EPA-600/2-77-053b
December 1977

HANDLING AND DISPOSAL OF SLUDGES
FROM COMBINED SEWER OVERFLOW TREATMENT
Phase I I - Impact Assessment

by
Kathryn R. Huibregtse, Gary R. Morris,
Anthony Geinopolos and Michael J. Clark
Envirex Inc., Environmental Sciences Division
Milwaukee, Wisconsin 53214

Contract No. 68-03-0242

Proj ect Off i cer
Anthony N. Tafuri
Storm and Combined Sewer Section
Wastewater Research Division
Municipal Environmental Research Laboratory (Cincinnati)
Edison, New Jersey 08817

MUNICIPAL ENVIRONMENTAL RESEARCH LABORATORY
OFFICE OF RESEARCH AND DEVELOPMENT
U.S. ENVIRONMENTAL PROTECTION AGENCY
CINCINNATI, OHIO 45268

DISCLAIMER
ThIs report has been revIewed by the Municipal Environmental Research
Laboratory, U.S •. Envlronmental Protection Agency, and approved for publication. Approval does not signify that the contents necessarily reflect
the views and policies of the U.S. Environmental Protection Agency, nor
does mention of trade names or commercial products constitute endorsement
or recommendation for use.

ii

FOREWORD
The Environmental Protection Agency was created because of increasing public
and government concern about the dangers of pollution to the health and
welfare of the American people. Noxious air, foul water, and spoiled land
are tragic testimony to the deterioration of our natural environment. The
complexity of that environment and the Interplay between Its components require a concentrated and Integrated attack on the problem.
Research and development Is that necessary first step in problem solution
and It Involves defining the problems, measuring its impact, and searching
for solutions. The Municipal Environmental Research Laboratory develops new
and Improved technology and systems for the prevention, treatment, and
management of wastewater and solid and hazardous waste pollutant discharges
from municipal and c~nunlty sources, for the preservation and treatment of
public drinking water supplies, and to minimize the adverse economic, social,
health, and aesthetic effects of pollution. This publication is one of the
products of that research; a most vital communications link between the
researcher and the user community.
This report documents the results of an assessment of the effort that the
United States will have to exert in the area of sludge handling and disposal if, in fact, full-scale treatment of combined sewer overflows is to
become a reality.

Francis T. Mayo
Director
Municipal Environmental
Research Laboratory
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ABSTRACT
This report documents the results of an assessment of the effort that the United
States will have to exert in the area of sludge handling and disposal if, in fact,
full-scale treatment of combined sewer overflows (CSO) is to become a realit
The
results indicate that nationwide an average yearly sludge volume of 156 x 10 cu m
(41.5 x 109 gal.) could be expected from CSO if complete CSO treatment were achieved.
This compares to a raw primary sludge volume of 60.9 x 10 6 cu m (16.1 x 10 9 gal.).
However, the average solids concentration in CSO sludge is about 1% compared to 2-7%
in raw primary sludges. This is due to the high volume, low solids residuals generated by treatment processes employing screens. The sludge volume generated and
the reported characteristics of the sludge vary widely, depending on the type of
treatment process used. The most notable differences from raw primary sludge were
the high grit and low volatile solids content in CSO residuals plus their Intermittent generation.

6.

Evaluation of the effect of bleed/pump-back of CSO sludge on the hydraul ic, solids
and/or organic loadings to the dry-weather plant indicated that overloading would
occur in most instances. Disregarding grit accumulation in sewers plus other
transport problems, it was established that sol ids loadings to the secondary clarifier were limiting and required 8-22 day bleed/pump-back periods. There may also
be a toxic danger to dry-weather treatment plant biological processes.
The most promising treatment trains were found to include possible grit removal,
lime stabilization, optional gravity thickening, optional dewatering and land application or landfill. Land application systems can'be considered as viable alterna,tives for CSO treatment and disposal. The cost of the collection-transportation
and/or equalization system may be the crucial factor in disallowing the alternative
of direct application of raw CSO. If CSO treatment is employed by a city, land
spreading of CSO sludges should be evaluated. Public health concerns dictate sludge
stabilization before disposal and pollutant loading limitations based on nitrogen
and heavy metal concentrations. An environmentally safe rate of application was
determined as 19.0 metric tons/ha/yr (8.5 tons/ac/yr).
Preliminary economic evaluation indicated that 1ime stabil ization, storage, gravity
thickening, and land application was the most cost-effective treatment system.
Costs for overall CSO sludge handling depend on the type of CSO treatment process,
volume and characteristics of the sludge and the size of the CSO area, among other
considerations. Estimates indicate that first investment capital costs range from
$447-10,173/ha ($181-4129/ac) with annual costs of $139-1630/ha ($56-660/ac). It
is recommended that the use of grit removal, lime stabilization and gravity thickening, plus dewatering, be further investigated to establish specific design
criteria related to CSO sludge.
This report was submitted in partial fulfillment of Contract No. 68-03-0242 under
the sponsorship of the Municipal Environmental Research Laboratory, Office of
Research and Development, U.S. Environmental Protection Agency. Work was
completed In February 1976.
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SECTION I
CONCLUSIONS
I.

Nature of the Problem
a. It Is established that 33 percent of the sewered populatIon or
approximately 36.2 x 10 6 people arg served by comglned sewers •. This
service Is approximately 1.23 x 10 ha (3.03 x 10 acres) and IS
mainly concentrated In the Northeast and Great Lakes regions of the
country .
b.

Assuming an average annual rainfall of 91.4 em (36 in.) and that 50
percent of the rainfall results in overflow, then the yearly combined
sewer overf low (CSO) is 5.6 x 109 cu ill (1. 5 x 1012 gaL).
Similarly, the annual dry weather flow for the combined sewer population served Is 6.3 x 109 cu m (1.7 x 10 12 gal.), assuming 473 i
(125 gal.) per capita per day.

c.

The volume of sludge generated from CSO treatment is dependent upon
many factors including area served, rainfall and type of CSO treatment method used. The sludge volume generated will range from 0.6
to 6 percent of the CSO volume treated, depending on the CSO treatment process utilized.

d.

There have been six state-of-the-art processes proposed for treating
combined sewer overflows. If It Is assumed that the total combined
sewer overflow volume Is treated by each technique, the following
volumes and solids concentrations of CSO residuals may be estimated,
assuming 70 percent solids removal:
storage-sedimentation: 50.4 x 10 6 cu m (13.3 x 10 9 gal.), 1.7%
soIl ds
mlcroscreenlng: 336 x 106 cu m (88.8 x 109 gal.), 0.7% solidi
screening/dissolved air flotation: 268 x 10 0 cu m (71.1 x 10~
gal.), 0.84% solids
6
dissolved air flotation: 33.6 x 10 cu m (8.8 x 10 9 gal.),
2.75% solids
6
9
contact stabilization: 196.1 x 10 cu m (51.8 x 10 gal.), 1.0%
solids
6
9
frlckllng filtration: 39.2 x 10 cu m (10.3 x 10 gal.), 3.2%
so II ds

2.

e.

Th~

f.

Comparison of per capita eso sludge values wIth the per capita dry
weather values over a 365 days per year period Indicates that the
values are comparable. However, the magnitude of the eso disposal
probiem on a per unit time basis Is six times greater when it Is
recognized that overflows occur only 60 times per year.

g.

The characteristics of eso sludges vary wldeiy depending upon the eso
treatment method utilized. A comparison of quality with dry weather
primary sludges indicates that the volatile solids content of eso
sludge Is significantly lower than that found In most primary sludge.
In other parameters, the ranges of reported values overlapped.
Generally, nutrient concentrations and fecal coliform counts were
lower for eso sludges than for raw primary sludges. Metal concentrations varied widely; however, in general, nickel concentrations
were higher and lead concentrations were lower In eso sludges compared to raw primary.

h.

Differences in eso sludge characteristics compared to dry-weather
sludge most pertinent to further handling are the high grit and low
volatile sludge concentration, the lower average percent solids,
the variable volume of sludges produced and their Intermittent
generation.

average yearly volume of eso sludge Is estimated to be 156 x
100 cu m (41.5 x 109 gal.) compared to an annual primary sludge
volume of 60.9 x 106 cu m (16.2 x 109 gal.). However, the average
percent solids In eso sludge is 1.04 percent compared to a primary
sludge with 2-7 percent solids. The low value for eso sludge can be
attributed to the high volume-low solids residuals generated by
backwash of the screening processes used.

Alternatives for Handllng and Disposal of eso Generated Residues
Alternatives for handling eSD treatment sludges Include (a) bleed/pumpback to the dry-weather facilities, (b) dewatering at parallel facilities
at the dry-weather plant or at central facilIties separate from the dryweather plant and (c) dewatering at on-site facilities.
a.

Bleed/pump-back of eso treatment sludges to the dry-weather
facll Itles.
(I) The more excess capacity available at the dry-weather plant,
due to built-In safety factors for expansion, the more feasible
bleed/pump-back of eso sludges.
(2) This procedure would Involve the lowest costs due to reduced
transportation and use of existing dry-weather facilities for
handling. However, this alternative has Inherent disadvantages
which make the procedure generally not applicable.
(3) Bleed/pump-back wIll not be possible unless sufficient scouring
velocity can exist In the individual sewer Interceptors to
prevent accumulation of grit In the lines. Excessive grit
deposition In the sewer can cause odor, septicity, and blockage
problems and if flushed to the plant, adversely affect normal
operation.
2

(4)

(5)

(6)

(7)

(8)

The bleed/pump-back of esa sludges or the residuals from onsite dewatering will have an effect both on the dry-weather
treatment plant and the sludge handling facilities. These
Impacts can be considered separately.
Impact of bleed/pump-back of esa sludges on the dry-weather
treatment plant has been evaluated with respect to hydraulic,
solids (primary and secondary), organic and toxic materials
loadIngs to the various processes. Bleed/pump-back of the
sludge over a 24 hour period although desirable from a standpoint of limited storage and reduction In septlclty, is not
possible In most Instances.
The limiting factor to consider Is the solids loading to the
final clarifier. Calculations Indicate that bleed/pump-back
periods of 8-22 days are necessary depending upon the eso
treatment method Involved.
Bleed/pump-back of esa treatment sludges directly to the dryweather sludge handling facilities over a 24 hour period will
overwhelmingly overload these facilities hydraulically, solids
wise and organIcally. These gross overloads will be expected
to detrimentally affect the dewatering and stabilization performance and treatment efficiency of the dry-weather sludge
handling facilities. The down-grading In treatment efficiency
would be manifested In poorly stabilized sludge for disposal
and grossly deteriorated thickener effluents, filtrates,
supernatants, etc. for recirculation back to the dry weather
treatment plant.
Disadvantages of bleed/pump-back also Include the adverse
effect on the operatIon and efficiency of the dry-weather plant
caused by loading the plant at excessive levels constantly
and the difficulty In storing esa residuals without stabilization for any excessive length of time.

b.

Dewatering eso treatment sludges at parallel facilities at the dryweather plant or at central facilitIes separate from the dry-weather
plant.
(I) Transportation and potential space problems limit the applicabIlity of parallel facilities or central locations.

c.

DewaterIng at on-site FacIlities.
Handling of esa treatment sludges In the dry-weather plant or In
additional parallel facilities at the dry-weather plant or in
separate facilities at the dry-weather plant do not appear to be
generally feasible, therefore it is indicated that eso sludges
will have to be treated separately at the on-site facilities.
(I) Evaluation of sludge handling processes from the standpoInt
of the high grit and low volatile content of esa sludges along
with the varIable and Intermittent generation reduces the
number of processes applicable for esa sludge handling.
(2) Preliminary screening on the basis of esa sludge characteristics
and known Information about the processes, Indicates that the

3

following processes may be generally applicable:
conditioning:
thickening:
stabilization:
dewatering:
disposal:
(3)

chemical treatment
gravity thickening
lime stabilization
anaerobic digestion
vacuum fIltration
centrifugation
land application
landfIll

Combinations of the above processes yields approximately ten
potential treatment schemes. ExamInation IndIcated that bleed/
pump-back of dilute residuals from on-site dewatering to the
dry-weather plant appears to be practical and warrants further
consideration where applicable.
Further evaluation of stabilization techniques indicates that
anaerobic digestion Is more costly and difficult to operate
than lime stabilization and therefore this process was not
considered for further study.

(4)

Four sludge handling alternatives were than developed for eso
sludge handling:
(a) Lime stabilization ~ gravity thickening ~ vacuum filtration ~ landfill
(b) Lime stabilization ~ gravity thickening ~ vacuum filtration ~ land application
(c) Lime stabilization ~ gravity thickening ~ land application
(d) LIme stabilization ~ land application
Preliminary Indications are that the flow scheme utilizing lime
stabilizatIon plus gravity thickening and then land application Is the most cost effective for eso sludge handling on a
generalIzed basis.

(5)

3.

The logistics of operating and maintaining multiple eso solids
handling plants (5,10,100) at different locations throughout
a city are formidable but not Insurmountable. Similar, If not
greater logistics would be required for multiple eso treatment facIlIties from which the sludges to be handled are derived.

Costs for Handling and DisposIng of

eso

Generated Sludges.

It Is emphasized that all costs presented are generalized and should not
be applied to Individual situatIons.
a.

To establish generalized eso sludge impact, the cities served by
combined sewers were evaluated. Of the total 259 cites, It was
found that about 12.5 percent had eso areas of 405 ha (1000 ac) or
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less, 47.5 percent had areas from 405-4050 ha (1000-10000 ac), 35 percent had
CSO area from 4050-16,188 ha (10000-40 000 ac) and about 5 percent had larger
areas. From this information, four generalized CSO areas were chosen for
further cost evaluation.
b.

The generalized costs for CSO sludge satellite treatment assuming
50 percent of rainfall Is CSO and that either contact stabilization
or dIssolved-aIr flotation waS used for treatment, are presented
below:
Annual Cost ($)

CSO area
acres

ha
203
2,307
10,118
24,282

c.

500
5,700
25,000
60,000

Milwaukee, WI
San Francisco
Kenosha, WI
New Providence, NJ

4.

0.105 - 0.330 x 60
0.36 - 1.96 x 10
6
2.24 - 10.38 x 19
3.33 - 26.1 x 10

6

210 - 660
64 - 345
77- 415
56 - 435

For four example cities, cost estimates were prepared for handling
and disposing of their sludges if complete CSO treatment is achieved
(for New Providence the cost Is for treatlnq increased sanitary sewer
flows due to wet weather sewer infiltrations). The four treatment
schematics [see Conclusion 2.c.(4)] were evaluated and a cost range
is included.

f.U.'i.

d.

$!acrejvr

eso

ha
7,006
12,150
539
0

area

ac
17,300
30,000
1,331
0

Annual Cost (range)
$1. 49 $1.19$0.21 $0.09 -

2.53
2.11
0.46
0.15

x
x
x
x

10 6
106
6
10 6
10

The economIc impact of treating CSO sludges nationwide using gne
of the treatment systems evaluated would range from $169 x 10 $1,720 x 109 agnuall y with IDltlal capital costs estimated to range
from $548 x 10 - $12.5 x 10~.

Land Application for Disposal of CSO Raw Waste and of CSO Treatment
Sludges.
a.

Genera I
(I) Land application systems can be considered as viable alterna"tlves for waste treatment and disposal. The feasibility of
land application of CSO wastes may be evaluated under various
conditions. This development would provide a rational screening method which should lead to; 1) the IdentIfication of
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specific limiting factors, 2) an Indication of the public
health and legal constraints In using land application and
3) site locations that combine the required characteristics
for safe pollutant management.
(2)

b.

c.

For most land application systems, vast numbers of design possibilities are available to suit specific site characteristics,
treatment requirements and overall project objectives. The
scope of factors that are commonly consIdered In the design
process Include: a) preappllcatlon treatment requirements;
b) storage requirements; c) climatic factors; d) pollutlonal
loading constraints: e) land area requirements; f) crop selection and management; g) system components; h) site monitoring
program; and I) cost-effectiveness.

Handling CSO Raw Waste
(I)

An alternative to the treatment of CSO and the resultant
problems of sludge handling and disposal Is direct application
of the raw CSO to the land. Land area requirements necessary
for a safe rate of appllca~lon, as controlled by li~gJd loading
limitations, are 34.4 x 10 £ of CSO/ha/yr (3.6 x 10 gal./acl
yr).

(2)

The cost of the collection - transport ~nd/or equalization
system may be the crucial factor in disallowing land disposal
of raw CSO as an alternative to other CSO treatment methods.
It may be feasible to use land disposal In cities which have
relatively small CSO areas and have land available in close
proximity to the city, but cities with large CSO areas, even
If the land Is available, may find that the cost of the collection - transport system might be prohibitive.

(3)

Considering the hydraulic loading limit and If the land required for actual disposal Is 70 percent of the entire disposal
site, nationwide disposal of raw CSO would require a total land
area of 323,560 ha (587,300 acres), Inclusive of that required
for buffer zones and storage and pre-treatment facilities.

Handling CSO Treatment Sludges
(1)

If CSO treatment Is employed by a city, one viable alternative
to the disposal of CSO sludges can be by landspreadlng application. Three management options would be available: I) landspreading a dilute sludge (1% solids); 2) landspreadlng a
thickened sludge (4-6% solids) and 3) landspreadlng a dewatered
sludge (>12% solids).

(2)

If regulations require CSO sludges to be treated prIor to land
application, lime stabilization appears to be a promising
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preappllcation treatment process because of its flexibility
and effectiveness, In terms of both cost and performance.
(3)

In transporting CSO sludges, It appears that truck transportation of either liquid or dewatered sludge is the most desirable
alternative In CSO areas with significant volumes of sludge to
be handled. Truck transportation of dewatered sludges might
prove to be the more desirable alternative If transporting and
storing costs are greater than the additional thickening-dewatering costs.

(4)

For field area requirements, the nitrogen content Is the limitIng loading factor for application of CSO sludges. An environmentally safe rate of application was assumed as 18.9 metric
tons/ha/yr (8.5 tons/ac/yr). This Is lower than the average
range of 22 to 45 metric tons/ha/yr (10-20 tons/acre/yr) reported In the literature for disposal of municipal sludges.
This discrepancy Is a result of differences in waste characteristics (i.e. nutrients and metals).

(5)

For sludge application to non-agricultural lands (e.g. strip
mine reclamation), higher loading rates may be allowable but
the migration of pollutants through the soil must be closely
monitored.

(6)

Considering the loading limit established for nitrogen and the
fact that, on the average, the land required for actual disposal
Is 70 percent of a disposal site; nationwide disposal of CSO
sludges would require 117,760 ha (290,760 acres) of land, Including that required for buffer zones and pre-treatment facilities.
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SECTION II
RECOMMENOATIONS
I.

A CSO sludge treatment system consisting of nonvolatile solids removal,
lime stabilization, gravity thickening, optional sludge dewatering and
land application appears promising. However, since several aspects
are experimental, it is recommended that the swirl concentrator and or
other suitably available equipment be assessed with respect to Its
applicability for grit removal from CSO sludges and further investigation and demonstration of lime stabilization for application to CSO
sludges and to establish basic design and operating criteria be pursued.
In addition, the applicability of further thickening and dewatering be
investigated to establish feasibility and obtain basic design criteria.

2.

It Is recommended that further Information on the effect of lime on
sludges which may be applied to land be established. Particular attention should be given to the effect on crop growth, physical characteristics of the soil and uptake of toxic materials. This Information can
then be utilized to modify current design criteria for land application
of CSO sludges.

B

SECTION III
INTRODUCTION
The discharge of untreated sanitary and stormwater overflows from combined
sewers to receiving waters during and after heavy rains Is an important
source of Impairment of water. These storm generated discharges constitute
a high degree of pollutlonal load to water courses as measured by the usual
standards of biochemical oxygen demand, solids, coliform organisms, and
nutrients.
The pollutlonal contribution of storm generated discharges is of national
significance, and the magnitude of the problem is illustrated by the fact
that more than 1300 U.S. communities serving 36.2 million people have combined sewer systems which provide one collection system for both sanitary
sewage and stormwater runoff (I). Sufficient information has been accumulated to confirm that the combined sewer overflow problem is of major Importance and Is growing worse with Increasing urbanization, economic expansion, and water demands (1,2,9).
Various alternatives have been proposed for dealing with the problems of
storm generated discharges. There appear to be four possible methods of
eliminating or minimizing the problems. These are:
I.

Construction of larger interception sewers and expansion of treatment capacity.
2. Construction of separate sewers.
3. Construction of holding tanks with prOVISions to bleed/pump-back
flows into the sewer system after the storm.
4. Treatment of the storm generated discharges at various possible
locations.
Each of these techniques has advantages and disadvantages when utilized for
CSO abatement at Individual locations. Construction of larger interceptors
throughout the country appears to be a formidable undertaking. Normal design capacity for interceptors Is between 1.5 and 5.0 times the dry weather
flow (3)(4). During a storm, the flow In a combined sewer may Increase from
50 to 100 times the dry weather flow (3). It is apparent that enlarging the
Interceptors to handle the great Increase In anticipated stormwater flow
will have to be accompanied by enlargement of present sewage treatment plants
which must treat the Interceptor flow. The cost of this construction undertaking would be In the multibillion dollar range. In addition, there are
monetary losses which would have to be borne by communities, individuals,
businesses and Industrial establishments as a result of extensive physical
inconveniences occurlng during construction.
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It has been estimated that providing complete separation of storm and sanitary sewers throughout the country would cost 48 billion dollars
(1967 prices)(l). In addition, the monetary losses to communities, Individuals, etc. as a result of separation would be considerable. Separation
of the sewers may not completely solve the problem, for studies indicate
that there Is the distinct probability that separated stormwater may require
treatment under some circumstances (9).
The holding tank concept Is being used as a method of handling storm generated discharges. This method has met with limited success because of the
cost of tank Installation, the economic and physical limitations of holding
capacity, and the need for returning the flow to the Interceptor system for
treatment after the storm subsides. In many locations, an overloaded condition exists at the treatment plant for several days after a major runoff
event and any additional runoff In excess of holdIng tank capacity is discharged to the receiving waters.
The fourth alternative for dealing with storm generated discharges is the
treatment of the discharge itself. Promising physical, physical-chemical,
and biological methods have been proposed for treating storm generated discharges. Many of these concepts have been demonstrated or are planned for
demonstration by the U.S. Environmental Protection Agency (5,6,7).
As with most wastewater treatment processes, treatment of combined sewer
overflow will result in residuals which contain, in concentrated form,
the objectionable contaminants present in the raw combined sewer overflow.
However, handling the disposal of the residual sludges from the combined
sewer overflow treatment syatems have been generallv neglected, thus far, in
favor of the problems associated with the treatment of the discharge itself.
Sludge handling and disposal should be considered an Integral part of the cOmbined sewer overflow treatment because it will significantly affect the
efficiency and cost of the total treatment system.
The objective of this report, then, 15 to attempt a rough quantification of
the effort the United States wIll have to exert In the future, In the area
of sludge handling and disposal, if full-scale treatment· of· combined sewer
overflow is to beCome a reality. The results of this report will contrIbute to a better understandIng of the problem and wIll aId in the development of future planning and research needs. It may be found, in fact, that
the potential problem of handling the sludges from combined sewer overflow
treatment may be greater than the problem of treatment Itself. Also, the
disposal of these residual solids 15 only going to compound the disposal
problem now caused by the solids from dry-weather treatment plants.
Therefore, alternative techniques for handling combined sewer overflow
sludges have been presented In this report. The first section defines the
magnitude of the problems associated with combined sewer overflow treatment
residuals and the unique characteristics of the sludge itself. After the
problem has been defined, several handling methods are identified and
evaluated. One method Involves bleed/pump-back of the CSO sludge to the
dry-weather treatment plant. This technique has the advantage of utilizing
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existing transportation systems, but has Inherent difficulties such as grit
deposition and potential solids overload at the treatment plant. If bleedl
pump-back is not feasible, then the sludge must be treated with separate
facilities. These facilities may be located at the dry-weather treatment
plant, at a separate ~entral location or at satellite locations throughout
the area served by combined sewers. Evaluation of the existing sludge
handling processes indicate that traditional solids treatment trains may not
be generally applicable due to the different characteristics and intermittent
nature of the CSO sludge. However, the use of lime for stabilization, plus
thickening and possibly dewatering, and then land application for disposal
appears to be a viable treatment system for CSO sludges. The economics of
various treatment schemes for both actual cities and specific CSO areas have
been calculated and are presented. In this way, the magnitude of the
problem can be defined and a preliminary assessment of the impact can be
made.

)I

SECTION IV
MAGNITUDES AND CHARACTERISTICS OF SLUDGES PRODUCED
BY NATIONWIDE TREATMENT OF COMBINED SEWER OVERFLOWS
INTRODUCTION
The problems associated with treatment or handling of any type of sludge are
formidable. The recent Increased emphasis on sludge handling has created
more Interest In this aspect of wastewater treatment. With regard to treatment of combined sewer overflow sludges, however, the most feasible handling
techniques are Just beginning to be developed. Before the problem can be
adequately addressed, it Is beneficial to define, as much as possible, the
volumes of sludges to be produced and their associated characteristics. To
do this, It Is necessary to make general assumptions regarding many aspects
of CSO treatment systems. But It must be emphasized at this point that the
characteristics and flow volumes presented herein are generalizations and
do not reflect Individual CSO sludge systems. Definition of qualities and
quantities of sludges resulting from Individual processes is dependent upon
the treatment system utilized, pretreatment and location of the CSO site,
among many other factors. Specific applications and design of sludge handling techniques should be developed Individually for each site. However,
for the purpose of defining the magnitude and severity of the problems associated with handling various CSO sludges, a basic overall approach Is
necessary. The ranges of values for CSO sludges have also been compared to
generalized dry-weather sludge volumes and characteristics. The basis for
the generalizations and the result of the quantifications have been Included
In this section of the report.
COMBINED SEWER OVERFLOW VOLUMES
In order to estimate the total volume of combIned sewer overflow and Its
associated sludges, It Is necessary to establish many variables which affect
CSO before It Is possible to accurately assess the overall situation. Among
the pertinent considerations are: the area served by combined sewers; land
use; rainfall volumes; number of overflows; type of treatment utilized;
population of area; etc.
It Is necessary to evaluate the effect of these,
and other pertinent variables, In order to prepare a generalized potential
volume of CSO and associated sludges.
The sewered population of the United States as projected from 1962 data Is
125,770,000 (l). Of this total, 36,236,000 or 29 percent of the sewered
population 15 served by combined sewers. The combined sewer service area
12

totals 1,226,745 ha 0,029,000 acres) (1). Figure I shows the distribution
of combined sewers throughout the United States (10). It can be seen that
the most concentrated use of combined sewers is In the Northeast and Great
Lakes regions of the country.
Figure 2 shows the distribution of the median annual precipitation throughout the United States (11). The annual median precipitation across the
Northeast and Great Lakes regions of the country where combined sewers are
used extensively ranges from 63.5 to 114.3 cm (25-45 In.). A selected
average value for the purpose of further calculations Is 91.4 em (36 In.).
Using 1,226,745 ha (3,029,000 acres), an average yearly rainfall of 91.4 cm
(36 in.) and assuming 50 percent of the rainfall results in overflow, the
yearly vqlume of combined sewer overflow In the United States would be
5.6 x 10::1 cu m (I. 5 x 1012 ga I. ) .
Table 1 gives the sludge volumes produced, the percent solids of the sludges
produced by various combined sewer overflow treatment processes that have
been investigated (12), and the calculated sludge volume if treated by the
selected eso treatment processes based on a total yearly combined sewer overflow volume of 5.6xl0 9 cu m (1.5x10 12 gal.).

TABLE 1. TOTAL U.S. SLUDGE VOLUMES AND PERCENT SLUDGE
SOLIDS PRODUCED BY VARIOUS CSO TREATMENT PROCESSES (lZ)

Treatment process

Volume of
sludge as
percent of
volume treated

Sludge
percent
so lids

Sludge
vol umes
produced
cu m

Storage with settling

0.3

I. 74

50.4xl0

Microscreenlng

6.0

0.70

336.Zxl0

Screening/dissolved-air
flotation

4.8

0.84

Dissolved-air flotation

0.6

2.75

Contact stabilization

3.5
0.7

1.00

Trickling filter

13

3.20

6
6

6
269.0xlO
6
33.6xlO
6
196.1xlO
6
39.2xl0
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Assuming an equal mix of the various treatment methods, an average yearly
sludge volume resultIng from treatment of all combined sewer overflows nationwide would be 156.8 x 10 6 cu m (41.45 x 109 gal.), or 2.8 percent of
the volume treated. The average percent solids of the sludge w~uld be 1.04.
This value compared to an estimated 125,000,000 cu m (33.0 x 10 gal.) of
primary and secondary sludges generated annually (13). The average solids
concentratIon of the dry-weather sludge is approxImately 2-3%. The average
value for C50 sludge solids concentration Is lower because of the high volume
- low solids residuals that are generated by the screening processes, mlcroscreening (6% of volume treated at 0.7% solids) and screening/dissolved-air
flotation (4.8% of the volume treated at 0.84% solids).
Another approach to comparison of dry-weather sludge and wet weather sludge
Is to use population equivalent factors. Table 2 shows a comparison between
total flow, sludge volume and solids mass based on the population served.

TABLE 2.

Parameter
Flow: raw
waste
Flow: sludge
only
Solids loading

POPULATION EQUIVALENT COMPARISONS (14)

Units
gal./capita-day

Dry-weather
population
equivalent
125

C50
365 days/yr
111

C50
60 days/yr
679

gal./caplta-day

2.65

3.10

18.90

lb/caplta-day

0.44

0.27

1.64

gal. x 3.785 = t
Ib x 0.454 = kg

As can be seen the population equivalents for C50 sludge are approximately equal to that for dry-weather treatment plant design when considered
on the basls of 365 days per year. However, the average number of combined
sewer overflows annually Is 60 so that the actual loading Is more than six
times greater than typical design data.
The preceding calculations were based on the sludge volume and solids data
reported for the various processes In the literature (12). On the average,
the processes achieved a suspended solids (55) removal of 70 percent. Differences In the removal efflclences and/or the slUdge concentrations produced
will result In correspondIng changes In the final sludge volumes. Table 3
shows the different sludge volumes that will be generated at varying treatment efflclences and slUdge concentrations If the nationwide combined sewer
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TABLE 3. CSO SLUDGE VOLUMES FOR VARYING TREATMENT
EFFICIENCIES AND SLUDGE CONCENTRATIONS
Volume Treated E 5.6 x 10 9 cu m (1.5 x 10 12 gal./year)
Influent SS = 409 mg/I
Percent SS
0.5% so 11 ds
removal
achieved cu m x 10 -6 MGx10- 3

....,

Sludge volume produced at:
1.0% solids
2.0% so 11 ds
-6
3
MGx10cu m x 10 -6 MGxl0- 3
cu m X 10

3.0% so 11 ds
cu m x 10 -6 MGxl0- 3

50

228.6

( 60.4)

114.3

00.2)

57.2

(15.1)

38.2

(10.1)

55

252. I

( 66.6)

126.0

(33.3)

63.2

(16.7)

42.0

(11.1)

60

274.4

( 72.5)

137.4

(36.3)

68.5

(18.1)

45.8

(12.1)

65

298.3

( 78.8)

149.1

(39.4)

74.6

(19.7)

49.6

(13.1)

70

320.5

( 84.7)

160.1

(42.3)

79.9

(21 . I)

53.4

(14.1)

75

344.0

( 90.9)

171.8

(45.4)

85.9

(22.7)

57.2

(15.1)

80

366.4

( 96.8)

183.2

(48.4)

91.6

(24.2)

60.9

(16.1)

85

389.9

(103.0)

195.0

(51. 5)

97.7

(25.8)

65. I

(17.2)

90

412.9

(109.0)

205.9

(54.4)

102.9

(27.2)

68.9

(18.2)

95

436.0

(115.2)

218.0

(57.6)

109.0

(28.8)

72.7

(19.2)

overflow volume Is treated. The values are based on an average combined
sewer overflow SS concentration of 409 mg/l (9); and It should also be noted
that the volumes are based on the SS removal. Biological treatment methods
such as contact stabilization and trickling filters will also produce solids
by conversion of dissolved organic matter to biological cell mass; and any
chemical addition that Is employed In the selected treatment process will
also add solids. These additional solids can Increase the final sludge
volume.
From Table 3, it can be seen that as the treatment efficIency is Improved
the volume of sludge that must be handled will Increase. However, whenever
a thicker slUdge can be produced the residual sludge volume will be reduced.
CSO TREATMENT SLUDGE CHARACTERISTICS
There are significant differences In the chemical and physical characteristics of sludges whIch are generated by various CSO treatment methods. Tables
4, 5 and 6 (12) indicate the reported sludge characteristIcs from biological,
physical and chemical treatment systems. Even within these more specific
categories, there are large differences in the qualities which result.
Biological treatment sludges show the highest volatile fraction, about 60
percent, while the physical and physical/chemical treatment processes produce
sludges wIth a 25 to 48 percent volatile fraction. The BOD, total organic
carbon, dissolved organic carbon, total phosphorus, and total Kjeldahl nitrogen concentrations vary widely as the solids concentrations vary. The soluble nitrogen forms; ammonia, nitrItes, and nitrates, are, for the most part,
low In concentration except for the trickling filter secondary sludge which
has a very high content. The sludge densities range from 1.005 to 1.07 with
an average value of 1.026. The pH of the sludges ranges from 5.2 to 7.9.
The low value of 5.2 was found for the dissolved-air flotation process In
San Francisco where alum addition Is used to facilitate the flotation process.
As would be expected with higher volatile solids, the biological sludges have
the greatest fuel values. The biological slUdges have an average fuel value
of 3515 cal/gm (6333 BTU/lb) whiie the other sludges have an average vai~e of
2032 cal/gm (3661 BTU/lb). Among the PCB's and various pesticides, the PCB's
are generally of the highest concentration. Zinc is usually the heavy metal of
hi~hest concentration in the sludges, with the concentration of lead also being
fa~rlr high.
COMPARISON OF CSO SLUDGES TO DRY-WEATHER FLOW SLUDGES
In order to more fully understand both the magnitude and the uniqueness of
the problems associated with treatment and handling of CSO sludges, It Is
valuable to compare CSO slUdges to dry-weather flow sludges. The most
direct comparison which can be drawn Is between undigested primary sludge and
CSO sludge. Although the solids concentration of waste activated sludge most
closely resemble CSO sludge solids concentrations, the actual biomass characteristics are different since grit removal and primary sedimentation have
preceded the process and removed the more easily separated materials. These
18

TABLE 4. CHARACTERISTICS OF CSO SLUOGES FROM
PHYSICAL TREATMENT PROCESSES (12)

'"

Parameter
Tota 1 so 11 ds
Suspended solids
Total volatile solids
Volatile suspended solids
BOD
TOC
Dissolved organic carbon
Total phosphorus (as p)
Total kjeldahl nitrogen
(as N)
Ammon I a (as N)
N0 (as N)
NO 2 (as N)
SpJciflc gravity
pH
Total col I forms
Feca I co I i forms
Fuel value
PCB's
pp'DDD
pp'DDT
Dieldrin
Zinc
Lead
Copper
Nickel
Chromium
Mercury
NO = None Detected

Units
mg/I
mg/l
mg/l
rng/l
mg/l
rng/l
mg/l
mg/l
mg/I
mg/l
mg/l
mg/l
#/100 ml
#/100 ml
cal/gm
j.Ig/kg dry
j.Ig/kg dry
j.Ig/kg dry
j.Ig/kg dry
mg/kg dry
mg/kg dry
mg/kg dry
mg/kg dry
mg/kg dry
mg/kg dry

Storage
sedlmllntation
(Mi lwaukee, WI)
18,900
17,400
9, J50
8,425
2,200
7,250
55
109.1
56
4. 1
0.15
1.7
1.015
6.4

47
NO
NO
20
799
2,063
201
159
243
2.7

Storage
sedlmllntatlon
(Cambridge, MA)
126,900
110,000
57,500
41,400
12,000
16,200
946
293.4
28
3.2
0.4
0.5
1.06
5.7
210,000,000
2,800,000
2,721
6,570
NO
170
58
946
1,261
757
126
260
0.01

Mlcroscreening
(PhiladelphIa, PAl
8,660
7,000
2,520
1,755
1,032
11.5
46

1.05
7.4
1 ,791

NO
NO
NO
NO
1,189
2,448
200
289
52
2. I

TABLE 5.

CHARACTERISTICS OF CSO SLUDGES FROM PHYSICALI
CHErt ICAL TREATMENT PROCESSES (12)
Screenlngl

N
0

Parameter
Total solIds
Suspended solids
Total volatile solids
Volatile suspended solids
BOD
TOC
Dissolved organic carbon
Total phosphorus (as p)
Total kJeldahl nitrogen
(as N)
Ammonia (as N)
N0 (as N)
NO 2 (as N)
SpJcific gravity
pH
Total co I i forms
Feca I co" forms
Fuel value
PCB's
pp'DDD
pp'DDT
Dieldrin
ZInc
Lead
Copper
Nickel
ChromIum
Mercury
ND

=

None Detected

dissolved-air
flotation
(Racine, WI)

Units

Dissolved-air
flotation
(Milwaukee, \JI)

mg/l
mgll
mgll
mgll
mg/l
mg/l
mgll
mgll
mgll

9,769
8,433
3,596
3,340
I, 100
260
60
39.2
112

42,700
41,900
11 ,350
10,570
3,200
6,050
340
149
517

mg/l
mg/]
mg/l

6.3
<0. I
<0.1

12.5
<0. I
<0. I
1.07
7.2
6,400,000
220,000
1,359
775
225
TR
9
855
164
248
173
150
2. I

1. a1

#/100 ml
#1100 ml
cal/gm
~g/kg dry
ug/kg dry
~g/kg dry
Ug/kg dry
mg/kg dry

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

dry

dry
dry
dry
dry

6.9
40,000
J ,400
1,961
603
ND
ND
24
1,638
1,023
481
251
251
2.3

TR '" Trace «0. 2

~g/l

on wet basis)

Dissolved-air
flotation
(San Franci sco, CAl
24,000
22,500
9,400
8,850
1,000
1,600
67
166
375
7.5
0.02
0.1

1.014
5.2
6,300,000
17,000
1,950
113
29
96
192
708
1,583
367
<83
I ,667
3.9

TABLE 6. CHARACTERiSTICS OF CSO SLUDGES FROM
BIOLOGICAL TREATMENT PROCESSES (12)

N

Parameter
Total solids
Suspended so II ds
Total volatile solids
Volatile suspended solids
BOD
TOC
Dissolved organic carbon
Total phosphorus (as p)
Total kjeldahl nitrogen
(as N)
Ammon i a (as N)
N0 (as N)
NO 2 (as N)
Sp~clfic gravity
pH
Total col iforms
Feca I co 11 forms
Fuel value
PCB's
pp'DDD
pp'DDT
Dieldrin
Zinc
Lead
Copper
Nickel
Chromium
Mercury
NO = None Detected

Units
mg/l
mg/1
mg/l
mg/l
mg/1
mg/I
mg/I
mg/1
mg/l
mg/I
mg/I
mg/I

Contact
stabi 1izatlon
(Kenosha, WI)
8,527
8,300
5,003
5,225
1,700
3,400
29
194
492
42
0.055
0.065

Trickling filter
(New Providence, NJ)
secondary
primary
2,010
25,500
1,215
25,070
1,120
15,500
14,770
780
11,200
728
13,000
700
220
710
22
436
6
65
9
0.02

o. II

1.005
#/100 ml
#/100 ml
cal/gm
\Jg/kg dry
\Jg/kg dry
\Jg/kg dry
\Jg/kg dry
mg/kg dry
mg/kg dry
mg/kg dry
mg/kg dry
mg/kg dry
mg/kg dry

7.9
1,200,000
79,000
3,446
767
93
TR
88
7,154
528
1,454
528
1,278
2.6

TR = Trace «0.2 \Jg/1 wet basis)

3,400,000
44,000,000
3,585
547
NO
NO
NO
697
<498
995
995
746
100.5

180
0.02
0.09
1.013
1,000,000
1,300,000,000
3,583

1,294
353
I ,020
784
2,471

solids are then not associated with waste activated sludge but are present In
eso sludges. In addition, eso sludges have not been stabilized and therefore
a comparison to undIgested residues Is valid.
A summary of generalized sludge characteristics Including eso sludges, raw
prImary and digested prImary Is Included In Table 7. The data presented has
been drawn from several sources, as indicated. Wide ranges have been presented because of the extreme variation In values obtained from the different
references. However, It Is understood that the large differences are due
mainly to large variations in influent wastewater characteristics and treatment plant efficiencies throughout the country. There Is also a large variation In values indicated for the eso sludges due to the different treatment
techniques utIlized and the many other variables previously mentioned. Therefore, It Is necessary to provide only broad comparisons between the dryweather primary sludge and the eso sludges.
The table Indicates that the potential volume of eso sludges exceeds the
estimated primary sludge volume. However, the pounds of dry solids of the
two residues Is much more comparable due to the higher solids concentration
In raw primary sludges. Tnls difference in solids concentration Is an Important aspect when considering eso sludges and Is mainly due to the very
dilute backwash residue produced from the screening processes which treat
raw eso. AddItional thIckening is requIred to reduce the volume of eso
sludge to be either further stabilized or transported. This is desirable
since an increase In solIds ~f 1% can halve the total volume being handled.
In addition to having a low solids content, the percent volatile solids In
sludges Is significantly lower than that found In most raw primary
sludges. The highest value obtained for eso sludges was associated with the
biological type of treatmen4as expected. Even with this Input, the volatile
percentage was significantly lower for eso sludge than for raw primary. Furthermore, the values were much more comparable to already digested primary
solids. Therefore, lower effective removals of volatile solids are expected
as the microbial mass Is dimInished due to a smaller feed source.

eso

Comparison of other parameters Indicate that there are some differences, but
that the ranges of concentrations overlap In most categories. General observations Indicate that the total nutrient concentrations are generally lower
In eso sludges than In raw and digested primary sludge. Fecal coliform numbers are also lower possibly due to dilution of Influent from the rainfall.
No comparable data regardIng pesticide content was available for raw eso
sludges and raw primary, however, concentrations In digested primary were
somewhat higher than those detected in raw eso sludges. Metals concentrations In all of the sludge types showed extremely hIgh variations. The
concentration of metals In eso sludges ranged close to the values obtained
for raw primary residue. The concentration of nickel was somewhat higher for
eso sludges, however, lead concentrations did not reach the high levels reported for some raw primary sludges.
One significant difference between eso sludges and raw primary which Is not
apparent from Table 7, Is the high grit content of most eso sludges. This
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TABLE 7.
Parameter
Volume
Dry sol ids
Sludge production
TS
Volatile solids
Phosphorus (as p)
TKN
N
V.>

Amnonla
Feca 1 co II form
PCB's
pp'DDT
Dieldrin
Zinc
Lead
Copper
Nickel
Chromium
Mercury

* All
(1)

Units
cu m/year
metrIc ton
m3/Mm 3
percent
% of TS
mg/kg
mg/kg
mg/kg
#/100 mls
\lg/kg
\lg/kg
\lg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

CHARACTERISTICS OF CSO AND PRIMARY SLUDGES
CSO Sludges*

156 x 10 6
1.67 x 10 6
2,000 - 200,000
0.3 - 6(1.04)
26.6 - 48.4
2,875 - 7,450
1,100 - 13,000
80 - 750
1. 4 x 10 3 - 2.8 x 106
ND - 6,570
ND - 170
ND - 192
697 - 7,154
164 - 2,448
200 - 2,454
83 - 995
52 - 2,471
0.01 - 100.5

CSO values referenced from Tables 3, 4 and 5.

Superscript Indicates reference number attached.

Raw
primary sludge

60.9 x 10 6
2.88 x 10 6 (3)
2,440 - 3,530(4)
2 - 7(4) (1)
60 - 80 (1)
3,500 - 12,200(1)
15,000 - 40,000(1)

900 - 8,400(5)
150 - 26,000(5)
200 - 1,740(5)
44 - 740 (5)
66 - 3, 100 <sl
1.2 - 3.4(5)

Digested
primary s Judge

30.3 x 10 6
2.88 x 10 6
500 (2)

6 - 12(10) (1)
30 - 60(1)
4,700 - 13,900(1)
6,700 - 54,000(1)
3,000 - 13,000(2)
0.4 x 10 6 (3)
ND - 10,500(3)
ND - 1,000 (3)
100 - 2,000(3)
72 - 12,800(5)
9,000 - 22,000(5)
290 - 1,360(5)
20 - 1,500(5)
44 - 7,200 (5)
1.4 - 7.0(5)

REFERENCES FOR TABLE 7
1.

Metcalf & Eddy Inc., Wastewater EngIneerIng: Collection, Treatment,
Disposal, McGraw-Hill Book Company, 1972, p. 586, Table 13.2.

2.

Reed, S., Wastewater Management by Disposal on the Land, Cold RegIons
Research and Engineering Laboratory, May 1972, Tables B-1 - B-4.

3.

Farrell, J. B., Overview of Sludge Handling and Disposal Proceeding
Pretreatment and Ultimate DIsposal of Wastewater Solids, Rutgers
UnIversIty, May 21-22, 1974, p. 1-22.

4.

U.S. EPA Process Design Manual for Sludge Treatment and Disposal.,
EPA 625/1-74-006, p. 3-1.

5.

BlakeJee, P.A., MonItoring Considerations for MunicIpal Waste~ater
Effluent and Sludge ApplicatIon to the Land, ProceedIngs of the Joint
Conference on Recycling Municipal Sludges and Effluents on Land,
Champaign, IL, p. 183-198.

high concentration of heavy particulate matter Is caused by the high velocity
scouring of materials which accumulate In sanitary sewers and the lack of
preseparatlon of grit before treatment. Primary sedimentation Is generally
preceded by grit removal which usually separates materials that settle
faster than 5 fpm or have a specific gravity greater than 2.65. Without grit
removal for CSO residues, the characteristics of the sludge are significantly affected by the presence of this grit. Special handling methods are
necessary to stabilize and dewater these materials since most traditional
techniques are not designed to take the heavy loading. This is especially
true when transporting the sludges In a liquid form. The heavy particulates
will tend to settle to the bottom of sewers or tanks and enhance putrefaction.
This situation may be extremely difficult to remedy and should be considered
before determining handling methods.
Another aspect of CSO sludge which Is dIfficult to quantIfy Is the Intermittent nature of sludge production. This factor Itself presents problems
when compared to primary sludges which are produced daily with approximately
the same volume and characteristics. The intermittent nature of the sludge
production Indicates that holding and pumpback of the material is necessary
to equalize the flows, however, holding the sludge may cause significant
changes In Its characteristics, and create odor and'septlclty problems. If
equalization Is not possible, then the sludge handling method must be flexible enough to accept shock loadings from wet weather sludge or a separate
facility capable of Intermittent operation must be constructed and utilized.
It Is therefore evident that the problems associated with handling CSO
sludges are unique and difficult to solve. The potential volumes of sludges
and the accumulation of pollutants Including solids, organics, heavy metals
etc. generated by the treatment of combined sewer overflows are formidable.
The relatively dilute nature and low volatile solids content of the sludges
along with their intermittent generation create a situation significantly
different from that encountered when dealing with raw primary sludges.
These differences and proposed techniques for dealing with them will be
considered in the following sections of t~~ report. The evaluations of
various alternatives for handling these residuals are developed to assist
in arriVing at an assessment of the impact, effort reqUired, and resources
needed, if full-scale treatment of csa discharges on a national level is
to be implemented.
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SECTION V
EFFECT OF HANDLING CSO TREATMENT RESIDUALS BY
BLEED/PUMP-BACK TO THE MUNICIPAL DRY-WEATHER PLANT
One of the possible methods for handling CSO treatment residuals is bleed/
pump-back of these materIals to the dry-weather treatment plant. These
sludges may be either the dilute residuals themselves or the supernatant
liquor which was generated by on-site dewatering. In addition, the return of
residuals can affect either the total dry-weather treatment plant or the
sludge handling facilities, or both, depending upon the nature of the return
system. Full evaluation of the effect of residual bleed/pump-back can then
be broken down Into several sections:
1.
2.
3.
4.

Effect of bleed/pump-back of dilute residuals on the treatment plant.
Effect of bleed/pump-back of residuals from on-site dewatering
on the treatment plant.
Effect of bleed/pump-back of dilute residuals on the sludge handling
facilIties.
Effect of bleed/pump-back of residuals from on-site dewatering on
the sludge handling facilIties.

To accomplish the evaluation, it is necessary to consider the effect of bleed/
pump-back on the design characteristIcs of the dry-weather treatment plant.
The following aspects are to be studied:
a)
b)
c)
d)
e)
f)

Hydraulic overload
Solids overload
OrganIc and Inert solids overload
Toxicity to treatment
Treatment effIciency
Effluent quality (treatment system only)

These Individual considerations have been studied with regard to the bleed/
pump-back of residuals to the various parts of the treatment plant. The
results of the evaluation are discussed Individually In this section of the
report.
TRANSPORT CONSIDERATIONS
It is apparent that bleed/pump-back of the sludges to the dry-weather treatment plant offers the sImplest solution to handling CSO sludges. This alternative utilizes existing transport facilities, a centralized treatment

26

location and trained dry-weather treatment plant staff to provide handling.
However, there are inherent problems involved in bleed/pump-back, due to both
the general design of combined sewers and the high grit content of CSO sludge.
This section briefly presents some of the problems involved in bleed/pumpback. The sections which follow assume that the CSO sludge has been satisfactorily bled/pumped-back to the plant and the calculations establishing the
effect of the CSO sludges continues from that point.
One of the main problems with bleed/pump-back is that combined sewers cannot
be designed to provide needed velocity for scouring heavy particles during
dry-weather conditions. The WPCF Manual of Practice No.9 states that, "It
is rarely possible to design combined sewers with adequate self-cleaning
velocities at minimum dry-weather flow if the capacity of the sewer also must
be adequate for stormwater runoff. Hence, combined sewers often are subject
to deposition during dry weather and are dependent on frequent rainfall for
flushing" (15).
Calculations of the possible velocity in an existing combined sewer verifies
that statement. Using Camp's formula for calculation of the velocities required to transport sediments, the velocity in a 0.97 m x 1.27 m (38" x 50")
interceptor required to transport a grit particle 0.2 mm in diameter with
specific gravity of 2.65 was 0.87 m/s (2.87 fps). The interceptor was designed at a slope of 0.06 m/100 m (0.06 ft/100 ft) and velocity flowing full
was calculated to be 0.7 m/s (2.31 fps) which would scour particles less than
0.13 mm. Typical grit chamber design can remove particles of 0.2 mm or more
at velocities of 0.305 m/s (1 fps). So these calculations indicate that
there would be significant accumulation of particulates greater than 0.13 mm
in this sewer under dry-weather flow conditions.
It must then be recalled that there are high concentrations of grit within
the CSO sludges. This is due in part to grit and associated stormwater
infiltration through leaky joints in the sanitary sewers which is flushed
to the CSO treatment site during storm flow. Replacing the gritty sludge
in the downstream line will cause this accumulation to recur in the sewers
under most conditions. The problem is augmented by the fact that it is
desirable to equalize the flow to the treatment plant. Therefore, sludge
bleed/pump-back would ideally occur at low flow, low velocity time periods,
causing even greater solids deposition. Once the solid materials have
collected on the sewer bottom, flow capacity usurpation and septicity and
odor problems can occur. These nuisances can create premature flooding and
pollution causing overflows, public relations problems and dry-weather
treatment plant operations difficulties. The septic solids can exert a
significant oxygen demand on the raw sewage flow and cause excessive
oxygen requirements at the treatment plant.
In conclusion, problems of bleed/pump-back of the sludge are therefore difficult to overcome and should be considered prior to recommendation of this
alternative for handling CSO sludges. If sufficient carrying velocity is
not available, the excessive grit deposition can cause a myriad of secondary
problems. Careful examination of the individual sewer interceptors to be
used for bleed/pump-back and knowledge of the sieve analysis and density or
particle settling velocities of the CSO sludge will be necessary in order to
determine if bleed/pump-back will cause deposition of solids in the interceptors.
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TREATMENT CONSIDERATIONS
General
In order to accurately assess the Impact of bleed/pump-back of CSO residuals
on any portion of the treatment plant, It is necessary to calculate the effects for each IndivIdual site. However, It is desirable to approximate the
effects of bleed/pump-back of csa sludges on a generalized basis to establish
what aspect of bleed/pump-back is limiting and when this technique might be a
viable handling method for CSO sludges. Therefore, It Is necessary to make
a series of assumptions in the approach to establishing the effect of bleed/
pump-back of CSO sludges or their dilute residuals on the dry-weather treatment plant and the existing sludge handling facilities. Among the factors
to be considered are the type and degree of treatment utilized, the effect
of diurnal flow variation and contaminant strength, the CSO sludge characteristics, the percent of CSO area contributing sludge to treatment, etc.
Degree and Type of Treatment Used and Effluent Discharge Requirements
It is essential to know the type of treatment processes utilized at the dryweather treatment plant In order to establish the effect of the bleed/pumpback of both sludges and residuals. It is also Important to determine the
type of sludge handling facilities used for dewatering and then consider the
effect of CSO sludge bleed/pump-back on this portion of treatment individually.
U.S. Public Law 92-500 (1972) requires that by July I, 1977, publicly owned
(municipal) treatment works provide a minimum of secondary treatment. Moreover, effluent discharge limitations for suspended solids and BOD have been
promulgated at 30 mg/l (monthly average) and 45 mg/I maximum (seven day
average). Therefore, for purposes of this discussion, It may be assumed that
the dry-weather treatment facilities to which CSO treatment residuals are to
be bled/pumped back will provide a minimum of secondary treatment. Furthermore, for purposes of evaluating the effect of the csa treatment residuals
bleed/pump-back on dry-weather treatment efficiency, the effluent discharge
limitations promulgated will be used. A schematic diagram of a typical activated sludge secondary treatment plant Is shown In Figure 3. The end products
of waste treatment, namely, treated effluent and residual sludge solids, must
be disposed of efficiently and economically. Therefore, the dry-weather
facility consists of two systems, the waste treatment system and the sludge
handling system. The elements comprising the waste treatment system are
shown In Figure 3.
Referring to Figure 3, the process elements making up the treatment portion of
a municipal pollution control facility are grit removal, primary sedimentation, biological oxidation and final clarification. Various dry weather design and operational parameters associated with these process elements are
summarized In Table 8 and were obtained from the literature (16, 17, 18, 19).
These criteria are among those that will be used In the evaluation of the
effect of the csa treatment residuals bleed/pump-back to dry weather treatment
facilities with regard to hydraulic, solids and organic overload as well as
treatment efficiency.
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Conventional actIvated sludge plant.
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GrIt removal
(0.2 mm, SP.
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SUMMARY OF DESIGN AND OPERATIONAL PARAMETERS FOR VARIOUS DRY
WEATHER TREATMENT PROCESSES {16}{17}{18}{19}

Hydraulic
Overflow rate
I/01ln/sq 01
(gpm/sq ft)

Suspended
Solids loading
"kglday{sq 01
(I b/day/sq ft)

OrganIc
loadIng
kg BODlday
kg HLSS

Detent Ion

time

30-60 sec

1258
(30.9)

Sludge produced
cu 01/1000 cu 01
(cu ft/HG)

%
Sludge
so II ds

Effluent
SS
O1gll

5

80-120

0.01-0.09
(1-12)

0

PlaIn sedlmentatlon

16-65
(0.4-1.6)

2.4-9.8
(0.5-2.0)

Aeration
FInal sedlmentatlon

1.5.2-5 hr
0.35-0.50

10-31
(0.25-0.75)

98-146
(20-30)

2.43
(325)

6-8 hr
2-3 hr

18.7

0.5-1.5

10-50

The treatment scheme shown In Figure 3 Is the minimum required In the near
future, and Is one which is In common use today. It should be recognized
that many existing treatment plants are not capable of meeting the more
stringent performance levels required today [See Table 7 and compare final
clarification effluent suspended solids content expected (10·50 mg/I) with
that presently required (30 mg/I)]. Moreover, meeting additional regulatory
agency stipulations, such as (I) more stringent disinfection requirements,
(2) phosphorus removal and (3) partial or complete oxidation of ammonia nitrogen or high nitrogen removal, will require significant expansion and/or
modification of existing facilities.
Sludge handling should be considered an Integral part of the total waste
treatment process. Although the volume of dry weather resIdual sludges obtained Is relatively small, usually 2% to 3% of the wastewater volume treate4
sludge handling and disposal Is complex, troublesome, and represents up to
25% to 50% of the capItal and operating costs of a waste treatment plant (20).
Moreover, the problem Is growing. With the expansion of the economy and the
population and wIth the greater degree of treatment requIred, It Is expected,
within the next 5 to 10 years, that the volume of sludge requiring handling
and disposal will Increase by 60% to 70% (20). By far, the major portion
of the Increased sludge volume expected will be obtaIned from secondary
treatment sludges, which are less concentrated than primary sludges, and
which are most difficult and expensIve to treat. For example, In 1980 It Is
antIcipated that 530,000 cu m/day (140 MGD) of secondary sludge (2% solids)
will be produced, whereas only about 37,850 cu m/day (10 MGD) of primary
sludge (6% solids) are expected In that year (21).
The various steps leading to the ultimate dIsposal of the residual sludges
are presented, schematically, In Figure 4. From Figure 4, sludge handling
for ultimate disposal consists of a serIes of dewatering steps in whIch
the volume of sludge Is progressively reduced by removal of the water
associated wIth the sludge solids.
ThickenIng Is usually the first step In sludge handling and Is responsible
for removing the major portion of the water assocIated wIth the solids.
Thickening may be carried out by gravIty sedimentation or by dissolved-air
flotation. Flotation thickening Is more amenable than gravity thickening
for dewatering biological sludges because flotation thickening Is not adversely affected by the decompositIon gases produced by the activity of the
biological sludges.
As shown In Figure 4, further treatment and sludge volume reduction may be
obtained by digestion. Digestion Is a biologIcal treatment process and may
be carried out aerobically or anaerobically.
Further dewatering may also be performed using vacuum filtration or centrifugation, either with or wIthout chemIcals, or using sand drying beds or
lagoons.
Ultimate disposal of sludges Includes dIsposal on land (landfill, drying for
soIl condl~lonlng, land application) dlschar~e to sea, and use of incinera~ion and related processes.
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For a particular location, the combination of the sludge handlIng and disposal steps to be used should be integrated in such a manner as to arrive at
an optimum economical solution.
Various dry~eather design and operational parameters associated with several
of the sludge handling and disposal methods were obtained from the literature (20)(22) and are summarized In Tables 9-13. Criteria for other sludge
handling methods Include:
J. Flotation Thickening
Solids loading of 49-59 kg/day/sq m (10-12 Ib/day/sq ft) without
chemicals to produce a thickened sludge concentration of 4-5% when
thickening waste activated sludge.

2. lagoons
Solids loading rates suggested for drying lagoons are 36 to 39 kg/year/
cu m (2.2 to 2.4 lb/year/cu ft) of lagoon capacity.
3. Centrifugation
Pilot tests used to evaluate applications. Scale up procedures are
considered proprietary and are generally not available.
These criteria, discussed above, are among those that will be used In the
evaluatIon of the effect of CSO treatment residuals bled/pumped-back to the
dry-weather sludge handling facIlities.
Diurnal Dry Weather Flow and Contaminant Strengths
Another pertinent consideration to establishing the effect of bleed/pumpback Is the diurnal dry-weather flow variatIon and contaminant concentratloh
patterns. These patterns can have a significant effect upon the viable
bleed/pump-back of CSO sludges. A typical diurnal flow and BOD pattern Is
shown In FIgure 5. It is Important to note that the diurnal pattern will
vary from day to day, from week day to weekend and also from month to month.
It Is apparent that the diurnal patterns developed for a dry~eather facility
may be used to compare the actual loading parameters with those of the plant
design values, to determine the degree of diurnal overload during dry-weather
periods. It is also evident that bleed/pump-back of CSO treatment resIduals
will superimpose or Increase the flow and contamInant loadings on the dryweather diurnal patterns, and therefore, on the actual loadings to the dryweather treatment facilities.
CSO Treatment Sludges Flow and Contaminant Strengths for Pump-Back
The magnitude and quality of the CSO treatment sludges to be pumped back to
the dry-weather facilities Is a function of the type and efficiency of CSO
treatment, used. The CSO treatment methods presently being evaluated (12)
may be broadly classifIed as physical, physical-chemical and bIological.
In general, It should be recognized that as treatment complexity and sophistication Increase (say, from physIcal to biological treatment), treatment
efficiency and sludge residue production also Increase. The specific CSO
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TABLE 9.

GRAVITY THICKENER SURFACE LOAOINGS
AND OPERATIONAL RESULTS (22)

Type of sludge

Solids-surface loading
2
kg/day/s9 m (Ib/day/ft)

Separate sludges
Primary
Modified activated
Activated
Trickling filter
Combined sludges
Primary and modified
activated
Primary and activated
Primary and trickling
fi Iter

ThIckened
sludge so lids
concentration (%)

98-146
73-122
24-29
39-49

(20-30)
(15-25)
(5-6)
(8-10)

8-10
7-8.5
2.5-3
7-9

98-122
29-49

(20-25)
(6-10)

8-12
5-8

49-59

(10-12)

7-9

TABLE 10. TYPICAL DESIGN CRITERIA FOR STANDARD
RATE AND HIGH RATE DIGESTERS (22)
Parameter
Solids retention time (SRT) , days

Low rate
30 to 60
0.64-1.60
(0.04 to 0.1)

HIgh rate
10 to 20
2.40-6.40
(0.15 to 0.40)

.056-.084
(2 to 3)

.037-.056
(H/3 to 2)

Primary sludge + thickening
filter sludge

.112-.140
(4 to 5)

.065-.093
(1-213 to 3-1/3)

Primary sludge + waste
activated sludge

.112-.168
(4 to 6)

.075-.112
(2-213 to 4)

2 to 4

4 to 6

4 to 6

4 to 6

Solids loading, kg VSS/cu m/day
(Ib VSS/cu ft/day) Volume criteria cu m/caplta
(cu ft/cap.)
Primary sludge

CombIned primary + waste bIological
Sludge feed concentration percent solids (dry basis)
DIgester underflow concentration, percent solIds (dry basis)

TABLE II.

AEROBIC OIGESTION OESIGN PARAMETERS
Value

Parameter
Solids retention time, days
Sollds'retentlon time, days

10-15:
15-20

Volume allowance, cu m/caplta
cu ft/caplta

.084-.112
3-4

VSS loading, kg/cu m/day
Ib/cu ft/day

.384-2.24
.024-0.14

Air requirements
Diffuser system, cu m/mln/l000 cu m
cu ft/mln/1000 cu ft
Diffuser system, cu m/mln/IOOO cu m
cu ft/mln/l000 cu ft
Mechanical system, kw/l000 cu m
hp/1000 cu ft
VSS, reduction, percent

20-35
20[;35

a

60
60

26.6-33.3
1. 0-1.25

35-50

Minimum DO, mgt)

1.0-2.0
»5

Power reqUIrement Bkw/10,00D pop.
equlv.
BHP/10,OOO pop.
equlv.

(>59)

6-7.5
8-10

a Excess activated sludge only.
b

Primary and excess activated sludge, or primary sludge
alone.
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TABLE 12.

VACUUM FILTRATION DESIGN PARAMETERS
AND PERFORMANCE (20)
Chemical dose

1.

2.
3.
4.
5.
6.
7.
8.
9.

Type of sludge
Raw primary
Digested primary
Elutrlated DIgested prlmary
Raw primary +
filter humus
Raw primary +
activated sludge
Raw activated
sludge
Digested primary
+ filter humus
Digested primary
+ activated sludge
Elutrlated digested
primary + activated sludge:
(a) average
w/o lime
(b) average
w/1 ime

TABLE 13.

(%)

Cake
moisture

lime
8.8
12. 1
0

Yield
kg/sq m/hr
(Tbs/sq ft/hr)
33.7 (6.9)
35. I (7.2)
36.6 (7.5)

2.6

11.0

34.6(7.1)

75.0

2.6

10. I

22.0 (4.5)

77 .5

7.5

0

5.3

15.0

22.5 (4,6)

77.5

5.6

18.6

19.5 (4.0)

78.5

8.4

0

18.6 (3.8)

79.0

2.5

6.2

18.6 (3.8)

76.2

rate,

ferrl c
chloride
2. I
3.8
3.4

(%)
69.0
73.0
69.0

84.0

CRITERIA FOR THE DESIGN OF
SANDBEDS (22)

Type of digested
Area
sludge
sq m/caplta (sq
Primary
0.09
Primary and standard
0.15
trIcklIng filter
Primary and activated
0.28
Chemically precipItated
0.19

36

ft/capi tal
(1. 0)
(I .6)
(3.0)
(2.0)

Sludge loading dry solids
kg/sq m/yr (lb/sq ft/yr)
(27.5)
134.4
107.4
(22.0)
73.2
107.4

(15.0)
(22.0)

LEGEND
A BOD LOADING, lb/hr
B

FLOW RATE, MGD

C BOD CONCElrrRATION, mg/l
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treatment methods being considered are listed In Table 14. Estimated sludge
production solids concentrations and solids disposal methods for the various
CSO treatment processes are shown in Table 15. Note from Table 9, that the
CSO treatment sludge quantities are based upon the quantIty and quality of
the raw CSO treated.
TABLE 14.

eso

TREATMENT METHODS UNDER EVALUATION

1.

Physical Treatment
a. Storage alone
b. Storage-sedimentation
c. Dissolved-air flotation
d. Screening/dlssolved-arr flotation
e. Screening

2.

Physical-Chemical Treatment
a. Screening/dissolved-air flotation
b. Dissolved-air flotation

3.

Biological Treatment
Contact stabilizatiOn activated sludge
b. Trickling filters
c. Rotating biological contactors
d. Treatment lagoons

a.

Furthermore, from Table 15 the major sludge disposal method used was discharge to the Interceptor with ultimate disposal along with dry-weather
treatment facility sludge.
The quality of the CSO treatment sludges was observed In a recently completed EPA study (12) and, In general, the conclusions drawn with regard to
raw sludge characteristics were as follows:
1.

The sludge volumes produced from the treatment of combined sewer
overflows varied from less than 1% to 3% of the raw flow volume
treated. (This Is generally In agreement with Table 15).

2.

The solids concentration of the sludge residuals from CSO treatment
varied widely, ranging from 0.12% to 11% total suspended solids.
The wide range observed Is attributed to the CSO treatment method
used and treatment plant operation. (This Is also In general agreement with Table 15).

3.

The volatile content of the sludge solids varied between 25% and
63% for the sludges obtained from the treatment types Investigated.
Biological treatment sludges showed the highest volatile solids
fraction (about 60%), whereas that for sludges from physical/chemical
treatment showed only 25 to 40% volatile fraction.
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TABLE 15.

SLUDGE PRDDUCTION AND SOLIDS DISPgSAL METHODS FOR
VARIOUS CSO TREATMENT PROCESSES (9)

S I udqe

Process
Sedimentation

oI sse 1ved-A 1r

FlotatIon

Bar Screens

CD
""

ss

Sludge :t
Sol ids

~..!..l~

~fet

Sludge Volume

.£!:!. m/lOOO E~ Cc:.l!.Jt/HG)

(cu ft(MC)

Disposal ~ethod For
Demonstration Project

Dry Solids Volume
~~m/IOO~

2.5-5.0

40-75

1.92-7.40

(260-1000)

0.07-0.15

(10-20)

Return to I ntercector

1.0-2.0

40-70

4.96-17.0

(670-2300)

0.07-0.IS

(10-20)

Return to Interceptor

0.01-0.03

(]-4)c

!lA

b

LandfIll

Rotary Fine Screens

27-34

0.0 /1-0.07

(S-IO)

Return to Interceptor

Ultraflne Screens and
Hicrostrainers

2S-90

0.04-0.18

(S-2S)

Return to Interceptor

(1100-7500)

0.07-0.18

(l0-2S)

Return to Interceptor

Filtration

0.4_1.,d

50-90

ContBct Stabilization

0.5-1.5

80-95

13.3-46.6

(1800-6300) e

0.ls-o.18

(20-25) e

Return to Interceptor

60-90

1.48-7.40

(200-1000)

0.11-0.18

(l5-2S)

Return to Interceptor

80-100

3.92-12.6

(530-1700)q

0.IS-0.IA

(20-2S)Q

Incineration/Landfill

Trickling Filters and
Rotating BIologIcal
3.0-10.0

Contactors

PhysIcal-Chemical
a.
b.
c.
d.
e.
f.
g.

2.0-5.0

f

8.14-5S.S

Assumtng 250 mq/l 55 tn the CSO and dry solids sp. qT. m 1.30
NA· not available
Volumes shown for screenings only, not 5S
Low value for unsettled backwash water; hiqh value 'for settled backwash water
Does not Include waste biological sol ids produced in aeration tanks
Assuming sludge recycle
Does not include added chemicals

4.

As might be expected, fuel value of the sludges was correlated with
volatile solIds content, and the blologlcal sludges were observed
to have the highest fuel values among the sludge types investigated.

5.

Pesticide and PCB concentrations in the residual sludges investigated were observed to be significant. Generally, the PCB concentreat Ions were higher than those for pp'DDD, pp'DDT and Dieldrin.
The range of PCB and pesticide values for the various sites InvestIgated were presented in Section IV.

6.

Heavy metal (Zn, Pb, Cr, Cu, Hg and NI) concentrations In the
residual sludges were also significant, and varied widely for the
sludges investigated. The range of heavy metal concentrations for
the various sites investigated were also presented in Section IV.

Using the above and previous information, an attempt can be made to determine the effect of pumping back CSO treatment residuals on the operation
and performance of the dry-weather plant from the standpoint of hydraulic,
organic and solids overloads, effluent quality, and treatment efficiency and
toxicity to treatment.
Capacity Available at Dry-Weather Plant and Percent of CSO Area Contributing
Sludge
Other considerations must Include both the treatment and sludge handiing
capacity available at the dry-weather plant and the percent of the total CSO
area which has treatment of runoff and therefore contributes sludge for
bleed/pump-back. Basic design of a new sewage treatment facility includes a
"built In" safety factor (which varies with the type of process equipment)
from 1.5-3 times the average loading. If the total "safety capacity" Is
available for handling CSO sludge or residual bleed/pump-back, this will have
a significant effect on the ability of the dry-weather plant to function
properly when CSO sludges are bled/pumped-back. For the purpose of the
following calcuiations, It is assumed that the total excess capacity Is
available for hydraulic, solids and organic loads to the dry-weather treatment plant and sludge handlIng facIlItIes.
Another variable is the total amount of CSO area which Is treated by one of
the state-of-the-art CSO treatment methods. If 100% of the total CSO volume
is treated, this impact on the dry-weather plant Is significantly greater
when considering bleed/pump-back. Also, the type of CSO treatment Is
crucial. The sludge characteristics and volume range widely, depending upon
the CSO treatment methoq. It Is not feasIble to generalIze, so, for most
of the calculated effects, each process has been considered Individually.
Basis for Bleed/Pump-Back Calculations
The sections which follow address the effects of CSO sludges and dilute
residuals on a composite dry-weather treatment plant and sludge handling
facilities. It must be reemphasized that actual determination of the
feasibility of bleed/pump-back will require the complete analytical charac40

terlzatlon of the eso residuals and the dry-weather treatment plant Influent
and sludges, a knowledge of dry-weather flow characterization and actual design constraints for each of the unit processes In the treatment plant.
However, for this generalized approach It has been assumed that a secondary
treatment plant followed by thickening and dewatering will be the basic dryweather plant which would be affected by bleed/pump-back. This plant Is a
composite of all dry-weather treatment plants which serve the population of
36,236,000 having combined sewer systems. Also, It Is assumed that all CSO
area and volume In the U.S. has been treated by one of the CSO treatment
methods and that these sludges will affect the composite dry-weather plant.
The specific aspects for each of the four general effects are discussed
Individually.
EFFECT OF eso TREATMENT RESIDUALS BLEED/PUMP-BACK ON THE OPERATION AND
PERFORMANCE OF THE DRY-WEATHER TREATMENT PLANT
The bleed/pump-back of CSO sludges can have an effect on any of the design
aspects of the composite treatment plant. Hydraulic, solids loading, organic
loading and toxicity limits are considered IndIvidually.
1.

Hydraulic LoadIng ConsIderations

It was previously brought out (Section IV) that the sewered population
served by combined sewers is estimated at 36,236,000. At 473 £(125 gal.)
per capita per day, the dry-weather treatment plants serving that
6
population would ha~e a dry-weather average design flow of 17.1 x 10
cu m/day (4.53 x 10 gal./day). Most water pollutIon control plants
are designed to function properly at flows up to some low multiple of
the average dry-weather flow. Typical multiples range from 1.5 to 3.0
(9). Using this criterion, our composite national dry-weather plant
might be gxpected to function properly up to 25.7 x 10 6 cu m/day to
51.4 x 10 cu m/day (6.8 to 13.6 x 10 12 gal./day)
Therefore, the sum
of the dry-weather average design flow (17.1 x 10~ cu m/day) (4.53 x 109
gal./day) plus the estimated dally eso residual flows to be pumped back
may be compared to the above two figures to determine the effect of
bleed/pump~back on hydraulic overload to the dry-weather plant.
Previous
overflow
Assuming
days per
overflow

discussIon has estimated the ann~al volume of combined sewer
In the UnIted States as 5.6 x 10 cu m (1.5 x 10 12 gal.).
60 storm days per year (based on a 20 year average of 63 storm
year In the ~ilwaukee area), the ~vera~e dally combined sewer
Is 93.4 x 10 cu m/day (24.7 x loj MGD).

CSO treatment methods currently under evaluation have been lIsted In
Table 14 and the sludge volumes produced by various CSO treatment processes have also been gIven prevIously (Table I and In Table 9). Shown
In Table 16 Is the effect of CSO treatment sludges bleed/pump-back on the
hydraulic overload of the composite dry-weather treatment plant for
the various CSO treatment processes. It should be pointed out that
the data In Table 16 were calculated on the basis that the entire CSO
was treated by each of the selected treatment processes alone. From
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TABLE 16. EFFECT OF BLEED-BACK OF CSO TREATMENT SLUDGES
ON HYDRAULIC OVERLOAD OF DWF TREATMENT PLANT (12)

CSO Trea tmen t
Process

Sludge Volume
% of
million
CSO Treated cu m/day

*Storage Alone

..,.

100

93.5

MGD

Sludge Volume
Plus Ave. DWF
mi 11 Ion
MGD
.':..'!.. m/dax.

Hydraulic
Overload

24700

110.6

29230

Yes

Storage-Sedimentation

0.9

0.83

220

18.0

4750

No

Dissolved-Air Flotation

0.6

0.57

t 50

17.7

4680

No

Screening/OAF

4.8

4.50

1190

21.7

5720

No

Hicroscreenlng

6.0

5.60

1480

22.7

6010

No

Contact Stabilization

3.5

3.26

860

20.4

5390

No

Trickling Filter

0.7

0.64

170

17 .8

11700

No

N

DWF

=

Dry Weather Flow

=

17,146,000 cu m/day (4530 HGD) (average)

Hydraulic overload determinations made by comparinq sludqe
volume plus average DWF with design range of flows that
6
DWF plants are expected to function properly: 26 to 51xlO
cu m/day (6.8 to 13.6xl0 3 HGD)
CSO Treated = 93.5xl0 6 cu m/day (24.7xI0 3 HGD) ,r':ntJre

:1,)\/

hl"d!lluml'ed

hade

Table 16, It Is evident that hydraulic overload would be expected only
when storage alone was used to Impound the entire eso flow for bleed/
~ump-back. This becomes apparent when comparing the average dally eso
190,840,ooo cu m/day (24,000 MGD)] with the average dally DWF of
[17,144,000 cu m/day (4,530 MGD)l. For the other eso treatment processes
Investigated in Table 16, hydraulic overload would not be expected.
However, the rate of residual sludge bleed/pump-back over a 24 hour
period would have to be carefully controlled, with due regard to the
diurnal dry-weather flow (OWF) fluctuations (See Figure 5).
The apparent hydraulic overload produced by pumping back Impounded CSO
from storage alone over a 24 hour period may be alleviated by spreading
the bleed/pump-back period over three or more days. (Of course, any
additional storms during the bleed/pump-back period may adversely affect
bleed/pump-back operation). Again, the rate of bleed/pump-back would
have to be carefully controlled, with due regard to the diurnal DWF
flucutatlons.
2.

Solids Loading Considerations

Untreated municipal sewage generally contains an average suspended solids
content of 200 mg/I (9). For our hypothetical average DWF of 17.1 x 10 6
cu m/day (4,500 MGO), an gverage dally dry solids loading to the dryweather plant of 3.4 x 10 kg (7.6 x 10 6 lbs) per day may be expected.
Assuming that the range multiple of design solids that a dry-weather
plant can properly handle Is typically
5 to 3.0, the dry-weather plant
may be exgected to handlg from 5.1 x 10 kg (11.3 x 10 6 Ibs) per day to
10.3 x 10 kg (22.7 x 10 Ibs) per day of dry solids. The above criterion will be used as one measure In evaluating the effect of solids
overload resulting from pumping back eso treatment residuals to the dryweather plant.

6.

Shown in Table 17 is the effect of bleed/pump-back of CSO treatment
sludges on the solids overload of the composite dry-weather treatment
plant for the various CSO treatment processes Investigated. Again, It
should be pointed out that the data In Table 17 were calculated on the
basis that the entire CSO was treated by each of the selected treatment
processes alone. The solids removal effIcIencies In Table 17 for the
CSO treatment processes Investigated are reasonably In the range of
those expected as Indicated In the literature (9).
From Table 17, It Is evident that a marked solIds overload may be expected by pumping back CSO treatment sludges to the OWF treatment plant
over a 24 hour period. In fact, the minimum solids overload varies
from about 150% to about 400%. The magnitude of the solids overload
varies directly with the solids removal efficiency of the CSO treatment
processes In question. The appreciable solids overload exerted on the
DWF treatment plant by pumping back CSO treatment resIduals may be
expected to additIonally adversely affect organic loadIng, effluent
quality and treatment plant efficiency,
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TABLE 17.

EFFECT OF BLEED/PUMP-BACK OF CSO TREATMENT SLUDGES ON SOLIDS OVERLOAD
OF DWF TREATMENT PLANT (12)

Sludge

eso

-""

-""

p

million

Treatment

J~.i!m~Back
____

ercent

Dry Solids

-6

*Dry Solids

-6

eso +

D\.'F Solids

-6

--:'"6"
.!!'/dayxI_O_

Sol Ids

Process

cu m/day

MGD

2..e..~1~

Storage Alone

93.5

2.700

a 041

38 .•

8. 5

.1.8

92.1

Yes

kg/dayxlO

Lb/da'0..l2..-

k CJ / d a.:0.!.Q._

Overload

Storage-SedimentatIon

0.83

220

1.7.

1•. 5

31.9

17.9

39.5

Y.s

Dissolved-Air Flotat Ion

0.57

150

2.75

15.6

3. •

19.1

.2.0

Y.s

Screen i"ng/OAF

•. 50

1190

0.8.

37.9

83 •

.1.3

91.0

Yes

Hlcroscreenlng

5.60

1.80

0.70

39.2

86 .•

~2.7

9 11 0

Y.s

Contact Stabilization

3.26

860

1.00

32.6

71.7

)6.0

79.3

Y.s

Trlckllnq Fitter

0.6.

170

3.20

20.6

.5

2•. 1

5) .0

Y.s

eso Treated

a

93.5

X

10

I,

6 cu m/day (2.,700 MGO)

Solids overload determination made by comparing sum of eso + D\.'F ~I.ds with the
design ranqe of 5011ds that D~F plants are expected to function properly:

5.1 x 10 6 to 10.3 x 10 6 kglday (II.) x 10 6 to 22.7 x 106 Ib/day)
Available Capacity

m

5.2 million kg/day

~~escrenancies in dry solid~ are due to inaccuracies in pilot plant experimental data

That substantial amounts of solIds are transported to the dry-weather
plants during wet weather conditions is substantiated by signifIcant
data available from the literature. For example, presented In Table 18
are data showing the quantities of grIt collected during dry and wet
weather periods for various United States installations. The data In
Table 18 show that the grit volume ratio of wet to dry weather was
appreciable, with the highest ratio at 1800 times the average dry-weather
grit productIon.
The literature (9) also Indicates that often the stormwater solids contribute a large Increase In fine solids (silt) which Is too fine to
be removed In the grit chambers and results In overloading the primary
sedimentation basins. The magnitude of the solids overload on the primary tanks may be estimated. For example, In Table 8 are shown the
allowable range In hydraulic loadIng for primary tanks (16.3-65.1 t/mln/
sq m) (0.4-1.6 gal./mln/sq ft) and the allowable solids loading range
for those basins (2.4-9.8 kg/day/sq m) (0.5-2.0 lb/day/sq ft). AssumIng
a dry weather influent solids concentration of 100 mg/l at the higher
overflow rate (65.1 t/mln/sq m) (1.6 gpm/sq ftl, the addition of CSO
treatment resIdual solids may result In Increasing the primary tank Influent solids concentration to an estimated 150 mg/I to 400 mg/I. ThIs
would be expected to result In grossly overloading (14.2 to 37.6 kg/day/
sq ml (2.9 to 7.7 lb/day/sq ftl the prImary basins and detrImentally
affecting primary effluent quality and treatment efficiency. Moreover,
the high prImary overflow rate (65.1 l/mln/sq m (1.6 gpm/sq ftl would
result In grossly hydraulically overloading the activated sludge final
tanks and to adversely affect fInal effluent quality and overall treatment efficiency.
Again, It may be apparent that the solids overloads to the dry-weather
plant described above may be alleviated by storing the CSO treatment
sludges and spreading the bleed/pump-back period over two to four days
or more. Of course, any addItional storms during the bleed/pump-back
period may adversely affect the bleed/pump-back operation. AddItionally,
the rate of bleed/pump-back would have to be carefully controlled, with
due regard to the diurnal DWF fluctuations.
3.

Organic Loading ConsideratIons

Untreated municipal sewage contains about 200 mg/I BOD (9l (19). Shown
In Table 19 are the BOD characteristics observed for various CSO treatment residual sludges (12). The BOD concentrations of the sludges investIgated varied widely, Increasing with Increasing sludge concentration. The BOD values shown In Table 19 were those assocIated wIth the
solids contents of the corresponding sludge presented In Table 17.
One of the criteria to be used In evaluating organic overload Is
associated with the activated sludge portion of the treatment. Design
organic loading DWF parameters for the aeration tank are shown In Table
8, and the organic loadIng range IndIcated Is 0.35 to 0.5 kg (lb) BOD/
day per kg (lb) MLSS. In addition, removals of BOD from DWF primary
45

TABLE 18. VARIATION IN QUANTITIES OF GRIT REMOVED
DURING WET WEATHER AND PERIODS OF AVERAGE FLOW (17)

Mun IcI pa II ty
Baltimore, MD
Battle Creek, MI
Beacon, NY
Birmingham, AL
Cleveland, Ohio
(East)

Grit r.emoved
cu mIlO 6 cu m (cu ft/MG)
maxlmum(wet)
average
day
day
40
139
23
6
2

Ratio
between
maximum
and average

(0.8)
(0.3)

109
1258
138
6
3995

(14.8)
(170.0)
(18.7)
(0.8)
(540.0)

2.7
9.0
6.0
1.0
1,800.0

(5.4)
(18.8)

0. I)

Fort Dodge, IA
Green Bay, WI
Jeannette, PA
Kokomo, IN
La Crosse, WI

24
52
42
10
20

(3.2)
(7.0)
(5.7)
(1.3)
(2.7)

24
56
60
74
42

(3.2)
(7.6)
(8.1)
(10.0)
(5.7)

1.0
I•I
1.4
7.7
2. I

Muskegon, MI
Rockford, IL
Springfield, OH
Virginia Beach, VA

10
50
16
18

(1.3)
(6.8)
(2.2)
(2.4)

60
119
48
56

(8.1)
(16.0)
(6.5)
(7.5)

6.2
2.3
2.9
3. I
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TABLE 19.

ORGANIC CHARACTERISTICS (BOD) OF CSO TREATMENT
RESIDUAL SLUDGES (9) (12)

Volume

esa

Pumped_~~

Treatment

BOD

"SL!..

Process

115

StoraQe Alone

roll \llon
cu m/day

93 5

~

BOD RelllOved By

_~D_p~pe~_~a_~~-"::'6
~.s!.21~L W~ay~J.0__

Primarv Treatment
----r----=-,
kQ/dayxl_O_ .!£!~!.L

aDD To
ActIvated Sludqe

·------6

---::::b

~l!!il~ I b/do!lyx 10

!lumber Of
Days Requ I red
For Pump Back

24700

10 U

23.7

R

8.3

7·0

15 '\

11.9

I .I

2 6

2.0

StoT,!Ige-

Sed lmentat Ion

-""

"

2200

0.83

220

1R

\ .0

0 6

I,

100()

0.57

150

rr.6

I

,

0.2

0 5

0 4

o.~

0.6

1100

3.18

840

3.5

7.7

1.1

2 7

2 3

5.0

3.R

1700

3.26

860

5 5

12.2

2.0

4.3

J 6

7·9

6 1

170

7.2

15 9

2 5

5

4 7

10.3

7.9

Dissolved-Air

Flotation

Screen lng/OAF

Contact
Stablll%ation
Trlckllnq

FI Iter

t 1200

Assumed

35~

o 64

BOD removal by primary treatment at l'O.e cu m/day/sQ m

(1000 qpd/SQ ft)

Ilumber of days are based on Dl-IF organic loadlnq of 0.35 kq ElOD/dsy/l-q HL5S WIth
possibility of Increaslnq the organIC loBdlnn to a maxl~um of 0.5 kq BOD!day/kn

MLSS or an Increase of 588,076 kg BOD/day (J ,295,321

Ib BOn/day)

~

sedimentation Is about 35% at an overflow rates of 40.8 cu m/day sq m
(1000 gal./day/sq ft) (14)(15). Suspended solids and BOD removals drop
drastically at primary tank overflow rates greater than 40.8 cu m/day/
sq m (1000 gal./day/sq ft). For example, at an overflow rate of 19.8
cu m/day/sq m (2300 gal./day/sq ft), BOD removal decreases to about 20%
(15) and suspended solids removal decreases to about 37% (14).
From previous discussion, it has been Indicated that bleed/pump-back of
treatment sludges to the dry-weather plant over a 24 hour period will
result in hydraulic and/or suspended solids overload. Furthermore, it
was Indicated that the overloads to the dry~eather plant may be alleviated by spreading the bleed/pump-back period over several days or more.
Moreover, it is Indicated that the bleed/pump-back period would be further extended because the primary tank operation Is critical with regard
to BOD and suspended solids removal and the resultant organic load to
the secondary treatment system. Optimum operation of the primary tanks
Is an overflow rate of 40.8 cu m/day/sq m (1000 gal./day/sq ft) In order
to maximize BOD and suspended solids removal. This overflow rate is
appreciably less than the maximum normally allowed for OWF operation,
[93.6 cu m/day/sq m (2300 gal./day/sq ftl (See Table 8).

eso

Untreated municipal sewage generally contains an average BOD content of
200 mg/l and an average suspended solids content of 200 mg/l (9). For
our hypothetical average OWF of 17.1 x 10 6 cu m/day (4,500 MGD), an
average dai y BOD and susgended solIds loading to the dry-weather plant
of 3.4 x 10 kg (7.6 x 10 lbs) per day each may be expected. Operating
the primary treatment plant at a design overflow rate of 40.8 cu m/day/
sq m (100g gal./day/sq ft)(18), BOD removals of 35% (1.2 x 10 6 kg/day)
(2.6 x 10 lb/day) may be gxpected and suspended solids removals of 60%
2.1 x 106 kg/day (4.5 x 10 lb/day) would be anticipated. Therefore,
the organic (BOD) loadIng on the secondary activgted sludge treatmgnt
system during dry-weather flow would be 2.2 x 10 kg/day (4.9 x 10 lb/
day), and the corresponding solids loading to the secondary treatment
plant would be 1.4 x 10 6 kb/day (3.0 x 10 Ib/day) during dry-weather
periods. From Table 8, the allowable organic loading range on the activated sludge system Is 0.35-0.50 kg(lb) BOO/day/kg(lb) MLSS. Assuming
our activated sludge plant is operating at the lowest end of the orqanl~
loading scale (0.35 kg(lb) BOO/day/kg(lb) MLSS) or 600,000 kg (1.3 x 10 )
Ib) BOD/day may be added In the form of bled/pumped-back eso treatment
resIduals. Of course, If the actIvated sludge plant Is operating consistently at the upper end of the organic loading scale (0.5 kg(lb) BOD/
day/kg(lb) MLSS), then no additional eso treatment residuals can be bled/
pumped-back to the DWF plant without organically overloading it. Also,
if the DWF secondary plant is operating at somewhere in between the
allowable organic range, then leS8 additional BOD load than was preViously indicated can be pumped back to the DWF plant.

6

Inasmuch as the rate of flow of eso sludges bleed/pump-back Is limited
to the extent that the primary tank operation does not exceed an overflow
rate of 40.8 cu m/day/sq m (1000 gal./day/sq ft), It becomes apparent
from an examination of Figure 5 (DWF diurnal variations) that bleed/pump48

back will be intermittent and restricted to low DWF periods during the
day.
The above described constraints all tend to restrict the rate of bleed/
pump-back flow downward to the extent that the total time period for
pumping back the total CSO sludges volume is extended, which is an unfavorable trend from the standpoint of handling the effects of a succeeding series of storms. Shown tn Table 19 are the number of days required for bleed/pump-back of the CSO treatment sludges from one average
storm from an organic loading standpoint, when the DWF plant is operating
at a low organic loading (0.35 kg(lb) BOD/day/kg(lb) MLSS). The number
of days required to bleed/pump-back the CSO treatment residuals Increases
proportionately from those In Table 19, as the DWF organic loading Increases from 0.35 to 0.5 kg(lb) BOO/day/kg(lb) MLSS. Also, as mentioned
previously, DWF plants having organic loadIngs at the maximum of 0.5
kg(lb) BQD/day/kg(lb) MLSS may not be able to ~ccept CSQ treatment
residuals ;i.~ they. are consisten tly heav1ly loaded.
From Table 19, it may be seen that four of the six CSO treatment methods
Investigated would requIre about four or more days for bleed/pump-back
of a single storm's treatment sludges to the OWF plant when the dryweather plant Is operating at a low organic loading level. The tIme required for bleed/pump-back would be expected to increase as the dryweather organic loading level increased.
From Table 19, It may also be seen that two of the six CSO treatment
methods investigated would require two or less days for bleed/pump-back
of a single storm's treatment sludges to the OWF plant when the dryweather plant is operating at a low organic loading level. Again, the
tIme requIred for bleed/pump-back would be expected to Increase as the
dry-weather organic loading level Increased. Furthermore, It should be
pointed out that the two CSO treatment methods Involved here, sedimentation and dissolved-air flotatIon. were relatively low efficiency solids
removal processes (about 40% suspended solids removal, (See Table 17)).
Any increase In solids removal efficiency for these treatment processes
would result In an increase in the bleed/pump-back period. Moreover,
the CSO treatment processes in question are primary treatment methods
and the treated effluents produced may require further treatment which
would produce additional sludge for bleed/pump-back, thereby Increasing
the total bleed/pump-back time period.
Concurrent with the organic loading considerations, described above and
under the operating conditions listed In Table 19. Is the solids loading
Imposed on the secondary treatment plant and Its concurrent effect 0n
6
that operation. For our hypothetical DWF plant treating 17.1 x 10 cu m/
da~ (4,530 MGD). It was previously calculated that the suspendeg solids
loading to the dry-weather plant was 3.4 x 10 6 kg/day (7.6 x 10 lb/day).
Operating the primary treatment plant at an overflow rate of 40.8 cu m/
day/sq m (1000 gal.iday-sq ft), suspended solids removals of 60%
2.1 x 106 kg/day (4.5 x 10 6 lb/day) may be expected, and the susp~nded
solids loading to the secondary treatment plant would be 1.4 x 10 kg/day
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3.0 x 10 6 lb/day) during dry-weather periods. From Table 7, the allowable solids loading on final clarifiers is 98 to 146 kg/day/sq m (20-30
lb/day/sq ft). Assuming our fInal clarifiers during dry-weather are
operating at the lowest end of the solids loading scale 98 kg/day/sq m
(20 Ib/day/sq ft), then an additional solids load (up to 146 kg/day/sq m)
(30 lb/day/sq ft) of 0.7 x 10 6 kg/day (1.5 x 10 6 lb/day) may be added In
the form of pumped back CSO treatment residuals. Shown In Table 20 Is
the solids loading effect on the secondary treatment plant when pumping
back CSO residuals at a rate which will prevent organic overload (See
Table 13). From Table 20 it may be seen that under the operating conditions previously described, a gross solids overload is effected, and
this indicates that solids overload is the limiting factor affecting
the bleed/pump-back tIme period. It Is Indicated, therefore, that the
bleed/pump-back time periods shown in Table 19 should be appreciably increased, which makes the concept of CSO residuals bleed/pump-back to
the dry-weather plant more impractical from the standpoint of successfully handilng the effects of succeeding storms In series.
4.

Toxicity to Treatment

Some possible toxic substances in CSO treatment sludges for which data
is available Include heavy metals (zinc, lead, copper, nIckel, chromIum
and mercury), PCB and pesticides (pp'DDD, pp'DDT and dieldrin). Heavy
metal, PCB and pesticide concentrations In CSO treatment sludges were
found to be significant, and the ranges of concentrations observed have
been previously reported herein.
Heavy Metals - Domestic wastewater generally contains low concentrations
of metals. The high concentrations of metals In wastewater are normally
caused by the discharge of Industrial wastes (such as metal finishing
shops, plating wastes, etc.). Therefore, the metals content for munIcipal treatment plants may range from traces to 20 mg/l or more (23).
During wet weather, street runoff may produce high concentrations of
certain metals In combined sewers, on the order of 10 to 100 times and
more than those normally present In domestic wastewater as shown In
Table 21 (23,24).
Pertinent to this discussion Is the determination of any toxic effect of
heavy metals to treatment In the dry-weather plant operation caused by
pumping back of eso treatment sludges. The toxic effect, If any, would
manifest itself In the secondary treatment portion of the dry-weather
plant. Shown In Tabie 22 are criteria which are to be used in arriving
at such a determination. Moreover, the literature Indicates that mercury dosages of 5 mg/l or higher definitely inhibit aerobic biological
processes (25). The inhibitory effect of lead on biological treatment
was not uncovered In the literature, however, It was observed that primary sewage treatment removes "most" of the lead In sewage (21).
Presented in Table 23 are the heavy metal concentrations found in sanitary sewage (from Table 21) (24) and in the sludges from various eso
treatment processes (12). It may be recalled that previous discussion
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TABLE 20. CONCURRENT SOLIDS LOADING ON SECONDARY TREATMENT PLANT
UNDER THE OPERATING CONDITIONS DESCRIBED IN TABLE 13
Bleed!
Pwnp-

Solids Removed

eso

Treatment
Process

V1

Solrds Pumped Back

-6
kg/da~

-6

~Ima~~ Treatment

Ib/day~ kg/dayxlO

-6

Back

Per lod

Ib/dayxlO

~

Sol ids To
ActIvated Siudae

-6
kq/day~

-6
lb/dayxl0

Secondary
Sol ids
Overload

Storage Alone

38.4

84.5

ll.7

50.\

11.9

I 3

2.9

Yes

Storage-Sedimentation

14.5

31.9

8.7

\9·1

2.0

2.9

6.4

Yes

Dissolved-Air Flotation

15·6

34.4

9.4

20.6

o 6

10 4

23.0

Yes

Screening/OAF

37·9

83.4

22.7

50.0

3.8

4.0

8.8

Yes

Contact Stabilization

32.6

71.7

\9.5

43·0

6.1

2.1

4.7

Yes

Trlckllng Filter

lO.6

45.4

n.3

2].2

7.9

1.0

l 3

YeS

Bleed/Pump-Back solids were obtained from Table 11.
Assumed 60% SS removal by p(lmary treatment at 40.8 cu m/day/sq m (1000 gpd/sa Fe)

SolIds overload was established when the

eso

exceeded 686,088 kg/day (1.51I,lOB Ib/day)

solids to the activated sludge system

TABLE 21. METAL LOAOI~G FROM ROAD SURFACE RU~OFF
COMPARED TO ~ORMAL SA~ITARY SEWAGE FLOW (24)

Metal
Pb
Cd
NI
Cu
Zn
Fe
Mn
Cr
~ote:

6.2
0.012
O. 10
0.37
1.4
83
1.6
0.80

Cu
Nl
Zn

Runoff:
sewage
(ratio)

210
16
10
9

7
6
0.7
0.3

From a 0.25 cm rain (0. 1 in.)

TABLE 22.

Metal
Cr

Sanitary
sewage
(mg/I)
0.03
0.00075
0.01
0.04
0.20
13
2.3
2.8

Road runoff
(mg/ I)

EFFECTS OF HEAVY METALS ON BIOLOGICAL
TREATMENT PROCESSES (26)

5-10%
reduction
In aerobic
treatment
efficiency
10 mg/l
1
1-2.5
5-10

4-hr slug
dose, causing
reduction In
COD removal
>500 mg!l
75
50-200
160
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Highest allowable
dose for
satisfactory
anaerobic
sludge digestIon
>50 mg/l
5
>10
10

has indicated that bleed/pump-back of eso treatment sludges over a 24
hour period would result in hydraulic, solids and organic overload of
the dry-weather treatment plant facility. Moreover, It was further Indicated that to prevent overload conditions, eso treatment sludges would
have to be stored and pumped back to the dry-weather plant over extended
periods of time. For example, for efficient eso treatment processes
(storage alone, contact stabilization, screening/OAF, etc.) bleed/pumpback periods appreciably greater than 4 to 12 days have been indicated.
However, for purposes of this discussion In determining the toxic effect
of eso treatment sludges' heavy metals on dry-weather secondary treatment, a bleed/pump-back period of 24 hours will be assumed. If the
combined heavy metal concentrations obtained under this condition are
found not to be toxic to secondary treatment during dry weather conditions, then toxic conditions may not be expected over the more extended bleed-back periods.
Using our hypothetical average dry weather flow of 17.1 x 10 6 cu m/day
(4,500 MGO), the daily eso treatment sludge volumes expected (Table 5)
and the appropriate heavy metal concentrations in the two flows (Table
23), the average heavy metal concentration of the blend of dry weather
and eso residual flows at the dry weather plant influent may be determined. The results of these calculations are shown In Table 24 on the
basis that the entIre eso was treated by each of the selected eso treatment processes alone. Also presented In Table 24 are the heavy metal
concentrations contributing detrImentally to the efficiency of aerobic
bIological treatment. Noted In Table 24 are those values which significantly exceed the toxicity causing concentrations lIsted at the bottom
of Table 24. It Is Indicated that copper and zinc in contact stabilIzation, storage alone and trickling fIlter treatment residuals warrant
further discussion regarding toxIcity to treatment. The values shown
in Table 24 are the heavy metal concentrations at the Influent to the
dry weather plant. Assuming the heavy metals are predominantly of a
particulate nature, a 60% reduction may be expected by primary treatment. Therefore, the primary effluent to secondary treatment will contain heavy metal concentrations of 40% of the values presented In Table
24. The primary effluent heavy metals contents so calculated will all
be below the critical concentrations detrimental to secondary treatment
efficiency. The general conclusIon may be drawn from the above discussion that pumping back of eso treatment sludges to the dry-weather plant
will not result In heavy metal toxicity to secondary treatment. However,
this 1~ a preliminary and elementary study and the subject requires further
attentlon.

PCB (12)(27) - This chemical, which has been contaminating fish, has been
in common use since 1929. It is used in many products ranging from soaps
to electrical transformers. In 1972, Monsanto Industrial Chemical Co.,
the only. PCB manufacturer in the United States, stopped selling it except
for use in closed electrical items such as transformers and capacitors.
However, it still continues to get into waters from past usage and spills.
PCB is suspected of causing reproductive failure in fish, birds, and
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TABLE 23.

OF HEAVY METAL CO~CENTRAT10N IN SAN ITARY
SEWAGE AND VARIOUS CSO TREATMENT SLUDGES

COMPARISO~

Nickel
mg/l
0.01

Chromium
mg/l
2.80

Mercury
mg/l

1.5

0.1

0.05

0.00'1

29.0

8.4

2.5

4.4

0.05

19.4

43.3

10.0

2.3

45.6

o .11

Screening/OAF

13 .8

8.6

4.1

1.8

1.8

0.02

Microscreening

3.3

17.1

1.4

2.0

0.4

0.01

Contact StabilIzation

71.5

5.3

14.5

5.3

17.3

0.03

TricklIng Filter

41.7

11.4

32.8

25.2

79.5

Zinc

Lead
mq/l
0.03

Copper
mg/I
0.04

0.6

0.7

Storage-Sedimentation

15.2

Dissolved-Ai r Fl otat ion

San i tary Sewage
CSO Treatment Process
Storage Alone

V1

.e-

~

0.20

~

TABLE 24. EVALUATION OF THE POSSIBLE TOXIC EFFECT
OF HEAVY METALS ON DRY WEATHER TREATMENT DUE
TO BLEED/PUMP-BACK OF CSO TREATMENT SLUDGES

CSO Treatment
process

Concentration (mg/l after blending CSD
sludge with dry weather flow)
Zinc
Chromium
Mercury
Nickel
Copper

Storage

0.5

1.3*

0.1

0.5

.001

Storage-sedimentation

0.9

0.4

0.1

2.9

.002

Dissolved-air
flotation

0.8

0.4

0.1

4.2

.0001

Screening/OAF

3.0

0.9

0.4

2.6

.004

Microscreen Ing

2.2

0.4

0.5

2.2

.002

11.5*

2.3*

0.9

5. I

.005

1.7

1 .2*

0.9

5.6

Contact stabilization
Trickling fIlter

Concentrations of heavy metals causing a 5-10%
reduction in aerobic treatment efficiency:

•

Zinc

5-10

Copper

1 mg/1

Nickel
Chromium

*

mg/1

1-2.5 mg/l
10 mg/I

Values that are within or above given concentrations for causing
a reduction In efficiency.
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mammals. In human beings, It is suspected of causing cancer, skin discolorations and liver disorders. It is also suspected of affecting a
person's recovery from other Illnesses.
The literature (27) indicates that PCB Is present In municipal sewage In
amounts varying from 0.17 to 140 ~g/I. Moreover, It Is further Indicated
that municipal treatment plants are capable of removing more than 70% of
the Incoming PCB. However, over half the municipal treatment plants
studied (27) had effluent concentrations ranging from 0.1 to 0.5 ~g/l
PCB, and about 20% of the plants studied had effluent concentrations
greater than 1.0 ~g/l PCB.
The mechanIsm of PCB removal In treatment plants appears to be adsorptIon
on the solids with subsequent sedimentation clarification of the solids.
This Is evident from data collected (27) which show comparatively high
concentrations of PCB in primary settling sludges (50 mg/I) and digester
sludges (22 mg/I). In contrast, the CSO treatment sludges may be expected to contain PCB concentrations varying from 0.008 mg/l to 0.118
mg/l (27) which are several magnitudes lower than those concentrations
reported from municipal dry weather sludges.
From the above discussion, It appears that the PCB content of the eso
treatment sludges will not cause toxicity to dry weather treatment If
the CSO sludges are pumped back to the dry weather plant, all other
things being equal.
However, bleed/pump-back of CSO treatment sludges
to the dry weather plant can increase the effluent PCB concentration and
mass PCB transport to receiving waters if the dry weather facility becomes
overtaxed.

-

Pesticides (28)(29) - Pesticides may be described as natural and synthetIc materials used to control unwanted or noxious animals and plants.
They may be conveniently classified according to their usage, such as
fungicides, herbicides, Insecticides, fumigants and rodenticldes. The
widespread presence of pesticides in the environment has caused much
public and private concern because of their potential for upsetting ecological balances. Their dispersal In drainage systems and possible
eventual accumulation In estuaries makes our coastal flsherl,es (for example, oysters, shrimp, crab and menhaden) especially vulnerable to
their toxic effects. Laboratory tests show that these economically important animals are especially sensitive to the toxic effects of low
levels of pesticides. For example, oysters will exist In the presence
of DDT at levels as high as 0.1 mg/l In the environment, but at levels
1000 times less (0.1 ~g/I), oyster growth or production would be only
20% of normal, shrimp populations would suffer a 20% mortality, and menhaden would suffer a disastrous mortality. Some insecticides are toxic
enough to kill 50% or more of shrimp populations after 48 hours exposure
to concentrations of only 30 to 50 nanograms per liter of the compounds.
Pesticides may be classified by their chemical affinities, their degree
of toxicity and their degree of persistence. Pesticides which are
acutely toxic to shrimp at low concentration levels (~g/l) Include the
organochlorine and organophosphorous Insecticides. The organochlorines
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include the well-known DDT and aldrintoxaphene group, and typically,
they are persistent compounds. The organophosphorous compounds include
parathion, and typically, they hydrolyze or break down into less toxic
products much more readily than the organochlorine compounds. Therefore,
the organophosphorous Compounds are usually preferable as control agents
because of theIr relatively short life.
The pesticide content
literature. However,
CSD treatment sludges
cide content observed
in Table 25, that the
secticides.

in municipal sewage was not uncovered In the
the concentrations of selected pesticides found In
are shown In Table 25. From Table 25, the pestivaried from non-detectable to significant. Note
pesticides investigated were organochlorine in-

Pumping back CSO treatment sludges to our hypothetical dry-weather plant
over a 24 hour period will result In Influent pesticide concentrations
of the combIned flow as shown in Table 26. The values shown in Table 26
were calculated using an average dry-weather flow of 17.1 x 10 6 cu m/day
(4,500 MGD) (assuming no pesticide content), the dally CSO treatment
residual volumes expected (Table 17) and the pesticide concentrations in
the CSO treatment sludge volumes (Table 25). The results shown in Table
26 are on the basis that the entire CSO was treated by each of the
selected CSO treatment processes alone.
The 48 hour TL (shrimp) for DDT and dIeldrin are 0.6 ~g/l and 0.3 ~g/l,
respectively (~8). Comparing these values with those in Table 26 indicates that the corresponding values for the combined Influent before
treatment are well below the limIt.
Also not covered in the literature was the extent of pesticide removal
In municipal sewage treatment plants. However, it was IndIcated that
pesticIdes are subject to a number of degradIng actions. Including
volatilization. decomposition by ultraviolet light and other radiation.
chemical degradation, microbial degradation and sorption by solids.
Microbial degradation and sorption on solids appears to be the mechanism
by which pesticides would be removed in a sewage treatment plant. The
pesticide levels shown in Table 26 would not appear to be toxic to
sewage treatment.
5.

Effluent Quality and Treatment Efficiency

One of the most important criterion In evaluating the alternative of the
bleed/pump-back of CSD treatment residuals to the dry weather plant Is
Its effect upon treatment effIciency and effluent quality. Previous
discussion has dwelled upon the effect of CSO residuals bleed/pump-back
on the dry-weather treatment plant with regard to such criteria as
hydraulic overload, solids overload, organic overload and toxicity to
treatment. The effects on these criteria were found to be interrelated
and to affect treatment efficiency and effluent quality for each treatment process element as well as for the overall treatment plant Itself.
It was observed that inasmuch as the treatment processes comprising the
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TABLE 25.

CONCENTRATION OF SELECTED PESTICIDES
IN CSO TREATMENT SLUDGES (12)

CSO Treatment
process

pp'DDD

pp'DDT

Dieldrin

llg/I

llg/I

119/1

Storage alone
Storage-sedimentation
Dissolved-air flotation
Screening/OAF
Mlcroscreenlng
Contact stabilizatIon
Trickling filter

NO
NO
0.79
1.90
NO
0.93
NO

0.03
3.00
2.63
NO
NO
NO
NO

0.006
0.67
5.25
0.14
NO
0.88
NO

NO • non-detectable

TABLE 26. EFFECT OF BLEED/PUMP-BACK OF CSO TREATMENT SLUDGES
ON DRY WEATHER PLANT INFLUENT PESTICIDE CONCENTRATIONS

CSO Treatment
process
Storage alone
Storage-sedimentation
Dissolved-air flotation
Screening/OAF
Mlcroscreenlng
Contact stabilization
Trickling filter

Concentration (llg/l after blending CSO
sludge with dry weather flow)
pp'DDD
pp'DDT
Dieldrin
NO
NO
0.03
0.4
NO
0.15
NO

NO • non-detectable
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0.03
0.14
0.08
NO
NO
NO
NO

0.005
0.04
0.17
0.03
NO
0.14
NO

dry-weather plant are In series, any significant effect on any upstream
treatment process will have significant effect on the performance of one
or more of the downstream treatment processes. The discussion below
summarizes the effect of CSO residuals bleed/pump-back on dry weather
treatment plant treatment efficiency and effluent quality.
The effect of bleed/pump-back on various aspects of treatment plant loading
have been discussed In detail. tt Is apparent that the rate of bleed/pumpback of CSO sludges to the dry-weather treatment plant Is critical and
appreciably affects the subsequent operation of the plant and the plant performance achieved.
Ideally, bleed/pump-back of the CSO treatment residuals over a 24 hour period
would be most favorable from the standpoint of permitting the handling of
subsequent CSO events in series. Previous discussion Indicated, however,
that discharge of the expected quantities of CSO treatment residuals to the
dry weather plant over a 24 hour period would grossly overload the dryweather treatment plant either hydraulically, solids-wise and/or organically,
resulting in appreciably decreasing the treatment efficiency and intolerably
(above allowable limits, see Table 8 and EPA regulations) deteriorating the
plant effluent quality with regard to suspended solids, BOD, heavy metals,
PCB and/or pesticides.
Inasmuch as a CSO residuals bleed/pump-back rate over a 24 hour perIod is
Impractical, the overload and unfavorable operating conditions caused thereby may be alleviated by storing the CSO treatment residuals and extending
the bleed/pump-back period (reducing the bleed/pump-back rate) as requIred.
Table 27 Includes a summary of the limIting time perIods for bleed/pumpback which can occur without overloading the capacity of the dry-weather
treatment plant.
TABLE 27.

LIMITING FACTORS IN DAYS

Treatment process

Storage
Sedimentation
Dissolved Air Flotation
Screening/Dissolved
Air Flotation
Mlcroscreenlng
Contact Stabilization
Trickling Filter

Hydrau II c
2. I
<I
<I
<I

FOR BLEED/PUMP-BACK

Days for bleed/pump-back
Final
So II ds
(Prim. )
Organic Clarifier
7.4
22.3
IJ.9
2.8
2.0
9.5
9. I
0.6
3.0
22. I
3.8
7.3

<I
<I
<I

7.5
6.3
4.0

6. I
7.9

19.0
12.0

Toxic
<I
<I
<I
<I
<I
<I

As can be seen, the most limiting aspect of bleed/pump-back of CSO sludges
to the dry-weather treatment plant occurs with regard to the final clarifIer
solids loading. Storage and bleed/pump-back of sludge over periods of 8-22
days has several disadvantages. A major disadvantage of this alternative Is

59

that the capability of handling succeeding CSO treatment residual events Is
reduced. In fact, the longer the extended bleed/pump-back period, the more
unfavorable this alternative becomes. Another disadvantage of any bleed/
pump-back alternative Is the necessity for carefully controlling bleed/pumpback (flow rate and constituent strength), with due regard for the diurnal
DWF fluctuations (flow rate and constituent strength) to Insure that peak
treatment plant design operating conditions are not exceeded.
The final disadvantage Is that the treatment efficiency and effluent quality
would be lower than when CSD sludges are not bled/pumped-back. In order to
minimize the bleed/pump-back period and the associated storage volumes requfred, it fs assumed that the bleed/pump-back rate will be established so
the dry-weather treatment plant will operate at the peak design operating
conditions. It Is felt that under this severe loading, the effluent discharge limitations (3D mg/l suspended solids and 30 mg/l BOD) would be exceeded. If the suspended solIds loading Is higher, then the effluent quality
would range In the upper portion of the performance expectation and may reach
concentrations of 50 mg/l (Table 14).
Using the assumptions that a 5 day bleed/pump-back period Is feasible for
storage and bleed/pump-back, and that the loading rate to the final clarifiers is the most limiting design parameter, the volume of CSO sludge
which can be handled at the treatment plant can be calculated. This volume
can then be related to the percent of CSO area and CSO volume which can be
treated using the existing dry-weather treatment plant for sludge handling.
A plot of this Information Is Included in Figure 6. It is apparent that as
the treatment plant tends to the higher design capacity, less CSO sludge can
be adequately handled (disregarding the negative Impact of constant maximum
loading conditions).
It is therefore apparent that the problems associated with bleed/pump-back
to the dry-weather treatment plant are complex. If the Initial transport
problems can be eliminated or overcome, the effect of the sludges on the
operation and efficiency of the dry-weather treatment plant must be carefully evaluated. The built-In safety factors for design can provide a certain amount of additional capacity, however, operating a peak flow due to
bleed/pump-back of CSO sludges at all times Is difficult and wIll adversely
affect effluent quality.
EFFECT OF BLEED/PUMP-BACK OF DILUTE RESIDUALS FROM THE ON-SITE DEWATERING
OF CSO TREATMENT SLUDGES ON THE DRY-WEATHER TREATMENT PLANT
Previous discussion has Indicated overwhelmingly that bleed/pump-back of raw
CSO treatment sludges Is not practicable In most situations. Another alternative is to separately dewater (on-site) the raw CSO treatment sludges,
ultimately dispose of the dewatered sludge and bleed/pump-back the dilute
effluents from the dewatering steps to the dry~eather plant,. The purpose
of this discussion Is to evaluate the effect of pumping back the dilute
effluents from the csa sludge dewatering processes to the dry-weather treatment plant.
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The only pertinent Information uncovered In the literature (12) was based
upon bench scale dewatering studies performed on raw CSO treatment sludges
obtained from various CSO treatment sites throughout the country. The conclusions drawn from the study Indicated that centrifugation alone or In
combination wIth thickening and thickening followed by vacuum filtration
were found to be the optimum sludge dewatering processes based on such criteria as performance, costs and space requirements.
Based upo~ our hypothetical dry-weather plant handling a design flow of
17.1 x 10 cu m/gay (4,500 MGD) sewage and design solIds load of 3.4 x 10 6
kg/day (7.6 x 10 lb/day), shown in Table 28 are the combined flows and
solids anticipated from the bleed/pump-back of the dilute effluent arising
from the dewatering of the CSO treatment sludges.
Assuming the range multiple of design flow and solids that a dry weather
plant can handle Is 1.5 to 3.0, examination of Table 28 shows that a hydraulic or solids overload would not be expected when the dilute effluents from
dewatering CSO sludges are pumped back over a 24 hour period.
BOD, heavy metal, PCB and pesticide data on the dilute effluents from dewatering CSO sludges were not discovered in the literature, and therefore,
no comment Is made at this tIme regarding organic overload and toxicity to
treatment due to heavy metals, PCB and pesticides caused by the bleed/pumpback of dilute effluents from dewatering CSO sludge to the dry-weather plant.
EFFECT OF CSO TREATMENT RESIDUALS BLEED/PUMP-BACK ON THE OPERATION AND
PERFORMANCE OF THE DRY WEATHER SLUDGE HANDLING FACILITIES
Previous discussion has dealt with the effect of pumping back CSO residuals
on the operation and performance of the dry-weather treatment plant. One
of the by-products of the dry-weather treatment plant is the residual sludges
arising from treatment which have to be handled and disposed of. The discussion which follows is concerned with the effect of pumping back CSO treatment residuals on the operation and performance of the dry weather sludge
handling facilities.
Previous dIscussion regardIng the bleed/pump-back of CSO treatment sludges to
the treatment portion of the dry weather plant has shown that bleed/pump-back
over a 24 hour perIod results In a gross solids overload on the treatment
plant. Moreover, dependIng upon the existing dry weather operating organic
loading on the secondary treatment plant, bleed/pump-back of the esa treatment sludges may not be permIssIble or would have to be extended over periods
of one to two weeks or more, which does not appear practical from the standpoint of having the capability of handling the sludge residuals from successive combined sewer overflows.
However, assuming the dry weather treatment plant could handle the pumped
back CSO treatment sludges, or assuming for the moment that the csa treatment
sludges are bled/pumped-back directly to the dry-weather sludge handling facilities, what would be the effect on those sludge handling facilities?
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TABLE 28. EFFECT OF BLEED/PUMP-B~CK OF DILUTE EFFLUENTS FROM DEWATERING OF CSO
SLUDGES ON DRY WEATHER TREATMENT PLANT HYDRAULIC AND SOLIDS LOAD

Dilute Ef!)~ents

Rl!r¥I CSO Sludge
voJylK.5. ___

eso Treatment
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~~-

'"

V->

m/day
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~
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Shown in Table 8 are typical sludge volumes produced in a dry-weather
plant. Primary sedimentation [2,440 cu m(gal.) sludge (5% solIds) per
million cu m (gal.) sewage treated] and waste activated [18,700 cu m (gal.)
sludge (1% solids) per million cu m (gal.) sewage treated] sludges are pertinent to this discussion.
Sludge handling facilities are usually based upon the estimated sludge produced at average design flow (17). For our hypothetical dry-weather plant
treating an average daily flow of 17.i x 10 6 cu m/day (4,500 MGD) a primary
sludge volume of 42,000 cu m/day (11.1 MGD) and a waste activated sludge
volume of 320,000 cu m/day (84.7 MGD) may be expected to be handled by the
dry-weather sludge handling facilities.
I.

Hydraulic Loading Considerations

The daily desIgn volume (primary plus activated) of sludge to be handled
by the dry-weather sludge handling facilities is 363,000 cu m/day (96
MGD). Shown in Table 16 are the daily CSO treatment sludge volumes expected if the entire CSO were treated by each of the various CSO treatment methods investigated. Table 17 shows that the dally volume of CSO
treatment sludges from each of the CSO treatment methods investigated is
of a higher order of magnitude than the design daily dry-weather sludge
anticipated, varying from 5.8xl05 cu m/day (150 MGD) to 5.6 x 10 6 cu m/
day (1480 MGD). The above Information indicates that the addition of
CSO treatment sludges to the dry-weather sludge handling facilities would
result in drastically reducing the detention time of the various process
elements in the sludge handling facilities.
Since detention time is one of the important factors In the performance
of sludge handling processes (thickening, digestion, vacuum filtration,
centrifugation, sand bed drying, etc.), it may be concluded that the CSO
treatment sludge volume would hydraulically overload the dry-weather
facilities, thereby, appreciably adversely affecting their performance.
Additionally, the hydraulic overload may be expected to result in deteriorated by-products (such as thickener effluents, digester supernatants, filtrates, centrates, etc.) which are normally returned to the
head end of the treatment plant and will result In overloading the treatment plant with fine solids, organics, nutrients, etc., thereby detrimentally affecting treatment piant performance.
2.

Solids Loading Considerations

For our hypothetical dry-weather plant, the design dry weather solid~ to
be handled (primary plus activated) are 5.3 x 10 6 kg/day (11.69 x 10
Ib/day). Presented in Table 17 are the daily dry weight of CSO treatment
sludge solids expected If the entire CSO were treated by each of the
various CSO treatment methods Investigated. Table 17 shows that the
dally dry weight of CSO treatment sludge solids from each of the CSO
treatment methods Investigated Is several times greater than that of the
design dally dry ~eather solids antlclPited, varying from ~4.5 x 10 6
kg/day (31.9 x 100 lb/day) to 39,2 x 10 kg/day (86.4 x 10 Ib/day).
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The above Information Indicates that the addition of eso treatment
sludges to the dry-weather sludge handling facilities will drastically
overload the various process elements comprising the sludge handling
facilities from a solids standpoint. For example, those process elements whose equipment capacities are based on solids loading (see Tables
9--13) (such as thickening, filtration, lagoonlng, sand drying beds,
centrifugation, etc.) would requIre 3 to 8 tImes additional capacity to
handle the excess load. Digestion processes are more affected by organic
and Inert solids and the effect of eso treatment sludges on digestion
will be covered separately below.
3.

Organic and Inert Solids Considerations

The organic content (as measured by volatile solids) of municipal sludges
(primary sludge and waste activated sludge) Is 65% on a dry solids basis
(30). For our hypothetical dry-weather plant, the design dry weather
total solids to be handled (prl~ary plus waste act~vated) has been previously established at 5.3 x 10 kg/day (11.7 x 10 lb/day). Th~ corresponding volatile solids content is 3.5 x 10 6 kg/day (7.6 x 10 lb/
day). Presented In Table 29 are the daily dry weight of eso treatment
sludge volatile solids expected If the entire eso were treated by each
of the various eso treatment methods Investigated. From Table 29 it may
be seen that the volatile solids content of the eso sludges was significantly to appreciably lower than that for dry-weather municipal sludges.
For the eso treatment methods shown In Table 29, the higher volatile
solids contents are observed for the sludges derived from the biological
treatment methods. This was expected because the biological treatment
methods were preceded by treatment steps which removed the major portion
of the grit and Inert solids present In the raweSO. The physical and
physIcal-chemical treatment methods shown in Table 29 treated raw eso
with little or no preliminary treatment for Inert solids removal.
Examination of Table 29 and comparison with the hypothetIcal dry-weather
munIcipal volatile solids loading, shows that the dally volatile solids
rate from the eso treatment methods var~ed from about 1.5 to 5.5 times
the design drY-weather rate of 3.5 x 10 kg/day (7.6 x 10 6 lb/day) previously determined. It is apparent from this comparison that addItional
digestion facilities (aerobic and anaerobIc) wIll be required to handle
the eso sludges by these treatment methods. These additional digestion
facilities (either on-site or parallel to the DWF facilities) for
handling the eso sludges should be preceded by a grit removal step to reduce the possibility of grit and other Inert solids from settling In the
digesters and occupying valuable space.
4.

Toxicity to Treatment

Pertinent to this discussion Is the determination of any toxic effect of
heavy metals In the eso sludges to treatment In the dry-weather sludge
handling facilities. The toxic effect, If any. would manifest Itself
in the biological treatment portIons of the sludge handling systems.
such as In the aerobic or anaerobic sludge digestIon processes.
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TABLE 29.

CSO Treatment
Process

'"'"

VOLATILE SOLIDS CONTENT OF SLUDGES FROM
VARIOUS CSO TREATMENT PROCESSES

Total Solids
-6
kg/dayxlO -6 Ib/dayxl 0

Sludge Characteristics
Percent
Volatile Solids
Volatile

Solids

kg/dayxlO -6

Ib/dayxlO -6

Inert Solids
kg/dayxlO -6 Ib/dayxlO -6

Storage-SedimentatIon

11,.5

31.9

1,6.9

6.8

15.0

7.7

16.9

Olssolved-Alr Flotation

15.6

31,.1,

30.9

1,.8

10.6

10.8

23.8

Screening/OAF

37.9

83.1,

31,.2

12.9

28.5

21,.9

51,.9

Mfcroscreentng

39.2

86.1,

29. I

ILl,

25. I

27.8

61.3

Contact Stabilization

32.6

71.7

58.7

19.1

1,2. I

13.1,

29.6

Trickling Fil ter

20.6

1,5.1,

60.8

12.5

27.6

8.1

17.8

Previous discussion has Indicated that It Is Impractical to direct the
CSO treatment sludges to the dry-weather sludge handling facilities because this would cause a gross hydraulic, organic and solIds overload
of those facilities. However, for purposes of this discussion, for those
isolated cases where the dry-weather sludge handling facilities could
handle the CSO sludges, what would be the effect with regard to toxicity
of digestion sludge treatment?
Shown In Table 22 are the effects of various heavy metal concentrations
on aerobic and anaerobic biologIcal treatment processes. The data In
Table 22 Indicate, for example, that copper concentratIons greater than
5 mg/l and zinc concentrations greater than 10 mg/l will detrImentally
affect anaerobic sludge digestion. Another source (32) indicates that
soluble heavy metal concentrations greater than I mg/l are toxic to
anaerobic digestion. Still another source (31) indicated that raw sludge
copper concentrations of 14.3, 27.7 and 60.6 mg/l for three sewage treatment plants In Ohio did not adversely affect anaerobic sludge digestion
or gas production. The Information presented above appears to be in
conflict. It is Indicated that the concentration at which a substance
starts to exert a toxic effect is difficult to define because it can be
modified by antagonism, synergism and acclimation. Moreover, In the
case of Intermittently treating CSO treatment sludges In dry weather
sludge handling facilities, the digesters act as equalization basins to
dilute any heavy metal concentration present In the CSO treatment sludges
and thereby ameliorate any potential heavy metal toxic effect.
Presented In Table 23 are the heavy metal concentrations found in the
sludges from varIous CSO treatment processes. It was observed that the
heavy metal concentrations In the CSO treatment sludges were sIgnifIcant
and In some cases, such as for zinc and copper, were generally excessIve
(based on the allowable values in Table 22). Moreover, the data showed
that the heavy metal concentrations of the CSO sludges from blotreatment
processes (contact stabIlization and trIcklIng fJlteratlon) were appreciably hIgher than those for the sludges from the physical and physicalchemIcal CSO treatment processes.
That CSO treatment sludges may be handled intermittently in dry-weather
digesters (where applicable and all other things being equal) in spite
of high heavy metal concentrations Is exemplIfIed by the Kenosha, Wisconsin sewage treatment plant which has a 75,700 cu m/day (20 MGD) dryweather plant and a 75,700 cu m/day (20 MGD) wet weather contact stabIlization plant. The relatively high heavy metal concentrations In the
Kenosha CSO contact stabilIzation waste sludge are shown in Table 23
(zinc, 71.5 mg/l; copper 14.5 mg/l). The Intermittent handling of this
wet weather sludge by the Kenosha anaerobic digesters has been satisfactory with no apparent adverse effect on dIgestIon or gas production.
Handling of CSO treatment sludges In parallel digester facilIties at
the dry-weather plant Is another story because essentially no dilutIon
or equalization Is obtained with dry-weather sludge. It Is questionable
whether digestIon should be used In the CSO sludge handling scheme when
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CSO treatment sludges are to be treated on-site or in parallel digester
facilities at the dry-weather plant.
In any event, if toxicity Is suspected for a given application, potential
solutions to toxicity problems should be evaluated In laboratory or pilot
digesters.
Alternatively, a promising method for the rapid stabilization of difflcult-to-handle sludges, such as CSO treatment sludges, is lime stabilization, and it Is recommended that further Investigation of this method
be conducted.
5.

Treatment Efficiency

It Is readily evident from previous discussion that directing the CSO
treatment sludges to the dry-weather sludge handling facilities will
grossly overload those facilities from a hydraulic, organic and Inert
solids standpoInt. These gross overloads will detrimentally affect the
dewatering and stabilization performance and treatment efficiency of
the dry-weather sludge handling facilities. The downgrading In treatment efficiency would be manifested in poorly stabilized sludge for disposal and grossly deteriorated thickener effluents, filtrates, supernatants, etc. for recirculation back to the dry-weather plant.
As previously recommended, alternative on-site treatment methods, such
as lime stabilization, should be investigated for handling CSO treatment
sludges.
EFFECT OF BLEEO/PUMP-BACK OF THE DILUTE RESIDUALS FROM THE ON-SITE DEWATERING OF CSO TREATMENT SLUDGES ON THE DRY-WEATHER SLUDGE HANDLING FACILITIES
From previous discussion, It appeared that from a hydraulic and solids aspect
the dry-weather treatment plant would be able to handle the bleed/pumPback of dilute residuals from the on-site dewatering of CSO treatment sludges.
However, data was not available to evaluate the effect of dilute effluents
bleed/pump-back on organic overload or toxicity to treatment In the dryweather plant. This section allows evaluation of the separate effect of
pump back of the dilute CSO sludge dewatering residuals on the dry-weather
treatment plant sludge handling facilities.
Shown In Table 30 are the flows and characteristics of the dilute effluents
from the dewatering of the CSO sludges pumped back to the hypothetical dryweather plant. It mav be noted In Table 28 that only solids data was available from the dilute effluents pumped back. It may also be seen from Table 28
that the strength (solids) of the dilute effluents varied widely with the
CSO treatment process from which they were derived. Some of the dilute
effluents were stronger than domestic sewage and some were weaker. The suspended solids content of sewage has previously been assumed at 200 mg/I (9).
In order to estimate the quantity of sludge produced from the treatment of
the dilute effluents bled/pumped-back, the dilute effluent flows shown In

68

TABLE 30. ESTIMATES OF DRY WEATHER PLANT SLUDGE VOLUMES PRODUCED FROM THE
TREATMENT OF DILUTE EFFLUENTS PUMPED BACK AFTER DEWATERING CSO TREATMENT SLUDGES

Dilute Effluents
-!9.u 1va 1en t 5ewa...qe

Pumped BBCk

eso

'"

Treatment
Process

Storage-Sedimentation

Sol ids

50\ Ids

Sludqe Flow Produced
Act lvated
Pr I m"!..!Y.MOD
cu m/day
MOD
£I:!..!!1.!d~

MOD

-!'!9!..!-

cu mJday

MOD

--"'J!Ll.._

757.000

200

347

1.325.000

350

200

3.217

0.85

24.640

492.050

130

04

227.000

60

200

568

o. 15

4.353

4.390.000 1160

1.321

23.993.000

7660

200

70.7%

cu m/day

Total

cu m/day

MOO

6.51

27.858

7.36

I. 15

4.920

1.30

\D

Dissolved-Air
Flotation
Screen I ng!DAF

10.7

5 112,012

143.2

612.792

161.9

30.9

132.0%

34 9

Contact Stabilization 31 066 ,000

810

33\

6.245.000

1650

200

15.254

4.03

116.956

643.000

170

170

530.000

140

200

I.2M

0.34

9,SI,1

Trlckllng Filter

2.60

I 1.123

2.94

Table 28 were converted to equivalent domestic sewage by adjusting their
suspended solids content to 200 mg/l. Then the sludges produced from treatIng the dilute effluents pumped back are estimated by assuming a primary
sludge productIon of 2240 cu m (gal.) (5% solids) per mIllIon cu m (MG) of
adjusted flow and 18,700 cu m (gal.) (1% solids) of waste activated per
million cu m (MG) of adjusted flow. These calculations are summarized In
Table 30.
I.

Hydraulic Considerations

It may be seen from Table 30 that the estimated sludge volumes produced
varied widely with the CSO treatment sludges dewatered, and this varIation is attrIbutable to the quality of the dilute effluents bled/pumpedback. That Is, the poorer the dilute effluent quality, the greater the
sludge volume produced by the dry-weather plant, which is to be expected.
For example, the data in Table 30 show that the quality of the dilute
effluent from screening-flotation is of appreciably poorer qualIty than
those of the other dIlute effluents InvestIgated, and the sludge volumes
produced as a result of treating the dilute effluents from screeningflotation are correspondingly appreciably greater than those from any of
the other CSO treatment methods.
It was previously established that the dally design volume of sludge
(primary plus activated) to be handled by the hypothetical dry-weather
sludge handling facilities Is 3.6 x 10 5 cu m/day (96 MGD). Comparing this
value with the additional sludge volumes expected and shown In Table 30
Indicates that three of the fIve sludge volumes shown (from storage sedimentation, dissolved air flotation and trickling filtration) can be
Intermittently handled by the dry-weather sludge handling facilities,
assuming that the dry-weather sludge handling facilities are below design conditions (which Is a reasonable assumption).
On the other hand, It appears that two of the five sludge volumes In
Table 30 (screening/OAF and contact stabilization) would hydraulically
overload the dry-weather sludge handling facilities. Closer examination
of Table 30 shows that the two sludge volumes in question were derIved
from dilute effluents comparatively higher In quantIty and poorer In
quality than the other dilute effluents. This lends emphasis to the
Importance of performing the CSO treatment methods and the CSO treatment
sludge dewatering method as efficiently as possible so as to permit the
bleed/pump-back of dilute effluents to the dry-weather treatment plant.
For example, further Investigation (12) Into the dewatering tests performed on the sludges from screening/OAF of CSO yielding the dilute
effluent qualities shown in Tables 21 and 30 Indicate that the thickenIng-filtration dewatering was accomplished without the aid of chemicals.
The use of chemical conditioning would probably Improve the dilute
effluent quality permitting bleed/pump-back to the dry-weather plant with
an appreciable reduction In the amount of sludge produced for further
treatment by the dry-weather sludge handling facilitIes.
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2.

Solids Loading Considerations

For our hypothetical dry-weather plant, the design dry-weather solidg to
be handled (prlma~y plus activated) has been establIshed at 5.3 x 10
kg/day (11.7 x 10 lb/day). The additional sludge solids produced by
pumping back the dilute dewaterIng effluents (whose estimated sludge
volumes are shown in Table 30) are estimated by assuming a primary
sludge concentration of 5% and a waste activated sludge concentration of
1%. A summary of the addItional sludge solIds expected Is shown In Table

31.

The conclusions drawn from the solids information contained in Table 31
are similar to those derived from Table 30 with regard to the hydraulic
considerations evaluated, namely,
a. Comparison of the sludge handling facIlity design solids loading of
5.3 x 10 6 kg/day (11.7 x 10 6 Ib/day) with the additional solids
loadings shown in Table 29 Indicates that three of the five solids
loadings shown in Table 30 (from storage-sedimentation, dlssolvedair flotatIon and trickling filtratIon) can be intermittently handled
by the dry-weather sludge handling faicilltles, assuming that the
dry-weather sludge handling facilities are below design conditions
(which Is a reasonable assumption).
b.

On the other hand, It appears that two of the five solids loadings
in Table 30 (screening/OAF and contact stabilization) would create
a solids overload problem for the dry-weather sludge handling facilities. However, as IndIcated prevIously, it Is felt that this
problem may be minimized by more efficIent CSO treatment and CSO
treatment sludge dewatering performance, thereby permitting the
satisfactory bleed/pump-back of the dilute effluents to the dryweather plant.

BOD, heavy metals, PCB and pesticide data on the dilute effluents from dewatering CSO slUdges were not discovered in the literature, and therefore,
no comment Is made at this time regarding organic overload, toxicity to
treatment, and sludge handilng efficiency due to these pollutants.
In summary, It may be concluded that bleed/pump-back of CSO treatment sludges
to the dry-weather plant does not appear to be a viable or practical solutIon
on a generalized basis. If loot of the CSO volume was treated and generated
sludge, It would result In gross overloadIng of the dry-weather treatment
plant and the dry-weather sludge handling facilities. The most limiting aspect of bleed/pump-back of sludge through the treatment plant and sludge
handling facilities is the solids loading (to the fInal clarifiers and the
digesters). On the other hand, bleed/pump-back of the dIlute residuals from
on-site dewatering of CSO treatment sludges to the dry-weather plant appears
to be practIcal and warrants further considerations where applicable. However, it must be stressed that actual evaluation of the feasibility of bleed/
pump-back of CSO sludges must be completely evaluated for each individual
site. The potential problems associated wIth transport of a gritty sludge,
solids overload to the treatment and sludge handling processes and lower
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TABLE 31. ESTIMATED SOLIDS TO THE DRY WEATHER SLUDGE HANDLING FACILITIES
FROM THE TREATMENT OF DILUTE EFFLUENTS OBTAINED FROM CSO SLUDGE DEWATERING

Primary Sl udge
-6 lb/dayxlO -6
kg/dayxlO

CSO Treatment
Process

"

N

Activated Sludge

Total

-6 lb/dayxlO -6 kg/dayxlO -6
kg/dayxlO

lb/dayxlO

Storage-Sedimentation

0.16

0.35

0.25

0.54

0.40

0.89

Dissolved-AIr
Flotation

0.03

0.06

0.05

0.10

0.07

0.16

Screening/OAF

3.54

7.79

5.42

I I .94

8.96

19.73

Contact Stabilization

0.76

1.68

1. 17

2.57

1.93

4.25

Trickling Filter

0.06

0.14

O. 10

0.22

0.16

0.36

NOTE:

Sludge volumes used for the calculations were obtained from Table 29.

-6

treatment plant efficiency must be evaluated at each site and cost-effectiveness of bleed/pump-back determined.
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SECTION VI
EFFECT OF HANDLING CSO TREATMENT
RESIDUALS BY SEPARATE SLUDGE HANDLING FACILITIES
INTRODUCTION
The most feasible method for handling specifIc CSO treatment residuals must
be evaluated on an Individual basis. As Indicated In the previous section,
bleed/pump-back Is not a viable solution In most situations due to problems
of transport In pipelines and potential solids overload In the varIous dryweather treatment processes. Once evaluatIon Indicates that bleed/pump-back
Is not an acceptable alternative, then separate sludge handling facilities
must be provided. The processes must be capable of handling the specific
characteristics associated with CSO sludges. They also must be sufficIently
flexible for anticipated Intermittent operation. Once applIcable processes
for sludge handling are Identified, treatment trains can be established to
integrate all phases of sludge handling. It must be emphasized at this
point that the systems proposed in this section are generally suited for CSO
sludges, however design of a specific system must be considered on an individual basis where much different schemes may be appropriate. The last
step In evaluation of separate sludge handling facIlities Is location.
There are essentially three systems which can be considered: 1) transportation to parallel facilitIes at the dry-weather plant, 2) transportation to a
centrally located CSO sludge handling site and 3) satellite sludge treatment.
The advantages and dIsadvantages of each technique are presented.
This section has been dIvided to consider several aspects of sludge treatment
for CSO residuals Individually. The limitations Imposed by the nature of
CSO sludges are presented first. Then a brief discussion of various sludge
handling processes Is included, followed by development and technical evaluation of vIable sludge handling alternatives. The fInal portion of the section discusses alternative locations available for treating the sludge.
SPECIAL HANDLING REQUIREMENTS FOR CSO TREATMENT RESIDUALS
The characteristics of CSO treatment residuals dIrectly affect the number of
processes which can be used for handling these sludges. Specific attention
must be gIven to the hIgh grit content and low volatile solids concentration
of these materials. In addItion, the wide variation In frequency and volume
of each occurrence requires that the sludge handling process be flexible
enough to handle IntermIttent operation.
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The Information Indicating the effects of hIgh grit and low volatIle solids
content has been presented previously throughout sections IV and V. The
following Is a summary of this information for convenience:
a.

That substantial amounts of solids are transported to the dry
weather plants under wet weather conditions Is substantiated by significant data available from the literature (17). For example, presented in Table 18 were data showing the quantities of grit collected during dry and wet weather periods for various United States
installations. The data in Table 18 showed that the grit volume
ratio of wet to dry weather was appreciable, with the highest ratio
at 1800 times the average dry weather grit production.

b.

The literature (9) also indicates that often the stormwater solids
contribute a large increase tn fine solids (silt) which is too fine
to be removed in the grit chambers and results In overloading the
primary sedimentation basIn to the extent that chain and flight
collectors are sometimes burled and unable to function.

c.

It was further shown that the volatile solids contents of the sludges
from the various eso treatment methods were significantly to appreciably lower than that for dry-weather municipal sludges. The higher
volatile solids contents were observed for the sludges derived from
the eso biological treatment methods. This was expected because
the biological treatment methods used were" preceded by treatment
steps which removed the major portion of the grit and Inert solids
present in the raw CSO, whereas the physical and physical-chemical
treatment methods used treated raw CSO with little or no preliminary
treatment for inert solids removal.

d.

It was found that the net effect of the excess Inert solids in the
CSO sludges (when bled/pumped-back to the OWF plant) was to contribute to the solids overload on the dry weather treatment and
sludge handlinR facilitIes. Moreover, it was Indicated that alternative CSO sludge treatment, either on-site or In additionai parallel
facilities at the OWF plant, would require additional capacity to
handle the excess inert solids load.

It can then be proposed that the hIgh grit and low volatile solids content
of the eso treatment residuals will also have a direct bearing on the effectiveness of various sludge handling processes. The large amount of inert
material will require compensation In the equipment designs which are based
on solids loading such as thickening, filtration, lagooning, sand drying
beds, centrifugation, etc. Also, grit and other inert solids would detrimentally affect digestion (aerobic or anaerobic) facIlities because the
possibility of settlIng of those solids In the digesters, thereby occupying
valuable space. The heavy soilds loading could also cause mechanical complicatIons In some equipment.
The low volatile solids content will have the most effect on the processes
which utilize the organic substrate. Of special concern are digestion
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processes, since the lower organic loadings will reduce the efficiencies of
removal, and incineration, since many of the eso residuals have significantly
lower heat values (12).
The Intermittent nature and wide variations in flows of eso sludges could
pose problems when many common sludge handling processes are considered.
Most sludge systems are designed for operation on a continuous flow-through
basis which Is generally not possible when dealing with eso sludges (unless
extensive holding basins are provided). The volumes of eso sludge generated
will vary with the storm intensity and duration, time between storms,
process efficiency, etc. Therefore, either additional holding (storage)
capacity is needed or the unit processes must be desIgned to handle maximum
anticipated flows and stili effectively process lesser amounts. Several
sludge handling processes, notably digestion, may be adversely affected by
the Intermittent operation. It Is important to consider these factors
when the sludge handling processes are evaluated.
From the foregoing discussion, several evaluation criteria can be established
and they should be considered when choosing applicable sludge handling
methods for eso residuals. The following considerations are important:
1.

Is the process design established by solids loading criteria?
If so, the large volume of Inert solids may adversely affect the
system operation and additional capacity will be required.

2.

Will the volume of inert solids affect the operation of the process?
If so, then again additional capacity may be needed which may be
detrimental to the process efficiency.

3.

Is the process dependent on a specific amount of organic constItuents
for proper or efficient operation?
If so, then the unusual ratio of volatile solids to inert material
may cause severe problems In the overall design of the system.

4.

Will intermittent use adversely affect the operation or efficiency
of the process?
If so, then the degree of lower efficiency must be established and
the process evaluated from this criterion.

5.

Will overdeslgn of the system (to handle maximum flow rates) adversely affect the process operation under lower loading rates?
If so, then use of large storage basins preceding the sludge
handling system or process are mandatory. If space for holding
is not available, the given process may not be applicable.

Therefore the individual sludge handling processes must be reviewed with
these criteria In mind when considering their use for eso treatment
residuals.
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SLUDGE HANDLING PROCESSES
General Sludge Handling Systems
In general, sludge handling processes can be grouped according to the general
phases shown in Figure 7. Various combinatIons of these processes can be
utll ized, to provIde the overall sludge handl ing schematics. BasIcally the
potential flow schematics are as follows:
I.
2.
3.
4.

*

(Conditioning)"
Disposal
(Conditioning) ..
(Conditioning) ..
(CondItioning) ..

.. Thickening .. Stabil ization .. (Dewatering) ..
(Thickening) .. Dewatering -> Reduction .. Disposal
StabilIzation" ThIckenIng .. (Dewatering) .. Disposal
Stabilization" Disposal

parentheses Indicate optional process

Individual processes can now be evaluated and the appropriate systems developed for CSO treatment residual handlIng.
Conditioning
Conditioning Is used to pretreat the sludge to allow more effective thickening or dewatering. The processes used can Include chemical addition of
polymer, lime, ferric chloride or alum, among others, or heat treatment.
EffectIve condItioning can increase the effIciency of the processes when
applied properly. However, choice of proper chemicals for this type of
conditioning is dependent upon individual sludge characteristics. If there
are significant variations In sludge quality, as are common with CSO treatment residuals, then the needed chemIcal dosages will change.
If provision cannot be made to correct the dosages utIlized in the fIeld,
which is difficult wIth Intermittent CSO generatIon, then the effectiveness
of chemical conditioning can be severely reduced. Heat treatment can also
be utilized wIth temperatures from 149-260 °c (300-500 OF) and pressures
of 10.2-27.2 atm. (150-400 pslg)(22). The treatment breaks up cell masses
and Improves dewatering characteristics. However, the resulting supernatant
Is highly polluted with various organics and requires that additional capacity be available at wastewater treatment facilItIes. In addition, the
process Is extremely energy Intensive which may cause future problems.
Thickening
Thickening removes the major portIon of the liquid In sludge and Is often
the initial step in sludge dewatering. Thickening Is applicable to the
dewatering of CSO sludges, and In particular, gravity thickening equIpment
is usually employed for sludges derived from physical and physical-chemical
CSO treatment methods, whereas flotation thickening is normally more
amenable to thickening sludges emanating from biological treatment methods.
Centrifugal thickenIng may also be applIcable to some CSO sludges, however
prior grIt removal is necessary to prevent excessive wear on the centrifuge
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GENERAL TREATMENT PROCESS
Conditioning
CheIIIl ca I
Heat

Thickening
Gravl ty
Dissolved-air
Flotation
Centrifuge

Stablll zatlon
Anaerobic digestion
Aerobic digestion
Chlorine oxidation
LI me t rea tmen t
Hea t t rea tmen t
Compostlng

**

DewaterIng

Reduction

Vacuum filtration
Centrifugation
Drying beds
Drying lagoons
Filter press
Moving screen
Capillary belt
DCG!MRP

Incineration
Flash drying
Wetalroxldation
Pyrolysis
Cyclonic
furnace
Electric
furnace

GENERAL TREATMENT TRAINS
I.

(Condltlonlng)*

2.

(Conditioning)

*
**

+

+

Thickening
(Thickening)

Stabilization

+
+

Dewatering

+

+

(Dewatering)

Reduction

+

+

Disposal

Disposal

Parentheses Indicate optional process.
Rotating Gravity Concentrators

Figure 7.

Sludge handling systems.

Disposal
Sanl tary
landfill
Ocean
Land application
Land reclamation

mechanism.
Stab ill zat Ion
In most cases, stabilization of the sludges is required before ultimate dIsposal in order to minimize organic solids mass, health hazards and nuisance
conditions. In fact, where final disposal is on land [50% of U.S. installations (22)], such as by sanitary landfill, cropland application and land reclamation, it is essentail that sludges be stabilized prior to spreading on
land.
Stabilization, therefore, minimizes nuisance conditions by decomposing
organic solids to a more acceptable stable form and minimizes health hazards
by reducing or eliminating pathogenic organisms. Stabilization processes
and equipment available include anaerobic and aerobic digestion, heat treatment, composting and chemical treatment (chlorine oxidation and lime treatment). Some of these stabilization processes are established and some are
experimental· Further discussion regarding them and their applIcabilIty
for handling CSO sludges Is Included.
Anaerobic and AerobIc Digestion - Both anaerobic and aerobic digestion are
estabilshed processes and because of the current energy shortage are increasing in popuiarity; the former because of the potentIal benefits of
methane production and the latter because it can produce exothermIc conditions. These processes are applicable for handling CSO sludges derived
from biological treatment methods and the associated equIpment required
shouid be located at the dry weather treatment plant aiong with the CSO
biological treatment equipment so as to be able to keep the "CSO digesters"
viable with dry-weather sludge between storms. It may be evIdent that
these processes are not applicable at remote on-site CSO physical and
physical-chemical facilities where the means for keeping the processes vIable
between storms is not existent.
Heat Treatment - Heat treatment of sludges has seen rapid growth In recent
years and includes the following: pasteurization, low pressure oxidation
(Sterling Drug) and the Porteous heat treatment process. At this tIme, the
heat treatment of sludges has many vigorous advocates and equaily vigorous
opponents. Usual complaints Include failure of equIpment, excessive cost
and high supernatant BOD and color. Because of the Impact of this process
on cost and the unknown effect of high supernatant BOD on organically overloadIng the dry-weather plant, this process will not be further considered
as a CSO sludge stabilizatIon alternattve.
Compostlng - Composting of sludge has not been widely applied In North
America. Of the 18 composting plsnts constructed in the U.S. between 1951
and 1969, few are currently operated and many of these are operated intermittently. The primary problem has been the lack of a market for the stable
product to offset the cost of the process and make it economical. Composting
will not be further considered fQr handl~g eso sludges.
Chemical StabilIzation - Chemical stabilizatIon processes Include chlorine
oxidation and lime stabilization. The Purlfax process oxidizes sludge with
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heavy doses of chlorine (about 2000 mg/I) and produces a stable and sterile
sludge which Is low in pH (about 2). The treated sludge dewaters well on
sandbeds and is amenable to vacuum filtration after conditIoning. Chlorine
cost only Is about $5.50/metric ton dry solids ($5/ton). Other operating
and capital costs would increase this figure. The prImary concern with this
process is that the drainings from the treated sludge contain high concentrations of chlorinated compounds which may be toxic. Because of this concern and the possibility of ultimate disposal on land, further consIderation
of this process for handling CSO sludges will not be made.
The lime stabilization process Is also a chemical stabilization process designed to reduce many of the harmful properties of sludges. The process
Involves addition of slurrIed calcium hydroxide to a pH greater than 11-12
and continued mixing of the solution for thirty minutes. This time period
allows the slower reacting lIme to hydrolyze and provides contact for pathogen destruction. A schematic of the typical process Is shown In Figure 8.
Previous studies (32, 33) on the subject have indicated that this procedure
effectively reduces the indicator organIsms for bacterial pollution up to
99 percent and significantly reduces nuisance odors (34). In addition, the
dewatering characteristics of the sludge are markedly improved. Investigators (34) concluded that lime stabilized sludge Is as safe to handle as that
produced from conventional anaerobIc dIgesters. However, there can be
problems wIth lime stabilized sludge If proper disposal methods are not
utilIzed. The high pH of the sludge Is not permanent and as the pH decreases
during the degradation process, odor and bacterIa problems may reoccur.
Excess lime dosages and proper disposal can retard or eliminate the problem.
Lime stabilization seems to be quite adaptable to CSO sludge treatment for
several reasons. First, the process Is flexible. It can be used Intermittently with sludges of a wide variety of characteristics. The process control is commonly performed utilizing pH measurements so that operator intervention Is minimal. The anticipated total capital Investment Is lower due
to simple operation and shorter detention tImes than other stabilIzatIon
techniques. If necessary, a portable treatment unit could be developed for
use. This type of system may be used to augment dry-weather sludge handling
facilities when not required for CSO sludge treatment. However, the lime
dosages requIred are hIgh and this cost must be considered. PrevIous studies
(35) have Indicated that lime dosages range from 102-208 g Ca(OH)2 per kg
of dry solids and operating and maintenance costs are estimated to be $9-$19
per metric ton ($B-17 per ton) of dry solids. In addition, direct land applicatioTh of lime stabilized sludges requires hauling large volumes of liquid
sludge which may not be practical in some situations. In these situations,
further dewatering using centrifugation or vacuum filtration is a necessary
&uhject tor further study. Howeyer, it is anticipated that with lime stabilizatIon, further cnemical condltToning requirements wollIn oe-mfn-rmal since the
lime addition significantly improves sludge dewatering capabilities. Another
advantage of using lime stabilization is the reduction of potential odor prior
to further handling. This aspect may be important if storage for any length
of time is required.
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Dewatering
Dewatering Is used to remove additional moisture from the sludge (50-90%) to
produce a damp cake (22, 36). The devices utilize several methods Including
natural evaporation and percolation plus mechanIcal techniques such as filtration, squeezing, vacuum withdrawal, centrifugation and compaction.
Referral to Figure 7 indicates that there are many potential technIques
available for dewatering. When considering these processes with respect to
CSO sludges, some can be eliminated due to apparent operational problems.
Space restrictIons will eliminate use of both drying beds and drying lagoons,
in most cases. Devices such as moving screens, capillary systems and rotating gravity concentrators (DCG/MRP) are new systems which have not been
defined with respect to their applicability to the high grit content of CSO
sludges. The techniques may be appropriate, however, further investigation
would be needed prior to their use.
More conventional techniques Include filter press, vacuum filtration and
centrifugation. Use of a filter press Is desirable if incineration or other
combustion technique Is being utilized, otherwise It may be too expensive for
CSO sludge dewatering. In addition, conditionIng requirements and operator
control needs may be greater. It may be more desirable to use vacuum filtration, which will provide a workable cake (approximately 20% solids) for
landfill or land application. PrelIminary studies (12) have Indicated that
dewatering thIckened sludges by vacuum filtration was amenable to CSO sludges
derived from contact stabilization. CentrIfugation may also be an appropriate dewatering technique If the grit concentration will not cause extensive mechanIcal wear. It was indicated that the use of thickening and
centrifugation was applicable to the CSO sludges emanating from treatment by
screening/OAF and trickling fIltration. In some instances It was Indicated
that some CSO sludges may be most effectively dewatered by centrIfugation
alone (without pre-thickening). These Included sludge from storage-sedimentation and from dissolved-air flotation alone (25) (see Table 28).
Reduction
In some cases reduction can be utIlized as a stabilization and/or disposal
process. Several types of processes can be utilized as outlined in Figure
7 and these can be further divided Into new or established types. Pyrolysis
and the use of cyclonic and electric furnaces are new techniques which have
been used mainly on a small scale basIs. The effects of the high grit and
low volatile solids content Is not readily predictable. However, it Is
speculated that the same features which affect the use of Incineration for
CSO sludge handlIng are applIcable In these systems.
Incineration can be used to reduce the sludge to ash after thickening and
dewatering. Incineration although costly, Is receiving Increased attention
as an alternative with decreasing land availability and the possibility of
more stringent standards for land disposal. However, wastewater treatment
sludges have low heat values In comparison to common fuels to the extent
that combustion Is not self-sustaining unless extremely hIgh solids contents
are reached In feed cakes. Often an auxiliary fuel is required, if waste82

water sludges are incinerated alone. The heat value for typical dry-weather
activated sludge solids is 3563 cal/gm (6413 BTU/lb) as compared to gasoline
with a value of 11,100 cal/gm (19,980 BTU/lb). Furthermore, it was observed
(12) that the heat value of most other eso treatment sludges was even less.
The average heat value for eso sludges from physical and physical-chemical
treatment was 2032 cal/gm (3657 BTU/lb), whereas that for similar dry-weather
sludges is estimated at 4581 cal/gm (8246 BTU/lb) (27). This difference in
heat value is attributed to the higher inert and low volatile solids content
of the eso treatment sludges in question. On the other hand, the heat value
of the biological sludges from eso biological treatment was comparable to
that fo~ the dry-weather biological sludges, and that was expected because
of the similar solids characteristicq.
Because the heat value for eso sludges is relatively 10\., the cake solids in
the feed must be proportIonately higher to avoid the use of auxilllary fuel.
The energy and capital costs of obtaining a sufficient solIds concentration
In the feed cake may be prohibitive. If auxilliary fuel Is utilized, in
the light of the Increase in energy cost and the current energy shortage,
incineration would not be a viable method for handling eso sludges at this
time. However, interest in using incineration may be revived if the combined incineration of solid waste residues and wastewater sludges are incorporated with energy recovery as a prime feature.
Wet air oxidation is the final technIque which may be used for sludge reduction. It is used at hIgher temperatures and pressures than heat treatment
and theoretically oxidizes any materials capable of burning in water at
temperatures of 121-371 °c (250-700 of). Preliminary thickening and dewatering are not necessary, however it is necessary to provide disposal for the
oxidized material. The main disadvantages associated with this technique
are the high energy cost and the associated problems due to intermIttent
operatIon. High pressure and temperature operations should be run as continuously as possible to alleviate start-up problems and energy loss.
Disposal Techniques
Disposal techniques involve either the land or oceans. However, recent regulations have restricted ocean dumping, so that only land disposal remains.
Three techniques are applicable; land reclamation, land application and landfill. Land reclamation Is most restrictive since It requires that land
needing to be reclaimed (such as abandoned strip mines) be located near the
sludge generation site. This criterion will not generally be met wIth regard to eso sludges. Land applIcation does pose a viable solution for disposal and has been considered in depth in Section VIII. Further discussion
is not Included here.
Landfilling of sludges and other residual by-products of municIpal and Industrial waste treatment Is a major ultimate dIsposal alternatIve. A
sanItary landfill accepting sludge must be designed In accordance with EPA
"Guidelines for Land Disposal of Solid Wastes" (37) even If sludges are disposed of separately or along with municipal solid wastes. These guidelines
are a result of Increasing concerns for publIc health and environmental
quality (38). The guidelines state that prior to landfllllng, (a) sludges

must be stabilized (Ie. digestion, lime, heat etc.) to prevent odor problems
and reduce health hazards and (b) sludges must be dewatered to eliminate
leachate migration.
A sanitary landfill must be managed so that wastes are systematically deposited
and covered with soil to control environmental impacts within defined limits.
Proper management consists of four basIc operations (39): 1) wastes are
added in a controlled manner in a prepared portion of the site; 2) the wastes
are spread and compacted In thin layers; 3) the wastes are covered daily or
more frequently, if necessary with a layer of soil; and 4) the cover material
is compacted daily.
Proper site selection Is an important step toward establishing an acceptable
sanitary landfill operation. Some of the major factor~ which should be
considered In site selection are (40): a) land requirements, b) waste haul
dIstances, c) cover material, d) geology, and e) climate.
Important public health and nuisance aspects which must be considered In
landfill operatIon are 1) vector control, 2) water pollutIon, 3) odors, and
4) gas production (40).
EPA guidelines require that a program must be developed and Implemented to
provide for adequate monitoring of landfills accepting sludges (38). This
plan would Include groundwater observation wells, and surface runoff collection basins to measure pollutant migration from leachates or surface water.
DEVELOPMENT OF VIABLE TREATMENT SCHEMATICS
General
The first step In the development of viable treatment schematics is to
identify those processes which are applicable to possible use for CSO sludge
handling. Once this has been accomplished, then various treatment trains
can be Identified and further evaluated from a space and preliminary economic
standpoint.
Generally, the process elements comprising a CSO sludge handling system might
Include grit and low volatile solids removal, sludge dewatering, stabilization and ultimate disposal. The specific treatment train used will vary with
the CSO treatment method employed and location and the ultimate disposal
method used. For example, it has been shown that the grit and low volatile
solids contents of CSO sludges are greater than those for dry-weather municipal sludges. Moreover, for the CSO treatment methods investigated, greater
concentrations of grit and low volatile solids contents were associated with
sludges from physIcal and physical-chemical treatment than from sludges derived from biological treatment. This was expected because the biological
treatment methods (contact stabilization and trickling filtration) were
preceded by treatment steps which removed the major portion of the grit and
Inert solids present In the raw CSO, whereas the physical and physIcal-chemical treatment methods (storage-sedimentation, OAF, screening/OAF and mlcro-
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screening) treated raw csa with little or no preliminary treatment for Inert
solids removal. Therefore, it would be expected that the sludges from
physical and physical-chemical treatment might requIre provision for grit
and low volatile solids removal whereas those sludges from bioloqical treatment might not. Suitable equipment for grit removal includes:
chain and flight grit removal devices, hydroclones, and the swirl concentrator (41). Hydroclones are commercially available for grit removal from
sludges. The swirl degritter is a newly developed device (77) (78) (79).

Specific Processes for Use In CSD Sludge lJandl ing
The previous discussion briefly identifIed various processes which could be
used for handling csa treatment residuals. Due to the discussion presented
therein and evaluation of the question criteria outlined previously In this
section, the following processes are considered to be potentially applicable
to csa sludge handling:
ConditIoning:

Chemical treatment

Thickening:

Gravity thickening

Stabl I izatlon:

Lime stabilization
Anaerobic digestion (in some cases)

Dewateri ng:

Vacuum filtration
Centrl fugation

Reduction:

None

Oi sposa 1:

Land applIcation (LA)
Landfi 11

Potential Treatment Schemes
As indicated, the individual treatment scheme chosen is determined by the
specific characteristics of the csa sludge to be treated. However, for
generalization, the biological sludges can be grouped Into one type and the
physical or physical/chemical sludges Into another. Another important consideration Is the location of the sludge handling system, especially when
biological treatment techniques are beIng considered. Usually, if biological
systems are applicable, the treatment system and sludge handling facilities
are located at or near the dry-weather treatment plant. When this Is the
case, a different flow schematic than that generally proposed may be desirable.
Combination of the processes chosen which may be applicable to
handling yields the following ten alternatives:
I.
2.

Lime Stabll izatlon
Lime Stabilization
App 11 cat ion

+
+

Gravity Thickening
Gravity Thickening
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+
+

csa

Vacuum Fi Itratlon
Vacuum Filtration

sludge
+
+

landfill
Land

3.

4.
5.
6.

7.
8.
9.
1O.

Lime Stabilization ~ Gravity Thickening ~ Land Application
Lime Stabilization ~ Land Application
Vacuum Filtration
Anaerobic Digestion ~ Gravity Thickening
Landf fll
Centrifugation ~ Landfill
Anaerobic Digestion ~ Gravi ty Thickening
Vacuum Filtration ~
Anaerobic Digestion
Gravl ty Thickening
Land Application
Centrifugation ~ Land
Grav! ty Thickening
Anaerobic Digestion
Application
Anaerobic Digestion
Gravity Thlck~nlng + Land Application
+
Land Application
Anaerobic Digestion
~

~

~

~

~

~

~

~

It is observed that centrifugation was not Included as a thickening method
when lime stabilization was utilized. This is mainly due to the fact that
the large doses of lime used for stabilization should allow vacuum filtration to proceed easily, with a minimum of additional chemicals. Also these
schematics do not presently Include provision for grit removal, so the
potential wear on a centrifuge might be a problem. Therefore, .centrifugal
dewatering was not considered at this time. However, both vacuum filtration
and centrifugation were considered if anaerobic digestion was utilized as
the stabilizatIon technique, since prior grit removal Is generally included.
Chemical conditioning Is anticipated to be needed and the chemical type can
be tailored to meet the optimum dosage for the given dewatering method.
Both landfill and land application have been considered as viable disposal
techniques, although land application can accept much more dilute sludges,
If transportation costs are not prohibitive.
Preliminary Evaluation of Schematics
Evaluation of the flow schematics given Involves an Initial comparison of
lime stabilization and anaerobic digestion. ConsIdering operational variables plus cost and space requirements, the advisability of using lime
stabilization over digestion Is Indicated even when biological treatment
of CSO Is utfllzed. For example, lime stabilization Is less complex In
operation, less subject to upsets, can be more easily automated and is more
adaptable to Intermittent operation (dIgestion process would have to be
kept viable between storms). Moreover, lime stabilization appears to require
less space. A lime sludge contact time of about 30 minutes Is needed for
lime stabilization (42), whereas 10-15 days solids retention time Is required for digestion (See Tables 22 and 23). From the standpoint of costs,
It appears that the cost of digestion Is appreciably greater than that for
lime stabilIzation. For example, for a 37,850 cu m/day (10 MGD) sewage
treatment plant which produces a total sludge flow of approximately 254
cu m/day (0.067 MGD), the capital cost of a lime stabfl izatlon process
is estimated at $28,000, and this cost Includes tankage, piping, chemical
feed system and automatic control Instrumentation. On the other hand, the
construction cost Tor an anaerobic digestion system to handle the same
quantity of sludge is estimated at $800,000 and this cost Includes sludge
heating, circulating and control equipment and control building (43). The
operating costs for digestion are also appreciably greater than those for
lime stabi lizatlon •. For example, the total annual costs for anaerobic diges86

tion (including amortization) are estimated at $31 per metric ton dry solids
($28/ton) whereas those for lime stabilization are about $10 per metric ton
dry solIds ($9/ton) (44). From the above discussion, it is evident that
iime stabilization is a premising method for handling the unique CSO treatment sludges. It should be recognized that lime stabilization Is not an
established sludge handling method and demonstration of Its application for
treating CSO treatment sludges should be pursued to obtain basic design
and operating criteria and further investigation is recommended.
Sludge dewatering by thickening, where economically feasible, should be performed after lime stabilization because it has been found that lime treatment enhances the sludge settling characteristics (44). Further dewatering
may be achieved by vacuum filtration. Ultimate disposal of the sludge, depending on land availability and other factors, would be by landfill or land
application. Therefore preliminary screening indicates that four treatment
systems may be applicable for handlIng CSO residuals. All Involve lime
stabilization but the degree of intermediate treatment, prior to disposal
cannot be estimated at this point. IndivIdual transportatIon and storage
costs must be considered to establish which of these general alternatives
is most cost-effective.
IMPACT OF HANDLING CSO SLUDGES AT VARIOUS SITES IN THE CITY
Genera I
When considering separate treatment of CSO sludges by any of the chosen
handling schemes, It is necessary to establish the location at which the
sludge will be treated. There are three potential locales: treatment at
parallel facilitIes at the dry-weather treatment plant; treatment at a
central location and treatment at remote satellite locations.
A natural basis for selection of the location for CSO sludge treatment Is
the CSO treatment method used for treatment of the raw CSO. The physical,
physical-chemical, and biological processes used on storm flows each have
1Iml tattons as to where they can be used (9). Biological treatment faci 1ities should be located at sewage treatment plants to provide a continuous
active biomass. Physical and physical-chemical treatment facilities lend
themselves more easily to remote satellIte locations. Inasmuch as the CSO
sludges from biological treatment will be treated both "on-site" and "at
parallel faclll ties at the DWF plant", the questIon arIses as to which
alternative to use for treatment of the CSO sludges from physical and physical-chemical treatment.
Treatment of CSO Residuals at Parallel Facilities at the Dry-Weather Plant
HandlIng these CSO sludges In additional parallel facilities at the dryweather plant does not appear to be generally feasible because of the
problems involved in transporting the sludges from the csa treatment site
to the dry weather treatment plant. Alternative means for transporting the
sludges to the parallel facilities at the dry-weather plant Include bleed/

87

pump-back to the combined sewers, transport by separate pipeline and hauling.
It Is apparent from previous discussion that sludge bleed/pump-back to existing combined sewers would not be feasible in most cases because it would require storage, the sludge would be admixed with the sewage contributing to
an overload on the dry-weather plant and grit In the sludge may settle out
quickly In the interceptor causing blockage and premature overflow via
backwater effect.
Separate pipeline transportation of sludges, say from remote overflow treatment points, would not appear to be feasible since It would require separate
pipelines from many treatment points to the dry-weather plant which would
appear to be costly. Moreover, because the flows through these lines are
intermittent, grit and other solids deposits caD accumulate between storms
increasing pluggage problems. It may be possible to partially alleviate
these accumulations by flushing the lines, however, this procedure may
cause hydraulic overload problems at the treatment plant due to large
volumes of water needed. In addition, the characteristics of the wastewater is extremely different from typical influent, and may adversely affect
plant operation. However, where the csa treatment facilities are centrally
located near the dry-weather plant, pipeline transportation of csa treatment sludges to parallel sludge treatment facilities at the dry-weather
plant may be a viable alternative in spite of potential problems.

Similarly, hauling of csa treatment sludges to parallel treatment facilities
at the dry-weather plant may be feasible in isolated instances, but would
not appear to be generally feasible because of the cost involved and the
logistics for a trucking operation from many remote overflow points.
UtIlization of pipeline transportation and hauling for bringing CSO sludgesto
the dry-weather plant may be enhanced if the major portIon of the grit and
inorganic solids were removed on-site at the overflow treatment facility
and If subsequently the sludges were treated by digestion (aerobic or anaerobic) in parallel facilities which were kept viable between storm~ with dry
weather sludge. If transportation of CSO sludges by bleed/pump-back, pipeline or hauling to the parallel sludge handling facilities at the dryweather plant Is not feasible, as is Indicated from previous discussion,
then the other alternatives must be considered.
Treatment of CSO Residuals at Centrally Located Sludge Handling Facilities
This alternative Involves transportation of the CSO treatment residuals to
a central location for stabilization, storage and further dewatering. All
of the disadvantages associated with transport of the sludge to parallel
dry-weather facilities are applicable with the exception of bleed/pump-back,
which may not be possible. There may be some additional difficulty associated
with obtaining sufficient property for locating the treatment plant, since
in most areas of the country the combined sewers are located In the center
of the city. This may possibly be a prohibitive factor In utilizing the

88

central location alternative. If property is scarce and if transportation
using separate pipelines, or hauling is not feasible, as was indicated in the
previous section, then on-site treatment of GSO sludge Is the only remaining
alternative. This choice Is not without problems, such as the operation
and maintenance of several solids handling plants at different remote locations in a city, but does have the advantage in that it eliminates the
operational problems and cost associated with transporting the sludges from
the remote GSO treatment sites to the dry weather plant.
Treatment of GSO Residuals at Satellite Treatment Sites
The remaining alternative to consider Is therefore treatment of the GSO
residuals at separate sites throughout a city. It Is necessary to evaluate
the effect of this handling with respect to performance, operation, maintenance and cost (9). The disadvantage of maintaining and operating several
treatment systems is obvious with respect to both manpower and utilities
costs. In addition, capital equipment costs are anticipated to be greater
since the typical economics of scale can not be fully utilized. However,
overall evaluation Is necessary before this alternative can be implemented
or disregarded.
The following discussion is pertinent to and limited to GSO treatment facilities at remote satellite locations. In this regard, and as previously
noted, physical, physical-chemical and biological treatment processes used
on storm flows each have limitations as to where they can be applied.
Biological treatment systems should be located at sewage treatment plants
which can supply a continuous active biomass. On the other hand, physical
and physical-chemical treatment processes lend themselves more easily to
remote locations at overflow points, and It is these locations which are
the subject of this discussion.
The question has been raised that if on-sIte treatment of residual sludges
is performed as recommended, what effects on operation, performance and
maintenance would occur due to the logistics of operating and maintaining
several sludge handling facilities at different locations, say 5 to 10 or
perhaps 100, by one municipality? It is evident that sludge handling and
disposal is an Integral part of a GSO treatment system and the effectiveness
with which sludge handling is carried out influences the efficiency of
treatment, operation and maintenance, and overall costs. Moreover, the
effective operation of a total GSO treatment system requires not only the
physical operation of the components (overflow treatment and sludge handlIng)
but also their operation in unison and on-call. Therefore, the aspects of
operation and maintenance for GSO treatment and residual sludge handling
should be equally emphasized. These aspects Include operating controls and
options, sustaining (dry-weather) maintenance, support facilities and supply,
and safety.
Storm events occur at random intervals, and for this reason it is essential
that mul~lple remote treatment sItes be capable of automatic startup and
shutdown. Furthermore, the instrument and equipment reliability requirements may be much more demanding than for dry-weather treatment facilities.
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The lime stabilization process, for example, lends itself well to automation
because two of the most important variables in the process are pH and contact
time. Contact time may be adequately controlled by system design, and pH
Is relatively simple to control and automate.
It is indicated that a sustaining or preventative maintenance program is the
one key to a successful combined sewer overflow pollution abatement and
control system. The program begins with the careful planning and design of
the combined sewer overflow treatment and solids handling facilities. For
example, whenever several systems are needed, which is the primary thrust
of this discussion, It Is usually economical to use the same type device,
equipment, and design to reduce operation and maintenance costs. Also, designing in increased automation permits minimization of cleanup and maintenance.
The performance of remote site facilities are greatly enhanced by strict
adherence to a well-planned sustaining maintenance program. Generally, the
sustaining maintenance required increases as the degree and complexity of
treatment sophistication Increases. Effective control and operation of such
facilities are usually dependent upon varying degrees of instrumentation.
For example, to ensure reliable startup and shutdown, all instrumentation
must be checked and calibrated on a regular basis.
Satisfactory operation of combined sewer overflow abatement and treatment
facilities depends, to a large extent, on adequate regular Inspection and
maintenance. The purpose of this Is twofold: first, to locate and correct
any operational problems or failures and second, to prevent or reduce the
probability of such problems or failures.
Inspection should be as frequent as necessary to keep such facilities In
good operating condition. Generally, this means Inspections both on a weekly
schedule and following each major storm. All equipment must be exercised
regularly to check and Insure readiness, and facility cleanup, lubrication
and dewatering must be done following each storm.
Complete records should be kept of all Inspection and maintenance. The time
and date of each inspection should be recorded, together with a description
of the condition of the equipment and the work performed. The number of
man-hours spent on each piece of equipment should be noted. These data
should be tabulated for each piece of equipment requiring excessive maintenance or that Is out of service with unusual frequency. These records can
provide the data needed to compare the cost and efficiency of different
types of equipment for guidance In the design and purchase of new equipment
or the remodeling of existing equipment. Such records also aid in the
scheduling of preventive maintenance. Required maintenance common to most
off-line facilities may Include lubricating of equipment; Inspecting and
cleaning of chemical pumps, electrical and pneumatic sensing probes, flow
measuring and recording devices, and automatic samplers; checking and
calibrating Instruments; checking emergency power generators and starting
batteries; and Inspecting all pumps, valves, and piping.
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The Importance of maintenance support In the operation of treatment facilities
increases as the number and/or size of such facilities Increases. In view
of the wide variety of control and treatment processes, no attempt will be
made to cover the specific requirements of each Individual process; only the
common generai requirements will be listed. The four major requirements are
(1) access to equipment, (2) adequate tools and equipment, (3) a specialized
work area, and (~) spare parts stock.
Finally, storm flow management applications expose personnel to very real
and very dangerous environmental conditions. The hazards are a function of
the working environment, operating procedures and practice, and condition
and design of factlities. The chemicals used or stored present another
problem because of their toxicity, corrosiveness, etc.
Plant features,
such as railings, kickboards, safety treads, multiple access/egress points,
ventilation, lighting, auxiliary power sources, and detection and observation
points, must be fully Incorporated into design and practice.
In summary, the logistics of operating and maintaining several solids handling plants at different locations throughout a city is formidable but not
insurmountable.
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SECTION VII
CONSIDERATIONS FOR LAND
APPLICATION OF CSO WASTES
Land application of wastes, in general, entails the use of plants, the soil
surface, and the soil matrix for removal of certain pollutlonal constituents.
Land application systems can be considered as viable alternatives for waste
treatment and disposal.
However, the consideration of land for the treatment and disposal of any
type of waste Is a very complex matter that encompasses a wide range of design possibilities which are available to suit specific site characteristics,
treatment requirements and project objectives. To date, no generalIzed design procedure Is in use or available which would assist In evaluating the
major variables that influence the design of a land application system.
Therefore, the information in this section is intended to summarize the present state-of-the-art technology and, from this knowledge, provide information and criterIa for evaluatIng the feasibilIty of applying CSO constituents
to, the land. The storm generated discharge residuals that wIll be considered for study Include:
I.
2.

Raw CSO
CSO sludges, liquid and dewatered

The following discussions are primarily based on the following EPA Technical
Bulletins and Information Transfers: "Wastewater Treatment and Reuse by
Land Application" (45); "Land Treatment of Municipal Wastewater Effluents"
(46); "Evaluation of Land Application Systems" (47); "Costs of Wastewater
Treatment by Land Application" (48); and "Municipal Sludge Management:
Environmental Factors" (38).
LAND APPLICATION TECHNOLOGY
The Inclusion of this technology section is to establish a general procedure,
based on an understanding of the pollutant management capabilities of soils,
for evaluating the feasibility of land application of CSO wastes under
various conditions. This development will provide a rational screening
method which should lead to 1) the Identification of specific factors, 2) an
indication of the public health and legal constraints In using land application, and 3) site locations that combIne the required characteristics for
safe pollutant management. Essentially, the Information presented in this
section Includes state-of-the-art discussions of the following areas: land
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application methods, public health considerations, Imposed government regulations, site selection and factors, and design considerations.
Land Application Methods
The three basic methods of land application are Irrigation, infiltration percolation, and overland flow. Each method, shown schematically in Figure
9, can produce renovated waters of different quality, can be adapted to
different site conditions, and can satisfy different overall objectives.
Tables 32 and 33 compare major design and operatIonal characteristics employed for these application systems. Relevant characteristics, Including
factors Involved in selection and design of land application systems, will
be brieflY reviewed In this text.
Irrigation - Irrigation Is the most widely used method of land application
in practice today. The controlling factors in implementing this type of
land application system are site selection and design, methods of irrIgation,
loading constraints, management and cropping practices, and the expected
treatment or removal of pollutional constItuents.
Important factors involved in site selection are: type, drainability and
depth of soil; the nature, variation of depth and type of underground formation; topography; and considerations of present and future land use trends.
Climate is equally as important as the land in the design and operation of
irrigation systems. However, clImate Is not a design variable since it is
specific to regions under consideration.
Table 34 lists major factors and generalized criteria for site selection.
Soil drainability is considered the primary factor because, coupled with
the type of crop or vegetation selected, It directly affects the hydraulIc
loading rate. The ideal geological formation Is a moderately permeable soil
capable of InfIltrating approximately 5 cm per day (2 In/day) or more on an
intermittent basis. In general, solIs rangIng from clay loams to sandy
loams are suitable for Irrigation. 5011 depth should be a minimum of 0.6
meters (2 ft) of homogenous material and preferably 1.5 to 1.8 m (5-6 ft)
throughout the site. This depth is necessary to promote extensive root
development of some plants, as well as for wastewater treatment.
The minimum depth to groundwater should be 1.5 m (5 ft) to ensure aerobic
conditions. Control procedures, such as underdrains or wells, may be requIred If the groundwater is within 3 to 6 meters (10-20 ft) of the surface
and site drainage is poor.
For crop Irrigation, slopes should be limited to about 10 percent or less,
depending upon the type of harvesting equipment to be used. Densely foliated hillsides, up to 30 percent In slope, have been spray irrigated
successfully.
Spray, ridge and furrow, and flood are three of the most common methods of
irrigating. Spray Irrigation is accomplished using a variety of systems
from portable to solid-set sprinklers. Ridge and furrow irrigation consists

93

EVAPORATI ON

SPRAY OR
SURFACE
APPLI CATION

~--:",

.

,.\

l' . ,... :

~~~~+f.4i,+-+--t-.1~H-4-1~~

SUBSOIL

SLOPE
' ...' '. :, .\ :': VAR IABLE
t~ DEEP
.
. . ': PERCOLATION

{h, '' " ,-'---'.-'-'~ ,., '. ,';-'..,.,-,-'-'. ".",.

ROOT ZONE

'\. ' " , ' ~

: \,'. ,:,:,

---<.~: ..

.

'. ','

.... ..

.'

'.

..

....

IRRIGATION

a.

EVAPORATION
SPRAY OR SURFACE
APPLI A ON
0" •

.'

•••"

•

~

':'

....

b.

".

'.,

,

/

.,'

.:....

:.,

....

INFILTRATION-PERCOLATION

SPRAY APPLICATION

SLOPE
O.6-1.2m

--;""'l'~~'~~~~IT~~11i~~~~~;~£
l
.

RUNOFF
APPLI CA,', .... ': TlON

m

.. ".",.
..

f"&-':..:.....::..:.....:~-~~~"'--!."'-l-_-----"l

c.
Figure 9.

OVERLAND FLOW

Methods of land application (47).

94

TABLE 32. COMPARATIVE CHARACTERISTICS OF
IRRIGATION, INFILTRATION-PERCOLATION, ANO
OVERLAND FLOW SYSTEMS (48)

Factor

IrrigatIon
Low-rate
High-rate

InfIltratIon-percolation

Overland flow

Liquid loading rate,
In./wk

0.5 to 1.5

1.5 to 4.0

4 to 120

2 to 9

Annual applIcatIon,
ft/yr

2 to 4

4 to 18

18 to 500

8 to 40

280 to 560

62 to 280

2 to 62

28 to 140

Usually surface

Usually spray

Land required for
I-mgd flowrate,
acres a
Application techniques

Spray or surface

VegetatIon requIred

Yes

Yes

No

Yes

Crop productIon

Exce II ent

Good/fair

Poor/none

Fa i r/poor

Solis

Moderately permeable
soils with good productivity when Irrigated

Climatic constraInts

Storage often needed

Wastewater lost to:

Evaporation and
perco Iat Ion

Rapidly permeable soils,
such as sands, loamy
sands, and sandy loams

Slowly permeable solis,
such as clay loams and
clays

Reduce loadings In
freezing weather

Storage often needed

Percolation

Surface runoff and
evaporation wIth some
percolation
(continued)

TABLE 32.

(cont Inued)

IrrIgation
Infiltration-percolation

Factor
Evaporation and
percolation

Wastewater lost to:

Needed depth to
groundwater
ProbabIlity of Influencing groundwater qua II ty

U)

~

a

About 5 ft

About 15 ft

Moderate

Certa In

Dependent on crop uptake

Metric conversIon:

Percolation

In. x 2.54 c em
ft x 0.305 c m
acre x 0.405 c ha

Overland flow
Surface runoff and
evaporatIon with some
percolation
Undetermined
Slight

TABLE" 33. COMPAR ISON OF IRR IGAT! ON, OVERLAND FLOW,
AND INFILTRATION-PERCOLATION SYSTEMS (47)
Type of approach
ObjectIve

IrrIgation

Overland flow

InflltratlonpercolatIon

Use as a treatment process wl5h
a recovery of renovated water

0-70%
recovery

50 to 80%
recovery

Up to 97%
recovery

98+%

92+%

85-99%

85+%b

0-50%

80-99%

70-90%
40-80%

60-95%

Exce 11 ent

Fa I r

Poor

Use as direct recycle to the
land

Complete

Partial

Complete

Use to recharge groundwater

0-70%

Up to 97%

Use In cold climates

Fa I r C

0-10%
d

Expected Treatment Performance:
I. For BOD~ and suspended
solids emoval
2. For nitrogen removal
3.

For phosphorus removal

'-D

.....

Use to grow crops for sale

Excellent

a Percentage of applied water recovered depends upon recovery technique and the climate.
b Dependent upon crop uptake.
c Conflicting data--woods IrrIgation acceptable, cropland IrrigatIon marginal.
d Insufficient data.

TABLE 34. SITE SELECTION FACTORS
AND CRITERIA FOR EFFLUENT IRRIGATION (45)

Factor
5011 type

Soil drainability

Criterion
Loamy salls preferable but most
salls from sands to clays are
acceptable.
Well drained soli Is preferable;
consult experienced agricultural
advisors.

5011 depth

Uniformly 5 to 6 ft or more
throughout sites Is preferred.

Depth to groundwater

Minimum of 5 ft Is preferred.
Drainage to obtain this minimum
may be required.

Groundwater control

May be necessary to ensure
renovation If water table Is less
than 10 ft from surface.

Groundwater movement

Velocity and direction must be
determined.
Up to 15 percent are acceptable
with or without terracing.
Should be mapped and analyzed
with respect to Interference
with groundwater or percolating
water movemeht.
Moderate Isolation from public
preferable, degree dependent on
wastewater characteristics,
method of application, and crop.
A matter of economics.

Slopes
Underground formations

Isolation

Distance from source
of wastewater

m .. 0.305 x ft
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of grooming relatively flat land into alternating ridges and furrows and
applying water by gravIty to these furrows. Flood irrigation is the
inundation of land with several inches of wastewater.
The type of irrigation system to be used to maintain specified ground and
surface water criteria depends on soil drainability, crop, topography, climate and economics. Preappllcatlon treatment Is provIded for most irrigation systems, and a wide range of treatment requirements are encountered.
The bacteriological quality of wastewater Is usually lImiting where food
crops or landscape areas are to be irrigated, or where aerosol generation by
sprlnkl ing Is of concern. In other cases, reductions in BOO and suspended
solids may be necessary to prevent clogging of the distribution system, or
to eliminate odor problems.
The important loading rates are hydraulic loading in terms of cm(lnches) per
week, and nitrogen loading in terms of kilograms per hectare per year (Ibs/
acre/yr). Organic loading rates are not considered important If an intermittent application schedule is followed. Hydraulic loadings should not
exceed the Infiltration capacity of the soil and may range from 1.3 to 10.7
cm per week (0.5-4.2 in./wk) depending on soil, crop, climate and wastewater
characteristics. Typical hydraulic loadings are from 3.8 to 10.2 cm/wk
(1.5-4.0 in./wk). Although irrigation rates have ranged up to 20.3 cm/wk
(8 in./wk), a generalized division between IrrIgation and infiltratlonpercolation systems Is 10.2 cm/wk (4 in./wk).
Nitrogen-loading rates have been considered because of nitrate occurrences
in groundwaters and aquifers. To minimize such occurrences, application
rates should be such that the total amount of plant available nitrogen added
Is no greater than twice the nitrogen requirement of the crop grown (38).
In most cases, the permissible nitrogen loading rate will be the controlling
factor.
Crop selection can be based on several factors: hIgh water and nutrient
uptake, salt or boron tolerance, market value, or management requirements.
Popular crop choices are grasses with hIgh year-round uptakes of water and
nitrogen and low maintenance requirements. A drying period ranging from
several hours each day to several weeks is required to maintain aerobic
soil conditions. The length of time depends upon the crop, the wastewater
characteristics, the length of the application period, and the texture and
drainage characteristics of the soil. A ratio of drying time to wetting
or application time of about 3 or 4 to J should be considered as a minimum.
Treatment of the wastewater often occurs after passage through the first
Treatment efficiencies or removals are
found to be on the order of 85 to 99 percent for BOD, suspended solids and
bacteria (Table 35). Loamy soils with considerable organic matter have been
found to almost completely remove heavy metals, phosphorus and viruses by
adsorption and fixation. Nitrogen is taken up by plant growth, and If the
crop is harvested, removals can be in the order of 90 percent.

0.6 to 1.2 m (2-4 ft) of soil.

Infiltration-Percolation - In this method, wastewater Is applied to the soil
by flooding or spraying onto basins and Is treated as It percolates through
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TABLE 35. REPORTED REMOVAL EFFICIENCIES OF LAND
DISPOSAL AFTER BIOLOGICAL TREATMENT (47)

Removal efficiency, %
Constitutent

Irrigation

Infiltratlonpercolation

Overland
flow

BOD

98+

85-99

92+

COD

80+

50+

80+

Suspended so 1ids

98+

98+

92+

Nitrogen (total as N)

85+

Phosphorus (total as p)
Metals
Microorganisms
lOS

a

0-50

90-99

60-95

95+

50-95

98+
+30-0 f

a.

Depends on crop uptake

b.
c.

Depends on denitrification
May be 1imtting

d.
e.

Ion exchange capacities may be limited
ChlorInation of runoff may be needed

f.

May Increase

100

98+
+1O-0 f

b

70-90 a ,b
40-80 c

d

50+
98+e
+30-0 f

the soil matrix. Infiltration-percolation has been used with moderate loadIng rates [10 to 30 cm/wk (4-12 in./wk) ] as an alternative to discharging
effluent to surface waters. High-rate systems [1.53 to 2.44 m/wk (5-8 ft/
wk)] have been designed to recharge groundwater.
Soil drainability on the order of 10 to 30 cm/day (4-12 in./day) or more is
necessary for successful use of the infiltration-percolation approach. Acceptable soil types include sand, sandy loams. loamy.sand, and gravel. Very
coarse sand and gravel are less desirable because they allow wastewater to
pass too rapidly through the first few feet where the major biological and
chemical action takes place.
Important criteria for site selection include high percolation rates; depth,
movement, and quality of groundwater; topography; and underlying geologic
formations. To control the wastewater after it infiltrates the surface and
percolates through the soil matrix, the hydrogeologic characteristics must
be known. Recharge should not be attempted without specific knowledge of
the movement of the water in the soi I system.
.
Preapplication treatment Is generally provided to reduce the suspended solids
content and thereby allow the continuation of high appl ication rates. Disinfection is often provided prior to spreading or ponding to control bacteriological quality.
Depending on wastewater characteristics and water quality objectives, loadIngs of nitrogen, phosphorus, organic, or trace elements may be critical.
Although hydraul ic or nitrogen loading is most often limiting, loadings of
salts and heavy metals may be critical in some cases. Loading schedules
that Include alternating loading and resting periods are required to maintain the infiltration capability of the soil surface and to promote optimum
BOD and nitrogen removals by aerobic-anaerobic conditions.
In most cases, the filtering and straining action of the soil is extremely
effective, so suspended solids, bacteria, and BOD are almost completely removed (Table 35). Nitrogen removals are generally poor unless specific
operating procedures are establIshed to maximize denitrIfication. Phosphorus removals range from 70 to 90 percent, depending on the percentage of
clay or organic matter In the soil matrix which will adsorb phosphate Ions.
The useful life of an Infiltration-percolation system will be less than that
of Irrigation or overland flow. This is a result of unacceptably high loadIngs of Inorganic constituents, such as phosphorus and heavy metals which
are fixed In the soil matrix and not positively removed. Once the fixation
capacity for phosphorus and heavy metals have been exhausted, removal efficiencies will deteriorate.
Management practices Important to infiltration-percolation systems include
maintenance "of hydraulic loading cycles, basin surface management, and
system monitoring. Intermittent application of wastewater is required to
maintain high infiltration rates, and the optimum cycle between Inundation
periods and restIng periods must be determined for each indlvidual case.
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Basin surfaces may be bare or covered with gravel or vegetation. Each type
of surface requires some maintenance and inspection for satisfactory operation. Monitoring of groundwater levels and quality is essential to system
management.
Overland Flow - In this method, wastewater is applied on the upper reaches
of sloped terraces of relatively impermeable soils and allowed to flow
across the vegetated surface to runoff collection ditches. Renovation Is
accomplished by physical, chemical and biological means as the wastewater
flows In a sheet through the vegetation. A high percentage of the applied
water is collected as runoff at the bottom of the slope, with the remainder
being lost to evapotranspiration and percolation.
Important factors In overland flow are site selection, applicatIon rates and
design loadings, management practices, and expected removal efficIencies.
If the collected runoff Is to be discharged into a navigable water, it will
have to meet the stream discharge crIteria.
Criteria Important for site selection include: soil conditions, topography
and climate. 5011 conditIons Is perhaps the most important. Soils with
mInimal Infiltration capacity, such as clays, clay loams and soils underlain
by impermeable lenses are best suited for this method. However, a mantel
of 15 to 20 cm (6-8 In.) of good topsoil is desirable. The land should have
a slope of between 2 and 6 percent, so that the wastewater will flow as a
sheet over the ground surface. Grass is planted to reduce soil erosIon and
to provide a habitat for the microbial flora which help purify the wastewater.
Since groundwater will not likely be affected by overland flow, it Is of
minor concern In selection. However, the groundwater table should be deeper
than 0.6 m (2 ft) to Insure aerobic conditions for plant growth.
When overland flow Is used as a secondary treatment process, the minimum
preappllcatlon treatment is screening and possibly grit and grease removal
to avoId cloggIng of the distribution system. Disinfection prior to applicatIon may avoid post-disinfection and allow spraying at higher pressures.
Overland flow systems are generally designed on the basis of hydraulic loading rates, although an organic loading rate or detention time might be the
limItIng criteria. The treatment process Is essentially biologIcal, requIring a minimum contact time between solI microorganisms and applied wastewater for adequate removals. Liquid application rates used In design have
ranged from 6 to 14 cm/wk (2.4-5.5 in./wk), with a typical loading being
10 cm/wk (4 in./wk).
Treatment of wastewater by overland flow is only slightly less efficient
than that by Irrigation (Table 35). Results from field demonstration proJects have suggested BOD and suspended solids removals of 95 to 99 percent,
nitrogen removals of 70 to 90 percent, and phosphorus removals of 50 to 60
percent. Solids and organics are removed by biological oxidatIon of the
solids as they pass through the vegetative mat. NutrIents are removed
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mainly by crop uptake. Removal mechanisms for other waste constituents
Include biological uptake and transformations and adsorption and fixatIon In
the soIl. Management practices Important in overland flow are: maIntaining
the proper liquid applicatIon and resting cycles; maintaining an active
biota and a growIng grass; and monitoring the performance of the system.
Hydraulic loadIng cycles have been found to range from 6 to 8 hours of spraying followed by 6 to 18 hours of dryIng. Cropping practIces are necessary
to stImulate growth and subsequent nutrient uptake. MonItoring of loadIng
cycles is needed to achieve maximum removal efficiencies.
Public Health Considerations
The passing of the Federal Water Pollution Control Act Amendments of 1972
has focused attention on the public health aspects of land applicatIon of
wastes. Consequently, the Impact of land application on the environment,
including public health, social and legal aspects, will be regulated by
state and federal agencies.
Potential publIc health problems are attributed to (a) transmission of pathogens, (b) groundwater quality, (c) crop contamination, and (d) insect propagation. Generally, state health regulations and guidelines serve to protect against many of these potential public health problems.
The concern for pathogen survIval and transmissIon Involves aerosols, runoff
and leachates from waste application. The danger of spray aerosols lies
in their potential for transmitting pathogens which could conceivably be
Inhaled or contaminate adjacent lands. Aerosol travel and pathogen survival
and transmission are dependent on several factors, Including wind, temperature, humidity, and vegetative screens. In order to reduce pathogen transmIssion from spray-irrigated aerosols, some safeguards can be employed.
Among these are disinfection, sprinklers that spray horizontally or downward with a low nozzle pressure, and adequate buffer or vegetative screening
zones.
Survival times of various organisms In solI, water and vegetation have been
extensively reported in the literature (46). The survival of pathogenic
organisms In the soil can vary from days to months, dependIng on the soil
moisture, temperature, and type of organisms. In relation to survival of
coliform organisms, some bacteria do survive for a longer time in soil.
The survival of viruses In soil is essentially unexplored.
Contamination of groundwater Is another public health aspect that must be
considered. In most cases, a sufficient degree of renovatIon will be required to meet the best practicable treatment requirements for groundwater
protection. EPA regulations on National Primary DrInking Water Standards,
listed In Table 36, Impose groundwater quality gUidelines upon land application systems. Nitrates are the most common concern, but other constituents,
including stable organics, dissolved salts, trace elements, and pathogens
should be considered. Thus, proper management practices and extensive monitoring programs are necessary to comply with regulatory restrictions.
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TABLE 36.

NATIONAL PRIMARY DRINKING WATER STANDARDS (49)
Value

Constituent or characteristic
Physical:
Turbidity, units
Chemical, mg/l:
Arsenic
Barium
Cadml um
Carbon chloroform extract
Chromium, hexavalent
Cyanide
Fluoride
Lead
Mercury
Nitrates as N
Selenium
Si Iver

Reason for standard
Aesthetic

0.05

Toxic

1.0

Toxic
Toxic
Toxic
Toxic
Toxic
Toxic
Toxic
Toxic
Toxic
Toxic
Cosmetic

0.01

0·7

0.05
0.2 b
1.4-2.4
0.05
0.002
10
0.01
0.05

Bacteriological:
Total coliform, per 100 ml

Disease

Pesticides, mg/l:
Chlordane
Endrln
Heptachlor
Heptachlor Epoxrde
LI ndane
Methoxychlor
Toxaphene
2,4-0
2,4,5-TP

0.003
0.0002
0.0001
0.0001
0.004
O. I

0.005

o. I

0.01

Toxic
Toxic
Toxic
Toxic
Toxic
Toxic
Toxic
Toxic
Toxic

a 5 mg/I may be substituted If It can be demonstrated that it
does not Interfere with disinfection.
b

Dependent upon temperature, higher limits for lower temperatures
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Another publIc health consideration for the land disposal sIte Is maintaining crop quality with regards to safety for consumption. Many states have
r~gulations dealIng with the types of crops that may be irrigated with
wastewater, degrees of preappllcation treatment required for various crops,
and purposes for which the crops may be used.
Propagation of mosquitoes and files, poses a health hazard as well as a
nuisance condition. Mosquitoes are known vectors of several diseases.
Mosquitoes may increase in population because of the wetter environment and
the avallabll i ty of standing puddles for breeding (50). For these reasons
a mosquito control program may be required as part of the land dIsposal site
operation.
Government Regulations
On a nationwide basis, the Federal Water Pollution Control Act Amendments of
1972, PL92-500, has been responsible for the renewed Interest In land application of wastes. PL92-500 places emphasis on waste management alternatives
which are cost-effective; utilize the best practicable treatment technology;
and consider reuse and recycling of water and nutrient resources. Land
application can comply with these recommendations. A prelimInary bulletin
(38) released by the EPA, addressed several factors which are important to
the environmental assessment of a particular land applicatIon option, Including considerations and guidelines for design.
Other laws which are pertinent to the practice of land application are the
National Environmental Policy Act of 1969 (NEPA) and The Safe Drinking Water
Act. NEPA requires the preparation of an environmental Impact statement for
all projects involving Federal funds. The Safe Drinking Water Act sets
forth National Primary Drinking Water Standards which apply primarily to
groundwater sources used for drinking water. Therefore, land application
systems discharging to groundwater will be forced to meet these standards.
In general, the national requirement for land application of sludges to
lands on which crops will or may be grown must be examined closely in terms
of protecting public health and future land productivity. Sludges must be
stabilized to reduce publIc health hazards and to prevent nuisance odor conditions. For some wastes, It may be necessary to achieve Increased pathogen
reductIon beyond that attained by stabilization. Additionally, groundwater
should be protected from pollution. ConsIderation should be gIven to the
duration of the project, the quality of the groundwater, and If the groundwater is typically used for drinking water supplies with little or no
additional treatment. Specific groundwater criteria for land application
application systems are contained in the EPA publication, "Alternative
Waste Management Techniques for Best Practicable Waste Treatment" (51).
State regulatory agencies have recognIzed the Increasing Interest in the
land application alternative and thus, are developing regulations and guidelines concerning land application for use within their own boundaries.
Twenty-six states have Issued regulatIons or guidelines for this practice
whereas five states are currently preparing guidelines. Of the remaining
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states, design plans are approved on a case by case basis. At present,
these regulatIons and guidelines vary according to local geography, climatology and economy of the states (52). However, similar restrictions can
be observed for state land application guidelines because many of the states
have used similar reference materials: "Great Lakes-Upper MissIssippi River
Board of State Sani tary Engi neers - Recommended Standards for Sewage Wastes Addendum #2" (53) and EPA's "Evaluation of Land Application Systems" (~7).
Site Selection and Evaluation
The wide range of potential site characteristics greatly complicates any
attempt to develop standardized evaluation criteria. Even so, InItIal
planning concerns have some degree of commonalIty which Include considerations for land use, climate, topography, groundwater, and soils and geology.
The selection of a site location should Include both the distance and elevation dIfference from the wastewater collection area. These factors will
affect the feasibility and economics of the transmission of the was(e to
the sIte. Also, of significant importance In site selection Is the compatibilityof the Intended use wlth regional land-use plans. Knowledge
of current land-use in an area provides an indication of the quantity of
land potentially available or suitable for waste application. A revIew of
land use maps can avoid consideration of areas with conflicting features.
PrevaIling climatic conditions will affect a large number of design decisions
Including; the method of land application, storage requirements, total land
requirements, and loading rates. Relationships between clImate and land
application systems are shown in a generalized Climatic map (Figure 10).
The depleted zones are only useful In preliminary planning stages, since
detailed analysis of local climatic data is essential for design purposes.

Zone A has a seasonal pattern of precipitation of about 38 to 6~ em (15-25
In.) during the months from November to April. Temperatures are mIld In
wInter and hot in summer. Plant growth can continue through the year
assuming Irrigation is provided. Storage of effluent Is not required for
climatIc reasons. Zone B covers the areas that are very hot and arid year
round. Winter storage Is not a major concern. Zone C Includes the areas
where precipitation Is distributed throughout the year, with hot, humid
summers and fairly mIld winters. Year round operation of land application
systems is possible In these areas. Zone 0 has moderately cold winters
and hot summers. PrecIpitation is dIstributed throughout the year. Winter
conditions are such that storage will often be required for periods up to
3 months. Zone E has precipitation occurrIng In all months of the year,
averaging from 50 to 100 cm (20-40 in.) annually. Winter operations are
severely limited due to low temperatures, ice and snow, thus requiring
storage for periods up to six months.
The National Weather Service, local airports, and universities are potential
sources of climatological data. Climatic factors of concern Include precipitation, storm intensity, duration and frequencies, temperature, evapotranspiration, and wind velocIty and direction. The data base should consider sufficient durations of time so that long-term averages and frequencies of extreme conditions can be established.
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Source: EPA publication 66012-7:J.OOBb (1973)

Generalized climatic zones for land application (45).

Topography affects both the water handlIng capabIlIty of a sIte and the extent of contact between waste constItuents and soIl partIcles. ExamInatIon
of local and surroundIng topography Is useful In determInIng drainage patterns and flow rates of surface and subsurface water. TopographIc maps,
available from the USGS, are necessary for sIte selection and subsequent
system design. Topographic Information of concern Includes ground slope,
proxImity of surface water, erosion and flood potentIal, and exIsting vegetatIve cover.
Soil propertIes determIne the suitable waste application or loading rate,
thereby affectIng the amount of land required and the method of applicatIon.
Thus, soil propertIes are often considered the most Important factors In
selectIng both the sIte and the land applIcation method. Properties that are
important in descrIbing and evaluatIng soIls include soIl texture, structure
and profile, permeabilIty, avaIlable water capacity, and chemIcal characteristics such as pH, salinIty, nutrIent levels and adsorption and fixation
capabIlities. Information on soIl properties can be obtaIned from the
NatIonal Cooperative Soil Survey, the Agricultural Extension Service and some
state universitIes.
Groundwater characteristics are Important consIderatIons In selectIng a
partIcular sIte. The effect of groundwater levels on renovation capabIlities
and the effects of the applied waste on groundwater movement and quality
should be extensively evaluated. AddItionally, the depth to groundwater
should be determIned, along with an evaluatIon of the groundwater rate of
flow and directIon and the permeabIlIty of the aquIfer. InformatIon on
these sources can be obtaIned from the U.S. Geological Surveyor State Divisions of Water Resources.
Design Considerations
For most land application systems, vast numbers of desIgn possIbIlitIes are
avaIlable to suit specific sIte characterIstIcs, treatment requirements and
overall project obJectIves. The scope of factors that are commonly consIdered In the design process Include: a) preappllcatlon treatment requirements; b) storage requIrements; c) climatIc factors; d) pollutlonal loadIng
constraints; e) land area requirements; f) crop selectIon and management;
g) system components; h) sIte monItorIng program; and I) cost-effectIveness.
It should be recognized that since land applicatIon system designs are sIte
specIfic, desIgn crIteria must be based on the actual conditions of the site
and therefore cannot be generalIzed.
Preappllcation Treatment Requirements - Treatment of wastes prior to land
applIcatIon may be necessary for a variety of reasons, IncludIng: 1) publIc
health regulations, 2) loadIng constraints with respect to critIcal wastewater characteristics, and 3) the desIred effectiveness and dependabIlity of
the system components. In areas where long-term winter storage Is requIred,
some degree of treatment may be necessary to prevent nuisance conditIons durIng storage.
PublIc health considerations, pathogen transmission and groundwater quality
are usually the most important factors In determIning the required degree of
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preappllcatlon treatment. Wastewater constituents that may tend to limit the
application rate or hinder the qualIty of renovated water may also necessitate pretreatment. High concentrations of grit, suspended solids and grease
and 011 can deteriorate the effectiveness and dependability of the pumping
and distribution systems, thus requiring some degree of pretreatment prior
to application.
Storage Requirements - In most land application systems, considerations in
determining storage capacity include the local climate, the design perIod of
operation, flow equalization, and system back-up If breakdown occurs. Required storage capacities may rang~ from one day's storage to several months'.
Storage requirements will most often be based on the period of operation and
the local climate. Three different conditions that may necessitate storage
include: I) winter weather requiring cessation of operation; 2) precipitation requiring the temporary reduction or cessation of application; or
3) wInter weather requirIng reduction of winter applicatIon rates. When
cessation of operation is expected, storage requirements should be based on
the maximum expected period of nonoperatlon. The number of consecutive nonapplication days due to climatic constraints (I.e. precipitation, temperature and snow) may be determined through the use of a computer program developed by the NatIonal Weather Service (Sq). Figure 11 presents a nationwide estimation of storage days as calculated from this computer program.
Climatic Factors - Design assumptions must be evaluated with regard to climatic factors. Climatic conditions most often considered are precipitation,
temperature and wind.
Precipitation, such as rainfall, snow and hall, will affect a number of design factors, such as: I} hydraulic loading rates; 2) storage requirements,
and 3) system drainage requirements. Precipitation data that will be
necessary for design purposes Include: total annual precipitation; maximum
and minimum annual precIpItation; monthly distribution of precIpitation;
storm intensities; and snowfall characteristics.
Temperature, because of Its Influence on plant growth and freezing conditions, will affect liquid loading rates and the period of operation.
Temperature data that may be Incorporated Into system design Include: monthly or seasonal averages and variations; length of growing season; and
periods of freezing conditions.
For spray application systems, wind conditions may require a reduction or
temporary cessation of waste application In order to prevent disease
transmission. Wind velocity and direction should be determined with respect
to frequencies and durations.
Another climatological factor that should be considered Is the potential
amount of evapotranspiration for the area. Figure 12 presents a nationwide
comparison of potential evapotranspiration rates versus the mean annual precipitation. The effect of the evapotranspiration, If the yearly evapotranspiration, Is greater than the mean annual precipitation, Is that It will
reduce the liquid volume of waste to the applied on the land.
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Figure 11.

Storage days required as estimated from the use of the computer
program as described (54).
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Pollutlonal Loading ConstraInts - LoadIng rates for the lIquid applIed and
the pollutlonal constItuents of the waste will form the basIs In determining
desIgn criterIa for land requIrements, applIcation rates, and crop selection.
To determine what characterIstics of the applied waste wIll be lImitIng,
balances should be conducted for water, nitrogen, phosphorus, organIc matter,
and other constituents that appear high In concentration. On the basis of
these balances, a loadIng rate can be established for each parameter whIch
then can be used In calculatIng the requIred land area. The critIcal loadIng rate wIll be the one requiring the largest fIeld area.
The hydraulIc loadIng rate can be determined by conductIng a water balance
on the effluent applied, precipitation, evapotranspiration, percolation, and
runoff. In other words, the amount of effluent applied plus precipitatIon
should equal the evapotranspiration plus a limited amount of percolation.
In all cases except overland flow, surface runoff from IrrIgated fields
should not be permitted. The water balance can be expressed as:
PrecipitatIon +

~~~l~:~t

a

EvapotranspiratIon + Percolation [+ Runoff)

Seasonal varIatIons should be taken Into account when encountering these
values. This can be done by means of evaluating the water balance for each
month as well as the annual balance.
NItrogen loadings must be balanced against acceptable nItrogen losses and
removals because nitrate Ions are mobile In the soIl and can affect groundwater quality. On an annual basIs, the applied nitrogen must be accounted
for in crop uptake, denitrification, volatilization, leachate, or storage In
the soil. A nitrogen mass balance equation for a terrestrial system can be
developed as:
Applied
N In
+ preclplN In
waste
tat Ion

a

NH
N Removal + Leaching + Denltrl- + Volat1llIn crops
Loss
flcatlon
zatlon

This balance equation can be used to calculate nItrogen loadIng rates for
waste applications.
For most land application systems, the phosphorus loading will usually be
well below the capacity of the soIl to fix and precipitate the phosphorus.
Typically, 95 percent of the phosphorus applied can be removed from the percolating wastewater. The removal mechanisms for phosphorus are crop uptake,
microbial uptake, chemical precipitation, and fixation by the 5011.
The average dally organic loading rate should be calculated from the hydraulic loading rate and the BOD concentration of the applied waste. Thomas (55)
has estimated that organic loading rates between II to 28 kg/ha/day (10 to 25
Ib/acre/day) are needed to maintain a static organic-matter content In the
soil. Additions of organic matter at these rates help to maintain the tilth
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of the soil, replenish the carbon oxidized by microorganisms, and would not
be expected to pose problems of soil clogging. HIgher loadings rates of 56
to 112 kg/ha/day (50 to 100 lb/acre/day) can be employed successfully, depending upon the type of system and the resting period. Resting periods,
which are standard with most application systems, give soil bacteria time to
break down organic matter and allow the water to drain from the top few
Inches, thus restoring aerobic conditions.
Loading rates for suspended and dissolved solids are the two major types of
remaining constituents that are of Interest for land application systems.
The organic and Inorganic fractions of the suspended solids are usually filtered out and become incorporated into the soil, which can reduce the Infiltration rate Into the soil. As a result, preappllcatlon treatment for suspended solids reduction may be necessary.
Dissolved solIds are affected dIfferently In the soIls depending on their
movement through the soil matrix. Chlorides, sulfates, nitrates, and bicarbonates move relatively easy through most soils without being tied up In
the soil profile. These compounds can, therefore, be readily leached into
the groundwater. Other dissolved solids, such as sodium, potassium, calcium,
and magnesium, are exchangeable and react with the soil so that their concentrations will change with depth. Other constItuents, such as heavy metals,
pesticides and other trace elements mayor may not be removed by the soil
matrix, depending upon such factors as clay content, soil pH and soil
chemical balance. On the basis of the analyses of waste characteristics,
any constituent suspected of having a limiting loading rate should be calculated. Table 37 gives recommended concentration limits for specific elements based on common application rates for land application systems. If
the limiting criteria is met, there should be little concern about toxic
effects on plants or excessive accumulatIon In soIls.
Land Area Requirements - The total land area required includes provisions
for treatment; buffer zones; storage; sites for buildings, roads and ditches;
and land for emergencies or future expansion. If anyon-site preappllcatlon
treatment Is required, provisions must also be provided for land furnishing
these facilities.
The fIeld area is that portion of the disposal site in which the waste Is
applied to the land. It is determined by calculating acceptable loadIng
rates for each different loadIng parameter (liquid, nitrogen, phosphorus,
organic, or others) and then selecting the largest area. The loadIng
parameter that corresponds to the largest field area requirement would then
be the critical loading parameter.
Regulatory agency requirements may
sItes because of concern about the
Buffer zones ranging from 15 to 61
ported (45)-, although requirements
depending on a number of factors.

specify buffer zones around application
effects of aerosol-borne pathogens.
meters (50 to 200 ft) wide have been refor even larger buffer zones may exist

Land applicatIon systems will generally require land for off-season or
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TABLE 37.

RECOMMENDED AND ESTIMATED MAXI~U~ CONCENTRATIONS OF SPECIFIC IONS
IN IRRI~ATION WATERS (lJ, mgtl (46)
For Waters Used Up to 20 Years on

For "Waters Used

Fine-Textured Solts af pH 6.0 to 8.5

Continuously on All 5011

Element
Aluminum
Arsenic

PR

Boron

AD,
AD,
AD,
AD,
AD,
AD,

Cobalt
COPPdr
Fluoride
I ron
lead

Lithium
Manganese
Mercury

Molybdenum
Nickel
Selenium
Silver
Zfnc

(I)

0.9 m/yr

W

CE,
CE,
CE,
CE,
5
PR, CE,
AD, CE,
CE, W
PR, CE,
AD, CE,
AD, 5
AD, CE,
AE, W
AD, CE,
AD, CE,

Appl'catl~~

~~~d__L-',!I1..!..t_ _

PR, 5
AD, 5

Beryl11um

Cadmium
Chroml um

..,.

Removal
(2)
Mechanism

5
5
5
5
5
5
5
5

5.0
0.10
0.10
0.75
0.010
0.10
0.050
0.20
1.0
5.0
5.0(.)
2.5
0.20

5

0.010
0.20
0.020

5
5

2.0

0.9 m/yr

Appllcat\~~

Recommended Limit

20.0
2.0
0.50
2.0-10.0
0.050
1.0
5.0
5·0
15.0
20.0
10.0(4)
2.5
10.0

-~:D5D(5)
2.0
0.020
10.0

These levels wIll normally not adversely affect plants or soils.

2.lf m/yr Application
Estimated Limit

2q m/yr App11catlon
Est imated L1ml t

0.8
0.08
0.02
2.0
0.002
0.0.
0.2
0.2
0.6
0.8
0 .•
2.5
0.4

8.0
0.8
0.2
2.0
0.02
0 .•
2.0
2.0
6.0
8.0
4.0
2.5
4.0

~:~02 (5)

~:~2(5)
0.8
0.02

0.08
0.02

4.0

0.4

No data are available for mercury, sllver, tin, tItanium,

or tungsten".

(2)

~D.

adsorption with iron or alumlnum hydroxide. pH dependent; AD a anion exchange; CE • cation exchange; PR • precipitate,
pH dependent--iron and manganese are also subject to changes by oxidatIon reduction reaction; 5
strong strength of removal,
~ - weak strength of removal
q

(3)
(4)
(5)

EPA Water Quality Criteria) 1972.
Recommended maximum concentratIon for Irrigating citrus Is 0.075 mg/l.
For only acid fIne-textured soils or acid soIls with relatively high iron oxide contentS.

winter storage, especially in the northern states. Storage capacities may
also be necessary to equalize flow rates or to provide backup services.
Crop Selection and Management - Crops grown at the land application site can
have a significant effect on treatment efficiencies and loading rates, especially the removal of nutrIents from the applied waste. Factors that
should be considered In crop selection Include: J) relationship to critical
loading, 2) public health regulations, 3) ease of cultivation and harvesting,
and 4) the length of the growing season. Also, if the crop is to be harvested, the local market for the crop must be considered. The four general
classes of crops that may be considered are perennials, annuals, landscape
vegetation, and forest vegetation.
CompatIbility of the loading rates with the selected crop is important to
ensure both the survival of the crop and the efficiency of wastewater renovation. Loading rates should have allowances with respect to the tolerances
and uptake capacities of the intended crops. Therefore, crop selection will
be dependent on a combination of loading parameters, including I) water requirement and tolerance, 2) nutrient requirement, tolerance, and removal
capability, and 3) sensitivity to various inorganic ions.
As of 1972, at least 17 states had public health regulations that exist with
regard to: the types of crops that may be irrigated with wastewater; the degree of preapplicatlon treatment required for certain types of crops; and
the methods of application that may be employed (56).
System Components - Typically, land application systems are composed of a
number of different system components, such as: preappltcatlon treatment
facilities, transmission facilItIes, storage facilities, dIstribution system,
recovery system and monl~orlng system. The design of each component of a
land application system Is highly variable and is dependent on many factors
relating to site characteristics and project objectives.
The design of preapplicatlon treatment facilities will be controlled by factors such as the loading rate of various constituents, the method of application employed, and the type of crop grown. In most cases, regulations concerning required levels of preappllcatlon treatment have been set forth by
local agencies.
Design of the transmIssion facilities to the site from the collection area
may become a very Important aspect to consider If land application Is to be
cost-effective. Selection of a conveyance method will usually depend on the
production rate, distance to application site, seasonabillty of application,
and planned lifetime of the site. Three potential methods of wastewater conveyance Include gravity piping, open channels and force mains. For each
of these methods, standard design criteria should be used since these transmission facilities will rarely differ from that designed for conventional
treatment systems. In conveying sludges, additional methods have Included
tank trucking for liquid sludges and open bed trucking for dewatered sludges.
In almost all cases, some sort of storage facility will be necessary. If
storage Is to be provided for winter flows and storage requirements are hIgh,
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The design of preappllcatlon treatment facilities will be controlled by factors such as the loading rate of various constituents, the method of application employed, and the type of crop grown. In most cases, regulations concerning requIred levels of preappllcatlon treatment have been set forth by
local agencies.
Design of the transmission facilities to the site from the collection area
may become a very Important aspect to consider If land application Is to be
cost-effective. Selection of a conveyance method will usually depend on the
production rate, distance to application site, seasonability of application,
and planned lifetime of the site. Three potential methods of wastewater conveyance Include gravity piping, open channels and force mains. For each
of these methods, standard design criteria should be used since these transmission facilities will rarely differ from that designed for conventional
treatment systems. In conveying sludges, additional methods have Included
tank trucking for liquid sludges and open bed trucking for dewatered sludges.
In almost all cases, some sort of storage facility will be necessary. If
storage Is to be provided for winter flows and storage requirements are high,
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TABLE 38. IMPORTANT MONITORING SEGMENTS OF
LANO APPLICATION PROCESS (59)
I.

Influent Quality (Treatment Quality)
a.
b.
c.
d.
e.

II.

III.

Nutrient levels (N, P, K)
Sodium absorption ratio (SAR)
Heavy metal concentration, having potential toxicIty to
plant and animal 1I fe (Zn, Cu, Ni, Cd, Pb, Hg)
Other physical and chemical determInations (pH, BOD, COD, TS, TOC)
Pathogens, viruses, salmonella and protozoa

Soi I CondItion and Quality (Preservation of Soil's Physical
Chemical Characteristics)
a. Nutrient profile - N, P, K distribution
b. Cation exchange capacity
c. Hazardous heavy metal distribution
d. Organic content
e. Soil kind - physical
- Infiltration rate
- size distribution
- soi I horizons
- redox profile, pH

&

Drained or Leachate Water Quality and Groundwater (PreventIon of
Contamination of Surface and Groundwater)
I. Groundwater
a. Nutrients (N0 /N0 , p)
b. Heavy metals 3 2
c. Pesticides, herbicides, etc.
d. Microbiological
- fecal coliform
- fecal strep
- salmoneJ la
- vi ruses
e. Other physical, chemical determinations
- pH, specific conductivIty, detergents
2.

3.

Receiving Surface Waters
a. Nutri ents
b. Heavy metals
c. MIcrobiological
- feca 1 coliform
d. Other physical and chemical determinations
Crop Quality and Yield (Safe for AnImal/Human ConsumptIon)
a. Heavy metals content
b. Nutrient content
c. Pathogens
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gradIent groundwater qualIty. as well as Influent to the system, should be
monitored for the parameters commonly measured to ensure envIronmental qualIty and any additional parameters that are of concern to the land applicatIon
system. such as heavy metals. In the case of overland flow applicatIon. the
effluent dIscharging from the sIte wIll have to be monItored for the parameters requIred by state and federal discharge requIrements.
In addition to quality, changes In groundwater levels should also be monItored. The effect of Increased levels should be assessed wIth respect to
changes In the hydrogeologIc conditIons of the area. Changes In the groundwater movement and the appearance of seeps and perched water tables should
be noted and system modifIcatIons, such as underdrainlng or reducing appll- cation rates In the area should be undertaken (46).
When vegetation Is grown as
be required for the purpose
buIldup of toxic materIals.
tent; nutrient content; and

a part of the treatment system, monItorIng may
of optImIzIng growth and yIeld and preventing
Measurements should Include: heavy metal conpathogens.

Cost-Effectiveness - In selectIng the best wastewater treatment alternative,
a cost-effectIveness analysIs should be properly performed. To conduct such
an analysIs, detaIled cost estimates must be prepared and evaluated for
each alternative on an equivalent basis in terms of total present worth or
annual cost. Generally, cost estImates for an alternatIve would Include
costs for operatIon, maintenance and supervisIon and the amortIzed capItal
cost. CapItal and operating cost consIderations of importance for land
app 11 cat ion systems have been documented In current reports ent i tl ed "Costs
of Wastewater Treatment by Land ApplicatIon" (48) and "Water PollutIon
Abatement Technology: CapabIlities and Cost" (43).
LAND APPLICATION OF RAW CSO
An alternative to the treatment of CSO and the resultant problems of sludge
handlIng and disposal is dIrect application of the raw CSO to the land.
This method would eliminate the need for extensive CSO treatment facIlItIes
and the further problem of sludge handlIng and dIsposal facIlItIes.
The waste management alternatIve of applyIng raw CSO to the land will be
dIscussed with respect to many of the design factors presented in the prevIous sectIon.
Preappllcation Treatment
If the land is used for treatment and disposal of raw CSO, it is apparent
that some form of preappllcatlon treatment will be requIred. First, since
high densItIes of colIform have been reported for CSO (9), dIsinfection will
most lIkely be required as a preappllcation treatment process. Second.
sInce CSO's are intermittent events, storage wIll have to be provIded to
equalIze the flow to the land sIte and thus. some type of stabIlizatIon to
prevent nuisance conditIons from developIng will be requIred. If spray
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irrigation is employed, grIt, oil and grease removal combined with a reduction In suspended solids may be necessary to prevent potential clogging
of the distribution system. Since the raw flow will be held in a storage
facility, grit and organic solids could be removed there and some provision
would have to be made for disinfection prior to land application.
Collection and Transportation of Raw CSO
A very Important aspect to consider, If land dIsposal of raw eso is to be
used, is how the eso will be collected and transported to the land disposal
site. The cost of such a collection and transportation system could be more
than the land disposal facility Itself. In most citIes, a collection system
will be necessary to Intercept all CSO discharge points and deliver the
flows to a transport system. The collection system must function year round
and must be sized to carry peak fIe-Is. The transport system would have to
convey the esa out of the urban and suburban areas to a selected land
site. The transport system normally would be a pipeline but under some circumstances, could be an open channel.
Several problems will become apparent when implementing conceptural plans
for transmissIon facilitIes. FIrst, combIned sewers are usually located in
the older, central sections of metropolItan areas. Therefore, the collection
system may require sewer construction in densely populated commercIal areas,
which could prove to be very costly. Second, in order to convey the eso out
of the urban area to a selected treatment site, the transportation dIstance
could easily be 32 to 64 km (20 to 40 miles). These distances may prove to
be impractIcal because of the high costs for transportation systems. Third,
and probably most Important, the transmission facilities must be capable of
handlIng peak storm flows. To Illustrate this better, a typical city In the
Great Lakes region with a combined sewer area of 972 ha (2400 acres), would
require transport pIpelines in the order of 5.3 m (17.5 ft) In diameter to
provIde for peak flow design rates based on one hour storm Intensities at
one year return frequencies. If longer return perIods or shorter time intervals are used In order to achIeve complete eso abatement, the sizes of
the collectIon and transport systems would increase signIfIcantly. To avoid
the desIgn capacIties needed for peak flow rates, It would be necessary to
provide for equalization basins and temporary storage basins to maintain a
constant transportation program. The cost for these facIlIties alone may be
prohibitive.
Storage
Design considerations for storage facilities are usually based upon Incoming
flow rates and the number of consecutive unfavorable applIcation days over
the year. The nonapplicatlon period is determined by the number of days
0
during which the following exist: temperature below freezing oOe (32 F),
total dally rainfall greater than 1.3 em (0.5 inches), and greater than 2.5
em (1 Inch) of snow cover (54). For the Great Lakes and Northeastern regions
of the U.S., the average number of nonapplicatlon days for which storage
would normally be required Is around 100 days (Figure 10). However, in determining the storage requirement. It Is necessary to conduct a monthly

J
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water balance considering Intermittent CSO flow rates, precipitation, evaporation and soil percolation rates.
Therefore, it appears that storage facilities will be required to handle
CSO flows for periods up to four months. In addition to providing storage
facIlities, because of the large amounts of solids that can be expected In
raw CSO, precautions will have to be taken to prevent nuisance problems
from occurring. These precautions could be stabilization and/or disinfection
of the CSO during storage and a mosquito control program. The storage
area could also support extensive algal growths which could become a significant problem.
Climatological Effects
The general climate of the area can have a significant effect on the operation of a CSp land disposal site. As seen from the previous discussion,
the winter season will greatly reduce the time that a land disposal operation
can be used. On the average, the operation of a site In the Great Lakes
region would have to be shut down for 3 1/2 months.
The yearly precipitation over the area will also affect the operation since
the Irrigation or overland flow methods of application can not be used during
periods of rainfall because the highly polluted CSO could be carried away
from the site with the surface runoff. Wet ground that results from the
rainfall events will also reduce the capacity of the soil to hydraulically
assimilate the added loadings of the raw CSO. These factors will Increase
the amount of land required for the disposal site. The days of operation
were approximated as 205 days for an average year In the Great Lakes region
of the country. This value was arrIved at by subtracting 100 days for winter
conditions and 60 days for non-operative conditions due to periods of rainfall-runoff.
Another climatological factor that should be considered is the potential
amount of evapotranspiratIon for the area. The effect of the evapotranspiration rates can be shown by using the Great Lakes region of the country as
an example. From Figure II, It Is estimated that the potential yearly evapotranspiration Is less than the mean annual precipitation rate. The Impact
of evapotranspiration Is that It must be considered as part of the hydraulic
loading. Therefore, It will not significantly reduce the added precipitation
that will necessitate disposal.
It can be seen that for the Great Lakes and the Northeastern regions of the
USA, the precipitation and evapotranspiration rates can be significant factors affectlng,the liquid volume of the waste to be handled.
Pollutant Loading Constraints
Since CSO represents large quantities of urban runoff, It can contain large
concentrations of heavy metals which may be In excess of those that can be
removed by the soil. The leaching of these metals Into the receiving water
could pose a serious health problem. This fact, and the fact that high
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concentrations of some pollutants in esa may cause operational problems for
the land disposal site, may lead to constraints on the loading rates allowed
and thus, on the overall feasibility of land disposal of raw esa. As the
first consideration in design, the factors which may limit land disposal of
wastes and the risks involved with this practice will be estimated. This
will be accomplished by identifying the parameter that limits loading rates.
For preliminary calculation purposes, the following esa values, based on
average characteristics obtained from the literature, have been assigned for
use in this section. The raw esa volume is an arbitrary value to serve as a
basis for design calculations.
6
Raw CSO volume: 1382 x 10 2/yr (365 x 106 gal./yr)
Yearly CSO solids volume: 552 metric tons (609 tons-dry weight basis)
Pollutional Characteristics:
SS
BOO

400 mg/I
120 mg/l
16 mg/l

1'1

5 mgl1

P

ln
Cu
Ni

1000 mg/kg
400 mg/kg
200 mg/kg

SS
SS
SS

Toxic Elements - The most common concern with land application of pollutants
Is the question of the effect of toxic elements on the soil-crop system. In
order to protect the land from toxic elements accumulation from waste applications, Wisconsin (60) has adopted guidelines, based on an interim guide
recommended by the EPA, which takes into account the combined effect of the
metals by using a measurement entitled the zinc equivalent (lE). The lE
can be determlend as follows:
lE = (l x [In])

+

(2 x [Cull

+

(4 x [I'll])

where all concentration values are expressed In mg/kg dry weight.
dry solids loading is calculated from the formula (60):
Total Solids (dry tons)
acre

The total

= 32.500ZE x CEC

To determine area requirements. the following assumptions were made:
J) the cation exchange capaclty (CEC) of the soIl Is 15 meq/100 g; and 2)
the life span for the soil is 20 years. As a result~ the aGea requirements
for land ap~llcatlgn of CSO would be about 1.9 x 10- ha/l0 2 CSO/yr
(17.8 x 10- acll0 gal. CSO/yr).
Organic Solids Application Rates - The organic assimilation capacity of
soils Is highly variable depending on detailed soil characteristics. In
general, organics are continuously added to solIs as plant residues. dead
animals, etc. and are continuously oxidIzed by solI organIsms. As organic
additions Increase, soil respiration also Increases until a maximum rate of
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oxidation Is reached. Although few guides are available, regulations have
been proposed to limit BOD~ and 55 application rates to around 672.6 kg!haday (600 lbs!acre-day). If this Ilmltatlon2ls useg, the safe appllcat!~n

:~i~~6f~:I~a~S~;~ria~~~sB~u~~db~.~.~~O~~ ha~~~~Ot ~S~;~~Y(I~:o7xxI692 act
10 6 gal. CSO!yr) for 55.

Nitrogen and Phosphorus Control - The nitrogen and phosphorus constituents
In CSO wastewater are likely to appear as major limiting factors for land
application designs. Current knowledge Indicates that phosphorus removal
to levels of 0.05 mg!1 can be achieved over site lifetimes of 20 years or
more at annual loading rates withIn the 168 to 336 kg P!ha-yr (150-300
Ib P!acre - yr) range (6). Using this assumption, the total land a ea required for ~afe apgllcatlon of phosphorus would be 1.9 x 10- 2 ha!10 t CSO!yr
(17.8 x 10- ac!10 6 gal. CSO!yr).

6

Conversion of nitrogen forms to nitrates may result In contamination of the
groundwater. Thus, nItrogen must be consIdered as a nutrIent which must
be applied at a controlled rate. To calculate nitrogen loading rates for
wastewater applications, the following equation can be used (6):
N*

= ~
4. liJ

(4.43 C + a(P-ET) - cP)

v-a

where:
N = total nitrogen In applied waste (lb!ac-yr)
C = removal of N In crop (lb!ac-yr)
P = precipitation (ac-In.!ac-yr)
c = concentration of N In precipitation (mg!l)
a = allowable N In leachate (mg!)
ET = potential evapotranspiration (ac-In./ac-yr)
y = total nitrogen concentration In waste (mg!l)
* conversion factor = N x 1.122 = kg N!ha-yr
The following assumptions are made to determine nitrogen loading
area In the Great Lakes region: I) average annual precipitation
ha-yr (35 ac'in.!ac-yr); 2) evapotranspiration is 51 ha-cm!ha-yr
ac-yr); 3) allowable N concentration In leachate Is 10 mg!l; and
trogen removal rate Is 280 kg!ha-yr (250 lb!ac-yr).

rates for an
is 89 ha-cm!
(20 ac-In.!
4) crop ni-

Using these assumptions, the wastewater applicatIon rate would be approximately 834 kg N!ha-yr ~743 lb N!ac-yr), thus resulting In ~ land area requirement of 1.9 x 10- ha!10 6 t CSO!yr (17.8 x 10- 2 ac!10 gal. CSO!yr).
Hydraulic Loading - The maximum hydraulic loading rate for the CSO must also
be taken Into consideration. ThIs rate will be dependent on the application
method employed and the type of soil characteristics given for the area.
First, It will be assumed that a loam type soil Is characteristic of a possible land disposal site In the northern states. This soil type suggests the

122

use of the Irrigation method of land applicatIon. Secondly, it Is assumed
that an allowable liquid loading rate for the selected application method
and the predominant soil type would be 12.7 cm per wk (5 in./wk). Finally,
if the operatIonal period is assumed as 30 weeks a year, the annual application rate becomes 3~1 cm (150 in.). Thi~ results 1n a land area requirement
of 2.6 x 10- 2 ha/l0 £ eSO/yr (24.7 x 10 2 acl 10 6 gal. eSO/yr).
Land Area Requirements
After a suitable land site has been selected, the next consIderatIon for a
city using land disposal of raw eso will be the amount of land required
for actual application. For field area requirements, a summary of the
applIcation rates estimated to be acceptable and the resulting land requirements a re shown in Tab 1e 39. ,I tis perhaps surpri sing to note that the
limiting factor is the hydraulic loading of the eso. Hydraulics often Is
the limiting factor for applicatIon of wastewaters, usually In cases where
the application rate Is controlled by surface runoff and groundwater protectIon. Hence, if the liquId loading is assumed to determIne the required
land area, it can, be seen that the application rates of the other pollutants
are one-third to two-thirds that which is considered to be an envIronmentally
safe rate ~f application. Therefore, rec~nmendatlon of the use of a 2.9 x
10- 2 ha/l0 £ eSO/yr (27.1 x 10- 2 ac/l0 6 gal. eSO/yr) land area requirement
should Incorporate a safety factor large enough to account for unpredIctable
events. The above land area requirem~nt can also be expgessed in terms of
a design application rate: 34.4 x 10 £/ha/yr (3.6 x 10 gal./ac/yr).
This "first cut" land estimate can increase significantly as more criteria
are considered because additional land may be required for storage and
possible pretreatment facilIties, necessary non-application buffer zones,
runoff control structures, etc.
For example, the inclusIon of a 122m (400 ft) buffer zone around the site
increases the required ~rea significantly; if 61 m (200 ft) is acceptable
with a I ine of trees and shrubs, the area requIrement still is significant.
Other buffer areas may also be required withIn the site around roads,
streams, buildings, and storage areas. ThIs, of course, would further Increase the area required for the total operation.
Employing an application rate of 34.4 x 106 ~/ha/yr (3.6 x 10 6 gal./ac/yr)
anY21f the nationwide annual volume of eso totals 5.60 x 10 9 cu m (1.48 x
10
gal.), field area requIrements for raw eso disposal would approximate
166,500ha (411,110 acres) of land. However, this Is land required for
actual disposal only. Assuming that, on the average, the land required fOr
actual disposal Is 70 percent of a dIsposal site, the nationwIde disposal
of raw CSO would require a total land area of 237,857 ha (587,300 acres).
Crops
As discussed In the previous section, the crops grown at the land app 11 catlon site can have a sIgnifIcant effect on treatment effIcIencIes and Joading rates, especIally for the removal of nutrIents from the eso. SInce
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TABLE 39.

SUMMARY OF RECOMMENOEO APPLICATION RATES
FOR VARIOUS RAW CSO POLLUTANTS
AND THE RELATED LAND AREA REQUIREMENT

Po II utant

Land area
requirement
10- 2 ha/l0 6 R./yr (10- 2 ac/l0 6 gal./yr)

21.0

(9.4)a

1.9

(15.8)

Nitrogen

834

(744)

1.9

(15.8)

Phosphorus

252

(225)

1.9

(15.8)

BOD

672

(600) b

0.4

(4. J)

SS

672

(600)b

1.6

(13 .3)

Toxic metals
N
.".

Acceptable
application rate
kg/ha/yr (Ibs/ac/yr)

a expressed as metric tons/ha/yr (tons/ac/yr) - dry
b

expressed as kg/ha/day (lb/ac/day)

weight basis

removal of nitrogen Is a primary objective, a perennial forage grass
appears to be the best selection because It can remove nitrogen to low
concentrations (62). Reed canary grass has been shown to be effective In
removing nitrogen; however, other grasses may be just as good and may
respond better under some circumstances.
Monitoring
Contamination of groundwater is a public health aspect that must be considered. The proposed EPA regulations on National Primary Drinking Water
Standards (49) must be maintained for the groundwater. The land disposal
of large volumes of CSO has the potential to significantly Increase the
nitrate and total dissolved solids of the groundwater. Therefore, these
parameters should be monitored closely. Since eso represents large quantities of surface runoff, it could contain high concentratIons of heavy metals
and pesticides; concentrations in excess of what can be removed by the soil.
Any leaching of these pollutants could pose a serious health problem. Due
to the lack of information on the passage of the large concentrations of
pollutants expected in CSO through the solI, extensive monitoring programs
would have to be established to guard agaInst contamination of groundwater
and nearby surface waters that may be used as water supplies.
Another public health consideratIon for the land disposal site is maintaining
crop quality. When vegetation Is grown as a part of the land disposal
system, a detailed vegetation monitoring program may be required in which
the uptake of certain elements must be analyzed. The analysis Is usually
required because of the potentially toxic constituents that may be present
in eso In abnormally high concentrations.
Summary
Hence, It can be concluded that land application of eso wastewaters to the
soil may be a viable treatment alternative. However, land application has
two major limitations in allowing the process to become cost-effective.
First, regulations require the eso to be disinfected and In some cases
stabilized before application. This might prove to be a very costly expenditure. Secondly and most Importantly, the cost of the collectIon-transport and/or equalization system may be the crucial factor In disallowing
land disposal of eso as an alternative to other eso treatment methods. It
may be feasible to use land disposal of the raw CSO in cities which have
relatively small CSO areas and have land avaIlable in close proximity to the
city, but cities with large CSO areas, even If the land Is available, may
find that the cost of the collection-transport system might be prohibitive.
LAND APPLICATION OF

eso

SLUDGES

If eso treatment is employed by a city, the residual sludges that are produced will require some method of treatment and disposal. One alternative
that can be considered is land disposal. It could be land disposal of the
liquid sludge which can range from 0.7 to about 4.0 percent solids depending
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on the csa treatment process employed; or it could be land disposal of the
sludge after it has undergone thickening and/or dewatering. The disposal
of liquid sludge on land Is popular because it can meet two basic objectives:
simplIcity and cost~effectlveness. The objectIves of land dIsposIng a dewatered sludge are similar to those for a liquid sludge, although in the
latter case solids-liquid separation must be achieved prior to disposal. In
both cases, the sludge may be useful as a soil condItioner or as fertilizer
for crop growth.
The sludges that are produced by GSO treatment can vary greatly from the
sludges that are produced at conventional municipal wastewater treatment
plants. Therefore, any criteria developed for land disposal of municipal dryweather sludges may not be applicable for land dIsposal of GSO sludges.
As with the land disposal of the raw GSO, this section will attempt to present the design consIderations necessary for the land disposal of sludges,
either liquid or dewatered, and then relate these considerations to the
unique characteristics of Gsa produced sludges and to the problems that may
be caused by these characteristics.
Preappllcatlon Treatment
Variable characteristics, presented earlier In Tables 4, 5 and 6 have
been observed for various Gsa sludges around the country (12). The very
high values of BOD's, volatile solids and col I forms Indicate that direct
disposal of raw sludges may present problems for public health (through
possible disease transmIssion) and development of odor problems. For these
reasons, it appears that GSO sludges must be stabilized before land appllcat Ion.
The stabilization method most frequently used is anaerobic digestion. However, there are numerous other acceptable methods, such as aerobic digestion,
chemical treatment, heat stabilIzatIon or heat drying, and compostlng, which
may be used. A promising method of stabilIzation for Gsa sludges Is lIme
treatment. The use of thIs method would allow for the stabilization of the
Gsa sludges either at the sfte of the GSa treatment facility or at the land
disposal site. If dewatering of the GSO sludge Is employed In order to
reduce transportatIon and handling costs, lime stabilization can be accomplished prior to dewatering.
A procedure for the lime stabilization of municipal sludges has been developed and operated successfully on a pilot scale (35). Significant reductions in pathogenic bacteria and obnoxious odors resulted from lime treatment. Growth studies indicated that disposal of lime stabilized sludge on
cropland produced no detrimental effects.
For high rate application either by entrenchment or sanitary landfill, It
has been reported that the sludges should first be limed and dewatered
(63). The pH of the slUdge at the time of dewatering should exceed 11.5 to
reduce pathogen survival and potential nuisance conditions.
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Because of the success of stabilization of municipal sludges by lime treatment and the ability to achieve the stabilization at the site of the esa
treatment facility instead of transporting the sludge to a central stabilization facility and also, the ability to treat intermittent flows; lime
stabilization should be considered as a feasible preapplicatlon treatment
process for a land application system.
TransportatIon of the Sludge
The solids characteristics of the sludge will be a primary factor Influencing
the type of transportation selected. If the sludge has a solids content
less than 8%, it may be transported by pipelines, tank trucks or tank wagons.
When the sludge is dewatered to a solids content of 15% or higher, it must
be transported by either dump trucks or manure spreaders. Selection of the
desired transportation mode will usually depend on production rate, distance
to applicatIon site, and planned lifetIme of the site.
Many large cities may optimize sludge handling and dIsposal costs by pumping
their liquid sludges reiatively long distances through pipelines. Ho.,ever,
pipelines are probably uneconomical for small communities due to economics
of scale. In additIon, convenience and accessability of satellite esa treatment sites, may make pumping very difficult to Implement. As has been previously discussed, the combined sewer areas of most cities are centrally
located thus creating two problems: I) construction in heavily built up
areas; and 2) vast pumping dIstances to avoid urban-suburban areas. These
considerations along with other factors such as intermittent peak quantitIes
of sludge to be handled and settling of grit in pipelines would probably
make transportation of esa slUdges by pipeline impractical and uneconomical.
The land disposal of liquid esa sludge can become very expensive if truck
hauling Is employed over long distances. The costs will be extensively dependent on the hauling distance (which can be great from the esa treatment
sites to the disposal site), the size of the truck, and the quantity of
solids being hauled. However, tank trucks provide considerable flexibility
wIth regard to site selection and hauling schedule and have the additional
advantage that liquid sludge can be applied directly from the truck. These
considerations seem to indicate that tank truck transportation of esa sludges
may be a viable approach.
Thickening and dewatering of the sludge could significantly reduce the
operating cost of transporting eso sludges to a land disposal site. For
example, a sludge volume requiring disposal can be reduced flfteenfold If a
sludge of one percent solids is thickened and dewatered to 15 percent solids.
ThIs In turn, would sIgnIfIcantly reduce the cIty's annual sludge transportatIon costs.
From the discussion of the transportation aspects of land disposal of eso
sludges, it appears that truck transportation of either liquid or dewatered
sludge Is the most desirable alternative In esa areas with significant
volumes of sludge to be handled. Truck transportation of dewatered
sludges might prove to be the more desirable alternative because it repre-
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sents a significant reduction In operational costs from trucking the liquid
sludges. However, a detailed economic analysis should be required for each
individual case to determine If these savings would cover the added costs of
thickening-dewatering facilities.
Storage Requirements
Since CSO events are Intermittent and thus sludge volumes will not be a
continuous flow, storage facilities will be required to maintain a constant
application program. Storage will also be required if land disposal Is prohibited due to inclement weather, frozen soil and snow cover as well as the
possibility of equipment breakdown. As was previously discussed for land
application of raw CSO, the average number of nonappllcatlon days for which
storage would normally be required In colder climates Is about 100 days. Dewatering the sludge would significantly reduce the volumes required for
storage even though the solid weights remain the same. For example, if
dewatering to 15% solids Is used, the volume to be stored Is reduced to 1/15
of the original liquid volume. For a dewatered sludge, temporary storage
pits have been used Into which the sludge is dumped and from which front-end
loaders obtained the sludge for application. The pits can then be closed
as they become Impassable and/or too far from the application area (63).
Liquid sludges are usually stored In tanks or lagoons located at the disposal
site. If liquid sludge Is stored, settling of the sludge solids will occur
In the basin. Therefore, provisions should be made for resuspending these
solids before the sludge Is applied to the land. The storage facility could
also become a source of odor problems and a breeding ground for mosquitoes
and other Insects, therefore precautIons will have to be taken to prevent
these problems from occurrIng. These precautions could be stabilization
with lime before storage and a possible Insect control program.
A dewatered sludge storage area would not be as troublesome as a storage
basin for liquid sludge. However, the dewatered sludge could become a
source of odor problems and then some remedial action would be required.
Climatological Effects
The general climate of the area will have some effects on the operation of
the disposal site, although the effects will not be as pronounced as that for
raw CSO.
The main climatological concern will be the restrictions that Inclement
weather will Impose on the application operation. For the disposal of
liquid CSO sludges, rainfall periods will prevent application to the land
and therefore, lagoons are usually designed for the site so that they can be
used for storage until the weather permits application. During winter
weather, the application of both liquid and dewatered sludge m9Y be pr~
hlblted because of frozen ground. Any CSO slUdges generated during this
period must be stored until applIcation Is allowed. On the average, the
operation of facilities In the Great Lakes region will have to be shut down
for about 3 1/2 months.
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If the liquid sludge is to be appl ied by a truck, all-weather roads that
would allow for discharge to either side of the road should be constructed
at the site. This would help to offset wet periods and compaction problems.
For inclement weather operation, flexibility could be established by use of
fixed piping or movable Irrigation equipment (64). For a dewatered sludge
dIsposal operation, all-weather roads should be provided so that disposal
can be utilized during periods of rainfall and wet grounds.
Pollutional Loading Constraints
In applying CSO sludges to the land, the control of loading rates will be
based mainly on concerns for the migration of pollutants to the groundwater
and the accumulation of heavy metals in the solI and vegetation. As was
illustrated using raw CSO, some of the pollutants that may lead to restrictions on the loading rates of sludges to the land will be investIgated using
similar constraints as that presented earlier. The following CSO values,
based on average characteristics, have been assigned for use in this section.
Raw CSO Volume: 1382 x 106 t/yr (365 x 106 gal./yr)
Volume of Sludge as Percent of Volumg Treated: 2.8%
Yearly CSO Sludge Volume: 38.6 x 10 t(10.2 x 10 6 gal.)
CSO Sludge Concentration: I percent solids
Yearly CSO Sludge Solids Volume: 386 metric tons (425 tons)-dry weight basis*
Pollutional Characteristics:
SS
10,000 mg/l
BOD
100 mg/gm SS
N
12.5 mg/gm 55
P
10 mg/gm 55
Zn
1000 mg/kg
Cu
400 mg/kg
Ni
200 mg/kg
6
Yearly CSO Sludge Volume after Thickening to 4% Solids: 9.8 x 10 t(2.6
x 10 6 ga I • )
6
Yearly CSO Sl~dge Volume after Dewatering to 15% Solids: 2.6 x 10 t
(0.7 x 10 ga I. )
Toxic Elements - Restrictions have been placed on the practice of land disposal In order to limit the maximum loading of the metals on the land (16).
Wisconsin has developed an approach which takes Into account the combined
effect of the metals by using a measurement entitled the zinc equivalent.
This was presented and discussed In the prevIous section. From this approach
it is possible for a standard to be developed which would maintain heavy
metal concentrations below toxic levels.
Since calculation of the ZE of the CSO sludge material requires knowledge
of zinc, nickel and copper concentrations, It was assumed that the concentrations (mg/kg) wi 11 be simi lar to raw CSO. Using the WIsconsIn approach.
the acceptable total zinc equivalent loading would approximate 21 metric
tons/ha/yr (9.4 tons solids/ac/yr) for soils having cation exchange capacities of 15 meg/IOO gm and 20 year designed life. Thus, the area requirements
*All metric tons throughout this section are expressed on a dry weight basis
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for safe control of toxic metals would be about 4.7 x 10- 2 ha/metric ton/yr
(10.6 x 10- 2 ac/ton/yr).
In addition to the metal equivalents' limitations, cadmium additions may become a serious limiting parameter because of its toxicity effects to both
humans and plants. Cadmium loadings must be limited to a maximum of 2.2 kg/
ha/yr (2 lb/ac/yr) and the total site lifetime maximum of 22 kg/ha (20 lb/ac)
(65). To determIne loading constraInts, a cadmium value of 40 mg/kg was
assumed. The calculation of loading rates indicate that cadmium loadings
limit annual application to 56 metric tons/ha (25 tons/ac) and overall cadmium loading to 560 metric tons/ha (250 tons/ac), assuming a 20 year site
life. Therefore, the area requirements necessary for safe ap~lications of
cadmium would be about 1.8 x 10- 2 ha/metrlc ton/yr (4.0 x 10- ac/ton/yr).
It is apparent that from the differences In land area requirements the metal
equivalents are the limiting loading constraints in the application of toxic
materials to the land.
Nitrogen and Phosphorus Control - In determining the allowable loading of
nitrogen to the land, the objective shall be to match as closely as possible
the quantity of nitrogen removed from the soil by the harvesting of the
crop. The allowable loading rate will thus be determined by the nutrient
content of the sludge and the nutrient uptake capabilities of the particular
crop under consideration. The rate of application for eso sludges can be
calculated using the same equation as that used for the application of raw
eso. Additional assumptions that had to be made Included: 1) crop nitrogen
removal rate for corn Is 201 kgN/ha-yr (180 Ib N/ac-yr) and 2) the nitrogen
concentration In eso slUdges Is 12.5 mg TKN/gm SS or 125 mg/l.
Using these assumptions, the sludge application rate would be approximately
255.4 kg N/ha-yr (228 lb N/ac-yr) thus reswlting in a land area reouirement
of 4.9 x 10- 2 ha/metrlc ton sluage/yr (ll~l x 10-2ac/ton sludge/y~. If ~r~Q9
is ~rown instead of corn, the land area requirements could be reduced to 3.7 x
10- ha/metric tori·sludge/yt (8.~ x 10-2 ac/ton sludge/yr).
Besides nitrogen, phosphorus has also been a nutrient of concern. Current
restrictions limit phosphorus annual loading rates within the 68 to 136 kg
P/ha-yr (150-300 lb P/ac-yr) range. On this basis, the total land area required for safe application of p'hosphorus should not exceed 4.0 x 10- 2 hal
metric ton sludge/yr (8.9 x 10- 2 ac/ton sludge/yr) for esa sludges containinp
P concentrations of 10 mg P/gm 88.
Organic Application Rates - Although the rate of organic carbon oxidation in
salls Is known to be high, limitations for waste additions are not adequately
establIshed. A few regulations have been proposed to limit BOD application
5
rates to around 672.6 kg/ha-day (600 Ibs/ac-day). However, Jewell
(66) recently reported that a soil system could degrade organIcs at a rate exceeding
4480 kg/ha-day (4000 lb/ac-day). If this latter limitation is used, the
safe applIcation are~s for CSO organics would be 2.3 x 10- 2 ha/metric ton
sludge/yr (5.2 x 10- ac/ton sludge/yr).
Hydraulic Loading - Since the permeability of much of the area in the northern
states exceeds 5 em per hr (2 In./hr), It can be Inferred that the trans130

mission of water from the sludge would be a minimal problem. However, the
application of the more dilute sludges (I.e. 1% solids) may be restricted
to several application periods per year to prevent surface flooding and
runoff.
Land Area Requirements - The actual land area required for the disposal of
the eso sludges, either liquid or dewatered, will be dependent on the allowable application rates which, in turn, will be dependent on the soil type, the
nutrient and heavy metals content of the particular sludge, and the nutrient
uptake characteristics of any vegetation
crops on the site.
For field area requirements, a summary of the application rates estimated to
be acceptable and the resulting land requirements are shown In Table 40.
Similar to raw eso, the limiting pollutant loading factor Is the nitrogen
content of the sludges. Nitrogen Is most often the limitIng factor for
application of municipal sludges. If nitrogen limitations determine the required land area, it can be seen that the application rates of the other
pollutants are one-third to two-thirds that which is assumed to be an environmentally safe rate of application. Recommendation of the use of a
5.3 x 10- 2 ha/metric ton sludge/yr (11.8 x 10- 2 ac/ton sludge/yr) land area
requirement should provide a safety factor large enough to account for any
unpredictable events. This application is equivalent to adding a eso sludge
(4% solids) once at a depth of 4.8 cm (1.9 in.); or an application rate
equal to 19.0 metric tons/ha/yr (8.5 tons/ac/yr).

These land requirements are for the actual applIcation only and, as shown In
the discussion of land disposal of the raw eso, additional land may be required for roads, buffer zones, possible storage and pretreatment facilities,
etc. In studies of land application of municipal wastewater plant effluents,
it has been found that only 70 percent of the total site area is available
for actual application (67).
Employing the above application rate of 19.0 metric tons/ha/yr (8.5 tons/acl
yr6' and if the natlonwide annual generatIon of eso solids totals 1.57 x
10 metric tons (1.73 x 10 6 tons), field area requirements for eso sludges,
either liquid or dewatered, would approximate 82 x 103 ha (203xl0 3 acres) of
land. Assuming that, on the average, the land required for actual disposal
Is 70 percent of the entire disposal site, the nationwide dls~osal of eso
sludges would require a total land area of 118xl0 3 ha (290xl0 j acres).
Application Techniques
The application technique that Is employed at a specific land disposal site
will be dependent to a large extent on the characteristics of the site,
physical properties and quantity of sludge, and the objectives of the land
disposal program. The techniques presented here are those that have been
reported In the literature for municipal treatment plant sludges.
Systems are avaIlable for surface and subsurface applicatIon of liquid
sludges. Surface application of liquid sludge 15 generally accomplished by
ridge and furrow Irrigation or by tank truck land spreading. The most common
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technique is direct application to the land by spraying from tank wagons.
Most communities employing this technique use city-owned tank trucks with
capacities ranging from 3.8 to 18.9 cu m (1,000 to 5,000 gal.) and equipped
with various spreading devices operated by gravity or pumping (64). The
tank truck has the advantage that it can also be used for sludge transport.
Liquid manure spreaders, pulled by farm tractors, have been found to be very
effective and accurate In the application of the sludge to the soil. It
may be desirable to incorporate the sludge into the soil as soon as possible
following application in order to prevent possible odor and runoff problems.

TAilLE 40. SUMMARY OF RECOMMENDED DRY SLUDGE SOLIDS
APPLICATION RATES FOR VARIOUS CSO SLUDGE POLLUTANTS AND
THE RELATED LAND AREA

REQUlRE~fENT

Acceptable
application rate
Po II utant

kg/hr/yr (Ib/ac/yr)

Land area
requirement
10- 2 ha/metr i c ton/yr

(10

-2

ac/ton/yrl

Toxic

21.0 a

(9.4)a

4.7

(10.6)

Nitrogen

255.6

(288)

4.9

(11.1)

252

(225)

4.0

(8.9)

(4000)b

2.3

(5.2)

Phosphorus
Organics

4,484 b

a Expressed as metric tons/ha/yr (ton/ac/yr) - dry weight basis
b Expressed as kg/ha/day (lb/ac/day)

Flooding and ridge and furrow Irrigation methods have also been used as
sludge application techniques. Ridge and furrow has the advantage that It
Is suitable for row crops during the growing season.
Soil Incorporation of liquid sludge can be accomplished In a number of ways.
The most common methods are plow-furrow cover and subsurface Injection. The
plow-furrow-cover method involves the spreading of sludge In a narrow swath
from a wagon and Immediately covering the waste using a plow. Subsurface
Injection involves the discharging of liquid sludge Into subsurface channels
caused by chisel-like plows.
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Another disposal technique has been used at non-agricultural land sites.
Disposal by small treatment plants may Incorporate digging of shallow
trenches, filling them with liquid sludge and covering the sludge with soil
to prevent nuisance conditions (69). The literature shows that, with the
use of ridge and furrow irrigation, trench disposal, and flooding techniques
on non-agricultural land, It Is possible to use greatly increased loading
rates. However, groundwater and other public health consideration may place
significant constraints on these loading rates.
When dewatered sludge Is applied to the land, the usual method of application is to spread the sludge on the land and then disc it into the soil
using earth moving equipment and farm machinery. The one disadvantage of
this method is that it may be difficult to break up the sludge cake In such
a manner that it can be easily spread.
Entrenchment is another application method that has been employed. Entrenchment has been found to be a feasible method for simultaneously disposing of sewage sludges and improving marginal agricultural land, particularly for dewatered (20% solids) raw, lime treated sludge (63).
In devising an application system for land disposal of CSO sludges, minimizing costs and maximizing the application season should be the major considerations. The preceeding discussion shows that there is a very wide
range of application techniques that have been used with varying application
systems. It appears that many considerations may dictate the possible application technique at the site, however, the most economical application
technique should be selected.
Growth Of Crops On The Site
For the disposal of CSO sludges on agricultural land, the growth of crops or
vegetation on the disposal site can be a very Important aspect of the site
operation. The basic reason for cultivating crops or a vegetative cover is
to achieve nitrogen uptake so that the nitrogen Is removed from the soil
and ultimately removed from the site when the crops or vegetation are harvested (64).
It is generally agreed that alfalfa Is a most desirable crop, particularly
if sufficient nitrogen Is available In the sludge to eliminate nodule formation on the root structure (64). This ensures that the maximum uptake of
nitrogen occurs and that the movement of nitrates into either ground or surface water will be minimized. By cutting alfalfa three or four times during
the growing seasons Increased quantities of nutrients may be removed. In
addition, each cutting allows for additional siudge application. This would
be advantageous for the more dilute sludges requiring several application
periods.
Corn is perhaps the next best and most widely used cover crop, having the
advantages of high nItrogen uptake and good saleability. It has limited
fJexlblli~y for sludge application during the growing season unless the
ridge and furrow method of liquid sludge application can be used.
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The other general purpose group of crops is the forage grasses. The greatest
advantage of these crops, in addition to nitrogen uptake, Is their accessibility In inclement weather, during early spring planting, in late fall before the soil cools down, and during the active growing season when other
crops restrict tank truck operation (64).
Monitoring Program
The application of sludge to land disposal sites must be managed to minimize
the risks of nitrogen and pathogen contamination of surface and groundwaters;
to minimIze the risks of soil degradatIon by metal overloading and of toxIc
metal uptake by crops; to minimize the risks of pathogen transmission by Insects and animals; and to minimize offensive odors. Thus, the monitoring
program employed at the disposal sIte will be extremely important. A comprehensive monitoring program, as that suggested earlier, will be essential to
ensure that proper renovation of the CSO Is proceeding without degradation
of environmental quality.
Application rates should be subject to good record keeping and monitoring because overloading of a particular soil can be a major reason for failure of
a land site. Caution should be used In dealing with acid soils because of
the possible release of heavy metals. Here the general rule Is to maintain
a pH above 6.5 to control heavy metal solubility (64).
Summary
In discussing the logistics of treatment and disposal of CSO sludges, It Is
apparent that land application In general may be extremely feasible, both
practically and economically. Therefore, the municipality or sanitary district should regard land application as a viable alternative. However, Its
implementation should be based upon this alternative beIng the least-cost
acceptable means of sludge handling and disposal.
Three management options are available: 1) land spreading a dilute sludge
(1% solids); 2) land spreading a thickened sludge (4-8% solids); and 3) land
spreading a dewatered sludge (>12% solids). It should be noted that land
area requirements are the same for all three options, however, the solids
handling and disposal costs will differ greatly. The high costs associated
with transporting, storage and Intermittent application of dilute sludges
will probably cause option one to be least cost-effective. In most cases,
options two and three will be economically feasible. The difference will
depend on transporting and storing costs versus additIonal dewatering costs.
Land application of CSO sludges has one major limitation which must be considered when evaluatIng the cost-effectIveness of this alternative to that
of another management technique. Before sludge can be disposed, it must
first be treated (stabilized) to reduce adverse impact on receiving land.
From some stabilization processes, this can be a very costly expenditure.
The most promising and possibly the most cost-effective method of stabilization of CSO sludges may be lime treatment.
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SECTION VII I
ECONOMIC IMPACT OF HANOLING CSO TREATMENT RESIDUALS
INTRODUCTION
The economic impact of handling CSO residuals is difficult to estimate on a
generalized basIs. This section presents basic economic data to approximate
the costs associated with handling generated volumes of CSO sludges usIng
various CSO treatment systems. It is emphasized at this point that the costs
presented hereIn are guidelines and are Included only as a first approximation
of the actual costs Involved. If a detailed economic evaluation is necessary
or desired, the individual site must be evaluated separately with respect to
locale, rainfall patterns, type and location of treatment system, etc.
Then
the equipment costs should be established by estimates of manufacturers, not
by generalized cost curves. However, the information presented will allow
an approximatIon of the ranges of costs for handling eso treatment residuals
throughout the country and is valuable when properly applied.
BASES OF COST ESTIMATES
In providing cost estimates, it was desirable to utilize similar bases for
all of the treatment trains evaluated. This was done, as much as possible, by
utilIzing published cost curves or other data and then adjusting them to
reflect June, 1976 prices. Whenever a similar unit process was applied in
different schemes, the same cost estImating structure was used.
When satellite treatment systems were evaluated, the same four systems were
considered for each site. These Included the following:
1.

2.

3.

4.

Lime Stabilization .... Storage .... Gravity Thickening
tlon .... Landfill
LIme Stabilization -+ Storage -+ Gravl ty Thickening
tion .... Land Application
Lime Stabilization -+ Storage -+ Gravity Thickening
Lime Stabilization -+ Storage -+ Land Application

-+

Vacuum Filtra-

-+

Vacuum Filtra-

-+

Land Application

An average of the annual csa sludge volume was used to establish system design flow rates and the following assumptions were made to size equipment:
i.
2.
3.
4.

Storage - store 48 hours of esa sludge.
LIme Stabilization - treat within 24 hours.
Gravity Thickening - treat within 48 hours.
Vacuum Filtration - treat within 48 hours.
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It was assumed for all cities, that half of the rainfall results In combined
sewer overflow and of thIs volume, a fIxed percentage Is eso sludge, dependIng upon the eso treatment system used. Also It was assumed that addition
of lIme for stabilization Increased the solids to be handled by 15%. (35).
Figures 13 - 17 were used to estimate capItal costs for pumping, gravity
thickening, lime stabilization, vacuum filtration and landflll (43). Storage
tank costs were estImated usIng unIt costs per volume as listed below (69).
Tanks:
m3
936
1872
3744
7488
14976
22464

Gallons
(250,000)
(500,000)
(1 ,000,000)
(2,000,000)
(4,000,000)
(6,000 ,000)

S Insta lled
98,000
150,000
230,000
355,000
560,000
760,000

Operation and maintenance costs were estimated from several sources. Figures
18 - 23 Included manpower and utilItIes costs for pumping, gravIty thIckening
and vacuum filtratIon. These costs were adjusted to dollars using a dally
rate of $32 per man-day and utilities cost of $O.OOI/KWhr. Lime stabllt~
zatlon operating and maintenance costs were estImated based on published data
regarding lime stabllization (35):
Sludges from physical treatment ~ $9-10/metrlc ton ($8-9/ton)
Sludges from physIcal/chemical treatment· SI4-19/metrlc ton ($13-17/ton)
Sluges from bIologIcal treatment ~ $13-17/metrlc ton ($J2-15/ton)
Landfill operation and maintenance costs were based on those presented In
FIgure 24 and then adjusted to June, 1976 values (70).
TransportatIon costs utilIzed depended upon the type of sludge, percent
solids, and distance to landfill or land applicatIon site. The solids concentrations utilized were: LIme Stabilized only - 1%
Gravity Thickened - 5%
Vacuum Filtered - 20%
DIstances used were dependent upon the size of the eso area In the city.
The approximate distances were estimated from the following:

eso

Area

Distance

0-202ha (0-500 acres)
203-2307ha (501-5700 acres)
2308-10118ha (5701-25000 acres)
10119-24282ha (25001-60000 acres)

32.2km
32.2km
64.4km
64.4km

(20ml)
(20mr)
(40ml)
(40mt)

Once these assumptions were established, then annual transportation costs were
estimated using Figures 25 and 26. Land applIcatIon cost estImates consisted
of several Individual components IncludIng storage requirements, distrIbution
costs, land requIrements and costs and land preparatIon costs. It was assumed that liquid sludge would be applIed periodically throughout the growing
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NOTES:
1.

Most economical type truck from selection of standard frame or semi
trailer mounted bodies; tanks for liquid and dump or ram type for
dewatered.
2. Eight hours of trucking operation per day.
3. Full cost at $.60 per gallon.
4. Operating and maintenance labor at $8.00 per hour including fringes.
5. Electric energy at $.02 per kwh.
6. Amortization of truck capital cost over six years at seven percent.
7. Truck O&M cost, excluding fuel and operator, $0.20 to $0.30 per mile
depending on type of truck.
8. Truck loading time 30 minutes and unloading time 15 minutes.
9. Truck average speed 25 mph for first 20 miles one way and 35 mph for rest.
10. General and administrative costs 25 percent of total O&M cost.

Figure 25. Truck transport total annual cost with loading & unloading
facilities 8 hour operation per day liquid sludge 1976 (71).
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NOTES:
1. Most economical type truck from selection of standard frame or semi
trailer mounted bodies; tanks for liquid and dump or ram type for
dewatered.
2. Eight hours of trucking operation per day.
3. Full cost at $.060 per gallon.
4. Operating and maintenance labor at $8.00 per hour including fringes.
5. Electric energy at $.02 per kwh.
6. Amortization of truck capital cost over six years at seven percent.
7. Truck O&M cost, excluding fuel and operator, $0.20 to $0.30 per mile
depending on type of truck.
8. Truck loading time 30 minutes and unloading time 15 minutes.
9. Truck average speed 25 mph for first 20 miles one way and 35 mph for rest.
10. General and administrative costs 25 percent of total O&M cost.
Figure 26. Truck transport total annual cost with loading &
unloading facilities 8 hour operation per day dewatered
sludge 1976 (71).
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season and that laooon storaoe would be required for only 10% of the generated sludoe volume. Thickened or vacuum filtered sludqe would be stored for
longer time periods and applied approximately two tl~s per year, In sprlnn
and fall. Storage of 40% of the volume was then required. The basIs for
these costs are olven In Figures 27 and 28. DIstribution costs were assumed
to be a percentage of the transportation costs associated with a site. For
haul distances of 32.2km (20ml) or less, distribution costs were estimated
to be 25% of the transportation costs and for haul distances of 33-64 km
(21-40ml) the distribution costs were estimated to be 12.5% of the transportat Ion costs.
Land requirements were calculated based on 18.9 metric ton/ha/yr (8.5 toni
acre/year) as established in Section VII. These were adjusted to Include
borders, buffer zones, roads, etc. using a multiplier of 1.4 for acreage less
than or equal to 405ha (1000 acres) or 1.1 for larger land requirements. The
land costs were based on the assumption that the purchase value of the land
Is equivalent to Its salvage value and the anual cost was equal to the
annual interest on the' purchase prIce (5 7/8%). The purchase price of land
was estimated to be S3706/ha (SI500/acre) (40). The land preparation costs
included clearing, leveling and site preparation. These costs were estimated
frOM F'lqure 29.
Once all capital and operating costs were estImated based on the various cost
curves etc., then these were amortized to establIsh a total annual cost
for the system. The amortization was based on 5 7/8% Interest and a 20 year
lIfe for all systems.
IMPACT OF' SLUDGES PRODUCED BY CSO TREATMENT ON FOUR EXAMPLE CITIES
The potential economic impact of treatment and handling of eso treatment
residuals Is consIdered In thIs subsection wIth respect to four example
cities. Four actual cities have been chosen to Illustrate different eso
treatment sludoes and different size systems. The cities which have been
evaluated are Milwaukee, Wisconsin; San Francisco, California; Kenosha,
Wisconsin; and New Providence, New Jersey.
Extensive analysis Involving the various CSO sludge handling alternatives
has been performed for the Milwaukee site. The evaluation Includes potentIal costs for bleed/pump-back, treatment at parallel sludge handling facilities, and satellite treatment using several different treatment trains.
It Is apparent from these analyses and prevIous discussion, that although
bleed/pump-back may be most inexpensive, It Is likely to be most Impractical.
Treatment at parallel facilities at the dry-weather plant is expensive if
handled In 120 days and may be Impossible due to space limitations. Therefore further .valuatlon of the potential Impact of CSO sludges in other
citIes was limited to satellite treatment considerations.
The Individual evaluation was then divided Into several steps. The first
step Involved estimation of the extent of the eso problem based on precipitation data, area of the city served by combined sewers, the potential pro·
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cess used for eso treatment and the characteristics of the sludges produced
by the eso treatment process.
The second step will be to present Information on each city's dry-weather
sludge handling facilities, Includlnq capacities, amount of solids presently
being handled, and any excess handling capacity presently available.
Once the necessary InformatIon has been developed, the fInal step wIll be
to assess the Impact of the eso generated solids on the city's present
sludge handling and disposal system. The Impact will be evaluated on both
a physical and economic basis. Rough estImates of what the capital costs
will be for constructing new sludge handling facilities at the site of eso
treatment have been developed and are presented In the followIng dIscussIon.

eso

SLUDGE HANDLING IN MILWAUKEE, WISCONSIN

EvaluatIon of the various methods of handlIng eso sludges In MIlwaukee, WIsconsin was completed In depth to Illustrate the effect of bleed/pump-back of
eso sludge and sludge handling at parallel sludge facilities and on-site
satellite treatment. In Milwaukee, the dry-weather treatment plant Is presently at capacity with respect to Its sludge handling facilIties. This Is
a common situatIon for plants servIng combined sewer areas sInce often the
treatment plant has reached design capacity and sometimes exceeded It, due
to age. Therefore the example provided by Milwaukee Is somewhat typical of
conditions at treatment plants serving combIned sewered areas.
tn Milwaukee, the entIre drainage area Is 25,110 ha (62,000 acres). Of
this total, 7,006 ha (17,300 acres) or 28 percent are served by combined
sewers. The averaqe annual precipitation for the city Is 74.7 cm (29.4 In).
If It Is assumed that 50 percent of this rainfall accounts for comolned sewer
overflow, the annual volume of eso for the city of Milwaukee Is 26 million
cu m (6,910 MG).
Presently In MIlwaukee there Is a eso storage tank demonstration facility.
This storage tank Is equIpped wIth mIxers so that when the contents are
bled/pumped-back to the dry-weather treatment plant, It Is simIlar to the
raw eso. However, when the storage tank has Its capacity exceeded, the
mixers are not operated and the tank functions similar to a sedimentation
basin. The Impact of eso sludges on the city of Milwaukee will be based on
the assumptIon that complete eso treatment Is achIeved by storIng the 26
million cu m (6,910 MG) In storage tanks located In four parts of the city.
The supernatant from the tanks will be continuously bled/pumped-back to the
dry-weather treatment plant. After bleed/pump-back of the supernatant, a
residual settled slUdge will remain to be handled and disposed of.
Based on bench scale settling tests (12), It has been found that the sedimentation process will produce a sludge volume equal to 0.9 percent of the
eso volume stored. The resultant sludge wIll have an average total solids
concentration of about 1.7 percent. The sludge characterIstIcs were gIven
In Table 4.
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Based on the reported data, Milwaukee can expect an gnnual CSO vol~me of
26 million cu m (6,910 MGl. Of this total 25.9 x 10 cu m (6.8xI0 MGl would
be bled back to the dry-weather plant as supernatant and 2.3 x 10 5 cu m
(62 MGl would remain as residual sludge at a concentration of 1.7 percent.
The average raw CSO concentration of suspended solids at the Milwaukee CSO
storage facility is 192 mg/l. Storage of all the CSO would mean storage of
5.0 x 10 6 kg (11.0 x 10 6 lbsl of CSO solids. Tge residual sl~dge volume of
2.3 x 10 5 cu m (62 MGl would regresent 4.0 x 60 kg (8.8 x 10 Ibsl of the
solids. The remaining 1.0 x 10 kg (2.2 x 10 lbs) of sol6ds would be ble~
back to the dry-weather treatment plant with the 25.9 x 10 cu m (6.8 x 10
MG) of supernatant. This means a supernatant suspended solids concentration
of 40 mg/I.
The metropolitan Milwaukee area is served by two sewage treatment plants, the
Jones Island Plant and the South Shore Plant. The Jones Island Plant is the
major plant and serves almost all of the city's combined sewer areas and,
therefore, will be the subject of analysis. The treatment consists of primary screening followed by the conventional activated sludge process, and
chlorination. P~ant data indicates ~hat the facility has an average dally
flow of 6.5 x 10 cu m/day (1.7 x 10 MGOl with an average suspended solids
concentration of 236 mg/l. This results in 1.5 x 10 5 kg/day (3.4 x 10 5 lb/
day of solids.
The primary sludge is incinerated. The waste activated sludge is gravity
thickened, vacuum filtered, and then processed into a commercial fertilizer.
The sludge handling capacity at the plant Is 199 metric tons/day (220 tons/
day), and the facilities run near capacity at all times.
The use of storage/settling facilities for complete CSO abatement will have
two impacts on the dry-weather plant. First, there may be an impact due to
bleed/pump-back of the supernatant and, second, there may be a much greater
Impact from the residual sludges if they are bled/pumped-back.
6
For compljte CSO abatement, the supernatagt represents 25.9 x 10 cu m
(6.8 x 10 MGl and 1.0 x 106 kg (2.2 x 10 Ibsl of wet weather solids. On an
annual basis, the supernatant volume represents a hydraulic loading increase
of 11 percent to the dry-weather plant. The additional solids loading to the
dry-weather plant represents an Increase of only 2 percent. The design capacity of the Jones Island Plant Is 757,000 cu m/day (200 MGOl and It is presently operating at 6.5 x 105 cu m/day (1.7 x 10 2 MGOl or 86 percent of
capacity. Therefore It should be able to handle the Increased flows due to
bleed/pump-back of the supernatants from the storage 4aclllties. This
assumes a constant yearly bleed/pump-back of 7.1 x 10 cu m/day (19 MGOl
from the facilities.
Although the solids handling facilities at the dry-weather plant are operating near capacity, the slight solIds loading Increase of 2 percent due to
the supernatants should be manageable without the need for expansion of the
facilities. Therefore, the impact of the supernatants on the dry-weather
treatment plant will probably be minimal.
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The bleed/pu~p-back of tne se~tled sludge, gn tne otner hand. does not appear
to be feasible. The 4.0 x 10 kq (8.8 x 10 Ibs) of sludge solids represent
a 7 percent lncrease In solids loading to the dry-weather plant. Since
these solIds would be fed along wIth the supernatant, the total solIds loadInq wIll be Increased by 9 percent. SInce the solids handlIng facilItIes are
n~~ ooeratlng near capacity, a 9 percent solids Increase would probably reaulre constructlqn of new facIlities.
In addition to the 9 percent solids loading Increase, other consIderatIons
seem to rule out bleed/pump-back as a means of handlinq the eso qenerated
solids. One factor to be considered Is that MIlwaukee's waste activated
sludge Is converted to a commercIal fertilizer. Thus, even If the solIds
handllnq facilitIes are adequate for the Increased solids loading, the
effect of these solids on the fertilizer belnq produced may be a slqnlflcant
problem. The volatile solids percentaqe of the eso sludge Is 48.4 percent
which Is very low when compared to waste activated sludges. This casts
doubt on the quality of the eso solids as a fertIlizer material.
The second consideration also relates to the low volatile content of the
sludge. As stated prevIously, the primary slu¢ge at the Jones Island
Plant Is Incinerated. The Inclusion of the low volatile eso solIds In the
dry weather sludge could greatly reduce the efficIency of the Incineration
process and a signifIcant amount of auxilIary heat may be requIred for combustion due to the presence of eso solids.

eso

A final consideration Is the logistics of bleed/pump-back Itself which may
be difficult to effectively accomplish. The potential accumulation of grit
and organIcs In the sewers could be a problem wIthout suffIcIent carrying
velocIty from dry-weather flow.
However, If It Is assumed that the eso sludge can be bled/pumped-back to the
treatment plant without problems and that the plant operation will not be
adversely affected by the sludge, then a prellmtnary cost estimate for thIs
approach can be made. There are two potential techniques to consider. One
Involves holding the sludge and pumping It back over the entire year (365
days) and the other Involves approximately 48 hour storage or a 120 day bleed/
pump-back period. The difference has a signIfIcant effect upon the sIze of
the additional facIlities required at the plant.
~Ith the addItion of the South Shore Treatment Plant In MIlwaukee, the hydraulIc loadIng on the Jones Island facllJty has been decreased. However,
the slUdge handling facilities are operating at maximum capacity. Therefore
bleed/pump-back of the sludge will requIre that the sludge handling system
InclUding thIckeners, Incinerators, vacuum fIlters, sludge dryers and Mllorganlte baggIng be Increased In size to handle the excess loading. The operating costs at the plant wIll also be greater.

Assuming that the sludge Is handled through the treatment plant, the solids
will increase from 3.6 to 11.4 metric tons/day (4 to 12.6 tons/day). This additional loading will require a significant increase in sludge handling facilities. According to cost estimates prepared from various sources (72, 73),
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the capital and 0 & Mcosts for bleed/pump-back are Included In Table 41 for
either a 365 or 120 day bleed/pump-back period. As can be seen, costs wIll
range from approximately 51.26 mlillon-$1.56 million annually for CSO
sludge treatment using bleed/pump-back.

Table 41

COSTS FOR BlEEO/PUMP-BACK-MllWAUKEE
365 day

Pump-back Time
Capital Costs:
Storage Tanks
Incinerator
Pumps
Sludge Handling Equip.
15% Contingency
Total Capital Cost
Amortized Capital Cost
Annual Operation &
Maintenance Cost
Total Annual Cost

5 520,000
117,000
1,360,000
7,082,000
1,362,000

$1,692,000
30,000
1,360,000
3,376,000
968,000

10,441,000
885,000

7,427,000
629,000

677,000
1,562,000

635,000
1,264,000

Another approach, gIven that bleed/pump-back Is not feasible due to the
dIfficulty In transport through pipelines, Is to haul the sludge to parallel
facilities at the dry-weather treatment plant Itself. This procedure would
Involve trucking of the dIlute sludge to the treatment plant and placing It
directly Into the sludge handling facilIties.
It Is assumed, at thIs
plant, that the additIonal load will not adversely affect the Mllorganlte
operation but It will require addItional solids handling equIpment. Two
approaches are utilized as before. One Involves storage and hauling over
the complete 365 days and the second Involves hauling over a 120 day period.
The costs for these procedures are presented In Table 42. It Is apparent
that due to the transportation costs, that this option Is more costly for
both time periods than bleed/pump-back.
The third system which can be evaluated Involves handlIng the CSO sludges at
the sites of the CSO storage/settling facilities. The CSO facilities will
generate 234,670 cu m (62 MG) of sludge at 1.7 percent solids annually. The
first step In handling the sludge on site should be lime additIon to raise
the pH above 12. This should destroy any pathogens present In the'sludge and
prevent odor problems from developing at the sites. After this the sludge
can be gravity thickened and then possibly dewatered. Vacuum filtratIon
should be used because of the large amounts of lIme In the sludge. For a
number of CSO storage/settling facilities located throughout the city, It may
be more economically advantageous to have a mobile unit that could move from
158

site to sIte rather than vacuum filtratIon facilitIes located at each IndivIdual site. However, for this evaluation It has been assumed that the
sludge has been handled at four sites wIthIn the city with each sIte processIng an equal volume of sludge.
Table

~2

COSTS OF TREATMENT

AT PARALLEL DRY-WEATHER FACILITIES-MILWAUKEE
HaulIng Period
Capl ta I Costs:
Storage
PumpIng
SlUdge Handling Equ Ip.
15% Cont Ingency
Total Capital Cost
Amortized CapItal Cost
Annual OperatIon &
Maintenance Cost
Total Annual Cost

120~

365 day

520,000
1,360,000
7,082,000
1,344,000

$1,692,000
I .360, ODD
3,376,000
964,000

10,306,000
873,000

7,392,000
626,000

977,000
$1,850,000

935,000
$1 ,561 ,000

$

Based on the Information available on CSO sludge generated In Milwaukee and
the four treatment schemes developed oreviously, cost estimates for satellite
treatment In MIlwaukee were developed. The basis of costs and figures presented earlIer In this chapter were utilized and the results are presented In
Table 43. It 'can be seen that hauling the stabilized only sludge to a land
application site (Alternate ~. Table 43) Is extremely expensive due to the
transportation costs. These costs Indicate that Alternative 3 or lime stabilization followed by gravIty thIckening and land application may be the
most cost effective approach In Milwaukee. High costs of vacuum filtration
at several sites Indicate that use of this dewatering technique Is not cost
effect Ive.
A comparIson of the annual costs for all three approaches to handling CSO
sludge is presented below:
Method I - Bleed/Pump-back
120 days - $1,561,000
365 days - $1,264,000
Method 2 - Treatment at Parallel Dry-Weather Facilities
120 days - $1,850,000
365 days - $1,561,000
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TABLE 43. COST ESTIMATES FOR CSO SLUDGE HANDLING
BY SATELLITE TREATMENT - MILWAUKEE
Al ternatlve
NlIlIber

Element
PlII1P Ing
Storage
Lime Stabilization
Gravity thickening
Vacuum filtration
Transportat Ion
Landfill
Subtotal
15% Contingency
TOTAL

'"
0

2

Plll1plng
Storage
Lime Stabilization
Gravity thickening
Vacuum Filtration
Transportation
Land Application
Subtotal
15% Contingency
TOTAL

Capital Cost
$
1.36x10 6
1.42)(106
0.426x10 6
6
I • 193x10
5.112x10 6

Operation &
maintenance
cost
$ 55,000

Annual cost
$

223,000
24,000
185,000

6
2. 272xl 0

60,000

6
1.36x10
6
1.42xl0
6
0.426x10
6
1.193x10
5.112xI06

$ 55,000
223,000
24,000
185,000

170,000
120,000
259,000
125,000

617,000
130,000
252,000
$1,673,000
251,000
$1,924,000
$

170,000
120,000
259,000
125,000
617,000
130,000
86,000

$1,507,000
226,000
$1,733,000

TABLE 43

Alternative
Number

Capital Cost
Element
Pumping

3

Storage

1.36x10 6
1.42x10 6
0.426x10 6
I. 193xl 06

$ 5S ;-000

Annual Cost
$

170,000
120,000

Transportation
Land Application

137,000

Gravity Thickening

4

$

Uperatlon &
Maintenance
Cost

259,000
125,000
490,000

Lime Stabilization

cr-.

(continued).

223,000
24,000

Sub Total

$1 ,30 I ,000

15% Contingency
TOTAL

195,000
$1,496,000
$ 55,000

Storage

I .36x I06
1.42xl06

Lime Stabilization

0.42x10 6

223,000

Pumping

Transportation
Land App II cat Ion
Sub Total
15% Contingency
TOTAL

$

170,000
120,000
259,000
I ,400,000
249,000

$2,198,000
330,000
$2,528,000

Method 3 - Satellite Treatment (120 days)
Alternative 1 - 1,924,000
Alternative 2 - 1,733,000
Alternative 3 - 1,496,000
Alternative 4 - 2,528,000
It can be seen that the cost of bleed/pump-back Is less than other alternatives when considered over 365 days, but It begins to exceed other
alternatives when a shQrter bleed/pump-back period is established.

Treatment at parallel dry-weather facilities does not offer significant advantages over satellite treatment and when coupled with potential Interference
In plant operation and space limitations at Jones Island, this method becomes
less viable. FInally, the various alternatives chosen for satellIte treatment
could be utilized without operating problems associated wIth bleed/pump-back
or parallel facilIties. The costs are similar to other alternatives presented.
Therefore the most cost effectIve and least problematIc approach at thIs time
seems to be satellIte treatment using lime stabIlIzatIon, storage, gravity
thickening and land applIcation.
CSO SLUDGE HANDLING IN SAN FRANCISCO, CALIFORNIA
In San FrancIsco, the entire drainage area of 12,150 ha (30,000 aeres) Is
served by a combined sewer system. The average annual precipItatIon for the
area Is 47.5 cm (18.7 In) and typically occurs on a monthly basis as shown
In Flqure 30. It can be seen that very little precipitation occurs during
the summer months while the majority of the precipitation occurs from November
through April. If It Is assumed that 50 percent of thIs rainfall produces
combined sewer overflow, the annual volume of CSO for the city of San Francisco Is 28.8 mIllion cu m (7,620 MG).
Presently, a dIssolved air flotatIon CSO treatment demonstration unit Is located In San Francisco. It has been reported that this unit will produce
a sludge volume equal to 0.6 percent of the CSO volume treated. The resultant sludge will have an average total solIds content of approxImately 2.2
percent. Other pertinent sludge characteristics are presented In Table 5.
SInce this unit Is working In San Francisco and data Is avaIlable, It will
be assumed for this evaluatIon that all eso Is treated using the dlssolvedaIr flotation process. The sludge data Indl§ates that San FrancIsco can
expect an annua1 CSO sludge ~olume of 1.7xlO cu m (46 MG) at 2.2 percent
solids or 3.9xl0 6 kg (8.6xlO lbs) of wet weather produced solids that
must be handled and dIsposed of. The metropolitan San Francisco area Is
served by three separate prImary sewage treatment plants wIth a total design capacIty of 1,135,500 cy m/day (300 MGD). The three treatment sites
produce approximately 5.0xl0 J cu m/day (1.3 MGD) of sludge at 1.1 percent
solIds. This results In 54,480 kg/day (120,000 lbs!day) of solIds to be
handled. The sludge Is gravity thIckened, anaerobIcally digested. and vacuum
fIltered to a solIds concentratIon of about 28 percent before being dIsposed
of In a landfIll or used as a soil condItIoner. The present solids handling
facilities In San FrancIsco are operating at capacity (12).
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If complete CSO treatment Is achIeved In the city, the yearly volume of CSO
sludge will represent a hydraulic Increase of 9.6 percent over the dryweather sludge volume presently being handled and an 18.8 percent Increase
on a dry solids basIs. The percentages calculated, however, are based on a
constant yearly flow of CSO sludge to the sludge handling facilities. Since
CSO events are Intermlttant in nature and will occur with greater frequency
during certain times of the year, It would be Impossible to space the flow
of CSO sludge to the handling facilities over the entire year unless storage
facilities are employed. Therefore, the Impact of the CSO sludges has also
been calculated based on the followIng assumptions: no storage In the system,
a 72 hour period of CSO sludge bleed-back to the handling facll It,les, and
raInfalls of 1.3 and 0.5 cm (0.5 and 0.2 In) over the CSO area.
The 1.3 cm (0.5 In) rainfall over the CSO area will produce 4.6x10 3 cu m
(1.2 x 10 6 gal) of CSO sludge and I.Ox10 5 kg (2.3 x 105 Ibs) of GSa sol ids.
Bleeding the residue Into the sludge handling facilities over three days results In additional flows of 1.5x103 cu m/day (4.1x10 2 MG) and 3.5x10 Q kg/
day <7.6x10 4 lbs/day). These flows represent a 31 percent Increase In the hydraulic loading and a 61 percent Increase in the solids loading. Thus, the
Impact of the GSa sludges has Increased significantly. The 0.5 cm (0.2 In)
rainfall over the CSO area will resul t in a 12 percent Increase in the hydraulic loading, and a 24 percent increase in the solids loading over the
three day bleed-back period.
Based on the preceedlng calculations, It appears that the first consideratIon In developIng a method of handlIng the CSO sludge problem wIll be to
reduce the Impacts caused by the sporadic flows of the GSa Itself. This
could be achieved by storage of the CSO In conjunction with the GSa treatment facilIty. Based on the yearly rainfall of 47.5 cm (18.7 In), San Francisco can expect a yearly CSO volume of 28,840,000 cu m (7,620 MG). Year
round operation of a GSa treatment facility would require a treatment plant
capacity of 79,485 cu m/day (21 MGO).
The storage facility capacity based on the monthly rainfall variations
(Figure 30) Is calculated on the next page. These calculations indicate a
maximum storage capacity of 11.4 x 10 6 cu m (3.0 x 10 3 MG) required for the
system at the end of March. This value should then be Increased to protect
against the yearly fluctuations in rainfall amounts.
This volume, of course, would be for one storage facility serving the entire
city. Numerous storage facilities could be located throughout the city and
they could then feed a number of small CSO treatment facIlities or one
79 x 103 cu m/day (21 MGD) central CSO treatment plant.
3
The treatment of 79xl0 cu m/day (21 MGD) of CSO using the dissolved-aIr
flotatIon process would result In the generation of 480 cu m (126,000 gal)
per day of sludge at about 2.2 percent solids. Some of the data reported
from the San Francisco demonstration system has Indicated floated sludge concentrations of only 1000 to 2000 mg/l. The value of 2.2 percent solids for
the floated sludge beIng used Is based on samples taken at the demonstratIon
site and the reported values for floated sludge at other sites using the
dissolved-air flotatIon process (12). Based on the 2.2 percent solids,
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10,600 kg/day (23,400 lbs/day) of eso solids will have to be handled and
disposed of from the eso treatment site.

eso
10

6

Volumes
cu m (MG)

Volume Treated
6
10 cu m (MG)

01 fference
6

~_~.!!!...l~

CumulatIve
Storage
10

6

cu m (MG)

November

2.91 (70)

2.38 (630)

+0.53 (+140)

0.53 (140)

December
January
February

5. 31 (1402)

2.46 (651)

+2.84 (+751)

3.37 (891)

5.95 (1573)

2.46 (651)

+3.49 (+922)

6.86 (1813)

5.03 (1328)

2.23 (588)

+2.80 (+740)

9.66 (2553)

'~arch

4.23 (111])

2.46 (651)

+1.76 (+466)

11.43 (019)

Apr 11
May

2.11 (558)

2.38 (630)

-0.27 (-]2)

11.15 (2947)

1.06 (281)

2.46 (651)

9.75 (257])

June
July
AUQust

0.26 (69)

2.38 (630)

-1.40 <-370)
-2. '2 (-561)

1).06 (16)

2.46 (651)

5.23 (1381)

0.06 (16)

2.46 (651)

-2.40 (-635)
-2.40 (-635 )

2.82 (746)

0.40 (11)6)

2.38 (630)

-1.98 (-524 )

0.84 (222)

1.45 (383)

2.46 (651)

-1. 0 I (268)

0

SeDtembe r
October

7.63 (2016)

The two available alternatives for handling the eso sludge are handling at
the eso treatment site or transporting It to the dry_weather plant and handling it with the exlstlnq or expanded dry-weather plant facilities. As
mentioned previously, the dry-weather sludqe handling facilities are operating at capacity and the addition of the eso slUdges would Increase the hydraulIc loadings by 10 percent and the solids loadings by 19 percent.
The first consIderatIon would be to transport the sludge to the dry-weather
treatment plant by bleeding It back to the sewer system after the eso event
Is over. However, due to the characteristics of the eso sludge, the sludge
should not be handled with the processes used for the dry-weather plant. The
low volatile content of the sludge, 39.2 percent, Indicates that digestion
would be Ineffective. Therefore, If the solids are Introduced Into the
anaerobic digesters, they would Increase the solids and hydraulIc loadings
and may not digest. This would result In reductions in volatile solids destruction and gas production. There Is also the possibility that the heavy
metals present In the eso sludge could pose a toxic hazard to the biological
11 fe In the d Iges te rs •
The dry-weather sludges are usually gravity thickened before they are pumped
to the digesters. The eso sludge produced by the dissolved-air flotation
process can be expected to be over 2 percent solids, and, therefore, may not
require further thickening. If the eso sludge Is bled back to the dry-weather
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plant, It will be diluted In the sewer system and, then, would have to be
re-thlckened at the dry·weather plant. The sludge volumes would also Increase the hydraulic loadIng on the gravIty thIckeners by 10 percent.
Based on the preceedlng discussion, bleed-back of the sludge to the dry·
weather plant should not be attempted for the following reasons:
I.
2.

3.

necessIty to dilute and then re-thlcken the solids,
Introduction of the low volatile solids Into the anaerobic
dIgesters will requIre valuable space and reduce digester
efficiency, and
the solIds may pose toxic hazards to the anaerobic digesters.

By eliminating bleed-back of the CSO solids to the dry-weather plant, the CSO
sludge will have to be transported by tank truck If sludge handling Is to be
achieved at the dry-weather plant. This would requIre truckl,ng 477 cu m
(126,000 gal) of sludge per day. Since the sludge Is already thickened It
could go directly to the vacuum filtration process. The vacuum filter facilities, of course, would have to be expanded to handle a solids loading
Increase of 19 percent. After vacuum filtration the CSO sludge cake could be
disposed of at the landfill along wIth the dry weather sludge. The dry·
weather plant now trucks approxImately 203 cu m (7260 cu ft) of sludge cake
per day to the landfill. The CSO sludge, dewatered to 20 percent solids,
will Increase this amount by 26 percent to 256 cu m/day (9143 cu ft/day).
Because the CSO sludge has not undergone anaerobic digestIon, the sludge
should be limed to a pH of greater than 12 In order to stabilIze It. this
could be accomplIshed Just before vacuum fIltration. The limIng should Insure pathogen destruction before the sludge Is landfilled (35).
As the previous discussIon Indicates, however, the applIcability of bleed/
pump-back or treatment at additional facIlities Is a questionable procedure,
at best. Considering the results of the total cost evaluation presented for
Milwaukee, It can be seen that only a small cost benefit can be achieved by
ImplementIng these two questionable processes. Therefore, detailed costs
have been prepared only for the alternatives with potential for handling CSO
sludge generated In San Francisco at six Individual sites throughout the
city. These costs are Included In Table 44 for the four sludge handling
schematics previously chosen applicable for CSO sludge treatment. It can be
seen from Table 44 that the handling alternatIve Involving lime stabilizatIon,
additional thickening and land application of the resultant sludge Is anticipated to be most cost effective of those Investigated. Further dewatering
does not appear to be feasible.
TREATMENT OF CSO SLUDGES IN KENOSHA, WISCONSIN
The entire drainage area for the cIty of Kenosha Is 3850 ha (9507 acres). Of
this total, 539 ha (1331 acres) or 14 percent are served by combined sewers.
The average annual precipItatIon for the area Is 77.5 cm (30.5 In). If It
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TABLE ~~. COST ESTIMATES FOR eso SLUDGE
HANDLING BY SATELLITE OPERATION - SAN FRANCISCO

AIternat Ive
NUmber

Element

Cap I ta I Cos t
$

1.53><10 6

Operation &
Maintenance
Cost
$ 68,000

Annual Cost

Pumping
Storage

0.538x10 6

Lime Stabilization

0.50><10 6

92,000

13~, 000

GravIty Thickening
Vacuum Filtration

1.~5><106
6
7.67x10

31 ,000

154,000

212,000

860,000

$

50,000

120,000

Transportation
Landfill
Sub Total

2.68><10 6

89,000

316,000
$1 ,331 ,000
275,000

15\'; Con t I ngency

$2, 106,000

TOTAL
2

197,000

Pumping

1.53><10 6

Storage

0.588x10 6

Lime Stabilization

0.50><10 6

92,000

13~,000

Gravity Thickening

.~5xI06
7.67><10 6

31,000

154,000

212,000

860,000

Vacuum Filtration
Transportation
Land Application
Sub Tota 1
15% Contingency

TOTAl

I

$ 68,000

$

197,000
50,000

120,000
82,000
$1,596,000
239,000
$1,835,000

TABLE 44 (continued).

Alternative
Number
3

Element
Pumping
Storage

0.588x10 6

Lime Stabilization

0.50x10 6
1.45x106

Gravity Thickening

Ope rat Ion &
Maintenance
Cost
$ 68,000

Cap I ta 1 Cos t
S
1.53x10 6

Annual Cost
$

50,000
92,000

134,000

31,000

154,000

Transportation

380,000
118,000

Land Application

$1,033,000

Sub Total
15% Contingency

'"

155,000
$1,188,000

TOTAL

00

4

Pumping
Storage
Lime Stabilization
Transportation
Land Application

197,000

1.53x10 6
0.58x10 6
0.50x10 6

$

68,000

$

197,000
50,000

92,000

134,000
1,000,000
194,000

Sub Total
15% Contingency

$1,575,000

TOTAL

$1,811 ,000

236,000

Is assumed that 50 percent of this rainfall accounts for combIned sewer overflow, the annual volume of eso for Kenosha Is 2.1 x lOb cu m (550 MG).
In Kenosha, eso treatment Is being achieved at a demonstration project by the
use of the contact stabIlIzatIon process and data Is avaIlable concernIng the
treatment of eso using this process. For this reason, the Impact of eso
sludges on the city of Kenosha will be based on complete eso treatment using
contact stabilization.
The combined sewer overflow treatment system in Kenosha Is slonlflcantly _
different from those discussed previously because it is located on the same
grounds as the existing conventional dry weather treatment plant. In fact,
since the system utilizes biological treatment it depends on the dry-weather
plant as a source of active biomass. Waste activated slUdge from the dryweather treatment plant Is continuously fed through the eso treatment system
stabilization tank, where It has a hydraulic retention time of approximately
five days before going on to flotation thickenIng. When the eso treatment
system is In operation, the contents of the stabilIzation tank are pumped to
a contact tank Instead of to thickenIng.
It has been reported (12) that the Kenosha contact stabilizatIon process
will produce a sludge volume equal to 3.5 percent of the eso volume treated.
The resultant sludge will have an average total solids concentratIon of 0.B5
percent. Other characteristics of the sludge were previously presented In
Table 6. The sludge dat~ Indicates that Kenosha can expect an annual eso
slud~e vo~ume of 73.0x10 cu m (19 MG) at 0.85 percent solids or 6.2xl05 kg
(1.4 x 10 Ibs) of wet weather produced solids that must be handled and disposed of.
The conventional dry weather treatment plant at Kenosha Is a a.7x10 4 cu m/day
(23 MGO) activated sludge process. Waste'actlvated sludoe, approximately
3
300 cu m/day (83,000 gpd) at a solids concentration of 1.47 percent or 4.5xlO
ko/day (10,000 lbs/day) of solids, Is flotation thickened to about 5 percent
solids concentration before ooing on to anaerobIc digestion. The dIgested
solIds are then further dewatered by means of a filter press. The total
dally loading on the digesters, primary and waste activated sludge combLned,
15 190 cu m~day (50,000 gpd) resul tlng In a dry sol Ids weIght of l.lxlO kg/
day (2.4xl0 Ibs/day). The filter press is operated at less than capacity
and would be able to handle an addItional solids load. The digesters, on
the other hand, are already at capacity and additional solIds loadIngs would
require construction of additional digestion facilities.
The eso treatment system presently located on the grounds of the Kenosha dryweather treatment plant has a capacIty of 75,700 cu m/day (20 MGO). 1he
average flow rate durIng system operatIon has been found to be 6.lx10 cu m
(16 MGO) (54). Assuming complete eso treatment Is achieved, this means that
In an average year the treatment process wIll be operated 34 1/2 days. Of
course, some. form of storage will have to be provided in conjunctIon wIth
the eso treatment system in order to detain flows In eXCeSS of the 75,700 cu
m/day (20 MGO) plant capacity.
In the Kenosha area, rainfall usually occurs from mId-March to mld-Oecember,
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a total of nine months, with snow being the form of precipitation during the
other three months. During the period of rain there occurs about 50 eso
events. Based on these assumptions, then, a eso event can be expected to occur
every fIfth day. On the average, each event wIll generate 42xl0 3 cu m (11 MG)
of eso and require 0.7 days of treatment process operation. This, then,
allows for 4.3 days of wet weather sludge bleed/pump-back to the dry-weather
plant solids handling facilIties.
The 42xl0 3 cu m (11 MG) of eso per storm event will generate 1460 cu m
(385,000 qal) of sludge and 12xl0 3 kg (27xl0 3 lbs) of solids. Feeding this
sludge to the dry-weather plant flotation thickening unit over the next 4.3
days results In addItIonal loadings of 340 cu m/day (90xl0 3 gpd) , an Increase
of 108 percent, and 2.8x103 kg/day (6.3xl0 3 lb/day), an Increase of 63 percent.
Aoparently a very sIgnificant Impact can be expected.
The Increased solids due to the eso sludge will also mean an Increased solids
loading to the anaerobic digesters of 26 percent and a hydraulic Increase of
30 percent. This could result In decreased digester efficiency.
Since the eso treatment process Is located at the dry-weather plant, eso
sludge handllnq can be accomplished on-site. The two available alternatives
are to either handle the eso sludge with separate parallel facilItIes or with
the exIsting and/or expanded dry-weather plant facilities.
The handling of the Kenosha esa sludge will require a treatment scheme simIlar
to the dry-weather plant's process: thickening, stabilization, and dewatering.
The primary consideration here Is that the dry-weather plant's anaerobic digesters are presently operating at capacity, therefore, the use of anaerobic
digestion for the eso sludge would require digester expansion to handle a 30
percent Increase In hydraulic loadIng and a 26 percent Increase In solids
loading. This construction would be very costly.
It Is possible that excess sludge produced by eso treatment could be stabilized by lime and this process Is therefore a viable alternative to anaerobic dIgestIon. The use of lIme stabilization also Indicates that gravity
thickening Is most appropriate, rather than flotation thickening, because
the lime treatment will greatly enhance the settling characterIstics of the
sludge.
It Is therefore Indicated that the eso sludges should be handled by parallel
processes at the dry-weather plant due to the present location of the eso
treatment unit at thIs point. Final dIsposal of dry-weather sludge Is presently accomplished using land applicatIon, which may be most feasible. However, landfill wIll also be Investigated. The same four eso sludge handling
alternatives have been evaluated for the bIological sludge from Kenosha and
the results are presented In Table 45. The annual costs range from $205,000$462,000 for the various alternatives. As Indicated previously, the most
feasible approach appears to be lime stabilization and gravity thickening
followed by land application at an annual cost of approximately $205,000.
However, when further consideration Is given to the specific circumstances at
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TABLE 45.

Alternative
Number

Element
Pumping
Storage
Lime Stabilization
Gravity Thickening
Vacuum Filtration
Transportat ion
Landfill

COST ESTIMATES FOR CSO SLUDGE HANDLING
BY SATELLITE TREATMENT-KENOSHA

Capital Cost
$
0.28x10 6
0./39xI0 6
0.085x10 6
0.256x10 6

Operation &
Maintenance
Cost
$12,000
14,000

15,000

1.28x10 6

5,000
38,000

27,000
146,000
16,000

0.50x10 6

29,000

71,000
$323,000
48,000

Sub Total
15% Contingency
TOTAL

-..

2

$371,000
0.284x10 6
0.139x10 6

$12,000
14,000

Gravity Thickening

0.085x10 6
0.256x10 6

Vacuum Filtration

I .2(Ix I06

Pumping
Storage
Lime Stabilization

Transportation
Land Application
Sub Total
15% Contingency
TOTAL

Annual Cost
$ 36,000
12,000

$ 36,000
12,000

5,000
38,000

15,000
2],000
146,000
16,000
16,000
$268,000
40,000
$308,000

TABLE 45 (continued).
Alternative
Number
3

Element
Pumping

Capital Cost
$

6
0.284x10

Storage

0.139x10

Lime Stabilization

0.085xlO

Gravity Thickening

0.256xl0

Operation &
Maintenance
Cost
$12,000

$ 36,000
12,000

14,000

15,000
27,000

6
6
6

5,000

Transportat ion

60,000

Land Application

28,000
$178,000

Sub Total
15% Contingency
TOTAL

-.J

Annual Cost

27,000
$205,000

N

4

Pumping
Storage
Lime Stabilization
Transportation
Land Application
Sub Total
15% Contingency
TOTAL

0.284x10
0.139x10
0.085x10

6

$12,000

6
6

$ 36,000
12,000

14,000

15,000
260,000
79,000
$402,000
60,000
$462,000

Kenosha, other variables must be discussed. One aspect Is that the land
application costs could be reduced since the city of Kenosha Is presently
disposing of their dry-weather treatment olant sludge on private farms and
if this ar~angement could be continued for the additional CSO sludge, there
would be no capital expense for land disposal In alternatives 2-4. The
second factor Is that, as discussed previously, the dry-weather plant's
pressure filter has available, enough additional capacity to handle the CSO
sludge. ~or the estimates in Table 45, a complete handling and disposal
system was set up to handle all the CSO sludge flows assuming no additional
capacitIes being avaIlable In the dry-weather plant. Vacuum fIltration was
selected as the dewaterlnQ method because It was felt that this method would
be most amenable for dewatering the heavily limed sludge resulting from the
lime stabilization process. For the specific case of Kenosha, Investigations
should be conducted to determine the ability to pressure fIlter the lime
sludge. If these tests show that pressure filtratIon will produce satisfactory results, then, for Kenosha, the capital costs of vacuum filtration could
be eliminated from alternatives No. I and 2.
With these factors considered, the annual costs for alternatives 1 through 4
become:
Old

New

Alt. 1

$371,000

$247,000

Alt. 2
Alt. 3

308,000
205,000

171,000
193,000

Alt. 4

462,000

456,900

Therefore, sInce additional dewatering capacity Is available, this process,
with land application using the existing dry-weather sludge disposal pro~
cedure, seems to be very economically attractive for Kenosha.
WET WEATHER SLUDGE HANDLING FOR NEW PROVIDENCE, NEW JERSEY
In New Providence, the entire drainage area for the sewage system Is 985 ha
(2432 acres). There are no areas servIced by combined sewers but durIng
periods of wet weather, hlqh flows are experienced because of Infiltration
Into the sanitary sewers. If these high flows are treated, New Providence
wIll experience Increased solids production due to wet weather conditions
even though there are actually no combined sewer overflows.
The average annual precipitation for the area Is 109.0 cm (42.9 In). It
has been reported In the literature (9) that about 10 percent of this rainfall can be expected to appear as Increased flow In Infiltrated sanitary
sewers. Using these values, then, the annual volume of Igcreased flow due
to wet weather for the cIty of New Providence Is 1.1 x 10 cu m (280 MG).
There Is a demonstration treatment system employing the trickling filter
process in New Providence. The tricklIng filters are used to treat both
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the dry-weather flows and wet weather flows. The trlckllnq filters are operated In series during dry weather and switched to parallel operation for high
flow rates generated by wet weather. The trickling filter removal efficiency
data Is available but the necessary sludge production data Is not. Therefore
the sludge production data required wIll be estimated baSed on the pollutant
removal effIciencies. The sludge estimates will then be used to assess the
Impact of wet weather sludges on the city of New Providence.
The following values have been reported (9) for the trickling filter process:
Dry \.leather
Average Flow
55 (Influent)

2 •044 ~
day

154 mg/1
86 mg/1

55 (primary effluent)
55 (final effluent)

20 mg/1
104 mg/1

BOD (primary effluent)
BOD (final effluent)
Wet Weather
Average Flow
55 (Influent)

(0.54 MGD)

23 mq/l
14 , 98q- ~
day

55 (primary effluent)
55 (final effluent)

(3.96 MGD)
109 mg/l
64 mg/1
36 mg/1
86 mg/l

BOD (primary effluent)
BOD (fInal effluent)

39 mg/1

Based on the suspended solids removals achieved by primary sedimentation,
140 kg/day (300 lbs/day) of sludge solids can be expected during dry weather
and 680 kg/day (1500 Ibs/day) during wet weather. Using a primary sludge
concentration of 5.5 percent solIdS. this results In a rate of (2.5 cu m/day)
(670 gal/day) during dry weather and 12 cu m/day (3000 gal/day) during
wet weather.
The productIon of secondary sludge Is based on suspended solids removal and
the production of 0.5 kg(lb) of solids per kg(Ib) of BOD removed. During
dry weather, the sludge solids production by secondary treatment will be
220 kg/day (480 lb/day) and 770 kg/day (1700 lbs/day) during wet weather.
It has been reported that trIcklIng filter sludges wIll vary from 5 to 10
percent solIds dependIng on the time they are held In the filter (25). For
this reason, It Is estimated that the secondary sludge will be 7 percent
solids during dry weather (low flow) and 5 percent solids during wet weather
(high flow). These values result In the production of 3 cu m/day (800
gal/day) of secondary sludge durIng dry weather and 15 cu m/day (4000
qal/day) of secondary sludqe durIng wet weather. CombIning the primary and
secondary sludqes means the trickling filter will produce 6 cu m/day
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(1600 oal/day) of sludoe at 6.3 percent solids during dry I.eather and 28
cu m/day (6200 oal/day) of sludge at S.2 percent solids durIng wet weather.
The wet weather value represents 0.2 percent of the wet weather flow volume
treated. Some of the other sludoe characteristics based on samples taken
at the trickling filter site were given In Table 6 (12).
For the annual wet weather volume of 1.1 x lOb cu m (280 MG), New ProvIdence
can expect an excess sllJdge volume of 2.lxl0 3 cu m (S.6xl0 5 gal.) ?t 5.2 percent solids or 1.1xl0~ kg (2.5xl0~ lb) of wet weather produced sol Ids that
must be disposed of.
As mentioned previously, the trickling fIlter operation also serveS the city
of New Providence du 1ng dry weather. During drv weather the plant treats an
average flow of 2xl0 cu m/day (0.5 MGD) and produces a 6.0 cu m/day (1600
gal/day) of sludge, prImary and secondary, at 6.3 percent solIds or 350 kg/
day (770 lbs/day) of solids. There are no sludge handling facIlities at the
trickling filter plant. The solids settlIng In the secondary clarifier are
pumped to the prImary sedimentation tank where they settle out with the primary solids. This combined sludge Is then drained to a sewer which flows to
a larger sewage treatment plant downstream. Apparently the downstream treatment plant has the capacity to remove and handle the solids produced at the
tlew Providence facility; and since the New ~rovldence plant handles the entire
wet weather flow, no appreciable ~ncrease in flow will occur in the future.
Therefore, the bleed/pump~back of both dry weather and wet weather sludges
from the New Providence facility to the downstream plant appears to be functioning as planned and will continue to be used ~ the future. In this case,
then, there is no impact due to wet weather conditions in the sanitary sewers.

3

The Impact of the wet weather generated solids would be great, however, If
the plant were to construct sludge handling facilities. As presented previously, during dry weather the trickling fIlter plant can be expected to
generate 2.5 cu m/day (5S0 gal./day) of primary sludge at 5.5 percent solids
and 3 cu m/day (660 gal./day) of secondary sludge at 7 percent solids.
Combining the two sludges gives 6 cu m/day (1600 gal./day) at 6.3 percent
solids or 350 kg/day (770 Ibs/day) of dry solids.
Any new sludge handling facilities must take into consIderation the volumes
of sludge generated by wet weather. On an annual basis, wet weather flows
wIll generate a sludge volume of 2.lxl0 3 cu m (5.6xl0 5 gal.) (primary plus
secondary) at approximately 5.2 percent solids or l.lxlO S kg (2.5xI0 5 Ibs)
of solids. If these sludge volumes can be bled/pumped-back to the sludge
handling facilities over an entire year, the additional loadings would be
6 cu m/day (1600 gal./day), a 100 percent Increase over the dry weather
flow, and 300 kg/day (660 lb/day), an 86 percent Increase over dry weather.
If bleed/pump-back of the wet weather sludge is not achIeved over the entire
year, the impacts of the sludge will be much greater. The reported daily
dry weather flow is 2xl0 3 cu m/day (0.5 MGD) while during wet weather conditions the average flow is 15xl0 j cu m/day (4 MGD1. This wet weather flow
will generaje a sludge flow of 28 cu m/day (7.3xl0 gal./day) and 1.4xl0 3 kg/
day (3.lxl0 lb/day). These flow rates are 492 and 406 percent, re-
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spectlvely, above the dally dry weather flow rates.
Thus, even though the city of New Providence does not have a combIned sewer
~ystem, the impact of wet weather generated solids in the sanitary ~ewer
.cou1d be significant. If sludge handling facilities were to be constructed,
the wet weather flows would dictate capabilities 2 to 4 times greater than
those that would be required based On the dry weather flow rates.
Since there are no avaIlable sludge handling facIlities at the New Providence
site, the same sludge handling schemes were evaluated with respect to the
generated volume of wet weather sludge. The costs were developed as before
and based on a sludge volume of 36 cu m/day (9.4xl0 3 gpd) at solids concentration of 5.2 percent: Therefore the only applicable alternatives involved
hauling the stabilized sludge directly to a land application site or dewatering followed by landfill or land applIcation. The cost estimates are
included In Table 46. It is indicated that stabilization followed by direct
land application of the sludge is the most cost effective approach for the
New Providence sludge handling. This alternative provides a significant
cost advantage over the other methods, although it Is readily apparent that
any attempt at on-site sludge handling is costly.
ECONOMIC IMPACT OF NATIONWIDE HANDLING AND DISPOSAL OF CSO TREATMENT SLUDGES
General
This evaluation Involved developing an approximation of the economic Impact
of handlIng CSO treatment residuals across the country. In order to accomplish this task, the cIties contaIning CSO areas were statistIcally evaluated.
Four specific areas were evaluated for two types of CSO treatment methods
(dIssolved air flotation and contact stabilization). The same four sludge
handling schematics as prevIously Indicated were developed for both types
of sludges. All economic data was based on the same cost criterIa as presented previously.
Basis of Evaluation
There were several aspects Involved In developIng the necessary InformatIon
for hypothetical cities across the United States. The first Involved choice
of CSO areas for evaluation. The next Involved establIshing both the sludge
volume and characteristIcs so that the process equipment could be properly
sized.
To select the city size, the area served by combined sewerage systems In urban UnIted States was obtaIned (75) and analyzed. The avaIlable data consIsted of combined sewerage areas servIng the fifty states and WashIngton, D.C.
and more specifIcally Included a tabulation of the combined sewerage areas
serving the urbanized areas (cities) of the country. A total of 248 urbanized
areas were covered with the combined sewerage areas ranging from none to
about 205,000 acres. Of the 248 urbanized areas for which data was available
128 of them were not served by combined sewerage systems. The remaining 120
urbanized areas had areas served by combined sewers ranging from 40.5 - 83,025
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TABLE 46.

Al ternatlve
Ilumber

Element
Pumping
Storage

COST EST IMATES FOR CSO SLUDGE HAt/DlI NG
BY SATELLITE TREATMENT-NEW PROVIDENCE
Dperat ion &
Maintenance
Cost
$ 4,000

Cap Ita I Cos t
$
O. 12xl 06
0.019x10 6

Lime Stabilization
Gravity Thickening

0.028x10 6

Vacuum Filtration

0.618x10 6

Transportat Ion
Landfll I

0.128x10 6

$ 14, 000
2,000

2,000

MIA

4,000

NIA
12,000

54,000

II ,000

27,000
22,000

Sub Total

$133,001)
20,000
$153,000

15% Contingency
TOTAL
2

Annual Cost

Pumping

O. 12xl 06

Storage

0.019x10 6
0.028x10 6

2,000

4,000

ilIA
6
0.610x1O

ilIA
12,000

b4,000

Lime Stabilization
Gravity ThIckening
Vac~um

Filtration

Transportat Ion
Land Application
Sub Total
15% Contingency
TOTAl

$

4,000

$ 14,000
2,000

27,000
9,000
$120,000
18,000
$138,000

TABLE 46 (continued)

Alternative
Number

3
N/A

Capital Cost
Element

$

Operat i on &
Maintenance
Cost

Annual Cost

Pumping
Storage
Lime Stabilization
Gravity Thickening
Transportation
Land Application
Sub Total
15% Contingency

TOTAL

N/A

Pumping

O. 12xl 06

Storage
Lime Stabilization

0.Ol9x10 6
0.02Bx10 6

Transportation
Land Application
Sub Total
15% Cont ingency

TOTAL

$ 4,000

$14,000
2,000

2,000

4,000
35,000
27.000

$B2,000
12,000
$94,000

ha (100-205,000 acres). The combined sewer area data for the 12U urbanized
areas noted above were examined and the following conclu!ions dra;m:
I.

The mean combIned sewer acreage served was 2309 ha (5700 acres).

2.

As mentioned prevIously, the areas served by combined Sewers ranged
from 40.5 - 82,025 ha (100-205,000 acres). The following further
breakdowns were observed:
a.

FIfteen cities (about 12.5%) had combined sewer areas serving
less than 40.5 ha (1000 acres) each.

b.

Fifty-seven cities (about 47.5%) had combIned sewer areas
serving between 405-4050 ha (1000-10,000 acres) each.

c.

Forty-two citIes (about 35%) had combined sewer areas serving
between 4050 and 16,200 ha (10,000 and 40,000 acres) each.

d.

Only sIx cities (about 5%) had combIned sewer areas greater than
20,250 ha (50,000 acres) each (San Francisco, CA: CIncInnatI,
OH; New York, NY; St. LouIs, HO; Detroit, HI; and Chicago, IL).

From this Information It was established that four example areas could be
chosen and representative costs established. An area In each range was used
as follows:
a.

12.5% - 0-405 ha (0-1000 acres) CSO area Choice: 203 ha (500
acres)

b.

47.5%· 405-4050 ha (1001-10,000 acres) CSO area choice: 2307 ha
(5700 acres)

c.

35% - 4050-16,200 ha (10,001-40,000 acres) CSO area choIce:
10,118 ha (25,000 acres)

d.

5% - >16,200 ha (>40,000 acres) eso area choice: 24,300
(60,000 acres)

Once the sIze of the affected area was established, further assumptions were
made regarding the volume of CSO sludge generated. Two types of CSO treatment sludges were consIdered to allow a ranQe of costs due to varying resIdue
characteristics. One type was biologIcal a~d contact stabilization sludge
was consIdered and the second type was physical/chemical so dissolved aIr flo·
tatlon slUdge was evaluated. The criterIa listed In Table 47 were then applIed to establish CSO sludge flow rates and characteristics.
Economic Results
Each of the CSO areas and resultant sludges were then evaluated wIth regard
to the costs for utilizing one of the four sludge handlIng alternatIves:
AlternatIve I. Lime
t Ion
2. LIme
tion
3. LIme
4. Lime

StabilizatIon ~ Gravity Thickening
La ndf III
StabIlIzation + Gravity Thickening
+ Land ApplIcation
StabilIzation + GravIty ThIckening
StabilizatIon + Land Application

+

Vacuum Flltra-

+

Vacuum FIltra-

+

Land ApplIcation

+
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Table 47 ASSUMPTIONS FOR COST CALCULATIONS

cso Vol ume
1. 50% of rainfall Is CSO
2. Average rainfall Is 0.914m/year (36"/year)
3. 60 storm events occur per year
CSO Sludge - BIologIcal
1. 3.5% of CSO volume a sludge volume
2. Sol Ids concentration Is 10,000 mg/l
CSO Sludge - PhysIcal/Chemical
1. 0.6% of CSO volume - sludge volume
2. Solids concentration Is 27,500 mg/l
The results are presented In detail for each of the chosen eso areas In
Tables 48-51. A comparison of the cost ranges for the cIty size Is summarized In Tables 52 and 53. It can be seen that the cost for treatment of eso
residuals can vary significantly depending upon the type of eso treatment
used, the sludge handling schematic and the total volume of eso to' be treated. The overall annual cost ranges from $139/ha~$1403/ha ($56-$660/acre)
of CSO served area. When It Is recalled that there are 1.2x10 6 ha
(3.0xl0 o acres)
of area served by combined sewers throughout the country,
the economic Impact of treating eso sludges nationwide could range from
$169,000,000 - $1,720,000,000 annually.
If Initial capital costs are evaluated, as Indicated In Table 53. this fIrst
expense ranges from $447-$10,173/ha ($181-4120/acre). These capital costs
assume an Initial expendIture for the land whIch will be recovered when the
land Is sold. When considering the natlonwlde 1mpact with respect to InItial
capital costs, this could range from $548 x 10 6 - $12.5 x 109 to provide
sludge handling and disposal for all treatment residues.
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TABLE 48.

Alternative
Number

COST ESTIMATES FOR 500 ACRE

Element

$ 25.000
8,000

Storage

12,000
18,000
108,000

Lime Stabilization
Gravity Thickening
Vacuum Filtration
Transportat Ion
Landf 111
Sub Total

44.000
$246,000

15% Contingency
TOTAL

37,000
$283,000

31,000

Pumping
Storage
Lime Stabilization
Gravity Thickening
Vacuum Filtration
Transportat Ion

co
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27.000
$177.000

27,000
$204,000

12.000
18,000

6.000

33,000
$254,000

ha

13.000
6,000
13,000
74.000
25,000

$ 19,000

31 ,000
19,000
$221,000

15% Contingency
TOTAL

$ 19,000

$ 25,000
8,000

108,000

Land ApplicatIon
Sub Total

acres x 0.405

AREA

Annual cost
01 ssolved-AI r
Flotation
Biological Trea~~~t
Treatment

Pumping

2

eso

13,000

13,000
74,000
25,000
9,000
$159,000
24,000
$183,000

TABLE 48 (continued).

Annual Cost
AI ternatlve
Number

Element

Biological Treatment

Pumping

3

Storage
Lime Stabilization
Gravity Thickening
Transportation
Land Application
Sub Total
15% Contingency
TOTAL

PumpIng
Storage

4

Lime StabilizatIon
Transportat Ion
Land Application
Sub Total
15% Contingency
TOTAL

acres x 0.405

a

ha
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Dissolve~-Air

Flotation
Treatment

$ 25,000

$ 19,000

8,000

13,000

12,000

6,000

18,000

13,000

42,000

30,000

182,000

11 ,000

$287,000
43.000

$ 92,000
14.000

$330.000

$106.000

$ 25,000

$ 19,000

8,000
12.000

13,000
6,000

140,000

40,000

43.000
$231,000

13.000
$ 91,000

35,000

14,000

$266,000

$105,000

TABLE 49.

COST ESTIMATES FOR 5700 ACRE CSO AREA
Annual cost
Dissolved-Air
Flotation

Al ternatlve
Number

Element

Biological Treatment
104,000

$ 78,000

51,000

17,000

Lime Stabilization

108,000

58,GOO

Gravity Thickening

102,000

54,000

Vacuum Filtration

375,000

229,000

90,000

38,000

247,000

100,000

$1,077,000

$574,000

162,000

86,001)

$1,239,000

$660,000

$

104,000

$ 78,000

51 ,000

17,000

Lime Stabilization
Gravity Thickening

108,000

58,000

102,000

54,000

Vacuum Filtration

375,000

229,000

Transportat ion

90,000

38,000

Land Application

87,000

39,000

917,000

$513,000

138,000

77 ,000

$1,055,000

$590,000

$

Pumping
Storage

Transportation
Landfill
Sub Total
15% Contingency
TOTAL
2

Pumping
Storage

$

Sub Total
15% Contingency
TOTAL
acres x 0.405

Treatment

a

ha
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TABLE 49 (continued).

Annual cost
Al ternative
Number
3

Elem~nt

Biological Treatment

Pumping

$

104,000

$ 78,000

Storage
Lime Stabilization

51,000

17,000

108,000

58,000

Gravity Thickening

102,000

54,000

Transportation

375,000

60,000

Land Application
Sub Total
15% Contingency

140,000

46,000

880,000

$313,000

132,000

47,000

$1 ,012,000

$360,000

104,000

$ 78,000

51 ,000

17,000

10a,000

58,000

1, 100,000

240,000

346,000

346,000

$1,709,000

$739,000

256,000

110,000

$1,965,000

$849,000

$

TOTAL
Pumping

$

Storage
Lime Stabilization
Transportat Ion
Land Application
Sub Total
15% Cont j ngency

TOTAL

acres x 0.405

Dissolved-Air
Flotation
Treatment

= ha

184

TABLE 50.

COST ESTIMATE FOR 25000 ACRE CSO AREA
Annua 1 cost

Al tcrnat ive
Number

Element

Biological Treatment
$ 322,000

Pumping

186,000
56,000

451,000
354,000

244,000

1,025,000
450,000

731,000
100,000

432,000

474,000

Sub Total
15% Contingency

$3,175,000
476,000

$2,000,000
300,000

TOTAL

$3,651,000

$2,300,000

Pumping

$ 322,000
141,000

$

Gravity Thickening
Vacuum Filtration
Transportat Ion
Landfill

209,000

186,000

Lime Stabilization

451,000

56,000
244,000

GravIty ThIckening
Vacuum Filtration

354,000

209,000

1,025,000

Storage

Transportation

450,000

Land Application
Sub Total

276,000

731,000
100,000
141,000

$3,019,000

$1,667,000

453,000

250,000

$3,472,000

$1,917,000

15% Con t Ingency
TOTAL
acres x 0.405

$

141,000

Storage
Lime StabilIzation

2

Dissolved-Air
Flotat Ion
Treatment

c

ha

185

TABLE 50 (continued)
Annual cost
AI ternat Ive
Number

EIM1ent
Pumping
Storage

3

$ 322,000
141,000

Lime Stabilization

451,000

Gravity Thickening
Transportat Ion

354,000

Land Application
Sub Total
15% Contingency
TOTAL
Pumping

4

Biological Treatment

456,000
$3,524,000
529,000
$4,053,000
$

Lime StabilizatIon
Transportat Ion

15% Contingency
TOTAL
acres x 0.405

c

$ 186,000
56,000
244,000
209,000
1,000,000

1,800,000

Storage

Land Appl1cdtlon
Sub Total

Dissolved-Air
Flotat Ion
Treatment

322,000
141,000
451,000

258,000
$1,953,000
293,000
$2,246,000
$

186,000
56,000
244,000

7,000,000
1,111,000

1,700,000
346,000

$ 9,025,000
1,354,000
$10,379,000

$2,532,000
380,000

ha
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$2,912,000

TABLE 51.
Alternative
Number

COST ESTIMATES FOR 60,000 ACRE CSO AREA
Annual cost
Element

Biological Treatment

Pumping

126,000

1,056,000

209,000

Gravity Thickening

630,000

832,000

Vacuum Filtration
Transportat ion

2,199,000

941,000

900,000

190,000

Landfi 11
Sub Total
15% Contingency

1,572,000

I ,015,000

$6,972,000

$3,913,000

1 ,046, OQO
$8,018,000

587,000

$4,500,000

287,000

$ 600,000

328,000

126,000

1,056,000

209,000

630,000

832,000

Vacuum Filtration
Transportat Ion
Land Appllc~tlon

2,199,000

941,000

900,000

190,000

626,000

265,000

Sub Tota 1
15% Contingency
TOTAL

$6,026,000

$3,163,000

904,000

474,000

$6,930,000

$3,637,000

$

Pumping

~

$ 600,000

328,000

Storage
Lime Stabilization
Gravity Thickening

acres x 0.405'

$ 287,000

Storage
Lime Stabilization

TOTAL
2

DIssolved-Air
Flotation
Treatment

ha
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TABLE 51 (continued)
Annual cost
AIternat Ive
Number

EI ernent

3

Biological Treatment

Pumping

$ 287,000

$ 600,000

Storage

328,000

126,000

Lime Stabilization

1,056,000

209,000

Gravity Thickening

832,000

Transportat Ion

630,000
4,000,000

Land Application

1,043,000

347,000
$2,894,000

Sub Total

Pumping

$3,328,000

287,000

$ 600,000

328,000

126,000

1,056,000
20,000,000

209,000
3,400,000

1,043,000

677,000

$22,714,000

$5,012,000

3,407,000
$26,121,000

752,000
$5,764,000

$

Storage
Lime Stabilization
Transportat Ion
Land Application
Sub Total
/5% Contingency

TOTAL
acres x 0.405

~

780,000

$7,344,000
1,102,000
$8,446,000

15% Contingency
TOTAL

4

Dissolved-Air
Flotation
Treatment

ha
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434,000

TABLE 52.

ANNUAL COST FOR CSO SLUDGE HANDLING

500 acres

\.D

60,000 acres

Cost In dollars

Trea tmen t a I terna t Ive

0>

Size of CSO area
25,000 acres
5700 acres

AI ternatlve J:
Biological sludge
OAF sludge

$283,000
204,000

$1,239,000
660,000

$ 3,651,000
2,300,000

$ 8,018,000
4,500,000

Alternative 2:
Biological sludge
OAF s Judge

254,000
183,000

I ,055,000
590,000

3,472,000
1,917,000

$ 6,930,000
3,637,000

Alternative 3:
Biological sludge
OAF sludge

330,000
106,000

1,012,000
360,000

4,053,000
2,246,000

$ 8,446,000
3,328,000

AJternat Ive 4:
Biological sludge
OAF sludge

266,000
105,000

1,965,000
849,000

10,379,000
2,912,000

26,121,000
5,764,000

$/acre
$/ton of dry solids

$210-$660
$347-$1140

$77-$415
$193-$581

$56-$435
$162-$610

Acres x 0.405 • ha
Tons x 0.907 • metric tons

$64-$345
$188-$483

TABLE 53.

CAPITAL COST INFORMATION* FOR CSO SLUOGE HANDLING

500

Size of CSO area
5700 acres
25,000 acres

a~res

Cost In dollars

Treatment alternative
Alternative I:
Blologl~al sludge
OAF sludge

$2.06 x f0 6
1.49 x fO 6

Alternative 2:
Blologl~al sludge
OAF sludge
\.D

o

$52.54
38.17
7.48
5.29

I<
I<

106
6
10

Alternative 3:
Blologl~al sludge
OAF sludge
Alternative 4:
Blologf~al sludge
OAF sludge
$Ia~re

$/ton of dry solids

0.54 x 1066
0.42 x 10
$840-$4120
$1310-$8660

Tons

Ie

0.405 • ha
0.907 • metric tons

~osts

2.36
1.03

I<
I<

6

106
10

$181-$1479
$538-$2804
for land

Ie

Ie

20.86 x 106
6
14.85 Ie 10

46.76
32.37

Ie

1066
10

34.07
14.68

Ie

1066
10

26.36
14.49

14.48
8.69

* All handling and distribution
operatIng only.
A~res Ie

60,000 acres

10.68
6.36

Ie

Ie

Ie
Ie

$254-$902
$598-$2018
appll~atlon

Ie

Ie

Ie

Ie

6

10
106
1066
10
6

10 6
10
1066
10

$242-$876
$616-$1892

were considered
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16 ABSTRACT

This report documents the results of an assessment of the effort that the United
States wi II have to exert in the area of sludge handling and disposal if, in fact,
full-scale treatment of combined sewer overflows is to become a reality. The results
indicate that nationwide an average yearly sludge volume of 156 x 106 cu m (41.5 x 10 9
gal.) could be expected from CSO if complete CSO treatment were achieved.
Evaluation of the effect of bleed/pump-back of CSO sludge on the hydraul ic, so I ids
and/or organic loadings to the dry-weather plant indicated that overloading would
occur in most instances. The most promising treatment trains were found to include
possible grit remova 1, lime stabi I ization, optional gravity thickening, optional
devlater i ng and land application or 1andfi 11. Land application systems can be considered as viable alternatives for CSO treatment and disposal.
Costs for overall CSO sludge handling depend on the type of CSO treatment process,
volume and characteristics of the sludge and the size of the CSO area, among other
considerations. Estimates indicate that first investment capital costs range from
$447-10,173/ha ($181-4129/ac) wi th annua 1 costs of $139-1630/ha ($56-660/ac) .
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