
Chapter 15
Case Studies

These case studies were obtained from discussions
with a number of state and regional authorities respon-
sible for sludge management. They illustrate a range of
surface disposal activities being conducted throughout
the United States. Activities covered include surface
disposal of sewage sludge in a monofill, at a dedicated
disposal site, and at a dedicated beneficial use site,
in addition to sludge storage in lagoons prior to final
disposal.

15.1 Case Study 1: Surface Disposal in a
Monofill Following Freeze-Thaw
Conditioning in a Lagoon
Impoundment

Anderson Septage Lagoon
Department of Public Works
Anderson, Alaska

15.1.1 General Site Information

The City of Anderson, about 75 miles southwest of
Fairbanks, operates a lagoon impoundment for condi-
tioning domestic septage, of which it receives about
400,000 gallons annually. In 1994, the city of 700 ap-
plied to the Alaska Department of Environmental Con-
servation (ADEC) for a permit to dispose of sludge
recovered from its two storage lagoons in an onsite
monofill.

The permit application seeks an exemption from 40 CFR
Part 503 pollutant limit for sludge disposed within 25 m
of a disposal site’s boundary because Anderson’s dis-
posal unit is about 9 m (i.e., 30 ft) from the site’s north
boundary (Figure 15-1). (If “site-specific” limits are not
set by the permitting authority, an alternative for disposal
will have to be found.) Testing has determined that the
city’s sludge meets the pollution limits for solids that can
be disposed of at least 150 m from a site’s nearest
boundary.

The domestic septage lagoon is located in a relatively
remote area north of a U.S. Air Force landing strip and
about 3 miles southeast of the Anderson (Figure 15-2).
Moreover, the lagoon is restricted from receiving any
hazardous or industrial waste or any municipal solid

waste. All waste received at the lagoon must meet toxic
characteristics leaching potential (TCLP) standards.

15.1.2 Site Characteristics

The Anderson lagoon is situated on a formation of gla-
cial outwash and alluvial sediment estimated to extend
to a depth of more than 20 ft, based on excavations in
a nearby gravel quarry. The sediment has been classi-
fied as poorly graded sand mixed with silt and gravel, a
geological material commonly referred to as pit run. The
site’s top layer of silt loam, which was removed during
lagoon construction to take advantage of the frost-resis-
tant characteristic of the sediment, was stockpiled on
site for later use as a cover material.

Flood potential at the site has been deemed minimal,
given average annual precipitation of only 12.7 in. In-
deed, no flooding occurred in Anderson during August
of 1967 when the region’s heaviest rainfall on record
(4.6 in.) caused localized flood-water problems. Al-
though Anderson did experience flooding in 1978 during
an unusually rapid thaw, it is believed that the lagoon,
which was not operating at the time, would not have
been affected.

The ground-water level at the site typically is more than
6 ft below the lagoon’s percolation cell. Even during the
summer of 1992, when ground water throughout the
region rose to an unusually high level, the water table at
the site was more than 4 ft below the percolation cell.
Further, based in part on a 1983 engineering study,
ground water flows from the lagoon impoundment in a
north by northeast direction and generally away from
Anderson (see Figure 15-2).

15.1.3 Domestic Septage Conditioning and
Disposal

15.1.3.1 Lagoon Design

The Anderson domestic septage treatment works con-
sists of a facultative cell flanked to the east and west by
active primary lagoon cells and to the south by a third
primary cell that is no longer in use. Adjoining the facul-
tative cell to the north is a percolation cell, and beyond
that the sludge disposal cell (see Figure 15-1). The
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Figure 15-1. Anderson septage lagoon.
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disposal cell (i.e., active sewage sludge unit) measures
90 x 200 ft in area and is surrounded by a 5-ft berm.

The lagoon cells measure 140 x 43 ft (6,000 sq ft) in
area and 5.5 ft in depth to the top of the drain bed. Cell
holding capacity is 450,000 gallons of liquid and 13,000
cu ft of sludge (at a depth of 2 ft). Cells are lined with a
low-temperature arctic polyvinyl chloride (LTA PVC) ma-
terial, which provides an impermeable barrier. At the
bottom of each cell is a perforated high-density polyeth-
ylene (HDPE) pipe (10 ft on center) covered by 24 in. of
sandy gravel, allowing the cell to function as a reverse
drain field.

At the end of a storage period, liquid is siphoned off to
the facultative cell. When initial transfer of liquid is car-
ried out in the fall, a siphon alone is used because the
liquid level is relatively high. In the spring, after freeze-
thaw conditioning of the sludge has taken place and the
liquid level is lower, a pump is used to prime the siphon;
a pump manifold was constructed for this purpose.

The disposal cell is lined with pit run, which is separated
from an 8-inch layer of silt by a geomembrane material.
The gravelly layer functions as a French drain, with
rainwater and snowmelt filtering through to the silt layer.
From there the leachate drains into the percolation cell
for gradual discharge to the ground through 6 in. of silt.

15.1.3.2 Conditioning and Disposal Process

The east and west primary cells receive domestic sep-
tage in alternating years. In the spring, at the end of a
receiving year, liquid is siphoned off from the lagoon cell
into the facultative cell, leaving only enough residual
liquid to saturate the accumulated sludge (maximum
liquid depth is 2 ft). The following spring, after the sludge
has been conditioned through freezing and thawing,
supernatant is siphoned off into the facultative cell. The
sludge is then left to dry for about a week before it is
moved to the disposal cell—using a bulldozer and dump
truck—where it is spread onto a 6-inch layer of silt loam.

A typical load of dewatered sludge is spread against the
berm and across a 20- x 30-ft area in a 2- to 3-ft layer,
and the edge of the sludge pile is finished at no more
than a 2:1 slope. To “encapsulate” the material so that
pathogens and vector attraction are controlled, a 6-inch
layer of loam is spread on top of the sludge followed by
a layer of pit run. Once the cover is in place, the sludge
pile is seeded, and then reseeded in the fall.

The ground cover that results from seeding the sludge
pile contributes to leachate control through transpiration
of rain water and snowmelt, while the loam cover re-
duces infiltration of water into the disposed sludge. The
purpose of the pit-run layer is to minimize erosional

Figure 15-2. Site map of Anderson septage lagoon.
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effects that can be caused by the harsh climate. None-
theless, some liquid will inevitably reach the sludge
layer. Thus, the base layer of loam and the percolation
cell are intended to slow the discharge of leachate to
the ground water to reduce concentrations of residual
pollutants.

15.1.4 Operations Factors

15.1.4.1 Sludge Characteristics

The City of Anderson has applied for a permit that would
allow disposal of sludge within 25 m of the treatment
works’ north boundary with the following maximum pol-
lutant concentrations:

Arsenic 73 mg/dry kg

Chromium 600 mg/dry kg

Nickel 420 mg/dry kg

Under part 503, these concentrations are acceptable
only for sludge placed in an active sewage sludge unit
whose boundary is 150 meters from the surface disposal
site property line. The city seeks “site-specific” pollutant
limits, arguing that, despite the close proximity of the
treatment works’ border, minimal opportunity exists for
humans or wildlife to come within 150 m of the disposal
cell. The area is not accessible to humans except on
foot, and it does not include any intermittent creek bot-
toms that might draw wildlife as well as hunters.

Additionally, when the city tested its sludge for
TCLP, results indicated that pollutants are below
regulatory levels.

15.1.4.2 Monitoring

In the spring, after freeze-thaw conditioning and transfer
of supernatant and prior to disposal, sludge being held
in a lagoon cell will be tested to determine if it meets
permit requirements. Sludge will be analyzed for the
parameters listed in Table 15-1. Testing will be per-
formed on a composite sample made up of three grab
samples, two collected from the base of the freeze-thaw

bed bumper, opposite each domestic septage discharge
culvert, and a third from the area of the culvert most
used during the year (i.e., where the sludge is deepest).
After collection and mixing, the sample will be iced and
delivered to the testing lab within 1 day.

The city has no plans to monitor ground water for nitrate.
Therefore, under part 503 the city will be required to
obtain a certification by a ground-water scientist that
ground water will not be contaminated by the placement
of sewage sludge on the active sewage sludge unit.
During storage, lagoon cell liners will prevent nitrate
from leaching out of sludge. Once disposed, ammonia in
the sludge will not be able to oxidize into nitrate because
the disposal cell provides an anaerobic environment.

All records concerning disposed sludge will be retained
for 5 years.

15.1.5 Disposal Cell Capacity

The city estimates the site life of the disposal cell to be
20 years. This estimate assumes that 2,700 cu ft (100
yards) of sludge will be disposed each year. The as-
sumption takes into account the 6 in. of silt that will be
used to cover each year’s load of sludge.

15.2 Case Study 2: Use of a Lagoon for
Sewage Sludge Storage Prior to
Final Disposal (Lagoon
Impoundment in Clayey Soils)

Sludge Lagoon
Domestic and Industrial Wastewater Treatment Facility
Forest, Mississippi

15.2.1 General Site Information

In 1991, the City of Forest expanded and renovated its
domestic and industrial wastewater treatment works to
increase its liquid processing capabilities. As expected,
given the increased effectiveness of improved opera-
tions, the sludge lagoon system soon approached its
solids holding capacity. Thus, the city has submitted an
application for a permit to construct two additional stor-
age lagoon cells occupying about 5 acres.

The city’s sludge handling process consists of treatment
in aerobic digesters, followed by thickening and storage
in a lagoon impoundment. During storage, the sewage
sludge undergoes final disinfection, stabilization, and
thickening in anticipation of final disposal.

Since the Forest mechanical-biological wastewater
treatment works went into operation northeast of the city
in 1977, the area set aside for lagoon impoundments
has been expanded from 1.75 to 3.5 acres. The site of
the proposed additional lagoon cells is a 52-acre parcel
of open pastureland abutting two of the treatment works’
existing lagoons (Figure 15-3). Because the parcel is

Table 15-1. Sludge Monitoring Parameters

254



bounded to the north by a free-flowing stream and to the
east and south by a similar stream, a portion of its
boundary is characterized by wetland-type soils and
vegetation; additionally, the land is considered to be in
a 100-year flood zone. Nonetheless, a Phase I environ-
mental site assessment concluded that no adverse rec-
ognized environmental conditions are present on the
property and that any potential impacts to the surround-
ing properties related to lagoon construction can be
minimized or appropriately mitigated.

15.2.2 Design Criteria

Data gathering for a geotechnical investigation of the
site included 10 soil borings (see Figure 15-3), which
found that near-surface soils in various locations con-
sisted of expansive clays containing pockets of silty
clays and sandy clays and silty clays that extend from
the ground surface to depths that ranged from about 5
to 12 ft (Table 15-2). Underlying soils included sandy
clays that extended to depths that ranged from about 13
to 16 ft as well as clays of the Yazoo Formation. Based
on these findings, the geotechnical investigation con-
cluded that the proposed lagoons could be constructed
on the naturally deposited clay soils after proper site
preparation (e.g., clearing, grubbing, and stripping of all
organics). The investigation further concluded that the
near-surface silty clay and clay soils could be used for
embankment materials—although they are not the pre-
ferred materials for this purpose—providing special de-
sign and construction measures are adopted. For
instance, the report recommended (1) the use of chemi-
cal stabilization of onsite soils to reduce plasticity and
improve workability, and (2) the testing of each lift of fill
material to provide some assurance that adequate and
uniform densities are being obtained.

Tests to determine the permeability of in-place soils at
the site—a characteristic that is critical to the location,
design, and proper functioning of a sewage sludge la-
goon—found seepage values to be well below the maxi-

mum allowable rate of 500 gallons per day per acre
required by state regulations.

Concerning ground-water considerations, based on two
soil borings that found free ground water at depths rang-
ing from 8 to 13 ft, the geotechnical report concluded
that problems might be encountered if construction ex-
cavations exceed depths of about 7 ft. Additionally, the
report recommended that excavations should achieve
slopes no steeper than 5 horizontal to 1 vertical to
prevent the development of slough sides.

15.2.3 Sludge Collection and Disposal

15.2.3.1 Sludge-Collection Process Steps

The treatment works’ impoundment lagoons receive
sewage sludge from both industrial and domestic waste-
water treatment streams. In the industrial stream, solids
are collected in the following process steps:

• Anaerobic Lagoons. Influent raw wastewater is re-
ceived and primary removal of solids plus anaerobic
decomposition of carbonaceous biological oxygen
demand take place, with solids settling to the bottom
and accumulating over time.

• Aerated Stabilization Basins (ASBs). A pair of basins
serve as complete-mix and partial-mix lagoons. Fol-
lowing significant decomposition of sludge through
anaerobic and aerobic processes during residence in
the partial-mix lagoon, floor drains and mechanical
mixing capability allow for periodic removal of solids.
If adequate digestion has occurred in the ASB, the
solids can be transferred directly to storage lagoons.

• Sequencing Batch Reactors (SBRs). Effluent from
the ASBs is pumped to the SBRs, where the waste
undergoes an anoxic treatment promoting denitrifica-
tion followed by an aerobic treatment including nitri-
fication. The final phase of the batch treatment
process involves settling and decanting, before solids
are removed for mixing with other sludges.

Table 15-2. Laboratory Permeability Test Results
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In the domestic stream, solids are collected in the fol-
lowing process steps:

• Primary Clarifiers. After screening and degritting
treatment, domestic flows are introduced to the pri-
mary clarifier, where sludge is collected by chain and
flight in rectangular basins. From there, solids are

delivered by telescoping valves to a sewage sludge
pump wetwell.

• First-Stage Clarifiers. Effluent from the first-stage
aeration basins is received by 12 clarifier basins that
remove the settled solids using airlift pumping units.
A portion of the sludge is returned to first-stage aera-

Figure 15-3. Site of proposed lagoon cells (Geotechnical Investigation Report).
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tion as return-activated sludge and the remainder
gravity flows to the wetwell as waste-activated sludge.

• Second-Stage Clarifiers. The second-stage aeration
basin is followed by second-stage clarifiers, from
which collected solids gravity flow to the second-
stage return sludge pump wetwell. From there, the
waste material is conveyed by lift pumps to a splitter
box that diverts a portion of the sludge to the wetwell
as waste-activated sludge.

Aerobic digesters receive all waste-activated sludge,
with the exception of sludge from the anaerobic lagoon
and from the ASB.

The two existing sludge lagoons have a total storage
capacity of 1.2 million cu ft. One of the cells reached its
capacity a number of years ago, while the other reached
its capacity only recently. Cells were loaded at a rate of 17
pounds of volatile suspended solids per 1,000 sq ft per day,
a rate that is well within the generally acceptable range.

15.2.3.2 Sludge-Disposal Alternatives

Operators of the Forest treatment works recognize that
the Part 503 regulation makes disposal of sewage
sludge an entirely different issue than storage. Given
their immediate need for additional storage capacity,
however, they are deferring any decision on disposal
alternatives for the time being.

Two possible approaches for final disposal of the treat-
ment works’ sewage sludge include land application and
placement in an MSW landfill. Land application would
appear to be a less-attractive alternative because the
sludge would need to meet specific Part 503 require-
ments that include limiting pathogens and metals. In
contrast, landfilling would primarily require the sludge
to be sufficiently dewatered. Operators recognize that
disposing sewage sludges in MSW landfills, as required,
has become significantly more expensive in recent
years due to constraints on capacity. Nonetheless, a
nearby, privately owned MSW landfill that was recently
permitted might present a reasonably cost-effective dis-
posal option for the Forest treatment works.

For the present, however, operators plan to expand their
lagooning operation for storage of sludge in anticipation
of eventual disposal. During storage in the lagoons,
sewage sludge organics are gradually stabilized through
aerobic and anaerobic processes, and the stabilized
solids eventually settle to the bottom of the lagoon and
accumulate.

Clayey soils that predominate at the treatment works
site are conducive to providing a barrier of low perme-
ability soils against ground-water contamination. As-
suming that an active sewage sludge lagoon can
effectively receive digested sludge and discharge a sol-
ids-free supernatant until the average solids concentra-

tion is 8 percent for the entire lagoon volume, the rate
of waste sludge lagoon utilization will be approximately
1 acre per year for about the next 20 years.

If sewage sludge is stored on land (e.g., in a lagoon) for
longer than 2 years, the person who prepares the sew-
age sludge must demonstrate to the permitting authority
that the site is not an active sewage sludge unit. This
includes an explanation of why sewage sludge needs to
remain on the land for longer than 2 years prior to
disposal and a projection of when the sludge finally will
be used or disposed of. The surface disposal provisions
of the Part 503 rule do not apply when sewage sludge
is treated in a lagoon and treatment could be for an
indefinite period.

15.2.4 Sludge Production Projections

Based on operating data, findings from a facility study,
and the treatment works’ long-term plan, operators have
estimated quantities of sewage sludge that will be pro-
duced by the year 2005 (Table 15-3). For example,
operators project that sewage sludge produced by ASBs
for removal to lagoons will reach 4,097 pounds per day;
this amount is calculated to decompose to about 2,538
pounds per day. Similarly, sludge produced by SRBs is
expected to reach about 1,738 pounds per day.

In contrast, sewage sludge produced from domestic
flows is expected to increase at the moderate annual
rate of 1.5 percent, based on current population trends.

15.3 Case Study 3: Dedicated Surface
Disposal in a Dry-Weather Climate

Solids Handling and Disposal Facility
Domestic Wastewater Treatment Facility
Colorado Springs, Colorado

15.3.1 General Site Information

The City of Colorado Springs operates processes for
managing and disposing of sewage sludge generated at
its POTW, which treats average flows of over 34 million
gallons per day. Along with an anaerobic digestion com-
plex for stabilization and an expanse of facultative
sludge basins for additional long-term treatment of sta-
bilized material, sewage sludge is disposed of on a
dedicated surface disposal site.

The surface disposal site is located 18 miles south of
the POTW at the city’s Hanna Ranch property, which
also is used for disposal of ash from the city’s Ray Nixon
Power Plant. A blend of primary and secondary sludge
is conveyed from the POTW to Hanna Ranch via a
pipeline—one of the longest pipelines in the country
used to transport sewage sludge.

Minimal residential and commercial development has
taken place near the Hanna Ranch site due to a limited
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drinking water supply and the proximity of a military
training range to the west. Given its relatively remote
character, a portion of the ranch is set aside as a wildlife
area, which is managed cooperatively by the state’s
Division of Wildlife and city utilities. Beyond merely
monitoring the compatibility of operations with area
wildlife, site managers have tested a habitat enhance-
ment practice that involves growing feed crops within
the disposal site for incidental grazing by antelope and
waterfowl.

The soils at the Hanna Ranch site consist of verdos
alluvium, piney creek alluvium, and a weather Pieere
shale with low to very low permeabilities. Monthly aver-
age temperatures at the site range from 29°F to 71°F.

Public access to the surface disposal site is restricted
by a fence that surrounds the Hanna Ranch and a
uniformed security guard stationed 24 hours a day at the
north entrance. Visitors are allowed limited access to the
ranch for hunting and wildlife observation through a 3-ft
opening in the fence at the site’s south entrance, which
is about 1.5 miles east of the active disposal units.

The site meets all of the Part 503 requirements. Char-
acterization/management issues addressed in the site’s
state/county Certification of Designation include:

• A survey by the state’s Division of Wildlife found that
the disposal operations do not adversely affect a
threatened or endangered species.

• Although no wetlands have been delineated in ac-
cordance with U.S. EPA or Corps of Engineers pro-
cedures, active sewage sludge units appear to be
adjacent to one small (0.1 to 0.2 acres), isolated
wetland in a creek drainage. Although disturbance of
this wetland would be permitted under the nationwide
permit for headwaters and isolated areas, current ac-
tivities do no disturb the wetland.

• A site ground-water plan was recently rewritten by a
qualified ground-water scientist to comply with 40
CFR Part 503. The plan includes 2 years of quarterly
monitoring to determine ambient conditions, as re-
quired by the state, with a focus on total inorganic
nitrogen and organic carbon concentrations.

• Modifications have been made to small sections of
the active sewage sludge unit that were estimated to
be special flood hazard areas that would be inun-
dated by a 100-year flood. Runoff from a creek drain-
age (up to a 1,000-year flood) is contained for
evaporation at a retention dam.

• A review of area geology confirmed that the surface
disposal site is not in a seismic impact zone or in an
unstable area.

Table 15-3. Sewage Sludge Projections
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15.3.2 Surface Disposal Approach

15.3.2.1 Process Description

At the solids handling and disposal facility, sewage
sludge is gas mixed in four 1.5-million gallon anaerobic
digesters. Once stabilized, the waste material is
pumped to 30 acres of facultative sludge basins (FSBs,
known in other states as facultative sludge lagoons)
where it is treated under a 5-ft water cap for at least 3
years. After the digested sludge is removed from the
bottom of the basins using a dredge equipped with a
diesel-driven pump, they are conveyed through a float-
ing, flexible pipe to a wet well in the control building. The
sludge then is pumped from the wet well to a riser at
each dedicated surface disposal (DSD) unit. From the
riser, the sludge is loaded into the holding tank of a
Terragator, a sludge dispersal vehicle equipped with
flotation tires, and injected into the subsurface of the
DSD units. The four DSD units at Hanna Ranch (Figure
15-4) total 180 acres.

The primary method of liquid disposal is through evapo-
ration. Excess liquid from the facultative basins is
pumped to supernatant lagoons for additional treatment,
evaporation, and disposal.

In 1993, over 9,000 metric tons of sludge was disposed
by subsurface injection at an average rate of 113 metric
tons per hectare (124.3 tons per 2.5 acres). Disposal

operations are limited to seasons when both the soil in
the DSD units and the surface of the FSBs are not
frozen. In 1993, disposal operations were conducted
from March 16 to November 11.

15.3.2.2 Character of Sewage Sludge

The sludge produced at the POTW is of high quality.
When surface disposed, however, the boundary of DSD
units (i.e., active sewage sludge units) must be more
than 100 m from the property line of the surface disposal
site because of slightly elevated chromium concentra-
tions (Table 15-4).

Steps taken to control pathogens and reduce vector
attraction in the sewage sludge make the sludge appro-
priate for surface disposal. Relatively high concentra-
tions of helminth ova, however, have prevented the
sludge from meeting Class A criteria without significant
additional treatment. Because the sludge is injected into
the surface, further pathogen and vector reduction con-
trols are not required by Part 503. The City of Colorado
Springs has elected, however, to treat its sludge further.
Pathogen reduction is carried out using high-rate an-
aerobic digestion to meet the requirements of a process
to significantly reduce pathogens (PSRP). The process
involves the anaerobic treatment of sludge for a specific
mean cell residence time (MCRT) of about 20 days at a
temperature of 96.8°F (36°C). Raw solids are fed

Figure 15-4. Topographic map of Hanna Ranch area.
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continuously into digesters, then removed sequentially
from each of three digesters after 20 minutes in a 1-hour
cycle. Although the POTW can operate utilizing all four
digesters, the MCRT is achieved routinely using three
digesters, while the fourth undergoes maintenance.

Sludge is heated to the desired temperature using a
spiral counterflow-type heat exchanger at each digester
fed by two low-pressure steam boilers. The boilers burn
methane gas produced by the digesters as a primary
fuel, but can also burn diesel fuel. Untreated sludge is
mixed with recirculating solids before reaching the heat
exchangers.

Although temperatures generally are controlled to within
1°C to ensure optimum operation and to avoid upsets,
they occasionally drop—especially during startup.
Nonetheless, at such times temperatures are kept within

PSRP minimum standards (Table 15-5). Temperatures
are measured before the heat exchangers electronically
and mechanically, and operators and a computer moni-
toring system record temperatures every 2 hours. Recir-
culating pipe exterior temperature is measured with
liquid-filled thermometers. Temperature gauges are cali-
brated quarterly.

Contract customers represent a secondary source of
sewage sludge. Before sludge is accepted from contract
customers for placement in the FSBs, however, the
material is tested to ensure that fecal coliform concen-
trations are less than the 2 million most probable num-
ber (MPN) per gram of total solids.

Vector attraction reduction is achieved through volatile
solids reduction, which is carried out in the digesters,
and through subsurface injection of the sludge. Volatile

Table 15-4. 1993 Sewage Sludge Monitoring Results
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solids reduction is a function of temperature and MCRT
in the anaerobic digestion system. Thus, the same op-
erational considerations (discussed above) for pathogen
control ensure vector attraction reduction. In 1993, for
example, average volatile solids reduction at the Hanna
Ranch facility was 59 percent, well above the standard
of 38 percent.

15.3.3 Operation and Maintenance

The surface disposal site is attended 10 hours a day by
a crew of nine. It is linked by computer and microwave
communications to the POTW in Colorado Springs to
enable remote monitoring when operators are not on site.

15.4 Case Study 4: Dedicated Surface
Disposal in a Temperate Climate

Sludge Surface Disposal Site
Metro Sanitary District
Springfield, Illinois

15.4.1 General Site Information

The Metro Sanitary District in Springfield, Illinois, has
operated two sites for treatment and subsequent sur-
face disposal of sewage sludge since 1973. At the dis-
trict’s Spring Creek surface disposal site, located north
of the city in the vicinity of Capital Airport and the state
fairgrounds (Figure 15-5), sludge is disposed on 80
acres of land following anaerobic digestion. Sludge re-
ceived at the smaller, Sugar Creek surface disposal site,

which is directly east of the city and roughly between
two interchanges of Interstate 55 (Figure 15-6), is sub-
jected to aerobic digestion before disposal on 30 acres.

In most years, livestock feed has been grown on a
portion of one or both sites. Sludge is disposed only on
the areas that are not cropped, which are alternated
each year. Additionally, broadleaf weed killer is applied
annually at both sites. The sites must meet the require-
ments for pathogen control and vector attraction control,
including site restrictions, under the Part 503 rule.

Although the district has grown corn exclusively since
the late 1980s, other feed crops have included alfalfa,
sorghum, soybeans, and winter wheat. The disposal
sites have been plowed and disked annually, except at
the Sugar Creek surface disposal site between 1978
and 1987 when the district cultivated bluegrass and
attempted to enter the sod market. As a result of the
more stringent limits on nitrate in the Part 503 regulation,
the district is switching at both sites from corn to canary
grass, a hay crop that has higher nitrate requirements.

Samples from monitoring wells at the sites have shown
that nitrate levels in ground water tend to be elevated at
certain times of the year and during specific weather
patterns. As a result, along with planning to change the
feed crop at the site, the district has applied to the state
environmental agency and the U.S. EPA for reclassifica-
tion of the sites’ ground water as Class II water. The
district has assured authorities that it will be able to meet
applicable state and federal requirements for the protec-
tion of ground water.

As a result of the pathogen control and vector attraction
reduction requirements in Part 503, the district also
plans to upgrade its aerobic treatment process at the
Sugar Creek site (as described in Section 15.4.3.2).

15.4.2 Design Criteria

The western section of the Spring Creek surface disposal
site, which began receiving sludge for disposal in Octo-
ber 1973, meets applicable design criteria for sludge
disposal based on site features that include being:

• Situated 200 feet from any water well and above the
10-year flood plain.

• Constructed with a slope of less than 5 percent (ex-
cept for a small section of the interior portion of the
site).

• Bordered by a shallow berm and a restricted asphalt
roadway to contain runoff.

• Characterized by a tight clay soil.

Important design features of the Spring Creek site’s east-
ern section, which was put into service in March 1980,
include being:

Table 15-5. PSRP Minimum Temperatures for Anaerobic
Digestion
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Figure 15-5. Spring Creek disposal site.
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Figure 15-6. Sugar Creek disposal site.
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• Situated 150 feet from any water well and 200 feet
from any surface water.

• Constructed with a slope of less than 5 percent.

• Bordered by a berm (necessary because this section
of the site is in a flood plain).

• Characterized by a sandy soil.

The district’s Sugar Creek surface disposal site, which
has been in use since October 1973, meets design
criteria for sludge disposal based on site features that
include being:

• Situated 150 feet from any water well and 200 feet
from any surface water.

• Constructed with a slope of less than 5 percent.

• Characterized by a silty loam soil.

The site includes a 10-acre lagoon to catch runoff in the
event of flooding. In the 20-plus years of operation,
however, the site has not been subjected to a major
flooding event.

Additionally, both the Spring Creek and Sugar Creek
surface disposal sites are 200 feet from either an occu-
pied dwelling or a public roadway.

15.4.3 Treatment and Surface Disposal
Approach

15.4.3.1 Spring Creek Surface Disposal Site

Process Description. The primary and waste-activated
sludge received at the Spring Creek surface disposal
site undergoes primary anaerobic digestion, which in-
volves heating and mixing of the material, followed by
treatment in secondary digesters. By operating three
primary digesters and six secondary units, on average
about 28,000 gallons of sludge are processed each day.
Operators also have attempted thickening waste-acti-
vated sludge in one of the six secondary digesters; one
of the approaches included the use of a gravity-belt
thickener.

Following the digestion process, the sludge is either (1)
held in uncovered drying beds and spread on the sur-
face disposal site after dewatering, or (2) it is sprayed
onto the disposal site using fixed risers spaced 150 to
200 feet apart.

When spraying, pairs of risers operate in sequence
dispersing 40,000 gallons of sludge with 50 psi of pres-
sure across the area within their range. The edge of the
spray pattern for the site’s 92 risers is set at 110 to 180
feet from the surface of nearby Spring Creek. To mini-
mize leaching of sludge into ground water, the entire
disposal site is underdrained 6 to 9 feet below ground
with 4- and 6-inch perforated pipe that is laterally spaced
at 50 to 75 feet. Underdrains and forcemains are flushed

after spraying, and collected sludge water is pumped to
the effluent end of the primary treatment process.

The surface disposal site’s 55,000 square feet of drying
beds generally are used only during the colder months
of winter, when spraying cannot be carried out, or when
the spraying system is shut down for maintenance.
Sludge placed in the beds in winter is allowed to dry until
fall of that year, when it is hauled to the eastern section
of the disposal site for spreading. The drying beds re-
ceived 120,000 gallons of sludge in 1983 and almost
600,000 gallons in 1987, the only years to date when
the beds were used.

Sludge residuals collected in the bottom of the site’s
secondary digesters are periodically pumped, using
centrifugal pumps, to one of the disposal sites or is
drawn by gravity to the drying beds. Water drained from
the drying beds is pumped to the effluent end of the
primary treatment works.

Character of Sewage Sludge. Sludge produced at the
Spring Creek surface disposal site generally has a total
solids content of 4.7 percent, volatile content of 41.2
percent, and a volatile acids concentration of 260 mg/L.
Annual loading rates at the disposal site for nitrogen,
phosphorus, and various metals are listed in Table 15-6.

15.4.3.2 Sugar Creek Surface Disposal Site

Process Description. The waste-activated sludge and
floating scum materials (from secondary clarifiers) re-
ceived at the Sugar Creek surface disposal site undergo
staged treatment in a series of three aerobic digestion
units. By operating units with a combined capacity of
over 222,000 cubic feet (i.e., about 74,000 cubic feet
each), on average about 25,000 gallons of sludge can
be processed per day. On average 106,000 gallons of
sludge (with a suspended solids content of about 8,000
mg/L) is sent to the digesters daily.

Each day, or as needed, the digestion system’s
airflow is shut down so that supernatant can be drawn
into contact aeration tanks, making room for sludge
inputs. Occasionally, surface scum is also removed and
disposed along with other sludge. During the winter,

Note: Average over 1983-1992.

Table 15-6. Annual Pollutant Loading Rates at the Spring
Creek Facility
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sludge or scum is occasionally added to digestion tanks
to control temperatures and ice formation.

Every 5 or 10 days, when the solids levels in the system
reach about 15,000 to 25,000 mg/L or clear supernatant
is no longer present, sludge is removed from the final
digestion unit. The sludge material is removed in incre-
ments of 205,000 gallons and pumped, using centrifugal
pumps, to the active sewage sludge unit. At the unit, the
sludge is sprayed onto the surface from 30 risers each
spaced about 200 feet apart. The spray system func-
tions and is configured much like the system used at the
Spring Creek site; it includes an underdrain system, and
flushed sludge water is recycled to the treatment tanks.
At this site, however, three risers operate in sequence,
spraying 205,000 gallons of sludge within their range.

The site also includes two drying beds, covering 2,500
square feet, which to date operators have not needed to
use in the sludge treatment process. Operators are
considering the addition of a lime stabilization stage,
however, as a final treatment step. Stabilization may be

required during the winter months, when biological ac-
tivity in the aerobic digesters slows, to meet Part 503
requirements for pathogen control and vector attraction
reduction.

Character of Sewage Sludge. Sludge treated at the
Sugar Creek site generally has a total solids content of
1.9 percent and volatile content of 50 percent. Annual
loading rates at the disposal site for nitrogen, phospho-
rus, and various metals are listed in Table 15-7.

Note: Average over 1983-1992.

Table 15-7. Annual Pollutant Loading Rates at the Sugar
Creek Facility
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