate coliform test, 591
goals, 589
lab methods, 618

overview, 589–592
membrane filter, 591

Membrane Filter Method-E. coli (EPA 
Method), 591–592

Multiple Tube Fermentation Method 
(MPN Procedure), 590

Presence-Absence (P-A) Method, 591
total coliform bacteria, 594–618

Tests for plant processes, 579–588
Test tubes, 539
Thermal stratification

dimictic, 75, 83
monomictic, 75, 83
reduction, 83
reservoirs, 75, 102–109
temperature profile, 76, 77

Thermocline, 75
Thermometer types, 557

THMs. See Trihalomethanes (THMs)
Threshold odor, 7, 79, 516
Threshold odor number (TON), 502
Throttling valves, 131

Time, detention
chlorine, 345
coagulation, 128, 141, 142
curves, 144, 145, 345
definition, 141
flocculation, 133, 141, 142
reservoirs, 67
sedimentation basins, 219–223, 234
solids-contact units, 234

Time of filtration, 81, 281, 297, 298
Titrate, 455
Titration, 545, 564–579

T&O. See Taste and odor control (T&O)

TOC. See Total organic carbon (TOC)

TON. See Threshold odor number (TON)
Ton tanks, chlorine, 361–362
Tools, 42
Topography, 63, 87
Total alkalinity, 568
Total coliform bacteria, 589

test procedures, 594–618
Total Coliform Rule, 588
Total coliform test, 589
Total dissolved solids (TDS), 7, 458
Total organic carbon (TOC), 179
Total suspended solids (TSS), 409
Toxic fumes, 555
Toxic gases, 50
Toxic materials, 555

used in laboratories, 551
Toxic metals, 70, 448, 455
Training programs

operator, 44, 528
operator safety, 405

Transient noncommunity  
water system, 7

Transmission systems, water, 499, 526
Transpiration, 63
Traveling bridge, 210, 240, 241
Traveling screens, 117
Treatment processes

chlorination, 9, 10
coagulation, 9, 126
disinfection, 10
emergency, 32
filtration, 8
flash mixing, 9
flocculation, 127
flow regulation, 15
odor control, 504
purpose, 8
reclaimed water, 65
sedimentation, 204
solids-contact units, 227
summary table, 4
taste and odor control, 504

Tree removal, 86
Trichloramine, 339, 573
Trichloroethylene (TCE), 2
Trihalomethanes (THMs), 4, 9, 75, 82, 136, 

179, 307, 330, 331, 349, 391, 512, 
573

Trimetaphosphate, 464
Troubleshooting

ballasted flocculation, 194
chlorination, 380, 384, 385, 399
chlorine dioxide, 397, 398
coagulation, 165, 182
corrosion, 472
disinfection, 380, 384, 385, 398
filtration, 380
flocculation, 165
particle counter, 319
sedimentation, 250
solids-contact units, 250

Trout, 85
True color, 180
Trunnions, 361

TSS. See Total suspended solids (TSS)
Tuberculation, 438
Tubercule, 440, 451
Tube settlers, 213, 217
Tubes, test, 539
Tules, aquatic plants, 78
Turbidimeter, 137, 279, 280, 294, 303, 315, 

563
Turbidity

breakthrough, 32, 35, 266, 270, 281, 296, 
297, 298

cause, 69
chemicals, 19
chlorination, 330, 346
chlorine demand, 74

versus color, 561
disinfection, 329, 346
erosion, 88
filtration, 281, 284, 296, 297, 298, 303, 

308
measurement, 562
meter, 562
reading, 564
removal, 25, 129, 139, 163, 164
reservoirs, 73, 85
sedimentation, 244, 251
solids-contact units, 227, 231
source, 69
SWTR compliance, 308
test, 561
units (TU), 227, 243, 541, 563

and measures, 562
Turbine flocculators, 133
Turbines, mixing, 132, 133
Turnover, lake, 62, 75, 77, 80, 83, 102
Typhoid, contamination of water supply, 

62

U
UFRV. See Unit filter run volume (UFRV)
Ultrasonic waves, 332
Ultraviolet (UV) systems

alarms, 414
description, 406
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disinfection, 332, 406, 407, 408, 409, 
411, 414

dosage, 410
equipment, 408
fouling, quartz sleeve, 415
maintenance, 415, 416
operation, 409
safety, 408
shutdown, 412, 413
sleeve cleaning, 415
startup, 412
troubleshooting, 417
types, 407

Unchlorinated samples, filtering, 608
Underdrains, 263, 268, 281, 297, 298, 299, 

304, 311
Underground structures, safety, 50
Uniformity coefficient, 266
Unit filter run volume (UFRV), 281, 288, 

290, 294, 730, 731, 746, 747

Upflow clarifiers. See Solids-contact units
Urban runoff, 496
UV lamps, 407, 408, 409, 411, 415, 416, 417

UV systems. See Ultraviolet (UV) systems

V
Vacuum-controlled chlorinator, 353–359, 

377
Vacuum sweep, 210
Valves

butterfly, 117
chlorination, 363, 365, 368, 369, 375
controls, 29
intake, 113
mixing, 131
outlet, 113, 117

Variables
chlorination, 179
corrosion, 443
sedimentation, 204

Vegetation, reservoir, 109
Velocity, water, corrosion, 445
Ventilation

chlorine rooms, 389
energy conservation, 45
safety, 50

Vertical flocculators, 133
Viruses, 327, 330, 391
Viscosity, 206, 207
Visual observations

coagulation, 139, 155, 164
corrosion, 453, 468, 472
filtration, 284
flocculation, 139, 155, 164
plant tour, 12
sedimentation, 245, 247
taste and odor control, 499

V-notch weirs, 210
Volatile, 506

liquids, 552

Voltage, 467
Volume of sample, 628
Volume over volume test, 232

W
Wash water, filter, 300, 301
Waste, disposal of lab waste, 555
Wastewater

facilities, 62, 67
odors, 495
sources, 87
tastes, 495

Water
acid rain, 2
conservation, 2
contamination, 2
costs, 2, 3
cycle, 60, 61
evaporation, 60
groundwater, 61, 63
hydrologic cycle, 61
irrigation runoff, 2
limited resource, 2
presence, 2
rates, 2
sampling, 619
seawater intrusion, 61, 64

affects, 3
shortages, 2
sources, 4
surface, 60
testing procedures, 589
treatment, 3, 4
water quality problems, 86

Waterborne diseases, 326
Water chemistry, typical units, 545
Waterfall devices, 507
Water hyacinths, aquatic plants, 78
Water quality

additional resources, 26
biological, 68, 70
chemical, 68, 69
coagulation, 138, 140, 162, 164,  

165, 169
color, 69
complaints, 26
consumer demands, 3
drinking water, 12–15
filtration, 278, 280, 281, 284, 294, 303
flocculation, 138, 140, 162, 164, 165, 169
indicators, 619, 623, 626, 627
inorganic, 69
odor, 69
organic, 70
physical, 7, 62, 68
problems, 87
radiological, 6, 68, 71
reservoirs, 72–79, 84, 102, 107, 109, 111, 

114, 115
sedimentation, 243, 247, 248, 249

solids-contact units, 253
taste, 69
temperature, 69
tests, 557–618
turbidity, 69

Water quantity, treated, 12–15
Water rates, 2
Water rights, basic types and acquisition, 

66

Watershed conditions, 73. See also 
Watershed management

Watershed management
costs, 87
farming practices affect on watershed, 

89
fertilization, 88
fires, 90
herbicides, 89
industrial discharges, 88
land use, 90
livestock grazing, 89
need, 87
pesticides, 89
regulations, 87, 88
soil grading, 89
stormwater runoff, 91
waste water, 87
water quality problems, 87
wildfires, 90

Water supply systems
chlorination equipment, 361
chlorination of, 349

Water table, 61, 63, 64, 66
Water tap sampling, 626
Water treatment plants

appearance, 49
complete treatment, 72
costs, 2, 3, 81, 82, 84, 87
direct filtration, 72
flow diagram, 9
inspection, 500
objectives, 3, 25
purpose, 51
records, 46
water quality problems, 2

Weather, water demands affected by, 16
Weeds, pond, aquatic plants, 78
Weep holes, 108
Weighing, chlorine, 390
Weighting agents, 231, 233
Weirs

flocculation, 133
laundering, 155, 210
loading rate, 226
sedimentation, 210

Wells
chlorination, 349
construction, 67
drawdown, 67
sampling, 620
source of water, 64

Wet chemistry, 170
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Wildfires, 73, 90
Wind, effect on sedimentation, 207, 208, 

215
Withdrawal level, reservoirs, 116
Withdrawal rate, chlorine, 390
Work order, 44
Worksheets, laboratory, 548
Wrench, chlorine, 363

Y
Yield

safe, surface water  
supplies, 68

sustained, wells, 64
Yoke-type connectors,  

362

Z
Zinc coatings, 466
Zinc, secondary maximum contaminant 

level (SMCL), 7
Zone of saturation, 61, 63
Zones, sedimentation basins, 208
Zooplankton, 78
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