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Activated sludge. design considerations (Cont.v:
 
oxygen-transfer, 562. 572
 
reactor selection, 531
 
safety factor in design, 536
 
selector for control of filamentous
 

organisms, 538
 
sludge production, 534
 
sludge wasting, 534
 
solids separation facilities, 580-591
 

effects of inhibitory pollutants, 163
 
efficiency of BOD removal, 548-549
 
effluent characteristics, 538-539
 
example of proeess analysis, 389-392
 
factors affecting performance, 171
 
final tanks (see Solids-separation facilities,
 

design of below)
 
flow distribution, 580
 
food to microorganism ratio (P/M):
 

definition of, 389
 
typical values. table of, 550
 

froth control, 580
 
hydraulic retention time: definition of, 386
 

typical values, [able of, 550
 
kinetic analysis of process: complete-


mix with reeycle. 385-388
 
performance and stability of, 392-393
 
plug flow with recycle, 393-396
 
process control relationships, 388-389
 

kinetic coefficients for, table of, 394
 
mean cell residence time (4): definition
 

of, 386
 
typical values, table of, 550
 

microorganisms, involved, 384-385,
 
537, 553--556
 

mixed liquor suspended solids (MLSS),
 
379. 550
 

mixed liquor volatile suspended solids
 
(MLVSS), 375, 390,533
 

mixing, energy requirements for, 573
 
nutrient requirements, 536
 
observed yield: definition of. 377, 388
 

typical values of, 394
 
operational problems. 537, 553-556
 

bulking sludge. 396-398, 553, 557
 
Nocardia foam, 556
 
rising sludge. 555
 

pH and alkalinity effects, 532
 
plug flow with recycle. 393-396
 
process description. 379
 
process design and control. 388-389,
 

539-553
 
dissolved oxygen control, 542
 
oxygen uptake rates. 553
 

return activated sludge control, 545-551
 
sludge wasung. 551-553
 

process design examples. 591-604
 
complete-mix, 592--600
 
sequencing batch reactor, 601-604
 

process microbiology, 384-385
 
process modifications, 539-542
 

complete-mix, 540, 543
 
contact stabilization, 540-544
 
continuous-flow stirred-tank (see
 

Complete-mix)
 
conventional plug-flow, 540, 542
 
deep shaft reactor, 542, 546
 
design parameters, 550
 
extended aeration. 541
 
high-purity oxygen system, 540, 544
 
high-rate aeration, 541
 
Kraus process, 541
 
modified aeration, 540
 
operational characteristics, 548
 
oxidation ditch, 541, 545
 
sequencing batch reactor. 541
 
step-feed aeration, 540. 543
 
tapered aeration, 540
 

process safety factor. 393
 
reactor selection, 531. 532
 

effect of cost. 532
 
effect of environmental factors, 532
 
effect of reaction kinetics, 531
 
effect of wastewater characteristics, 532
 
oxygen transfer requirements, 531
 

return sludge control, 545-551
 
settling tanks (see Solids-separation
 

facilities, design of below)
 
shock loads. 532
 
sludge wasting, 551-55~
 

solids-separation facilities, design of,
 
580-59l
 

circular tanks, 58l
 
density currents, 581, 591
 
flocculating clarifier, 590
 
flow distribution, 589
 
for high-purity oxygen systems, 588
 
intrachannel clarifiers, 582, 586
 
lamella settlers, 582
 
overflow rates. 587-588
 
rectangular ranks, 581
 
scum removal, 591
 
settling characteristics of sludge, 584-587
 
sidewafer depth, 588
 
sludge blanket, 587
 
sludge collectors. 581
 
sludge volume index (SVI), 587
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Anthracite, 679, 681
 
AlO process, 729
 
AllO process, 731
 
Aquaculture, 938
 
Arbitrary flow reactor, 171-172
 
Artificial media sludge drying beds, 874-875
 

description of. 875
 
typical cross-section, 875
 

Assimilative capacity of receiving waters,
 
1195
 

Atomic numbers and atomic masses (see
 
inside of bark cover)
 

Attached growth treatment processes:
 
aerobic processes: definition of, 377-378
 

nitrification, 431--432, 705-706.909-910
 
packed-bed reactors, 420
 
rough-ing filters, 41&
 
rotating biological contactors, 418-420
 
trickling filters, 403-418
 
types, table of, 380
 
(See also individual listings) 

anaerobic processes: anaerobic filler. 429
 
definition of, 377-378
 
expanded bed, 429
 
rotating biological coruactor. 719, 724
 
types, table of, 381
 

anoxic denirrificarion: definition of.
 
377-378
 

types, table of. 381
 
facultative processes, definition of, 377-378
 

Autotrophic microorganisms:
 
chemosynthetic. 361
 
definition of, 36 (
 
photosynthetic. 361
 

Axial dispersion:
 
in plug flow reactors, 1271
 
in pond systems, 644
 
in rivers and estuaries, 1214-1216
 

Backwashing , filter, 680-683
 
(See also Filtration, granular medium)
 

Bacteria:
 
cell chemical composition, table of, 365
 
chemical structure, 364
 
classification by ability [0 utilize oxygen:
 

aerobic, 363
 
aerotolerant, 364
 
anaerobic, 363
 
facultative, 363
 

classification according to carbon and
 
energy source: autotrophs , 361
 

chemotrophs , 361
 

heterotrophs, 361
 
pbororropbs. 361
 

classification. general, 90
 
coliform organisms, 91
 
pathogenic, 93-94
 
pH ranges, 366
 
reproduction, 91
 
size, 91
 
streptococci, fecal, 95
 
temperature ranges, table of, 365
 

Bacterial die-off, 1206
 
Bacterial growth:
 

conversion reactions: for endogenous
 
respiration, 379
 

for oxidation and synthesis, 379
 
general growth patterns in pure cultures, 367
 

based on bacterial mass, 368
 
based on bacterial numbers, 367
 

in mixed cultures, 369
 
phases of, 368
 

Bacterial yield:
 
definition of. 371
 
effect of endogenous respiration on, 372
 
(See also Activated sludge, observed
 

yield; Yield coefficient, bacterial)
 
Bacteriological tests for coliform organisms:
 

completed test, 95-96
 
confirmed test, 95-96
 
membrane filter technique, 99- 100
 
most probable number (MPNL 97-99
 
MPN tables, 1261-1263
 
multiple tube fermentation, 96-97
 
presumptive test. 95-96
 

Bar rach and screens, 200-203, 445--454
 
hand-cleaned, 447, 448
 

characteristics of, 447
 
design information. 448
 
typical rack, 449
 

headloss computation. 203
 
mechanically-cleaned, 448--451
 

design information, 448
 
typical installations, 450
 

screenings: disposal, 454
 
quantities. 453
 

screens: headloss through, 453
 
types of, 202, 452
 

Bardenpho process:
 
four-stage, 714-715
 
five-stage, 732
 

Barge transport of sludge, 917
 
Batch reactor:
 

definition of. 172. 1265
 
mass balance for. 370. 126"-1267
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Breakpoint chlorination (Cont.):
 
buildup of TDS, 336
 
theory of, 334-335, 739
 

Breakthrough in carbon adsorption, 322
 
Bromine chloride, disinfection with, 347-348,
 

506
 
(See also Disinfection with bromine
 

ehloride)
 
Buchner funnel test for sludge, 851
 
Bulking sludge:
 

causes of, 553-554
 
eontrol of: methods of, 396
 

by selector, 538
 
by temporary measures, 555
 

description of, 396
 
types of, 553
 

Bulrush, 934, 936
 
Butanol wheel for odor measurement, 60
 

(See also Odor) 

Cadmium, 944
 
Calcium hydroxide:
 

characteristics of, 303
 
chemical reactions involving, 304-305
 
thermal regeneration of, 745
 

Calcium hypochlorite, 496
 
Carbohydrates, 65-66
 
Carbon, total organic, 82
 
Carbon adsorption, 314-324
 

(See also Activated carbon, adsorption)
 
Carbon analyzer, 82
 
Carbon contactor, 752-753
 

(See also Activated carbon, conractors) 
Carbon dioxide:
 

in biological treatment. 361, 379
 
carbon source for algae, 438
 
in natural cycles: aerobic, 382
 

anaerobic, 383
 
in nitrification, 382, 696
 
solubility in water, 1255-1256
 

Carbonaceous biochemical oxygen demand 
(CBOD): 

application of, 77
 
definition of, 77
 
use in EPA effluent discharge requirements,
 

123
 
Carver-Greenfield process, 878--880
 

(See also Multiple-effect evaporator)
 
Cascade post aeration, 509-511
 
Catalytic incineration, 522
 
Cattails, 934, 936-937
 
CBOD (see Carbonaceous biochemical
 

oxygen demand) 

CCC (see Criterion continuous concentration) 
Cell yield coefficient (see Yield coefficient, 

bacterial)
 
Center-pivot irrigation system, 953, 956
 
Centrifugal pumps for sludge pumping, 786
 
Centrifugation, 805-806
 

applications of: for sludge dewatering,
 
860-862
 

for sludge thickening, 805-806
 
cake solids. table of, 863, 893
 
centrare, table of, 862, 893
 
description of, 805-806
 
odor, 862
 
performance data, 863
 
types of, 805, 860
 
(See also Sludge thickening; Sludge
 

dewatering)
 
Centrifuge dewatering:
 

description of: imperforate basket. 862
 
solid bowl centrifuge, 860. 862
 

design considerations. 862-864
 
typical performance, 863
 

Centrifuge thickening, 805-806, 809-810
 
description of, 805-806
 
operational variables, 810
 
performance of, 809
 

CFSTR (see Continuous flow stirred
tank; Complete-mix reactor)
 

Channels, aerated, 471
 
Chemical applications in wastewater
 

collection,
 
treatment, and disposal. table of, 353
 

Chemical characteristics of wastewater.
 
6+-90
 

(See also Wastewater characteristics,
 
chemical)
 

Chemical composition:
 
of bacteria, table of, 365
 
of seprage. table of, 110
 
of wastewater, table of, 109
 
(See also Wastewater characteristics,
 

chemical)
 
Chemical conditioning of sludge, 850-854
 

(See also Sludge conditioning)
 
Chemical feed systems. 492--494
 
Chemical fixation of sludge, 915
 
Chemical oxidation:
 

applications of, 353, 755
 
dosages for: BOD rednction with chlorine,
 

755
 
COD reduction with ozone, 755
 

for septage treatment, 1098
 
for sludge stabilization. 811
 
table of applications, 353
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Chlorinators, 497-499
 
capaci ty, 497
 
evaporarors, 497
 

Chlorine:
 
chemistry of: with ammonia, 332
 

in water. 332
 
hydrolysis reaction, 332
 
ionization reaction, 332
 

combined available, 334-335
 
compounds: calcium hypochlorite, 332. 496
 

chlorine dioxide, 496
 
chlorine gas. 332, 495
 
sodium hypochlorite. 332.497
 

containers, 495
 
demand, 335
 
evaporators, 497
 
free available. 333
 
hydrolysis and ionization reaction, 332-333
 
residuals: definition of, 334-335
 

toxicity of, 343
 
safety measures, 495-496
 
storage and handling, 497
 
(See also Disinfection with chlorine,
 

Chlorine contact basins, 502
 
design, 502-505
 
residual measurement. 505
 
solids transport velocity, 505
 

Chlorine dioxide. 345-46, 496. 499
 
(See also Disinfection with chlorine dioxide)
 

Chlorine feeders, 497-499
 
(See also Chlorinators)
 

Chlorine oxidation of sludge. 811
 
Chromium, 88
 
Chronic toxicity. 104, 1197
 
CID (see Critical initial dilution)
 
Clarification (see Sedimentation:
 

Sedimentation tanks)
 
Cleiln Water Act (CWA). 123
 
CMC (..Il't' Cnterion maximum concentration)
 
CMR (see Complete-mix reactor)
 
Coarse screens, 452
 
Co-composting with solid wastes. 850
 
COD (see Chemical oxygen demand)
 
Coefficient of rigidity for sludge, 792-793
 
Coefficient of sod permeability:
 

definition, 1047
 
determination of, 1049
 
typical values of. [048
 

Coincineration of sludge. 889
 
Coliform organisms:
 

classification of, 93
 
completed test, 95-96
 
confirmed test, 95-96
 
estimation of, 97-99
 

membrane filter technique, 99-100
 
determination of most probable number
 

IMPN), 97-99,
 
MPN tables, 1261-1262
 
presumptive test. 95-96
 

Colloids:
 
coagulation of, 303
 
size range. 5 I
 

Color, 64
Combined aerobic treatment processes.
 

637-641
 
activated biofilrer. 6.1,7
 
biofilter activated-sludge. 641
 
roughing-filter activated sludge, 640
 
trickling filler-solids contact, 639-641
 
typical design information, 639
 
typrcai flow diagrams, 638
 

Combined available chlorine, 334
 
Combined sewers:
 

definition of, 1103
 
flow regulators for, 1106-1109
 
outlets for. 1111
 

Combined sewer Ilowrates , 1112-1 I 17
 
calculation of. 1116- [ 117
 

computer modeling. 1116
 
model calibration. 1117
 
storm water management model
 

(SWMM), I 116
 
verification. 1117
 

measurement of, 1113
 
Combined sewer overflows (CSOs):
 

ccmrol of. 1125-1129
 
collection system controls. 1125
 
list of methods for, 1116
 
off-line storage. 1128
 
source controls. 1125
 
storage. I I 2~
 

surface storage, J128
 
in-system storage, 1118
 

first flush effect. I I 19
 
management of: current situation,S
 

future directions. 5, l13J-1 132
 
treatment of, 1129-1131
 

biological treatment, I [29
 
chemical (disinfection). 1130
 
physical treatment. 1[19
 

wastewater characteristics. 1117
 
calculation of characteristics. 1119
 
comparative quality data, I I 17
 
comparison with other wastewaters. 1120
 
variations in quality, 1117
 

Combined sewer system, 1105-1112
 
components of. 1105-1112
 

flow regulators. 1106
 



outlets, 1111
 
pipe network and interceptor, 1106
 

computer modeling of. 1116
 
Combustion:
 

complete. 881~883
 

calculations for, 882
 
heating value of sludge. 882
 
oxygen requirements. 882
 
process applications. 885-889
 

definition of, 881
 
pyrolysis, 883-884
 
starved air, 884
 
wet. 884
 

Comminution, 454-456
 
application and design. 456
 
description of, 455
 
function. 454
 
grinders. 456
 
headloss , 456
 
operating problems, 454
 
types of, 455
 

Complete-mix activated sludge. 540
 
(See also Activated sludge)
 

Complete-mix reactor (CMR)'
 
analysis with recycle, 385-389
 
applications to activated sludge process.
 

385-392
 
bench scale, 1276
 
in biological treatment, 385
 
description of, 172
 
kinetic analysis of: complete-mix reactor
 

with first-order conversion reaction,
 
1267-1269
 

complete-mix reactors in series with
 
first-order conversion reaction,
 
1270-1271
 

with recycle, 173
 
Completed test for coliforms, 95-96
 
Composition of septage, 110
 
Composition of wastewater:
 

constituents in, 109
 
mineral increase during usage, 111
 

Compost filter for odor control, 518
 
Composting , sludge, 842-850
 

cocomposting with solid waste, 850
 
composting systems, 844
 

aerated static pile, 844
 
in-vessel, 845-847
 
windrow, 844
 

design considerations: important parameters,
 
847
 

table of, 848
 
process description, 844
 
process microbiology, 843
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Compression settling (type 4),221,240
 
Conditioning of sludge, 850-854
 

(See also Sludge conditioning)
 
Con tinned test for coliforms. 95-96
 
Conservation of mass equation, 1208
 
Constants, physical (St'L' inside of back cover)
 
Constructed wetlands, 992-1002
 

design parameters, 995
 
preapplication treatment, 993
 
site evaluation and selection, 992
 
types of wetlands: free water surface
 

(FWS) 937, 998
 
subsurface flow system (SFS), 937, 998
 

vector control, 1002
 
vegetation selection and management, 994
 
(See also Natural treatment systems)
 

Construction cost index, 134
 
Contact basin, chlorine, 502-505
 
Contact-stabilization activated sludge, 540
 

(See also Activated sludge)
 
Contactors, carbon, 752
 
Contaminants in wastewater, 49
 
Continuous BOD, determination of, 79-80
 
Continuous flow stirred-tank reactor (CFSTR),
 

172
 
(Sec also Complete-mix reactor)
 

Conventional plug-flow activated sludge, 540
 
(See also Activated sludge)
 

Conversion factors:
 
for design parameters, 1247
 
metric (SI) to U.S. customary units,
 

1244-1246
 
U.S. customary to metric (51) units,
 

1241-1243
 
Conveyance of sludge and solids, 915-918
 

by barge, 917
 
environmental considerations, 918
 
by pipeline, 917
 
by rail, 918
 
by truck, 917
 

Cooling towers:
 
cycles of concentration, 1160
 
operating problems, 1160
 
water balance for, 1159
 

Corrosion, metallic. 1161
 
Cost considerations, 133-135
 

construction cost, 134
 
cost comparisons, 134
 
operations and maintenance, 134
 

Criterion continuous concentration	 (Ccq,
 
106
 

Criterion maximum concentration (CMC),
 
106
 

Critical initial dilution (CID), 106
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Crops for natural treatment systems:
 
for slow rate. 948-949
 
for overland flow, 992
 
(See also Natural treatment systems)
 

Cryogenic air separation for oxygen 
generation, 576
 

Cryophilic aerobic digestion, 842
 
Crvptosporidium, 92, 94
 
CSOs (see Combined sewer overflows)
 
CFSTR (see Complete-mix reactor;
 

Continuous flow stirred-tank reactor)
 
CWA (see Clean Water Act)
 
Cycles of concentration. 1160
 
Cyclone degritter, 466, 796--798
 

DAF (see Dissolved air flotation; Flotation, 
dissolved air)
 

Darcy's law, 1047
 
DBC (see Downflow bubble contactor)
 
Death phase, bacterial. 368
 
Decay:
 

of bacteria in biological systems. 372
 
of coliforms in ocean, 1206
 
of organic matter, 120 I
 

Dechlorination:
 
analysis of: ....-ith activated carbon, 345
 

with sulfur dioxide, 344
 
design considerations: for activated
 

carbon, 506
 
for sulfur dioxide. 506
 
typical design information, 507
 

toxicity of chlorine residuals. 343
 
Decomposition of organic matter, 382-383
 
Deep shaft activated sludge reactor, 541
 

(See also Activated sludge) 
Definition of terms:
 

for biological treatment, 377-378
 
for reclamation. 1139-1140
 

Denitrification. biological. 432--433.
 
719-726
 

(See also Nitrogen removal by biological
 
dentrificationj
 

Density:
 
of wastewater. 64
 
of water, 1251-1253
 

in SI units. 1253
 
in US customary units, J252
 

Density currents:
 
in lakes, 1212
 
in setrl ing facilities. 589-590
 

Deoxygenation of rivers:
 
due to organic matter. 120 I
 
due to plant respiration, 1204
 
due to sludge deposus , 1203
 

Deoxyribonucleic acid (DNA), 365.
 
375
 

Design:
 
conceptual, 138
 
final, 139
 
preliminary, 139
 
special studies. 139
 

Detention time, hydraulic, 386, 550
 
Detergents. 67
 
Dewatering of sludge, 855-877
 

(See also Sludge dewatering)
 
Diamines, 57
 
Diaphragm pumps for sludge and scum
 

pumping, 787
 
Die-off. bacterial, 1206
 
Diffused-air aeration, 556-569
 

air piping, 566--569
 
blowers, 563-566
 
diffuser performance. 56 (-563
 
diffusers, 556--561
 
for post-aeration, 512
 
(See also Aerators: diffused aiel
 

Diffuser:
 
for chlorine injection, 502-503
 
for ocean outfall, 1228-1232
 
for river outfall, 1223-1224
 

Diffusion:
 
eddy, 1200-1201
 
of wastewater in ocean, 1233
 

Digester gas:
 
characteristics of. 823
 
collection and storage of. 825
 
composition of. 823
 
heating value of. 826
 
production of, 825
 
safety considerations, 826
 
specific gravity of. 825
 
use of. 826
 
volume based on BOD conversion.
 

426-427
 
Digester heating, 830-834
 

analysis of heat requirements, 830
 
heat loss computations, 833-834
 
heat transfer coefficients, 831-832
 
heating methods, 830
 

Digester mixing:
 
aerobic, 837. 839
 
anaerobic. 826-830
 

Digesters (see Aerobic sludge digestion;
 
Anaerobic sludge digestion)
 

Digestion. aerobic. 401--403. 832-842
 
(See also Aerobic sludge digestion)
 

Digestion. anaerobic, 420-427,
 
813-834
 

(See also Anaerobic sludge digestion)
 



Dilution:
 
achieved with ocean ourfalls: initial,
 

1228-1232
 
farfield, 1232-1233
 

achieved with river outfalls: computation
 
of. 1225
 

initial, 1224
 
Direct injection, 1168
 
Discrete particle settling (type I), 222-226
 
Diseases, waterborne, 94, 324
 
Disinfection (general theory of), 324-332
 

disinfectants: comparison of properties, 326
 
types of. 326-327
 

factors influencing the action of
 
disinfectants, 327-331
 

concentration of chemical agent, 330
 
contact time, 328
 
intensity and nature of physical agent,
 

330
 
nature of suspending liquid, 331
 
number of organisms, 331
 
temperature, 330
 
type of chemical agent, 330
 
types of organisms, 331
 

mechanisms of disinfectants, 325-327
 
methods and means of, 324-325
 

by chemical agents, 324
 
hy mechanical means, 325
 
by physical agents, 325
 
by radiation, 325
 
by various treatment processes, 328
 

Disinfection of sludge:
 
by chemical addition, 811-813
 
by composting , R42-850
 
by heat treatment, 813
 
by long-term storage, 855
 
by pasteurization, 855
 

Disinfection with bromine chloride, 347-348,
 
506
 

bromine chloride chemistry: reactions
 
with ammonia, 347
 

reactions in water, 347
 
effectiveness of bromine chloride,
 

:\48-349
 
by-product formation, 348
 
environmental impacts. 348
 
flow diagram for, 508
 

Disinfection with chlorine, 332-343,
 
494-505
 

breakpoint reaction, 334
 
acid generation, 336
 
buildup of total dissolved solids. 336
 

chlorine chemistry, 332-334
 
reactions with ammonia. 333
 
reactions in water. 332
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chlorine compounds: calcium hypochlorite, 
332. 496
 

chlorine dioxide. 496
 
ehlorine gas, 332, 495
 
sodium hypochlorite, 332, 497
 

dechlorination. 343-345, 506
 
with activated carbon, 345, 506
 
with sulfur dioxide. 344, 506
 

factors that affect disinfection efficiency 
of chlorine, 337-343
 

breakpoint reaction, 339
 
characteristics of microorganisms, 342
 
characteristics of wastewater, 341
 
contact time. 340
 
germicidal efficiency of chlorine. 338
 
germicidal efficiency of chlorine
 

compounds. 338
 
initial mixing, 339
 

toxicity of chlorine residuals, 343
 
(See also Chlorination)
 

Disinfection with chlorine dioxide, 
345-346, 496
 

chlorine dioxide generation, 345
 
dechlorination of chlorine dioxide, 346
 
effectiveness of chlorine dioxide: by-


product formal ion, 346
 
environmental impacts, 346
 

flow diagram for, 499
 
Disinfection with ozone, 349-351. 507-508
 

effectiveness of ozone: environmental
 
impacts, 350
 

other benefits, 35!
 
flow diagram for, 509
 
ozone chemistry, 349
 
ozone generation, 349
 

Disinfection with ultnaviolet (UV) light,
 
351-352,508
 

effectiveness of UV radiation:
 
environmental impacts. 352
 

optimizing performance of. 352
 
flow diagram for, 509
 
source of UV radiation. 351
 

Dispersion:
 
coefficient, 1214
 
in pond systems, 644
 
in rivers and estuaries, t214-1216
 

Disposal: 
of effluent (see Effluent disposal) 
of sludge (see Sludge disposal and 

reuse; Sludge disposal methods)
 
Disposal beds or pits, 1034
 
Disposal fields for septic tank effluent:
 

assimilative capacity of Site. l047
 
biomar formation, 1032
 
degree of treatment, 1062
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Disposal fields for septic tank effluent (COni.):
 
description of, 1029
 
design criteria: based on most conservative
 

criterion, 1058
 
based on percolation testing, 1056
 
based on soil characteristics, 1057
 

design example, 1061
 
dosing: intermittent gravity-flow. lO29
 

periodic application, 1033
 
pressure dosed, 1064--1070
 

percolation testing, 1044
 
site criteria, 1043
 
sizing and layout, 1059
 

flowrates. 1019-1020. 1059
 
layout, 1059
 

soil acceptance nile, 1049
 
Dissolved air flotation (OAF), 243, 804
 

(See also Flotation. dissolved air: Flotation
 
thickening)
 

Dissolved inorganic substances. removal
 
of, 756-759
 

chemical precipitation, 756
 
electrodialysis, 759
 
ion exchange, 756-757
 
reverse osmosis, 757-759, 1181-1184
 
ultrafiltration. 757, 1184
 

Dissolved oxygen (DO):
 
coucemration in water, 1258-1259
 

as a functiou of temperature and
 
barometric pressure. 1259
 

as a function of temperature and
 
salinity, 1258
 

demand of wastewater (see Biochemical
 
oxygen demand)
 

factors controlling solubility, 89, 277-281
 
importance of aerobic cycle: in nature, 382
 

in receiving waters, 1201-1205
 
in treatment, 535
 

limits in receiving waters, 1196
 
in oxygen sag analysis, 1216-1218
 
solubility in water, 1255-1256
 
surface reaeration, 1202-t203
 

Dissolved solids:
 
classification of, 50
 
definition, 50
 
typical values in wastewater, table of. lO9
 

Distribution:
 
in intermittent sand fitters and pressure
 

dosed disposal fields, 1064-1070
 
in trickling filters, 6l9-620
 

DNA (see Deoxyribonucleic acid), 365
 
DO (see Dissol ved oxygen)
 
Domestic wastewater:
 

definition, 15
 
sources and flowrate data, 26-29
 

Domestic water use data, 17-19
 
commercial facilities, 18
 
institutional facilities, 19
 
recreational facilities, 20
 
residential, 17
 

Dosing pump for septic tank, 1034
 
Dosing rate for trickling filters 616-619
 
Dosing siphon for septic tank, 1034
 
Downflow bubble contactor (DBC), 577
 
Draft in trickling filters, 623
 
Drag, equation for, 218
 
Drag force:
 

in flocculation, 218
 
in sedimentation, 222
 

Dryers, 877--881
 
(See also Heat drying of sludge)
 

Drying beds, sludge, 870--876
 
(See also Sludge drying beds)
 

Dual digestion, 842
 
Duckweed:
 

characteristics of, 1005
 
harvesting of, 1007
 
usc in wastewater treatment systems. 1006
 

Dynamic forced-choice triangle olfactometer,
 
60-61
 

EC (see Electrical conductivity}
 
ED30 , 59
 
Eddy diffusion:
 

coefficient of: dcrcrminaricn by field
 
methods, 1215
 

mathematical formula. 1214. 1221
 
in oceans, 122I
 
in rivers and estuaries. 1214
 

Efficiency: 
of treatment processes: activated sludge. 

table of, 548-549
 
advanced, [able of, 670
 
for nitrogen removal, 692-693
 
for phosphorus removal. 695
 
primary sedimentation. 473
 
trickling filters using plastic media.
 

640
 
of waste stabilization. defined, 389
 

Effluent characteristics:
 
from advanced wastewater treatment,
 

670
 
derated lagoons. 645
 
from natural treatment systems, [able
 

of, 932
 
from rotating biological contacrors:
 

for ammonia removal, 707
 
for BOD removal, 634
 

from stabilization ponds, 645
 



Effluent disposal:
 
into estuaries, 1213-1225
 
into Jakes and reservoirs, 1209-1213
 
on land (see Natural treatment system'S)
 
into the ocean, 1225-1236
 
options for small communities, 1089
 
new directions and concerns, 11
 
ISee also ;lIdil'iduallisr;ngs) 

Effluent disposal into estuaries, 1213-1225
 
dispersion coefficient, 1214
 
dissolved-oxygen sag analysi s, 1216--1220
 
general description of, 12\3-1216
 
mixing zone. 1221-1223
 
tidal action, [220
 

Effluent disposal into lakes and reservoirs,
 
1209-1213
 

analysis of, 1209-1211
 
eutrophication, 1213
 
suatificauon, 1212
 

Effluent disposal into oceans, 1225-1236
 
density of seawater. 1226
 
initial mixing. 1228-1232
 

multiport discharges, 1229
 
vertical single-port discharges, 1228
 

farfield modeling, 1232-1236
 
with complex current patterns. 1234
 
mixing analysis example, 1234
 
with specially uniform current, 1232
 
transition region, J232
 

general description of, 1225-1227
 
ontfall design. 1228-1232
 
outfall design example, 1231-1232
 

Effluent disposal into river.., 12l3-1225
 
deoxygenation: due to organic matter, 1201
 

due to sludge deposits, 1203
 
due to respiration of plants, 1204
 

oxygen sag analysis, 1216--1220
 
critical dissolved oxygen deficit, 1217
 
critical distance, 1217
 
critical time, 1217
 
general equation, 12l?
 

Effluent filter Vault for septic tanks,
 
1026-1027
 

Effluent filtration, 666--689, 1177~1178
 

(See also Filtration. granular medium)
 
Effluent reuse, 1137-1189
 

(See also Wastewater reclamation and reuse)
 
Effluent standards, 1197-1l98
 
Egg-shaped anaerobic digester, 823
 
Electrical conductivity lEe):
 

definition of. 1145
 
importance of. 1145
 
relationship to total dissolved solids
 

('IUS), 1145
 
Electrical double layer. 312
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Electrodialysis. 759
 
Electrolysis cell for BOO measurement,
 

79-80
 
Electron acceptors in bacterial reactions,
 

table of, 363
 
Elutriation, 854
 
Endogenous metabolism, 372
 
Endogenous phase in bacterial growth, 368
 
Energy dissipation in mixing, 2!3
 
Energy reactions:
 

tor aerobic oxidation, 379
 
for nitrification, 695-696
 

Energy requirements:
 
for activated sludge mixing, 573
 
for aerobic digester mixing, 839
 
for anaerobic digester mixing, 830
 
for blowers. 565
 
for mixing and flocculation: paddle
 

mixers, 217-219
 
pneumatic mixing, 219-220
 
propeller and turbine mixers, 215-217
 
static mixing, 219
 

Environmental-impact assessment, 135. 1195
 
Epilimnion, definition of, 1212
 
Equalization. now, 203-212, 4i)8--470
 

(See also Flow equalization)
 
Error function, computation of, 1221
 
Escherichia coli (E. coli): 

decay in salt water, 1206
 
in filamentous growth, 385
 
inorganic composition, table of, 538
 
occurrence of, 93
 
tests for: completed, 95-96
 

confirmed. 95-96
 
presumptive, 95-%
 

use as indicator organism, 93-95
 
ESP (see Exchangeable sodium percentage)
 
Estuaries, effluent disposal in, 1213-1225
 
Eucaryotic cell, 90
 
Eutrophication, 1213
 
Evapotranspiration rates for selected
 

geographical locations, table of, 951,
 
Excess activated-sludge wasting, 551-553
 
Exchangeable sodium percentage (bSP), 945
 
Expanded bed process, 429
 
Expanded bed reactor, 172
 

application of, 421, 429,719,725
 
description of, 172
 

Explosion hazards, 826
 
Extended-aeration activated sludge. 541
 

(See also Activated sludge)
 

Facilities planning, 137
 
Facultative bacteria. 436
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Facultative ponds, 436--438. 64&--650
 
(See also Stabilization ponds)
 

Facultative process:
 
application of. 436--438
 
definition of. 371
 

Fall turnover in lakes, J2I2
 
Farfield mixing in ocean disposal.
 

1232-123b
 
Fate processes in the environment
 

1198-1209
 
conservation of mass equation,
 

1208-1209
 
transformation processes, 1201-120&
 

adsorption. 1206
 
BOD oxidation, 1201
 
photosynthesis and respiration, 1204
 
sediment oxygen demand, 1203
 
solids deposition, 1205
 
surface reaererion, 1202
 
volatilization. 1207
 

transport processes. 119(}-1201
 
advection, 1199
 
diffusion. 1200
 

Fats in wastewater, 66
 
Fecal coliform to fecal streptococci, ratio
 

of, Wo-WI
 
Fec-al col iforms:
 

determination of. 95-100
 
importance of. 93
 
inorganic composition, 538
 
sources of, 93
 
use us indicator organism, 93
 

Fecal streptococci, 93-94
 
Fermentation metabolism. 363
 
Ferric chloride, 303, 306
 
Ferric sulfate, 303, 306
 
Ferrous sulfate, 303,306
 
Fertilizer:
 

value of commercial products, 772
 
value of sludge, 772
 

Filamentous organisms:
 
occurrence, 396 -398, 537-538
 
prevention and control of, 538
 
(See also Bulking sludge)
 

Film process, attached (see Attached 
growth treatment processes) 

Filter presses for sludge dewatering, recessed 
plate:
 

application. 868
 
design considerations, M69-870
 
types of, 868-869
 

fixed-volume, 868
 
variable-volume, R69
 

typical performance data, 892-893
 

Filter vault for septic ranks, 1026-1027
 
Filtering materials (see Filtration, granular
 

medium)
 
Filters'
 

anaerobic, 429
 
expanded-bed,429
 
granular medium (see Filtration, granular
 

medium! 
intermittent sand (see Intermittent sand 

filler)
 
pre~sure, 680
 
trickling (see Trickling filters)
 

Filtration, granular medium, 248 -276, 
666,67!-{i89 

analysis of filtration operation, general, 
263-265
 

equation of continuity, 264
 
rate equation, 265
 

analysis of pilot plant data. example
 
of,271-270
 

analysis of wastewater filtration, 265-269
 
clear water headless computation,
 

example of, 261-268
 
equation of continuity, 264
 
generalized rate equation, 266
 
headless computation, table of equations
 

for, 2fi8
 
headless development, 267-27\
 
rate equation, 265
 

application of, 671
 
eharaeieristics of filtering materials,
 

678-{i79
 
classification of filtration systems. 254--257
 

direction of flow, 255
 
filtration driving force, 256
 
flow coutroi. 256--257
 
types of filter beds, 255
 

description of filter operation, 248-249
 
continuous. 249
 
semi-continuous, 248
 

effluent filtration with chemical addition, 
687-{i89
 

effects of Wastewater characteristics, 688
 
operating ranges for alum coagulation.
 

688
 
use of organic polymers, 687
 

filler appurtenances. 683--685
 
surtacc washers, 6~5
 

undcrdrain systems, 683
 
washwater troughs, fi83
 

filter backwashing systems, 680-683
 
combined air-water. 682
 
water with air auxiliary scour, 681
 
water with auxiliary surface wash. 680
 



filler bed options. 673-678
 
dual- and multi~medium, 678
 
mono-medium unstratified, 676
 
shallow mono-medium stratified. 674
 
stratified, 673
 
unstratified. 673
 

filter instrumentation and control systems.
 
685
 

filter problems. summary table of. 686
 
filtration process variables: filter medium
 

characteristics, 260
 
filtration rate. 260
 
influent characteristics, 257-260
 
table of, 259
 

now control. 256-257
 
constant rate, 257
 
variable rate. 257
 

number and size of filter units. 
671-672
 

operational characteristics, table of. 251
 
particle removal mechanisms. 260-263
 

pictorial representation. 262
 
summary of methods. table of, 261
 

physical characteristics. table of, 250,
 
674-675
 

pilot plant studies, need for. 271
 
process variables: filter medium
 

characteristics. 260
 
filtration rate, 260
 
influent characteristics of, 257
 

selection of type of filter, 672--678
 
performance characteristics of different
 

types of filters. 672
 
types of filters: illustration of,
 

252-254, 677-678, 680
 
table of, 250, 674----675
 

Financing. 142-144
 
leasing, 143
 
long-term municipal debt, 142
 
non-debt financing, 142
 
privatization, 143
 

Fine screens. 486-487
 
First flush effect, 1119
 
First-order reaction. 1201
 
Fish:
 

dissolved oxygen levels for. 1196
 
used in bioassay tests, 103
 

Fixed film processes (see Attached growth
 
treatment processes)
 

Fixed screen. inclined. 202, 452
 
Fixed solids;
 

suspended. 52
 
total,52
 

Flash dryers, 878
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Floating aquatic plant treatment systems, 
1002-1013
 

design criteria, 1008
 
design parameters, 1007
 
mosquitos and their control, lOll
 
plant harvesting and processing, 1012
 
plant selection, 1005
 

duckweed, 1005
 
pennywort, 1005
 
water hyacinths, 1005
 

preapplication treatment, 1003
 
site evaluation and selection, 1003
 
types of systems, 1006
 

duckweed, 1006
 
water hyacinth. 1006
 

(See also Natural treatment systems)
 
Floating digester covers, 825
 
Flocculant settling (type 2), 226-228
 

analysis of, 226
 
definition of. 226
 

Flocculation:
 
design information. 471
 
function, 471
 

Flotation:
 
air, 243
 
applications. 242, 486, 802, 804
 
chemical additives. 242
 
description of, 242
 
dissolved-air: air-to-solids ratio, 246
 

analysis of, 245-246
 
design example, 246
 
recycle flow, 246
 
solids loading information. 809
 
theory of, 245-246
 

of sludge, 804-805, 809
 
test apparatus for. 245
 
of untreated wastewater, 486
 
vacuum, 243
 

Flotation thickening:
 
description of, 804-805
 
typical polymer dosages for, 810
 
typical solids loading for, 809
 

Flow diagrams for treatment processes: 
for activated-sludge processes: complete 

mix, 194,543,894
 
contact stabilization, 544
 
conventional plug flow, 542
 
deep shaft, 546
 
oxidation ditch, 545
 
step aeration, 543
 

for advanced treatment, 668--669,
 
1181-LI84
 

for ammonia removal by zeolite exchange,
 
741
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flow digrams for treatment processes (Cont.v:
 
for anaerobic digester, egg-shaped, 824
 
for anaerobic wastewater treatment, 421
 
for biological removal of phosphorous,
 

435, 728
 
for biological treatment processes,
 

typical, 530
 
for carbon adsorption, 752
 
for chemical feed systems (dry and
 

wet), 493
 
for chemical fixation. 916
 
for combined removal of nitrogen and
 

phosphorous, 733
 
for complete wastewater recycle, 1039
 
definition of, 182
 
for disinfection with: bromine chloride, 508
 

chlorine/sulfur dioxide dechlorination,
 
498
 

chlorine dioxide, 499
 
hypochlorination/dechlorination. 500
 
ozone, 509
 
ultraviolet (UV) light, 509
 

for dissolved-air flotation, 244
 
for filter operation, 252-253
 
for independent physical-chemical treatment
 

of wastewater, 490
 
for lime post treatment of sludge, 813
 
for operation of sequencing batch reactor,
 

401
 
for nitrogen removal in onsite systems,
 

1063
 
for nitrogen removal, biological two


stage, 721
 
for nitrification/denitrification, combined
 

stage, 715
 
for onsite wastewater disposal, 1024
 
for phosphorus removal with chemicals, 743
 
for phosphorus removal with lime:
 

single-stage, 749
 
two-stage, 749
 

for powdered activated carbon treatment
 
(PACT),754
 

for recirculating sand filter, 1080
 
for removal of residual suspended solids,
 

1178
 
for reverse osmosis, single stage, 758
 
(or rotating biological contacror (RBC),
 

630-631
 
for secondary treatment, typical: with
 

biological means, 894
 
with physical/chemical means, 490
 

for septage treatment, 1091
 
for single-stage lime treatment, 749
 
for sludge pasteurization, 856,
 

for sludge processing and disposal
 
(generalized),780-781
 

for treatment processes, definition of, 182
 
for treatment of sludge with: biological
 

methods, 782
 
nonbiological methods, 783
 

for trickling-filter processes, 410, 617
 
for two-stage lime treatment. 749
 
for ultrafiltration and reverse osmosis, 758
 
for vacuum filtration, 860
 
for VOC gas phase adsorption, 520
 
for VOC treatment in off gases: by
 

incineration, 523
 
by steam assisted flare, 523
 
by thermal incineration, 522
 

for wastewater treatment with water
 
hyacinths, 1004
 

for wet air (Zimpro) oxidation process, 853
 
Flow equalization, 153,203-212,468-470
 

analysis of: in-line or off-line, 205
 
location, 205
 
volume required, 206--207
 

application of, 204
 
basin construction: appurtenances, 469
 

basin geometry, 468
 
construction materials, 468
 

description of, 204
 
example of volume determination, 207-212
 
mixing and air requirements, 469
 
pumps and pump control, 470
 

flow measurement. 195-200
 
application of, 196--197
 
characteristics of flow metering devices,
 

199
 
maintenance of flow measuring devices,
 

198
 
selection criteria, 196
 
types of flow-metering devices, 196
 

for closed conduits, 196
 
for open channels, 196
 

Flow models, hydraulic for combined
 
sewer systems, 1116--1117
 

Flowrates, 15-43
 
(See also Wastewater flowrates)
 

flow reduction, devices and appliances.
 
table of, 42
 

flow regulators for combined sewer
 
overflows, 1106-1109
 

description of, 1107
 
types. 1106
 

fluid classification:
 
Newtonian, 788
 
Non-Newtonian. 788
 

Fluidized-bed incineration, definition of, 886
 



description of. 886--887
 
bubbling bed, 887
 
circulating bed, 888
 

recycle flows, 888
 
Fluidized-bed reactor for denitrification,
 

724-725
 
Foaming:
 

in aeration tanks, 580
 
in digesters, 825
 

Food-to-microorganism ratio:
 
application of, 532-534, 538, 550
 
definition of. 389, 532
 
design parameters, table of, 550
 
typical values for activated-sludge
 

processes, 534
 
Forest land sludge application, 913
 
Fouling in cooling towers, 1162
 
Free vortex, 241-242
 
Freezing for sludge conditioning, 854
 
Freundlich adsorption isotherm, 318
 
Friction factors, Moody diagrams, 1282-1283
 
Froth-control systems, for activated sludge
 

process, 580
 
Fungi, 91
 

G (velocity gradient):
 
definition of, 2l3-214
 
equation for, 2 L3
 
typical values: for flocculation, 215
 

for initial mixing, 215
 
GAC (see Granular activated carbon)
 
Gambusi affinis, 1002, 1011
 
Garbage grinders (effects on unit loading
 

factors), 165-166
 
Gas, digester, 823-826
 

(See also Digester gas)
 
Gas solubility:
 

factors affecting, 1255
 
Henry's law, 1255
 
Henry's law constants, 1256
 
for several gases, 1256
 
(See atso Gas transfer)
 

Gas stripping for VOC removal, 288
 
Gas transfer:
 

analysis of, 277-282
 
description of, 276--277
 
evaluation of aerator performance, 282-285
 
factors affecting oxygen transfer. 285-287
 

correction factors, 287
 
mixing intensity, 286
 
tank geometry, 286
 
temperature, 286
 
wastewater characteristics, 286
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Henry's law, definition, 289-290
 
Henry's law, constants, table of, 291
 
mass transfer coefficient, KLa: definition
 

of. 280
 
temperature correction, 286
 

oxygen transfer devices, 279
 
transfer coefficient, 286
 
two-film theory, 277
 

Gases in wastewater:
 
ammonia, 430
 
dissolved oxygen, 89
 
hydrogen sulfide, 89
 
methane, 89
 

Gaussian distribution, 1215, 1233
 
Giardia Lamblia, 92,94
 
Granular activated carbon (GAC), 315
 

(See also Activated carbon)
 
Granular medium filtration
 

(see Filtration, granular medium)
 
Gravity belt thickening, description of, 806--807
 
Gravity filtration, 253
 

(See also Filtration, granular medium)
 
Gravity thickening of sludge, 802-804
 

application of. 808-809
 
description of, 802-804
 
solids loadings, 808
 
typical solids concentrations, 808
 

Grease:
 
accumulation in sludge piping, 795
 
content of sludge, 771
 
forms of, 66
 
importance of, 66
 
typical valnes: in septage, 1022
 

in wastewater, 109
 
Grease and oil interceptor tanks,
 

1028-1029
 
Grinder pumps for pressure sewers, 1073
 
Grinders:
 

in-line, 456
 
screenings, 454
 

Grit:
 
characteristics, 456
 
definition, 456
 
disposal of, 466
 
quantity of. 466
 
separation and washing, 467
 

Grit chambers, 457--466
 
aerated, 460--464
 

design example, 463
 
design information, 462
 
flow pattern, 462
 
grit removal equipment, 461, 463
 
release of VOCs, 463
 

application, 457
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Grit chambers (ConI ,j:
 
horizontal flow, 458--460
 

design information, 458
 
rectangular. 4"18
 
settling area curves, 460
 
square, 459
 

location, 457
 
vortex, 464-466
 

design information, 466
 
types, 464
 

Grit removal, 456-468
 
from aerated grit chambers. 46(
 
from horizontal-flow grit chambers, 459
 
from plant, 467
 
from sludge, 465, 796--798
 
from vortex-type grit chambers, 464
 

Grit washer, 467
 
Groundwater
 

effect on mineral iucrease, 111-112, 164
 
effect on wastewater quality. 164

infiltration into sewers, 29--32
 

definition, 29
 
description of, 31-32
 
quantities of. 3]
 

Groundwater recharge with reclaimed
 
wastewater. J 166-1172
 

fate of contaminants in groundwater.
 
1169
 

dissolved, 1168
 
particulate, I 169
 
pathogen removal. 117 r
 

preapplication treatment requirements,
 
1168
 

recharge guidelines, 1171
 
recharge methods, 1166--1168
 

direct injection, 1168
 
surface spreading. 1166
 

Growth coefficients (.'ice Kinetics of
 
biological growth; Kinetic coefficients
 
for bacterial growth)
 

Growth cycles, bacterial:
 
aerobic, diagram of. 382
 
anaerobic, diagram of, 383
 

Growth kinetics, biological, 369-373
 
(St't' also Kinetics of biological growth)
 

Growth rate, specific. 370
 

Half velocity constant, 370
 
Harvesting:
 

of duckweed. 1007
 
of water hyacinths, )012
 

Headloss:
 
across treatment units. 188
 
in air piping, 566-569
 
through bar racks, 44g
 

through comminutors , 456
 
in granular medium filtration, 267-271
 

clearwater, 267-268
 
wastewater. 267, 269
 

through screens, 453
 
in sludge pumping, 787-794
 
sludge pumping example, 794
 

Heat drying of sludge, R77-H81
 
air-pollution and odor control, 880
 
drying options:
 

flash dryers, 878
 
multiple-effect evaporators, 878
 
multiple hearth dryer, 8iS
 
rotary dryers, 878
 
spray dryers, 878
 

theory of, 877
 
Heat for disinfection. 854-855
 
Heat treatment of sludge:
 

for conditioning: description of.
 
852-853
 

schematic diagram for, 853
 
for stabuization, 813
 

Heating. digester, 830-834
 
analysis of hear requirements, 830-831
 
heat loss computations, 833-8::14
 
heat transfer coefficients, 831-832
 
heating methods, 830-831
 

Heating value of sludge. table of, 883
 
Heavy metals:
 

importance of, 88
 
removal of, 756
 
in septage, I 10
 
sources of, 88
 

Hedstrom number, 793
 
Helminths tworrns):
 

description {If, 92
 
pathogenic types. 94
 

Henry's law:
 
application. 289, 1256
 
constants for various gases, 1256
 
definition of, 1255
 

Herbicides, 69-70
 
Heterotrophic organisms. 361
 
High-pressure piston pump for pumping,
 

sludge, 787
 
High-purity oxygen:
 

activated sludge, 541
 
aerobic digestion, 841
 
dissolution of, 576--57%
 

dissolution time, 576
 
by downflow bubble conractor, 576
 
energy consumption. 578
 
hy IT-tube contacror. 577
 

generation of, 574--578
 
by cryogenic air separation, 576
 
by pressure-swing adsorption, 574
 



High-rate aeration activated sludge, 541
 
(See also Activated sludge)
 

Hindered settling (type 3), 229-240
 
HRT (see Hydraulic retention time)
 
Hydraulic detention time, 386, 550
 
Hydraulic profiles, 188
 
Hydraulic retention time (HRT), definition
 

of. 3&6
 
Hydrogen ion concentration (pH), 84
 
Hydrogen sulfide:
 

characteristics of, K9
 
corrosion caused by, 87-88
 
formation of, &9
 
odor problems, 85
 
removal or. 514-5l5, 517
 
solubility in water, 1255-1256
 

Hydrolysis products, 313-314
 
Hydroxylapatite, 308
 
Hypochlorite:
 

application methods of, 496--497, SOO
 
germicidal efficiency of, 338-340
 

Hypochlorite compounds:
 
calcium, 332, 486
 
sodium, 432, 497
 

Hypolimnion, definition of, 1212
 

(ill) (see Infiltration inflow)
 
Imhoff cone, 50, 53
 
Imhoff lank:
 

description of. 1029, 1078
 
design criteria, 1079
 

Imperforate basket centrifuge, 805, 862
 
Incineration:
 

applications, 885-888
 
combustion calculations, 882
 
of sludge, 885-888
 
(See also Combustion; Thermal reduction
 

of sludge)
 
Incinerators:
 

fluidized-bed, 886--888
 
multiple hearth, 885--886
 
\See aiso irldividuallistings) 

Indicator organisms:
 
definition of, 93
 
of human pollution. 93, 95-96
 
used to establish performance criteria
 

for various water uses, %
 
Indirect potable reuse of wastewater, 1173
 
Industrial cooling water reuse. 1157-1166
 

cooling tower make-up water, 1157
 
cycles of concentration. 1160
 
problems in cooling tower systems,
 

1160-1162
 
biological growth, lI6}
 
fouling, 1162
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metallic corrosion, 1161
 
scaling, 1162
 

water quality requirements for steam
 
and cooling in heat exchangers. 1163
 

water and salt balances in cooling towers.
 
1158
 

Industrial wastewater:
 
definition of, 16
 
typical flowrate design values, 27
 

Indusrrial water use, 19,21,1157
 
Infectious agents in wastewater, table of, 94
 
Infiltration:
 

computation of, 32
 
definition. 2Q
 
sources of, 31
 

Infiltration/inflow (J11), 29-33
 
computation of, 32
 
cost-effectiveness analysis. 30
 
definition of, 16, 29
 
effects on peak flowrates, 153
 

Inflow:
 
computation of. 32
 
delayed. 30
 
direct, 29
 
steady. 29
 
total, 30
 

Initial dilution in ocean outfalls, estimation
 
of, 1228-1232
 

Iniual mixing:
 
in chlorination, 502-504
 

methods, 502
 
mixing chamber, 504
 
typical diffusers, 503
 
typical injector mixers, 504
 

in ocean ourfalls, 1228-1232
 
Injection, chlorine, 502-503
 
Inorganic matter in wastewater, 83-8&
 

alkalinity, 85
 
chlorides, 84, 109
 
heavy metals, 88
 
nitrogen: forms of, 85-86
 

pathways in nature. 86
 
pH, 98
 
phosphorus, 86--87
 
sulfur, 87-88
 
toxic compounds, 88
 

Interceptor sewers, 1106
 
Intermittent sand filter:
 

description of. 1035-1036
 
design criteria. 1066
 
design example, 1068
 
typical performance data, 1040
 

In-vessel sludge compcsting, 845
 
Ion exchange:
 

for removal of ammonia, 740--741
 
flow diagram for, 741
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Ion exchange, for removal of ammonia 
(COni.): 

regenerants , 740-741
 
types of resins, 740
 

for removal of inorganic substances,
 
756-757
 

application rates of wastewater. 757
 
description of, 756
 
regenerants, 756-757
 

Iron as a nutrient, 537
 
Irradiation;
 

for bacterial control, 351-352, 508, 509
 
for sludge conditioning. ~S4
 

Irrigation:
 
early practice. 928
 
for overland-flow systems, 9tl4-t)85
 
for slow-late systems, 953-957
 
(See also Surface application methods
 

for wastewater)
 
Irrigation return water, 966
 
Isotherms, adsorption, 318-320
 

definition of. 318
 
example use of, 319-320
 
Freundlich, 3J8
 
Langmuir, 3(8
 

Jet aerator, 559. 561
 
Jet mixing. turbulent, 502. 504
 

Kessener brush aerator, 571
 
Kinetic coefficients for bacterial growth:
 

for activated sludge process, table of, 394
 
tor anaerobic digestion, table of, 426
 
for denitrification. table of, 721
 
for nitrification, table of, 701
 

Kinetics:
 
of adsorption, 1206-[207
 
of biochemical oxygen demand test,
 

72-76
 
of biological growth (see Kinetics of
 

biological growth)
 
of biological treatment, 374-377
 
of disinfection. 329-331
 
of gus transfer. 280-281
 
of sludge digestion. 426
 
of VOC removal, 288-293
 
(See also Activated sludge. kinetic
 

analysis of process) 
Kinetics of biological growth, 3b9-377 

application of growth and substrate
 
kinetics to biological treatment,
 
374-377
 

effluent microorganisms and substrate
 
concentration, 376-377
 

microorganism and substrate balances, 
374-376
 

cell growth, 370
 
cell growth and substrate utilization, 371
 
effects of endogenous metabolism, 371
 
substrate limited growth, 370
 

Kjeldahl nitrogen, 85
 
Kraus process activated sludge, 541
 

(51'1' also Activated sludge)
 

Laboratory studies;
 
anaerobic treatment, 1276
 
biological treatment, 375
 
complete-mix reactors. 1276
 
flotation. 245
 
sludge filterability, 851
 

Lag growth phase, bacterial, 368
 
Lagoons:
 

aerated 604--614
 
(See also Aerated lagoons)
 

aerobic. 642-648
 
aerobic-anaerobic. 648-650
 
anaerobic, 650
 
sludge, 876, 920
 
(See also Stabilization ponds)
 

Lakes:
 
effluent disposal in, 120Y-ll13
 
eutrophication of, 1213
 
stratification of, 1212-1213
 

Land application of sludge, 903-914
 
application methods. 9 [2-9 [4
 

for dewatered sludge. 914
 
for liquid sludge, 912-914
 

loading rates. 908-910
 
example of', 910-912
 
land requirements. 910
 
for nitrogen, 909
 
for phosphorus, 9JO
 
for pollutants. 908
 

nutrient levels,
 
in commercial fertilizers, 772
 
in wastewater sludge. 71'2
 

regulated pollutants for. 778
 
regulatory requirements, 904-905
 
site evaluation and selection, 905-907
 
slope limitations, table of, 906
 
sludge characteristics affecting.
 

903-904
 
soil limitations, table of. CJ()6
 
typical applicanon rates, 905
 
typical metal content in sludge, 772
 

Land treatment rree Natural treatment 
systems)
 

Langmuir adsorption isotherm. 118
 
Lateral diffusion coefficient, 1214, 1221
 



LC5il> 104, 1198
 
Leachfield (see Disposal fields for septic
 

tank effluent)
 
Lewis-Whitman two-film theory. 277
 

(See a/so Gas transfer)
 
Lime:
 

addition: for air stripping, 735, 738
 
for chemical precipitation. 303-305
 
for sludge conditioning, 851
 
for sludge stabilization. 811
 

characteristics of. 303
 
dosages for untreated wastewater, 738
 
(See also Calcium hydroxide)
 

Lime stabilization. 811-813
 
lime pre-treatment. 811-812
 
lime post-treatment, 812-813
 
temperature increase using quicklime, 812
 
typical dosages, 811
 

Limiting nutrient, 1213
 
Loading criteria:
 

for activated carbon contactors for
 
wastewater treatment, 753
 

for activated sludge process, 532-534, 550
 
for aerobic digesters, 837
 
for anaerobic digesters, 820. 823
 
for attached growth processes for
 

nitrification, 706
 
for combined aerobic treatment processes,
 

639
 
for constructed wetlands, 995, 999-1000
 
for disposal fields, 1056-1059
 
for dissolved air flotation units, 809
 
for floating aquatic plant systems, 1008,
 

1010
 
for gravity thickeners, 808
 
for intermittent slow and recirculating
 

sand filters, 1066
 
for land application of sludge. 908-910
 
for microscreens. 690
 
for open sludge drying beds, 873
 
for overland flow systems, 989-972
 
for package treatment plants. 1084-1085
 
for rapid infiltration systems, 969-972
 
for rotating biological contactors. 630. 632
 
for secondary clarifiers, 588
 
for sedimentation tanks for chemical
 

treatment, 488
 
for slow rate systems, 958-962
 
for stabilization ponds. 645
 
for trickling filters, 615
 

Loading data for treatment plants, analysis
 
of, 15&--163
 

average mass loadings, 159
 
flow-weighted average. 157
 
simple average. 157
 
sustained peak mass loadings, 159-161
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LOEC (see lowest observable effect
 
concentration)
 

Log-mean temperature, 623
 
Longitudinal dispersion:
 

in estuaries. 1221
 
in oceans, 1233
 
in pond systems, 644
 
in rivers, 1214
 

Lowest observable effect concentration
 
(LOEC),104
 

Magnetic flow meter, 196, 197
 
Mass balances:
 

application to: activated sludge, 387
 
cooling towers, 1160
 
effluent disposal, 1208
 
estimation of sludge quantities, 891-902
 
reactor analysis, 1269-1270
 
return sludge pumping. 547. 551
 

for batch reactor, 1265-1267
 
for complete-mix reactor, 1267-1269
 
for complete-mix reactors in series,
 

1270-1271
 
example of solids balance, 894-903
 
for non-ideal plug-flow reactor, 1271-1273
 
for plug-flow reactor, 1269-1270
 
preparation of, 891
 

Mass concentration of microorganisms, 370
 
Mass loadings, sustained:
 

definition of, 159-160
 
curves for BOD, SS, nitrogen, and
 

phosphorus, 161
 
Mass loadings for treatment plants. l53-166
 

analysis, 156-160
 
mass loading curves, 161
 
unit waste-loading factors, 166
 

Mass transfer:
 
in aeration, 283-284
 
coefficient for gas transfer, 280
 
in stream transport, 1202
 
of VOCs, 290
 

Mass transfer rates for VQCs, 288-290
 
Mass transfer zone (MTZ), 321
 
Materials balance equations (see Mass
 

balances)
 
Maturation stabilization pond, 438
 
MBAS (see Methylene blue active substances)
 
MCRT (see Mean cell residence time)
 
MDTOC (see Minimum detectabJe tbR:sboJd
 

odor concentration)
 
Mean cell residence time (MCRT):
 

for activated sludge, S33-S34
 
for anaerobic digestion, 818-819
 
definition of, 386
 
minimum values, 393
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Mean cell residence time (MCRT) (Cont.):
 
typical values: for activated sludge, 550
 

for anaerobic digestion, 818
 
(See also Complete-mix reactor)
 

Measnrement of flowing water, 195-200
 
(see also Row measurement)
 

Measurement of organic content of
 
wastewater, 70-83
 

Mechanical aerators, 569-574
 
(See also Aerators, mechanical)
 

Mechanical dewatering (see Sludge
 
dewatering)
 

Membrane filter technique, 99
 
for coliforms, 99-LOO
 
for suspended solids, 51, 53
 

Mercaptans. 42
 
Mesophilic anaerobic digestion:
 

temperature range, 425
 
typical design criteria for, 823
 

Mesophilic organisms, 366
 
Methane:
 

solubility in water, 1255
 
sources, 80-90
 
uses, 826
 
(See also Digester gas)
 

Methanol, use in denitrification, 720
 
Methylene blue active substances
 

(MBAS),67
 
Metric lSI) conversion factors to U.S.
 

customary uuirs, 1244-1246
 
Microbial metabolism:
 

nutritional requirements for growth,
 
360
 

carbon and energy sources, 361
 
microbial nutrition and biological
 

treatment processes, 362
 
nutrient and growth factors, 36\
 

types of metabolism: fermentative, 363
 
respiratory, 363
 

(See (lisa Bacterial growth)
 
Microorganisms:
 

algae, 91,367
 
bacteria, 91, 364-366
 

cell composition, 365
 
cell structure, 364
 
environmental requirements, 36:'5
 

classification, general. 90
 
archaebacteria. 90
 
eubacreria, 90
 
eucaryotes, 90
 

classification of: by ability to utilize 
oxygen, 363
 

by sources of energy and carbon. 361
 
by temperature, 365
 

found in wastewater. table of, 110
 

of importance in biological treatment: 
algae, 367
 

bacteria, 364-366
 
fungi, 366
 
protozoa, 366
 
rorifers, 366
 

pathogenic, 93
 
pathogenic, table of, 94
 
protozoa, 92, 366
 
temperature ranges, table of, 94
 
in treatment processes: activated sludge.
 

384-385
 
anaerobic digestion, 423-424
 
denitrification, 4.32
 
nitrification, 431
 
trickling filter. 404, 406
 

viruses, 92-93
 
Micrcstrainers. 689-690
 

application, 689
 
description of, 689
 
functional design of. 690
 
typical design information, 690
 

Mineral increase due 10 water use, 112
 
Minerals required for bacterial growth,
 

5)7
 
Minimum detectable threshold odor
 

concentration (MDTOC), S9
 
Mixed-liquor suspended solids (MLSS),
 

547, 550, 587, 592
 
Mixed-liquor volatile suspended solids
 

(MLVSSL 390, 534, 592
 
Mixed-medium filtration (see Filtration,
 

granular medium)
 
Mixers:
 

power requirements for, 215-220
 
types of, 214
 

Mixing: 
analysis of using propeller and turbine 

mixers, 215~217
 

laminar conditions. 216
 
turbulent conditions, 216
 

application: in activated-sludge aeration 
tanks, 836, 837
 

in aerated lagoons, 611
 
in aerobic digesters, 839
 
in anaerobic digesters, 826--830
 
in chemical conditioning of sludge,
 

852
 
in chlorination, 502, 504
 
in effluent disposal. 1221-1224
 
in flocculation, 471
 
in sludge blending, 799
 

definition sketch for turbine mixer, 217
 
description of, 213
 
energy dissipation. 213
 



importance of, 212
 
methods of, 214
 
power requirements for, 215-220
 

paddle mixers, 217-219
 
pneumatic mixing, 219-220
 
propeller and turbine mixers, 215-217
 
static mixing, 219
 

theory of. 213-215
 
times: for flocculation, 215
 

for mixing, 215
 
velocity gradients (G): for flocculation,
 

215
 
for mixing, 215
 

vortexing in, 217
 
Mixing zone, 1221, 1228-1232
 
MLSS (see Mixed-liquor suspended
 

solids)
 
MLVSS (see Mixed-liquor volatile
 

suspended solids)
 
Modified aeration activated sludge, 540
 

(See also Activated sludge)
 
Moisture content
 

of composting mixture, 848-849
 
of various sludges, table of, 774
 

Molecular diffusion coefficient for
 
oxygen, 1203
 

Monod equation:
 
application, 700, 723
 
definition, 370
 

Moody diagrams for fluid flow, 1282-283
 
Mosquitofish, 1002, lOll
 
Mosquitos and their control, 1002, 1011
 
Most probable number (MPN):
 

application, 98-99
 
definition of, 96-97
 
determination of. 96-97
 
tables of, 1261-1263
 

Mound system, 1037
 
MPN (see Most probable number)
 
MTZ (see Mass transfer zone)
 
Mudball formation in filtration, 686
 
Mulumedium filtration:
 

application, 666--689
 
theoretical analysis, 248-276
 
(See also Filtration, granular-medium)
 

Multiple-effect evaporator, 878-880
 
description of, 878
 
schematic diagram of. 880
 
(See also Carver-Greenfield process)
 

Multiple hearth dryer, 878
 
Multiple hearth incineration, 885-886
 

ash handling, 886
 
description of. 885
 
particulate discharges from. 886
 
sludge loading rates, 885
 

SUaJECT INDEX 1315 

Multipart diffusers:
 
for river ourfalls, 1229
 
for oeean outfalls, 1224
 

National pollution discharge elimination
 
system (NPDES), 123,1197
 

Natural treatment systems, 928-938
 
aquacultural.938-944
 
bacteriological agents. 943
 
characteristics and objectives, 929
 
crop quality, 944
 
groundwater quality. 944
 
historical review, 928
 
public health issues. 943
 
site characteristics, companion of, 930
 
steps in the design of, table of, 946
 
treatment mechanisms. 938-943
 
types of systems: floating aquatic plants,
 

937
 
overland flow, 934
 
rapid infiltration, 932
 
slow rate, 929
 
wetlands (natural and constructed),
 

934-937
 
(See also individuallisrings) 

Natural wetlands, 9j5
 
Newtonian fluids, 788
 
Newton's law for gravity settling, 222
 
Nitrification, biological:
 

in BOD test, 76
 
microorganisms involved in. 431
 
in natural systems, 939-940
 
process application, 431-432
 
process description, 431
 
processes for: single-stage combined
 

with carbon oxidation, 542, 689-706
 
comparison of, table of. 71 L-712
 
separate stage, 542, 706-711
 

stoichiometry, 431
 
Nitrification/denitrification (See Nitrogen
 

removal by biological nitrification!
 
denitrification)
 

Nitrogen:
 
cycle, 87
 
forms in wastewater: ammonia, 85
 

Kjeldahl , 85
 
nitrate, 86
 
nitrite, 86
 
organic, 85
 

importance of, 85
 
pathways in nature, 86
 
in proteins, 85
 
requirements for cell tissue, 537
 
solubility of gas in water, 1255-1256
 
sources of, 85
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Nitrogen (Cont.): 
transformations in biological treatment 

processes, figure of, 430
 
transformations in natural systems, 940
 
typical values: in septage, 110
 

in wastewater, lO9 
Nitrogen and phosphorus, combined removal 

of,731-735
 
A2/O process. 731
 
Bardenpho process (five-stage), 732
 
comparison of processes, table of, 735
 
UTe process, 734
 
VIP process, 735
 

Nitrogen removal by biological assimilation, 430
 
Nitrogen removal by biological denitrification.
 

432-433,719-726
 
attached growth process for, 723-726
 
comparison of denitrification alternatives,
 

table of, 727
 
process application, 433
 
process description, 432
 
stoichiometry, 720
 
suspended growth, 720--723
 

Nitrogen removal by biological denitrification
 
in natural treatment systems, 941
 

Nitrogen removal by biological
 
nitrification/denitrification:
 

classification of, 713
 
combined carbon oxidation,
 

nitrification/denitrification 
(single-sludge) system, 714-716
 

Bardenpho four stage, 714-715
 
oxidation ditch, 715
 
process design, 716--718
 

comparison of processes, 727
 
definition of, 432
 
kinetic coefficients for, 72\
 
microorganisms involved, 432
 
operation and environmental variables,
 

table of. 723
 
process analysis: attached-growth processes,
 

433
 
suspended growth processes. 433
 

process application, 433
 
process description, 71l-713
 
process microbiology, 432
 
rate of, 712-713
 
separate-stage (separate-sludge), 719-726
 

attached growth. 723-726
 
effect of operational and environmental
 

variables, 723
 
stoichiometry, 720
 
suspended-growth, 720 722
 
typical design parameters, 722
 
typical kinetic coefficients, 721
 

Nitrogen removal by physical and chemical 
methods, 735-741
 

air stripping of ammonia, 735, 738
 
breakpoint chlorination, 334 337,73&
 

(See also Breakpoint chlorination)
 
ion exchange, 740
 

Nitrogen removal from sludge applied
 
to land, 909-910
 

Nitrogen removal from .....astewater:
 
by biological denitrification, 432--433,
 

719-726
 
by biological denitrification in natural
 

treatment systems, 941
 
by biological nitrification/denitrification,
 

711-726
 
by physical and chemical methods,
 

735-741
 
(See also individual listings) 

Nitrogen transformations:
 
in biological treatment, figure of, 430
 
in natural treatment systems, figure of,
 

940
 
Nocardia foam, 556
 
NObC (see No observable effect
 

concentration)
 
NOEeL (see No observable effect
 

concentration level)
 
Nonclog centrifugal pump for sludge
 

pumping, 784, 786
 
No observable effect concentration C~OEC),
 

104
 
No observable effect concentration level
 

(NOECLl, 104
 
Nonideal plug-flow reactor, analysis of.
 

1271-1279
 
Non-Newtonian fluids, 788
 
NPDES (see National pollution discharge 

elimination system) 
NRC (National Research Council) trickling 

filter equations, 409--411 
Nutrient removal:
 

nitrogen and phosphorus.
 
combined removal of, 731-735
 
nitrogen removal by biological
 
nitrification/dentriflcation, 711-726
 
nitrogen removal by physical and chemical
 

methods, 735-741
 
phosphorus removal by biological methods,
 

433-434, 726--731
 
phosphorus removal by chemical addition,
 

306-310,741-749
 
(See also individual listings)
 

Nutrients:
 
for biological systems. 536-538
 
in commercial fertilizers, 772
 



control of, 691-694
 
control and removal of nitrogen, 691
 
control strategies, 691
 
removal of phosphorus, 694
 

importance of. 86, 1196
 
nitrogen, 85-86, 1204
 
phosphorus, 86-87, 1204
 
requirements for biological growth:
 

inorganic ions, 537
 
nitrogen, 1204
 
phosphorus, 1204
 

uptake rates for selected crops, table of, 950
 
in wastewater sludge, 772
 

Ocean disposal of effluent, 1225-1236
 
description of. L225-1228
 
estimation of initial dilution, 1228-1232
 
outfall design, 1228-1232
 

Odor:
 
causes of, 55
 
characterization of, 60
 
control methods (see Odor control)
 
detection of, 57
 
effects of, 57
 
errors in sensory detection, 60
 
measurement of, 6Q--62
 

with butanol wheel, 60
 
with dynamic forced-choice triangle
 

olfactometer, 60-61
 
with scentometer, 61--62
 

minimum detectable threshold odor
 
concentration (MDTOC), 59
 

threshold odor number (TON), 60
 
Odor control, 512-5L8
 

activated carbon adsorbers, 517
 
approach ro, 512-514
 
buffer distances, 513
 
methods to control odorous gases,
 

514-518
 
soil-compost bed, 518
 
for sludge storage, 779
 
wet scrubbers, 515-517
 

removal efficiencies, 517
 
typical systems, 516
 

Odor thresholds of odorous compounds
 
in untreated wastewater, table of, 58
 

Odorous compounds in wastewater, table
 
of, 57
 

Odorous gases, removal by wet scrubbers,
 
517
 

Oils, 66
 
Olfactometer, dynamic forced-choice
 

triangle, 60--61
 
One dimensional modeling, 1213
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Onsite systems, 1024
 
components, 1024
 

disposal bed or pits, 1034
 
disposal field, 1029-1034
 
gray water system, 1038
 
grease and oil interceptor tanks, 1028
 
Imhoff tank, 1029
 
intermittent sand filter, 1035
 
mound system, 1037
 
recirculating sand filter, 1035
 
recycle treatment system. 1038
 
septic tank. 1025-1028
 
shallow sand-filled pressure-dosed
 

disposal field, 1037
 
performance of, 1039-1041
 
selecrion and design of, 1041-1070
 

analysis of site assimilative capacity, 
1047
 

degree of treatment. lO62
 
design criteria for physical facilities,
 

1062
 
detailed site evaluation, 1042
 
flow distribution in pressure-dosed
 

systems, 1064
 
preliminary site evaluation, 1041
 
selection of design criteria, 1056
 
selection of systems for evaluation, 1054
 
sizing and layout of disposal fields, 1059
 

Onsite wastewater management district 
(OSWMD). 1070-1071
 

functions, 1071
 
requirements, 1071
 
types, 1071
 

Operations and maintenance manual, 141
 
Organic carbon, total (TOe):
 

definition of, 82
 
typical values in wastewater, 109
 

Organic matter in wastewater:
 
agricultural chemicals, 70
 
carbohydrates, 65
 
fats. 66
 
grease, 66
 
measurement of, 7Q-S3
 
oils, 66
 
pesticides, 70
 
priority pollutants, 67--68
 
proteins, 65
 
removal in natural systems, 939
 
size ranges of, 54
 
surfactants, 66
 

Organic nitrogen, 85
 
Organisms (see Microorganisms)
 
OSWMD (see Onsite wastewater
 

management districts) 
OTE (see Oxygen transfer efficiency) 
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OTR (see Oxygen transfer rate)
 
OUR (see Oxygen uptake rate)
 
Outfall, ocean, 1228-1232
 

(See also Ocean disposal of effluent)
 
Outlets, combined sewer, 1111
 
Overflow rates for sedimentation tanks:
 

for primary clarifiers, 475
 
for secondary clarifiers, 588
 

Overflows, combined sewer (see Combined
 
sewer overflows)
 

Overland-flow systems, 982-992
 
cover crop selection.992
 
design parameters, 986
 
distribution methods, 984
 
land requirements. 990
 
preapplication treatment, 983
 
site evaluation and selection, 982
 
storage requirements, 990
 
system layout, 992
 
(See also Natural treatment systems)
 

Oxidation (see Chemical oxidation)
 
Oxidation ditch activated sludge. 541
 

(See also Activated sludge)
 
Oxidation ponds , 641--655
 

(See also Stabilization ponds) 
Oxygen (see Dissolved oxygen) 
Oxygen demand: 

biochemical. 71-82
 
chemical, 82
 
theoretical, 82
 

Oxygen dissolution:
 
dissolution time, 576
 
downflow bubble contactor. 576
 
U-tube contactor. 577
 

Oxygen generation'.
 
by cryogenic air separation, 575-576
 
by pressure swing adsorption, 574
 

Oxygen sag curve, 1216-1220
 
application. 1217-1220
 
critical deficit, 1217
 
critical time. 1217
 
mathematical development. 1216-1217
 

Oxygen solubility in water. 1255-1256
 
Oxygen transfer:
 

in activated sludge process, 561-563
 
in clean water, 283
 
coefficient, definition of, 282
 
efficiency of. 562
 
theory of. 278-287
 
in wastewater, 283
 
(See also Gas transfer)
 

Oxygen transfer efficiency (OTE), 562
 
Oxygen transfer efficiency. standard (SOTE),
 

561-562
 

Oxygen transfer rate (OTR). 287
 
Oxygen uptake rate (OUR), 539. 553
 
Ozone:
 

for disinfection, 349-351, 507
 
(See also Disinfection with ozone)
 

for odor conrrol , 353
 
as an oxidizing agent, 353
 

PAC (see Powdered activated carbon) 
PACT (see Powdered activated carbon 

treatment) 
Package treatment plants, 1080-1O'i'-8
 

design criteria for, 1084-1085
 
design and operational issues, 1081
 
improving performance of, 1086
 
selection of, 1087
 
types, 1081-1086
 

contact stabilization. 1082
 
extended aeration, 1081
 
physical-chemical treatment, 1083
 
rotating biological contactor, 1083
 
sequencing batch reactor, 1083
 

Packed-bed reactor:
 
application. 420
 
description of, 172
 

Paddle mixer, 217-219
 
Particle aggregation, 311-313
 

definition, 311
 
modes of aggregation, 312
 

Particle sizes:
 
in settled wastewater, 256
 
in wastewater. 56
 

Pasteurization of sludge:
 
description of. 855
 
schematic diagram for, 856
 

Pasteurizing of BOD samples, 77
 
Pathogenic organisms:
 

removal in recharge systems. 1171
 
sources, 93
 
table of, 94
 

Paved sludge drying beds, 873-874
 
area requirements. 873
 
description of, 873
 
view of, 874
 

Peaking factors: 
for flowrates , 149-153
 

from flowrare data, 150
 
from published data, 15t
 

for rnass loadings, l49, 161
 
Pennywort, 1005
 
Percolation test:
 

application, 1056
 
description of, 1044. 1046
 



Pesticides, 70
 
PFR (see Plug-now reactor)
 
PFRP (see Processes to funher reduce
 

pathogens)
 
pH;
 

algae, effect of, 438
 
definition of, 84
 
effect of: on ammonia removal, 735
 

on anaerobic digestion, 435
 
on biological treatment, 532
 
on denitrification, 723
 
on disinfection with chlorine, 332-333,
 

338
 
on microorganisms, 365-366
 
on nitrification, 700
 
on phosphorus removal, 308, 743, 745
 

measurement of, 84
 
national standards for, 123
 

Phoredox. 732
 
Phosphorus:
 

forms of, 86--87
 
importance of, 86
 
requirements for bacterial growth, 537
 
typical values: in septage, 110
 

in wastewater, 109
 
Phosphorus removal by chemical addition,
 

306-310, 741-749
 
comparison of processes, 748-750
 
estimation of sludge volumes. 746
 
factors affecting choice of chemicals,
 

table of, 741
 
operations and processes, 306, 742
 
precipitation reactions: with alum, 308,
 

742
 
with iron, 308. 742
 
with lime, 308, 742
 

to primary sedimentation facilities,
 
307,742-743
 

to secondary sedimentation tanks,
 
743-745
 

to secondary treatment, 743-744
 
strategies for removal: coprecipitarion,
 

307, 745
 
post-precipitation. 307
 
pre-precipitation, 307, 745
 

by tertiary lime coagulation, 748
 
typical chemical dosages for, 745
 
typical flow diagrams, 307, 749
 
using lime, 745-748
 

addition to primary sedimentation
 
ranks. 745-746
 

following secondary treatment, 748
 
using metal salts and polymers, 742-745
 

Phosphorus removal by natural systems, 941
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Phosphorus and nitrogen, combined removal
 
of,731-735
 

AllO process, 731
 
Bardenpho process (five-stage), 732
 
comparison of processes, table of. 735
 
UTe process, 734
 
VIP process, 735
 

Phosphorus removal by biological methods,
 
433-434,726-731
 

A/O process (mainstream phosphorus
 
removal). 729
 

comparison of biological phosphorus
 
removal processes, 730, 732
 

PhoStrip (sidestream phosphorus removal),
 
730
 

process description. 433
 
role of VFAs, 433
 
sequencing batch reactor, 730
 

Phosphorus removal from wastewater:
 
by biological methods, 433-434
 
by chemical methods, 306--310
 
combined with nitrogen removal, 731-735
 
(See also individual listingss 

Photosynthesis, 1204-1205
 
by algae, 1204
 
definition of, 438
 
effects on oxygen resources: in ponds, 1213
 

in rivers. 1208
 
Phototrophic organisms, 361
 
Physical characteristics of wastewater, 50--64
 

(See also Wastewater characteristics.
 
physical)
 

Physical constants (see inside of back cover)
 
Physical properties of water, 1251--1254
 

in SI nnits, 1253
 
in U.S. customary units, 1252
 

Physical unit operations:
 
accelerated gravity separation, 240-242
 
air stripping: for ammonia removal.
 

735-738
 
for VOC removal, 751
 

definition of, 193
 
dewatering, 855-877
 
filtration, granular-medium, 666--689
 
flotation, 242-248
 
flow equalization, 203-212
 
flow metering, 195-200
 
heat drying, 877-88J
 
microstraining, 689
 
mixing, 212-220
 
reverse osmosis, 757
 
screening. 200-203
 
sedimentation. 220-240
 
sludge pumping, 779-795
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Physical unit operations <Curll.):
 

thickening,801-BIO
 
ultrafiltration, 757
 
vacuum filtration, 857-861
 
(See also vvdividua! listings) 

Pilot plant studies. [39, 27l
 
Pipeline transport of sludge, 917
 
Pipmg , sludge. 795
 
Plaiu sedimentation, 220-226
 

(See also Sedimentation)
 
Planning, facilities, 137
 
Plans and specifications, 140
 
Plant harvesting in aquatic treatment systems,
 

1012
 
Plant layout:
 

definition of, 184
 
examples of, 185 187,708
 

Plants for natural treatment systems;
 
constructed wetlands, 994--Y95
 
floating aquatic plant systems, 1005-1006
 
overland flow. 992
 
slow rate. 948-949
 

Plants (microorganisms), 90, 92
 
Plate and tube settlers:
 

analysis of. 229
 
applications; in sedimentation tanks, 5~6
 

in septic tanks, 1078
 
description of, 22~
 

Plug-flow reactor (PFR):
 
description of, 172
 
kinetic analysis of with first-order reaction
 

conversion, 1269-1270
 
nonideal, analysis of, 1271-1273
 
process analysis with recycle, 393-395
 
with recycle, 173, 393
 

Plume, outfall, 1227
 
dilution at centerline, 1228, 1232
 
Width, 1232
 

Plunger pumps for pumping sludge and
 
scum, 779
 

Pneumatic mixing, 219
 
Pollutants:
 

loading rates for land application of
 
sludge, 908
 

priority (see Priority pollutants)
 
regulated for sludge disposal or reuse, 778
 
in wastewater. 49, 109
 

Polyelectrolyte, (see Polymers)
 
Polymer ..:
 

applications: in effluent filtration,
 
687-688
 

in phosphorus removal, 742
 
in sludge dewatering, 865
 
in sludge thickening, 810
 

classification of, 312
 
metal salt polymer formation, 313-314
 
mode of action, 312-3l3
 

Ponds, 641--655
 
(See also Stabilization ponds)
 

Population equivalent loading factors;
 
for septage. 1092
 
for wastewater, 165,-166
 

Post aeration, 508-512
 
cascade aeration, 509-511
 
diffused-air aeration, 512
 
mechanical aeration, 511
 

Potable water reuse. 1173-1174
 
indirect reuse, 1173
 
reuse criteria, 1173
 

POTW (see Publicly owned treatment works)
 
Powdered activated carbon (PAC), 316, 323
 
Powdered activated carbon treatment
 

(PACT),753
 
Power requirements (~ee Energy requirements)
 
Preaeration. 470-471
 

aerated channels, 471
 
typical design information. 471
 

Preapplication treatment for natural systems:
 
for constructed wetlands. 993
 
for Boating aquatic plant treatment
 

systems, 1003
 
for overland-flow, 983
 
for rapid infiltration, 968
 
for slow-rate systems, 951
 

Precblorination. 353, 495
 
Precipitation:
 

chemical (see Chemical precipitation)
 
of phosphorus (see Phosphorus removal
 

by chemical addition)
 
sedimentmion (see Sedimentation)
 

Preengineered treatment plants, 1080-1088
 
(See otso Package treatment plants)
 

Preliminary treatment operations;
 
comminution, 454-456
 
flocculation. 471
 
flow equalization, 203-212, 468-470
 
grit removal, 456-468
 
preaeration, 270
 
screening, 200-203, 445-454
 

Preparation of solids mass balances,
 
891-902
 

Preservation of samples, 113
 
Pressure filter, 680
 
Pressure sewers, 1073-1075
 

description of, 1073
 
typical design data for, 1076
 

Pressure-swing adsorption for oxygen
 
generation, 574
 



Presumptive test for colitorms. 95-96
 
Primary sedimentation tanks, 472-485
 

basis of design, 473-476
 
circular, 481-484
 
design information, 475
 
detention time. 473
 
dimensions, 477
 
inlets and outlets, 477, 481
 
overflow rates, 474
 
purpose of, 472
 
rectangular, 476-481
 
removal efficiencies, 473
 
scour velocity, 475
 
scum removal, 479,481
 
sludge collection in, 477, 481
 
sludge density, 485
 
sludge removal in, 477, 481
 
sludge volume estimation, 484
 
as storm water tanks, 473
 
surface loading rates, 474
 
temperature effects, 474
 
type. size, and shape of, 476-483
 
weir rates, 475
 

Primary treatment, definition of, 2
 
Priority pollutants:
 

definition of, 67
 
typical compounds, 68-69
 

Privatization, 143
 
Procaryotic cell, definition of, 90-91
 
Processes 10 further reduce pathogens
 

(PFRP) , 904
 
Processes to significantly reduce pathogens
 

(PSRPI,904
 
Progressive-cavity pump, 786
 
Propeller mixer:
 

analysis of, 215-217
 
examples of, 214
 

Proteins
 
composition of, 65
 
occurrence of, 65
 
synthesis of, 65
 

Protista definition of, 90
 
Protozoa, 92, 94
 

classes of, 92
 
cryptosporidium, 92, 94
 
description of. 92
 
giardia Lamblia. 92, 94
 
Importance in activated sludge. 366
 
Importance in biological treatment, 92
 
pathogenic types, 94
 

PSRP (Processes to significantly reduce
 
pathogens), 904
 

Psychoda fly in trickling filters, 614
 
Psychrophijic bacteria, 366
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Public health issues:
 
in agricultural and landscape irrigation.
 

1155
 
in natural systems: bacteriological agents,
 

943
 
crop quality, 944
 
groundwater quality, 944
 

in wastewater reuse applications, 1143
 
Public law 92-500, 4, 123
 
Publicly owned treatment works (POTW), 124
 
Pulsed-bed filter, 253, 677
 
Pump-in rest, shallow trench, 1049
 
Pumping of sludge, 779-796
 
Pumps, sludge and scum, 779-795
 

(See also Sludge and scum pumping)
 
Pyrolysis for sludge processing, 883
 

Quadrupole mass spectrometer, 61
 
Quality of effluent
 

from activated-sludge proeess , 548-549
 
from advanced waste treatment processes,
 

670
 
from aerated lagoons, 645
 
from narural treatment systems, table
 

of, 932
 
from rotating biological contacrors,
 

634, 707
 
from stabilization ponds, 645
 
from trickling filters using plastic media,
 

640
 
Quantity of wastewater (see wasrewarer
 

sources and Ilowrates)
 

Racks (see Bar racks)
 
Radiation for disinfection, 351-352, 508
 
Rail transport of sludge, 918
 
Rapid-infiltration systems, 967-982
 

distribution methods, 968
 
effluent recovery system, 979
 
hydraulic-loading rate and operating
 

cycle, 969
 
land area requirements, 973-975
 
layout of infiltration area, 977
 
preapplication rreatment, 968
 
site evaluation and selection, 967
 

Rapid sand filtration (see Filtration, granular
 
medium)
 

Reactor:
 
definition of, 170
 
process selection: flow regimes and
 

reactor combinations, 173
 
mass balance analysis, 174-176
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Reactor, process selection (Conr.v
 
performance comparisons, 176
 
reaction rate expressions. 174
 

types of, 171-173
 
description, 171
 
table of. 171
 

Reaeration:
 
coefficients of, 1203
 
computation, 1203
 
surface. 1202
 

Recharge, groundwater, 1166-1172
 
(See also Groundwater recharge with
 

reclaimed wastewater)
 
Recirculating granular medium filter:
 

description of. 1037
 
design criteria. 1066
 

Recycling, wastewater. 1140
 
(See also Wastewater reclamation and reuse)
 

Reduction of flow, devices. and appliances.
 
42
 

Regulations:
 
for air pollution control. 891
 
for the reuse and disposal of sludge.
 

777-779
 
trends in. 1202, 1203
 

Reliability concept in wastewater treatment
 
and plant design, 178-181
 

Renovation, wastewater (see Wastewater
 
reclamation and reuse)
 

Reoxygenaticn in rivers, 1::.!02
 
Residential water use, 17-19
 
Residual chlorine, 500
 
Residual constituents in wastewater, table
 

of, 665
 
Residue on evaporation. 50
 
Respiration, 1204
 
Return activated sludge:
 

flowrates: methods of determining. 546-551
 
typical, by process, 550
 

importance in process control. 545
 
Reuse of reclaimed wastewater, 1142-1174
 

(See also Wastewater reuse applications)
 
Reverse osmosi s:
 

for removal of total dissolved solids
 
(TDS),757-759
 

for wastewater reclamation. 1181-1184
 
Reynolds number:
 

in mixing. 216
 
in sedimentation. 222-223
 
in sludge headloss computations, 791
 
values in Moody diagram, 1282
 

Rheology, in sludge headloss computations, 
791-795
 

Ribonucleic acid (RNA), 365. 375
 
Rising sludge, 555
 

River outfalls, 1223-1224
 
RNA (see Ribonucleic acid)
 
Rock filter for solids separation, 651
 
Rotary drum screen. 202, 452
 
Rotary drum thickener. 807
 
Rotary-lobe pumps for sludge pumping, 787
 
Rotating biological contactors. 418--420,
 

628-{)36 
design of physical facilities, 632--633
 

drive systems, 633
 
enclosures. 633
 
media, 632
 
settling tanks. 633
 
shafts, 632
 
tankage, 633
 

factors affecting performance. 171
 
operating problems, 633
 
process description, 419
 
process design. 628--632, 635. 726
 

effect of temperature, 635
 
effluent characteristics, 630
 
loading criteria, 630
 
process design curves, 634. 726
 
sizing, 635
 
staging, 628
 

process design example. 635--636
 
process performance analysis. 419
 
typical design information. 632
 

Rotifers:
 
description of, 366
 
function in aerobic biological
 

processes, 366
 
Roughing filter-activated sludge process,
 

640
 
Roughing filters:
 

analysis of, 418
 
description of, 418
 
microbiology of. 418
 
(See also Trickling filter)
 

Safety:
 
chlorine handling, 495-496
 
digester gas. 826
 
explosion hazards. 826
 

Salinity:
 
definition of, 1145
 
effects, of, J 145
 

Sample analysis, specialized tests. 109
 
Sample preservation, 113
 
Sampling, 111-113
 

equipment. 112
 
intervals, 112
 
locations. III
 
sample preservation, 113
 



Sand drying beds for sludge, 870-876
 
area requirements, typical, 873
 
construction (If, 871-872
 
depth of wet sludge applied, 871
 
loadings, 873
 
undernrains, 872
 

Sand filtration, intermittent. 1035-1036
 
(See also Intermittent sand filter)
 

SAR (see Sodium adsorption ratio)
 
SBR (see Sequencing batch reactor)
 
Scale-up factors for settling tanks, 228
 
Scale-up for mixers, 216
 
Scaling, 1161
 
Scentometer for odor measurement,
 

61-62
 
Scour velocity:
 

computation, 476
 
in treatment tanks, 475
 

Screening, 200-203
 
analysis of: bar racks, 203
 

fine screens, 203
 
description of: bar racks, 200
 

screens, 200
 
typical screening devices, 202
 

Screenings.
 
characteristics, 447
 
disposal of, 454
 
grinding of, 454
 
quantities, 453
 

Screens:
 
coarse, 452
 
description of, 201
 
fine, 203
 
headloss through: bar racks, 203
 

fi ne screens, 203
 
taicrcscreens, 6g9-690
 
racks, 441-451
 

(See also Bar racks)
 
types of, 202
 

Scum:
 
control of, in digesters, 823, 824
 
pumping, 179
 
sources of, 768
 

Scum pumps (see Sludge and scum 
pumping) 

Scum removal:
 
in primary sedimentation tanks, 479, 481
 
in secondary settling tanks, 591
 

Sediment oxygen demand (SOD), 1203
 
Sedimentation, 220-240
 

compression settling (type 4), analysis
 
of, 240
 

(See also Sludge thickening)
 
description of, 220-221
 
detention time, 224
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discrete particle settling (type 1), analysis 
of, 222-226
 

drag coefficient, 222
 
drag force, 222
 
laminar flow. 223
 
Newton's law, 222
 
overflow rate, 223
 
removal efficiency, 224-225
 
Stokes' law, 222
 
terminal velocity, 223-224
 

flocculant settling (type 2), analysis 
of. 226-229
 

analysis of settling column data, 227-228
 
description of, 226
 
removal efficiency, 221-228
 
scale up from settling tests, 228
 

hindered settling (type 3), analysis
 
of, 229-240
 

applications of solids flux analysis,
 
238-240
 

area requirement bared on batch
 
test results, 230-233
 

area requirement based on solids
 
flux analysis, 233-240
 

descript ion of. 229-230
 
(See also Activated sludge)
 

plate and tube settlers, analysis of, 228
 
definition sketch, 228
 
description of, 228
 

Sedimentation tanks:
 
for activated-sludge process, 581-584
 

(See also Activated sludge)
 
for aerated lagoons, 611--614
 
for primary treatment, 472-485
 

(See also Primary sedimentation tanks)
 
for trickling-filter process, 624
 
typical design information for secondary
 

clarifiers, table of, 588
 
Selective withdrawal from lakes, 1212
 
Selector for control of filamentous organisms:
 

contact time, 538
 
food-to-microorganism ratio, 538
 

Separate stage nitrification, 542
 
Septage:
 

characteristics of, 110, 1090---1091
 
definition of, 108
 
disposal of: co-disposal with solid
 

waste, 1096
 
land application, 1093
 

quantities of, 1092
 
receiving stations, 1093
 
treatment of: by biological treatment, 1096
 

by chemical oxidation, 1098
 
by cornposting, 1098
 
by lime stabilization, 1098
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Septage, treatment of (COni.):
 
typical tlow diagrams for, 1097
 
with westewarcr , 1093
 

Septic tank:
 
appurtenances, 1028
 
description of, 1025-1028
 
design criteria. 1063
 
dosing pumps for, 1034
 
dosing siphons for, 1034
 
effluent filter vault, 1026--1027
 
materials of construction, 1025
 
sludge removal, 1028
 

Septic tank disposal systems (see Onsne
 
systems)
 

Septic tank effluent pumping (STEP)
 
system, 1073
 

Sequencing batch reactor (SBR):
 
operating sequence for, 401
 
operating strategies for carbon, nitrogen,
 

and phosphorus removal, 731
 
for phosphorus removal, 730
 
process description, 400, 541
 
process design example, 601-604
 

Settleable solids'
 
definition of, 50
 
determination of. 52
 
typical values in wastewater, 109
 

Seufing (see Sedimeutationj 
Settling column analysis, 227
 
Settling curves, 227
 
Settling tanks (see Sedimentation tanks)
 
Settling tests for flocculant suspensions, 223
 
Settling velocity. 223, 1205
 
Sewage (see Wastewater)
 
Se....-ers:
 

combined, l106
 
conventional gravity flow, 1072
 
outlets for, 1111
 
pressure. 1073-1075
 
regulators for. 1106-1109
 
separation, Il27
 
small-diameter variable slope, 1072
 
vacuum sewers, lO74-1076
 

Shear velocity, 1214
 
Shrimp, used in bioassay, 103
 
Single stage nitrification, 542
 
Skatole, 57
 
Slow-rate treatment systems, 945-967
 

crop selection, 948
 
design hydraulic-loading rate. 958
 
distribution methods, 952, 954-955
 
land area requirements, 963
 
preapplication treatment, 95I
 
site evaluation and s-election, 945
 
storage requirements, 964
 

surface runoff control, 966
 
underdrainage, 965
 
<Seealso Natural treatment systems)
 

Sludge'
 
activated (see Activated sludge)
 
age (see Mean cell residence time)
 
application on land, 903-914
 

(Su also Land application of sludge)
 
regulated polluLants in, 778
 
sources of, table of, 768
 
specific resistance of. 851
 

Sludge and scum pumping, 779-795
 
application of pumps, table of.
 

788-789
 
headloss determination, 787
 

application of rheology for long
 
pipelines, 791-795
 

simplified determinations. 789
 
sludge piping, 795
 
types of pumps: centrifugal. 786
 

diaphragm, 787
 
high-pressure piston, 787
 
plunger, 779
 
progressive cavity, 786
 
rotary-lobe, 787
 
torque flow, 785
 

Sl udge, beneficial use of:
 
application on land, 903-914
 

(See also Land application of sludge)
 
chemical fixation, 915
 
distribution and markenug. 915
 

Sludge beds (see Sludge drying beds)
 
Sludge blending, 798
 
Sludge bulking, 553-555
 

<See also Bulking sludge)
 
Sludge centrifuges:
 

for dewatering, 860-864
 
for thickening, 805-806, 809 810
 

Sludge characteristics, 766--777
 
chemical composition and properties,
 

table of, 771
 
comparison of nutrient levels, 772
 
description of, 769-770
 
heating values, table of, 883
 
metal content. table of, 771
 
physical characteristics, table of, 773
 
quantities of, 772-777
 
specific gravity, 773, 775-176
 
typical concentrations from operations
 

and processes, table of. 774
 
volume-weight relationship, 775-776
 

Sludge composting. 842-850
 
lSee utso Composting. sludge)
 

Sludge concentration, 801-810
 
(See also Sludge thickening)
 



Sludge conditioning, 850-54
 
by acidification, 854
 
by chemical addition, 850--852, 854
 

chemicals used, 850
 
dosage, typical, 851-852
 
factors affecting, 850
 
polymer addition, table of, 852
 
mixing, 852
 

by elutriation, 854
 
by freeze-thaw, 854
 
by heat treatment, 852-853
 
by irradiation, 854
 
by solvenr extraction, 854
 

Sludge conveyance methods, 915-918
 
by barge, 917
 
environmental considerations, 918
 
by pipeline, 917
 
by rail, 918
 
by truek, 917
 

Sludge degritting:
 
description of, 796-797
 
grit removal efficiencies, 798
 

Sludge deposits, oxygen consumed by,
 
1203
 

Sludge dewatering, 855-877
 
by belt filter press, 864-868
 
by centrifugation, 860-864
 
comparison of methods, 858-859
 
on drying beds, 870-876
 
by filter press, 868-870
 
in lagoons, 876-877
 
typical BOD and SS concentrations
 

in recycle flows, table of, 893
 
typical solids capture values, table of,
 

892
 
typical solids concentration values,
 

table of, 893
 
by vacuum filtration, 857-860
 
(See also individual listings) 

Sludge digestion:
 
aerobic, 401-403, 835-842
 

(See also Aerobic sludge digestion)
 
anaerobic, 420-427, 813-834
 

(See also Anaerobic sludge digestion)
 
Sludge disinfection, 854--855
 

by chemical fixation, 915
 
by composting , 842-850
 
by lime stabilization, 811-813
 
by long-term storage, 855
 
by pasteurization, 855
 
processes to further reduce pathogens
 

(PFRP),904
 
processes to significantly reduce pathogens,
 

(PSRP), 904
 
(See also individual listings) 
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Sludge disposal and reuse:
 
current sratus, 8
 
new directions and concerns, 9
 

Sludge disposal methods:
 
lagooning, 920
 
land application, 903-914
 
landfilling, 919-920
 
for landfill eover and land reclamation,
 

915
 
number by facility, 9
 

Sludge drying, 877-881
 
air-pollution and odor eontrol, 880
 
flash dryers, 878
 
multiple-effect evaporators, 878
 
multiple hearth dryer, 878
 
rotary dryers, 878
 
spray dryers, 878
 
theory of, 877
 

Sludge drying beds, 870-876
 
area requirements for: conventional
 

sand, 873
 
paved, 873-874
 

classification of: anificial media, 874--875
 
paved, 873-874
 
sand, 870-873
 
vacuum-assisted, 875-876
 

(See also individual listings) 
Sludge elutriation, 854
 
Sludge gas, 823-826
 

(See also Digester gas)
 
Sludge grinding:
 

description of, 796
 
operations or processes requiring, 797
 

Sludge headloss determinations, 787-795
 
multiplication factors, 790
 
simplified methods, 789
 
using rheology, 791
 

Sludge incineration:
 
ash disposal, 886
 
fluidized-bed, 886-888
 
multiple hearth, 885-886
 

(See also Combustion; Thermal reduction
 
of sludge)
 

Sludge lagoons, 876-877, 920
 
Sludge piping, 795
 
Sludge processing and disposal methods:
 

flow diagrams for, 780--783
 
table of, 130, 767
 
typical sludge concentrations from, 774
 

Sludge pumps, 779-789
 
(See also Sludge and scum pumping)
 

Sludge regulations for reuse and disposal,
 
777-779, 904-905
 

Sludge reuse, 903, 915
 
Sludge sources, 766, 768
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Sludge stabilization:
 
by aerobic digestion. 835-842
 
by anaerobic digestion, 813--834
 
by chlorine oxidation, 811
 
by composting. 842-850
 
by heal treatment, 813
 
by lime addition, 811-813
 
purpose of, RIO
 
(See also individual listings) 

Sludge storage:
 
after digestion, 855. 918
 
before treatment, 799
 

computation of volume requirements,
 
799-ll01
 

purpose of, 799
 
long-term, for disinfection, 855
 

Sludge storage basins, 918
 
(See also Sludge lagoons)
 

Sludge storage pads, 918
 
Sludge thickening:
 

application, 801-802
 
chemical aids. 809-8\0
 
description of equipment: 802-807
 

centrifuge, 805-806
 
flotation. 804-805
 
gravity, 80~-804
 

gravity belt, 806-807
 
rotary drum, 807
 
(See also individuat listingsi 

design of thickeners. 808-810
 
centrifuge, 808
 
flotation, 809
 
gravity, 808
 

performance, 808, 892-893
 
polymer addition, 810
 
sludge concentrations for gravity
 

thickeners, 808
 
solids loadings: dissolved-air flotation, 809
 

gravity. 808
 
typical BOD and SS concentrations
 

in recycle flows, table of, 893
 
typical solids capture values, table of, 892
 
typical solids coneentration values.
 

table of, g93
 
Sludge volume index (SVI), 587
 
Sludge volume ratio (SVR). 809
 
Sludge volume-weight relationships,
 

775-776
 
Sludge wasting, 551-553
 
Small wastewater management systems:
 

centralized without septic tanks, 1077
 
systems with individual septic tanks, 1077
 

SOD (see Sediment oxygen demand)
 
Sodium adsorption ratio (SAR):
 

adjusted value, computation of, 1115, 1153
 

adjusted value, definition of, 1148, t 150
 
definition of, 114&
 

Sodium hypochlorite, 487
 
Soil:
 

classification (U.S. Dept. of Agriculture),
 
1045
 

texrural classes, 1044
 
Soil adsorption system. 1029
 

(See also Disposal fields for septic
 
tank effluent)
 

Soil bed for odor control, 5I8
 
Solid bowl centrifuge. &05, 860-862
 
Solids:
 

content of Sludge, 713-774
 
deposition, (205
 
total per capita per day. 166
 
type of: dissolved, 51,55
 

suspended, 52, 55
 
total. 50,55
 

typical values: in seprage . Ito
 
in wastewater, 109
 

Solid", nux analysis of settling data:
 
application, 238-240, 596-599
 
description of, 234
 
theory of. 234-237
 

Solids loadings:
 
definition of. 234
 
loading criteria (see Loading criteria)
 

Solids mass balanee, 891
 
definition. 891
 
preparation, 891-892
 

basis for, 891
 
example of, 894-902
 
performance data. 892-893
 

Solids retention time (see Mean cell residence 
time) 

Solubility of gases in water, J255-1266 
SaTE (see Standard oxygen transfer 

efficiency)
 
SOTR (see Standardized oxygen transfer rate)
 
Specific growth rate, 370
 
Specific heat of sludge, 882
 
Specific ion toxicity, I J 48
 
Specific oxygen uptake rate (SOUR), 553
 
Specific utilization rate, 388, 534
 
Specific weight of water'
 

definition of, 1251
 
table of values. 1252-1253
 

Sphaerotilus, 406
 
S5 (see Suspended solids)
 
Stabilization of sludge, 810-850
 

(See also Sludge stabilization)
 
Stabilization ponds, 434--439, 641---6_~5
 

aerobic, 434--436, 642---648
 
process analysis, 436
 



process description, 434
 
process microbiology, 435
 

aerobic-anaerobic (facultative),
 
436--43B, 648-650
 

process analysis. 438
 
process description, 436
 • processs microbiology, 437
 

anaerobic, 6S0
 
application, 641--643
 
classification, 642
 
design of physical facilities, 651--655
 

bottom construction, 655
 
dike construction, 653
 
freeboard, 654
 
inlet and outlet structures, 65l
 
liquid depth, 654
 
sealers and liners, 655
 
slope protection, 654
 
surface runoff control. 655
 
transfer lines, 652
 

facultative, 648--650
 
pond systems, 650
 
recirculation, 651
 
rock filter. 653
 
solids separation, 65\,652
 

Standard oxygen transfer efficiency (SOTE),
 
561-562
 

Standardized oxygen transfer rate (SOTR), 287
 
Standards:
 

effluent, 1197-1198
 
receiving-water. 1197
 
secondary treatment, table of, 123
 

Static screen, inclined, 202, 452
 
Static mixers, 219
 
Static tube aerator. 561
 
STEP (see Septic tank eftluent pumping
 

system)
 
Step-feed aeration aetivated sludge, 540, 543
 

(See also Activated sludge)
 
Stem potential, 312
 
Stokes' law for gravity settling, 222
 
Storage of sludge (see Sludge storage)
 
Storm water, definition of, 16
 
Storm water management model (SWMM),
 

1116-1117
 
Storm water overflows (see Combined
 

sewer overflows)
 
Stratification:
 

in digesters, 820
 
in lakes. 1212-1213
 
in oceans, 1227, 1229
 
due to salinity in estuaries, 1213
 

Stream standards (see Water pollution control)
 
Streeter-Phelps oxygen sag analysis,
 

1216-1220
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Streptoeoeci, fecal, 93-94
 
Stripping, air:
 

for ammonia removal, 735-738
 
for VOC removal, 288
 

Submerged wastewater field, example
 
computation of, 1231
 

Substrate:
 
definition of. 360
 
effluent concentration, 376
 
limited growth. 370
 
mass balance, 374-376
 
utilization, 371
 

Sulfur:
 
bacterial conversion products, 87
 
importance of, 87
 
sources of, 48
 

Sulfur dioxide for dechlorination, 506
 
Surface aerators:
 

with horizontal axis. 571
 
oxygen transfer rate, 285-287
 
with vertical axis, 569-576
 
performance, 571-572
 
testing of, 283
 
(See also Aerators)
 

Surface application methods for wastewater:
 
for overland-flow systems: fan sprays,
 

985
 
gated pipe, 984
 
sprinklers, 985
 

for rupid-mfiltranon systems: spreading
 
basins, 968
 

sprinkling, 968
 
for slow-rate systems: conditions
 

recommended
 
for use of, table of, 954--955
 

drip, 953, 955
 
surface distribution, 933, 953
 
sprinkler, 933, 953
 
typical design information, 957
 

Surface charge:
 
development of, 310-311
 
importance of, 311
 

Surface reaeration:
 
definition of, 1202
 
rate of, 1202
 

Surface spreading for groundwater recharge,
 

1166
 
Surfactants, 66-67
 
Suspended growth treatment processes:
 

aerobic processes: activated sludge,
 
379-398
 

aerated lagoons, 398--400
 
aerobic digestion, 401-403
 
definition of, 377-78
 
sequencing batch reactor, 400-40 I
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Suspended growth treatment processes (Cont.s: 
anaerobic processes: anaerobic contact, 427
 

anaerobic digestion, 420-427
 
definition of, 377-378
 
denitrification, 432--433, 720-723
 
upflow anaerobic sludge blanket, 427
 

anoxic processes: definition of. 381
 
denitrification, 377
 

facultative: definition of, 377-378
 
stabilization ponds, 436-438
 

(See also Attached growth treatment
 
processes; individual listingsv
 

Suspended solids (SS):
 
definition of, 50
 
determination of, 50, 53
 
fixed,52
 
importance of, 49
 
typical values: in septage, 110
 

in wastewater. 109
 
volatile, 52
 

Suspended solids, removal of: 
by precipitation (see Chemical precipitation) 
by flotation (see Flotation) 
by sedimentation (see Sedimentation) 

Suspended solids. removal of residual 
by granular medium filtration 
(see Filtration, granular medium) 

Suspended solids, removal of residual 
by microscreening , 689
 

description of, 689
 
design information, table of, 690
 
functional design, 690
 

Sustained mass loadings:
 
definition of, 159-160
 
curves for BOD, SS, nitrogen, and
 

phosphorus, 161
 
SVI (~eI' Sludge volume index)
 
SVR (see Sludge volume ratio)
 
SWMM (sa Storm water management model I
 
Symbiotic relationship in stabilization
 

ponds, 435--436
 
Synthetic detergents, 67
 
Syntrophic relationship in anaerobic digestion, 424
 

Tapered aeration activated sludge, 540
 
(See al,w Activated sludge) 

TDS (see Total dissolved solids) 
Temperature: 

log-mean, 623
 
of wastewater, 62
 

Temperature coefficients:
 
for aeration, 286, 572
 
for biochemical oxygen demand, 76
 
for conventional biological treatment
 

processes. 373
 
for denitrification, 712
 

for nitrification, 700
 
for reaeration, 1203
 
van't Hoff-Arrhenius relationship, 75
 

Temperature effects:
 
on aerated lagoons, 606
 
on aeration, 286
 
on aerator performance, 286-287
 
on aerobic digestion, 836, 842
 
on air flow in pipes, 567
 
on air flow in trickling filters. 622
 
on ammonia stripping. 738
 
on anaerobic digestion. 818
 
on aquatic life, 62-63
 
on bacterial die-off in sea water, 1206
 
on bacterial kill, 330
 
on bacterial species, optimal ranges, 366
 
on biochemical oxygen demand, 75
 
on biological growth, 372
 
on biological reaction rates , 372--373 
on biological treatment processes, 373
 
on bromine chloride reactions in water, 347
 
on chlorination, 332-333, 338
 
on chlorine reactions in water, 332-333
 
on composting. 843
 
on denitrification process. 712
 
on digester heating, 830
 
on disinfeerion. 330
 
on dissolved air flotation, 246
 
on dissolved oxygen concentration 

in water. [258-1259 
on molecular diffusion coefficient for 

oxygen, 1203
 
on nitrification process , 700
 
on physical properties of water: in 

SI units, 1252
 
in U.S. customary units, 1253
 

on post-lime stabilization, 812
 
on reaeration. 1202-1203
 
on receiving waters. 1226-1227
 
on sediment oxygen demand, 1203
 
on sedimentation rates. 222
 
on sedimentation tank performance, 226
 
on sludge storage times. 855
 
on solubility of gases in water, 1255-1256
 
on thermal stratification: in lakes, 1212
 

in oceans, 1227, 1229
 
on thermophilic digestion, 834
 
on trickling filter process: for nitrification, 

710
 
for organic carbon removal, 413
 

on unit operations and processes, 168
 
on viscosity of water, 1251-1253
 

in SI units, 1252
 
in U.S. customary units, 1253
 

on VOC mass transfer rates, 290
 
on water use, 23
 



Tertiary maturation stabilization ponds, 438
 
(See also Stabilization ponds)
 

Tertiary treatment (see Advanced wastewater
 
treatment)
 

Theoretical oxygen demand (THOD), 82-83
 
Thermal incineration, 521
 
Thermal reduction of sludge, 881-891
 

air pollution control, 890-891
 
process fundamentals, 881-885
 

complete combustion, 881-883
 
pyrolysis, 883-884
 
starved air combustion, 884
 
wet combustion, 884-885
 

thermal reduction processes, application
 
of, 885-890
 

co-incineration, 888-889
 
fluidized bed incineration, 886-888
 
multiple hearth incineration, 885-886
 
wet-air oxidation. 889
 
wet oxidation in a vertical deep-


well reactor, 889-890
 
Thermal stratification in lakes, 1212
 
Thermocline. definition of, 1212
 
Thermophilic digestion:
 

aerobic, 841-842
 
anaerobic, 834
 

Thermophilic organisms, 366
 
Thickeners:
 

centrifugal, 805-806, 808
 
flotation, 804-805, 809
 
gravity, 806-807, 808
 
gravity belt, 806-807
 
rotary drum, 807
 

Thickening, 801-810
 
(See also Sludge thickening)
 

THOD (see Theoretical oxygen demand)
 
Thomas method for analysis of BOD data, 77
 
Threshold odor:
 

definition of. 59
 
determination of, 59-62
 
(See also Odor)
 

Threshold odor number (TON), 60
 
TKN (see Total Kjcldahl nitrogen)
 
TLm (set' LC so)
 
TOC (see Total organic carbon)
 
TON (see Threshold odor number)
 
Torque flow pumps for sludge pumping, 785
 
Total dissolved solids (IDS):
 

definition of, 50
 
relationship to electrical conductivity, 1145
 
typical values: in septagc, 110
 

in wastewater, 109
 
Total Kjeldahl nitrogen (TKN):
 

definition of, 85
 
typical values: in septage. 110
 

in wastewater, 109
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Total organic carbon (TOC):
 
BOD5ffOC ratio, 83
 
definition of, 82
 
typical values in wastewater, 109
 

Total solids:
 
components of, 50-55
 
definition of, 52
 
typical values: in septagc, I IO
 

in wastewater, 109
 
Toxic compounds and refractory organics,
 

removal of, 749-755
 
carbon adsorption, 751
 
chemical oxidation, 755
 
powdered activated carbon treatment
 

(PACT),753
 
treatment methods, table of, 751
 

Toxicity:
 
acute, 104
 
of chlorine residuals, 343
 
chronic, 104
 
in digesters. 425
 
of heavy metals, 88
 
lest for, 102-104
 

Toxicity tests, lOt-108
 
application of results, 105
 
evaluation of results, 104
 
testing, 102-104
 
toxicity units, 104
 

Toxicity units:
 
acute lTlJ a ) . 104
 
chronic (TU,), 104
 

Trace elements:
 
recommended maximum concentrations
 

in irrigation waters, table of, 1149
 
required for biological growth, 88
 
toxicity to plants, 8&
 
in wastewater. 88
 

Tracers. for measuring eddy diffusion, 1215
 
Transport processes, 1199-nOl
 

advection, 1199
 
diffusion, 1200
 

Transportation of sludge, 915-918
 
by barge, 917
 
environmental considerations, 918
 
by pipeline, 917
 
by rail, 917
 
by 'ruck, 917
 

Traveling-bridge filter, 253. 6'77
 
Treatment kinetics (see Kinetics of biological
 

growth)
 
Treatment plant design:
 

critical design factors, table of, 178
 
sizing criteria. table of, 178
 

Treatment plant loading data, analysis
 
of. 156-162
 

average mass loadings, 159
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Treatment plant loading data, analysis 
of (Contv:
 

flow-weighted average, 157
 
simple average, 157
 

Treatment plants, package, 1080-1088
 
(See also Package treatment plants)
 

Treatment-process flow diagrams (...ee
 
Flow diagrams for treatment processes)
 

Triangle olfactometer, 60--61
 
(See also Odor)
 

Trickling filter, 403--418. 6J4--628
 
analysis of: formulations for plastic
 

media, 412--414 
mass balance approach, 407--409 
NRC equations for rock and slag, 

409-41 t
 
BOD removal for plastic media, 640
 
classification of: 6l4--616
 

high-rate. 616
 
intermediate-rate. 616
 
low-rate. 614
 
roughing,6l6
 
super high-rate, 616
 
two-stage. 616
 

design, 616--628
 
airflow, 622--624
 
distributors, 619
 
dosing rate, 616--619
 
draft, 623
 
media selection. 620--622
 
settl ing tanks, 624
 
underdrains, 622
 

factors affecting performance, 171
 
mass transfer limitations: definition of. 417
 

air flow in filters, 622--624
 
draft in filters, 623
 

process description, 404
 
process design, 624--628
 

BOD removal, 624
 
treatability constants, 625
 

process design example, 625--628
 
process microbiology, 404
 
recirculation. 410, 415, 617
 
solids separation facilities. 417. 624
 
typical design information, 615
 
typical flow diagrams, 410, 617
 

Trickling filter-activated sludge process, 641
 
Trickling filter, roughing:
 

process analysis, 418
 
process description, 418, 616
 
process microbiology, 418
 

Trickling filter-solids contact process, 638--640
 
BOD removal, 640
 
typical design information, 639
 

Truck transport of sludge, 917
 
Tube and plate settlers:
 

analysis of, 229
 
applications: in sedimentation tanks. 586
 

in septic tanks, 1028
 
description of, 228
 

Turbidity:
 
effect on disinfection, 341-342
 
in wastewater, 64
 

Turbine aerator, 278-279
 
Turbine mixer, 215-217
 

analysis of, 215-217
 
definition sketch of mixer in baffled
 

lank,217
 
examples of. 214
 

Two-film theory of oxygen transfer, 277,
 
280-281
 

(See al.so Gas transfer)
 
Two-stage anaerobic digestion, 816
 

(See also Anaerobic sludge digestion)
 
Two-stage trickling filters, 409--412, 616-617
 

UASB (see Upflow anaerobic sludge 
blanket process)
 

Ultimate BOD, 73
 
Ultimate disposal:
 

of screenings, 454
 
of septage, 1092-1098
 
of sludge, 903, 915,919-920
 

Ultrafiltration:
 
description of, 757
 
application in wastewater reclamation, 1184
 

Ultraviolet (UV) light, disinfection with, 
351-352,508 

(See also Disinfection with ultraviolet light) 
Underdrains:
 

for granular-medium filters, 683
 
for sludge drying beds. 871-872
 
for trickling filters, 405. 622-623
 

Undertlow:
 
in settling tanks, 231, 234--237
 
in thickeners, 802-804
 

Unit loading factors:
 
for septage, 1092
 
for wastewater, 165-166
 

Unit operations:
 
definition of, 2
 
degree of treatment achieved by, 170
 
(See also Physical unit operations)
 

Unit processes:
 
definition of, 2
 
degree of treatment achieved by, 170
 
(See also Biological unit processes;
 

Chemical unit processes) 



Unit waste-loading factors, 165-166
 
Units of expression for analytical
 

measurements, 51
 
Upflow anaerobic sludge blanket (UASB)
 

process, 427
 
Upflow filter, granular medium, 252-253, 255
 
Urea, 65
 
U.S. customary units, conversion factors 

to metric (51) units, 1241-1243
 
UV, disinfection with. 351-352, 508
 
UTC process. 734
 
V-tube:
 

aerator, 557, 559
 
contactor for high purity oxygen, 577
 
deep shaft activated sludge process, 546
 

Vacuum-assisted sludge drying beds. 875-876
 
description of, 875
 
sectional view of. 876
 

Vacuum filtration, 857-861
 
cake solids. 861
 
principles of operation. 857
 
system operation and performance, 857-860
 
typical diagram for, 860
 
typical performance data, 861
 

Vacuum flotation, 243
 
Vacuum sewers. 1074-1076
 

description of, 1075
 
typical design data for, 1076
 

van der Waals forees , 311
 
van't Hoff-Arrhenius temperature relationship, 75
 
Vapor phase adsorption, 520
 
Variatious in wastewater flow rates. 33-35
 

(See also Wastewater sources and flowrates) 
Vector control:
 

in water hyacinth treatment systems, 1011
 
in welands, 1002
 

Vegetation for natural treatment systems:
 
for constructed wetlands, 943, 994-995
 
for floating aquatic plant systems, 937,
 

1005-1006
 
need for, 931
 
for overland flow systems, 992
 
for rapid infiltration, 968
 
for slow rate systems, 948-949
 

Velocity gradient (G):
 
definition of, 213-214
 
equation for. 213
 
typical values: for flocculation, 215
 

for initial mixing, 215
 
Ventilation in trickling filters, 417, 622--624
 
Vertical mixing in ocean outfalls, 1228-1230
 
VFAs (see Volatile fatty acids)
 
VIP proeess, 735
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Viruses:
 
classification of, 92
 
description of, 92
 
importance of, 92, 94
 
pathogenic types. 94
 

Viruses, removal of: 
in advanced wastewater treatment. 

1178-1179
 
by chlorination, 343
 
in groundwater recharge, 117J
 

Viscosity of water:
 
in 51 units, 1253
 
in U.S. cnstomary units, 1252
 

Volatile fatty acids, (VFAs):
 
role in anaerobic digestion, 425
 
role in phosphorus removal, 433
 

Volatile organic compounds (VOCs): 
control of, 518-524
 

control strategies for, 518
 
off gas treatment. 519-524
 
stacks for atmospheric release, 524
 

definition of, 67
 
emission of, 287
 
gas stripping, 288
 
mass transfer from aeration processes,
 

290, 292-293
 
mass transfer rates, 288-290
 
physical properties of, 291
 
sources and methods of release, 289
 
strategies for control of, table of. 519
 
treatment of off gas eontaining VOCs.
 

519-524
 
volatilization of. 288
 

Volatile solids:
 
definition of, 52
 

total (TYS), 52
 
suspended (V5S), 52
 

destruction in digesters: aerobic, 837--839
 
anaerobic, 816
 

loading factors for anaerobic digesters,
 
820, 823
 

typical values: in septage, 110
 
in wastewater, 109
 

Volatile toxic organic compounds (VTOCs),
 
emission from treatment facilties, 4
 

Volatilization:
 
definition of, 288
 
rate of, 1207
 
vaporization constant, 1207
 

Volume-weight relationships for sludge,
 
775-776
 

Volume of wastewater (see Wastewater
 
sources and flowrates)
 

Vortex, free, 241-242
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Vortex separator:
 
for combined sewer overflows, 1130
 
for wastewater, 240-242, 464---465
 

Vortexing in mixers, 217
 
VSS (see Volatile solids, suspended)
 

waffle-bottom anaerobic digester. 823-824
 
Waste activated sludge (WAS), 551-553
 
Wastewater:
 

components of total solids, 164
 
composition of, 108-111
 
condition of, 64
 
flowrates, 15-43
 

(See also Wastewater flowrates)
 
mineral increase due to usage, III
 
strength of, 109
 
threshold concentrations of pollutants, 163
 
variation: in composition, 109
 

in concentration, 154-156
 
in ffowrates , 33-35
 

Wastewater analyses:
 
analytical methods, 49
 
expression of analytical results, 5!
 
methods for analyses, 49
 

wastewater characteristics: 
biological, 90-108
 

algae, 91
 
bacteria, 91
 
coliform organisms, 91. 95-96
 
fecal coliform to fecal streptococci,
 

ratio of. 100-101
 
fungi, 91
 
indicator organisms, 93, 95
 
pathogenic organisms. 93
 
protozoa, 92
 
toxicity test, 101-108
 
viruses, 92-93
 
(See also specific organisms) 

chemical, 64-90
 
agricultural chemicals, 70
 
alkalinity. 85
 
ammonia, 88
 
biochemical oxygen demand, 71-82
 
carbohydrates, 65
 
chemical oxygen demand, 82
 
chlorides, 84
 
detergents, 67
 
dissolved oxygen, 89
 
fats, 66
 
gases, 88-90
 
grease, 66
 
heavy metals, 88
 
herbicides, 70
 
hydrogen sulfide. 89
 

inorganic matter, 85
 
Kjeldahl nitrogen, 85
 
methane. 89
 
nitrogen, 85
 
oils, 66
 
organic matter, 65
 
pesticides, 70
 
pH, 84
 
phosphorus, 86-87
 
priority pollutants, 67-69
 
proteins, 65
 
sulfur, 87
 
surfactents, 66
 
theoretical oxygen demand, 82
 
total organic carbon, 82
 
toxic inorganic compounds, 67
 
volatile organic compounds, 67
 
(See also individual listings) 

physical, 50-64
 
colloidal solids, 51
 
color, 64
 
dissolved solids, 51
 
odors, 55-62
 
settleable solids, 50. 53
 
suspended solids, 50-51, 53
 
temperature, 62-63
 
total solid:-.. 50
 
turbidity, 64
 
typical composition, \09
 
volatile solids, 52
 
(See also individual listings) 

Wastewater collection systems for small 
communities. 1072-1076
 

conventional gravity, 1072
 
pressure sewers. 1073
 
small-diameter variable-slope, 1072
 
vacuum sewers, 1075
 

Wastewater disposal:
 
new directions, II, 1196
 
by reuse, 1143
 
of treated effluent: current status, II
 

in lakes and reservoirs, !209--1213
 
on land (see Natural treatment systems)
 
in oceans. 1225-1236
 
in rivers and estuaries. 1213-1225
 

Wastewater flow metering (see Flow measurement)
 
Wastewater flowrate reduction, 41-43
 
Wastewater flowrares:
 

analysis of, 35-41
 
flowrates for design. 36
 
statistical analysis. 37-41
 

components of, 15
 
estimating from water supply data, 16-25
 

municipal water use, 16-22
 
proportion reaching collection system, 25
 



evaluation and selection of, 148-153
 
application of flowrate factors. 149
 
a....erage flowratcs, 148
 
minimum flowrate factors. 150
 
peak flowrate factors, 151
 

reduction of, 41--43
 
upstream control of peak flowrates , 153
 
(See also Wastewater sources and flowrates)
 

Wastewater management
 
elements and engineering tasks, table of, 12
 
financing, 142-144
 

leasing, 143
 
long-term municipal debt. 142
 
non-debt, 142
 
pri ....atization, 143
 

options for small wastewater systems, 
1021-1024
 

for rural sewered areas, 1022
 
for rural unsewered areas. 1021
 

program implementation, 137-144
 
constructiou, 140
 

design, 138
 
facilities planning, 137
 
startup and operations, 141
 
value engineering, 140
 

Wastewater metering, 195-200
 
Wastewater reclamation and reuse, 10,
 

1137-1142,1184-1189
 
current status, 10
 
definition of terms, 1139-1140
 
historical perspective, 1138
 
new directions and concerns, 10
 
planning considerations, 1184-1189
 

monetary analysis, 1186--1188
 
other planning factors, 11&8
 
planning basis, 1185-1186
 
planning report, 1189
 

potential and status, 1140
 
Wastewater reclamation technologies, 1174-1184
 

advanced reclamation process combinations,
 
1179-1184
 

suspended solids and turbidity removal.
 
1177-1179
 

treatment process reliability, 1174-1177
 
unit processes and operations, table of, 1175
 

Wastewater reuse applications, 1142-1174
 
agriculture and landscape irrigation, 1144
 
categories of reuse, 1143
 
groundwater recharge, 1166
 
industrial water reuse, 1157
 
(See also individual listings) 

Wastewater sources and flowrates, 26--35 
domestic flowrare data, 26
 

commercial facilities, 28
 
institutional facilities, 28
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recreational facilities, 29
 
residential, 27
 

flowrate variations, 33-35
 
industrial, 35
 
seasonal, 34
 
short-term, 33
 

infiltration/inflow, 29-33
 
Wastewater treatment:
 

current status, 2--4
 
definition of terms, 377-378
 
new directions and concerns, 4-8
 
operations (see Physical unit operations)
 
processes (see Biological unit processes;
 

Chemical unit processes)
 
role of microorganisms in, 360
 
typical 110w diagrams for secondary
 

treatment: with biological methods, 894
 
with physical and chemical methods, 470
 

Wastewater treatment plant design:
 
application of treatment methods, 126--129
 

advanced, 128
 
for combined sewer overflows, 129
 
conventional secondary, 128
 
nutrient removal or control, 128
 
preliminary, 128
 
primary, 128
 

toxic or specific contaminant removal, 129
 
classification: biological unit processes, 126
 

chemical unit processes, 125
 
physical unit operations, 125
 

constituent removal efficiency, 170
 
cost considerations, 133-135
 
design considerations, 136
 

energy and resource requirements, 136
 
equipment availability, 136
 
personnel requirements, 136
 

design period, 182
 
environmental considerations, 135
 
flowrates , 148-153
 
mass loadings, 153-162
 
objectives and regulations, 122-125
 

current regulations, 122-124
 
safety requirements, 125
 
sludge regulations, 124, 777-779
 
trends in regulations. 124
 

plant hydraulics, 184-189
 
plant layout, 184
 
preliminary sizing, 183
 
process design, lSI-189
 
process flow diagrams, 130-137, 182
 
process selection, 166-181
 

based on kinetic analysis, 170-176
 
based on empirical relationships. 177
 
factors affecting selection, 168, 169
 
impact of flowrares and loadings, 178
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Wastewater rrearment plant design, process 
selection (COTll.):
 

reliability considerations. 177-81
 
systems approach, 167
 

solids balance, 184
 
startup and operations, 141
 

Water:
 
dissolved oxygen concentration, 1258-1259
 
physical properties. 1251-1254
 
solubility of gases in, 1255-1256
 
used for public supplies, 16--2.5
 
(See also Water use data)
 

Water conservation devices, 41-43
 
description, 42
 
effects on interior water use, 41
 
typical flowrare reduction, 42
 

Water hyacinths. 1005
 
characteristics of. 1005
 
harvesting of, 1012
 
use 1O wastewater treatment systems, 1006
 

Water pollution control.
 
Clean Water Act (CWA). 123
 
national standards for secondary treatment,
 

123
 
receiving- water standards, 1196
 

Water Quality Act of 1987 (WQA), 124
 
water quality, irrigation, 1144--1157
 

adjusted sodium adsorption ratio, 1148
 
health and regulatory requirements. 11,5
 
nutrients. II53
 
physical and chemical, 1144
 
salinity, I145
 
sodium adsorption ratio (SAR), 1148
 
specific iun toxicity, 1148
 
water infiltration rate, 1148
 

Water quality criteria:
 
acute toxiry units (TU~), 106
 
criterion continuous conceruratlon (CeC),
 

106
 
criterion maximum concentration (CMC),
 

106
 
lowest observable effect concentration
 

(LOECJ, 104
 
no observable effect concentration
 

(NORC), 104
 
no observable effect concentration
 

level (NOECL), 104
 
Water use data, 16--25
 

by commercial facilities, IR
 
domestic. 17-19
 
effects of water conservation devices, 41
 
estimating from water supply records, 20-22
 
factors affecting water use, 23
 
Ilactuations In community systems, 25
 
industrial (nonoomestic), 19
 
by industries, 2\
 

by institutional facilities, 19
 
proportion reaching collection system. 25
 
public service and system maintenance, 19
 
by recreational facilities, 20
 
typical inferior use, J7
 
typical per capita use, 17
 
unaccounted system losses and leakage, 20
 
by various devices and appliances, 23
 

Wehner and Wilhelm equation. 644
 
Weir loadings:
 

for activated-sludge settling tanks, 591
 
for primary sedimentation tanks, 475
 

Wet-air oxidation'
 
for heat treatment, 813
 
for thermal reduction, 889-890
 

~ (See also Zimpro process) 
Wet oxidation in a vertical deep-well reactor:
 

description of, 889-890
 
schematic diagram of. 890
 

WeI scrubbers for odor control, 515-517
 
Wetlands treatment of wastewater:
 

definition of, 934
 
types of: natural. 935
 

constructed, 992-1002
 
(See also Constructed wetlands)
 

Windrow sludge composting , 844-845
 

Yield, vacuum filter, 860
 
Yield coefficient, bacterial:
 

definition of, 371
 
determination of, 1275-1279
 
effect of endogenous metabolism, 372
 
observed values of: in bacterial growth, 372
 

in activated sludge process, 377, 388
 
typical values for: activated sludge
 

process, 394
 
anaerobic digestion process, 426
 
nitrification process, 701
 
denitrification process, 721
 

Yield stress of sludge, 791-793
 

Zeolite, 740
 
Zero-order reaction, 1267
 
Zeta potential. 311-3 J2
 
Zimpro process:
 

description of. 8J3
 
for heat treatment, 852-853
 
schematic diagram of, 853
 
for thermal reduction, 880
 
(See also Wet-air oxidation)
 

Zinc:
 
inorganic nutrient, 361
 
in wastewater, 88
 

Zone settling, 221, 229-240
 
(See also Hindered settling)
 




