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CHAPTER 90
BIOLOGICAL TREATMENT TC "CHAPTER 90  BIOLOGICAL TREATMENT" \f C \l "1" 
91.
TRICKLING FILTERS TC "91.
TRICKLING FILTERS" \f C \l "2" 
91.1
General TC "91.1
General" \f C \l "3" 
Trickling filters may be used for treatment of wastewater amenable to treatment by aerobic biological processes.  Trickling filters shall be preceded by effective settling tanks equipped with scum and grease collecting devices, or other suitable pretreatment facilities.

Filters shall be designed to provide for reduction in carbonaceous and/or nitrogenous oxygen demand in accordance with water quality standards and objectives for the receiving waters as established by the appropriate reviewing authority, or to properly condition the wastewater for subsequent treatment processes.  Multi-stage filters should be considered if needed to meet more stringent effluent standards.

91.2
Hydraulics TC "91.2
Hydraulics" \f C \l "3" 
91.21
Distribution TC "91.21
Distribution" \f C \l "4" 
91.211
Uniformity TC "91.211
Uniformity" \f C \l "5" 
The wastewater may be distributed over the filter by rotary distributors or other suitable devices which will ensure uniform distribution to the surface area.  At design average flow, the deviation from a calculated uniformly distributed volume per square foot of the filter surface shall not exceed plus or minus 10 percent at any point.  All hydraulic factors involving proper distribution of wastewater on the filters shall be carefully calculated.  Such calculations shall be submitted to the appropriate reviewing authority.

For rotary distributors reverse reaction nozzles, hydraulic brakes or motor-driven distributor arms shall be provided to not exceed the maximum speed recommended by the distributor manufacturer and to attain the desired media flushing rate.

91.212
Head Requirements TC "91.212
Head Requirements" \f C \l "5" 
For reaction type distributors, a minimum head of 24 inches (610 mm) between low water level in the siphon chamber and center of the arms is required.  Similar allowance in design shall be provided for added pumping head requirements where pumping to the reaction type distributor is used.

91.213
Clearance TC "91.213
Clearance" \f C \l "5" 
A minimum clearance of 12 inches (300 mm) between media and distribution arms shall be provided.

91.22
Dosing TC "91.22
Dosing" \f C \l "4" 
Wastewater may be applied to the filters by siphons, pumps or by gravity discharge from preceding treatment units when suitable flow characteristics have been developed.  Application of the wastewater shall be practically continuous.  The piping system shall be designed for recirculation.

91.23
Piping System TC "91.23
Piping System" \f C \l "4" 
The piping system, including dosing equipment and distributor, shall be designed to provide capacity for the design peak hourly flow, including recirculation required under Paragraph 91.55.

91.3
Media TC "91.3
Media" \f C \l "3" 
91.31
Quality TC "91.31
Quality" \f C \l "4" 
The media may be crushed rock, slag, or manufactured material.  The media shall be durable, resistant to spalling or flaking and relatively insoluble in wastewater.  The top 18 inches (460 mm) shall have a loss by the 20-cycle, sodium sulfate soundness test of not more than 10 percent, as prescribed by ASCE Manual of Engineering Practice, Number 13.  The balance is to pass a 10-cycle test using the same criteria.  Slag media shall be free from iron or other leachable materials that will adversely affect the process or effluent quality.  Manufactured media shall be resistant to ultraviolet degradation, disintegration, erosion, aging, all common acids and alkalies, organic compounds, and fungus and biological attack.  Such media shall be structurally capable of supporting a person's weight or a suitable access walkway shall be provided to allow for distributor maintenance.

91.32
Depth TC "91.32
Depth" \f C \l "4" 
Trickling filter media shall have a minimum depth of 6 feet (1.8 m) above the underdrains.  Rock and/or slag filter media depths shall not exceed 10 feet (3 m) and manufactured filter media depths should not exceed the recommendations of the manufacturer.  Forced ventilation should be considered in accordance with Paragraph 91.43.

91.33
Size, Grading, and Handling of Media TC "91.33
Size, Grading, and Handling of Media" \f C \l "4" 
91.331
Rock, Slag, and Similar Media TC "91.331
Rock, Slag, and Similar Media" \f C \l "5" 
Rock, slag, and similar media shall not contain more than 5 percent by weight of pieces whose longest dimension is three times the least dimension.  They shall be free from thin, elongated and flat pieces, dust, clay, sand or fine material and shall conform to the following size and grading when mechanically graded over a vibrating screen with square openings.

Passing 4½ inch (112 mm) screen - 100% by weight

Retained on 3 inch (75 mm) screen - 95-100% by weight

Passing 2 inch (50 mm) screen - 0-2% by weight

Passing 1 inch (25 mm) screen - 0-1% by weight

91.332
Manufactured Media TC "91.332
Manufactured Media" \f C \l "5" 
Suitability will be evaluated on the basis of experience with installations handling similar wastes and loadings.  To ensure sufficient void clearances, media with specific surface areas of no more than 30 square feet per cubic foot (100 m2/m3) are acceptable for filters employed for carbonaceous reduction, and 45 square feet per cubic foot (150 m2/m3) for second stage ammonia reduction.

91.333
Handling and Placing of Media TC "91.333
Handling and Placing of Media" \f C \l "5" 
Material delivered to the filter site shall be stored on wood-planked or other approved clean, hard-surfaced areas.  All material shall be rehandled at the filter site and no material shall be dumped directly into the filter.  Crushed rock, slag, and similar media shall be washed and rescreened or forked at the filter site to remove all fines.  Such material shall be placed by hand to a depth of 12 inches (300 mm) above the tile underdrains.  The remainder of the material may be placed by means of belt conveyors or equally effective methods approved by the engineer.  All material shall be carefully placed so as not to damage the underdrains.  Manufactured media shall be handled and placed as approved by the engineer.  Trucks, tractors, and other heavy equipment shall not be driven over the filter during or after construction.

91.4
Underdrainage System TC "91.4
Underdrainage System" \f C \l "3" 
91.41
Arrangement TC "91.41
Arrangement" \f C \l "4" 
Underdrains with semicircular inverts or equivalent should be provided and the underdrainage system shall cover the entire floor of the filter.  Inlet openings into the underdrains shall have an unsubmerged gross combined area equal to at least 15 percent of the surface area of the filter.

91.42
Hydraulic Capacity TC "91.42
Hydraulic Capacity" \f C \l "4" 
The underdrains shall have a minimum slope of 1 percent.  Effluent channels shall be designed to produce a minimum velocity of 2 feet per second (0.6 m/s) at design average flow rates of application to the filter including recirculated flows.  Refer to Paragraph 91.43.

91.43
Ventilation TC "91.43
Ventilation" \f C \l "4" 
The underdrainage system, effluent channels, and effluent pipe shall be designed to permit free passage of air.  The size of drains, channels, and pipe should be such that not more than 50 percent of their cross-sectional area will be submerged under the design peak instantaneous flow, including proposed or possible future recirculated flows.

Forced ventilation should be provided for covered trickling filters to ensure adequate oxygen for process requirements.  Windows or simple louvered mechanisms so arranged to ensure air distribution throughout the enclosure shall be provided.  The design of the ventilation facilities shall provide for operator control of air flow in accordance with outside seasonal temperature.  Design computations showing the adequacy of air flow to satisfy process oxygen requirements shall be submitted.

91.44
Flushing TC "91.44
Flushing" \f C \l "4" 
Provision should be made for flushing the underdrains unless high rate recirculation is utilized.  In small rock and slag filters, use of a peripheral head channel with vertical vents is acceptable for flushing purposes.  Inspection facilities should be provided.

91.5
Special Features TC "91.5
Special Features" \f C \l "3" 
91.51
Flooding TC "91.51
Flooding" \f C \l "4" 
Appropriate valves, sluice gates, or other structures shall be provided to enable flooding of filters comprised of rock or slag media for filter fly control.

91.52
Freeboard TC "91.52
Freeboard" \f C \l "4" 
A freeboard of 4 feet (1.2 m) or more should be provided for tall, manufactured filters to contain windblown spray.  Provide at least 6 foot (1.8 m) headroom for maintenance of the distributor on covered filters.

91.53
Maintenance TC "91.53
Maintenance" \f C \l "4" 
All distribution devices, underdrains, channels, and pipes shall be installed so that they may be properly maintained, flushed or drained.

91.54
Winter Protection TC "91.54
Winter Protection" \f C \l "4" 
Covers shall be provided to maintain operation and treatment efficiencies when climatic conditions are expected to result in problems due to cold temperatures.

91.55
Recirculation TC "91.55
Recirculation" \f C \l "4" 
The piping system shall be designed for recirculation as required to achieve the design efficiency.  The recirculation rate shall be variable and subject to plant operator control at the range of 0.5:1 up to 4:1 (ratio of recirculation rate versus design average flow).  A minimum of two recirculation pumps shall be provided.

91.56
Recirculation Measurement TC "91.56
Recirculation Measurement" \f C \l "4" 
Devices shall be provided to permit measurement of the recirculation rate.  Elapsed time meters and pump head recording devices are acceptable for facilities treating less than 1 mgd (3785 m3/d).  The design of the recirculation facilities shall provide for both continuity of service and the range of recirculation ratios.  Reduced recirculation rates for periods of brief pump outages may be acceptable depending on water quality requirements.

91.57
Ventilation Ports TC "91.57
Ventilation Ports" \f C \l "4" 
The underdrainage ventilation ports shall be designed to ensure that the interior flow will be retained inside the trickling filter.

91.6
Rotary Distributor Seals TC "91.6
Rotary Distributor Seals" \f C \l "3" 
Mercury seals shall not be permitted.  Ease of seal replacement shall be considered in the design to ensure continuity of operation.

91.7
Unit Sizing TC "91.7
Unit Sizing" \f C \l "3" 
Required volumes of filter media shall be based upon pilot testing with the particular wastewater or any of the various empirical design equations that have been verified through actual full scale experience.  Such calculations must be submitted if pilot testing is not utilized.  Pilot testing is recommended to verify performance predictions based upon the various design equations, particularly when significant amounts of industrial wastes are present.

Trickling filter design shall consider peak organic load conditions including the oxygen demands due to recycle flows (i.e., heat treatment supernatant, vacuum filtrate, anaerobic digester supernatant, etc.) due to high concentrations of BOD5 and TKN associated with such flows.  The volume of media determined from either pilot plant studies or use of acceptable design equations shall be based upon the design maximum day BOD5 organic loading rate rather than the design average BOD5 rate.  Refer to Paragraph 11.251.

92.
ACTIVATED SLUDGE TC "92.
ACTIVATED SLUDGE" \f C \l "2" 
92.1
General TC "92.1
General" \f C \l "3" 
92.11
Applicability TC "92.11
Applicability" \f C \l "4" 
92.111
Biodegradable Wastes TC "92.111
Biodegradable Wastes" \f C \l "5" 
The activated sludge process and its various modifications may be used where wastewater is amenable to biological treatment.

92.112
Operational Requirement TC "92.112
Operational Requirement" \f C \l "5" 
This process requires close attention and competent operating supervision, including routine laboratory control.  These requirements shall be considered when proposing this type of treatment.

92.113
Energy Requirements TC "92.113
Energy Requirements" \f C \l "5" 
This process requires major energy usage to meet aeration demands.  Energy costs and potential mandatory emergency public power reduction events in relation to critical water quality conditions must be carefully evaluated.  Capability of energy usage phasedown while still maintaining process viability, both under normal and emergency energy availability conditions, must be included in the activated sludge design.

92.12
Specific Process Selection TC "92.12
Specific Process Selection" \f C \l "4" 
The activated sludge process and its several modifications may be employed to accomplish varied degrees of removal of suspended solids and reduction of carbonaceous and/or nitrogenous oxygen demand.  Choice of the process most applicable will be influenced by the degree and consistency of treatment required, type of waste to be treated, proposed plant size, anticipated degree of operation and maintenance, and operating and capital costs.  All designs shall provide for flexibility in operation and should provide for operation in various modes, if feasible.

92.13
Winter Protection TC "92.13
Winter Protection" \f C \l "4" 
In severe climates, protection against freezing shall be provided to ensure continuity of operation and performance.  Insulation of the tanks by earthen banks should be considered.

92.2
Pretreatment TC "92.2
Pretreatment" \f C \l "3" 
Where primary settling tanks are not used, effective removal or exclusion of grit, debris, excessive oil or grease, and screening of solids shall be accomplished prior to the activated sludge process.  Screening devices with clear openings of 1/4 inch (6 mm) or less shall be provided.

Where primary settling is used, provision shall be made for discharging raw wastewater directly to the aeration tanks to facilitate plant start-up and operation during the initial stages of the plant's design life.

92.3
Aeration TC "92.3
Aeration" \f C \l "3" 
92.31
Capacities and Permissible Loadings TC "92.31
Capacities and Permissible Loadings" \f C \l "4" 
The size of the aeration tank for any particular adaptation of the process shall be determined by full scale experience, pilot plant studies, or rational calculations based mainly on solids retention time, food to microorganism ratio and mixed liquor suspended solids levels.  Other factors, such as size of treatment plant, diurnal load variations, and degree of treatment required, shall also be considered.  In addition, temperature, alkalinity, pH, and reactor dissolved oxygen shall be considered when designing for nitrification.

Calculations should be submitted to justify the basis for design of aeration tank capacity.  Calculations using values differing substantially from those in the accompanying table should reference actual operational plants.  Mixed liquor suspended solids levels greater than 5000 mg/L may be allowed providing adequate data is submitted showing the aeration and clarification system capable of supporting such levels.

When process design calculations are not submitted, the aeration tank capacities and permissible loadings for the several adaptations of the processes shown in the following table shall be used.  These values apply to plants receiving diurnal load ratios of design peak hourly BOD5 to design average BOD5 ranging from about 2:1 to 4:1.  Thus, the utilization of flow equalization facilities to reduce the diurnal design peak hourly BOD5 organic load may be considered by the appropriate reviewing authority as justification to approve organic loading rates that exceed those specified in the table.

PERMISSIBLE AERATION TANK CAPACITIES AND LOADINGS

	Process
	*Aeration Tank

Organic Loading

lb BOD5/d/1000 ft3
[kg BOD5/ (m3·d)]**
	F/M Ratio

lb BOD5/d/lb MLVSS**
[kg BOD5/(kg MLVSS·d)]
	MLSS****
mg/L

	Conventional

Step Aeration

Complete Mix
	40 (0.64)
	0.2-0.5
	1000-3000

	Contact Stabilization
	50***(0.80)
	0.2-0.6
	1000-3000

	Extended Aeration
Single Stage Nitrification
	15 (0.24)
	0.05-0.1
	3000-5000


*
Volumetric loadings are based on the organic load influent to the aeration tank at plant design average BOD5.

**
Refer to 11.251(a) for definition of BOD.
***
Total aeration capacity, includes both contact and reaeration capacities.  Normally the contact zone equals 30 to 35% of the total aeration capacity.
****
MLSS values are dependent upon the surface area provided for sedimentation and the rate of sludge return as well as the aeration process.

92.32
Arrangement of Aeration Tanks TC "92.32
Arrangement of Aeration Tanks" \f C \l "4" 
a.
Dimensions

The dimensions of each independent mixed liquor aeration tank or return sludge reaeration tank shall be such as to maintain effective mixing and utilization of air.  Ordinarily, liquid depths should not be less than 10 feet (3 m) or more than 30 feet (9 m) except in special design cases.  An exception is that horizontally mixed aeration tanks shall have a depth of not less than 5.5 feet (1.7 m).

b.
Short-circuiting

For very small tanks or tanks with special configuration, the shape of the tank, the location of the influent and sludge return, and the installation of aeration equipment should provide for positive control to prevent short-circuiting through the tank.

92.321
Number of Units TC "92.321
Number of Units" \f C \l "5" 
Total aeration tank volume shall be divided among two or more units, capable of independent operation, when required by the appropriate reviewing authority to meet applicable effluent limitations and reliability guidelines.

92.322
Inlets and Outlets TC "92.322
Inlets and Outlets" \f C \l "5" 
a.
Controls

Inlets and outlets for each aeration tank unit shall be suitably equipped with valves, gates, stop plates, weirs, or other devices to permit controlling the flow to any unit and to maintain reasonably constant liquid level.  The effluent weir for a horizontally mixed aeration tank system must be easily adjustable by mechanical means and shall be sized based on the design peak instantaneous flow plus the maximum return sludge flow.  Refer to Paragraph 92.41.  The hydraulic properties of the system shall permit the design peak instantaneous flow to be carried with any single aeration tank unit out of service.

b.
Conduits

Channels and pipes carrying liquids with solids in suspension shall be designed to maintain self-cleansing velocities or shall be agitated to keep such solids in suspension at all rates of flow within the design limits.  Adequate provisions should be made to drain segments of channels which are not being used due to alternate flow patterns.

92.323
Freeboard TC "92.323
Freeboard" \f C \l "5" 
All aeration tanks should have a freeboard of not less than 18 inches (460 mm).  However, if a mechanical surface aerator is used, the freeboard should be not less than 3 feet (0.9 m) to protect against windblown spray freezing on walkways, etc.

92.33
Aeration Equipment TC "92.33
Aeration Equipment" \f C \l "4" 
92.331
General TC "92.331
General" \f C \l "5" 
Oxygen requirements generally depend on maximum diurnal organic loading (design peak hourly BOD5 as described in Paragraph 11.25), degree of treatment, and level of suspended solids concentration to be maintained in the aeration tank mixed liquor.  Aeration equipment shall be capable of maintaining a minimum of 2.0 mg/L of dissolved oxygen in the mixed liquor at all times and provide thorough mixing of the mixed liquor.  In the absence of experimentally determined values, the design oxygen requirements for all activated sludge processes shall be 1.1 lb O2/lb design peak hourly BOD5 (1.1 kg O2/kg design peak hourly BOD5) applied to the aeration tanks, with the exception of the extended aeration process, for which the value shall be 1.5 to include endogenous respiration requirements.

Where nitrification is required or will occur, such as within the extended aeration process, the oxygen requirement for oxidizing ammonia must be added to the above requirement for carbonaceous BOD5 removal and endogenous respiration requirements.  The nitrogenous oxygen demand (NOD) shall be taken as 4.6 times the diurnal peak hourly TKN content of the influent.  In addition, the oxygen demands due to recycle flows (i.e., heat treatment supernatant, vacuum filtrate, elutriates, etc.) must be considered due to the high concentrations of BOD5 and TKN associated with such flows.

Careful consideration should be given to maximizing oxygen utilization per unit of power input.  Unless flow equalization is provided, the aeration system should be designed to match the diurnal organic load variation while economizing on power input.  Refer to Paragraph 92.31.

92.332
Diffused Air Systems TC "92.332
Diffused Air Systems" \f C \l "5" 
The design of the diffused air system to provide the oxygen requirements shall be done by either of the two methods described below in (a) and (b), augmented as required by consideration of items (c) through (h):

a.
Having determined the oxygen requirements per Paragraph 92.331, air requirements for a diffused air system shall be determined by use of any of the well known equations incorporating such factors as:

1.
Tank depth;

2.
Alpha factor of waste;

3.
Beta factor of waste;

4.
Certified aeration device transfer efficiency;

5.
Minimum aeration tank dissolved oxygen concentration;

6.
Critical wastewater temperature; and

7.
Altitude of plant.

In the absence of experimentally determined alpha and beta factors, wastewater transfer efficiency shall be assumed to be not greater than 50 percent of clean water efficiency for plants treating primarily (90% or greater) domestic wastewater.  Treatment plants where the waste contains higher percentages of industrial wastes shall use a correspondingly lower percentage of clean water efficiency and shall have calculations submitted to justify such a percentage.  The design transfer efficiency should be included in the specifications.

b.
Normal air requirements for all activated sludge processes except extended aeration (assuming equipment capable of transmitting to the mixed liquor the amount of oxygen required in Paragraph 92.331) shall be considered to be 1500 cubic feet at standard conditions of pressure, temperature, and humidity per pound of BOD5 tank loading (94 m3/kg BOD5).  For the extended aeration process the value shall be 2050 cubic feet per pound of BOD5 (128 m3/kg of BOD5).

c.
To the air requirements calculated above shall be added air required for channels, pumps, aerobic digesters, filtrate, and supernatant or other air-use demand.

d.
The specified capacity of blowers or air compressors, particularly centrifugal blowers, should take into account that the air intake temperature may reach 115°F (46 °C) or higher and the pressure may be less than normal.  The specified capacity of the motor drive should also take into account that the intake air may be -20°F (-29 °C) or less and may require oversizing of the motor or a means of reducing the rate of air delivery to prevent overheating or damage to the motor.

e.
The blowers shall be provided in multiple units, so arranged and in such capacities as to meet the maximum air demand with the single largest unit out of service.  The design shall also provide for varying the volume of air delivered in proportion to the load demand of the plant.  Aeration equipment shall be easily adjustable in increments and shall maintain solids suspension within these limits.

f.
Diffuser systems shall be capable of providing for 200 percent of the designed average day oxygen demand.  The air diffusion piping and diffuser system shall be capable of delivering normal air requirements with minimal friction losses.

Air piping systems should be designed such that total head loss from blower outlet (or silencer outlet where used) to the diffuser inlet does not exceed 0.5 psi (3.4 kPa) at average operating conditions.

The spacing of diffusers should be in accordance with the oxygen requirements through the length of the channel or tank, and should be designed to facilitate adjustment of their spacing without major revisions to air header piping.

All plants employing less than four independent aeration tanks shall be designed to incorporate removable diffusers that can be serviced and/or replaced without dewatering the tank.

g.
Individual assembly units of diffusers shall be equipped with control valves, preferably with indicator markings, for throttling or for complete shutoff.  Diffusers in any single assembly shall have substantially uniform pressure loss.

h.
Air filters shall be provided in numbers, arrangements, and capacities to furnish at all times an air supply sufficiently free from dust to prevent damage to blowers and clogging of the diffuser system used.

92.333
Mechanical Aeration Systems TC "92.333
Mechanical Aeration Systems" \f C \l "5" 
a.
Oxygen Transfer Performance

The mechanism and drive unit shall be designed for the expected conditions in the aeration tank in terms of the power performance.  Certified testing shall be provided to verify mechanical aerator performance.  Refer to applicable provisions of Paragraph 92.332.  In the absence of specific design information, the oxygen requirements shall be calculated using a transfer rate not to exceed 2 pounds of oxygen per horsepower per hour [1.22 kg O2/(kW·h)] in clean water under standard test conditions.  Design transfer efficiencies shall be included in the specifications.

b.
Design Requirements

The design requirements of a mechanical aeration system shall accomplish the following:

1.
Maintain a minimum of 2.0 mg/L of dissolved oxygen in the mixed liquor at all times throughout the tank or basin;

2.
Maintain all biological solids in suspension (for a horizontally mixed aeration tank system an average velocity of 1 foot per second (0.3 m/s) must be maintained);

3.
Meet maximum oxygen demand and maintain process performance with the largest unit out of service;

4.
Provide for varying the amount of oxygen transferred in proportion to the load demand on the plant; and

5.
Provide that motors, gear housing, bearings, grease fittings, etc., be easily accessible and protected from inundation and spray as necessary for proper functioning of the unit.

c.
Winter Protection

Where extended cold weather conditions occur, the aerator mechanism and associated structure shall be protected from freezing due to splashing.  Due to high heat loss, subsequent treatment units shall be protected from freezing.

92.4
Return Sludge Equipment TC "92.4
Return Sludge Equipment" \f C \l "3" 
92.41
Return Sludge Rate TC "92.41
Return Sludge Rate" \f C \l "4" 
The minimum permissible return sludge rate of withdrawal from the final settling tank is a function of the concentration of suspended solids in the mixed liquor entering it, the sludge volume index of these solids, and the length of time these solids are retained in the settling tank.  Since undue retention of solids in the final settling tanks may be deleterious to both the aeration and sedimentation phases of the activated sludge process, the rate of sludge return expressed as a percentage of the design average flow of wastewater should generally be variable between the limits set forth as follows:

	Type of Process
	% Design Average Flow



	
	Minimum
	Maximum

	Conventional, Step Aeration or Complete Mix
	15
	100

	Contact Stabilization
	50
	150

	Single Stage Nitrification
	50
	150

	Extended Aeration 

	50
	150

	Carbonaceous Stage of Separate Stage Nitrification
	15
	100

	Nitrification Stage of Separate Stage Nitrification
	50
	200


The rate of sludge return shall be varied by means of variable speed motors, drives, or timers (small plants) to pump sludge at the above rates.  All designs shall provide for flexibility in operation and should provide for operation in various process modes, if feasible.

92.42
Return Sludge Pumps TC "92.42
Return Sludge Pumps" \f C \l "4" 
If motor drive return sludge pumps are used, the maximum return sludge capacity shall be obtained with the largest pump out of service.  A positive head should be provided on pump suctions.  Pumps should have at least 3 inch (80 mm) suction and discharge openings.

If air lifts are used for returning sludge from each settling tank hopper, no standby unit will be required provided the design of the air lifts facilitate their rapid and easy cleaning and provided other suitable standby measures are provided.  Air lifts should be at least 3 inches (80 mm) in diameter.

92.43
Return Sludge Piping TC "92.43
Return Sludge Piping" \f C \l "4" 
Discharge piping should be at least 4 inches (100 mm) in diameter and should be designed to maintain a velocity of not less than 2 feet per second (0.6 m/s) when return sludge facilities are operating at normal return sludge rates.  Suitable devices for observing, sampling, and controlling return activated sludge flow from each settling tank hopper shall be provided, as outlined in Paragraph 73.24.

92.44
Waste Sludge Facilities
 TC "92.44
Waste Sludge Facilities" \f C \l "4" 
Waste sludge control facilities should have a capacity of at least 25 percent of the design average rate of wastewater flow and function satisfactorily at rates of 0.5 percent of design average wastewater flow or a minimum of 10 gallons per minute (0.6 L/s), whichever is larger.  Means for observing, measuring, sampling, and controlling waste activated sludge flow shall be provided.  Waste sludge may be discharged to the primary settling tank, sludge digestion tank, sludge thickening or dewatering processes, storage tank or any practical combination of these units.

92.5
Measuring Devices TC "92.5
Measuring Devices" \f C \l "3" 
Devices should be installed in all plants for indicating flow rates of raw wastewater or primary effluent, return sludge, and air to each tank unit.  For plants designed for design average wastewater flows of 1 mgd (3785 m3/d) or more, these devices should totalize and record, as well as indicate flows.  Where the design provides for all return sludge to be mixed with the raw wastewater (or primary effluent) at one location, then the mixed liquor flow rate to each aeration unit should be measured.

92.6
Sequencing Batch Reactors
The fill and draw mode of the activated sludge process commonly termed the Sequencing Batch Reactor may be approved at the discretion of the reviewing authority on a case by case basis under the provisions of Paragraph 53.2.  The design must be based on experience at other facilities and shall meet the applicable requirements under Chapters 50, 70 and 90, except as modified in this Paragraph.  Continuity and reliability of treatment equal to that of the continuous flow through modes of the activated sludge process shall be provided.  Supplemental treatment units may be required to meet applicable effluent limitations and reliability guidelines.  The reviewing authority should be contacted for design guidance and criteria where such systems are being considered.  See also Section 65 where in-line flow equalization units are provided in addition to the decantable volume.
a.   Design F/M ratios in the range of 0.05 to 0.1 are permissible.  The aeration tank volumetric loading should not exceed 15 lb BOD5/d/1000 ft3 [0.24 kg BOD5/(m3·d)].  The reactor MLVSS and MLSS concentrations and aeration tank volumetric loading should be calculated at the low-water level.

b.   More than two tanks should be provided. 

c.   The decantable volume and decanter capacity of the sequencing batch reactor system with the largest basin out of service should be sized to pass at least 75 percent of the design maximum day flow without changing cycle times.  A decantable volume of at least 4 hours with the largest basin out of service based on 100 percent of the design maximum day flow is permissible.  

d. System reliability with any single aeration tank unit out of service and the instantaneous delivery of flow shall be evaluated in the design of decanter weirs and approach velocities.  The treated effluent from each reactor should be free of scum and have a suspended solids concentration no greater than 30 mg/L at any time.  See Paragraphs 53.413 and 72.43.  Scum removal shall be provided.  An adequate zone of separation between the sludge blanket and the decanter(s) shall be maintained throughout the decant phase.


e. Decanters which draw the treated effluent from near the water surface throughout the decant phase are recommended.


f. Solids management to accommodate basin dewatering shall be considered.

g.   The blowers shall be provided in multiple units, so arranged and in such capacities as to meet the maximum air demand in the oxic portions of the fill/react and react phases of the cycle with the single largest unit out of service.  See Paragraph 92.332(e).

h.
Mechanical mixing independent of aeration shall be provided for all systems where biological phosphorus removal or denitrification is required.  The mixing equipment should be sized to thoroughly mix the entire basin from a settled condition within 5 minutes without aeration.

i. 
The design effluent quality performance requirements for the plant should be sufficiently stringent to ensure acceptable effluent quality from any reactor.  Flow paced composite sampling equipment and continuous turbidity metering for separately monitoring the effluent quality from each basin may be required by the regulatory agency.  All 24-hour effluent quality composite samples for compliance reporting or monitoring plant operations shall be flow-paced and include samples collected at the beginning and end of each decant phase.  A programmable logic controller (PLC) shall be provided.  Multiple PLCs should be provided as necessary to assure rapid process recovery or minimize the deterioration of effluent quality from the failure of a single controller.  An uninterruptible power supply with electrical surge protection shall be provided for each PLC to retain program memory (i.e., process control program, last-known set points and measured process/equipment status, etc.) through a power loss.  A hard-wired backup for manual override shall be provided in addition to automatic process control.  Both automatic and manual controls shall allow independent operation of each tank.  In addition, a fail-safe control shall be provided which cannot be adjusted by the operator allowing at least 20 minutes of settling between the react and decant phases.

93.
WASTEWATER TREATMENT PONDS TC "93.
WASTEWATER TREATMENT PONDS" \f C \l "2" 
93.1
General TC "93.1
General" \f C \l "3" 
This Section deals with generally used variations of treatment ponds capable of achieving secondary treatment including controlled-discharge pond systems, flow-through pond systems and aerated pond systems.  Ponds utilized for equalization, percolation, evaporation, and sludge storage are not discussed in this Section.

93.2
Location TC "93.2
Location" \f C \l "3" 
93.21
Surface Runoff TC "93.21
Surface Runoff" \f C \l "4" 
Adequate provision must be made to divert stormwater runoff around the ponds and protect pond embankments from erosion.

93.22
Ground Water Separation TC "93.22
Ground Water Separation" \f C \l "4" 
A minimum separation of 4 feet (1.2 m) between the bottom of the pond and the maximum ground water elevation should be maintained.

93.23
Bedrock Separation TC "93.23
Bedrock Separation" \f C \l "4" 
A minimum separation of 10 feet (3.0 m) between the pond bottom and any bedrock formation is recommended.

93.3
Basis of Design TC "93.3
Basis of Design" \f C \l "3" 
93.31
Area and Loadings for Controlled-Discharge Facultative Treatment Pond Systems TC "93.31
Area and Loadings for Controlled-Discharge Facultative Treatment Pond Systems" \f C \l "4" 
Pond design for design average BOD5 loading may range from 15 to 35 pounds per acre per day [17 kg/(ha·d) to 40 kg/(ha·d)] at the mean operating depth in the primary cells and at least 180 days detention time between the 2 foot (0.6 m) and the maximum operating depth of the entire pond system.  Refer to Paragraph 11.251.  The detention time and organic loading rate shall depend on climatic conditions and effluent discharge limits.

93.32
Area and Loadings for Flow-Through Facultative Treatment Ponds Systems TC "93.32
Area and Loadings for Flow-Through Facultative Treatment Ponds Systems" \f C \l "4" 
Pond design for design average BOD5 loading may vary from 15 to 35 pounds per acre per day [17 kg/(ha·d) to 40 kg/(ha·d)] for the primary pond(s).  Refer to Paragraph 11.251.  The major design considerations for BOD5 loading must be directly related to the climatic conditions.

Design variables such as pond depth, multiple units, detention time, and additional treatment units must be considered with respect to applicable standards for BOD5, total suspended solids (TSS), fecal coliform, dissolved oxygen (DO) and pH.

A detention time of 90 to120 days should be provided; however, this must be properly related to other design considerations.  It should be noted that the major factor in the design is the duration of the cold weather period (water temperature less than 5°C).

93.33
Aerated Treatment Pond Systems TC "93.33
Aerated Treatment Pond Systems" \f C \l "4" 
For the development of final design parameters, it is recommended that actual experimental data be developed; however, the aerated treatment pond system design for minimum detention time may be estimated using the following formula applied separately to each aerated cell:
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t =
detention time, days

E =
percent of BOD5 to be removed in an aerated pond

k1 =
reaction coefficient, aerated lagoon, base 10.  For normal domestic wastewater, the k1 value may be assumed to be 0.12/day at 68°F (20 °C) and 0.06/day at 34°F (1 °C).

The reaction rate coefficient for domestic wastewater which includes some industrial wastes, other wastes, and partially treated wastewater must be determined experimentally for various conditions which might be encountered in the aerated ponds.  Conversion of the reaction rate coefficient at other temperatures shall be made based on experimental data.

Raw wastewater strength should also consider the effect of any return sludge.  Also, additional storage volume should be considered for sludge, and in northern climates, ice cover.

Oxygen requirements generally will depend on the design average BOD5 loading, the degree of treatment, and the concentration of suspended solids to be maintained.  Aeration equipment shall be capable of maintaining a minimum dissolved oxygen level of 2 mg/L in the ponds at all times.  Suitable protection from weather shall be provided for electrical controls.  Aerated cells shall be followed by a polishing cell with a volume of at least 0.3 of the total volume of the aerated cells.

See Paragraph 92.33 for details on aeration equipment.

93.34
Industrial Wastes TC "93.34
Industrial Wastes" \f C \l "4" 
Consideration shall be given to the type and effects of industrial wastes on the treatment process.  In some cases it may be necessary to pretreat industrial or other discharges.

Industrial wastes shall not be discharged to ponds without assessment of the effects such substances may have upon the treatment process or discharge requirements in accordance with state and federal laws.

93.35
Number of Cells Required TC "93.35
Number of Cells Required" \f C \l "4" 
At a minimum, a wastewater treatment pond system should consist of three cells designed to facilitate both series and parallel operations.  The maximum size of a pond cell should be 40 acres (16 ha).  Two-cell systems may be utilized in very small installations.

All systems should be designed with piping flexibility to permit isolation of any cell without affecting the transfer and discharge capabilities of the total system.  In addition, the ability to discharge the influent waste load to a minimum of two cells and/or all primary cells in the system should be provided.

93.351
Controlled-Discharge Facultative Treatment Pond Systems TC "93.351
Controlled-Discharge Facultative Treatment Pond Systems" \f C \l "5" 
For controlled-discharge systems the area specified as the primary ponds should be equally divided into two cells.  The third or secondary cell volume should as a minimum, be equal to the volume of each of the primary cells.

In addition, design should permit for adequate elevation difference between primary and secondary ponds to permit gravity filling of the secondary from the primary.  Where this is not feasible, pumping facilities shall be provided.

93.352
Flow-Through Facultative Treatment Pond Systems TC "93.352
Flow-Through Facultative Treatment Pond Systems" \f C \l "5" 
At a minimum, primary cells shall provide adequate detention time to maximize BOD5 removal.  Secondary cells should then be provided for additional detention time with depths to 8 feet (2.4 m) to facilitate solids reduction.  Design should also consider recirculation within the system.

93.353
Aerated Treatment Pond Systems TC "93.353
Aerated Treatment Pond Systems" \f C \l "5" 
A minimum of two aerated cells, plus a polishing cell is required.  A tapered mode of aeration is recommended.

93.36
Pond Shape TC "93.36
Pond Shape" \f C \l "4" 
The shape of all cells should be such that there are no narrow or elongated portions.  Round, square or rectangular ponds (length not exceeding three times the width) are considered most desirable.  No islands, peninsulas or coves shall be permitted.  Dikes should be rounded at corners to minimize accumulations of floating materials.  Common-wall dike construction, wherever possible, is strongly encouraged.

93.4
Pond Construction Details TC "93.4
Pond Construction Details" \f C \l "3" 
93.41
Embankments and Dikes TC "93.41
Embankments and Dikes" \f C \l "4" 
93.411
Material TC "93.411
Material" \f C \l "5" 
Dikes shall be constructed of relatively impervious soil and compacted to at least 95 percent Standard Proctor Density to form a stable structure.  Vegetation and other unsuitable materials shall be removed from the area where the embankment is to be placed.

93.412
Top Width TC "93.412
Top Width" \f C \l "5" 
The minimum dike width shall be 8 feet (2.4 m) to permit access for maintenance vehicles.

93.413
Maximum Slopes TC "93.413
Maximum Slopes" \f C \l "5" 
Inner and outer dike slopes shall not be steeper than 1 vertical to 3 horizontal (1:3).

93.414
Minimum Slopes TC "93.414
Minimum Slopes" \f C \l "5" 
Inner slopes should not be flatter than 1 vertical to 4 horizontal (1:4).  Flatter slopes can be specified for larger installations because of wave action but have the disadvantage of added shallow areas being conducive to emergent vegetation.  Outer slopes shall be sufficient to prevent surface runoff from entering the ponds.

93.415
Freeboard TC "93.415
Freeboard" \f C \l "5" 
Minimum freeboard shall be 3 feet (0.9 m), except that for small systems 2 feet (0.6 m) may be acceptable.

93.416
Design Depth TC "93.416
Design Depth" \f C \l "5" 
The minimum operating depth should be sufficient to prevent growth of aquatic plants and damage to the dikes, bottom, control structures, aeration equipment, and other appurtenances.  In no case should pond depths be less than 2 feet (0.6 m).

a.
Controlled-Discharge and Flow-Through Facultative Treatment Pond Systems

The maximum water depth shall be 6 feet (1.8 m) in primary cells.  Greater depths in subsequent cells are permissible although supplemental aeration or mixing may be necessary.

b.
Aerated Treatment Pond Systems

The design water depth should be 10 to 15 feet (3.0 m to 4.6 m).  This depth limitation may be altered depending on the aeration equipment, waste strength, and climatic conditions.

93.417
Erosion Control TC "93.417
Erosion Control" \f C \l "5" 
A justification and detailed discussion of the method of erosion control which encompasses all relative factors such as pond location and size, seal material, topography, prevailing winds, cost breakdown, application procedures, etc., shall be provided.

a.
Seeding

The dikes shall have a covered layer of at least 4 inches (100 mm), of fertile topsoil to promote establishment of an adequate vegetative cover wherever riprap is not utilized.  Prior to prefilling (in accordance with Paragraph 93.424), adequate vegetation shall be established on dikes from the outside toe to 2 feet (0.6 m) above the pond bottom on the interior as measured on the slope.  Perennial-type, low-growing, spreading grasses that minimize erosion and can be mowed are most satisfactory for seeding on dikes.  In general, alfalfa and other long-rooted crops should not be used for seeding since the roots of this type are apt to impair the water-holding efficiency of the dikes.

b.
Additional Erosion Protection

Riprap or some other acceptable method of erosion control is required as a minimum around all piping entrances and exits. For aerated cells the design should ensure erosion protection on the slopes and bottoms in the areas where turbulence will occur.  Additional erosion control may also be necessary on the exterior dike slope to protect the embankment from erosion due to severe flooding of a watercourse.

c.
Alternate Erosion Protection.

Alternate erosion control on the interior dikes slopes may be necessary for ponds which are subject to severe wave action.  In these cases riprap, or an acceptable equal, shall be placed from at least 1 foot (0.3 m) above the high water mark to 2 feet (0.6 m) below the low water mark (measured on the vertical).

93.42
Pond Bottom TC "93.42
Pond Bottom" \f C \l "4" 
93.421
Soil TC "93.421
Soil" \f C \l "5" 
Soil used in constructing the pond bottom (not including the seal) and dike cores shall be relatively incompressible and tight and compacted at or up to 4 percent above the optimum water content to at least 95 percent Standard Proctor Density.

93.422
Seal TC "93.422
Seal" \f C \l "5" 
Ponds shall be sealed such that seepage loss through the seal is as low as practicably possible.  Seals consisting of soils, bentonite, or synthetic liners may be considered provided the permeability, durability, and integrity of the proposed material can be satisfactorily demonstrated for anticipated conditions.  Results of a testing program which substantiates the adequacy of the proposed seal must be incorporated into and/or accompany the engineering report.  Standard ASTM procedures or acceptable similar methods shall be used for all tests.

To achieve an adequate seal in systems using soil, bentonite, or other seal materials, the hydraulic conductivity (k) in centimeters per second specified for the seal shall not exceed the value derived from the following expression where L equals the thickness of the seal in centimeters.


k = 2.6 x 10-9L

The "k" obtained by the above expression corresponds to a percolation rate of pond water of less than 500 gallons per day per acre [4.7 m3/(ha·d)] at a water depth of 6 feet (1.8 m) and a liner thickness of 1 foot (0.3 m), using the Darcy’s law equation.

For a seal consisting of a synthetic liner, seepage loss through the liner shall not exceed the quantity equivalent to seepage loss through an adequate soil seal.

93.423
Uniformity TC "93.423
Uniformity" \f C \l "5" 
The pond bottom shall be as level as possible at all points.  Finished elevations shall not be more than 3 inches (75 mm) from the average elevation of the bottom.

93.424
Prefilling TC "93.424
Prefilling" \f C \l "5" 
Prefilling the pond should be considered in order to protect the liner, to prevent weed growth, to reduce odor, and to maintain moisture content of the seal.  However, the dikes must be completely prepared as described in Paragraphs 93.417 (a) and (b) before the introduction of water.

93.43
Influent Lines TC "93.43
Influent Lines" \f C \l "4" 
93.431
Material TC "93.431
Material" \f C \l "5" 
Generally accepted material for underground sewer construction will be given consideration for the influent line to the pond.  Unlined corrugated metal pipe should be avoided, however, due to corrosion problems.  In material selection, consideration must be given to the characteristics of the wastes, exceptionally heavy external loadings, abrasion, soft foundations, buoyancy and similar problems.

93.432
Manhole TC "93.432
Manhole" \f C \l "5" 
A manhole or vented cleanout wye shall be installed prior to entrance of the influent line into the primary cell and shall be located as close to the dike as topography permits.  Its invert shall be at least 6 inches (150 mm) above the maximum operating level of the pond and provide sufficient hydraulic head without surcharging the manhole.

93.433
Flow Distribution TC "93.433
Flow Distribution" \f C \l "5" 
Flow distribution structures shall be designed to effectively split hydraulic and organic loads equally to primary cells.

93.434
Placement TC "93.434
Placement" \f C \l "5" 
Influent lines may be located along the bottom of the pond with the top of the pipe just below the average upper elevation of the pond seal or liner.  However, the full seal depth shall be maintained below the bottom of the pipe and throughout the transition area from the bottom of the pipe to the pond bottom.

In situations where pipes penetrate the lagoon seal, provisions to prevent seepage (such as anti-seep collars) shall be made.

93.435
Point of Discharge TC "93.435
Point of Discharge" \f C \l "5" 
All primary cells shall have individual influent lines which terminate approximately at the midpoint of the width and at approximately two-thirds the length away from the outlet structure so as to minimize short-circuiting.

All aerated cells shall have influent lines which distribute the load within the mixing zone of the aeration equipment.

93.436
Influent Discharge Apron TC "93.436
Influent Discharge Apron" \f C \l "5" 
The influent line shall discharge horizontally into a shallow, saucer-shaped depression.

The end of the discharge line shall rest on a suitable concrete apron large enough to prevent the terminal influent velocity at the end of the apron from causing soil erosion.  A minimum size apron of 2 feet (0.6 m) square shall be provided.

93.44
Control Structures and Interconnecting Piping TC "93.44
Control Structures and Interconnecting Piping" \f C \l "4" 
93.441
Structure TC "93.441
Structure" \f C \l "5" 
Where possible, facilities design shall consider the use of multi-purpose control structures to facilitate normal operational functions such as drawdown and flow distribution, flow and depth measurement, sampling, pumps for recirculation, chemical additions and mixing, and minimization of the number of construction sites within the dikes.

As a minimum, control structures shall be: (a) accessible for maintenance and adjustment of controls; (b) adequately ventilated for safety and to minimize corrosion; (c) locked to discourage vandalism; (d) contain controls to permit water level and flow rate control, and complete shutoff; (e) constructed of non-corrodible materials (metal-on-metal contact in controls should be of similar alloys to discourage electrochemical reactions); and (f) located to minimize short-circuiting within the cell and avoid freezing and ice damage.

Recommended devices to regulate water level are valves, slide tubes or dual slide gates.  Stop logs are not to be used to regulate water levels.  Regulators should be designed so that they can be preset to prevent the pond surface elevation from dropping below the desired operational level.

93.442
Piping TC "93.442
Piping" \f C \l "5" 
All piping shall be of ductile iron or other acceptable material.  Pipes should be anchored with adequate erosion control.

In situations where pipes penetrate the lagoon seal, provisions to prevent seepage (such as anti-seep collars) shall be made.

a.
Drawdown Structure Piping

1.
Submerged Takeoffs


For ponds designed for shallow or variable depth operations, submerged takeoffs are recommended.  Intakes shall be located a minimum of 10 feet (3.0 m) from the toe of the dike and 2 feet (0.6 m) from the top of the seal, and shall employ vertical withdrawal.

2.
Multi-Level Takeoffs


For ponds that are designed deep enough to permit stratification of pond content, multiple takeoffs are recommended.  There shall be a minimum of 3 withdrawal pipes at different elevations.  The bottom pipe shall conform to a submerged takeoff.  The others should utilize horizontal entrance.  Adequate structural support shall be provided.

3.
Surface Takeoffs


For use under constant discharge conditions and/or relatively shallow ponds under warm weather conditions, surface overflow-type withdrawal is recommended.  Design should evaluate floating weir box or slide tube entrance with baffles for scum control.

4.
Emergency Overflow


To prevent overtopping of dikes, emergency overflow should be provided with capacity to carry the peak instantaneous flow expected.

b.
Hydraulic Capacity

The hydraulic capacity for continuous discharge structures and piping shall allow for a minimum of 250 percent of the design maximum day flow of the system.

The hydraulic capacity for controlled-discharge systems shall permit transfer of water at a minimum rate of 6 inches (150 mm) of pond water depth per day at the available head.

93.5
Miscellaneous TC "93.5
Miscellaneous" \f C \l "3" 
93.51
Fencing TC "93.51
Fencing" \f C \l "4" 
The pond area shall be enclosed with an adequate fence to prevent entering of livestock and discourage trespassing.  Fencing should not obstruct maintenance vehicle traffic on top of the dikes.  A vehicle access gate of sufficient width to accommodate mowing equipment shall be provided.  All access gates shall be provided with locks.

93.52
Access TC "93.52
Access" \f C \l "4" 
An all-weather access road shall be provided to the pond site to allow year-round maintenance of the facility.

93.53
Warning Signs TC "93.53
Warning Signs" \f C \l "4" 
Appropriate permanent signs shall be provided along the fence around the pond to designate the nature of the facility and advise against trespassing.  At least one sign shall be provided on each side of the site and one for every 500 feet (150 m) of its perimeter.

93.54
Flow Measurement TC "93.54
Flow Measurement" \f C \l "4" 
Flow measurement requirements are presented in Paragraph 56.6.  Effective weather protection shall be provided for the recording equipment.

93.55
Ground Water Monitoring TC "93.55
Ground Water Monitoring" \f C \l "4" 
An approved system of wells or lysimeters may be required around the perimeter of the pond site to facilitate ground water monitoring.  The need for such monitoring will be determined on a case-by-case basis.

93.56
Pond Level Gauges TC "93.56
Pond Level Gauges" \f C \l "4" 
Pond level gauges shall be provided.

93.57
Service Building TC "93.57
Service Building" \f C \l "4" 
A service building for laboratory and maintenance equipment shall be provided if required.  Refer to Section 58.

94.
OTHER BIOLOGICAL SYSTEMS TC "94.
OTHER BIOLOGICAL SYSTEMS" \f C \l "2" 
94.1
General TC "94.1
General" \f C \l "3" 
Biological treatment processes not included in these standards may be considered in accordance with Paragraph 53.2.
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