Index
A

AJO™ process, 20-26, 20-59
A?%/0™ process, 20-27
Accelerometer, 12-13
Acceptable management practices, 2-7
Accident reporting/investigating, 5-52
Accounting records, 6-36
Acetic acid, 20-26, 26-52
Acid/gas digestion, 30-6
Activated biofilter process, 21-53
Activated carbon
adsorption, 13-34, 24-50
scrubbers, digester gas, 30-42
Activated sludge, 13-19, 13-38, 14-4
Acute toxicity testing, 17-21
Adjustable-speed drives, 10-17
Administrative reports, 6-34
Adult training, 16-23
Advanced control, 7-42
Advanced processes, 24-50
Advanced wastewater treatment, 2-11
Aerated grit chambers, 18-14
Aerated lagoons, 23-5
Aerated lagoons, process control, 23-12
Aerated static pile composting, 32-5
Aerated vortex, 18-13
Aeration, 20-42, 20-148, 20-187
biological nutrient removal, 22-19, 22-53
composting, 32-13
energy consumption, 20-81
equipment, combined processes, 21-60
mechanical, 20-110
rotating biological contactors, 21-45
system analysis, 25-20
systems, 20-32
systems, composting, 32-9
Aeration basin
combined processes, 21-59, 21-61
standard operating procedures, 14-10
Aerators
diffused, 31-41
mechanical surface, 31-44
submerged mechanical, 31-44



Aerobic digestion, 20-173, 27-5, 31-1
aerobic-anoxic operation, 31-22
autothermal thermophilic, 31-8
basin configuration, 31-21
batch operation, 20-180
chemical addition, 25-45
continuous operation, 20-180
cryophilic, 31-11
data collection and laboratory control, 31-64
equipment, 31-39
blowers, 31-45
control, 31-47
diffused aeration, 31-41
mechanical surface aerators, 31-44
mixing and aerating, 31-46
piping requirements, 31-41
pumps, 31-45
submerged mechanical aerators, 31-44
thickening, 31-47

freezing, 20-186

high-purity-oxygen, 31-7

land application, 31-48

maintenance, 31-64,

mesophilic, 31-12

mixing, 20-177

nitrification and denitrification, 31-22, 31-23

operations, 31-60

performance, 20-181, 31-5, 31-47, 31-50
pathogen reduction, 31-51
standard oxygen uptake rate, 31-50
volatile solids reduction, 31-51

prethickening, 31-12

process control, 31-57

processes, 31-6

reactor loading, 20-182

reactors, 31-39

records, 31-65

regulations, 31-47

scheduling, 31-65

solids retention time, 20-177

start-up, 31-58

temperature, 20-176

troubleshooting, 31-60-31-64

Aerobic lagoons, 23-4

Aerobic lagoons, process control, 23-11

Aerobic organisms, 20-6



Aerobic-anoxic operation
aerobic digestion, 31-22
alkalinity recovery and pH balance, 31-24
dissolved oxygen and oxygen requirements, 31-26
energy savings, 31-26
nitrification and denitrification, 31-22
nitrogen removal, 31-27
phosphorus reduction, 31-29
system flexibility, 31-36
temperature control, 31-32
Aerosols, 13-20
Aerosols, safety, 5-21
Affinity laws, 8-10
Aggregates, 24-5
Aggregation, 24-15
Air conditioning systems, 11-11
Air drives, rotating biological contactors, 21-50
Air monitoring, heating/ventilating/air conditioning systems, 11-15
Air pollution control permit reports, 6-22
Air-delivery systems, 20-33
Air-drying, 11-9
chemical conditioning, 33-50
feed solids, 33-50
paved beds, 33-47
process control, 33-50
process variables, 33-49
reed beds, 33-45
sand beds, 33-46
system design, 33-50
troubleshooting, 33-51
vacuume-assisted drainage beds, 33-47
wedge-wire beds, 33-48
Airflow rate, 20-81
Air-lift pumps, 8-54
Airspace monitoring, 17-39
Air-stripping towers, 24-62
Air-water backwash, 24-34
Aliquot, 17-26, 17-34, 28-12
Alkalinity, 17-7, 20-10, 20-55-20-57, 20-126, 20-E1, 20-G1
anaerobic digestion, 30-63
biological nutrient removal, 22-19, 22-56
fixed-film reactors, 21-5
Allegheny County Sanitary Authority, 27-4, 27-10
Allowable exposure, 13-9
Alpha value, 20-80
Alternating current, 10-3



Alum, 24-6, 24-26
Alum, dewatering, 33-15
American National Standards Institute, 12-8
American Petroleum Institute, 12-8
Amines, 13-5
Ammonia, 7-30, 13-5, 17-18, 20-9, 20-55, 20-56, 20-174, 20-F2, 24-57, 28-9
concentration, 24-60
electrodes, 20-F2
gas pressure-feed system, 9-37
stripping, 24-57, 24-60, 24-62, 24-63
Anaerobic conditions, 13-13
Anaerobic digestion, 14-5, 30-1-30-79
advanced processes, 30-5
carbon dioxide removal, 30-41
chemical addition, 25-44
cleaning, 30-58
conventional mesophilic, 30-4
corrosion protection, 30-16
covers, 30-14
decanting, 30-57
facilities and equipment, 30-11
feeding, 30-55
foam and sediment removal, 30-38
foaming, 30-69
gas compression, 30-43
gas handling, 30-37
gas storage, 30-45
gas system equipment, 30-46
heat transfer, 30-34
heating, 30-27
high solids concentration, 30-8
hydrogen sulfide removal, 30-39
mixed, 30-18
mixing, 30-17
moisture reduction, 30-41
monitoring/testing, 30-62
multistage, 30-6
operation, 30-52
overload conditions, 30-64
pathogen reduction, 30-9
precipitate scaling, 30-61
safety, 30-50
scum control, 30-58
secondary, 30-13
shutdown, 30-53
siloxane removal, 30-41



sludge withdrawal, 30-56
start-up, 30-52
steam injection heating, 30-35
troubleshooting, 30-70
turnover rates, 30-27
unmixed, 30-18
upset conditions, 30-64
vector attraction reduction, 30-10
Anaerobic lagoons, 23-4
Anaerobic lagoons, process control, 23-12
Anaerobic organisms, 20-6
Anaerobic zone, 20-58
Anaerobic/anoxic/oxic process, 22-41
Anaerobic/oxic process, 22-41
Analog signal transmission, 7-37
Analysis, 16-25, 25-16
aeration system, 25-20
data collection, 14-7
parameters, 7-4
tools to determine mixing efficiency, 24-14
Analysis plan, 18-22
Ancillary equipment, thickening, 29-4
Annual audit report, 6-35
Annual budget, 6-35
Annual operating reports, 6-34
Anoxic conditions, 20-57
Anoxic step-feed process, nitrogen removal, 22-32
Applicability, 12-19
Approval authority, 4-14
Appurtenances, 8-38, 8-58
maintenance, 8-84
pumping stations, 8-81
Area, 7-9
Asbestos, 20-21
Ash, 28-7
Ashing, 20-135, 20-136
Assessment tools, 16-22
Asset management, 3-4, 3-32, 3-39
Attached-growth systems, 2-11
Attachments, 16-15
Attitudes, 16-23
Audit of training, 16-10
Automatic controllers, 7-42
Automatic sampling, 17-25, 17-28
Automation, 20-65, 20-88
centrifuge thickening, 29-62



dewatering, 33-33
Automation and information technologies, 3-33
Autothermal thermophilic aerobic digestion, 31-8

advantages, 31-8

disadvantages, 31-9

typical design considerations, 31-9
Available net positive suction head, 8-14
Average daily flow, 26-28
Axial-flow impeller, 8-33

B

Backwashing, 24-7, 24-20
duration, 24-33
filters, 24-33
Bacteria, 26-3
die-off, 26-4
removal, 24-27
Baffles, rotating biological contactors, 21-38
Balance quality grade, 12-8
Balance tolerances, 12-7
Balancing, 12-5
Ballasted flocculation, 24-5
Ballasted-media flocculation, 24-17
bar graphs, 14-29, 14-30
Bar screens, 18-4
Bardenpho™ process, 20-25, 20-77, 22-30
Bardenpho™ process, modified, 20-28
Barminutors, 18-8
Baseline Monitoring Report, 4-21, 4-24, 4-26
Baseline training, 16-7, 16-19
Basin configuration, aerobic digestion, 31-21
Batch systems, 20-13
Bearing life formula, 12-6
Belt conveyors, 18-11
Belt filter press, 33-63
maintenance, 33-70
operating principles, 33-64, 33-66
optimization, 33-68
process variables, 33-65
safety considerations, 33-70
troubleshooting, 33-68
Benchmarking, 3-30, 12-21
Beneficial use, 2-5, 2-16, 27-13
Best efficiency point, 8-13, 8-41
Best management practices, 2-6, 27-3



Big Red Valley Sewer District, Ira A. Sefer WWTP, 14-10
Billing
electricity, 10-41
payment, 6-36
Binary number system, 7-38
Bioassay, 2-6, 26-6
Bioassay toxicity testing, 17-21
Bioaugmentation, 25-45, 28-7
Bioaugmentation products, treatment applications, 25-47
Biochemical oxygen demand, 2-3, 17-12, 19-26
Biochemistry
denitrification, 22-25
enhanced biological phosphorus removal, 22-39
nitrification, 22-22
Biofilter—activated sludge process, 21-58
Biofiltration, 13-36
Biogas, 30-37
Biological characteristics, 7-32, 17-12, 17-20, 20-23, 20-57, 20-58, 20-60, 20-106, 20-
139
aeration, 22-19, 22-53
alkalinity, 22-19, 22-56
alternatives, 22-4
biochemistry, 22-5
biological selectors, 22-6
bulking sludge, 22-64
combined nitrogen/phosphorus removal, 22-41
denitrification, 22-24, 22-56
enhanced biological phosphorus removal, 22-38
foam control, 22-62
foaming, 22-19
food-to-microorganism ratio, 22-16, 22-51
hydraulic retention time, 22-20, 22-52
mean cell residence time, 22-14, 22-47
nitrification, 22-22
oxidation—reduction potential, 22-58
oxygen requirements, 22-53
pH, 22-19, 22-56
process control, 22-47
recycle flows, 22-58
return flows, 22-19
secondary clarification, 22-60
sludge settleability, 22-19
troubleshooting, 22-61
Biological phosphorus removal, 20-11
Biological properties, 28-11
Biological reactors, 20-31



Biological selectors, 22-6
equipment, 22-10
growth zones, 22-6
selector size, 22-10
Biomass growth rate, 22-23
Biosolids quality
belt filter press, 33-65
dewatering centrifuge, 33-74
Biosolids, 2-13, 2-15, 27-2, 28-4, 28-10
air-drying, 33-43
quality improvement, 33-8
Biotower, combined processes, 21-59, 21-61
Biotowers (also see trickling filters), 21-7
Biotrickling filters, 13-37
Blanket depth, 20-44
Blending, 13-22
Bloom’s Taxonomy, 16-25
Blowers, 20-32
Blowers, aerobic digestion, 31-45
Boilers, digester heating, 30-36
Bonding requirements, 15-20
Bottom mixing, anaerobic digesters, 30-22
Bound water, biosolids, 33-6
Brake power, 8-8
Branch power panels, 10-18
Breakpoint chlorination, 24-57, 24-60, 24-63
Breakpoint, 26-29
Bromine chloride, 26-51
Bubble gun mixing, anaerobic digesters, 30-24
Bubbler tube system, 7-20
Budgeting, 3-32, 6-34
Bulking agents, composting, 32-13
Bulking sludge, 17-19, 20-46, 20-123
Bulking sludge, biological nutrient removal, 22-64
Bypass, 4-25

C

Cake dryness, belt filter press, 33-65
Calcium carbonate, 24-8, 24-19
Calcium hypochlorite, 26-35
Calcium, 27-4
Calcium, digester scaling, 30-61,
Calculations
chemical dosage, 9-51
sludge wasting, 14-12



Calibration, 7-51
Cameras, 7-50
Capacitive proximity sensors, 7-27
Capacitor, 7-23
Capacitors, power factor improvement, 10-24
Capillary water, biosolids, 33-7
Capital improvements, 15-18
Carbon
adsorption, 13-34
tests, 24-58
vessel schematics, 24-56
apparent density, 24-54
contact columns, 24-53
dosage, 24-55
media, 13-36
regeneration, 24-52
Carbon dioxide, digesters, 30-41
Carbonaceous biochemical oxygen demand, 20-8, 20-30, 20-49
Case histories, polymer evaluation, 33-37
Categorical industrial user, 4-5
Categorical industrial user reporting requirements, 4-23, 4-24
Categorical Pretreatment Standards, 4-6
Caustic soda, 20-126, 20-B1
Caustic soda, chemical addition, 25-43
Cavitation, 8-13
Cell lysis, 26-43
Centralization, 7-6
Centrifugal force, 12-7
Centrifugal pumps, 8-28
Centrifuge thickening, 29-58
equipment, 29-59, 29-63
equipment, automation, 29-62
performance, 29-64
preventive maintenance, 29-67
process control, 29-64
bowl speed, 29-65
feed characteristics, 29-64
hydraulic loading rate, 29-65
polymer dose, 29-65
pond depth (weir adjustment), 29-65
process description, 29-58
safety, 29-67
sampling and testing, 29-66
shutdown, 29-66
start-up, 29-66
troubleshooting, 29-67



Centrifuges, dewatering, 33-71
Certification, 28-14
Chain drives, 18-6
Chain-of-custody procedures, 17-34, 28-12
Characterization, 27-2, 28-8
Checker plates, 26-16
Chemical addition, 13-27, 13-28, 19-16, 19-24, 25-29
aerobic digestion, 25-45
anaerobic digestion, 25-44
application points, 24-67, 25-35, 25-36
chemical selection, 25-31
costs, 25-39
defining byproducts and residuals management, 25-33
disinfection, 25-43
dosing control, 25-37
energy consumption, 25-31
environmental effects, 25-38, 25-39
impacts, 25-31
inorganic, 33-9
lagoons, 25-44
limited plant capacity, 25-30
plant testing, 25-32
primary treatment, 25-40
secondary treatment, 25-41
soda ash and caustic soda, 25-43
storage and handling, 25-37
thickening, 25-44
Chemical additives, 27-4
Chemical characteristics, 17-7
Chemical coagulation for enhanced solids removal, 24-65
Chemical coagulation for phosphorus removal, 24-65
Chemical composition, 17-18
Chemical conditioning, 33-81
Chemical dosage calculations, 9-51
Chemical dosages, 25-30
Chemical feeding, 9-2, 9-24, 20-Al
Chemical feeding, recommendations, 9-25-9-34
Chemical generation
on-site, 9-46
skid-mounted units, 9-48
sodium hypochlorite, 9-47
Chemical handling, 9-21
Chemical oxygen demand, 17-8
Chemical properties, 28-9
Chemical residuals, 28-4
Chemical sludge recycle/wasting, 24-30

10



Chemical stabilization, 2-15
Chemical wet scrubbers, 13-34
Chemicals
bag, drum, and tote storage, 9-17
bulk storage, 9-14, 9-15
cylinder and ton container storage, 9-19
delivery, 5-14
determining dosage, 24-25
NFPA symbols, 5-18
operating considerations, 9-9
physical properties, 9-5
purchasing, 33-16
safety, 5-12, 5-13, 9-5-9-8
storage, 9-11, 9-14
chemical purity, 9-20
leak detection, 9-16
troubleshooting, 9-21
unloading, 9-11
Chemotrophs, 20-5
Chick’s law, 26-4
Chloramines, 24-57, 26-20, 26-29, 26-38
Chlorination, 13-20, 20-47, 20-D1, 26-17
byproducts, 24-60
environmental impacts, 26-19
routine operations, 26-33
shutdown, 26-27
start-up, 26-24
Chlorine, 13-30, 17-18, 20-127
combined available, 26-19
containers, 26-32
cylinder handling, 26-32
demand, 26-29
disadvantages, 26-17
safety, 5-13
storage, 5-13
Chlorine dioxide, 26-52
Chlorine residual, 7-31, 26-6, 26-29, 26-38, 26-42
Chloro-organic compounds, 26-29
Circular sedimentation tanks, 19-11, 19-13, 19-14
Clarification, 20-34
basins, standard operating procedures, 14-10
biological nutrient removal, 22-60
Clarifiers, 17-17, 20-4, 20-8, 20-38, 20-43, 20-117, 20-135, 20-148, 24-5, 24-15, 24-37
combined processes, 21-61
depths, 20-35
process control plan, 14-18
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rotating biological contactors, 21-47
safety factor, 20-121
shapes, 20-34
trickling filters/biotowers, 21-18, 21-21
Class A biosolids, 27-11, 33-9
Class A pathogen reduction, 30-9
Class B pathogen reduction, 30-9,
Classifiers, 18-17
Clean Water Act, 2-2, 4-3
Clean Water State Revolving Fund, 2-4
Clean water test, 25-24, 25-61
Cleaning methods, 26-16
Clinoptilolite, 24-61
Closed-circuit television system, 7-50
Closed impellers, 8-33
Closed-pipe flow measurement, 7-11
Cloth media filter, 24-23
Clumping, 20-131
CMOM compliance reports, 6-20
Coagulants, 20-54, 24-4, 24-8, 24-27
feed systems, 24-10
mixing, 24-10
Coal, 24-53
Coarse screens, 18-3
Code of Federal Regulations, 4-4
Cogeneration, 10-48
Collaboration software, 6-8
Collection of samples, 28-12
Collection systems, 2-10, 13-13
Collection systems, confined spaces regulations, 5-36
Collection, solids, 19-19, 19-26
Colloidal particles, 17-16, 24-4
Color, 17-5
Combined fixed-film/suspended growth processes, 21-52
nitrogen removal, 22-37
phosphorus removal, 22-46
Combined grit removal and primary treatment, 19-42
Combined nitrogen/phosphorus removal
anaerobic/anoxic/oxic process, 22-41
anaerobic/oxic process, 22-41
five-stage Bardenpho, 22-44
Johannesburg process, 22-44
modified University of Capetown process, 22-42
Virginia Initiative Plant, 22-42
Combined processes
equipment description, 21-59
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planned maintenance, 21-62

process alternatives, 21-52

process control, 21-61

process description, 21-58

troubleshooting, 21-62
Combined sewer overflows, 2-3
Combined systems, 20-22
Combined waste stream formula, 4-7
Combines sewers, 2-10
Commercial products, 27-8
Commercial sources, 17-3
Comminuting and grinding, 8-73
Comminuting and pumping, 8-67
Comminutors, 18-8
Communication systems, 11-16
Community Right-to-Know, 5-5
Compensation adjustment, 15-18
Complaints, 13-8, 13-44
Complete mix, 20-13, 20-50
Complete-mix fermenter, 19-40
Compliance

90-day reports, 4-24

order, 15-8

regulatory, 3-35

reports, 6-17

review, 4-21

schedule progress report, 4-24
Composite samples, 4-19, 17-24, 24-35, 28-12
Composting, 2-15, 13-24, 27-5

aerated static pile, 32-5

aeration, 32-13

aeration systems, 32-9

bulking agents, 32-13

horizontal beds, 32-5

mixing systems, 32-10

moisture control, 32-11

nonreactor systems, 32-5

nutrients, 32-11

odor control, 32-14

operations, 32-7

process comparison, 32-41

process control, 32-11

process descriptions, 32-3

reactor systems, 32-5

rotating drums, 32-5

safety/health, 32-14
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screening, 32-10
silos, 32-5
temperature control, 32-11
troubleshooting, 32-14
windrow, 32-5
Compound control, 7-42
Compressed air systems, 11-6
Compressible media filter, 24-24
Compressors
maintenance, 11-8
types, 11-7
Computational fluid mixing, 24-14
Computerized maintenance management system, 6-5, 12-23, 24-36
Computers, 7-6, 19-37
Condition-based maintenance, 12-3
Conditioning, 33-81
polymers, 33-29
pressure filter, 33-85
Condition-monitoring program, 12-4
Condition-monitoring technologies, 12-12, 12-19
Conductivity probes, 7-23
Conductivity, 17-8
Conduit, electrical distribution system, 10-24
Confined spaces, 5-23
attendant’s duties, 5-34
emergencies, 5-35
entrant’s duties, 5-34
entry, 7-46, 13-8, 17-39, 26-47
entry supervisor’s duties, 5-35
permits, 5-28, 5-31
regulations, 5-36
training, 5-32
Constituents, 27-3
Constraints, 16-13
Construction, 16-19
Contact channel, combined processes, 21-59, 21-61
Contact stabilization, 20-16, 20-53
Contact time, 26-27
Containment, 13-31
Contingency plans, 27-10
Continuous backwash filters, 24-22
Continuous control, 7-43
Continuous filters, 24-41
Continuous sampling, 17-27
Continuous screen, 18-6
Continuous-feed digesters, 20-181
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Continuous-flow systems, 20-13
Contract buyout, 15-20
Contract operations, 15-1
Contract termination, 15-20
Contract terms, 15-14
Control authority, 4-4, 4-7, 4-13, 4-21, 4-24
Control charts, 20-63
Control circuitry, 10-21
Control concepts, 7-39
Control of chemical dosage, 24-28
Control panel instrumentation, 7-5
Control power, 10-24
Control sensor

accuracy, 7-8

application, 7-7
Control strategies, anaerobic digesters, 30-64
Control systems, 7-6
Controlled-volume pumps, 8-45, 8-56, 8-60
Conventional processes, 24-37
Conveying systems, 18-11, 18-15
Co-precipitation, 24-66
Coring device, 17-28
Coriolis flow meter, 7-14
Corporate experience, 15-12
Corrective maintenance, 3-38, 6-28
Correlation analysis, 14-36, 14-38
Corrosion protection, digesters, 30-16
Cost reduction incentives, 15-18
Cost-adjustment index, 15-18
Costs, 27-14

chemical addition, 25-39
pumping energy, 8-15

Counteraction chemicals, 13-32
Countercurrent stripping tower, 24-61
Coupled processes, 21-52
Coupled systems, 20-21
Covers, 13-31
Covers, rotating biological contactors, 21-40
Criteria, 16-13
Crossflow stripping tower, 24-61
Cryophilic aerobic digestion, 31-11
Cryptosporidium, 5-18
Cure time, 12-9
Current duties, 16-19
Curriculum development, 16-6
Cyclones, 18-16
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D

Daily records, 6-22
Data analysis and
Data analysis, 25-9
calculations, offgas test, 25-54
chlorination, 26-32
ozonation, 26-46
Data collection, 14-7, 18-22, 24-34, 24-45, 24-49, 24-57, 25-9
aerobic digestion, 31-64
analytical methods, 14-7
chlorination, 26-32
dewatering, 33-97
flow measurement, 14-7
flow quantification, 14-7
maintenance reports, 14-8
ozonation, 26-46
process control data, 14-8
Data evaluation, 14-27
bar graph, 14-29, 14-30
correlation analysis, 14-36, 14-38
line graph, 14-28
line of best fit, linear regression, 14-33-14-35
pie chart, 14-31
scatter graph, 14-31, 14-32
statistics, 14-32
Data management system, 4-22
Data management technologies, 3-33
Data sampling
chlorination, 26-32
ozonation, 26-46
Deamination, 20-56
Decanting, digesters, 30-56
Decay rate, 26-37
Dechlorination mechanism, 26-38
Dechlorination, 7-31m 26-20, 26-37
equipment description, 26-39
routine operations, 26-42
safety, 26-39
shutdown, 26-41
start-up, 26-41
Deep tank aeration, 20-138
Deep-bed effluent filters, 22-38
Definitions, 16-13
Degradation, 26-37
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Degritting process, 18-22
Demand charges, 10-42
Denitrification, 20-10, 20-24, 20-25, 20-30, 20-54, 20-55, 20-57, 20-75, 20-131, 20-143,
22-24
biochemistry, 22-25
requirements for, 22-57
Department hopping, 16-20
Department of Transportation placards, 5-16
Derivative control, 7-45
Design, 16-21
Design audit, 20-144
Design engineer’s report, 6-17
Design shortcomings, 19-27, 19-28
Design/build/operate, 15-3, 15-9
Desulfovibrio bacteria, 13-5
Detention time, 24-14, 24-38, 26-27
Developer financing, 15-3
Development, 16-21
Device characteristics, 7-9
Dewatering centrifuge, 33-71
bowl speed, 33-76
data sheet, 33-79
differential speed, 33-75
g force, 33-74
operating principles, 33-71, 33-76
performance, 33-75
polymer addition, 33-76
process control, 33-79
process variables, 33-74
scroll torque, 33-75
temperature, 33-79
torque control, 33-75
troubleshooting, 33-80
weir setting, 33-76
Dewatering, 2-15, 13-23, 28-8
air-drying, 33-43
automation, 33-33
belt filter press, 33-63
centrifuges, 33-71
data collection, 33-97
economic factors, 33-31
housekeeping, 33-98
information management, 33-12
inorganic chemical addition, 33-15
laboratory control, 33-97
mechanical, 14-6, 33-54
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operating principles, 33-12
organic flocculants, 33-16
performance optimization, 33-31
polymers, 33-16, 33-33
pressure filters, 33-81
preventive maintenance, 33-95
safety, 33-98
vacuum filters, 33-81
Diaphragm bulb system, 7-21
Diaphragm filter press, 33-85
Diaphragm pumps, 8-47, 8-56, 9-41
Differential control, 7-43
Differential head flow meters, 7-11
Differential pressure transmitters, 7-16, 7-18
Diffused aeration, 20-32, 20-80, 20-108
Diffused air systems, 20-19
Diffuser density, 20-81
Diffusers, 13-19, 20-32, 20-184
Digester gas, 30-37
Digester gas, safety, 30-51
Digester performance, 20-177
Digesters, odors, 30-17
Digestion, 2-14
aerobic, 31-1
anaerobic, 30-1 -30-79
chemical addition, 25-44, 25-45
Digital signal transmission, 7-38
Dioxin, 28-10
Direct current, 10-3
Discharge check valve test, 8-79
Discharge monitoring reports, 6-17
Discharge of hazardous wastes, 4-25
Discipline, personnel, 3-19
Discontinuous control, 7-43
Discrete process tracking, 14-20
Disinfection, 2-12, 13-21, 14-6
byproducts, 26-6, 26-20, 26-52
chemical addition, 25-43
mechanism, 26-7, 26-17
Dispersion coefficient, 26-12
Dispersion index, 26-11
Disposal options, 27-10
Dissolved air flotation systems, 13-22, 14-5, 19-42, 20-128
Dissolved air flotation thickening, 29-23
equipment, 29-29
operating data, 29-33, 29-34
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performance, 29-32
preventive maintenance, 29-36
process control, 29-32
process description, 29-23
safety, 29-38
sampling and testing, 29-36
saturation system, 29-29
shutdown, 29-35
start-up, 29-35
troubleshooting, 29-36, 29-37
Dissolved oxygen, 7-28, 17-9, 20-5, 20-9, 20-10, 20-42, 20-46, 20-52, 20-56, 20-77, 20-
124, 20-135, 20-142, 20-144, 20-175, 20-184
control, 20-88
fixed-film reactors, 21-6
Dissolved solids, 17-15
Distributed control system, 20-67
Distribution rates, trickling filters/biotowers, 21-19
Distribution systems, trickling filters/biotowers, 21-13
Diurnal variations, 24-29
Diversification, 27-10
Documents, 16-10
Domestic sources, 17-3
Dosage
calculations, 9-51
chemical addition, 25-37
Double-suction pumps, 8-35
Downflow carbon contactor, 24-53
Downstream units, 19-7
Draft tube mixing, anaerobic digesters, 30-25
Drainage systems, 11-4
Drives, rotating biological contactors, 21-40
Dry chemical feeders, 9-43
equipment, 9-43
operational considerations, 9-45
Dry-feed system, 9-44
Drying beds, 27-5
Drying, digester gas, 30-41
Dry-pit pumps, 8-35
Dual processes, 21-52
Duplication, 16-27
Dye testing, 25-14
Dynamic pumps, 8-18

E

Eclipse provisions, 16-14
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Economics, dewatering performance, 33-31
Effective dose number, 13-11
Effectiveness, 12-19
Effects of polymers, 24-31
Efficiency curves, 8-8
Effluent discharge, 2-12
Effluent quality and headloss, 24-30
Effluent, 17-2
Ejector hoppers, 18-19
Electric bills, 10-41
Electrical distribution systems, 10-7
cogeneration, 10-48
components, 10-11
energy audits, 10-47
energy cost reduction, 10-43
harmonics, 10-38
maintenance, 10-26
metering and billing, 10-41
power factor reduction, 10-48
relay coordination, 10-34
safety, 10-40
staffing, 10-38
training, 10-38
troubleshooting, 10-26, 10-33
typical layout, 10-8
Electrical formulas, 10-6
Electrical level measurement, 7-22
Electrical surge testing, 12-17
Electromotive force, 26-30
Electronic pressure transmitters, 7-18
Emergency lighting, 10-20
Emergency operations, 3-25
Emergency Planning and Community Right-to-Know Act, 5-5
Emergency planning, 26-40
Emergency power, 10-13
Emergency response records, 6-36
Employee transition plan, 15-8, 15-17
Endogenous respiration, 20-7, 20-173
Energy
audits, 10-47
charges, 10-41
conservation, 20-70, 20-72, 20-92, 20-94
consumption
chemical addition, 25-31
lighting, 10-45
motors, 10-44

20



transformers, 10-44

costs, 20-69

costs, reduction, 10-43

management, 6-28

management plan, 20-91

recovery, 27-10

savings, aerobic digestion, 31-26
Enforcement, 16-13

implementation, 4-20

mechanisms, 4-21

Response Guide, 4-20

Response Plan, 4-14, 4-20

tracking, 4-21
Enhanced biological phosphorus removal, 22-38

biochemistry, 22-39

emerging processes, 22-44
Enhanced primary treatment, 19-40
Enhanced suspended solids removal, 24-65
Enlarged first stage operation, rotating biological contactors, 21-46
Entamoeba hystolitica, 5-18
Enterococci, 17-13
Environmental effects, chemical addition, 25-38, 25-39
Environmental management systems, 2-8, 27-14
EPCRA, 5-5
Equations

amplitude of motion, 12-12

bearing life, 12-6

force on bearing, 12-12

permissible unbalance, 12-8

pump efficiency, 12-18

wrench torque, 12-11
Equipment, 18-3, 19-10, 24-8

adjustable ramp, 29-43

aerobic digestion, 31-39

belt and supports, 29-40

belt drive, 29-41

belt tensioning, 29-40

belt tracking, 29-41

belt wash, 29-43

centrifuge thickening, 29-59, 29-63

centrifuge thickening, automation, 29-62

chicanes, 29-42

controls, 29-44

description, chlorination, 26-20

descriptions, 6-16

dissolved air flotation thickening, 29-29
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doctor blade, 29-43
flocculation tank, 29-40
gravity belt thickening, 29-40
gravity thickening, 29-9
listing, 24-36

management, 6-31
mechanical dewatering, 33-54
polymer addition, 29-40

process performance improvements, 25-7

rotary drum thickening, 29-67
rotating biological contactors, 21-38
sludge pumping, 29-44
spare parts, 19-35
standard operating procedures, 14-11
Establishing legal authority, 4-13
Excavation safety, 5-37
Exceptional Quality biosolids, 27-5, 27-9
Exhausted carbon, 24-55
Exogenous carbon, 20-31
Explosive gases, 7-48
Exposure time, 26-11
Exposure, 13-9
External heating, digesters, 30-29

F

Facility personnel protection, 7-48
Facultative lagoons, 23-4
Facultative lagoons, process control, 23-11
Facultative organisms, 20-6
Failure, 16-6, 16-28
analysis, 12-3
data, 12-4
mode, identification, 12-19
Fast Fourier transform, 12-12
Fats, oils, and grease, 17-20, 28-7
Fecal coliform bacteria, 17-13
Federal authority, 4-16
Feed rate, dewatering optimization, 33-32
Feedback control, 7-40
Feeders, electrical distribution system, 10-11
Feedforward control, 7-41
Fermentation, 19-38, 19-40, 19-40
Ferric chloride, 24-6
chemical conditioning, 33-81
dewatering, 33-15
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Ferric salts, chemical conditioning, 33-87
Ferrous salts, 24-9
Fiber optic transmission, 7-38
Field calibration, 25-14
Filamentous bulking, 20-13, 20-128, 20-A1, 20-D1
Filamentous foaming, 20-126
Filamentous organisms, 20-43, 20-46, 20-51, 20-103, 20-115, 20-123, 20-D1
Filamentous organisms, absence, 20-130
Fill-and-draw test, 25-15
Filling the filter, 24-42
Filter aids, 24-30, 24-41, 24-43
Filter appurtenances, 24-42
Filter backwash, 24-41, 24-44
Filter media
rotating biological contactors, 21-39
trickling filters/biotowers, 21-16
Filter press, dewatering, 33-81
Filter pumping station, combined processes, 21-59
Filtration, 24-6, 24-19, 24-27, 24-40
media, 24-7
planned maintenance program, 24-46
process description, 24-40
process control systems, 24-41
process monitoring, 24-42
troubleshooting, 24-46
Final control elements, 7-5
Financial information system, 6-7
Financial planning, 3-31
Financial reports, 6-36
Financing, 15-13
Fine screens, 18-8, 19-10, 19-41
Fire detection system, 7-49
Fire protection systems, 11-10
Fire safety, 5-43
Fiscal management, 3-7
Five-day biochemical oxygen demand, 20-8
Five-stage Bardenpho process, 22-44
Fixed covers, digesters, 30-14
Fixed solids, 17-16
Fixed-film processes, 13-19
Fixed-film processes, nitrogen removal, 22-37
Fixed-film reactors, principles of, 21-4
Fixed-growth systems, 20-54
Fixed-volume sample, 17-25
Flash dryers, process control, 32-30
Flash drying, 32-24
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Floatable solids skimming, 19-21
Floatables removal, 19-3, 19-7
Floating covers, digesters, 30-15
Floating sludge, 20-138
Floats, 7-18
Floc breakup, 24-15
Floc, 20-46
Flocculation, 20-31, 24-4, 24-14, 24-27
Flocculation mixers, 24-16
Flood protection, 11-18
Flooding, 20-111
Flotation thickeners, 29-29
Flow equalization, 18-20
Flow measurement, 7-9
data collection, 14-7
digester gas, 30-46
Flow meters, 25-47
accuracy, 25-13, 25-51
full pipe, 25-49
installation concerns, 25-50
open channel, 25-47, 25-50
thickening, 29-4
troubleshooting, 25-50
Flow patterns, trickling filters/biotowers, 21-19
Flow quantification, data collection, 14-7
Flow variations, 17-4
Flow-proportional sampling, 4-19
Flow-proportioned composite, 17-25
Flowrate, 26-6
Flowrate control, 24-41
Flow-weighted average, 4-7
Fluidized beds, nitrogen removal, 22-38
Fluidized-bed incinerators, 32-32, 32-38
Flumes, 7-9
Fluorescent lights, 10-20
Foam control, biological nutrient removal, 22-62
Foam separation, digesters, 30-38
Foaming, 20-45, 20-112, 20-186
anaerobic digesters, 30-69
biological nutrient removal, 22-19
filamentous, 20-126
Fog, 7-20
Food-processing wastes, 17-3
Food-to-microorganism ratio, biological nutrient removal, 20-5, 20-39, 20-41, 20-75, 20-
112, 20-122, 20-130, 22-16, 22-51
Force mains, 13-15
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Force on bearing equation, 12-5
Forestry, 27-8

Fouling, 20-81

Foundation mass, 12-9

Fourier series, 12-12
Four-Stage Bardenpho process, 22-30
Free available chlorine, 26-19
Free water, biosolids, 33-6
Frequency of checks, 24-37
Frequency spectrum, 12-12
Friction losses, 8-7

Fuel systems, 11-5

Full privatization, 15-3

G

Gamma radiation detectors, 7-36
Gas characteristics, digesters, 30-37
Gas chromatography, 13-12
Gas compression, digesters, 30-43
Gas detection, 7-46
Gas distribution, digesters, 30-50
Gas drying, digesters, 30-41
Gas evaporator, 9-35
Gas feeders, 9-24

equipment, 9-24

operational considerations, 9-38
Gas handling, digesters, 30-37
Gas holder covers, digesters, 30-15
Gas mixing, anaerobic digesters, 30-22
Gas storage, digesters, 30-45
Gas treatment, digesters, 30-38
Gas utilization, digesters, 30-47
Gas vacuum-feed system, 9-36
Gaseous chlorination, 26-20
Gaseous chlorine withdrawal rate, 26-19
General Pretreatment Regulations, 2-8, 4-5, 4-23
Geographic information system, 6-6
Germicidal energy transmission, 26-11
Germicidal energy, 26-5
Germicidal wavelengths, 26-7
Giardia lamblia, 5-18
Glass electrodes, 7-30
Glycol, 17-3
Goals, 14-17, 16-3
Grab samples, 4-19, 17-23, 24-35, 28-12
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Granular activated carbon, 24-51
Granular media, 24-7
Gravity belt thickening, 29-39
equipment, 29-40
adjustable ramp, 29-43
belt and supports, 29-40
belt drive, 29-41
belt tensioning, 29-40
belt tracking, 29-41
belt wash, 29-43
chicanes, 29-42
controls, 29-44
doctor blade, 29-43
flocculation tank, 29-40
polymer addition, 29-40
sludge pumping, 29-44
preventive maintenance, 29-50
process control, 29-45
belt speed, 29-46
belt tension, 29-47
belt type, 29-47
mixing energy, 29-46
polymer, 29-45
polymer dosage, 29-46
ramp angle, 29-47
retention time, 29-46

sludge characteristics, 29-48

sludge feed, 29-45

slurry pump selection, 29-47

upstream variables, 29-47

wash water characteristics, 29-48

process description, 29-39
safety, 29-56

sampling and testing, 29-50
shutdown, 29-49

start-up, 29-49

troubleshooting, 29-50, 29-52-29-57

Gravity filter, 24-20

Gravity sewers, 2-10, 13-14

Gravity thickening, 13-22, 14-5, 29-5
equipment, 29-9
performance, 29-19
preventive maintenance, 29-20
process control, 29-13
process description, 29-7
safety, 29-22



sampling, 29-16
shutdown, 29-12
start-up, 29-11
troubleshooting, 29-16, 29-17
Grease traps, 17-20
Great Lakes Water Quality Agreement, 2-4
Grinding, 8-34, 8-67
devices, 18-8
pumps, 8-30, 8-54, 8-60
thickening, 29-4
Grit chambers, 13-18, 18-12
Grit pumps, 8-53, 18-16
Grit removal, 14-4, 18-12, 19-42
management practices, 18-19
process control, 18-19
troubleshooting, 18-19
Grit washing, 18-18
Grit, 28-6
Grounding, electrical distribution system, 10-25
Growth rate, nitrification, 22-23

H

Handling, 27-4
Harmonics, 10-6
Harmonics, electrical distribution system, 10-38
Hazard Communication Act, 2-7
Hazardous chemicals, 5-10
common chemicals, 5-12
control measures, 5-11
elimination, 5-11
engineering controls, 5-11
National Fire Protection Association, 5-15, 5-18
safety, 5-10
storage guidelines, 5-12
work practices, 5-11
Hazardous Communication Standard, 5-9
Hazardous compounds, 28-10
Hazardous condition instrumentation, 7-47
Hazards
confined space, 5-24
ventilation, 5-24
HAZCOM, 5-9
Head losses, 8-7
Head pressure level measurement, 7-20
Headloss, 24-30
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Headspace gases, 20-20
Health concerns, 13-8
Health protection, 32-38
composting, 32-14
heat drying, 32-31
lime stabilization, 32-18
thermal treatment, 32-24
Heat drying, 2-15, 27-9
flash drying, 32-24
low-temperature, 32-24
multipass sludge dryer, 32-31
paddle dryer/processor, 32-31
process comparison, 32-41
process control, 32-29
process descriptions, 32-24
rotary Kkiln dryers, 32-27
safety/health, 32-31
Heat recovery, digesters, 30-36
Heat transfer, digesters, 30-34
Heat treatment process, 32-19
Heat treatment, process control, 32-21
Heating, digesters, 30-27, 30-35
Heating, steam injection, 30-35
Heating/ventilating/air conditioning systems, 11-11, 11-13-11-15
Heavy metal removal, 24-27
Heavy metals, 2-6
Hedonic tone, 13-10, 13-12
Helix- or screw-type volumetric feeder, 9-46
Helpful hints, 9-49
Hepatitis, 5-19
Heterodyning, 12-16
High effluent turbidity, 24-40
High solids concentration digestion, 30-8
High-purity oxygen, 20-20
High-purity-oxygen aerobic digestion, 31-7
High-rate clarification, 24-5, 24-17
High-rate filters, 21-11
High-rate systems, 20-13
High-resolution redox, 26-30
Historical data collection, 17-23
HIV, 5-20
Holding times, 17-34
Holding, 13-22
Homogenization, 30-8
Horizontal beds, composting, 32-5
Horizontal pumps, 8-35
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Hose pumps, 8-52
Hot water heating, digesters, 30-35
Housekeeping, 19-24
Housekeeping, dewatering, 33-98
Human Immunodeficiency Virus, 5-20
Human resources management system, 6-7
Hydraulic capacity, 25-16
analysis, 25-16
bottlenecks, 25-17
exceedance indicators, 25-17
flow splitting imbalances, 25-18
modeling, 25-18
Hydraulic characteristics, 26-11
Hydraulic considerations, 19-21
Hydraulic load cell, 7-25
Hydraulic loading, 19-4
belt filter press, 33-65
dewatering centrifuge, 33-74
rotating biological contactors, 21-36
trickling filters/biotowers, 21-9
Hydraulic loading rate, centrifuge thickening, 29-65
Hydraulic overload, 20-118
Hydraulic retention time, 19-5, 20-5, 20-31
Hydraulic retention time, biological nutrient removal, 22-20, 22-52
Hydraulic surging, 20-111
Hydraulic transmission systems, 7-38
Hydrogen peroxide, 13-9, 26-38, 26-52
25-23, 25-56
testing, data analysis and calculations, 25-58
Hydrogen sulfide, 7-48, 13-5, 13-9, 13-25, 17-6, 17-20
Hydrogen sulfide, digesters, 30-39
Hydrolysis, 26-18

Ice, 7-18

Immunizations, 5-23

Impeller fouling, 20-112

Impeller housings, 8-38

Impeller mixing, anaerobic digesters, 30-21

Impellers, 8-31

Inactive protozoa, 20-133

Incandescent lights, 10-19

Incineration, 2-15, 13-24, 27-5, 27-9
air requirements, 32-36
dewatering optimization, 32-35
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fluidized-bed incinerators, 32-32
fluidized-bed operation, 32-38
fuel value, 32-36
heat recovery, 32-36
multiple-hearth incinerators, 32-32, 32-36
process comparison, 32-41
process control, 32-35
process descriptions, 32-31
safety/health, 32-38
troubleshooting, 32-41
Indicator bacteria, 17-12, 26-31
Indicator organisms, 17-13, 28-11
Indirect costs, 15-10
Indirect discharge, 4-5
Indoles, 13-5
Induced vortex pumps, 8-31
Industrial contribution, 19-6
Industrial discharges, 4-18, 13-14
Industrial pretreatment program, 2-6, 2-8
Industrial sources, 17-3
Industrial survey, 4-17
Industrial users
data, 4-21
identification, 4-17
pretreatment program, 4-23
recordkeeping requirements, 4-26
Industrial waste management records, 6-26
Industrial waste, 20-146
Industrial wastewater
characteristics, 4-27
pretreatment, 4-26, 4-27
Inert support media, 20-21
Infiltration and inflow, 2-10, 17-4, 20-18, 20-118
Influent flow measurement, 20-147
Influent, 17-2
Information and automation technologies, 3-33
Information management, dewatering, 33-12
Information technology
acquisition, 6-11
governance, 6-10
implementation, 6-11
support services, 6-12
system maintenance, 6-13
training, 6-13
Infrared thermography, 12-15
Initial settling velocity, 20-120
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Inlet check valve test, 8-79
In-line diffuser, 24-11
Inorganic chemical addition, 33-9, 33-15
Inorganic chemical conditioning, 33-81, 33-87
Inorganic media, 13-37
Input devices, 7-4
Inside-the-fence operations, 15-6
Inspection of industrial facilities, 4-18
Inspections, 27-14
Instrumentation, 7-3, 24-29

error, 7-8

location, 7-8

maintenance, 7-51

power, 10-24

redundant, 25-15

rotating biological contactors, 21-43
Instrumentation, Systems, and Automation Society, 7-52
Insurance coverage, 6-34
Integrated fixed-film activated sludge process, nitrogen removal, 22-38
Integrated sampling, 28-12
Intended Use Plan, 2-4
Intermediate-rate filters, 21-11
Internal heating, digesters, 30-29
Internal mixed-liquor recirculation, 20-76
International Water Association, 20-65
Interstitial water, biosolids, 33-7
Interval based training, 16-18, 16-27
Intrusion detection, 7-50
Inventory management, 3-38, 6-33
Inversion conditions, 13-44
In-vessel composting, 32-5
lon exchange, 24-57, 24-61, 24-63
lon-selective electrodes, 7-28
Iron concentration, 26-12
Iron salts, 13-29
ISO 14001, 27-14
ISO 1940-1, 12-8
Issue dates, 16-12

J

Jar test, 24-25, 24-28
Johannesburg process, 22-44

K
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Kilovar generator, capacitors, 10-24
Kinetic pumps, 8-18

Kjeldahl nitrogen, 20-30, 20-76
Kjeldahl nitrogen analysis, 17-19

L

Labor relations, 15-7
Laboratory
control, dewatering, 33-97
facilities, 20-150
process control, 14-19
records, 6-23
safety, 5-41
Laboratory information management system, 6-6
Ladders, safety, 5-39
Lagoons
aerated, 23-5
aerobic, 23-4
anaerobic, 23-4
chemical addition, 25-44
data collection, 23-13
design parameters, 23-6
facultative, 23-4
maintenance, 23-18
mixing, 23-10
nitrogen removal, 22-37
physical configuration, 23-5
polishing, 23-3
process control, 23-8
process descriptions, 23-2
solids accumulation, 23-11
system start-up, 23-6
tertiary, 23-3
troubleshooting, 23-13
unaerated, 23-4
Lamellar settlers, 24-18
Lamp
aging, 26-12
configuration, 26-11
output, 26-14
Lance mixing, anaerobic digesters, 30-22
Land application, 13-24, 27-6, 28-4
Land application, aerobic digestion, 31-48
Land reclamation, 27-8
Land treatment
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crops, 23-34
data collection, 23-38
groundwater monitoring, 23-38
maintenance, 23-43
overland flow, 23-32
process control, 23-33
process descriptions, 23-26
rapid infiltration, 23-32
slow-rate, 23-29
soil monitoring, 23-38
troubleshooting, 23-42
vegetation monitoring, 23-38
wastewater application, 23-36
wastewater monitoring, 23-38
Landfill disposal, 28-4
Legal requirements, 17-22
Leptospirosis, 5-21
Level measurement, 7-18
Level-sensing devices, 18- 7
Liability, 15-19
Library, 3-25
Life-cycle cost analysis, 15-3, 15-10
Lift stations, 2-10
Lifting, safety, 5-41
Lighting, 10-19, 10-20
controls, 10-19
emergency, 10-20
energy cost reduction, 10-45
intensity, 10-19
panels, 10-18
Lightning protection, 11-16
Lime addition
dewatering, 33-9
process performance, 25-42
Lime recalcining, 24-51
Lime stabilization, 27-5
process comparison, 32-41
process control, 32-18
process descriptions, 32-16
propriety processes, 32-17
safety/health, 32-18
troubleshooting, 32-18
Lime, 20-126, 20-C1, 24-8, 24-25, 27-4, 28-11
Lime, chemical conditioning, 33-81, 33-87
Line graphs, 14-28
Line of best fit, linear regression, 14-33-14-35
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Linear regression, line of best fit, 14-33-14-35
Liquid feeders, 9-38

equipment, 9-39

operational considerations, 9-42
Liquid hypochlorination, 26-35
Liquid treatment, 2-9, 13-16, 13-39
Liquids pumping, 8-28
Load variations, fixed-film reactors, 21-4
Loading rates, 20-12
Local limits, 4-7
Local manual control, 7-6
Local ordinances, 27-11
Lockout/tagout, 5-46
Loop controllers, 20-66
Low pressure—nhigh intensity lamps, 26-12
Low pressure—low intensity lamps, 26-12
Low-rate filters, 21-10
Low-rate systems, 20-12
Low-temperature heat drying, 32-24
Low-velocity screens, 8-38
Lubrication, 12-14
Ludzack-Ettinger process, 20-24, 22-29
Lysis, 20-173

M

Machine installation fundamentals, 12-4
Machine safety, 5-45
Magnetic flow meters, 7-11
Magnetic proximity sensors, 7-27
Maintenance, 7-51, 19-28, 19-33, 20-11, 20-91, 20-187
aerobic digestion, 31-64
belt filter press, 33-70
Best Practices, 12-2
checks, 24-37
combined processes, 21-62
compressors, 11-8
contracts, 7-53
corrective, 3-38
costs, 6-34
electrical distribution system, 10-26
emergency, 19-35
fund, 15-18
heating/ventilating/air conditioning systems, 11-16
in-plant utilities, 11-2
inventory management, 3-38
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lagoons, 23-18
Maintenance, land treatment, 23-43
management, 3-36, 3-37
measurement, 12-23
overland flow land treatment, 23-49
predictive, 3-38
pressure filter, 33-93
preventive, 3-38, 19-32
pumps, 8-20, 8-24
rapid infiltration land treatment, 23-49
reliability centered, 3-39
reports, 14-8
rotating biological contactors, 21-48
schedule, 6-32
slow-rate land treatment, 23-45
Managed competition, 15-11
Management information systems, 6-3
Management, 3-1, 27-6
benchmarking and peer review, 3-30
emergency operations, 3-25
personnel, 3-13
practices, 18-11
public communications, 3-21
reporting and recordkeeping, 3-23
software, 16-10
Manipulated variable, 7-40
Manual cleaning, 18-8
Manual control, 7-40
Manufacturers’ literature, 6-16
Masking agents, 13-32
Mass balances, 14-24
Mass flow meters, 7-14
Mass flow, 7-14
Mass spectrometry, 13-12
Material safety data sheet, 2-7, 5-9, 17-40, 26-20, 26-40
Materials of construction, 9-22
Maximum allowable headworks loading, 4-12
Maximum growth rate, 22-23
Mean cell residence time, 20-5, 20-10, 20-12, 20-31, 20-39, 20-45, 20-49, 20-51, 20-53,
20-56, 20-58, 20-78
Mean cell residence time, biological nutrient removal, 22-14, 22-47
Measurements, process control, 14-19
Measuring performance, 12-21
Mechanical aeration, 20-33, 20-108
Mechanical bar screen pumping station, 14-9
Mechanical cleaning, 18-4
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Mechanical dewatering, 14-6, 33-54
dewatered solids conveyance, 33-58
equipment capability, 33-55
feed-pump considerations, 33-57
installation considerations, 33-55
polymer dosage, 33-62
process additives, 33-59,
process calculations, 33-59

Mechanical drives, rotating biological contactors, 21-50

Mechanical drying methods, 27-5

Mechanical flow meters, 7-11

Mechanical mixers, 24-15

Mechanical mixing, anaerobic digesters, 30-19

Mechanical pressure gauges, 7-16

Mechanical pump seals, 8-18

Media expansion and suspension, 24-33

Megohm test, 12-17

Membrane bioreactor, 20-48

Membrane bioreactors, nitrogen removal, 22-34

Membrane covers, digesters, 30-16

Membrane filtration, 2-11

Mercaptans, 13-5

Merchant facility, 15-4

Mesophilic aerobic digestion, 31-12

Mesophilic digestion, 30-4

Metabolic processes, 20-6
respiration, 20-6
synthesis, 20-6

Metal salts, 24-9

Metals, 28-10

Metering pumps, 8-73

Methane, 17-6

Microbiological hazards, 5-15
aerosols, 5-21
Hepatitis, 5-19
HIV, 5-20
Leptospirosis, 5-21
parasites, 5-16
SARS, 5-20

Microorganisms, fixed-film reactors, 21-7

Microprocessors, 7-6

Microscopic examination, 17-14, 20-103

Microthrix parvicella, 20-47, 20-126

MIL-STD-167-1 (U.S. Navy), 12-7

Minor head losses, 8-7

Miscellaneous principles, 12-9
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Mixed digestion, 30-18
Mixed liquor respiration rate, 20-104
Mixed liquor settleability, 20-101, 20-117, 20-125
Mixed liquor suspended solids, 17-17, 20-3, 20-8, 20-31, 20-34, 20-40, 20-41, 20-43, 20-
62, 20-103, 20-112, 20-122, 24-30, 28-8
Mixed liquor volatile suspended solids, 20-3, 20-39
Mixed residuals, 28-4
Mixed-flow impellers, 8-31
Mixing, 20-34
anaerobic digesters, 30-25
digesters, 30-17
efficiency, dechlorination, 26-42
systems, composting, 32-9
Modeling, hydraulic, 25-16, 25-18
Modeling, oxygen-transfer capacity, 25-25
Modifications, 20-50
Modified Ludzack-Ettinger process, 22-29
Modified University of Capetown process, 22-42
Moisture content, 28-9
Moisture control, composting, 32-11
Moisture, digesters, 30-41
Monitoring, 13-41
anaerobic digestion, 30-62
equipment, 20-88, 20-F1
industrial users, 4-17
information technology, 6-13
Monthly reports, 6-23
Motors, 10-16
control center, 10-15
current signature analysis, 12-17
energy cost reduction, 10-44
power, 8-9
power efficiency, 8-8
MSDS, 5-9
Multipass sludge dryer, 32-31
Multiple-hearth incinerators, 32-32, 32-38
Multiple-sludge denitrification, 20-30
Multiple-sludge nitrification, 20-30
Multiple-sludge systems, 20-30
Multistage digestion, 30-6

N
National Association of Clean Water Agencies, 27-14

National Biosolids Partnership, 27-13
National Fire Protection Association, 5-12, 5-18
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National Pollutant Discharge Elimination System, 2-3, 4-2, 17-3, 17-22, 24-35
National Pretreatment Program, 4-3, 4-7, 4-16, 4-23
National Research Council, 2-5
Natural processes
lagoons, 23-2
land treatment, 23-26
Nephelometers, 7-33, 17-6
Nephelometric turbidity units, 24-27
Net positive suction head, 8-8, 8-13
NFPA, 5-12, 5-18
Nitrate concentration, 20-144
Nitrate, 7-32, 13-30, 17-18
Nitrification, 17-12, 20-9, 20-21, 20-23, 20-55, 20-75, 20-126, 20-140, 20-143, 22-22
biochemistry, 22-22
rotating biological contactors, 21-47
two-stage, 20-56
Nitrification and denitrification, aerobic digestion, 31-22, 31-23
Nitrifying bacteria, 20-55
Nitrite, 7-32, 17-18
Nitrogen removal planned maintenance program, 24-64
Nitrogen removal processes, 22-28, 24-57
aerobic-anoxic operation, 31-27
anoxic step-feed, 22-32
combined fixed-film/suspended growth, 22-37
deep-bed filters, 22-38
description, 24-60
fixed-film processes, 22-37
fluidized beds, 22-38
four-stage Bardenpho, 22-30
integrated fixed-film activated sludge, 22-38
lagoons, 22-37
Ludzack—Ettinger, 22-29
membrane bioreactors, 22-34
Modified Ludzack-Ettinger, 22-29
oxidation ditches, 22-34
sequencing batch reactors, 22-34
Nitrogen trichloride, 24-63
Nitrogen, 2-11, 17-18, 20-143, 28-9
Nitrogen-based polymers, 27-4
Nitrogenous biochemical oxygen demand, 20-49
Nocardia, 20-47, 20-115, 20-126
No-effect concentration, 17-22
Nonclog centrifugal pumps, 8-36
Noncompliance notification, 4-25
Noncontact frequency generators, 7-27
Nonpoint sources, 2-5
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Nonpolar fats, oils, and greases, 17-20
Nonpotable water systems, 11-2
Nonpressurized tanks, 7-20
Nonsettleable solids, 17-15
Nonsubmersible pumps, 8-81
Normal filtration process control, 24-42
Normal recarbonation process control, 24-48
Normal sedimentation process control, 24-38
Nose, 13-5
Notification of changed discharge, 4-25
Notification of discharge of hazardous wastes, 4-25
Notification of potential problems, 4-25
Nuclear density meters, 7-36
Nutrients, 28-10

balance, 20-Al

composting, 32-11

concentrations, 27-2

fixed-film reactors, 21-5

O

Obijectives, 16-12
Occupational Safety and Health Act, 2-7
Occupational Safety and Health Administration, 5-3
Odor, 13-4, 17-5, 20-185, 27-13
characterization, 13-10, 13-12
concentration, 13-11
control methods, 13-25, 18-20, 19-23
composting, 32-14
dewatering, 33-16
digesters, 30-17
dispersion, 13-10
generation, 13-5, 13-13
intensity, 13-11
measurement, 13-10
modification, 13-32
neutralization, 13-32
panels, 13-10
perception, 13-4
release, 13-13
thresholds, 13-11
Odorgram, 13-13
Offgas analysis, 25-23, 25-52, 25-53
Offgas analysis, data analysis and calculations, 25-54
Offgas sampling, 17-39
Olfactometer, 13-11
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Olfactory process, 13-4
Online analyzers, 17-29
On-off control, 7-43
Open channel flow meters, 7-18, 25-47, 25-50
Open culture, 20-4
Open impellers, 8-32
Open loop control, 7-40
Operations
control, 13-27
data, dissolved air flotation units, 29-33, 29-34
dewatering centrifuge, 33-76
liability, 15-19
manual, 16-15
problems and solutions, 19-28, 20-106
procedures, 14-9
records, 6-22
vacuum filter, 33-93
Operations and maintenance, 3-6, 3-10, 6-15
Operator strategies, 13-38
Optical proximity sensors, 7-28
Optimizing filter run time, 24-30
Ordination, 16-14
Organic constituents, 28-10
Organic flocculants, 33-16
Organic loading
rotating biological contactors, 21-36
trickling filters/biotowers, 21-8
Organization, 16-2
Organizational structures, 3-11
Orthophosphate, 17-19
OSHA, 5-3
300 logs, 5-53, 5-59-5-61
Hazardous Communication Standard, 5-9
Outside-the-fence operations, 15-6
Outsourcing, 3-35, 15-1, 27-12
advantages, 15-7
economics, 15-9
functional activities, 15-5
Overland flow land treatment, 23-32, 23-49
Overload conditions, anaerobic digesters, 30-64
Oversight mechanisms, 4-14
Owner participation, 15-20
Oxidation ditch, 20-24
Oxidation ditch, 20-15, 20-50
nitrogen removal, 22-34
phosphorus removal, 22-46
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Oxidation—reduction potential, 7-30, 17-9, 26-30
Oxidation-reduction potential, biological nutrient removal, 22-58
Oxygen
concentration, 13-26
consumption, 20-62
deficiency, 7-48
demand, 7-31, 20-9, 25-27
requirements, biological nutrient removal, 22-53
separation devices, 20-21
transfer, 20-8
aeration electrical efficiency, 25-24
capacity, empirical equations/modeling, 25-25, 25-27
determining, 25-23
devices, 20-32, 20-34
effects on, 25-22
efficiency, 20-75, 20-80
tests, 25-21, 25-23, 25-24, 25-61
uptake rates, 20-175, 20-181
Ozonation, 2-12, 26-42
equipment description, 26-43
shutdown, 26-46
start-up, 26-46
Ozone, 13-30

P

Packing, 8-18

Paddle dryer/processor, 32-31

Page party system, 7-50

Paint filter-liquids test, 18-11, 18-22

Parasites, 5-16, 26-3
Cryptosporidium, 5-18
Entamoeba hystolitica, 5-16
Giardia lamblia, 5-18

Pasteurization, 30-7

Pathogens, 17-13, 26-3, 26-31, 28-2, 28-5
reduction, 30-9, 20-182
reduction, aerobic digestion, 31-51
Paved beds, 33-47
Paved beds, troubleshooting, 33-51
Payment schedule, 15-18
Peak power, 20-87
Peer guided instruction, 16-18
Pelletizing, 27-9
Penalties, 16-13
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Peracetic acid, 26-52
Performance
appraisals, 3-19
bond, 15-19
dewatering centrifuge, 33-75
expectations, 19-16
optimization, dewatering, 33-31
Periodic compliance report, 4-24, 4-26
Peripheral/regenerative turbine pumps, 8-28
Peripherals, 12-9
Permissible unbalance equation, 12-8
Permit compliance, 2-2
Permit requirements, 24-35
Permits, 27-11, 15-14
Permits, confined spaces, 5-28, 5-31
Personal computers, 7-6
Personal productivity applications, 6-8
Personnel
management, 3-13
protection instrumentation, 7-46
training, 6-35, 7-52
Pesticides and polychlorinated biphenyls, 2-6
pH, 7-30, 17-11, 19-26
adjustment, 24-8, 24-19
anaerobic digestion, 30-63
biological nutrient removal, 22-19, 22-56
control, anaerobic digesters, 30-65
fixed-film reactors, 21-5
Phased power, 10-3
Phoredox process, 20-27
Phosphate-storing organisms, 20-11
Phosphorus, 2-11, 17-19, 20-58, 20-140
loading, 24-29
reduction, 24-25
reduction, aerobic-anoxic operation, 31-29
removal, 20-11, 24-4, 24-65
Phosphorus-accumulating organisms, 17-20, 20-58
PhoStrip™ 11 process, 20-29
PhoStrip™ process, 20-26
PhoStrip process, phosphorus removal, 22-46
Phototrophs, 20-5
Physical characteristics, 17-4
Physical parameters, 7-4
Physical plant records, 6-14
Physical properties, 28-8
Physical-chemical analyzers, 7-28
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Physical-chemical treatment, 2-11
Picture procedures, 16-17
Pie charts, 14-31
Pilot valve test, 8-80
Pinpoint floc, 20-137
Piping, 9-21
configuration, 12-9
maintenance, 8-84
pumping stations, 8-81
rotating biological contactors, 21-43
stain, 12-9
Piston pumps, 8-47, 8-56
Piston valve test, 8-80
Pitfalls, 16-27
Planned maintenance, 24-36
combined processes, 21-62
rotating biological contactors, 21-48
trickling filters/biotowers, 21-28
sedimentation, 24-39
Planning information technology, 6-11
Planning, 14-17
Plant layout, 20-147
Plug-flow reactors, 20-52
Plug-flow system, 20-14
Plug-flow value, 26-12
Plunger pumps, 8-45, 8-56, 8-61
Pneumatic ejector pumps, 8-53
Pneumatic ejectors, 8-77
Pneumatic pressure transmitters, 7-17
Pneumatic transmission systems, 7-38
Polar fats, oils, and greases, 17-20
Policy, 16-11
Polishing lagoons, 23-3
Pollutant exposure, 13-9
Pollutants of concern, 4-8, 4-11
Polymers, 24-10, 28-11
active content, 33-26
addition
gravity belt thickening, 29-40
process performance, 25-41
thickening, 29-5
dosage, gravity belt thickening, 29-46
belt filter press, 33-65
characteristics, 33-19
charge density, 33-20, 33-26
conditioning, 33-29
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degradation, 33-29
dewatering centrifuge, 33-74
dewatering optimization, 33-31
dewatering selection, 33-33
dose, centrifuge thickening, 29-65
dry polyacrylamide, 33-22, 33-28
electronic charge, 33-20
emulsion polyacrylamide, 33-23, 33-28
evaluation/selection, 33-35,
feed rate, rotary drum thickening, 29-70
handling, 24-31
gravity belt thickening, 29-45
make-down system, 33-27
molecular weight, 33-21
quality control, 33-25
safety, 33-25
solution polyacrylamide, 33-24
specifications, 33-25
viscosity, 33-27
Poor supervision, 16-23
Portable equipment, 7-47
Positive-displacement pumps, 8-18, 8-45
Postdenitrification process, 20-24
Post-precipitation, 24-66
Potable water systems, 11-2, 26-42
Potassium permanganate, 13-30
Powdered activated carbon, 20-54
Power factor, 10-3
charges, 10-42
correction, 10-48
Power generation, digester gas, 30-49
Power system protection, 10-26
Predictive maintenance, 3-38, 6-29
electrical distribution system, 10-27
pumps, 8-26, 8-42, 8-62
Preliminary treatment, 2-10, 13-17
Pre-precipitation, 24-66
Preservation, 17-34
Pressure filters, 24-21, 33-18
maintenance, 33-93
process variables, 33-88
safety, 33-92
startup/shutdown, 33-90
troubleshooting, 33-90
Pressure
measurement, 7-15
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process control, 33-89
Prethickening, aerobic digestion, 31-12
Pretreatment, 27-3

anaerobic digestion processes, 30-6

Compliance Inspection, 4-14

considerations, 18-20

program reports, 6-18

program responsibilities, 4-13

recordkeeping, 4-22

reporting, 4-22

sampling, 4-19
Preventive maintenance, 3-38, 7-51, 12-2, 12-18, 19-32, 26-10

centrifuge thickening, 29-67

chlorination, 26-33

dechlorination, 26-42

dewatering equipment, 33-95

dissolved air flotation thickening, 29-36

electrical distribution system, 10-27

gravity belt thickening, 29-50

gravity thickening, 29-20

liquid hypochlorination, 26-36

ozonation, 26-50

records, 6-28

rotary drum thickening, 29-72

ultraviolet disinfection, 26-16
Primary clarification, 13-18, 14-4

lime addition, 25-42

polymer addition, 25-41
Primary residuals, 28-2
Primary sludge fermentation, 19-38
Primary treatment, 2-11, 19-42

alternative methods, 19-39

chemical addition, 25-40
Priority pollutants, 2-6, 4-7, 4-10, 17-21
Privatization, 3-35
Proactive maintenance, 12-3
Process and instrumentation diagrams, 14-23
Process capacity diagram, 25-12
Process control, 14-16, 14-19, 18-7, 19-17, 19-25
data, 14-8

aerobic digestion, 31-57

biological nutrient removal, 22-47,

centrifuge thickening, 29-64

chlorination, 26-27

combined processes, 21-61

communications, 14-19
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composting, 32-11
data evaluation, 14-27
dewatering centrifuge, 33-79
discrete process tracking, 14-20
dissolved air flotation thickening, 29-32
flash dryers, 32-30
gravity belt thickening, 29-45
gravity thickening, 29-13
heat drying, 32-29
heat treatment, 32-21
incineration, 32-35
information gathering, 14-22
laboratory, 14-19
lagoons, 23-8
land treatment, 23-33
lime stabilization, 32-18
mass balances, 14-27
measurements, 14-19
monitoring, 12-17
pressure filter, 33-89
primary clarifier plan, 14-18
problem areas, 14-21
reed beds, 33-50
rotary drum thickening, 29-70
rotary kiln dryers, 32-30
rotating biological contactors, 21-43
sampling, 17-38
systems, 24-25
thermal treatment, 32-21
tools, 14-21
trickling filters/biotowers, 21-19
ultraviolet disinfection, 26-12
wet air oxidation, 32-22
Process efficiency, 20-31
Process goals, 20-8
Process modifications, combined processes, 21-61
Process monitoring and control, 17-22
Process optimization, belt filter press, 33-68
Process performance, 20-60
Process performance improvements, 25-1
Process variations, 20-12
Procurement process, 15-11
Program development, 16-6
Program elements, 16-7
Programmable logic controllers, 7-6, 18-7, 20-66
Programmable logic controllers, electrical distribution system, 10-23
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Progressing cavity pumps, 8-49, 8-57, 8-60, 8-61
Prohibited discharges, 4-6
Project financing, 15-20
Project-based training, 16-4
Propeller impeller, 8-33
Propeller meters, 7-11
Propeller pumps, 8-29
Propionic acid, 20-26
Proportional control, 7-43
Proportional integral action, 7-44
Proportional integral derivative controller, 7-45
Protective relays, 10-13
Protozoa
absence, 20-134
inactive, 20-133
Proximity sensors, 7-27
Public acceptance, 27-13
Public communications, 3-21
Public relations, 13-8
Public/private partnerships, 15-2
Publication of noncompliant list, 4-22
Publicly owned treatment works reporting, 4-23
Publicly owned treatment works, 2-8
Public—private partnerships, 3-35
Pumps, 16-12, 9-21
aerobic digestion, 31-45
affinity laws, 8-10
appurtenances, 8-21, 8-38, 8-58, 19-15, 19-20
categorization, 8-31, 8-56
classification, 8-17
control, 8-23, 8-41, 8-59, 20-89
efficiency equation, 12-18
efficiency, 8-8
equipment, 20-83, 20-187
fundamentals, 8-5
energy costs, 8-15
impeller diameter, 8-11
location, 8-35
maintenance, 8-20, 8-38, 8-41, 8-57
mixing systems, anaerobic digesters, 30-19
monitoring, 8-23, 8-40, 8-59
operation, 8-20, 8-38, 8-57
orientation, 8-35
performance curves, 8-8
performance, 8-8
primary effluent, 20-84
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recycle, 20-87
rotational speed, 8-11
return activated sludge, 20-85
seals, 8-18
shutdown, 8-22, 8-40, 8-59
sludge, gravity belt thickening, 29-44
solids, 19-19
startup, 8-22, 8-40, 8-58
testing procedures, 8-21, 8-38, 8-58
thickening, 29-4
troubleshooting, 8-43
waste activated sludge, 20-86
wear, 8-25, 8-41

Pumping stations, 8-80, 13-16
maintenance, 8-84
mechanical bar screen, 14-9

Q

Qualification guides, 16-24, 16-27
Quiality assurance, 24-35, 28-13
Quality control, 28-13

Quality control, polymers, 33-25
Quantitative testing, 13-12

R

Radiation exposure, 26-14
Rapid infiltration land treatment, 23-32
Rapid infiltration land treatment, maintenance, 23-49
Rapid mixing device, 24-11
Rates, electric, 10-41
Reactors
configuration, 20-13
design, 20-74
aerobic digestion, 31-39
Reactors-in-series, 20-14
Reasonability check, 7-51
Recarbonation, 24-8, 24-19, 24-46
process control systems, 24-48
process description, 24-46
planned maintenance program, 24-50
troubleshooting, 24-50
Recessed plate filter, 33-85
Recessed-impeller centrifugal pumps, 8-51
Reciprocating pumps, 8-45
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Recirculation, 20-35
Recirculation, rotating biological contactors, 21-46
Record drawings, 6-15
Record preservation, 6-39
Recordkeeping, 3-23, 3-25, 4-22, 7-51, 12-23, 14-15, 17-23, 17-38, 20-187, 27-13
Recordkeeping, aerobic digestion, 31-65
Records and reports, 18-22, 19-36
Recruitment, 3-15
Rectangular sedimentation tanks, 19-11-13
Recycle flows, 18-21, 19-9
biological nutrient removal, 22-58
management, 19-22
Recycle of backwash flows, 24-44
Recycled solids, dewatering optimization, 33-32
Redox potential, 17-9
Reed beds, 33-45
Reed beds, process control, 33-50
Reference substance, 13-11
Refractory organics, 24-50
Regenerated carbon, 24-54
Regulated industrial categories, 4-7
Regulated wastewaters, 4-7
Regulations, 27-14
aerobic digestion, 31-47
anaerobic digestion, 30-9
compliance, 3-35
confined spaces, 5-36
history, 4-3
safety, 5-5, 5-9
structure, 4-4
Relating recordkeeping to operations, 6-28
Relay coordination, 10-6
Relay coordination, power system protection, 10-34
Reliability centered maintenance, 3-39, 12-18
Removal credits, 4-12
Removal
floatables, 19-3, 19-7
settleable solids, 19-3, 19-4
solids, 19-18
Repetition, 16-5, 16-27
Report forms, accidents/injuries/illnesses, 5-53-5-58
Report forms, safety, 5-52
Reporting and recordkeeping, 3-23, 3-25
Reporting for permit requirements, 24-35
Reporting for process monitoring, 24-35
Reporting requirements, 4-23
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Reporting requirements, industrial users, 4-25
Reporting, 4-22
Representative sampling, 17-29, 28-12
Request for proposals, 15-10
Request for qualifications, 15-11
Required net positive suction head, 8-14
Reset control action, 7-44
Residence time test, 26-5
Residual limits, 26-20
Residuals management, 2-12
Residuals management, chemical addition, 25-33
Resistance temperature detectors, 7-23
Respiration rate, 20-133
Responsibilities, 16-14
Retention and succession planning, 3-18
Retrofitting, 20-83
Return activated sludge, 20-4, 20-35, 20-38, 20-45, 20-57, 20-149, 28-2
Return activated sludge, pumps, 20-35
Return flows, biological nutrient removal, 22-19
Return rate, 20-121
Revision dates, 16-12,
Rising sludge, 20-131
Risk management, 9-4
Risk management program reports, 6-20
Roadways, 11-16
Robert F. Mager, 16-29
Root-cause failure analysis, 12-3
Rotary drum screens, 18-9
Rotary drum thickening, 29-67
equipment, 29-67
performance, 29-71, 29-73
preventive maintenance, 29-72
process control, 29-70
polymer feed rate, 29-70
pond depth, 29-71
sludge feed rate, 29-70
process description, 29-67
safety, 29-74
sampling, 29-71
shutdown, 29-69
start-up, 29-67
troubleshooting, 29-71, 29-72
Rotary kiln dryers, 32-27
Rotary kiln dryers, process control, 32-30
Rotary lobe pumps, 8-50, 8-57, 8-61
Rotating biological contactors
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equipment description, 21-38
planned maintenance, 21-48
process alternatives, 21-32
process control, 21-43
process description, 21-35
troubleshooting, 21-48
Rotating drums, composting, 32-5
Rotating positive displacement pumps, 8-48, 8-57
Rotating pumps, 8-48
Rotifers, 20-105
Roughing filter—activated sludge process, 21-57
Roughing filters, 21-8, 21-12
Routine operations, ultraviolet disinfection, 26-14
Run-to-failure strategy, 12-2

S

Safety, 5-1, 9-3, 13-8, 17-39, 18-21, 19-36, 20-H1, 26-14, 26-20, 26-36
accident reporting, 5-52
belt filter press, 33-70
bromine chloride, 26-52
centrifuge thickening, 29-67
chemical delivery, 5-14
chemicals, 5-12, 5-13
chlorine, 5-13
composting, 32-14
confined spaces, 5-23
dewatering, 33-98
digester gas, 30-50
digester gas system, 30-47
dissolved air flotation thickening, 29-38
employee responsibilities, 5-62
fire, 5-43
gravity belt thickening, 29-56
gravity thickening, 29-22
hazardous chemicals, 5-10
hazards, 5-24
heat drying, 32-31
high-voltage circuits, 10-40
HIV, 5-20
immunizations, 5-23
incineration, 32-38
laboratory, 5-41
ladders, 5-39
lifting, 5-41
lime addition, 33-11
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lime stabilization, 32-18
lockout/tagout, 5-46
machines, 5-45
management responsibilities, 5-62
microbiological hazards, 5-15
MSDS, 5-9
National Fire Protection Association, 5-12, 5-15
ozonation, 26-47
personal hygiene, 5-21
plant design, 5-51
polymers, 33-25
precautions, 5-26
pressure filter, 33-92
program, confined spaces, 5-29
programs, 5-53
regulations, 5-3, 5-5, 5-9
rotary drum thickening, 29-74
SARS, 5-20
standards, 5-12
symbols, 5-18
thermal treatment, 32-24
traffic, 5-48, 5-49
training, 5-63, 16-4, 16-8
trenching and excavation, 5-37
trickling filters/biotowers, 21-28
Uniform Fire Code, 5-12
ventilation hazards, 5-24
Samples
analysis, 24-34
collection, 28-12
handling, 17-34
parameters, 17-23
storage, 28-13
temperature, 17-29
types, 24-34
volume, 17-33
Sampling, 14-7, 17-22, 18-22, 28-11
centrifuge thickening, 29-66
dissolved air flotation thickening, 29-36
equipment, 17-27
locations, 17-30
gravity belt thickening, 29-50
gravity thickening, 29-16
methods, 13-10
rotary drum thickening, 29-71
Sand beds, 33-46
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Sand beds, troubleshooting, 33-51
Sanitary sewers, 2-10
SARA, 5-5
SARS, 5-20
Saturation systems, dissolved air flotation thickening, 29-29
SCADA, 3-33
Scatter graphs, 14-31, 14-32
Scattered light, 7-33
Scattershot, 16-27
Scheduling, aerobic digestion, 31-65
scraper arms, 19-14
Screening, 14-4, 19-10, 19-41, 28-5
cleaning, 18-4
composting, 32-10
debris, 18-3
disposal, 18-3, 18-11
presses, 18-9
process, 18-22
Screw lift pumps, 8-29
Scum, 28-7
Scum control, digesters, 30-58
Seal water, 8-18
Seasonal sample volume, 17-26
Secchi disk, 20-F3
Secondary clarification, 14-5, 13-20
Secondary clarification, biological nutrient removal, 22-60
Secondary digesters, 30-13
Secondary residuals, 28-2
Secondary sludge odors, 13-20
Secondary treatment, 2-11, 13-19, 17-16, 20-49
Secondary treatment, chemical addition, 25-41
Security, 7-48
card access, 7-49
information technology, 6-13
Sediment removal, digesters, 30-38
Sedimentation, 24-5, 24-15, 24-37
data collection, 24-39
process, 24-38
process control systems, 24-37
process description, 24-37
tanks, 19-10, 24-37
circular, 19-11, 19-13-19-15
rectangular, 19-11-19-13
scraper arms, 19-14
square, 19-15
troubleshooting, 24-40

53



Seepage, 8-43
Selectors, 20-19, 20-51
Self-contained breathing apparatus, 26-20, 26-40
Self-monitoring requirements, 4-26
Semicontinuous filters, 24-40
Semi-open impellers, 8-32
Semivolatile organic compounds, 2-6
Sensors, 7-4
Sensory analysis, 13-10
Septage, 20-146, 28-11
disposal, 13-16
management, 18-20
Sequencing batch reactors, 20-15, 20-26, 20-29, 20-59
nitrogen removal, 22-34
phosphorus removal, 22-45
Series processes, 21-52
Service
analysis, 15-11
delivery industry, 15-4
levels, 15-10
Service transformers, 10-13
Setpoint, 7-40
Settleability, 20-45
Settleable solids, 17-15, 19-25
settleable solids removal, 19-3, 19-4
Settled sludge volume test, 17-17
Settleometer, 17-17
Settling, 24-4
basin, 24-5, 24-37
characteristics, 17-17
tank, 19-4
test, 28-8
Severe Acute Respiratory Syndrome, 5-20
Sewer overflow, 26-52
Sewer Use Ordinance, 4-13, 4-21
Shaft
alignment, 12-4
runout, 12-10
Shell and tube heat exchanger, digesters, 30-32
Shift work, 16-19
Shock load, 18-21, 20-135
Sidestream fermentation process, 20-26
Sidestream treatment, rotating biological contactors, 21-44
Sidestreams, 18-21
Signal transmission networks, 7-38
Signal transmission techniques, 7-36
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Signatory and certification requirements, 4-24
Signature analysis, 12-12
Significant industrial user reporting requirements, 4-24
Significant industrial user, 4-5
Silos, composting, 32-5
Siloxane, digesters, 30-41
Simultaneous nitrification/denitrification, 20-24, 22-26
Single-stage recarbonation, 24-49
Single-sludge phosphorus removal, 20-25
Single-sludge processes, 20-23
Single-suction pumps, 8-35
Site specific, 16-17
Skatoles, 13-5
Skill stratification, 16-20
Skill verification, 16-24
Skimming, floatable solids, 19-21
Slide valve test, 8-80
Slippage, 8-43
Slow-rate land treatment, 23-29, 23-45
Sludge, 2-2, 27-2
blanket, 20-38, 20-120, 20-132, 24-17
blanket sensors, 7-36
conditioning, 28-9
fermentation, 19-38
management, 2-5
mass calculation, 25-34
mass estimation, 25-33
processing, 13-21
removal, 13-18
settleability, biological nutrient removal, 22-19
transfer, 13-21
volume index, 17-18, 20-44, 20-46, 20-61, 20-103, 20-129, 28-8
washout, 20-18
wasting, 20-4, 20-11, 20-38, 20-40, 20-138, 28-4
wasting, calculations, 14-12
withdrawal rate, 24-38
withdrawal, digesters, 30-56
Sludge-to-sludge heat transfer, 30-34
Slug discharge, 17-24, 17-29
Soda ash, chemical addition, 25-43
Sodium bicarbonate, 20-126, 27-4
Sodium bisulfite, 26-38
Sodium hypochlorite, 9-23, 24-60, 26-35
Sodium hypochlorite, on-site generation, 9-47
Sodium metabisulfite, 26-38
Soft foot conditions, 12-10
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Solid waste disposal, 11-19
Solid-liquid separation, 20-181
Solids, 17-14
blanket, 20-44
capture, belt filter press, 33-66
characteristics, 19-27
collection, 19-19, 19-26
concentration, 7-33, 28-8
disposal, dewatering optimization, 33-31
handling, 19-8, 19-17
loading, belt filter press, 33-65
loading, dewatering centrifuge, 33-74
loading rate, 20-44, 24-38
overload, 20-120
processes, 13-40
pumping, 8-43, 8-56, 19-19
reduction, 20-182
removal, 19-18
retention time, 13-22, 20-7, 20-25, 20-40, 20-127, 20-140, 20-175, 20-177
throughput, dewatering optimization, 33-32
treatment, 13-21
washout, 20-117
Solids-conditioning chemicals, 27-4
Solids-contact unit, 24-17
Soluble chemical oxygen demand removal, 24-50, 24-58
description, 24-52
fundamentals, 24-52
process control, 24-53
troubleshooting, 24-57
Solution-feed system, 9-40
Sonic signature, 12-16
Sonication, 30-7
Spare parts, 19-35
Spare pump parts, 8-27, 8-43, 8-62
Sparged turbine systems, 20-21
Specialization, 16-20
Specific denitrification rate, 22-26
Specific gravities, 24-20
Specific oxygen uptake rate, 20-104
Specific speed, 8-12
Specifications, 6-16
Specifications, polymers, 33-25
Speed measurement, 7-27
Spiral-plate heat exchanger, digesters, 30-32
Spulkraft flushing intensity, 21-20
Square sedimentation tanks, 19-15
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Stabilization, 2-14, 13-23
Stabilized residuals, 28-4
Staffing, 3-10
discipline, 3-19
electrical distribution system, 10-38
performance appraisals, 3-19
process performance improvement, 25-7
recruitment, 3-15
retention and succession planning, 3-18, 3-20
Stalked ciliates, 20-105
Standard Methods, 20-103
Standard operating procedures, 14-9, 14-10
Standards for the Use or Disposal of Sewage Sludge, 27-6
Standards, 5-12
Standby power, 10-13
State and local programs, 2-7
State program status, 4-15
Static fermenter, 19-40
Static head, 8-6
Stationary equipment, 7-47
Statistics, 14-32
Status sensors, 7-4
Steam heating, digesters, 30-36
Steam injection heating, digesters, 30-35
Step feed, 20-18, 20-53, 20-74
Step feeding, rotating biological contactors, 21-46
Step systems, 21-52
Step-BioP process, 20-27
Stilling wells, 7-21
Storage
bulk chemicals, 9-14, 9-15
chemical addition, 25-37
chemical purity, 9-20
chemicals, 9-11, 9-14
bag, drum, and tote, 9-17
cylinder and ton container, 9-19
leak detection, 9-16
troubleshooting, 9-21
chlorine, 5-13
facilities, 24-9
hazardous chemicals, 5-12
liquid hypochlorination, 26-37
Storm sewers, 2-10
Stormwater, 2-6, 17-3, 17-4
Straggler floc, 20-138
Strain gauge, 7-26
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Strip mining, 27-8
Stripping tower, 24-61
Struvite
dewatering, 33-15
digester scaling, 30-61
Submerged mechanical aerators, 20-179
Submerged propellers, 20-34
Submerged pumps, 8-35
Submerged turbines, 20-34
Submersible pumps, 8-81
Substations, electrical distribution system, 10-14
Subsurface injection, 13-24
Success, 16-6
Succession planning, 3-18, 3-20
Suction piping, 12-9
Suction pumps, 8-34
Sulfate-reducing bacteria, 13-7
Sulfur cycle, 13-7
Sulfur dioxide, 26-38
Sulfur, 17-20
Sunset provisions, 16-14
Superfund Amendments and Reauthorization Act, 5-5
Supernatant, 20-174
Supervisor guided instruction, 16-18
Supervisory control and data acquisition system, 3-33, 6-8, 8-25, 20-70
Surface aerators, 20-33
Surface loading, 24-38
Surface overflow rate, 19-4, 19-5, 24-38
Surface washing, 24-33
Surfactants, 20-47
Surge testing, 12-17
Suspended and dissolved solids, 17-15
Suspended particulates, 7-33
Suspended solids, 17-15, 20-9
concentration, 17-16, 26-6
reduction, 24-28
Suspended-growth systems, 2-11
Switchgear, 10-14
Symbols, Hazardous chemicals, NFPA, 5-18
System curve, 8-6
System head, 8-6
System operating point, 8-13

T

Tachometer generators, 7-27
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Tailgate training, 16-18

Tank configuration, 19-4, 19-7
Tank configuration, digester, 30-11
Tank depth, 20-80

Tanks, rotating biological contactors, 21-38

Tapered aeration, 20-18
Task value, 16-23
Technical assistance, dewatering, 33-11
Telemetry, 7-39
Temperature, 17-5, 19-6
anaerobic digestion, 30-63
control

aerobic-anoxic operation, 31-32

anaerobic digesters, 30-65

composting, 32-11
currents, 20-122
dewatering centrifuge, 33-79
effects, 20-41
fixed-film reactors, 21-5
measurement, 7-23
sensor installation, 7-25
Tertiary lagoons, 23-3
Testing, 25-16
anaerobic digestion, 30-62
centrifuge thickening, 29-66
chemical addition, 25-32
digester tracer studies, 25-63

dissolved air flotation thickening, 29-36

gravity belt thickening, 29-50

hydrogen peroxide, 25-23, 25-56, 25-58

offgas analysis, 25-52
oxygen transfer, 25-21, 25-61
procedures
pneumatic ejectors, 8-79
pumps, 8-21
results, 19-37
tracer, 25-19
Theoretical detention time, 20-14
Thermal bulb, 7-23
Thermal dispersion mass meters, 7-15
Thermal drying, 13-24
Thermal energy, digester gas, 30-47
Thermal hydrolysis, 30-7
Thermal processes, 27-5, 27-9
Thermal reduction processes, 28-7
Thermal treatment
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heat treatment process, 32-19
process comparison, 32-41
process control, 32-21
process descriptions, 32-18
proprietary processes, 32-23
safety/health, 32-24
troubleshooting, 32-24
wet air oxidation, 32-20
Thermistors, 7-24
Thermocouples, 7-23
Thermographic analysis, 12-15
Thermophilic digestion, 30-6
Thermo-wells, 7-25
Thickening, 2-13, 13-22, 28-2, 28-8, 29-1
ancillary equipment, 29-4
centrifuge, 29-58
chemical addition, 25-44
dissolved air flotation, 29-23
gravity belt, 29-39
gravity, 29-5
modes, 29-4
rotary drum, 29-67
Thixotropy, 8-43
Three-mode control, 7-45
Threshold quantity, toxic substances, 9-11
Tie breaker, 10-13
Time composite, 17-25
Time-domain waveforms, 12-13
Timeliness, 16-24
Time-proportional sampling, 4-19
Timing, 16-29
Title, 16-12
Titrimetric chlorine residual procedure, 26-31
Total dissolved solids, 24-8
Total dynamic head, 8-8, 12-18
Total energy requirement, 8-6
Total head losses, 8-7
Total Kjeldahl nitrogen, 20-125, 28-9
Total organic carbon test, 17-8, 20-61
Total residual, 26-30
Total solids, 17-14, 17-15, 19-25
Total suspended solids, 2-3, 2-13, 26-12
Total system head, 8-8
Total volatile solids, 19-25
Toxicity control, anaerobic digesters, 30-65
Toxicity reduction evaluation, 17-22
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Toxicity, fixed-film reactors, 21-5
Toxics, 2-6
gases, 13-8
materials, 20-133
pollutants, 17-21
reduction evaluation records, 6-19
substances, 9-11
waste, 20-135
Tracer testing, 25-19, 25-63
Traffic safety, 5-48, 5-49
Training, 3-15, 7-52, 16-5, 16-7, 16-9, 16-10, 16-17
ad hoc, 16-18
confined spaces, 5-32
electrical distribution system, 10-38
safety, 5-63
Transducer, 12-12
Transformers, 10-5
Transformers, energy cost reduction, 10-44
Transition for employees, 15-8, 15-17
Transmitters, 7-4
Trash/bar racks, 18-3
Trenching and excavation safety, 5-37
Tricking filters/biotowers
containment structure, 21-18
equipment description, 21-13
filter pump station, 21-18
loading alternatives, 21-8
maintenance troubleshooting, 21-25
operations troubleshooting, 21-23
planned maintenance, 21-28
process control, 21-19
process description, 21-12
roughing filters, 21-12
safety, 21-28
secondary clarifier, 21-18
troubleshooting, 21-22
Trickling filter, combined processes, 21-59
Trickling filter—activated sludge process, 21-58
Trickling filter-solids contact process, 21-53
Trihalomethanes, 2-6, 26-20, 26-38
Troubleshooting, 14-21, 18-12, 19-26, 19-33, 20-99, 20-151
aerobic digestion, 31-60-31-64
anaerobic digesters, 30-70
belt filter press, 33-68
biological nutrient removal, 22-61
centrifuge thickening, 29-67
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chemical unloading and storage, 9-21
chlorination, 26-33
combined processes, 21-62
composting, 32-14
dechlorination, 26-42
dewatering centrifuge, 33-80
dissolved air flotation thickening, 29-36, 29-37
electric motors, 10-35
electrical distribution system, 10-26, 10-33
flow meters, 25-50
gravity belt thickening, 29-50, 29-52-29-57
gravity thickening, 29-16, 29-17
incineration, 32-41
lagoons, 23-13
land treatment, 23-42
lime stabilization, 32-18
ozonation, 26-47
paved beds, 33-51
pressure filter, 33-90
pumps, 8-28, 8-62
rotary drum thickening, 29-71, 28-72
rotating biological contactors, 21-48
sand beds, 33-51
thermal treatment, 32-24
trickling filters/biotowers, 21-22
ultraviolet disinfection, 26-14
vacuum-assisted drying beds, 33-52
Tube-in-bath heat exchanger, digesters, 30-31, 30-32,
Turbidimeters, 7-34, 20-F3
Turbidity, 17-6, 20-F2, 24-44
Turbine pumps, 8-35
Turbulence, 20-108
Turnover rates, digester, 30-27
Two-stage nitrification, 20-56
Two-stage processes, 21-52

U

U.S. Clean Water Act, 20-49
Ultrasonic analysis, 12-16
Ultrasonic devices, 7-18
Ultrasonic flow meters, 7-12
Ultrasonic solids meters, 7-35
Ultrasound treatment, 30-7
Ultraviolet absorbance, 26-11
Ultraviolet disinfection, 26-5
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description of equipment, 26-7
equipment design, 26-11
hydraulic characteristics, 26-11
process control variables, 26-10
shutdown, 26-8
start-up, 26-8
wastewater quality, 26-12
Ultraviolet irradiation, 2-12
Ultraviolet lamps, 26-12
Ultraviolet light, 7-33
Ultraviolet transmittance, 26-6, 26-11
Unaerated stabilization lagoons, 23-4
Underdrain systems, trickling filters/biotowers, 21-16
Uniform Fire Code, 5-12
Uninterruptible power systems, 10-23
Unit process parameters, 25-10
Unit process, capacity diagram, 25-13
University of Cape Town process, 20-27-20-29, 20-59
Unmixed digestion, 30-18
Upflow carbon contactor, 24-53
Upper gear assembly cleaning, 8-80
Upset reports, 4-24
Upstream units, 19-7
Use options, 27-6
Utilities, in-plant, 11-1 — 11-20
communication systems, 11-16
compressed air, 11-6
drainage systems, 11-4
fire protection systems, 11-10
flood protection, 11-18
fuel systems, 11-5
heating/ventilating/air conditioning, 11-11
lightning protection, 11-16
maintenance, 11-2
roadways, 11-16
solid waste disposal, 11-19
water systems, 11-2
Utility rates, 10-41

\%

Vacuum filters, 33-81

operation, 33-93

process variables, 33-94
Vacuum-assisted drainage beds, 33-47
Vacuum-assisted drying beds, troubleshooting, 33-52
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Valves

maintenance, 8-87

rotating biological contactors, 21-43
Van Dorn sampler, 17-28
Vapor-phase control, 13-34
Variable-speed flash mixers, 24-10
Vector attraction reduction, 30-10
Velocity, 7-9
Velocity head, 8-7
Velocity profile distortions, 7-9
Vendor, 16-17
Ventilating systems, 11-11
Ventilation hazards, 5-24
Verification, 16-24
Vertical centrifugal pumps, 8-38
Vertical profile, 17-28
Vertical wet-pit pumps, 8-35
Vertical wet-well pumps, 8-35
Vibration analysis, 12-12
Vicinal water, biosolids, 33-6
Virginia Initiative Plant, 22-42
Virginia Initiative Process, 20-27, 20-29
Viruses, 17-13, 24-27, 26-3
Vivianite, digester scaling, 30-61
Volatile acids, anaerobic digestion, 30-64
Volatile fatty acids, 20-26
Volatile organic compounds, 2-6, 13-16
Volatile solids, 17-16
Volatile suspended solids, 20-176
Voltage step down, 10-13
Volumetric electrode systems, 7-29
Volumetric feeder, helix- or screw-type, 9-46
Volumetric power input, 20-78
Vortex grit chambers, 18-15
Vulnerability analysis, 3-27

W

Waste activated sludge, 20-4, 20-35, 20-47, 20-149
Waste sludge characteristics, 20-175

Wasteload management and projection reports, 6-18
Wastewater characteristics, 19-5, 19-7

Wasting, 20-4

Wasting sludge, calculations, 14-12

Water power, 8-8

Water systems, 11-2
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Wave transit time, 7-12

Wear nose, 8-19

Wear particle analysis, 12-14

Weather, 13-44

Wedge-wire beds, 33-48

Weekly reports, 6-23

Weigh beam, 7-25

Weight measurement, 7-25

Weirs, 7-9

Wet air oxidation, 32-20

Wet air oxidation, process control, 32-22
Wet pit only, 8-81

Wet pit/dry pit, 8-81

Wet scrubbers, 13-34

Wet wells, 13-16

Wet-weather treatment applications, 26-52
Whole effluent toxicity, 2-6, 17-21
Wind direction, 13-44

Windrow composting, 32-5

Wiring, electrical distribution system, 10-24
Wrench torque, 12-11

Writing objectives, 16-25

Wuhrmann process, 20-24

y4

Zeolites, 24-59, 24-63
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