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E2-3.4

E2-3.3.3 River and Run-of-the-Reach Reservoir

A river is a free-flowing freshwater body without tidal effects. A run-of-the-
reach reservoir is a manmade water impoundment with a mean detention time
of less than 15 days. Mean detention time is obtained by dividing a reservoir’s
mean annual minimum total storage by the 30-day, 10-year low-flow from the
reservoir.

E2-3.3.4 Intermittent Stream

An intermittent stream is a river in which flow ceases seasonally or
periodically because net water losses are greater than net water supply. Losses
may be due to irrigation and other surface water withdrawals, a lowered water
table, evaporation, and/or plant transpiration. Historical flow records should be
evaluated prior to considering an intermittent stream as a receiving water.
Effluent may be discharged to intermittent streams on a seasonal basis or
ambient flow basis if water quality standards can be met.

E2-3.3.5 Natural and Constructed Wetlands

Discharges of wastewater to natural and constructed wetlands are discouraged
in the State of Washington. For more information about using reclaimed water
in wetlands, see Chapter E1. For more information about using constructed
wetlands in the treatment process, see Chapter G3.

Siting Objectives

The primary objective of siting is to balance economic efficiency with environmental
impact. Furthermore, both treatment costs and outfall costs must be considered within the
context of economic efficiency. In general, the closest suitable water body in which water
quality standards can be met with AKART treatment should first be evaluated. Once a
suitable water body has been found, a location is chosen that meets the following criteria:

Optimizes far-field dilution (near-field dilution can be optimized with outfall
configuration).

Minimizes the potential for effluent reflux.
Minimizes contact with humans.

Minimizes contact with fisheries and other aquatic habitat (such as spawning
beds, shellfish beds, and eelgrass beds).

Minimizes contact with the shoreline.
Minimizes potential of net sediment deposition.
Minimizes potential for effluent pooling.
Minimizes surfacing of effluent plume.
Minimizes navigational hazards.

Facilitates ease of access.

In general, a deep discharge in a marine water body is preferable to a shallow riverine or
estuarine discharge. Generally, the screening evaluation should yield a chronic dilution of
100:1 or greater and an acute dilution of 30:1 or greater. Specific siting objectives for
receiving waters are discussed in E2-4.


http://www.ecy.wa.gov/pubs/9837/e1.pdf
http://www.ecy.wa.gov/pubs/9837/g3.pdf
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E2-3.5 Effluent Characteristics

E2-3.5.1

E2-3.5.2

Effluent Quality

Effluent quality should be assessed prior to outfall planning as part of the
iterative solution process described in E2-4.2.1. Effluent should be of the
highest quality to meet all of the following:

» AKART for the plant type under consideration.
» TMDL wasteload allocations for the water body of interest, if any.
*  Water quality standards, including antidegradation requirements.

Effluent toxicants with the highest reasonable potential for exceeding water
quality standards for municipal discharges are chlorine, ammonia, copper,
mercury, and zinc. Nontoxic parameters of concern which must be evaluated
for any receiving water are dissolved oxygen, temperature, pH, fecal
coliforms, turbidity, and floatables.

Seasonal Discharges

Seasonal discharges are described in Table E2-2.

Table E2-2. Types of Seasonal Discharges

Type Description
1. Discharge to two separate water The first type of seasonal discharge is encouraged in water bodies with an extreme
bodies depending on season critical period (such as intermittent stream). An example of seasonal discharge is a
and/or receiving water conditions. riverine discharge during wet weather and spray field irrigation in the dry season.
2. Large seasonal effluent flow The second type of seasonal discharge is exhibited in seasonal industries (such as
variations. fruit processing). Both high and low effluent flow in conjunction with receiving water
conditions apparent during the seasonal discharge must be evaluated.
3. Large seasonal effluent quality The third type of seasonal discharge may be exhibited in conjunction with the second,
variations. or exhibited due to seasonal treatment process changes (such as nitrification due to
temperature effects). Seasonal effluent quality in conjunction with receiving water
conditions apparent during the seasonal discharge must be evaluated.
Seasonal discharge outfalls should be equipped with back-check devices to
prevent sediment accumulation in the outfall during periods of little or no
effluent flow.
E2-3.5.3 Seasonal Effluent Limitations
The NPDES permit writer may elect to develop seasonal or flow-based
effluent limitations for a discharger.
E2-3.5.4 Intermittent Discharges

Intermittent refers to a discharge of limited frequency and duration. Section 1.3
of Appendix 6.1 in Ecology’s “Permit Writer’s Manual” provides guidance on
how to treat the time-varying nature of intermittent discharges when evaluating
compliance with water quality standards. Four types of intermittent discharges
are identified here, as follows:
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A. Combined Sewer/Sanitary Sewer Overflows

During rainfall events, sewage treatment facilities that serve combined
sewers or receive high infiltration and inflow can exhibit widely
fluctuating effluent flow rates and effluent pollutant concentrations.
Guidance on CSO/SSOs is provided in Section 3.4 of the “Permit Writer’s
Manual” and in Chapter C3.

B. Sequencing Batch Reactor (SBR)

The fill/treat/decant cycle causes the discharge to be periodic. Evaluation
of compliance with four-day average chronic water quality criteria is the
same as with a continuous discharge. Evaluation of compliance with one-
hour average acute water quality criteria is based on the procedures given
in the “Permit Writer’s Manual.” See Chapter T3 for more information on
SBRs.

C. Tidally Influenced Lagoon

A tidally influenced lagoon exhibits periodic discharge as a function of
tide stage. Evaluation of compliance with four-day average chronic water
quality criteria is the same as with a continuous discharge. Evaluation of
compliance with one-hour average acute water quality criteria is based on
acute mixing ratios evaluated at highest periodic flow. The maximum one-
hour periodic flow may be determined by hydraulic routing analysis with
the lagoon at maximum level and downstream outlet control. A tide-check
valve is normally used for tidally influenced lagoons where there is
potential for backflow.

D. Equalization and Holding Basin
Equalization and holding basins may be used to:
*  Modulate discharge from SBRs to achieve a more uniform flow.

* Retain effluent during an incoming tide when discharging to a
tidally influenced river or estuary, and release the effluent on the
outgoing tide to minimize reflux and enhance flushing.
(Depending on the estuarine flushing rate, this may not be
effective.)

»  Store effluent under low river-flow conditions and release effluent
when river flow (and hence mixing) is higher. (Depending on the
increase in effluent flow rate, this may not be effective.)

» Provide emergency storage in the event of outfall malfunction and
for outfall maintenance.

Equalization and holding basins are analyzed using routing analysis,
similar to tidally influenced lagoons.


http://www.ecy.wa.gov/pubs/9837/c3.pdf
http://www.ecy.wa.gov/pubs/9837/t3.pdf
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E2-4 Guidance by Receiving Water Type

E2-4.1

E2-4.2

Objective

This section provides receiving water specific guidance for successful siting, design, and
construction of an outfall. It discusses data requirements and data gathering techniques
for outfall analysis, water quality analysis, outfall siting, and outfall design.

Marine and Ocean Outfalls

Siting and design of a marine or ocean outfall and diffuser includes the following:
» Defining engineering alternatives and criteria.

» Assessing functional performance and environmental impacts.

These criteria are considered concurrently, and developed iteratively, until a balance
between engineering feasibility and environmental acceptability is met.

E2-4.2.1 Environmental Considerations

A. Ambient Data

Oceanographic field studies provide ambient data to assess the functional
performance and environmental impacts of wastewater discharges. These
data are often found in literature from previous oceanographic studies.
Principal data sources include the University of Washington
Oceanographic Library, National Oceanic and Atmospheric Association
(NOAA), Ecology, and previous outfall studies. Table E2-3 lists the types
of oceanographic data that are required, and the typical field methods.

If not found in the literature, then it becomes the responsibility of the
discharger to generate these data.
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Table E2-3. Required Oceanographic Data for Siting and Designing Marine and Ocean
Outfalls

Types of
Oceanographic Data Typical Field Methods

Currents Currents are measured with drogues and/or current meters.

1. Drogues. Drogues measure current speed and trajectory of water parcels at selected depths.
They are used to simulate the rate of transport and the locations that would be contacted by
effluent. They can determine the presence of eddies in the effluent flow field. Drogues are
typically released at the trapping depth from potential outfall locations, at various tide stages
(e.g., flood, high slack, ebb, and low slack). Drogue trajectories are tracked for several hours
or up to several tide cycles.

2. Current meters. Current meters measure speed and direction at a fixed location over time.
Minimum requirement is a profile of several depths over at least one tide cycle. Commonly, a
fixed array of current meters will be deployed for one tidal month (29 days). The data
produced include current speed and direction frequency tables at a series of depths. NOAA is
the principal source of existing current meter data.

Density profiles Density profiles are measured from salinity and temperature profiles. These are determined from
conductivity, temperature, and depth (CTD) profiles. Continuously logging profilers with an
accuracy of +0.01° C are required for modeling dilution. Profiles should be taken at regular
intervals (such as hourly) over a tide cycle. In shallow areas and near significant fresh water
sources, seasonal profiles may be required. The critical period is maximum density stratification.
Ecology’s Ambient Monitoring Program and University of Washington Oceanography are the
principal sources of existing density profile measurements.

Ambient water quality Ambient water quality parameters typically include fecal coliform, dissolved oxygen, ammonia,
parameters and trace metals. These data are used to assess the need for effluent treatment requirements.
Ecology, NOAA, and the discharger are the principal data sources.

Sediment chemistry Sediment chemistry testing should be conducted at a proposed diffuser site and along the outfall
testing alignment. This data is used for baseline assessment for future impacts, assessment of existing
impacts, or for handling dredged material during construction.

Biological studies Biological studies are commonly required near new or modified wastewater outfalls, including
shellfish abundance and fishery habitat studies. These studies are determined on a case-by-case
basis after scoping with federal, state, and tribal agencies.

B. Effluent Mixing

Models are generally used to determine dilution factors at acute and
chronic mixing zone boundaries around outfalls and diffusers under
critical conditions. Dye studies using Rhodamine WT as a tracer are also
used occasionally on major projects. Guidance for conducting effluent
mixing studies is provided in Appendix 6.1 of the “Permit Writer’s
Manual.”

C. Siting

As much as possible, wastewater outfalls and diffusers should minimize
the potential for effluent to contact or build up in sensitive locations.
Effluent contact and plume concentration must be carefully evaluated,
particularly in the following areas:

* Recreational and commercial shellfish harvesting areas.
» Eelgrass, kelp, and other rearing and spawning habitats.
» Eddies that may trap the effluent plume.

» Public beaches or other areas primarily used for recreation with
direct contact.
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E2-4.2.2 Design Considerations

A. System Hydraulics

The system’s hydraulics and diffuser hydraulics must be properly designed
for the system to perform as planned, including analysis for dilution
characteristics. An excellent reference for system hydraulic analysis is
“Diffusers for Disposal of Sewage in Sea Water,” Journal of Sanitary
Engineering, Div. ASCE, March 1960.

In considering total head requirements for an outfall, two important factors
must not be overlooked:

e Extreme high and low tide.

e The difference in density between the receiving water and the
effluent.

To be assured of sufficient head, extreme high-tidal elevation must be used
with the head loss at peak flow.

Discharging to marine waters also means that the difference in density
between the receiving water and the effluent must be multiplied by the
depth of the diffuser ports to determine the head required to overcome the
difference in density. Care should be taken in the selection of pipe
diameter to keep the velocity in a reasonable range, usually not more than
8 fps.

B. Diffuser Hydraulics

The minimum port size in a diffuser should not be less than 3 inches in
diameter to minimize fouling. The total port area should not exceed

75 percent of the area of the pipe barrel, otherwise unbalanced flows will
occur. The diffuser section must be evaluated hydraulically as a manifold
(as demonstrated in the publication referenced in E2-4.2.2A). The main
purpose of the manifold approach is to determine the variation of port
discharges along the diffuser at the full range of flows, from peak to
minimum. A well-designed diffuser will maintain balanced port flows
along the diffuser at all flows. All ports should continuously discharge at
all flows to prevent intruding of sediments in the pipe as well as biofouling
of the port or pipe. For intermittent discharges, it may be necessary to
provide check valves on the ports to prevent salt water intrusion.

C. Geomorphology Studies

In most cases it is appropriate to conduct field and literature studies to
provide a basis for evaluating the geomorphology and environmental
characteristics of the site. These studies may include some or all of the
following:

» Bathymetric survey.

*  Sub-bottom profiling.
» Side scan sonar.

*  Drill test holes.

» Jet test holes.

» Sediment sampling.
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» Cone penetrometer.
¢ Torvane shear tests.
» Construction diver survey (bottom floor, full length of alignment).

Determining which of these tasks needs to be done, and to what extent,
will depend on the location and also the size of the outfall. From a
geotechnical standpoint, the critical concerns are the bearing capacity of
the sea floor to determine the need for a pile foundation, seismic stability,
areas of sea floor irregularity including bedrocks, outcroppings and
depressions, and buried debris such as logs. The nature of the sediments
must also be evaluated for the presence of hazardous wastes. The presence
of littoral drift in the sea floor surface must also be evaluated to avoid
interruption if pipe burial is needed.

D. Geomorphology Design

Whether to put pipe in a trench is determined by examining the issues
discussed above, but also by considering wave forces and potential uplift
of the pipe. These activities will determine the need for armor rock. The
cross section of the pipeline will then be determined and the required
width of the construction corridor established.

E. Siting Hazards

An outfall and diffuser must be sited with hazards taken into consideration,
as follows:

* Channels maintained by dredging.
» Designated navigation channels in shallow waterways.
* Anchoring areas.
In all of these cases, the pipe is subject to serious damage or difficulties
during construction.
F. Pipe Design

The following types of pipe material have been used in outfall
construction:

» Steel.

* Mortar coated steel.

* Ductile iron.

» Concrete cylinder.

» Reinforced concrete.

» High density polyethylene.
» Polyvinyl chloride.

Corrugate steel pipe has been used in the past on numerous marine outfalls
in Puget Sound. Many of these lines have failed through leaky joint
couplings and galvanic corrosion, and should be avoided in new
construction.

A variety of pipe joints have been used successfully, including welded,
flanged, o-ring bell and spigot with thrust ties, o-ring bell and spigot,
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vanstone flange, restrained joint, and ball joint. Regardless of the joint type
it is preferable to incorporate provision for axial restraint to provide for
better closure of the joint during construction and maintain integrity of the
pipeline when it is subjected to unusual forces.

Corrosion can be a serious problem, and all outfalls should be provided
with appropriate corrosion protection. This may include protective
coatings on the interior and exterior of the pipe, sacrificial anodes, and/or
an impressed current system.

Many construction methods have been used successfully, including the
following:

(1) One piece at a time with joints made by divers.

(2) Multiple sections assembled on a barge and placed with a strong
back using a crane or derrick.

(3) Assemble offsite, float to site, then sink into place.
(4) Assemble on shore and bottom-pull into place.

(5) Slipline HDPE (high-density polyethylene pipe) through existing
lines.

(6) Directional drilling.

Alternatives (1) and (2) are the most commonly used methods. The
construction methods should be determined before the design is advanced
as the construction method will usually dictate the type of pipe, joint, and
laying lengths used.

Development of a detailed outfall alignment plan and profile drawings is
best done at a natural scale, not an expanded scale. The natural scale will
best show how to place the pipe to follow the bottom.

E2-4.3 Salt-Wedge Estuary and Tidally Reversing River Outfalls

Evaluation and design of an outfall in a tidally reversing river and the lower salt-wedge
estuary of a river system differ significantly from a marine outfall in several ways.
Principally, the freshwater flow (and its seasonality) plays a much larger role in the
environmental design criteria, while navigation concerns and stability of the channel
critically influence engineering design criteria.

E2-4.3.1 Environmental Considerations

A. Ambient Data

e Current velocity is normally measured from a moored vessel with
a current meter. Current speed and direction must be measured at
several depths over at least one complete tide cycle during the
period of annual low river flow. Both large and small tides should
be considered.

» Density profiles are required at the same time as current velocity
measurements to establish the formation and movement of a salt
wedge in the estuary and its relation to the tide. Because
stratification is normally much higher in estuaries, the
conductivity/temperature/depth (CTD) instrument does not need to
be as precise as for marine and ocean outfalls.
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e Tracer studies consist of releasing fluorescent dye or another
tracer into effluent, or at a potential outfall location, and tracking
its trajectory and concentration over several hours or tide cycles.
This provides a direct measurement of plume dilution, contact
with sensitive areas, and reflux. Guidance for tracer studies is
provided in Appendix 6.1 of the “Permit Writer’s Manual.”

e Water quality data are required to assess compliance with water
quality standards. The parameters are the same as described for
marine outfalls (see E2-4.2). Ecology, USGS, and the discharger
are the principal sources of existing data.

B. Effluent Mixing

» Reflux, the steady-state buildup of effluent in an estuary after
several tide cycles, is commonly the principal concern in assessing
effluent concentrations and effects in estuaries and tidal rivers.
Reflux may be determined from tracer studies conducted during
critical low river flows in late summer.

» Dilution factors at mixing zone boundaries in estuaries may be
directly measured through tracer studies, or modeled. High, low,
and intermediate tidal conditions should be evaluated. The critical
acute condition is the average time of tidal variations. Effluent
reflux must be included in the calculated dilution factors.

C. Siting

Guidance for conducting effluent mixing studies is provided in Appendix
6.1 of the “Permit Writer’s Manual.”

» Contact with sensitive areas. To the maximum extent
practicable, wastewater outfalls and diffusers should minimize the
potential for effluent to contact or build up in sensitive locations.
Effluent contact and plume concentrations must be carefully
evaluated, particularly in the following areas:

* Recreational and commercial shellfish harvesting areas.
» Eelgrass, kelp, and other rearing or spawning habitats.
» Eddies that may trap the effluent plume.

» Public beaches or other areas primarily used for recreation
with direct public contact.

* Flushing time. There are no set criteria for minimum flushing
time, but an outfall should be sited to minimize residence time in
the estuary. “Mixing in Inland and Coastal Waters” (Fischer, et al.,
1979) should be consulted for methods of assessing flushing time
in estuaries.

E2-4.3.2 Design Considerations

A. System Hydraulics

The hydraulic considerations for diffuser design and system head losses in
marine and ocean outfall systems also apply in estuaries. System capacity
at the peak 100-year flood elevation must also be considered in
conjunction with peak tides.
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Diffusers are subject to plugging by mobile sediments and damage from
river debris, and should be avoided except where needed to meet dilution
criteria. Check valves on the ports are often needed to avoid plugging
during low effluent flows.

Many outfalls have floated to the surface due to air trapped in the line. The
profile of the pipe must consider the potential to trap air in the line,
particularly where crossing tide flats. Air entrapment must be avoided, or
adequate head and anchors included to offset the trapped air.

Geomorphology

It is usually necessary to conduct field and literature studies to provide
necessary information on the geomorpology along the proposed outfall
route and diffuser site. Cross-sections should be obtained before and after
floods to assess the stability of the bottom. Geotechnical borings or test
pits are necessary to establish pipeline foundation requirements (i.e.,
bedding or pilings). Maximum velocities occurring during flood conditions
are needed to assess hydrodynamic forces acting on the pipe.

The bottom in salt-wedge estuaries and tidally-reversing rivers is often soft
and mobile. Soils shift and move downstream during flood conditions,
which can cause cyclic scour and deposition around outfall pipes and
diffusers. The mobility of the bedload should be investigated. In areas of
high bedload movement, it has been common to excavate sediment traps
upstream of diffusers, and conduct maintenance dredging around the
diffuser. The quantity of ambient bedload, rate of siltation around the
diffuser, required dredging schedule, and disposal sites must be considered
during the design of outfalls in high siltation areas.

Existing data on historic cross-sections and bottom elevations should be
obtained from USGS and local governments. Useful information on bed
and channel stability is often provided from historical aerial photos.
Contact the Corps if a site is in or near a navigable waterway. If a
proposed outfall site is near a bridge or other structure, WSDOT or the
local county may have useful morphology data. Outside bends in rivers are
often good locations for outfalls because the deepest part of the river
channel is usually near the shoreline.

Siting Hazards

An outfall and diffuser must be sited with hazards taken into consideration
as follows:

e Channels maintained by dredging.

» Designated navigation and anchorage areas.

e Commercial uses and traffic in the vicinity.

» Debris load in the river and forces acting on the pipe or pilings.

Pipe Design

The following types of pipe material have been used in outfall
construction:

e Steel.
e Mortar coated steel.
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* Ductile iron.

e Concrete cylinder.

» Reinforced concrete.

» High density polyethylene.

If pipes are to be exposed to scour, debris, and high currents during floods,
they must be properly anchored or armored. Armoring consists of encasing
the pipe/diffusers in a blanket of crushed stone sized to resist displacement
or undermining at peak flood conditions. Anchoring may consist of
attachment to wood, steel, or concrete pilings, concrete anchor blocks, or
attachment to the shoreline. High density polyethylene may be designed to
shift with the bottom if proper anchorage is provided at the shoreline, and
negative buoyancy is provided through additional weighting. In areas with
eroding shorelines, riprapped or bulkheaded shorelines and bridge piers
provide desirable stability.

Corrosion control should be provided through coatings, pipe bonding,
sacrificial anodes, or an impressed current system. Sea water and soil
electrolytic conditions should be tested for each application wherever
metallic pipe materials are used.

Many construction methods have been used successfully, including the
following:

(1) One piece at a time with joints made by divers.

(2) Multiple sections assembled on a barge and placed with a strong
back or horse using a crane or derrick.

(3) Assemble offsite, float to site, then sink into place.
(4) Assemble on shore and bottom pull into place.

In areas with significant bedload movement or very soft soils, sheet piling
may be necessary to maintain the trench during construction. Excavation
and vibration can also cause slope failures during construction.

Development of detailed outfall alignment and profile drawings is best
done at a natural scale, not an expanded scale. The natural scale will best
show how to place the pipe and joints to follow the bottom.

Permit conditions, particularly with an HPA permit, may impose
significant restrictions on the methods of construction and mitigation
requirements. Outfall designers should consult with permitting agencies in
the early stages of design development.

E2-4.4 River and Run-of-the-Reach Reservoir Outfalls

This category includes rivers upstream of significant tidal influence, and reservoirs with a
mean detention time of less than 15 days.

E2-4.4.1 Environmental Considerations

A. Ambient Data

» River Discharge. The critical river flow rate for water quality
evaluations is typically the seven-day low flow, with a 10-year
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recurrence interval (7Q10). These statistics are published by
USGS for most Washington rivers.

»  Velocity must be measured directly during 7Q10 low-flow
conditions, or estimated based on the river cross-section and
profile. Cross-section data may be surveyed, or obtained from the
county, USGS, or other sources. Profile data are typically
available from counties and FEMA flood insurance studies. 7Q10
velocity can be determined from the cross-section and profile data
from hydraulic manuals or the Corps’ HEC-2 model.

»  Water quality data for rivers are frequently available from Ecology
and USGS. Water quality parameters required to assess treatment
limitations include, but are not limited to, fecal coliform, dissolved
oxygen, ammonia, and trace metals.

»  Temperature profiles are necessary in run-of-the-reach reservoirs
where stratification can be significant. Profiles should also be
measured in deep, slow-moving rivers (such as the Columbia
River) where there is potential stratification. The critical period for
maximum stratification is in the late afternoon on sunny days
during 7Q10 low flows.

B. Effluent Mixing

Dilution at mixing zone boundaries in rivers may be directly measured
through tracer studies, or modeled. 7Q10 current speed and water depth
and other reasonable worst-case parameters must be used. Guidance for
conducting effluent mixing studies is provided in Appendix 6.1 of the
“Permit Writer’s Manual.”

C. Siting

Cross-sectional data may either be surveyed or obtained from the county,
USGS, or other sources. Profile data are typically available from counties
and FEMA flood insurance studies. Flood velocities and peak water
surface elevations can be determined from the cross-section and profile
data from the FEMA studies or the Corps HEC-2 model.

As much as possible, wastewater outfalls and diffusers should minimize
the potential for effluent to contact or build up in sensitive locations.
Effluent contact and plume concentration must be carefully evaluated,
particularly in the following areas:

» Eddies that may trap the effluent plume.
* Important biological habitat.

» Public beaches or other areas used for recreation with direct public
contact.

E2-4.4.2 Design Considerations

A. System Hydraulics

The hydraulic considerations for diffuser design and system head losses in
marine and ocean outfall systems (see E2-4.2.2A and E2-4.2.2B) also

apply in rivers and run-of-the-reach reservoirs. System capacity at the peak

100-year flood elevation must also be considered instead of peak tides.

Criteria for Sewage Works Design
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Diffusers are subject to plugging by mobile sediments and damage from
river debris, and should be avoided except where needed to meet dilution
criteria. Check valves on the ports are often needed to avoid plugging
during low effluent flows.

Many outfalls have floated to the surface due to air trapped in the line. The
profile of the pipe must consider the potential to trap air in the line,
particularly where crossing flat grades. Air entrapment must be avoided, or
adequate head and anchors included to offset the trapped air.

B. Geomorphology

It is usually necessary to conduct field and literature studies to provide
necessary information on the geomorpology along the proposed outfall
route and diffuser site. Cross sections should be obtained before and after
floods to assess the stability of the bottom. Geotechnical borings or test
pits are necessary to establish pipeline foundation requirements (i.e.,
bedding or pilings). Maximum velocities occurring during flood conditions
are needed to assess hydrodynamic forces acting on the pipe.

River and reservoir bottoms are often soft and mobile. Silts, gravels,
cobbles, and even boulders shift and move downstream during flood
conditions, which can cause cyclic scour and deposition around and/or
damage to outfall pipes and diffusers. The mobility and size of the bedload
should be investigated. In areas of high bedload movement, it has been
common to excavate sediment traps upstream of diffusers, and conduct
maintenance dredging around the diffuser. The quantity of ambient
bedload, rate of siltation around the diffuser, required dredging schedule,
and disposal sites must be considered during the design of outfalls with
high bedload movement.

Existing data on historic cross sections and bottom elevations should be
obtained from USGS and local governments. Useful information on bed
and channel stability is often provided from historical aerial photos.
Contact the Corps if a site is in or near a navigable waterway. If a
proposed outfall site is near a bridge or other structure, WSDOT or the
local county may have useful morphology data. Outside bends in rivers are
often good locations for outfalls because the deepest part of the river
channel is usually near the shoreline.

C. Siting Hazards

An outfall and diffuser must be sited with hazards taken into consideration
as follows:

» Channels maintained by dredging.

» Designated navigation and anchorage areas.

» Commercial uses and traffic in the vicinity.

» Debris load in the river and forces acting on the pipe or pilings.

D. Pipe Design

The following types of pipe material have been used in outfall
construction:

e Steel.
e Mortar coated steel.
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* Ductile iron.

» Concrete cylinder.

» Reinforced concrete.

» High density polyethylene.

If pipes are to be exposed to scour, debris and high currents during floods,
they must be properly anchored or armored. Armoring consists of encasing
the pipe/diffusers in a blanket of crushed stone sized to resist displacement
or undermining at peak flood conditions. Anchoring may consist of
attachment to wood, steel, or concrete pilings, concrete anchor blocks, or
attachment to the shoreline. High density polyethylene may be designed to
shift with the bottom if proper anchorage is provided at the shoreline, and
negative buoyancy is provided through additional weighting. In areas with
eroding shorelines, riprapped or bulkheaded shorelines or bridge piers
provide desirable stability.

Corrosion control should be provided through coatings, pipe bonding,
sacrificial anodes, or an impressed current system. Sea water and soil
electrolytic conditions should be tested for each application wherever
metallic pipe materials are used.

Many construction methods have been used successfully, including the
following:

(1) One piece at a time with joints made by divers.

(2) Multiple sections assembled on a barge and placed with a strong
back or horse using a crane or derrick.

(3) Assemble offsite, float to site, then sink into place.

(4) Assemble on shore and bottom pull into place.

(5) Slipline polyethylene pipe through existing lines (replacement).
(6) Directional drilling.

In areas with significant bedload movement or very soft soils, sheet piling
may be necessary to maintain the trench during construction. Excavation
and vibration can also cause slope failures during construction.

Development of detailed outfall alignment and profile drawings is best
done at a natural scale, not an expanded scale. The natural scale will best
show how to place the pipe and joints to follow the bottom.

Permit conditions, particularly with an HPA permit, may impose
significant restrictions on the methods of construction and mitigation
requirements. Outfall designers should consult with permitting agencies in
the early stages of design development.

E2-4.5 Lake and Reservoir Outfalls

Discharges of wastewater to lakes and reservoirs are discouraged in the state of

Washington.
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E2-4.6 Intermittent Stream Outfalls

E2-4.6.1 Environmental Considerations

Cross-sectional data may either be surveyed or obtained from the counties,
USGS, or other sources. Profile data are typically available from counties and
FEMA flood insurance studies. Flood velocities and peak water surface
elevations can be determined from the cross-section and profile data from the
FEMA studies or the Corps HEC-2 model.

E2-4.6.2 Design Considerations

If outfalls discharge to dry or very low-flow streambeds, the design must
consider channel erosion protection from the outfall. Other design
considerations are similar to those described for rivers in E2-4.4.2, except that
construction may be conducted in dry conditions, thus negating the need for
any floating equipment or underwater work.

E2-4.7 Natural and Constructed Wetlands Outfalls

See G3-3.7 for information related to constructed wetlands.
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E3 Effluent Disposal to Ground
Water

This chapter describes the regulations, standards, policies, and guidance related
to discharge of treated municipal wastewater to ground water. References are
made to the “Implementation Guidance for the Ground Water Quality
Standards” (guidance document) which was developed to explain and interpret
the means to implement the state Water Quality Standards for Ground Water.

E3-1 Regulatory Framework......... 2

E3-1.1 Chapter 173-216 WAC, State
Waste Discharge Permit
Program ......ccoooeviiiiiiiiiiiee e 2

E3-1.2 Chapter 173-200 WAC, Water
Quality Standards for Ground
Waters of the State of
Washington........ccccceeveiiiiiiiicnnnns 2

E3-1.3 Implementation Guidance for
the Ground Water Quality
Standards.......cccccvvveviiiiiiiiiieeee 2

E3-2 Regulated Ground Water

Discharge Activities............. 3
E3-2.1 Land Treatment of Wastewater....3
E3-2.2 Drainfield Disposal........cccccccee..... 4
E3-2.3 Water Reuse Through Ground

Water Recharge..........ccccevvvvvvvnnnnnn. 4
E3-2.4 Impoundments...........cccceeeeeeeeee. 4
E3-3 Antidegradation Policy......... 4

E3-4 Ground Water Quality
Standards Checklist............ 5

E3-5 References .....ccoccevvevveevennnenn. 6



E3-2

August 2008 Criteria for Sewage Works Design

E3-1 Regulatory Framework

The two following state regulations and Ecology’s publication, “Implementation Guidance for the
Ground Water Quality Standards,” are the primary sources of information related to discharge of
municipal wastewater effluent to ground waters. Additional information on applicable laws and
regulations relating to approval and permitting requirements is contained in Chapter G1.

E3-1.1

E3-1.2

E3-1.3

Chapter 173-216 WAC, State Waste Discharge Permit Program

This regulation outlines the process for obtaining a permit for wastewater effluent
discharges to ground water. A permit is required for discharges from industrial and
commercial facilities, as well as from municipal facilities. Water reclamation projects
that discharge to ground water for the purpose of recharge are described in Chapter E1.

Chapter 173-200 WAC, Water Quality Standards for Ground Waters of the State of
Washington

This regulation establishes the numerical criteria and other requirements for the
protection of ground waters in the state. The regulation is intended to be preventive in
nature. The goal is to maintain a high quality of ground water and to protect existing and
future beneficial uses of the water. This is achieved through three mechanisms, as
follows:

(1) AKART. AKART is the requirement for “all known, available and reasonable
methods of prevention, control and treatment.” That means a wastewater must be
provided with the best known methods of prevention, control, and treatment that
are reasonably practical. All wastes must be provided with AKART prior to entry
into the state’s waters, regardless of the quality of the receiving water.

(2) Antidegradation policy. This policy mandates the protection of background
water quality and prevents the degradation of ground water quality that would
harm a beneficial use or violate the Ground Water Quality Standards.

(3) Human health and welfare based standards. These include numeric and
narrative standards.

The standards protect all ground water in the saturated zone, statewide. Water in the
vadose zone (unsaturated zone) is not specifically protected by the standards. It is not
necessary for ground water to be defined as an aquifer (ground water that produces a
significant yield) in order to be protected. The standards cover ground water that is
perched, seasonal, or artificial.

Since ground water in the state has not been fully characterized, particularly
interconnections between aquifers, the regulation protects all ground water equally. All
ground water is classified as a potential source of drinking water for the purposes of the
standards.

Implementation Guidance for the Ground Water Quality Standards

This guidance document develops the framework for implementation of Chapter 173-200
WAC and provides clarification of the intent of certain policies set forth in the regulation.
The document outlines specific requirements necessary for a waste discharge to achieve
compliance with the standards. Ecology uses the guidance document as the primary
mechanism to apply the standards to ground water discharges regulated by the agency
and to evaluate the issuance of State Waste Discharge Permits. Requirements for specific
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projects will depend upon the nature of the discharge and the characteristics of the
discharge site.

“Implementation Guidance for the Ground Water Quality Standards” discusses:
» Activities regulated by Chapter 173-200 WAC.

» The antidegradation policy.

» Mechanisms for protecting ground water quality.

» Requirements for the hydrogeologic study and the monitoring plan.

» Implementation of the antidegradation policy through the establishment of
enforcement limits and early warning values.

* Response to violations of the standards.

» Process and implications for designating a special protection area.

E3-2 Regulated Ground Water Discharge Activities

The Ground Water Quality Standards apply to any activity that has potential to impact ground
water quality, including both point source and nonpoint source activities. See the guidance
document for activities for which these standards apply.

Wastewater management activities that are considered discharges to ground water include:
* Land treatment of wastewater.

» Drainfield disposal.

»  Water reuse through ground water recharge.

e Impoundments.

An engineering report based on Chapter 173-240 WAC is required in support of a State Waste
Discharge Permit application for a new system or the modification of an existing system
discharging to ground water. See Chapter G1 for engineering report requirements.

E3-2.1 Land Treatment of Wastewater

Land treatment systems apply wastewater either below the land surface or by surface
spreading to provide effluent treatment prior to its contact with the saturated ground
water zone. The wastewater generally receives some level of preliminary treatment prior
to application to the soil. The systems then utilize surface soils, cover crops, and/or soils
in the vadose zone to provide additional treatment. See Chapter G3 for discussions of
wastewater treatment technologies, including land treatment, which are particularly
applicable to small communities.

Land treatment is different from land application of reclaimed water described below in
E3-2.3 and in Chapter E1.

“Guidelines for Preparation of Engineering Reports for Industrial Wastewater Land
Application Systems” are used to identify critical elements in the design of land treatment
systems for soil treatment and protection of ground water quality. The guidelines were
prepared to implement engineering report requirements of Chapter 173-240 WAC.
Although the guidelines were prepared for treatment of industrial wastewater, the
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E3-2.2

E3-2.3

E3-2.4

fundamental design concepts are applicable to land application of municipal wastewater
treatment as well. This guidance document should be used with DOH’s “Design Criteria
for Municipal Wastewater Land Treatment Systems for Public Health Protection,” for
preparing the engineering report prepared in support of the State Waste Discharge Permit
application for new facilities or the modification of existing facilities. Land treatment
systems are required to follow these guidelines or may use the “Water Reclamation and
Reuse Standards.”

Drainfield Disposal

Ecology's “Permit Writer's Manual’ contains a model for assessing the impacts of on-site
sewage systems on ground water quality. This model should be applied to projects
proposing drainfield disposal as a wastewater management technique. The following
criteria must be achieved to utilize a drainfield as the disposal option.

»  Proposals for large community on-site sewage systems (greater than 14,500 gpd)
must demonstrate that it is not possible to connect to an existing sewage
treatment facility.

»  Proposals must also demonstrate consistency with the Growth Management Act,
local service area requirements, and compliance with SEPA.

» Impacts to ground water quality should be assessed using the methodology
outlined in Ecology's “Permit Writer's Manual.” If the assessment indicates that
an increase of 2 mg/I nitrate nitrogen above background water quality is likely to
occur, or if the ground water quality criteria will be exceeded, then treatment and
disposal options must be evaluated using the methodology described in the
“Permit Writer's Manual.” This model will be used to derive effluent limitations
and density requirements.

Water Reuse Through Ground Water Recharge

Ground water recharge with reclaimed water can be managed in two ways: by land
application, either on the land surface or just below the surface, and by direct injection of
the reclaimed water into the subsurface or aquifer. Systems designed for the recharge of
water are not dependent on soil treatment in order to meet ground water standards,
therefore the water is highly treated prior to application or injection. These systems are
required to meet the Water Reclamation and Reuse Standards and must also receive a
State Waste Discharge Permit. The requirements for water reclamation and reuse are
addressed in Chapter E1.

Impoundments

Requirements for municipal wastewater discharge to impoundments are discussed in the
“Implementation Guidance for the Ground Water Quality Standards.”

Antidegradation Policy

The antidegradation policy, along with AKART, forms the primary mechanism for protecting
ground water quality. The policy is intended to preserve existing and future beneficial uses by
minimizing pollutant increases over background water quality. Antidegradation is differentiated
from “nondegradation,” which prohibits any increase in contaminant concentrations in ground
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water. Antidegradation allows some increase in pollutant levels but not to the extent that
beneficial uses are impacted. The intent is not to allow degradation of ground water up to or
beyond the ground water criteria, but rather to protect background water quality to the extent
practical.

Overriding public interest is applied when existing high-quality ground water cannot be
maintained. Existing high-quality ground water is defined as background water quality that does
not exceed the criterion.

The antidegradation policy, nondegradation, and overriding public interest are described in the
Ground Water Quality Standards and the guidance document.

Ground Water Quality Standards Checklist

“Implementation Guidance for the Ground Water Quality Standards’ contains a checklist of
elements that should be considered in order to implement the Ground Water Quality Standards
through a State Waste Discharge Permit. The hydrogeologic study and the monitoring plan are
tools used to assess the current and future conditions of the ground water environment. A ground
water discharge that is determined to represent a “potential to contaminate” requires a
hydrogeological study, unless the discharge is covered by a general permit, a policy, guideline,
regulation, or best management practice (BMP) that has Ecology-approved ground water
protection provisions. Potential to contaminate is determined to be present if both of the
following conditions exist:

(1) There is a discharge of a regulated substance to the subsurface or the land surface, and

(2) The discharge rates are either greater than agronomic rates or the wastewater is stored in
an impoundment (whether lined or unlined).

If a discharge is covered by a general permit or by ground water protection provisions, but is
considered to have potential to contaminate, Ecology is not prohibited from requesting a ground
water evaluation or additional hydrogeologic characterization. If the discharge is considered to
have limited potential to contaminate, the hydrogeologic study can be waived.

The level of effort required to complete each element is dependent upon the nature of the
discharge and discharge site characteristics. Factors that influence the level of effort include the
wastewater quantity and quality and site characteristics such as depth to ground water, geology,
treatment capacity of the soils, etc. For example, a discharge that has a limited potential to
contaminate is not required to undergo the hydrogeologic study but must undergo a monitoring
plan. However, the plan may propose only effluent monitoring, and then monitoring of ground
water as a contingency if a problem is observed. The monitoring plan should address where the
effluent will be sampled, constituents to be monitored, frequency, and how the data will be
analyzed.
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S Residual Solids Management

This chapter deals with the treatment and handling of residual solids (including

biosolids and sludge) from wastewater treatment plants. The chapter includes
information on solids concentration, stabilization, composting, and storage. In
addition, limited information about the potential options for recycling and
disposal of residual solids is presented. The terms “biosolids,” “sludge,” and
“residual solids” are clarified in S-1.1 and used throughout this chapter.
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S-1

General

S-1.1 Residual Solids, Solids, Biosolids, Sludge, and Sewage Sludge Definitions

“Residual solids,” “solids,” “biosolids,” “sludge,” and “sewage sludge” are terms
defined differently in statutes, rules, permits, and guidelines. The definitions found in
various sources may appear similar, but there are often differences reflecting the needs of
the particular application. Definitions used in the context of this chapter are provided in
the following subsections.

S-111

S-1.1.2

S-1.1.3

Residual Solids or Solids

The term “residual solids” or “solids” describes a broad range of materials that
might be encountered in the management of a sewage treatment plant,
including biosolids, sludge, and sewage sludge. Residual solids or solids also
includes things such as screenings, grit, and scum which generally must be
managed under the state solid waste rule (Chapter 173-350 WAC).

Biosolids

The term, “biosolids” refers to sewage sludge or septage that meets the quality
criteria in the Washington State biosolids rule (Chapter 173-308 WAC)
allowing the material to be classified as biosolids and beneficially used.
Biosolids also refers to sewage sludge or septage being treated to meet the
biosolids standards.

Sludge or Sewage Sludge

“Sludge” or “sewage sludge” refers to materials removed from the wastewater
treatment process that are being further processed to meet the requirements
necessary for the planned final disposition, for example to meet the biosolids
standards necessary for beneficial use.

S-1.2 Biosolids Regulations, Permitting Requirements and Facility Plan Review

This subsection provides a brief explanation of federal and state requirements, which
primarily consist of 40 CFR Part 503 and Chapter 173-308 WAC.

S-1.2.1 Federal

40 CFR Part 503 contains the requirements for land application of biosolids.
Class A or Class B designations for biosolids relate to pathogen density. The
rule also contains requirements for meeting a standard for vector attraction
reduction. Class A biosolids must achieve the pathogen reduction requirements
before or at the same time as most of the vector-attraction reduction
requirements. To produce Class A biosolids, an operator must use one of six
alternative processes. Enhanced digestion processes such as thermophilic
anaerobic digestion, dual digestion, and autothermal aerobic digestion can
produce Class A biosolids.

Currently the US EPA enforces compliance with the provisions of 40 CFR Part
503. Treatment works treating domestic sewage that have NPDES permits
must submit complete permit applications to EPA for the final use or disposal
of sewage sludge produced. Other treatment works treating domestic sewage
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(such as sewage treatment plants with state waste discharge permits) must
submit Part 1 of the federal permit application to EPA.

S-1.2.2 State (Rev. 08/2008)

Ecology adopted a revised rule on biosolids management (Chapter 173-308
WAC), which became effective on June 24, 2007. The rule establishes
standards, management practices, permitting requirements, and permit fee
schedules for facilities that produce, store, treat, recycle, dispose, transfer, and
transport municipal or domestic sewage sludge or biosolids. The rule also
establishes standards for land application at sites receiving biosolids. The state
rule is more stringent than the federal rule in several ways.

Ecology’s Solid Waste and Financial Assistance Program implements a
permitting program for producers and managers of biosolids or sewage sludge.
Permitting requirements extend to all treatment works treating domestic
sewage regardless of what they do with their biosolids or sewage sludge. This
includes lagoons, those who dispose of sewage sludge, and those who send
their solids to an incinerator.

Ecology developed a statewide General Permit for Biosolids Management
(biosolids general permit). The biosolids general permit is a 5-year permit.

The biosolids permitting process can be time-consuming. Facilities should
contact the applicable regional biosolids coordinator if they have any
guestions.

S-1.2.3 Plan Review

Solids management is an integral part of any wastewater treatment plant
project. Most facility plans for new or renovated wastewater treatment plants
must address process components for managing and treating solids. Ecology’s
Water Quality Program will review solids management components as part of
a comprehensive review of overall treatment facility plans. The Water Quality
Program will consult with the Solid Waste and Financial Assistance Program
to ensure biosolids management goals are properly addressed.

Ecology’s Solid Waste and Financial Assistance Program reviews plans for
stand-alone biosolids treatment facilities such as composting facilities.

Consult Ecology’s Regional Biosolids Coordinator early in the planning
process for any new or renovated wastewater treatment systems or for any
stand-alone biosolids treatment facilities.

Solids Treatment (Rev. 08/2008)

Treatment of solids generally involves reduction in water content and stabilization of the sludge.
Additionally, biosolids must have some level of preliminary treatment to remove garbage. The
state biosolids rule establishes a minimum screening standard and a final product quality standard
for recognizable garbage in biosolids. A discussion of these standards is found in Chapter T1.
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S-2.1 Solids Concentration

Solids concentration processes increase the solids content of the sludge by reducing the
water in the sludge. Thickening provides control on the hydraulic and solids loading of

downstream processes. Thickening also reduces transportation costs when the solids are
removed from the treatment facility.

Each manufacturer's equipment differs, and designers should research the performance of
the various types of thickening units described below should be researched at existing
treatment facilities. Ecology recommends bench-scale tests to evaluate systems when
possible. Leasing a unit that represents the recommended system for pilot testing will
ideally give a more realistic evaluation of design considerations and operating
parameters.

In addition, costs for the various systems differ substantially. Engineers should perform a
cost comparison between all potentially acceptable thickening systems during the
planning process.

Methods of solids concentration include:
»  Gravity thickening/settling.

» Dissolved air floatation.

e Gravity belt filtration.

o Belt filter press.

e Centrifuges.

e Drying beds.

» Bag dewatering/air drying.

S-2.1.1 Gravity Thickening/Settling

Gravity thickening provides a low-cost method of thickening primary or
secondary solids. Gravity thickeners function identically to clarifiers (refer to

Chapter T2).

A. Purpose

» Thickening lowers the liquid content of the residual solids, thus
reducing equipment capacity needs. Thickening settled solids from
a secondary clarifier from 1 to 3 percent solids using a gravity
thickener is an example. In that example, the volume of the
product is effectively reduced to one-third of its original volume.
Therefore, the sizes of storage and blending tanks, as well as
pumping and piping capacity, can be reduced by two-thirds.

B. Design Considerations

Table S-1 provides rough design guidelines when operators have no test
data or when pilot plant tests are not practical.
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Table S-1. Rough Design Guidelines to Determine Solids Mass Loading

Incoming Solids Expected Product
Concentration Concentration Mass Loading
Solids Source (percent solids) (percent solids) (Ibs/sqg-ft/hr)
Primary (PRI) 2-7 5-10 08-1.2
Trickling Filter (TRI) 1-4 3-6 0.3-04
Rotating Biological Contactor (RBC) 1-35 2-5 03-04
MBRs (Membrane Bioreactors) 1-1.5 Information Information
unavailable unavailable
Waste Activated Sludge (WAS)
Air 05-15 2-3 0.1-0.3
Oxygen 05-15 2-3 0.1-0.3
Extended aeration 0.2-1.0 2-3 0.2-0.3
Aerobically Digested Solids from Primary
Digester 8 12 1.0
Thermally Conditioned Solids
PRI only 3-6 12-15 06-2.1
PRI + WAS 3-6 8-15 12-18
WAS only 05-15 6-10 09-1.2
Tertiary Solids
High Lime 3-45 12 - 15 1.0-25
Low Lime 3-45 10-12 0.4-1.25
Iron 05-15 3-4 0.1-04
Other Solids
PRI + WAS 05-4.0 4-7 0.2-0.7
PRI+ TF 2-6 5-9 0.5-0.8
PRI + RBC 2-6 5-8 0.4-0.7
PRI +iron 2 4 0.25
PRI + low lime 5 7 0.8
PRI + high lime 7.5 12 1.0
PRI + (WAS + iron) 15 3 0.25
PRI + (WAS + alum) 0.2-04 45-6.5 0.5-0.7
(PRI +iron) + TF 0.4-0.6 6.5-85 0.6-0.8
(PRI +iron) + WAS 1.8 3.6 0.25
WAS + TF 05-25 2-4 0.1-0.3
Aerobically digested (PRI + WAS) 4 8 0.6
Aerobically digested PRI + (WAS + iron) 4 6 0.6

1. Hydraulic Loading

Hydraulic loading is related to mass loading and controls the
amount of solids carryover into the supernate. The quantity of
solids entering the thickener equals the product of the flow
rate and solids concentration. Similar to the upper limits for
mass loading, limits also apply to hydraulic loading.

Typical successful primary solids maximum hydraulic loading
rates range from 25 to 33 gsfh.

Solids from activated sludge and similar processes generally
require a much lower hydraulic loading rate of 4 to 8 gsfh,

Using the typical maximum hydraulic loading rates mentioned
produces maximum upward tank velocities of 3.3 to 4.4 fph
for primary solids, and 0.5 to 1.0 fph for activated sludge
solids.
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Total Tank Depth

The total vertical depth of a gravity thickener depends on three
considerations: tank free board, settling zone (zone of clear liquid and
sedimentation zone), and compression and storage zone (thickening
zone).

a. Freeboard

e Tank free board represents the vertical distance between
the tank liquid surface and the top of the vertical tank
wall. Designers usually set free board at a minimum of 2
to 3 feet.

b. Settling Zone

e This zone encompasses the theoretical zone of clear liquid
and sedimentation zone (just above the thickening zone).

» Typically settling zones range from 4 to 6 feet. The larger
measurement applies to more difficult solids from
activated sludge processes or nitrification processes.

c. Compression and Storage Zone

» Designers must provide sufficient tank volume to retain
the solids for the period of time required to thicken the
slurry to the desired concentration. Design must account
for fluctuations in the solids loading rate, allowing
additional storage.

Circular Tanks—Drive Torque

» Thickened solids on the floor of a circular tank resist the
movement of the solids rake and produce torque. The torque
can range from 20 to up to 80 Ib/ft, depending on the type of
solids.

Compression and Storage Zone

* Anaerobic conditions or denitrification may produce gas. Gas
production depends on the type of solids, liquid temperature,
and length of time the solids are kept in the thickener.

* A general guideline based on operational data recommends
that the total volume in this zone not exceed 24 hours of
maximum solids wasting.

Circular Thickener—Floor Slope

» The floor slopes of circular thickeners are normally greater
than 2 inches of vertical distance per foot of tank radius,
steeper than the floor slope for standard clarifiers.

» The steeper slope maximizes the depth of solids over the
solids hopper, allowing the thickest solids to be moved.

» The steeper slope also reduces solids raking problems by
allowing gravity to do a greater part of the work in moving the
settled solids to the center of the thickener.
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Skimmers

» Ecology recommends skimmers for thickeners that process
solids from secondary biological wastewater treatment
processes. The skimmers remove the floating scum layer
associated with solids from such treatment processes.

Polymer Addition

e The addition of polymers for gravity thickening improves
solids capture but has little or no effect on increasing the
solids concentration of the thickened product.

Thickener Underflow Pump and Piping

» For variable head conditions and abrasiveness typical of many
types of solids, Ecology recommends using a positive
displacement pump with variable speed drive. The pump can
be operated manually or controlled by some type of solids
sensor.

Designs should provide:
» A positive or pressure head on the suction side of the pump.

e A minimum head of 10 feet for primary solids and a minimum
head of 6 feet for all other solids.

* An adequate cleanout and flushing connections on both the
pressure and suction sides of the pump.

» Cleanouts with an elevation greater than that of the liquid
surface of the thickener to allow cleaning without emptying
the thickener.

Rectangular Tanks

Design engineers must pay particular attention to flow distribution in
rectangular tanks. Possible approaches to inlet design include:

e Full width inlet channels with inlet weirs — inlet weirs,
although effective in spreading flows across the tank width,
introduce a vertical velocity component into the solids hopper
that may resuspend the solids.

» Inlet channels with submerged ports or orifices — inlet ports
can provide good distribution across the tank width if the
velocities are maintained in the 10- to 30-foot minimum range.

» Inlet channels with wide gates and slotted baffles — inlet
baffles effectively reduce the high initial velocities and
distribute flow over the widest possible cross-sectional area.
Full-width baffles should be extended from 6 inches below the
surface to 12 inches below the entrance opening.

S-2.1.2 Dissolved Air Floatation

A. Purpose

Dissolved air floatation (DAF) thickeners can be utilized either to
thicken wastewater solids prior to dewatering or stabilization or to
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thicken aerobically digested or other solids prior to recycling,
disposal or dewatering.

B. General Description

The DAF thickening process adds air at pressures in excess of
atmospheric pressure, usually to a liquid stream separate from the
residual solids stream. The two streams mix at atmospheric
pressure, and the resultant pressure change for the liquid stream
causes the release of very fine bubbles in the mixed stream. The
bubbles adhere to the suspended particles or become enmeshed in
the residual solids matrix. Since the average density of the solids-
air aggregate is less than that of water, the product floats to the
surface. The floating solids build to a depth of several inches at the
water surface. Water drains from the float and affects solids
concentration. Skimmers continuously remove the float.

With the use of polymers, most DAFs operate at a design capacity
of 2 pounds of solids per square foot of skimming area per hour.
Thickened solids concentrations from typical systems using
polymers range from 5 to 6 percent solids. However, empirical
data from bench-scale or pilot-scale tests provide a more accurate
measure of solids achievable.

C. Design Considerations

1. Hydraulic Loading Rate

e The hydraulic loading rate is generally expressed as gallons
per square foot of skimmer water surface per minute. This
translates to the equivalent of the average downward velocity
of water as it flows through the thickening tank.

e The maximum hydraulic rate must always remain less than the
minimum rise of the solids-air particle to ensure that all of the
particles will float to the water surface before the particle
reaches the effluent end of the tank.

» Base the hydraulic loading rate on the total flow, including the
recycle flow, because the total flow through the thickener
affects the thickening process. Typical peak hydraulic loading
rates should not exceed 2.5 gallons per minute per square foot,
based on the use of polymers for coagulant purposes.

2. Pressure System

» DAF for solids thickening applications should always use tank
effluent pressurization. Feed solids pressurization could result
in excessive wear in feed solids pumping systems.

»  Float will contain numerous air bubbles that can cause air
binding in thickened solids pumping systems downstream of a
DAF. Provide a solids equalization tank with 6 to 12 hours of
thickened solids capacity downstream of the float beach to
permit offgassing of the bubbles. Engineers should completely
enclose and ventilate the equalization tank to an appropriate
odor control system.
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» Provide sufficient effluent recirculation and pressure tank
pressure to produce a minimum air-to-solids ratio of 3 percent
under all operating conditions.

» Depending on the design of the pressure equipment,
efficiencies can range from 50 to 90 percent. Ecology
recommends maintaining the efficiency of the pressure system
in a range of 80 to 90 percent.

3. Odor Control

» Provide odor control by complete enclosure directly over the
float removal equipment and ventilation of the air space under
the cover to an appropriate odor control system for all but the
most remote installations.

4. Pumps

o Design feed pumps to deliver a relatively continuous flow.
Centrifugal feed pumps or non-pulsating positive
displacement pumps should be used, rather than reciprocating
or pulsed pumping systems.

» DAF float solids concentration can vary from 2 to 6 percent.
Appropriate pumps for thickened solids include progressive
cavity, rotary lobe, and piston or diaphragm reciprocating
positive displacement pumps.

»  Where pressure and grit concentrations in the thickened solids
are high, progressive cavity and rotary lobe pumps may not be
appropriate because of excessive wear. In these cases,
consider piston or diaphragm pumps for thickened product

pumping.

5. Polymer

» Relatively light molecular-weight polymers have been
effectively used in DAF solids thickening.

» Consider providing capability for mixing and feeding of
polymers in either dry, liquid, or emulsion form in every
installation.

» Using polymers as a floatation aid can achieve solids capture
rates of 90 to 95 percent. Capture rates of 75 to
85 percent are more typical without polymer. Design liquid
processes to accommodate this inefficiency in capture.
Proportionally increase the size of an activated sludge aeration
tank, for example, to accommodate the inefficiency. This
effect further enhances the cost-effectiveness of a higher-
pressure, higher-loading DAF system designed for use with
polymer as compared to a lower-pressure, lower-loading rate
system without polymer.

6. Thickening

e Operation with a combined solids feed (primary and
secondary solids) results in higher cake solids at higher
loading rates than with a feed of secondary waste solids only.
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Given this experience, design every DAF installation with the

capability to mix and feed combined solids if feasible.

e Manufacturers’ recommended loading rates differ widely,
ranging from 12 to 48 pounds per day per square foot. The

lower loading rates typically have lower-pressure recirculation

systems (40 psi), while the higher loading rates have higher-
pressure recirculation systems (65 psi).

» Since a modest amount of polymer is usually required to get
adequate capture, the higher-loaded systems with higher
pressure recirculation are usually more cost-effective.

Shape—Rectangular or Circular?

There are several advantages of rectangular units over circular units:

* Rectangular skimmers can fit more closely together and use
the space most efficiently.

» These units can be designed to use the entire water surface for

skimming.
» The physical shape of the rectangular units permits solids

flights that settle on the bottom to be driven independently of

the skimmer flights.

» The water level in the rectangular tank can be easily changed
by adjusting the end weir. This allows changing the depth of

water and skimmer flight submergence to accommodate
changes in float weight and displacement, which affect the
skimming function.

e Circular units have lower structural and mechanical equipment

costs. Equivalent rectangular units require more structural
material, drives, and controls, which also increase
maintenance needs.

Concrete or Steel Tanks

» Steel tanks generally arrive completely assembled and need
only a concrete foundation pad, piping, and wiring hookups.

» Generally steel tanks cost more, but eliminate the need for
field labor and expensive equipment installation.

» Practical structural and shipping limits dictate the maximum

size of steel tanks: maximum size is approximately 450 square
feet for rectangular units and 100 square feet for circular units.

» Concrete tanks become more economical than steel for larger

installations that require multiple or larger tanks.

Feed Characteristics
» Evaluate the characteristics of the residual solids to be

thickened under various treatment plant loadings and modes of

operation.
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For waste residual solids from a secondary treatment process,
establish the solids age range, because the age of the solids
can significantly affect DAF performance.

Evaluate combined waste solids from primary and secondary
treatment processes for DAF thickening for the typical range
of primary-to-secondary waste solids ratios.

Consider parameters such as dissolved salts and the range of
liquid temperature affecting the air solubility of the process.

10. Solids Loading Rate

Table S-2 provides the typical range of solids loading rates for
common solids sources. These loading rates typically produce
thickened solids of 4 percent or higher.

In general, increasing the solids loading rate decreases the
float concentration. The use of coagulant increases the solids
loading rate.

Table S-2. Typical Dissolved Air Floatation Solids Loading Rates for Thickened Solids of

4 Percent or Higher

Solids Loading Rate (Ib/sqg-ft/hr)
Type of Solids No Coagulant Use Optimal Coagulant Use
Primary Only 0.83-1.25 Upto 25
Waste Activated Sludge (WAS) Air System 0.42 Upto 2.5
Oxygen 0.6-0.8 Upto 2.2
Trickling Filter 0.6-0.8 Upto 2.0
Primary + WAS 0.6-1.25 Upto 2.0
Primary + Trickling Filter 0.83-1.25 Upto 2.5

11. Air to Solids Ratio

The air to solids ratio represents the quantity of air required to
achieve satisfactory floatation. This design parameter is
directly related to the proportion of solids entering the
thickener.

Parameters that affect the air to solids ratio include sludge
volume index, the pressurization system’s air dissolving
efficiency, and the distribution of the gas-liquid mixture into
the thickening tank.

Typical ratios range from 0.01 to 0.4 pounds of air per pound
of solids.

12. Polymer Usage

The use of polymer as a flocculant increases the performance
of the DAF thickener.

Rarely can the thickened solids reach a concentration of 5 to 6
percent solids under normal operating conditions without the
aid of polymers.
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The cost of using polymers calculated over the useful life of
the facility represents the major disadvantage of polymers.

S-2.1.3 Gravity Belt Filtration (Thickeners)

A. Purpose

Gravity belt filtration reduces the volume of liquid on downstream
systems, thickens solids for further treatment, thickens waste-
activated solids to 5 to 8 percent solids with the use of coagulants,
and potentially thickens primary raw sludge to 6 to 12 percent and
more.

B. Design Considerations

1.

General

Size equipment to meet the needs of the wastewater facility.
Identify critical spare parts.

The success of the equipment depends on upstream conditions
of the plant. The better the settling of solids in the plant, the
better the gravity belt thickeners function.

Consider the means of transporting the solids after thickening
has occurred and any pumping equipment and downstream
piping.

Consider glass-lined piping and valves. Take care calculating
the friction loss in a glass-lined pipe.

Pumps must be capable of pumping the maximum solids
content expected without excessive maintenance and
operations downtime.

If digesters received the thickened solids, ensure the mixing
equipment in the digester will be able to mix the thickened
solids properly.

With all high solids pumping and piping facilities, Ecology
recommends minimizing direction changes to reduce head loss
in the piping. Consider designing wide sweeping turns if room
allows.

Take care in selecting the proper pressure equipment
downstream of the pumps.

Mixing and Chemical Feeding

Plows on the gravity belt must turn the thickened solids to
allow water to drain through the belt fabric. The number and
location should be adjustable for each solid.

Carefully design chemical addition and mixing equipment and
use multiple injection points.

Ensure sizing of chemical feeding equipment meets the
demand. Consider the chemical storage mixing and makeup
needs for the chemicals used.
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3. Air Handling and Odor Control

Gravity belt filters must have an air handling system to
maintain a safe working environment in the gravity belt filter
room.

Air-handling equipment directing the exhaust from the
equipment and out of the room should have appropriate odor-
control facilities.

4. Operation and Maintenance

Operators must have training and understand the operation and
maintenance of the equipment.

Maintain a clear line of communication between the
manufacturer and operator.

Gravity belt filters must have a curb around them and floors
sloped to drains so that operators can properly clean the
equipment quickly and safely.

Carefully meter solids into and out of the equipment.

Provide bypass pipes and valves to allow the proper cleaning
of the metering equipment. This will allow the gravity belt
thickener equipment to be kept online.

Maintain vigilance over the screw conveyor or conveyor belt
because the thickened sludge can build up in piles and then
fall onto the conveyor (sometimes right over it) in slug loads.

Use stainless steel for the equipment because of the high
potential for rust.

Because of the height of the equipment, design an elevated
walkway to properly operate and maintain the equipment.

Size the drainage system properly so that easy cleanouts can
occur, as high solids are likely to be discharged to them during
washdown by the operators.

Ensure easy access to pumps and equipment that handle
thickened solids.

Locate equipment in close proximity to laboratory facilities to
ensure quick turnarounds on testing when making operational
changes.

Do not place scum (grease) on the gravity belt thickener
because it blinds the fabric. Cleanup normally needed after the
thickening can create problems.

C. Advantages and Disadvantages

1. Advantages

The gravity belt filtration process requires a smaller footprint
than other processes.

The process can be less expensive than other mechanical
thickening processes.

The process uses less energy than other mechanical processes.
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2. Disadvantages

The gravity belt thickener filtration process requires the use of
chemicals to aid in thickening.

It is a somewhat complex mechanical process.

The quality of the sludge being thickened can affect the
process.

The gravity belt filtration process can thicken the solids too
much, which may lead to handling problems in the
downstream facilities.

High pressure spray water is required for belt cleaning.

Odors and aerosols are difficult to contain compared to other
processes.

If polymers are used on a blended WAS and raw primary
sludge, reweaving of paper may occur on rollers.

S-2.1.4 Belt Filter Press

A. Purpose

* The belt filter press reduces the volume of solids that must be
handled. In addition, it dewaters waste solids to 15 to 25 percent
solids content (depending on the pretreatment of the solids before
being fed to the belt filter press).

B. Design Considerations

1. General

Size equipment to meet the needs of the wastewater facility.
Identify critical spare parts.

2. Upstream of Belt Filter Presses

a.

b.

Gravity belt thickeners See S-2.1.3.

Circular drum screens (RSTs) with filter cloth on the exterior
of the drum

e Carefully design chemical addition and mixing equipment
and use multiple injection points.

» Ensure sizing of chemical feeding equipment meets the
demand. Consider also the chemical storage mixing and
makeup needs for the chemical used.

» The success of the equipment is subject to upstream
conditions of the plant. The better the settling of solids in
the plant, the better the RSTs generally function.

» Do not place scum into the RST because it blinds the
fabric. Cleanup normally needed after thickening can
create problems.
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3. Belt Filter Presses

a. General

» Line all piping to the belt filter press with glass. Use
pumps capable of pumping the maximum solids content
expected without excessive maintenance and operations
downtime.

e Take care in calculating the friction loss in the glass-lined
pipe.

»  With all high solids pumping and piping facilities,
Ecology recommends minimizing directional changes to
reduce the head loss in the piping. Consider designing
wide sweeping turns if room allows.

» Take care to select the proper pressure measuring
equipment downstream of the pumps.

b. Mixing and chemical feeding

»  Ensure sizing of chemical feeding equipment meets the
demand.

» Consider also the chemical storage mixing and makeup
needs for the chemical used.

e Carefully design chemical addition and mixing equipment
and use multiple injection points upstream of the belt filter
press.

» Plan for inline mixing equipment and chemical injection
equipment. Allow for multiple points of chemical
injection and for inline mixing equipment to allow
operators to minimize chemical use.

c. Air handling and odor control

» Design an air handling system to maintain a safe working
environment in the belt filter press room.

» Design air handling equipment to direct the exhaust from
the equipment and out of the belt press room to
appropriate odor-control facilities.

4. Operation and maintenance

e Train operators to understand the operation and maintenance
of the equipment.

e Create and maintain a clear line of communication between
the manufacturer and operators.

» Equipment must have a curb around it, with floors sloped
toward drains so that operators can properly clean the
equipment quickly and safely.

» Design accurate flow measurement of solids to the equipment.

»  Use stainless steel construction materials for the belt press
because of the high potential for rust.
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Because of the height of the equipment, design an elevated
walkway to properly operate and maintain the equipment.

Properly size the drainage system and plan for easy cleanouts,
as high solids are likely to be discharged to them during
washdown by operators.

Ensure all the pumps and equipment that will handle solids
can be properly accessed for easy operations and maintenance.

Locate equipment in close proximity to laboratory facilities to
ensure quick turnarounds on testing when making operational
changes.

C. Advantages and Disadvantages

1. Advantages

The belt filter process can be less expensive than other
mechanical thickening processes.

It uses less energy than other mechanical processes.

2. Disadvantages

The belt filter process requires the use of chemicals to aid in
thickening.

It is a somewhat complex mechanical process.

The process is sensitive to the quality of the sludge being
dewatered.

High pressure spray water is required for belt cleaning.

Odors and aerosols are difficult to contain compared to other
processes.

S-2.1.5 Centrifuges

A. Purpose

»  Centrifuges remove water from solids to reduce the mass of solids
that must be transported from the treatment facility.

B. Design Considerations

1. General

Size centrifuges and ancillary equipment, such as feed pumps
and polymer feed pumps, to meet peak design loading and
anticipated minimum loading at startup. Where appropriate,
use multiple units to ensure adequate redundancy, adequate
turndown, and peak loading capacity.

Sludge pretreatment will affect the performance of the units.

Combined collection systems tend to contain more abrasive
materials, which will affect unit life.

Since centrifuges have a high wear rate, identify all such
components and provide adequate spare parts.
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Provide flow metering and controllable flow rates for both
feed and polymer.

2. Chemical Feeding

Provide the polymer system with enough flexibility to allow
trials of multiple products.

Polymer conditioning is required. Provide the ability to utilize
dry, emulsion, and mannic/solution products on all but the
smallest systems.

3. Air Handling and Odor Control

Contain and treat odors, especially for nonstabilized solids.

Design HVAC to ensure adequate air exchanges meet worker
safety requirements and discharge through appropriate odor-
control equipment.

4. Operation and Maintenance

Provide adequate access to allow easy equipment maintenance
and operation.

Design centrate lines to allow easy disassembly and cleaning
because of the potential for struvite formation.

Carefully design cake conveyance from the centrifuge to the
haul vehicle to avoid spillage or other problems.

Provide facilities for hosedown of the area. Protect controls
and other water-sensitive equipment from exposure to cleanup

spray.
Slope floors to a drain to facilitate cleanup.

Size drains to accommodate thick sludge and debris.
Provide a system to weigh dewatered solids.

Provide adequate bench space to allow onsite testing for solids
content and bench testing of polymers.

Provide facilities and piping bypasses to allow units to be
cleaned without compromising cake quality.

C. Advantages and Disadvantages

1. Advantages

Centrifuges generally dewater sludges to a greater degree than
belt filter presses—achieving solids in excess of 30 percent in
many cases.

2. Disadvantages

Equipment can be more expensive than other dewatering
equipment.

Components have a high wear rate.

The belt filter process requires the use of chemicals to aid in
thickening.
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S-2.1.6 Drying Beds

A. Purpose

Drying beds are confined, underdrained, and shallow layers of
sand over gravel, or in some cases impervious surfaces, on which
wet sludge is distributed to drain and air dry.

B. General Description

Digested and conditioned biosolids are discharged onto a drying
bed to dewater and dry under natural conditions.

Drying bed dewatering is primarily a two-step process: moisture
separation and gravity drainage of free water followed by
evaporation. After application of digested sludge to the sand bed,
moisture separation occurs when dissolved gases in the sludge
release and rise to the surface. The gas movement floats the solids
and leaves a layer of liquid at the bottom. The liquid drains
through the sand, collects in the underdrain system, and usually
returns to a plant unit for further treatment. After solids reach
maximum drainage, the dewatering rate slows down and
evaporation continues until the moisture content permits solids
removal.

Weather, biosolids characteristics, system design and condition,
depth of fill, chemical conditioning, and drying time affect drying
bed performance.

C. Design Considerations

1.

General

* Ingeneral, construct multiple small beds rather than a few
large beds to allow for greater operating flexibility.

» Base drying bed design on square feet per capita or pounds of
solids per square foot per year (see Table S-3).

»  Wetter biosolids require additional space. Wetter biosolids
may result from aerobic digestion, use of impermeable drying
beds, and location in areas of low net evaporation (particularly
in western Washington).

» Sludges containing grit dry rapidly, while sludges containing
grease dry more slowly.

* Primary sludge dries faster than secondary sludge, but not as
fast as digested biosolids.

* Inwell-digested biosolids, gases tend to float the solids and
leave a clear liquid layer, which drains through the sand when
the drain valve is opened.
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Table S-3. Drying Bed Design Criteria

Open Beds Covered Beds
Per Capita Solids Per Capita
Type of Sludge (sq ft/capita) (Ib/sq ftlyr) (sq ft/capita)
Primary 1.0to 1.5 27.5 0.75t0 1.0
Primary and trickling filter 1.25t01.75 22.0 1.0t01.25
Primary and activated sludge 1.75to0 2.50 15.0 1.25t01.5

2. Percolation Type

a. Gravel

»  Properly grade the lower course of gravel around the
underdrains.

» Place gravel to a depth of 12 inches, extending at least 6
inches above the top of the underdrains.

» Ideally, place gravel in two or more layers.

» Design the top layer to be at least 3 inches deep using 1/8
to 1/4-inch gravel.

b. Sand

» Design the top course to consist of at least 12 inches of
sand with a uniformity coefficient of less than 4.0 and an
effective grain size between 0.3 and 0.75 millimeter.

¢. Underdrains

» Use underdrain pipes constructed of clay, concrete drain
tile, or other underdrain material acceptable to Ecology.

» Design underdrain pipes to be at least 4 inches in diameter
and sloped not less than 1 percent to drain.

e Space underdrain pipes less than 20 feet apart.

» Consider supernatant withdrawal pipes for aerobically
digested sludges and for drying beds located in western
Washington.

3. Impervious Types

» Use paved surface beds only if supporting data justify such
usage and Ecology concurs.

» Ecology does not generally recommend the use of paved beds
for aerobically digested sludge
4. Walls

» Design watertight walls and extend 15 to 18 inches above and
at least 6 inches below the surface.

»  Curb outer walls to prevent soil from washing onto the beds.



Residual Solids Management

August 2008 S-23

Sludge Influent

Terminate the sludge pipe to the beds at least 12 inches above
the surface. Design the pipe to drain.

Provide concrete splash plates at sludge discharge points.

Return Flows

Return drainage from drying beds to the treatment process at
appropriate points preceding the secondary process.

Return flows downstream of the influent sample point, and
provide a means to sample return flows. Consider these
organic loads in plant design.

Chemicals

Chemicals can condition sludges that are hard to dewater or
when drying beds are overloaded. The chemicals most
commonly used include alum, ferric chloride, chlorinated
coppers, and organic polyelectrolytes.

If using chlorinated coppers, the potential impact on the final
product should be considered. Copper is a regulated pollutant
in biosolids.

Climatic Impacts

Consider climatic conditions and the character and volume of
the biosolids to be dewatered.

Winter weather and rainfall heavily influence the drying
efficiency of drying beds.

Consider use of covered beds for western Washington
locations.

Freezing and occasional moistening by rain may not be
detrimental to drying sludge on uncovered beds.

Thawed sludge releases moisture more rapidly than sludge
that has not been frozen.

Sludge slightly moistened during the drying process will dry
as rapidly as unmoistened sludge; that is, some rain may not
delay drying of sludge on the bed, although too much rain
will.

Sludge Removal

Provide at least two beds to facilitate sludge removal.

Provide concrete truck tracks for all percolation-type sludge
beds. Design pairs of tracks for percolation-type beds on 20-
foot centers.
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D. Operation and Maintenance

1. Preparation for Filling

» Before filling the drying bed with digested or conditioned
biosolids, scarify the sand layer to break up any crust that may
have formed.

» Before adding biosolids/sludge to drying beds, remove trash,
weeds and other vegetation present in the beds.

* Rake and level sand to make sure that the biosolids/sludge can
drain properly. Add replacement sand as necessary.

»  Close the drain valve before adding water to the drying bed to
cover the sand. The water over the sand keeps the biosolids
from matting over the sand and preventing drainage.

2. Filling

» Do not add biosolids/sludge to a drying bed that contains
partially dried solids.

» Initially, fill the drying bed to a depth of about 8 inches.
Measure the depth of solids after three days. The amount of
decrease in the bed represents the drawdown of the bed.

» Normal filling depth should be equal to twice the three-day
drawdown.

3. Sampling and Testing

»  While filling the drying bed with well-digested solids, grab a 2
liter or greater sample to test for percent solids and to conduct
a separation test.

»  After removing the solids sample amount, place the remainder
of the sample in a wide container to allow the sample to
separate.

* When the sample separates, or after 24 hours, open the drying
bed drain valve to allow the separated water to return to the
plant for further treatment.

4. Sludge Removal

* Reduce drying time by disturbing the solids in the drying bed
after they begin to dry. As the solids dry, a crust forms on top
of the solids. If the solids are mixed, turned, or otherwise
disturbed, the crust breaks up, allowing for more rapid
evaporation.

» Maximize the useful capacity of the drying beds by removing
the biosolids as soon as they reach the desired dryness.

» Dried solids may be removed from the beds manually, by
special conveyors, or with other loading equipment.

» A small tractor with a front-loading bucket can be used to
remove the solids, but the front-end loader cannot completely
remove all of the solids. Manually remove solids left on the
bed with a shovel or scoop. If using a percolation-type of
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drying bed, avoid operating vehicles and equipment directly
on the sand; instead lay planks or plywood on top of the bed if
permanent vehicle treadways are not provided.

After solids removal, inspect the bed, remove any debris, and,
if necessary, rake the surface of the sand and add any makeup
sand.

5. Chemicals

Add lime or alum to the sludge as it is placed on the beds.

Add alum at the rate of about 1 pound per 100 gallons of
sludge.

Lime reduces odor and insect problems.

6. Odors

Odors indicate poor sludge digestion.

Control odors first by correcting the efficiency of the digestion
process.

As a temporary solution, add lime to the sludge. Lime may
help control odors; however, it may also clog sand and
interfere with dewatering.

E. Meeting Biosolids Pathogen and Vector Attraction Reduction
Standards

1. Pathogen Reduction

Drying beds can be used to meet the Class B pathogen
reduction standards in WAC 173-308-170(3)(b)(ii).

To achieve Class B standards, the solids must dry for 3
months, and the ambient air temperature during 2 of the 3
months must be above freezing.

Pile solids no higher than 12 inches.
Routinely turn solids to provide for ample drying throughout.
Do not add new material during the 3-month drying period.

2. Vector Attraction Reduction

For solids that do not contain unstabilized solids generated in
a primary wastewater treatment process, vector attraction
reduction can be achieved if at least 75 percent solids is
attained in accordance with WAC 173-308-180(6).

For solids that do contain unstabilized solids, vector attraction
reduction can be achieved if at least 90 percent solids is
attained in accordance with WAC 173-308-180(7).

F. Advantages and Disadvantages

1. Advantages

Drying beds offer ease and flexibility. Highly skilled operators
are not needed.
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» Drying beds generally have low maintenance costs.

» Drying beds have proven satisfactory at most small and
medium-size sewage treatment plants located in warm, dry
climates.

2. Disadvantages
» Drying beds have large land requirements.

» Drying beds can result in odor and vector problems, especially
when drying poorly digested solids.

S-2.1.7 Bag Dewatering/Air Drying

A. Purpose
» This process utilizes bags made of fabric that allow water to leave
the sludge and seep out while keeping the solids inside the bags.
B. General Description

e Generally, as bags are filled they are piled on pallets placed on
pads with drains that return the drainage water to the plant.

e The process can be used in wet or dry climates.

» The process can dewater and air-dry the solids to 50 percent.
C. Meeting Biosolids Pathogen and Vector Attraction Reduction

Standards

1. Pathogen Reduction

» Bag dewatering/air drying requires an approved sampling
protocol to meet the Class B biosolids pathogen reduction
standards.

2. Vector Attraction Reduction

» The percent solids achieved by bag dewatering/air is usually
insufficient to meet the vector attraction reduction
requirements for biosolids. However, emerging technologies
that can achieve percent solids of 75-90 percent may help
some facilities meet the standards.

D. Advantages and Disadvantages

1. Advantages

» This process is generally cost-effective for small facilities with
flows under 0.5 mgd or solids production between 10 and 300
pounds per day.

2. Disadvantages

» Bag dewatering/air drying is generally not cost-effective for
larger facilities.

» Meeting the biosolids standards for pathogen and vector
attraction reduction is not readily achievable with this process.
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S-2.2 Soli

ds Stabilization

Solids stabilization reduces “the odors and bacteria levels in the sludge feed, leaving the
stabilized sludge relatively inert” (WEF, 1996). The primary purpose of solids
stabilization is to produce a final product that meets the pathogen and vector attraction
reduction standards for biosolids so that the product can be beneficially used. Methods of

stabilization of sludge include:

S-

Digestion—anaerobic and aerobic.

Thermal drying.

Composting.

Chemical addition (e.g., liming)—not covered in this manual.

2.2.1 Digestion

Digestion is the most commonly used method of wastewater sludge
stabilization in the US. The two main categories of sludge digestion are
anaerobic digestion and aerobic digestion. See Table S-4 for a summary of the
general features and design criteria of different sludge digestion systems.

Table S-4. Summary of Wastewater Sludge Digestion Systems Design Criteria

Aerobic
Psychrophilic Mesophilic Thermophilic (Mesophilic or
Design Feature Anaerobic Anaerobic Anaerobic Thermophilic)
Aeration None None None Yes (Additional O,
demand for nitrification
in mesophilic systems)
Temperature 41-68 85-104 122-140 50-104 (mesophilic)
(degrees F) 122-140 (thermophilic)
Solids Loading Rate Variable 0.03-0.30 0.08-0.20 0.10-0.30
(Ib VS/cu ft-d)
Solids retention time >180 30-60 (low-rate) potentially less 10-15
(day) 10-20 (high-rate) than 10
pH 6.5-7.2 6.8-7.2 6.8-7.2 around 7
Class A/B biosolids Possibly Class B Typically Class B Typically Class A Typically Class A if
thermophilic or Class B
if mesophilic

A. Anaerobic Digestion

1. General Description

» Anaerobic digestion occurs in the absence of oxygen and

generates methane gas.

» Plants with average wastewater flows of more than 5 mgd
widely use anaerobic digestion.

* Anaerobic digestion is most commonly accomplished at
mesophilic temperatures, but thermophilic anaerobic digestion
is used at some treatment facilities.

»  Mesophilic anaerobic digestion occurs at temperatures in the
range between 85 and 104° F.



S-28 August 2008 Criteria for Sewage Works Design

» Thermophilic anaerobic digestion occurs at temperatures
between 122 and 140° F.
2. Design Considerations

Design engineers should consider the following variables in the design
of anaerobic digestion systems.

» Solids loading rate.
« Solids retention time.

e Temperatures. The higher sensitivity of thermophilic bacteria
to temperature changes requires special attention to
temperature control.

* pH.

» Digester shape (cylindrical vs. rectangular).
» Digester cover and bottom.

* Mixing system.

e Heating system.

» Gas collection, storage, and use.

» Feeding and withdrawal.

»  Scum and foam control. Thermophilic digesters tend to
suppress scum and foam formation due to higher temperatures.

e Scale control.
e Odor control.

B. Aerobic Digestion

1. General Description
» Aerobic digestion occurs in the presence of oxygen.

» Aerobic digestion is primarily used in plants with design flows
of less than 5 mgd. Extended aeration activated sludge
facilities and many package-type treatment facilities have
successfully used this process.

» Mesophilic aerobic digestion occurs at temperatures in the
range between 85 and 104° F.

» Thermophilic aerobic digestion occurs at temperatures
between 122 and 140° F.
2. Design Considerations

Design engineers should consider the following variables in the design
of aerobic digestion systems:

» Solids loading rate.
e Solids retention time.

e Temperatures. The higher sensitivity of thermophilic bacteria
to temperature changes requires special attention to
temperature control.
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* pH and alkalinity.

»  Oxygen consumption.

e Aeration system requirements.

» Digester shape (cylindrical vs. rectangular).

» Digester cover and bottom (normally uncovered except in
colder climates).

» Feeding and withdrawal.
e Aeration control.

» Scum and foam control. Thermophilic digesters tend to
suppress scum and foam formation due to higher temperatures.

»  Odor control.
C. Meeting Biosolids Pathogen and Vector Attraction Reduction
Standards

» Either anaerobic or aerobic digestion can be used to meet the
pathogen and vector attraction reduction requirements for
biosolids.

»  Thermophilic digestion can produce a biosolids product that
meets the Class A standards.

»  Thermophilic digestion can reduce volatile solids to meet the
vector attraction reduction standards more quickly than lower
temperature digestion.

» Designers and operators should see Table S-4 for a summary
of the general features and design criteria and WAC 173-308-
170 and WAC 173-308-180 for specific requirements.

D. Advantages and Disadvantages

1. Advantages of Aerobic Digestion vs. Anaerobic Digestion
» Aerobic digestion generally has a lower odor potential.

» Aerobic digestion does not produce methane, thus no digester
gas collection or storage system is required.

e The supernatant from aerobic digestion is generally lower in
BOD.

» Aerobic digestion generally has lower capital costs.
» Aerobic digestion does not necessarily require covers.
» Aerobic digestion does not usually require heating.

2. Disadvantages of Aerobic Digestion vs. Anaerobic Digestion

e Aerobic digestion typically has higher energy costs due to the
aeration system.

» Aerobic digestion typically has less cold weather efficiency.

» Aerobic digestion does not produce methane gas that can be
used for energy recovery.
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e The digested solids from aerobic digestion can exhibit poor
mechanical dewatering characteristics.

S-2.2.2 Thermal Drying

A. Purpose

Thermal drying involves the removal of water by evaporation.

Thermal drying can also occur through indirect contact with re-
circulating hot oil.

B. Design Considerations

1.

General
» Provide adequate fire suppression equipment.
e Consider the impact of recycle loads on the liquid stream.

Upstream Processes

» Because this process utilizes heat energy, costs can be
minimized by delivering the driest possible solids to the drier.
Thus, upstream physical dewatering should be considered.

»  Startup may require an external source of dried material to
raise feed solids content above concentrations at which a
“sticky phase” occurs.

Odors

» Pay significant attention to odor control.

» Design all drying facilities” HVAC systems to ensure worker
safety while addressing odor control issues.

Storage and Conveyance

» Consider product storage and conveyance to haul vehicles.

» Provide adequate on-site storage to address weather-related
haul limitations.

Safety

» Depending on the specific process equipment utilized,
consider dust control to protect worker safety.

» Design and operate the facility to minimize the potential for
spontaneous combustion of the dried product.

»  Provide redundancy for equipment maintenance. Poor
housekeeping and equipment maintenance can cause product
fires and explosions.

C. Meeting the Biosolids Pathogen and Vector Attraction Reduction
Standards

1.

Pathogen Reduction

»  Meeting the Class A pathogen reduction standards can be
accomplished by maintaining a temperature of the biosolids
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particles at 80°C or more or by ensuring that the wet bulb
temperature of the gas in contact with the biosolids as the
biosolids leaves the dryer exceeds 80°C as required in WAC
173-308-170(e)(ii)(B)

2. Vector Attraction Reduction

Vector attraction reduction can be achieved by creating a
product with a percent solids of at least 75 percent or 90
percent as described in WAC 173-308-180(6) or WAC 173-
308-180(7), as applicable.

D. Advantages and Disadvantages

1. Advantages

The mass of solids that must be transported from the treatment
facility can be significantly reduced compared to other
stabilization processes.

Thermal drying can be used to meet the Class A pathogen
reduction requirements and the vector attraction reduction
requirements of the federal and state biosolids regulations.

2. Disadvantages

Thermal drying units can have high capital costs and high
energy costs.

Improper design and maintenance can lead to combustion of
stored product.

Special licensing of plant personnel may be required, such as
boiler licenses.

Odors associated with thermal decomposition and
volatilization of organics can be problematic.

S-2.2.3 Composting

A. Purpose

» Composting biologically converts putrescible organics into a
stabilized form while destroying pathogens and producing a dry
product for beneficial reuse.

General Description

* Most composting processes occur under aerobic conditions.

» Composting can provide a stand-alone sludge stabilization process
for treatment of raw sludge or a post-stabilization process for
treatment of digested sludge.

Types of Composting Systems

There are three types of commonly used composting systems: windrow,
aerated static pile, and invessel.
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1. Windrow System

» A windrow system consists of mixtures of biosolids and
bulking agents placed in long rows (called windrows) that are
turned periodically using mobile equipment.

» A conventional windrow system relies on natural ventilation
for the supply of oxygen.

* An aerated windrow system uses forced aeration to
supplement the aeration provided by turning the windrows.
2. Aerated Static Pile

» The aerated static pile method is the most commonly used
composting process in North America.

» This type of system consists of a grid of aeration or exhaust
piping placed beneath the compost pile.

» The aerated static pile method differs from the windrow
process in that composting material is not turned.

e Aerated static pile composting requires a cover. Operators
frequently use a 12-inch cover consisting of finished compost.
3. Invessel System

* Invessel systems, also called reactor or enclosed mechanical
systems, process feed materials within the confines of a vessel.

* Invessel systems often have automatic oxygen and
temperature monitoring.

D. Design Considerations

1. Moisture Content

» Design the system to maintain a moisture content ranging
from 50 to 60 percent during the compost process.

» Provide adequate space or equipment to allow drying of the
finished product to a moisture content ranging from 40 to 45
percent to provide for ease of screening and a reduction in
hauling costs.

2. Temperature

» Design the system to ensure that temperatures meet any
regulatory requirements and that the most efficient
temperatures for composting (104 to 140° F [WEF, 1992]) are
maintained as long as possible.

3. Detention Time

» Consider the total detention time needed given the type of
system, available storage area, and characteristics of the
sludge.
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Carbon to Nitrogen Ratio

Consider the proper starting carbon-to-nitrogen ratio given the
feedstocks. The optimal starting range is from 25:1 to 35:1 (by

weight) (Brown and Caldwell, 1994).

Bulking Agents and Amendments

Bulking agents and amendments absorb excess moisture from
dewatered biosolids (which are usually too wet for optimal
composting), provide structural support, condition the feed
sludge, and help maintain porosity. Plan for access to
reasonably inexpensive, easy to handle bulking agents and/or
amendments, as appropriate, that have a low moisture content
and that supply carbon to the process if the carbon-to-nitrogen
ratio of the feed sludge is low.

Aeration System

Design the aeration system to maintain an oxygen
concentration range of 5 to 15 percent.

Ensure that the system provides approximately 0.6 cu
m/min/dry metric ton of air to provide adequate oxygen for
biological activity.

Design the system to achieve a range of between 0.6 and 2.8
cu m/min/dry metric ton of air for moisture removal and heat
removal.

Consider combining temperature control with oxygen control
to achieve heat and moisture balance.

Construct blowers, fans, and appurtenances such as aeration
ducts with materials that will withstand corrosive, moisture-
and dust-laden air.

Ecology recommends that aeration systems be designed for
interchangeable negative and positive modes. Usually a
negative mode is maintained during the first half of the
compost sequence when the potential for odors is greatest. The
mode is then changed to positive to accelerate drying during
the final stages of composting.

Odor Control

Plan for odor control. Typical odor treatment systems include
biofilters, packed bed scrubbers, and activated carbon
adsorbers.

Consider placing windrows or static piles within enclosures or
buildings with proper ventilation and collection and treatment
of off-gases to control the release of odors.

Screening, Curing, and Storage

Screening removes bulking agents for recycling, improves
product quality, and allows for variation in product texture.
Provide for screening equipment capable of meeting the
demands of the intended compost market.
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Provide enough space for curing until the compost stability
meets the intended market needs.

Ensure adequate space is available for storage of final product.

9. Drainage Management

To protect the environment from runoff that may contain fecal
coliform and other contaminants, Ecology requires an
effective drainage management system. Requirements depend
on operation specific conditions.

E. Operation and Maintenance

1. Odor Control

Frequently, turning operations release odor. Plan to conduct
turning operations during periods when the potential for odor
complaints is minimal.

Maintain aerobic conditions within the pile to reduce odor
potential.

Control excess water in pore spaces, which can create
anaerobic conditions leading to odor problems and slower
decomposition.

Use of amendments such as lime and wood ash in the compost
mixture may help control odor emissions.

2. Monitoring and Sampling

Monitoring and sampling provide data to ensure process
efficiency, quality control, and regulatory compliance.

Sample at several points within the piles. Ecology
recommends at least one in the front, one in the middle, and
one at the back toe of each pile.

F. Meeting the Biosolids Pathogen and Vector Attraction Reduction
Standards

1. Pathogen Reduction

Composting can be used to meet the Class A pathogen
reduction standards described in WAC 173-308-170-
(e)(ii)(A). Biosolids compost must reach and maintain a
temperature of 131° F for the time specified in order to meet
the Class A standards

2. Vector Attraction Reduction

Composting can be used to meet the vector attraction
reduction standard described in WAC 173-308-180(4).
Following pathogen reduction, the compost must be held for
an additional 14 days and maintained at a temperature of at
least 104° F with an average temperature of at least 113° F
during the entire period.
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S-2.3

G. Advantages and Disadvantages

1. Advantages

e Composting can produce a high quality, saleable end product.

»  Well-composted material is generally free of any offensive
odors.

e Composts have a high level of public acceptance.

2. Disadvantages

Incineration

» Capital and energy costs for composting systems can be high.

e Composting using some technologies requires a high level of
operator skill and knowledge.

» Composting can generates significant odors, particularly when
composting raw sludge.

Incineration reduces and stabilizes residual solids and produces ash. There are two types
of incinerators: multihearth and fluidized bed.

S-2.3.1 Multihearth

A. General Description

Multihearth incinerators are cylindrical refractory-lined vessels
containing a number of hearths, with rabble arms for moving the
solids through the unit.

Sludge enters through the top of the incinerator and moves
downward to the ash removal equipment at the bottom. Sludge is
dried in the top hearths and burned in the middle hearths. The ash
is cooled in the bottom hearths.

Multihearth incinerators operate at temperatures ranging from
1,400 to 1,700° F.

B. Design Considerations

Design the system to feed solids at an even flow rate and to shred
them as they enter the incinerator.

Design loading ranges from 6 to 12 Ibs/hr/sf of hearth depending
on the type and moisture content of the solids.

Design feed-air ports to provide an even air supply below the
burning hearth.

Provide power generation equipment sufficient to at least support
shaft cooling fans.

Plan for downtime. Relining of the incinerator is required
periodically (typically every 5 to 10 years).

Design adequate ash handling and ash storage based upon the
ultimate disposal method.
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S-2.3.2 Fluidized Bed

A. General Description

* Fluidized bed incinerators are cylindrical refractory-lined vessels
with a grid in the lower section to support a sand bed. Preheated
combustion air is supplied under the sand to float the bed.

»  Ash moves out the top of the incinerator and is removed from the
off-gas stream.

» Solids enter through nozzles into the sand bed for drying and
combustion.

» Supplemental heat is added to the fluidized bed to bring internal
temperatures to between 1,400 and 1,800° F.

» The sand bed acts as a heat sink and can be operated on partial
days without substantial heat loss.
B. Design Considerations

» Design loading ranges from 6 to 14 Ibs/hr/sf depending on the type
and the moisture content of the solids.

» Design the incinerator to be large enough to meet the residual
solids needs of the wastewater facility. Consider the needs of
short-term storage for maintenance as well as future plant growth.

» Design transfer equipment to have the ability to increase solids
concentration above 20 percent for feed into the incineration
process. The higher the solids or volatile content of the cake feed,
the higher the feed rate to the incinerator.

» Design adequate ash handling and ash storage based upon the
ultimate disposal method.
C. Advantages and Disadvantages

1. Advantages

» Incineration substantially reduces the quantity of solids to a
mostly inert end product.

» Processing and disposal of the residual solids does not depend
on outside conditions. This can be an advantage where there is
opposition or restrictions to reuse.

» The energy value of the feed sludge can be utilized for
incineration.
2. Disadvantages
»  Current regulation trends favor beneficial reuse of biosolids.
»  Ash must be disposed only at a permitted landfill.

» Transportation to regional landfills can greatly increase the
cost of disposal.

» The monitoring requirements in 40 CFR Part 503 for the feed
solids, process variables, and emissions must be met.
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* In the state of Washington, incinerator operator certification is
required for operators.

* Incineration demands constant monitoring.
» Energy costs for incineration are extensive.

» Sludge incineration depends on the functioning of other
treatment processes.

e Power interruption or equipment malfunction make
incineration susceptible to downtime. Extended incineration
downtime requires substantial storage capacity or sludge
hauling to a separate facility.

» Maintenance inside an incinerator requires a cool-down period
to achieve ambient temperature and a gradual heat-up period
to complete operations.

» Generally dewatering of sludge upstream is required prior to
incineration.

S-2.4 Storage

The state biosolids rule prohibits storage of solids removed from the wastewater
treatment process for more than two years without approval from the Solid Waste and
Financial Assistance Program. Facilities wishing to store treated solids for more than two
years (for example, lagoon storage of the solids) must obtain approval for extended
storage. In reviewing an extended storage request, Ecology’s Solid Waste and Financial
Assistance Program expects the facility to have a long-term plan for utilization. Ecology
also expects that the storage conditions will meet all regulatory requirements.

Exceeding the two-year storage period without approval may result in a requirement for a
permit from the EPA for the “placing of sewage sludge in a surface disposal unit” (see 40
CER Part 503, Subpart C, Surface Disposal).

Among the options available for solids storage are lagoons, tanks and basins, and in bulk.

S-2.4.1 Lagoons

A. Purpose
» Lagoon storage accumulates solids pending further processing or
disposition.
B. General Description
» Lagoons may store raw, partially, or fully treated solids.

C. Design Considerations

» Ensure that any planned storage in excess of two years is approved
by Ecology’s Solid Waste and Financial Assistance Program.

» Design storage lagoons to meet the standards in WAC 173-308-
180, at a minimum.

» Good planning and design address elements such as appropriate
dike engineering and liners and long-term planning.


http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&sid=8e279af37579b490d4bcb89047f15105&rgn=div6&view=text&node=40:29.0.1.2.40.3&idno=40
http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&sid=8e279af37579b490d4bcb89047f15105&rgn=div6&view=text&node=40:29.0.1.2.40.3&idno=40
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D. Advantages and Disadvantages

1. Advantages

Lagoon storage can allow for the accumulation of solids for
extensive periods of time.

Lagoon storage systems generally have low capital costs.

Lagoon storage requires low levels of maintenance and
operator oversight.

2. Disadvantages

Lagoon storage can lead to “out-of sight, out-of-mind”
thinking that decreases the likelihood for proper financial
planning for the final management of the stored material.

Storage is limited to 2 years unless the Solid Waste and
Financial Assistance Program approves a longer period of
time.

Lagoons require a large land area.

E. Management of Biosolids or Sewage Sludge in Closed Lagoons

When a wastewater treatment lagoon stops accepting influent, the material
in the lagoon becomes classified as stored biosolids or stored sewage
sludge, depending on the quality of the material. When treated solids are
removed from the wastewater treatment process and placed in a lagoon,
Ecology considers themstored biosolids or sewage sludge. In both cases,
the lagoons and the contents of the lagoons must meet the requirements in
the state biosolids rule.

Ecology considers a lagoon “closed” when it no longer receives any new
material. When a lagoon is closed, a facility generally has three options for
handling the remaining solids: 1) leave them in-place; 2) remove them
from the site; and 3) manage them at the site. The regulatory requirements
for each of these options differ. The paragraphs below provide a brief
description of the minimum regulatory and management requirements that
a facility manager must consider when a facility closes a lagoon.

1. Option #1: Closure In-place (Surface Disposal)

a. General

Leaving biosolids or sewage sludge in a closed lagoon for more
than two years without approval is considered to be surface
disposal. Ecology does not recognize surface disposal as a
biosolids management option because disposed material is
considered a “solid waste,” not biosolids. When a facility engages
in surface disposal, EPA Region 10 requires management in
accordance with the federal biosolids rule (40 CFR Part 503). In
addition, a facility that chooses this option may need a solid waste
handling permit issued under the state solid waste rule (Chapter
173-350 WAC).
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b. Minimum Requirements When a Facility Chooses Option #1

e Submit an application to EPA Region 10 (NPDES Form
2S) at least 180 days prior to beginning the surface
disposal operations (i.e., no more than 1% years after the
lagoon has stopped receiving new materials).

*  Meet the 40 CFR Part 503 Subpart C, surface disposal
requirements.

» Receive a WAC 173-350 permit from the local health
jurisdiction unless EPA Region 10 has issued a permit for
surface disposal and the local health jurisdiction allows
deferral to the EPA permit.

2. Option #2: Removal From the Site

a. General

A facility manager may remove the solids from the lagoon and
take them elsewhere for the purposes of direct beneficial use,
further treatment, incineration, or disposal. When selecting this
option, managers must comply with the state biosolids rule and the
General Permit for Biosolids Management. Ecology strongly
encourages beneficial use over incineration or disposal. Specific
testing and management requirements depend on the ultimate
disposition of the solids. In general, fewer requirements apply and
the process is simpler when a facility manages solids under
Option #2.

b. Minimum Requirements When a Facility Chooses Option #2

»  Submit an application to EPA Region 10 (NPDES Form
2S) at least 180 days prior to beginning removal.

* Receive a WAC 173-308 permit from Ecology. This
includes meeting all of the following requirements:

= Submit an Application for Coverage to Ecology.
= Fulfill any SEPA requirements.
= Fulfill any Public Notice requirements, including
newspaper posting.
3. Option #3: Management On-site for Beneficial Use

a. General

A facility may manage the solids for beneficial use within the
lagoon. When selecting this option, the facility must comply with
the state biosolids rule and the General Permit for Biosolids
Management. This option often provides the most cost-efficient
means of handling the materials, and it can have several
environmental benefits as well.

b. Minimum Requirements When a Facility Chooses Option #3

» Submit an application to EPA Region 10 (NPDES Form
2S) at least 180 days prior to initiating activities.
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* Receive a WAC 173-308 permit from Ecology. This
includes meeting all of the following requirements:

= Submit an Application for Coverage to Ecology that
includes a Site Specific Land Application Plan
addressing plans for management of the solids.

= Fulfill any SEPA requirements.

= Fulfill any Public Notice requirements, including site
posting and newspaper posting.

= Test the solids for metals and nitrogen.
= Meet one of the pathogen reduction alternatives.

= Meet one of the vector attraction reduction
alternatives.

= Meet the screening and final product standards for
manufactured inerts.

c. Typical Steps Required Under Option #3

» Remove as much of the biosolids as possible and pile
them up away from the lagoon.

» If the lagoon has a clay liner, break it up as well as
possible to allow proper drainage.

» Ifisthe lagoon has a plastic or other manufactured
material liner, remove and properly dispose to the extent
possible.

e Push in the dikes.

* Apply the biosolids and mix them into the dike soils
within 6 hours following application (note: if the biosolids
have met a vector attraction reduction standard, mixing is
not mandatory).

»  Seed and/or plant the site with the vegetation approved in
the Site Specific Land Application Plan.

S-2.4.2 Tanks and Basins

A. Purpose

Holding tanks and basins form an integral part of most
conditioning processes and many stabilization processes.

Use tanks and basins for blending materials, such as wastewater
solids from primary and secondary clarifiers.

B. Design Considerations

1.

Construction Materials

» Engineers generally design large storage tanks to be built with
concrete.

» Smaller tanks are often constructed of carbon steel with a
suitable coating system.
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e Construct all equipment within the tank of a corrosion-
resistant material such as PVC, PE, or stainless steel.

Mixing

e Consider an aeration system, mechanical mixers, or a
recycling system for mixing.

Sizing

» Size storage tanks and basins to retain wastewater solids for
the time necessary for process requirements.

Inspection and Maintenance Access

» Provide access portholes for inspection and maintenance in
closed vessel tanks or basins.

» All access portholes must meet current OSHA requirements.

Odor Control

» Consider all odor control options, as even short storage
periods of unstabilized primary and secondary wastewater
solids can produce nuisance odors.

S-2.4.3 Bulk Storage

A. Purpose

Bulk storage can occur at a treatment facility or at a land
application site prior to land application.

B. Design Considerations

1.

Sizing
e The size of the biosolids storage area depends on the quantity

of biosolids produced, timing of use, and moisture content.
Generally, drier solids can be stacked higher.

e Provide additional space for scheduled process cleaning (e.g.,
lagoon dewatering or digester cleaning) and emergency
situations.

Regulatory Requirements

»  Storage must comply with the biosolids regulations and any
local health department requirements. Designers need to
ensure that materials are not stored in a manner that results in
(or would likely result in) contamination of ground or surface
waters, air, or land.

Drainage Management

e Construct and site the storage area to prevent run-on and
runoff of liquids.

« Provide solids storage areas with a water collection system
and a mechanism to treat leachate.
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4. Odors
e Design bulk storage to minimize the potential for odor
complaints. Odors can be a problem depending on the
population density of the area, the stability of the solids, and
the prevailing winds.
5. Public Access
» Provide for a storage area that is secure to prevent access by
the public, domestic animals, or wildlife.
S-3  Residual Solids Management: End-Use Options

This section briefly discusses various biosolids recycling and disposal options. Possibilities
include land application options (both direct application to the land and as a component of
compost or topsoil products), disposal in landfills, and incineration.

Chapter 70.95 RCW favors recycling over disposal in landfills or incineration. Chapter 70.95J
RCW further directs Ecology to pursue the maximum beneficial use of biosolids. Ecology
adopted Chapter 173-308 WAC to implement a statewide biosolids management program that
encourages the maximum beneficial use of biosolids.

Ecology discourages incineration and long-term reliance on landfill disposal as end uses.
Disposal in a landfill—whether on an emergency, short-term, or long-term basis—requires
approval from the landfill, one or more jurisdictional health departments, and Ecology’s Solid
Waste and Financial Assistance Program. Certain standards must be met prior to disposal.

Refer to Ecology’s Solid Waste and Financial Assistance Program requirements, Washington
State rules on biosolids management (Chapter 173-308 WAC), Chapter 70.95J RCW, and 40
CFR Part 503 for guidance. In addition, the Biosolids Management Guidelines for Washington
State provides guidance on biosolids management options. Ecology’s biosolids website serves as
a resource for information and links to other sources. This website can be found at:
http://www.ecy.wa.gov/programs/swfa/biosolids/index.html.
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