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SUMMARY OF PROPOSED CRITERIA FOR

SOLID WASTE DISPOSAL FACILITIES*

ACTION: Proposed Rule
COMMENTS: Received until May 8, 1978

257.1 Scope and Purpose
257.2 Definitions
257.3 Criteria for classification
257.3-1 Environmentally sensitive areas**

-2 Surface water**

-3 Ground water**

-4 Air

-5 Application to land for food-chain crops**

-6 Disease vectors

-7 Safety

** Discussed with respect to sludge in the following section.

To be put into effect: 30 days after final publication.

257.3-1 Environmentally sensitive areas

(a) Wetlands - use for sludge disposal or utilization highly unlikely.

(b) Floodplains - sludge may be applied for beneficial use as soil
conditioner or fertilizer.

{c) Permafrost - not applicable.
(@) Critical habitats - unlikely for sludge disposal or use.
(e) Sole source aquifers - possible if other options are limited.

257.3-2 Surface water

(a) For point source, an NPDES permit is needed.

(b) Non-point sources are controlled or prevented.

* Excerpted from Fed. Register, 43, No. 25, Feb. 6, 1978, pp. 4942-4955.
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257.3-3

Ground water

(a) Case 1. If aquifer is a designated water supply or TDS less

than 10,000 mg/l, the quality of groundwater at
boundary must not be '"endangered." To assure no
endangerment, use liners and treat leachate, or use
other means (e.g., soil attenuation, prevent in-
filtration). Monitoring must continue as long as
endangerment can occur, and a current contingency
plan is required.

(b) Case 2. If a use other than groundwater is designated by

257.3-5

the State, the quality of groundwater shall be
maintained at such quality as specified by the
State.

Application to land used for production of food chain crops

(a) Cadmium (either Case 1 or Case 2)

Case 1: Maximum annual Cd rate present to 12/31/81, 2 kg/hectare
1/1/82 to 12/31/85, 1.25 kg/hectare

1/1/86 , 0.5 kg/hectare
Maximum cumulative Cd C.E.C. Max. Cd (kg/ha)
less than S 5
S -15 10
greater than 15 20

If Cd is greater than 25 mg/kg dry weight, sludge may not be
applied to sites growing tobacco, leafy vegetables, or root
crops for human consumption.

Maintain soil pH greater than 6.5.

Case 2: If Cd levels in crops and meats raised on sludge-amended
soil are comparable to levels in similar crops produced
locally, land application of sludge is acceptable.
Contingency plan is needed, which should include safe-
guards from alternative use after closure of the site.
Facility operator must demonstrate capability to manage
and monitor their operationm.

(b) Pathogens

Sludge applied to the surface must be stabilized. At least a
year must pass before land to which sludge has been applied
is used for production of human food crops normally eaten raw
(except orchard fruits).



(c) Pesticides and persistent organics

Residues in or on crops must be below FDA limits.

(d) Direct ingestion

Sludge must be applied in a manner such that freshly applied
sludge is not directly ingested by humans or by animals
raised for milk,



USEFUL DOCUMENTS ON SLUDGE

EPA 430/9-77-004, Technical Bulletin, '"Municipal Sludge Management:
Environmental Factors," O0.W.P.0. Pub. MCD-28, Oct. 1977 (Bulletin
without appendices appeared in Federal Register, 42, No. 211, Nov. 2,
1977, pp. 57420-57427). -

Federal Register,43, No. 25, Feb. 6, 1978, pp. 4942-4955, "Solid
Waste Disposal Facilities, Proposed Criteria for Classification."”

Federal Register, 43, No. 31, Feb. 14, 1978, pp. 6560- 6573,
"Electroplating Point Source Category, Pretreatment for Existing
Sources."

Farrell, J. B., "Interim Report on Task Force on Phosphate Removal
Sludges," U.S. EPA, National Environmental Research Center,
Jan. 1975, NTIS No. PB 238317.

SCS Engineers, "Review of Techniques for Treatment and Disposal of
Phosphorus-Laden Chemical Sludges," Contract 68-03-2432, to be
published by EPA (est. pub. date July 1978).

Di Gregorio, D., Ainsworth, J. B., and Mounteer, K. J., “"Chemical
Primary Sludge Thickening and Dewatering," Contract 68-03-0404,
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TABLE 2-1.

RESULTS OF PLANT SURVEY

X

State
(Name)

Identified Plants
in State (No.)

Plants Responding
to Survey (No.)

California
Colorado
I11inois
Indiana
Michigan
Minnesota
New York
Ohio
Pennsylvania
Wisconsin
Texas
Canada

TOTAL

2
1
22
26
91
12
8
34
13
59
1
92

361
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TABLE 3-1. PREVALENCE OF PHOSPHORUS REMOVAL METHODS (CHEMICALS AND POINTS OF ADDITION)
AMONG PLANTS RESPONDING TO QUESTIONNAIRE SURVEY

——e— e

Percentage of

Iron and Lime and Lime and Total Plants
Point(s) of Iron Aluminum Aluminum Aluminum Iron Total Using
Addition Lime Salt Salt Salts Salt Salt Plants Polymer

Primary 6 29 9 0 0 0 44 48
Secondary 0 46 50 0 0 0 96 32
Tertiary 5 5 2 0 0 0 12 50
Primary and 0 6 0 0 2 0 8 62
Secondary

Primary and 0 0 0 c 1 0 1 100
Tertiary

Secondary and 0 | 0 0 0 0 1 100
Tertiary

Total Plants n 87 61 0 3 0 162




11. STATE-OF-THE-ART APPRAISAL

[t is evident that the addition of chemical sludges to the
reqular sewage treatment plant primary and secondary sludges
often has a significant impact upon subsequent sludge handling.
The volume and mass of the sludge increase and the percentage
of volatile solids decreases. Thickening and dewatering effi-
ciencies are often adversely affected. Chemical conditioning
requirements change. Where incineration is used, an increased
need for supplemental fuel is reported. The extent and serious-
ness of these and other effects varies greatly between treatment
plants. Thus, neither the problems nor their solutions are
universal, and each treatment plant is unique. However, certain
generalizations can be made from the data obtained during this
investigation.

0f the three chemicals normally considered for phosphorus
removal, lime, iron salts, or aluminum salts, iron salts
generally appear to have the least overall adverse effect upon
subsequent sludge handling. This conclusion is based primarily
upon two factors:

1. The addition of lime generates a much greater mass of

sludge than does the addition of iron or aluminum salts.

2. The chemical sludge generated by the addition of

aluminum salts is usually more difficult to thicken



and/or dewater than the sludge generated by the
addition of iron salts.

Obviously, for many plants these two advantages are over-
ridden by other considerations or else iron salts would be
routinely used by all plants. Other considerations might
include wastewater treatment efficiency, chemical cost (there
are large geographical variations), and the relatively high
corrosiveness of iron salts.

The next decision to be made is where in the sewage treat-
ment chain to apply the phosphorus removal chemical. For a
typical activated sludge treatment plant, there appears to be
some advantage to adding iron or aluminum salts to the mixed
liquor at a point where good mixing is achieved prior to dis-
charge to the secondary clarifier. The waste activated sludge
can then be pumped to the primary clarifier influent for
settling vith the primary sludge. Ttis scheme generally
results in the least total volume of combined
sludge to be treated.

If 1ime is the chemical used, it is added to the primary
treatment step or occasionally to a special tertiary treatment
process. Lime is never added to the secondary biological
process.

It has become common practice to thicken raw sludge in a
gravity thickener prior to further sludge treatment. In virtu-
ally all cases, chemical sludges containing iron salts thicken

much better than sludge containing aluminum salts. Best results



with either iron or 2luminum sludges are obtained with the
addition of a polymer (dosage range 0.5 to 1.0 mg/1). It has
alsc been found that the lower the dosage of iron or aluminum
salt used the easjer the resulting sludge is to thicken. For
this reason, and to save chemical costs, it is recommended that
chemical feed equipment be automatically controlled to prevent
overdosage of more chemical than required to achieve the phos-
phorus reduction needed.

If it 1s necessary to thicken secondary biological sludge
separately, experience indicates that air flotation thickening
is superior to gravity thickening. Again, the addition of
polymers substantially improves performance.

Centrifuge dewatering of primary or combined chemical
sludges is greatly enhanced by polymer addition. Sludges con-
taining iron salts dewater much better than sludges containing
aluminum salts. Lime sludges dewater very well.

Anaerobic and aerobic sludge digestion is reported to be
essentially uninhibited by the addition of chemical sludges,
there being no toxic effects from the presence of the chemical
precipitates or the pH of the sludge. However, there is fre-
quently the need for more volume to handle the increased sludge
mass while maintaining proper retention time. When iron and
aluminum sludges are added to anaerobic digesters, there is also
commonly an adverse effect on supernatant quality and digested
sludge solids concentration because of poor solids-1iquid

separation.

10



Vacuum filtration of chemical sludges presented problems
at a number of plants due to increased solids mass, sludge
volume, and/or poorer sludge dewatering characteristics. Experi-
mentation with chemical conditioning, i.e., polymer dosages,
lime addition, etc., generally led to improved vacuum filter
performance. In addition, changes in filter media were reported
helpful. The city of Milwaukee, WI, found in pilot tests that
top feed vacuum filtration of iron sludges was more effective
than conventional bottom feed filters. As was the case with
centrifuges, iron sludges are generally reported easier to
dewater than aluminum sludges.

Thermal conditioning of chemical sludges is generally
reported successful prior to vacuum filtration or centrifugation.
Sludge cakes of 35 percent TS and above are routinely achieved.
Potential negative aspects are similar to those for non-chemical
sludges: sidestreams have high dissolved organic strength, 2ani
operation and maintenance costs are high. One plant reported
excessive corrosion and erosion of the thermal conditioning
unit components, but it is not known if the problem was aggra-
vated by the chemical component of the sludge.

Because of the impacts of phosphorus removal on sludge
production and treatment, plants are now hauling more sludge
in liquid and cake form to land disposal sites than before.
Hauling sludge as a liquid or cake rather than dewatering or
incinerating has been a common solution to many of the diffi-

culties experienced by plants in dewatering and incinerating

11



chemical sludges. 1In some cases, phosphorus removal has shifted
the economics of sludge processing in favor of hauling rather
than dewatering and/or incineration. Especially in the case of
lime sludges, it is being found that land application of cake

is preferable to lagoon storage or incineration. In other
cases, hauling simply pravides interim solution to problems,
although it is not necessarily the most cost-effective alterna-
tive. It is frequently relied upon in this manner by plants
which have inadequate capacity to handle the additional sludge
generated by phosphorus removal with existing facilities.

In view of the large amounts of chemical sludges being
applied to land, it is important that the negative or beneficial
effects on plants and animals be considered. Chemical sludges
contain nutrients and other elements which are beneficial to
plant growth. Lime sludges can improve low pH, low calcium, or
low phosphorus soils. Chemical sewage sludges must be charac-
terized on an individual basis to determine if possibly hazardous

coancentrations of heavy metals or other contaminants exist.

12
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INTRODUCTION

Sludge constitutes the most significant by-product of wastewater
treatment; its treatment and disposal is perhaps the most complex prob-
lem which faces both the designer and operator. Raw sludge contains
large quantities of microorganisms, mostly fecal in origin, many of
which are pathogenic and potentially hazardous to humans. Sludge pro-
cessing is further complicated by its variable properties and relatively
low solids concentration. Solutions have long been sought for better
stabilization and disposal methods which are reliable and economical and
able to render sludge either inert or stable.

Lime stabilization has been shown to be an effective sludge dis-
posal alternative when there is a need to:

A. Provide alternate means of sludge treatment during the period
when existing sludge handling facilities, e.g., anaerobic or
aerobic digesters, are out of service for cleaning or repair.

B. Supplement existing sludge handling facilities, e.g., anae-
robic or aerobic digesters, incineration or heat treatment,
due to the loss of fuel supplies or because of excess sludge
quantities above design.

C. Upgrade existing facilities or construct new facilities to
improve odor, bacterial, and pathogenic organism control.

Lime stabilization has been demonstrated to effectively eliminate
odors. Regrowth of pathogens following lime stabilization is minimal.
Of the organisms studied, only fecal streptococci have a potential for
remaining viable.

Lime stabilized sludges are suitable for application to agricul-
tural land; however, lime stabilized sludges have lower soluble phos-
phate, ammonia nitrogen, total Kjeldahl nitrogen, and total solids



concentrations than anaerobically digested primary/waste activated
mixtures at the same plant.

The purpose of this report is to present a review of stabilization
and disinfection of municipal wastewater treatment plant siudges using
1ime stabilization, including’ specific design considerations. Two de-
sign examples incorporating lime stabilization into a 4 and 40 MGD
wastewater treatment plant have been included to demonstrate the design
procedure. A comparison of the performance, capital and annual opera-
tion and maintenance costs for lime stabilization and anaerobic digester
was included for each design example. To further illustrate the appli-
cation of lime stabilization techniques to small plants and/or facilities
in need of an emergency sludge handling process, an actual case history
of lime stabilization at a 1 MGD facility was also included. The case
history includes capital and annual operation and maintenance costs;
chemical, bacterial, and pathological properties; and land application
techniques.



LIME STABILIZATION
PROCESS DESCRIPTION

Background

Historically, lime has been used to treat nuisance conditions
resulting from open pit privies and from the graves of domestic animals.
Prior to 1970, there was only a small amount of quantitative information
available in the literature on the reaction of 1ime with sludge to make
a more stable material. Since that time, the literature contains num-
erous references concerning the effectiveness of lime in reducing micro-

(1)(2)(3)

also available on the bactericidal value of adding lime to sludge. A

biological hazards in water and wastewater. Information is
report of operations at the Allentown, Pennsylvania wastewater treatment
plant states that conditioning an anaerobically digested sludge with
lime to pH 10.2 to 11, vacuum filtering and storing the cake destroyed
(5)

reported similar experiences. Evans(s) noted that lime addition to

all odors and pathogenic enteric bacteria.(4) Kampelmacher and Jansen

sludge released ammonia and destroyed bacillus coli and that the sludge
cake was a good source of nitrogen and 1ime to the land.

Lime stabilization of raw sludges has been conducted in the labora-

(D)

results, that lime stabilization of primary sludges reduced bacterial

tory and in full scale plants. Farrell et a reported, among other

hazard to a negligible value, improved vacuum filter performance, and
provided a satisfactory means of stabilizing sludge prior to ultimate
disposal.

(8)

of lime stabilized sludge. Their research included laboratory investi-

Paulsrud and Eikum reported on the effects of long-term storage

gations of pH and microbial activity over periods up to 28 days.
Pilot scale work by C.A. Counts et a](g) on lime stabilization

showed significant reductions in pathogen populations and obnoxious
odors when the siudge pH was greater than 12. Counts conducted growth



studies on greenhouse and outdoor plots which indicated that the dis-
posal of lime stabilized sludge on cropland would have no detrimental
effects.

A research and demonstration contract was awarded to Burgess &
Niple, Limited in March 1975 to complete the design, construction, and
operation of full scale lime stabilization facilities for a 3,785 cu
m/day (1 MGD) wastewater treatment plant, including land application of
treated sludges. The contract also included funds for cleaning, reha-
bilitating, and operating an existing anaerobic sludge digester. Con-
current with the research and demonstration project, a considerable
amount of full scale lime stabilization work was completed by cities in
Ohio and Connecticut. Wastewater treatment plant capacities which were
representative ranged from 3.785 to 113,550 cu m/day (1 to 30 MGD). A
summary of these results has previously been reported.(]o)

Lime Requirements

The lime dosage required to exceed pH 12 for at least 30 min was
found to be affected by the type of sludge, its chemical composition,
and percent solids. As an operational procedure, a target pH of 12.5
was selected to insure that the final pH would be greater than 12. A
summary of the 1lime dosage required for various sludges is shown in
Table 1. Of the total amount of lime which was required, an excess of
0 to 50 percent was added after pH 12 was reached in order to maintain
the pH. Figure 1 shows the combined lime dosage vs. pH for primary,
anaerobically digested, waste activated, and septage sludges. Figures
2-5 have been included in the Appendix and describe the actual lime

dosages which were required for each sludge type.

Table 2 compares the Lebanon full scale test results, which are
described later in the case history, with the data previously presented
by Farrell, et. al, Counts, et. al, and Paulsrud and Eikum for raw
primary sludges. In general, excellent correlation was achieved.
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LIME REQUIRED FOR STABILIZATION

Table 1

TO pH 12 FOR 30 MINUTES

2 2 Average
Average Lbs Range Lbs 3
Total Total Average Average
Percent Ca(OH)z/Lbs Ca(OH)Z/Lbs Volume Solids, Initial Final
Sludge Type Solids Dry Solids Dry Solids Treated mg/1 pH pH

Primary s]udge] 3-6 0.12 0.06-0.17 136,500 43,276 6.7 12.7
Waste activated

studge 1-1.5 0.30 0.21-0.43 42,000 13,143 7.1 12.6

Septage 1-4.5 0.20 0.09-0.51 27,500 27,494 7.3 12.7

Anaerobic 6~7 0.19 0.14-0.25 23,500 55,345 7.2 12.4

]Includes some portion of waste activated sludge

Numerically equivalent to Kg Ca(OH)
Multiply gallons x 3.785 to calcula

fe

per kg dry solids
liters



Table 2

COMPARISON OF LIME DOSAGES
REQUIRED TO TREAT RAW PRIMARY SLUDGE

Lime Dose,
Investigator kg lime/kg sludge dry solids
Burgess & Niple, Limited (b)
(Lebanon) 0.120
Farrell, et al 0.098(¢)
Counts, et al 0.086(d)
Paulsrud, et al 0.125(P)

(a) Based on 4.78% solids
(b) Based on pH 12.5 for sludges reported
(c) Based on pH 11.5 for sludges reported

Counts(g) has proposed the following equation for predicting the
lime dosage required for primary and secondary sludges from the Rich-
land, Washington trickling filter plant:

Lime Dose = 4.2 + 1.6 (TS)

When: Lime dose is expressed in grams
Ca(OH)2 per liter of sludge
TS is the total solids fraction
in the sludge.

Table 3 compares the values predicted by the Counts equation to the
Lebanon data for raw primary, waste activated, anaerobically digested,
and septage sludges:



Table 3

COMPARISON OF LIME DOSAGES PREDICTED
BY THE COUNTS EQUATION TO ACTUAL DATA AT LEBANON, OHIO

Counts'
Percent Actual Lime Dose, Lime Dose,

Sludge Type Solids kg lime/kg D.S. kg lime/kg D.S.
Raw primary 4.78 0.120 0.086
Waste activated 1.37 0.300 0.305
Anaerobically

digested 6.40 0.190 0.065
Septage 2.35 0.200 0.180

With increasing solids concentrations, the Counts equation results
in lower than actual 1lime dosages.

pH Versus Time

Previous research has attempted to determine the magnitude of pH
decay versus time and to quantify the variables which affect pH decay.
Paulsrud(e) reported that negligible pH decay occurred when the sludge
mixture was raised to pH 12 or greater or when the lime dose was approx-
imately five times the dose to reach pH 11. In either case, for raw
primary sludge, Paulsrud's dose was in the range of 0.100 to 0.150 kg
lime/kg dry solids, which was approximately the dosage used at Lebanon.

Counts(g) hypothesized that pH decay was caused by the sludge
chemical demand which was exerted on the hydroxide ions supplied in the
lime slurry. He further concluded that the degree of decay probably
decreased as the treated sludge pH increased because of the extremely
large quantities of lime required to elevate the pH to 12 or above.
However, this pH phenomenon is probably because pH is an exponential
function, e.g., the amount of OH at pH 12 is ten times more than the
amount of OH at pH 11.



In the full scale work at Lebanon, all sludges were lime stabilized
to pH 12 or above and held for at least 30 min with the addition of
excess lime. A1l treated sludges had less than a 2.0 pH unit drop after
six hours. Limed primary sludge was the most stable with septage being
the least stable. During the full scale program, only the pH of limed
primary sludge was measured for a period greater than 24 hours, which
showed a gradual drop to approximately 11.6 after 18 hours beyond which

no further decrease was observed.

The total mixing times from start through the 30 min contact time
at Lebanon were as follows:

Primary sludge 2.4 hours
Waste activated sludge 1.7 hours
Septic tank sludge 1.5 hours

Anaerobic digested
sludge 4.1 hours

Mixing time was a function of lime slurry feed rate and was not
limited by the agitating capacity of the diffused air system. Mixing
time may have been reduced by increasing the capacity of the lime slurry
tank.

To further examine the effects of excess lime addition above the
levels necessary to reach pH 12, a series of laboratory tests were set
up using a standard jar test apparatus. The tests were made on six one-
liter portions of primary sludge with 2.7% total solids. The pH of each
of the samples was increased to 12 by the addition of 10% hydrated lime
slurry. One sample was used as a control. The remaining samples had
30%, 60%, 90%, 120%, and 150% by weight of the lime dose added to the
control. The samples were mixed continuously for six hours and then
again ten minutes prior to each additional pH measurement. There was a
negligible drop in pH over a ten day period for those tests where excess

lime was added.



A second laboratory scale test was completed using a 19 1 (5 gal)
raw primary sludge sample which was lime stabilized to pH 12.5 and
allowed to stand at 18° C. Samples were withdrawn weekly and analyzed
for pH and bacteria concentration. The results of the pH and bacteria
studies are shown on Figures 6 and 7, respectively. After 36 days, the
pH had dropped to 12.0.

In conclusion, significant pH decay should not occur once suffi-
cient lime has been added to raise the sludge pH to 12.5 and maintain
that value for at least 30 min.

Odors

Previous work(g) stated that the threshold odor number of raw
primary and trickling filter sludges was approximately 8,000, while that
of lime stabilized sludges usually ranged from 800 to 1,300. By re-
tarding bacterial regrowth, the deodorizing effect can be prolonged.
Further, it was concluded that by incorporating the stabilized sludge
into the soil, odor potential should not be significant.

During the full scale operations at Lebanon, there was an intense
odor when raw sludge was first pumped to the lime stabilization mixing
tank, which increased when diffused air was applied for mixing. As the
sludge pH increased, the sludge odor was masked by the odor of ammonia
which was being air stripped from the sludge. The ammonia odor was most
intense with anaerobically digested sludge and was strong enough to
cause nasal irritation. As mixing proceeded, the treated sludge ac-
quired a musty humuslike odor, with the exception of septage which did

not have a significant odor reduction as a result of treatment.

Sludge Characteristics

Several authors have previously attempted to summarize the chemical
(N (2)Q(3) Recent data

on the nutrient concentrations for various sludges have been reported by

and bacterial compositions of sewage sludges.
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Sommers(]z).

Chemical and pathogenic data on raw and lime stabilized
raw primary, waste activated, septage, and anaerobically digested sludges
from the Lebanon, Ohio full scale project have been summarized below and

are included in more detail in the case history.

The addition of lime and mixing-by diffused air altered the chemical
characteristics of each sludge. In all sludges, lime stabilization
resulted in an increase in alkalinity and soluble COD and a decrease in
soluble phosphate. Total COD and total phosphate decreased for all
sludges except waste activated. Ammonia nitrogen and total Kjeldahl
nitrogen decreased for all sludges except waste activated.

The volatile solids concentrations of raw and lime stabilized
sludges are shown in Table 4. The actual volatile solids concentrations
following lime stabilization are lower than those which would result
only from the addition of 1lime. Neutralization, sapoenification, and
hydrolysis reactions with the lime probably result in the lower volatile
solids concentrations.

Table 4

VOLATILE SOLIDS CONCENTRATION OF
RAW AND LIME STABILIZED SLUDGES

Raw Sludge Lime Stabilized Sludge
Volatile Solids Volatile Solids
Solids Concentration, Solids Concentration,
Sludge Type mg/1 mg/1
Primary 73.2 54.4
Waste activated 80.6 54.2
Septage 69.5 50.6
Anaerobically digested 49.6 37.5

13



In terms of the agricultural value, lime stabilized sludges had
lower soluble phosphate, ammonia nitrogen, total Kjeldahl nitrogen, and
total solids concentrations than anaerobically digested primary/waste
activated mixtures at the same plant, as shown in Table 5. The signifi-
cance of these changes are discussed in the section on Tand disposal.

Table 5

NITROGEN AND PHOSPHORUS CONCENTRATIONS
IN ANAEROBICALLY DIGESTED AND LIME
STABILIZED SLUDGE

Total
Total Kjeldahl Ammonia
Phosphate Nitrogen Nitrogen
Sludge Type as P, mg/1 as N, mg/1 as N, mg/1
Lime Stabilized Primary 283 1,374 145
Lime Stab. Waste Activated 263 1,034 53
Lime Stabilized Septage 134 597 84
Anaerobic Digested 580 2,731 709

Considerable research has been conducted on the degree of bacterial
reduction which can be achieved by high lime doses.(]4)(]5) In general,
the degree of pathogen reduction increased as sludge pH increased with
consistently high pathogen reductions occurring only after the pH
reached 12.0. Fecal streptococci appeared to resist inactivation by
1ime treatment particularly well in the lower pH values; however, at pH
12, these organisms were also inactivated after one hour of contact

(9)

time.

In all lime stabilized sludges, Salmonella and Pseudomonas aerug-

inosa concentrations were reduced to near zero. Fecal and total coli-
form concentrations were reduced greater than 99.99% in the primary and
septic sludges. In waste activated sludge, the total and fecal coliform
concentrations decreased 99.97% and 99.94%, respectively. The fecal

14



streptococci kills were as follows: primary sludge, 99.93%; waste
activated sludge, 99.41%; septic sludge, 99.90%; and anaerobic digested,
96.81%.

Pathogen concentrations for the lime stabilized sludges are sum-
marized in Table 6.

Anaerobic digestion 1is currently an acceptable method of sludge
(16)

concentrations at Lebanon have been compared in Table 6 to those ob-

stabilization. For reference, lime stabilized sludge pathogen

served for well digested sludge from the same plant.

Table 6

COMPARISON OF BACTERIA IN ANAEROBIC
DIGESTED VERSUS LIME STABILIZED SLUDGES

Fecal Fecal Total Ps.

Coliform Streptococci Coliform Salmonella Aeruginosa
#/100 ml #/100 m1  #/100 ml #/100 m1  #/100 ml

Anaer. digested 1,450x10° 27x10°  27,800x10° 6 42
Lime stabilized*
Primary 4100 23x10° 27.6x10° 3xx 3
Waste act. 16x10°  61x10° 212x10° 3 13
Septage 265 665 2,100 3 3

*To pH equal to or greater than 12.0
**Detection limit = 3

Pathogen concentrations in lime stabilized sludges range from 10 to
1,000 times less than for anaerobically digested sludge.

A pilot scale experiment was completed in the laboratory to deter-

mine the viability and regrowth potential of bacteria in 1ime stabilized
primary sludge over an extended period of time.
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The test was intended to simulate storing stabilized sludge in a
holding tank or lagoon when weather conditions prohibit spreading. In
the laboratory test, 19 1 (5 gal) of 7% raw sludge from the Mill Creek
sewage treatment plant in Cincinnati were 1lime stabilized to pH 12.0.
Lime was added until equivalent to 30% of the weight of the dry solids
which resulted in a final pH of 12.5. The sample was then covered
with foil and kept at room temperature 18.3 C. (65° F.) for the remainder
of the test. The contents were stirred before samples were taken for
bacterial analysis.

The results are shown on Figure 7, and indicate that a holding
period actually increases the bacteria kill. Salmonella in the raw
sludge totaling 44 per 100 m1 were reduced to the detection limit by
lime stabilization. Pseudomonsas aeruginosa totaling 11 per 100 ml
in the raw sludge were reduced to the detection limit by lime stabili-
zation. The initial fecal coliform count of 3.0 x 107 was reduced to
5 x 103 after lime stabilization, and after 24 hours was reduced to less
than 300. The raw sludge contained 3.8 x 108 total coliform, but 24 hours
after lime stabilization the total coliform were less than 300. The
fecal strep count in the raw sludge was 1.8 x 108 which decreased to
9.6 x 104 after lime stabilization. After 24 hours, the count was down
to 7.0 x 103 and after six days reduced to less than 300. The count

increased to 8 x 105 after 40 days.

Sludge Dewatering Characteristics

Farrell et a1(7) have previously reported on the dewatering char-
acteristics of ferric chloride and alum treated sludges which were

an presented, in

subsequently treated with lime. Trubnick and Mueller
detail, the procedures to be followed in conditioning sludge for fil-
tration, using lime with and without ferric chloride. Sontheimer(la)
presented information on the improvements in sludge filterability pro-

duced by 1ime addition.

Standard sand drying beds, which were located at the Lebanon, Ohio
wastewater treatment plant, were used for sludge dewatering comparisons.

16



Each bed was 9.2 x 21.5 m (30' x 70'). For the study, one bed was
partitioned to form two, each 4.6 x 21.5 m (15' x 70'). Limed primary
sludge was applied to one bed with limed anaerobically digested sludge
being applied to the other side. A second full sized bed was used to
dewater unlimed anaerobically digested sludge. The results of the study

are summarized on Figure 8.

Lime stabilized sludges generally dewatered at a lower rate than
well digested sludges. After ten days, lime stabilized primary sludge
had dewatered to approximately 6.5% solids as opposed to 9% for lime
stabilized anaerobically digested sludge, and 10% for untreated anae-
robically digested sludge.

The anaerobically digested sludge cracked first and dried more
rapidly than either of the lime stabilized sludges. Initially, both of
the lime stabilized sludges matted, with the digested sludge cracking
after approximately two weeks. The lime stabilized primary sludge did
not crack which hindered drying and resulted in the lower percent solids

values.

Land Application

Numerous references are available regarding the application of
anaerobically digested sludges to agricultural land.(1])(]2)(}6)(]9)
The application of sewage sludge on land has generally been viewed from
two standpoints, either as a rate of application consistent with the
utilization of nutrients in sludge by growing plants (i.e., agricultural
utilization), or as the maximum amount of sludge applied in a _minimum
amount of time (i.e., disposal only). USEPA guide]ines(]s) generally
favor the former approach. The successful operation of a program uti-
lizing the application of sewage sludge on land is dependent upon a

knowledge of the particular sludge, soil, and crop characteristics.

Organic matter content, fertilizer nutrients, and trace element
concentrations are generally regarded as being vital to the evaluation

17
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of the applicability of land application of sewage sludge. The range of
nitrogen, phosphorus, and potassium concentrations for sewage sludges
have been reported by Brown et al.(l])
Sommers(12) has also summarized fertilizer recommendations for
crops based primarily on the amount’ of major nutrients (nitrogen, phos-
phorus, and potassium) required by a crop and on the yield desired.

Counts(g) conducted greenhouse and test plot studies for lime
stabilized sludges which were designed to provide information on the
response of plants grown in siudge-soil mixtures ranging in application
rate from 11 to 220 metric tons per hectare (5 to 100 tons/acre).
Counts concluded that sludge addition to poor, e.g., sandy, soils would
increase productivity, and therefore would be beneficial. The total
nitrogen and phosphorus levels in plants grown in greenhouse pots, which
contained sludge-soil mixtures, were consistently lower than plants
which were grown in control pots. The control set, which contained only
soil with no sludge additions, received optimum additions of chemical
fertilizer during the actual plant growth phase of the studies. Cal-
cium concentration in plant tissues from the sludge-soil pots were
higher than those for the controls. The pH values of the various sludge-
soil mixtures were lower after plant growth than before. Counts attrib-
uted the decrease to carbon dioxide buildup in the soil which resulted
from biological activity.

Land application studies at Lebanon, Ohio were conducted by spread-
ing liquid sludge on agricultural land and on controlled test plots.
Winter wheat, soybeans, and hay were grown on fields which were in
normal agricultural production. Corn, swiss chard, and soybeans were
grown on 22 test plots, each with an area of 0.0085 ha (0.021 acre).

Sludge application was accomplished by spreading as a liquid using
a four-wheel drive vehicle which was equipped with a 2.3 cu m (600 gal)
tank. The width of sludge spread per pass was approximately 60 cm
(24 in).
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The lime stabilized sludge formed a filamentous mat 0.32 to 0.64 cm
(1/8-1/4 in) thick which, when dry, partly choked out the wheat. The
mat partly deteriorated over time, but significant portions remained at
the time of harvest. There was no matting on the fields where the lime
stabilized studge was incorporated into the soil before planting.

Spontaneous growth of tomatoes was significant in the fields which
had lime stabilized sludge incorporated into the soil before planting.
Seeds were contained in the sludge and were not sterilized by the lime.
These plants were absent at the site where the sludge was not incorpor-
ated, even though no herbicide was applied, probably because of frequent
frosts and the lack of sludge incorporation into the soil. During the
next year's growing season, an increase in insect concentration was
noticed on the fields which had received lime stabilized sludge.
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LIME STABILIZATION DESIGN CONSIDERATIONS

Overall Design Concepts

Lime and sludge are two of the most difficult materials to transfer,
meter, and treat in any wastewater .treatment plant. For these reasons,
design of stabilization facilities should emphasize simplicity, straight-
forward piping layout, ample space for operation and maintenance of
equipment, and gravity flow wherever possible. As discussed in more
detail in the following sections, lime transport should be by auger with
the slurry or slaking operations occurring at the point of use. Lime
slurry pumping should be avoided with transport being by gravity in open
channels. Sludge flow to the tank truck and/or temporary holding lagoon
should also be by gravity if possible.

Figures 9, 10 and 11 show conceptual designs for lime stabiliza-
tion facilities at wastewater treatment facilities with 3,785, 18,925,
and 37,850 cu m/day (1, 5 and 10 MGD) throughputs. The 3,785 cu m/day
(1 MGD) plant, as shown on Figure 9, utilizes hydrated lime and a
simple batch mixing tank, with capability to treat all sludges in less
than one shift per day. Treated sludge could be allowed to settle for
several hours before hauling in order to thicken, and thereby reduce the
volume hauled. Alternately, the sludge holding lagoon could be used for
thickening.

Figure 10 shows the conceptual design for lime stabilization
facilities of an 18,925 cu m/day (5 MGD) wastewater treatment facility.
Pebble lime is utilized in this installation. Two sludge mixing tanks
are provided, each with the capacity to treat the total sludge produc-
tion from two shifts. During the remaining shift, sludge could be
thickened and hauled to the land disposal site. Alternately, the temp-
orary sludge lagoon could be used for siudge thickening.

Figure 11 shows the conceptual design for lime stabilization
facilities of a 37,850 cu m/day (10 MGD) wastewater treatment plant. A
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continuous lime treatment tank with two hours detention time is used to
raise the sludge pH to 12. A separate sludge thickening tank is pro-
vided to increase the treated sludge solids content before land appli-
cation. Sludge transport is assumed to be by pipeline to the land
disposal site. A temporary sludge holding lagoon was assumed to be
necessary, and would also be located at the land disposal site.

Lime Requirements

The quantity of lime which will be required to raise the pH of
municipal wastewater sludges to pH greater than 12 can be estimated from
the data presented in Table 1 and from Figures 2-5. Generally, the
lime requirements for primary and/or waste activated sludge will be in
the range of 0.1 to 0.3 Kg per Kg (1b per 1b) of dry sludge solids.
Laboratory jar testing can confirm the dosage required for existing
sludges.

Types of Lime Available

Lime in its various forms, as quicklime and hydrated lime, is the
principal, lowest cost alkali. Lime is a general term, but by strict
definition, it only embraces burned forms of lime - quicklime, hydrated
lime, and hydraulic lime. The two forms of particular interest to lime
stabilization, however, are quicklime and hydrated 1ime. Not included
are carbonates (limestone or precipitated calcium carbonate) that are

occasionally but erroneously referred to as "1ime."(20)

Quicklime. Quicklime is the product resulting from the calcination
of limestone and to a lesser extent shell. It consists primarily of the
oxides of calcium and magnesium. On the basis of their chemical analyses,
quicklimes may be divided into three classes:

1. High calcium quicklime - containing less than 5% magnesium
oxide, 85-90% Ca0

2. Magnesium quicklime - containing 5 to 35% magnesium oxide, 60-
90% Cal
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3. Dolomitic quicklime - containing 35 to 40%¥ magnesium oxide,
55-60% Cal

The magnesium quicklime is relatively rare in the United States
and, while avaiiable in a few localities, is not generally obtainable.

Quicklime is available in a number of more or less standard sizes,
as follows:

1. Lump lime - the product with a maximum size of 20.3 cm (8") in
diameter down to 5.1 cm (2") to 7.6 cm (3") produced in ver-
tical kilns,

2. Crushed or pebble lime - the most common form, which ranges in
size from about 5.1 to 0.6 cm (2" to 1/4"), produced in most
kiln types.

3. Granular lime - the product obtained from Fluo-Solids kilns
that has a particulate size range of 100% passing a #8 sieve
and 100% retained on a #80 sieve (a dustiess product).

4. Ground lime - the product resulting from grinding the larger
sized material and/or passing off the fine size. A typical
size is substantially all passing a #8 sieve and 40 to 60%
passing a #100 sieve.

5. Pulverized lime - the product resulting from a more intense
grinding that is used to produce ground lime. A typical size
is substantially all passing a #20 sieve and 85 to 95% passing
a #100 sieve.

6. Pelletized lime - the product made by compressing quicklime
fines into about one inch size pellets or briquettes.
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Hydrated Lime. As defined by the American Society for Testing and

Materials, hydrated lime is: "A dry powder obtained by treating quick-
lime with water enough to satisfy its chemical affinity for water under
the conditions of its hydration."

The chemical composition of hydrated lime generally reflects the
composition of the quicklime from which it is derived. A high calcium
quicklime will produce a high calcium hydrated lime obtaining 72% to 74%
calcium oxide and 23% to 24% water in chemical combination with the
calcium oxide. A dolomitic quicklime will produce a dolomitic hydrate.
Under normal hydrating conditions, the calcium oxide fraction of the
dolomitic quicklime completely hydrates, but generally only a small
portion of the magnesium oxide hydrates (about S to 20¥%). The compo-
sition of a normal dolomitic hydrate will be 46% to 48% calcium oxide,
33% to 34% magnesium oxide, and 15% to 17% water in chemical combination
with the calcium oxide. (With some soft-burned dolomitic quicklimes,
20% to 50% of the Mg0 will hydrate.)

A "special" or pressure hydrated dolomitic lime is also available.
This 1ime has almost all {(more than 92%) of the magnesium oxide hy-
drated; hence, its water content is higher and its oxide content Tower
than the normal dolomitic hydrate.

Hydrated lime is packed in paper bags weighing 23 kg (50 1b) net;
however, it is also shipped in bulk.

Quicklime is obtainable in either bulk carloads or tanker trucks or
in 36.3 kg (8¢ 1b) multiwall paper bags. Lump, crushed, pebble, or
pelletized lime, because of the large particle sizes, are rarely handled
in bags and are almost universally shipped in bulk. The finer sizes of
quicklime, ground, granular, and pulverized, are readily handled in
either bulk or bags.
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Lime Storage and Feeding

Depending on the type of lime, storage and feeding can be either in
bag or bulk. For small or intermittent applications, bagged lime will
probably be more economical. In new facilities, bulk storage will
probably be cost effective. -Storage facilities should be constructed
such that dry lime is conveyed to the point of use and then mixed or
slaked. Generally, augers are best for transporting either hydrated or
pebble lime. Auger runs should be horizontal or not exceeding an in-
cline of 30°.

The feeder facilities, i.e., dry feeder and slaking or slurry tank,
should be located adjacent to the stabilization mixing tank such that
lime slurry can flow by gravity in open channel troughs to the point of
mixing. Pumping lime slurry should be avoided. Slurry transfer dis-
tances should be kept to a minimum. Access to feeder, slaker and/or
slurry equipment should be adequate for easy disassembly and main-
tenance.

Mixing

Lime/sludge mixtures can be mixed either with mechanical mixers or
with diffused air. The level of agitation should be great enough to
keep sludge solids suspended and dispense the lime slurry evenly and
rapidly. The principal difference between the resultant lime stabilized
sludges in both cases is that ammonia will be stripped from the sludge

with diffused air mixing. Mechanical mixing has been used by previous
researchers for 1ime stabilization but only on the pilot scale.

With diffused air mixing, adequate ventilation should be provided
to dissipate odors generated during mixing and stabilization. Coarse
bubble diffusers should be used with air supplies in the range of 150-
250 cu m/min per 1,000 cu m (150-250 cfm per 1,000 cu ft) of mixing tank
volume. Diffusers should be mounted such that a spiral roll is estab-
lished in the mixing tank away from the point of lime slurry applica-
tion. Diffusers should be accessible and piping should be kept against
the tank wall to minimize the collection of rags, etc. Adequate piping
support should be provided.
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With the design of mechanical mixers, the bulk velocity (defined as
the turbine agitator pumping capacity divided by the cross sectional
area of the mixing vessel) should be in the range of 4.6 to 7.9 m/min
(15 to 26 fpm). Impeller Reynolds Numbers should exceed 1,000 in order
to achieve a constant power number.FZ]) The mixer should be specified
according to the standard motor horsepower and AGMA gear ratios in order
to be commercially available.

For convenience, Table 7 was completed which shows a series of
tank and mixer combinations which should be adequate for mixing sludges
up to 10% dry solids, a range of viscosity, and Reynolds number combi-
nations which were as follows:

Max. Reynolds number 10,000 @ 100 cp sludge viscosity
Max. Reynolds number 1,000 @ 1,000 cp sludge viscosity

Table 7
MIXER SPECIFICATIONS FOR SLUDGE SLURRIES

Tank Tank Turbine
Size, Diameter, Prime Mover, HP/ Diameter,

liters meters Shaft Speed, RPM centimeters
18,925 2.9 7.5/125 81
5/84 97
3/56 109
56,775 4.2 20/100 114
15/68 135
10/45 160
7.5/37 170
113,550 5.3 40/84 145
30/68 155
25/56 168
20/37 206
283,875 7.2 100/100 157
75/68 188
60/56 201
50/45 221
378,500 8.0 125/84 183
100/68 198
75/45 239
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Table 7 can be used to select a mixer horsepower and standard AGMA
gear combination depending on the volume of sludge to be stabilized.
For example, for a 18,925 1 (5,000 gal) tank, any of the mixer-turbine
combinations should provide adequate mixing. Increasing turbine diameter
and decreasing shaft speed results in a decrease in horsepower requirement
as shown.

Additional assumptions were that the bulk fluid velocity must
exceed 7.9 m/min (26 ft/min), dimpeller Reynolds number must exceed
1,000, and that power requirements range from 0.5 to 1.5 HP per 3,785 1
(0.5-1.5 HP/1,000 gal) is necessary. The mixing tank configuration
assumed that the liquid depth equals tank diameter and that baffles with
a width of 1/12 the tank diameter were placed at 90° spacing. Mixing

theory and equations which were used were after Badger(Z]), Hicks(zz)

and Fair.(23)

Raw and Treated Sludge Piping, Pumps, and Grinder

Sludge piping design should include allowances for increased fric-
tion losses due to the non-Newtonian properties of sludge. Friction
loss calculations should be based on treated sludge solids concentrations
and should allow for thickening in the mixing tank after stabilization.
Pipelines should not be less than 5.08 cm (2 in) in diameter and should
have tees in major runs at each change in direction to permit rodding,
cleaning, and flushing the lines. Adequate drains should be provided.
If a source of high pressure water is available (either nonpotable or
noncross-connected potable), it can be used to flush and clean lines.

Spare pumps should be provided and mounted such that they can be
disassembled easily. Pump impeller type and materials of construction
should be adequate for the sludge solids concentration and pH.

Sludge grinding equipment should be used to make the raw sludge
homogenous. Sticks, rags, plastic, etc., will be broken up prior to
lime stabilization to improve the sludge mixing and flow characteristics
and to eliminate unsightly conditions at the land disposal site.
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A CASE HISTORY OF LIME STABILIZATION

Background

Facilities for lime stabilization of sludge were incorporated into
an existing 3,785 cu m/day (1.0 MGD) single stage activated sludge
wastewater treatment plant located at Lebanon, Ohio. Lebanon has a pop-
ulation of about 8,000 and is located in southwestern Ohio, 48.27 km
(30 mi) northeast of Cincinnati. The surrounding area is gently rol-
ling farmland with a small number of light industries, nurseries, or-
chards, and truck farms.

Major unit processes at the wastewater treatment plant include in-
fluent pumping, preaeration, primary clarification, conventional acti-
vated sludge, and anaerobic sludge digestion. Average influent BOD5 and
suspended solids concentrations are 180 and 243 mg/1, respectively. The
treatment plant flow schematic is shown on Figure 12.

Prior to completing the sludge liming system, the existing anae-
robic sludge digester was inoperative and was being used as a sludge
holding tank. The digester pH was approximately 5.5 to 6.0. Grit and
sand accumulations had reduced its effective volume to 40-50 percent of
the total. Waste activated sludge was being returned to the primary
clarifiers and resettled with the primary sludge. Combined primary/
waste activated sludge was being pumped to the digéster and ultimately
recycled to the primary clarifiers via the digester supernatant. Typical
supernatant suspended solids concentrations were in the range of 30,000
to 40,000 mg/1. When possible, sludge was withdrawn from the digester
and dewatered on sand drying beds.

USEPA made the decision to utilize 1ime stabilization at Lebanon
not only as a full scale research and demonstration project, but also
as a means of solids handling during the period while the anaerobic di-
gester was out of service for cleaning and repair.
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Revisions to the Existing Wastewater Treatment Plant

Lime Stabilization. The lime stabilization process was designed to

treat raw primary, waste activated, septic tank, and anaerobically
digested sludges. The liming system was integrated with the existing
treatment plant facilities, as shown on Figure 13. Hydrated lime was
stored in a bulk storage bin and was augered into a volumetric feeder.
The feeder transferred dry lime at a constant rate into a 94.6 1 (25
gal) slurry tank which discharged an 8-10% lime slurry by gravity into
an existing 25 cu m (6,500 gal) tank. The lime slurry and sludge were
mixed with diffused air. A flow schematic for the lime stabilization
facilities is shown on Figure 14. Design data are shown in Table 8.

Anaerobic Digester. As previously described, the existing single

stage anaerobic sludge digester was inoperative and was being used as a
sludge holding tank. The digester and auxiliary equipment were com-
pletely renovated and returned to good operating condition which allowed
a comparison of anaerobic digestion and lime stabilization. The digester
was cleaned, a new boiler and hot water circulating system was installed,
and all necessary repairs were made to piping, valves, pumps, and elec-
trical equipment.

The anaerobic digester design data are shown in Table 9.

Table 9
ANAEROBIC DIGESTER REHABILITATION DESIGN DATA

Tank dimensions 15 m (50') dia. x 6.1 m (20') SWD
Total volume 1,223 cu m (43,200 cu ft)
Actual volatile solids 3)
loading 486 g VSS/cu m (0.03 1b VSS/ft
Hydraulic detention time 36 days
Sludge recirculation
rate 757 1/min (200 gpm)
Boiler capacity 2.53 x 102 Joules/hr (240,000
BTU/hr)
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Table 8
DESIGN DATA FOR LIME STABILIZATION FACILITIES

Mixing Tank
Total volume 30 cu m (8,000 gal)

Working volume 25 cu m (6,500 gal)

Dimensions 3.05mx 3.66mx 2.38 m
(10" x 12' x 7.8")

Hoppered bottom 0.91 m (3') @ 27° slope
Type of diffuser Coarse bubble
Number of diffusers 4

Air supply 14-34 cu m/min (500-1,200 cf/min)

Bulk Lime Storage

Total volume 28 cum (1,000 cu ft)

Diameter 2.74 m (9')

Vibrators 2 ea Syntron V-41
Fill system Pneumatic

Discharge system 15 cm (6") dia. auger
Material of construction Steel

Type & manufacturer Columbian Model C-95

Volumetric Feeder

Total volume 0.28 cum (10 cu ft)
Diameter 71 cm (28")
Material of construction Steel

Type & manufacturer Vibrascrew LBB 28-10
Feed range 45-227 kg/hr (100-500 1b/hr)
Average feed rate 78 kg/hr (173 1b/hr)
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Table 8 (continued)

Lime Slurry Tank

Total volume 94.6 1 (25 gal)
Diameter 0.61 m (2')

Septic Tank Sludge Holding Tank (septage tank)

Total volume 18.4 cu m (650 cu ft)

Working volume 15 cu m (4,000 gal)

Dimensions 3.66mx1.92mx 2.62 m
(12'x6.3'x8.6')

Mixing Coarse bubble

Number of diffusers 1

Air supply 2.8-8.4 cu m/min (100~300 cf/min)

Transfer Pumps

Raw and treated sludge 1,136 1/min (300 gpm)
Septage transfer pump 379 1/min (100 gpm)

Septage Holding Facilities. Because the Lebanon wastewater treat-

ment plant routinely accepted septic tank pumpings, an 18.4 cu m (5,000
gal) tank was installed to hold septic tank sludges prior to lime treat-
ment. The tank was equipped with a transfer pump which could be used to
either feed the lime stabilization process or transfer septage to the
primary tank influent at a controlled rate.

Ultimate Sludge Disposal. Treated sludges were applied to sand

drying beds, to test plots, and to three productive agricultural sites.
Land spreading operations began in early March and continued through
October. The sludge hauling vehicle was a four-wheel drive truck with a
2.3 cu m (600 gal) tank.
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Operation and Sampling

Raw sludge, e.g., primary, waste activated, septage or digested
sludge, was pumped to the mixing tank where it was mixed by diffused
air. Four coarse bubble diffusers were mounted approximately 30.5 cm (1
ft) above the top of the tank hopper and 38 cm (1.25 ft) from the tank
wall. This location permitted mixing to roll sludge up and across the
tank at which point lime slurry was fed. Lime which was used for the
stabilization of all sludges was industrial grade hydrated lime with Ca0
and Mg0 contents of 46.9% and 34%, respectively. All lime requirements
have been converted and are expressed as 100% Ca(OH)2 except as noted.
Samples were taken from the untreated, but thoroughly mixed, sludge for
chemical, pH, bacteria, and parasite analyses.

After the initial pH determination, the lime slurry addition was
started. Hydrated 1ime was augered from the lime storage bin to the
volumetric feeder which was located directly above the sludge mixing
tank. The lime was slurried by the tangential injection of water into a
94.6 1 (25 gal) slurry tank. The lime solution (8-10% by weight) then
flowed by gravity into an open channel with three feed points into the
sludge mixing tank.

The sludge pH was checked every 15 min as the lime slurry was added
until the sludge reached a pH of 12, at which time it was held for 30
min. During the 30 min period, lime slurry continued to be added.
After 30 min, samples were taken for chemical, bacteria, and parasite
analyses. Air mixing was then discontinued, allowing the limed sludge
to concentrate. The sludge then flowed by gravity to a sludge well from
which it was pumped to the land disposal truck.

Samples of raw and treated Lebanon sludges were taken during each
operating day of the 1lime stabilization operations. Anaerobically
digested sludge samples were taken at the same time and analyzed for use
in comparisons of chemical, bacterial, and pathogen properties.
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Sample preservation and chemical analysis techniques were performed
in accordance with procedures as stated in "Methods for Chemical Anal-
ysis of Water and Wastes, USEPA,"(24) and Standard Methods for the

Examination of Water and Wastewater.(zs)

Salmonella species and Pseudomonas aeruginosa were determined by
EPA staff using the method developed by Kenner and Clark.(zs) Fecal
coliform, total coliform, and fecal streptoccocus were determined ac-

cording to methods specified in Standard Methods for Examination of
Water and Wastewater.

Raw Sludges

Chemical data for Lebanon, Ohio raw primary, waste activated,
anaerobically digested, and septage sludges have been summarized in
Table 10. Data for each parameter include the average and range of the
values observed.

Analyses for heavy metals were conducted on grab samples of raw
primary, waste activated, and anaerobically digested sludges. These
data have been reported in Table 11 as mg/kg on a dry weight basis and
include the average and range of values.

Pathogen data for Lebanon, Ohio raw primary, waste activated,
anaerobically digested, and septage sludges have been summarized in
Table 12. In general, the data are in agreement with the values re-
ported by Stern, with the exception of Salmonella and Pseudomonas
aeruginosa, which are lower than the reported values.
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Table 10

CHEMICAL COMPOSITION OF RAW SLUDGES

AT LEBANON, OHIO

Raw
Primary
Parameter Sludge
Alkalinity, mg/1 1,885
Alkalinity Range, mg/1 1,264-2,820
Total COD, mg/1 54,146
Total COD Range, mg/1 36,930-75,210
Soluble COD, mg/1 3,046
Soluble COD Range, mg/1 2,410-4,090
Total Phosphate, mg/1 as P 350
Total Phosphate Range, mg/1 as P 264-496
Soluble Phosphate, mg/1 as P 69
Soluble Phosphate Range, mg/1 as P 20-150
Total Kjeldahl Nitrogen, mg/1 1,656
Total Kjeldahl Nitrogen Range,
mg/1 1,250-2,470
Ammonia Nitrogen, mg/1 223
Ammonia Nitrogen Range, mg/1 19-592
Total Suspended Solids, mg/} 48,700
Total Suspended Solids Range,
mg/1 37,520-65,140
Volatile Suspended Solids, mg/1 36,100
Volatile Suspended Solids Range,
mg/1 28,780-43,810
Volatile Acids, mg/1 1,997
Volatile Acids Range, mg/1 1,368-2,856
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Waste
Activated

Sludge

1,265
1,220-1,310

12,810
7,120-19,270

1,043
272-2,430

218
178-259

85
40-119

71
624-860

51
27-85

12,350
9,800-13,860
10,000
7,550-12,040

NA
NA



Table 10 (continued)

Parameter

Alkalinity, mg/1
Alkalinity Range, mg/1

Total COD, mg/1
Total COD Range, mg/1

Soluble COD, mg/1
Soluble COD Range, mg/1

Total Phosphate, mg/1 as P
Total Phosphate Range, mg/}
as P

Soluble Phosphate, mg/1 as P
Soluble Phosphate Range,
mg/1 as P

Total Kjeldahl Nitrogen, mg/1
Total Kjeldahl Nitrogen Range,
mg/1

Ammonia Nitrogen, mg/1
Ammonia Nitrogen Range, mg/}

Total Suspended Solids, mg/1
Total Suspended Solids Range,
mg/}

Volatile Suspended Solids, mg/1
Volatile Suspended Solids Range,
mg/1

Volatile Acids, mg/1
Volatile Acids Range, mg/1

Anaerobically
Digested
Sludge

3,593
1,330-5,000

66,372
39,280-190,980

1,011
215-4,460

580
379-862
15
6.9-34.8
2,731
1,530-4,510

709
368-1,250

61,140
48,200-68,720
33,316
27,000-41,000

137
24-248

M

Septage
Sludge

1,897
1,200-2,690

24,940
10,770~-32,480

1,223
1,090-1,400

172
123-217
25
21.6-27.9
820
610-1,060

92
68-116

21,120
6,850-44,000
12,600
3,050-30,350

652
560-888



Table 11

HEAVY METAL CONCENTRATIONS IN
RAW SLUDGES AT LEBANON, OHIO

Raw Waste Anaerobic

Primary Activated Digested

Sludge Sludge Sludge
Cadmium, average mg/kg 105 388 137
Cadmium, range mg/kg 69-141 119-657 73-200
Total Chromium, average mg/kg 633 592 882
Total Chromium, range mg/kg 287-979 133-1,050 184-1,580
Copper, average mg/kg 2,640 1,340 4,690
Copper, range mg/kg 2,590-2,690 670-2,010 4,330-5,050
Lead, average mg/kg 1,379 1,624 1,597
Lead, range mg/kg 987-1,770 398-2,850 994-2,200
Mercury, average mg/kg 6 46 0.5
Mercury, range mg/kg 0.4-1 0.1-91 0.1-0.9
Nickel, average mg/kg 549 2,109 388
Nickel, range mg/kg 3N-727 537-3,680 263-540
Zinc, average mg/kg 4,690 2,221 7,125
Zinc, range mg/kg 4,370-5,010 1,250-3,191 6,910-7,340
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Parameter

Table 12

PATHOGEN DATA FOR RAW SLUDGES

AT LEBANON, OHIO

Salmonella avg.
Salmonella range, #/100 ml

Ps. aeruginosa
Ps. aeruginosa

Fecal coliform
Fecal coliform

Fecal coliform
Fecal coliform
#/100 ml

Total coliform
Total coliform

Total coliform
Total coliform
#/100 ml

Fecal streptococci avg.

#/100 ml

Fecal streptococci range,

#/100 ml

Raw
Primary
- Sludge
#/100 ml 62
11-240
avg., #/100 ml 195
range, #/100 ml 75-440
avg. MF, #/100 ml NA
range MF, #/100 mil NA
avg. MPN, #/100 m 8.3 x 108

range MPN, 8 9
1.3x107-3.3x10

avg. MF, #/100 m NA
range MF, #/100 ml NA

avg. MPN, #/100 m 2.9 x 10°
range MPN,

1.3x10%-3.5x10°

3.9 x 107

2.6x107-5. 2x107
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Waste
Activated

Sludge

6
3-9
3

5.5 x 10
1-1.1 x 10°

2.65 x 107
2.0x107-3.3x10

1
9 X

7

NA
NA

8.33.x 108 g
1.66x108-1.5x10

NA

NA
1.03 x 107

5x10°-2x10’



Parameter

Table 12 (continued)

Salmonella avg.

#1/100 ml

Salmonella range, #/100 ml

Ps. aeruginosa
Ps. aeruginosa

Fecal coliform
Fecal coliform
ml

Fecal coliform
#/100 ml

Fecal coliform
#/100 ml

Total coliform
Total coliform
#/100 ml

Total coliform
#/100 ml

Total coliform
#/100 ml

avg., #/100 ml
range, #/100 mil

avg. MF, #/100 ml
range MF, #/100

avg. MPN,

range MPN,

avg. MF, #/100 ml
range MF,

avg. MPN,

range MPN,

Fecal streptococci avg. #/100 ml

Fecal streptococci range, #/100 ml

Anaerobically
Digested
Sludge

6
3-30

42
3-240

2.6 x 10°

3.4x10%-6. 6x10°
1.45 x 10°

1.9x10°-4. 9x10°

2.42 x 10’

1.3x10°-1.8x108

2.78 x 107

2.7 x 10
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Septage
Sludge

6
3-9

754

18-2.1 x 107

1.5 x 10’

1.0x107-1.8x107

NA

NA

2.89 x 108

1.8x107-7x108

NA
NA

6.7 10°

3.3x10°-1. 2x10°



Lime Stabilized Sludges

Chemical and bacterial data for lime stabilized sludges have prev-
iously been summarized in the general discussion on lime stabilization.
Specific data from the Lebanon, Ohio full scale project have been sum-
marized in Tables 13 and 14. Lime stabilized sludges had lower soluble
phosphate, ammonia nitrogen, total Kjeldahl nitrogen, and total solids
concentrations than anaerobically digested primary/waste activated mix-
tures at the same plant.

In all 1lime stabilized sludges, Salmonella and Pseudomonas
aeruginosa concentrations were reduced to near zero. Fecal and total
coliform concentrations were reduced greater than 99.99% in the primary
and septic sludges. In waste activated sludge, the total and fecal
coliform concentrations decreased 99.99% and 99.47%, respectively. The
fecal streptococci kills were as follows: primary sludge, 99.93%; waste
activated sludge, 99.41%; septic sludge, 99.90%; and anaerobic digested
sludge, 96.81%. Pathogen concentrations in 1lime stabilized sludges
range from 10 to 1,000 times less than for anaerobically digested
sludges.

Economic Analysis

Lebanon Facilities. As previously described, the anaerobic sludge

digestion facilities at Lebanon were essentially inoperable at the start
of the lime stabilization project. Funds were allocated to construct
lime stabilization facilities, as well as to rehabilitate the anaerobic
digester. In both cases, the existing structures, equipment, etc., were
utilized to the maximum extent possible. Table 15 includes the actual
amounts paid to contractors, following competitive bidding, and does not
include engineering fees, administrative costs, etc.
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Parameter

Alkalinity, mg/1
Alkalinity range, mg/1

Total COD, mg/1
Total COD range, mg/1

Soluble COD, mg/1
Soluble COD range, mg/1

Total Phosphate, mg/1
Total Phosphate range, mg/1

Soluble Phosphate, mg/1
Soluble Phosphate range, mg/1

Total Kjeldahl nitrogen, mg/1
Total Kjeldahl nitrogen range,
mg/1

Ammonia nitrogen, mg/1
Ammonia nitrogen range, mg/1

Total suspended solids, mg/1
Total suspended solids range,
mg/1

Volatile suspended solids, mg/1
Volatile suspended solids range,
mg/1

Table 13
CHEMICAL COMPOSITION OF LIME STABILIZED SLUDGES
AT LEBANON, OHIO

Raw
Primary

Sludge

4,313
3,830-5,470

41,180
26,480-60,250

3,556
876-6,080

283
164-644

36
17-119

1,374

470-2,510

145
81-548

38,370

29,460-44,750
23,480

19,420-26,450

Waste
Activated

Sludge

5,000
4,400-5,600

14,700
10,880-20,800

1,618
485-3,010

263
238-289

25
17-31

1,034

832-1,430

64
36-107

10,700

10,745-15,550
7,136

6,364-8,300

Anaerobically

Digested Septage
Sludge Sludge
8,467 3,475

2,600-13,200 1,910-6,700

58,690 17,520

27,190-107,060 5,660-23,900
1,809 1,537
807-2,660 1,000-1,970
381 134
280-460 80-177
2.9 2.4
1.4-5.0 1.4-4.0
1,980 597
1,480-2,360 370-760
494 110
412-570 53-162
66,350 23,190

46,570-77,900
26,375

14,250-29,600
11,390

21,500-29,300 5,780-19,500



LYy

PATHOGEN DATA FOR LIME STABILIZED SLUDGES

Table 14

AT LEBANON, OHIO

Raw Waste Anaerobically
Primary Activated Digested Septage
Parameter Sludge Sludge Sludge Sludge
Salmonella avg., #/100 ml < 3% < 3% < 3% < 3%
Salmonella range, #/100 ml < 3* < 3% < 3* < 3%
Ps. aeruginosa avg., #/100 mi < 3* 13 < 3% < 3%
Ps. aeruginosa range, #/100 ml < 3% < 3*-26 < 3* < 3%
Fecal coliform MF avg., 3 3 2
#/100 ml NA 1.62 x 10 3.3 x 10 2.65 x 10
Fecal coliform MF range, 2 4 3 2 2
#/100 ml NA 3.3x107-3.2x10 3.3 x 10 2x107-3.3x10
Fecal coliform avg. MPN, 3
#/100 ml 5.93 x 10 NA 18 NA
Fecal coliform range MPN, 4
#/100 ml 560-1.7x10 NA 18 NA
Total coliform avg. MF, 5 3
#/100 ml NA 2.2 x 10 NA 2.1 x 10
Total coliform range MF, 3 5 3
#/100 ml NA 3.3x107-4.2x10 NA 200-4 x 10
Total coliform avg. MPN, 5
#/100 ml 1.15 x 10 NA 18 NA
Total coliform range MPN, 5
#/100 m 640-5.4 x 10 NA 18 NA
Fecal streptococci avg., 4 3 3
#/100 ml 1.62 x 10 6.75 x 10 8.6 x 10 665
Fecal streptococci range, 3 4 3 3 3 4 2 3
#/100 ml 4.0x107-5.5x10 1.5x107-1.35x10 3.3x107-1.4x10 3.3x10°-1x10

XDetectable limit = 3



Table 15

ACTUAL COST OF DIGESTER REHABILITATION
AND LIME STABILIZATION FACILITIES CONSTRUCTION

Anaerobic Digester Cleaning

Cleaning contractor $5,512.12
Temporary sludge lagoon 2,315.20
Lime for stabilizing digester contents 514.65
Temporary pump rental 300.30

Subtotal Digester Cleaning $8,642.27

Anaerobic Digester Rehabilitation

Electrical equipment, conduit, etc. $1,055.56
Natural gas piping 968.76
Hot water boiler, piping, pump, heat
exchanger repair 7,472.26
Control room rehabilitation 1,465.00
Sludge recirculating pump repair 771.00
Piping and valve rehabilitation 8,587.30
Floating cover roof repair 1,014.04
Repair utilities, drains 211.52
Miscellaneous 1,946.88
Subtotal Digester Rehabilitation $23,492.32

Lime Stabilization Process

Electrical equipment, conduit, etc. $ 1,692.00
3" & 4" sludge lines, supports, valves,
and fittings 6,140.19
4" sludge crossover pipe, valves, and
fittings 1,101.48
1 1/2" air line and diffusers 1,310.00
3/4" water lines and hose bibbs 865.00
Lime bin, auger, vibrators 7,229.44
Volumetric feeder, trough and gate 3,460.00
Existing pump repairs 3,399.00
Miscellaneous metal 1,200.00
Relocate sanitary service line 200.00
Repair utilities 134.00
Miscellaneous 934.34
Contractor's overhead 1,842.00
Subtotal Lime Stabilization $29,507.45

Septage Holding Tank

Septage holding tank and pump $6,174.70
Subtotal Septage Holding Tank $ 6,174.70
Total Cost for Digester Cleaning &

Rehabilitation, Lime Stabilization,
and Septage Facilities $67,816.74
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The cost of the lime stabilization facilities was $29,507.45 com-
pared to $32,134.59 for cleaning and repair of the anaerobic sludge
digester.

Capital Cost of New Facilities. Capital and annual operation and

maintenance costs for lime stabilization and anaerobic sludge digestion
facilities were estimated assuming new construction as a part of a 3,785
cu m (1.0 MGD) wastewater treatment plant with primary clarification and
single stage conventional activated sludge treatment processes.

The capital costs for lime stabilization facilities included a bulk
lime storage bin for hydrated lime, auger, volumetric feeder and lime
slurry tank, sludge mixing and thickening tank with a mechanical mixer,
sludge grinder, all weather treatment building, electrical and instru-
mentation, interconnecting piping and transfer pumps, and 60 day deten-

tion treated sludge holding lagoon.

Daily primary sludge dry solids
production

Average primary sludge volume
@ 5% solids

Daily waste activated dry solids
production

Average waste activated sludge
volume @ 1.5% solids

Average lime dosage required per
unit
dry solids

Daily lime requirement as 100%
Ca(OH)2

Treatment period

Bulk lime storage bin volume
minimum

Bulk lime storage bin detention time
Lime feeder and slurry tank

capacity (spared)
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The basis for design is as follows:

568 kg/day (1,250
1bs/day)

11,015 1/day (2,910
gal/day)

493 kg/day (1,084
1bs/day)

32,470 1/day (8,580
gal/day)

0.20 kg/kg/ (0.20
1b/1b)

215 kg/day (475 1b/day)

3 hrs/day

28 cum (1,000 cu ft)

34 days

0.14-0.42 cu m/hr
(5-15 cu ft/hr)



Influent sludge grinder capacity 757 1/min (200 gpm)
Sludge mixing tank volume 57 cu m (15,000 gal)

Sludge mixing tank dimensions 4.3 mx43mx3m
(14'x14'x10" SWD)

Sludge mixer horsepower 15 HP
Sludge mixer turbine diameter 135 cm (53")
Turbine speed 68 rpm
Sludge transfer pump capacity 106 1/min (400 gpm)
(spared)
Treated sludge percent solids 4%
Sludge holding lagoon volume 2,860 cu m (100,000
cu ft)
Sludge holding lagoon maximum 60 days
detention time
Treatment building floor area 13.9 m2 (150 ftz)
Treatment building construction Brick and block
Instrumentation: pH record

Treated sludge volume

Capital costs for the lime stabilization facilities were based on
July 1, 1977 bid date, and were as follows:

Site work, earthwork & yard piping $ 6,000
Lime storage bin and feeders 30,000
Treatment tank, pumps, sludge
grinders, and building structure 52,000
Electrical and instrumentation 10,000
Sludge holding lagoon 20,000
Subtotal Construction Cost $118,000
Engineering 12,000
Total Capital Cost $130,000
Amortized cost @ 30 yrs., 7% int.
(CRF = 0.081) $ 10,500
Annual Capital Cost per unit feed
dry solids $ 24.65
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Lime stabilization operation assumed one man, two hours per day,
365 days per year, at $6.50 per hour, including overhead. Maintenance
labor and materials assumed 52 hours per year labor at $6.50 per hour
and $800 per year for maintenance materials. The total quantity of
46.8% Ca0 hydrated 1ime required was 141 tons per year at $44.50 per ton.

The total annual cost for lime stabilization, excluding land ap-
plication of treated sludge, has been summarized in Table 16.

Table 16

TOTAL ANNUAL COST FOR LIME STABILIZATION
EXCLUDING LAND DISPOSAL FOR A 3,785 CU M/DAY PLANT

Annual Annual

Total Cost Cost
Annual Per Kkg Per Ton

[tem Cost Dry Solids Dry Solids
Operating labor $ 4,700 $12.14 $11.03
Maintenance labor

and materials 1,100 2.84 2.58
Lime 6,300 16.20 14.74
Laboratory 500 1.29 1.17
Capital 10,500 27. 11 24.65
Total Annual Cost $23,100 $59.58 $54.17

The basis for design of a single stage anaerobic sludge digester
for the same treatment plant was as follows:

Daily primary sludge dry solids 568 kg/day (1,250
production 1b/day)

Average primary sludge volume 11,015 1/day
@ 5% solids (2,910 gal/day)

Daily waste activated dry solids 493 kg/day (1,084
production 1b/day)
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Average waste activated sludge
volume @ 1.5% solids
Daily volatile solids production

Volatile solids loading

Digester hydraulic detention time
Digester gas production

Average volatile solids reduction

Digested sludge dry solids
production

Digested sludge percent solids

Digester net heat requirement

Mechanical mixer horsepower

Sludge recirculation pumps (2 ea)

32,470 1/day (8,580
gal/day)

743 kg/day (1,634
1b/day)

0.81 kg/cu m/day
(0.05 1b vss/ft3/day)

21 days

0.37 cu m/1b VSS feed
(13 cu ft/1b VSS
feed)

50%

689 kg/day (1,515
Tb/day)

6%

186,000 BTU/hr

15 HP

1,234 1/min ea. (350
gpm ea.)

Capital cost for the anaerobic sludge digestion facilities, in-
cluding the control building, structure, floating cover, heat exchanger,
gas safety equipment, pumps, and interconnecting piping, assuming July 1,
1977 bid date, and engineering, legal, and administrative costs is as
follows:

Site work, earthwork, yard piping $ 44,000
Digester 233,000
Control building 133,000
Electrical and instrumentation 47,000
Subtotal Construction Cost $457,000
Engineering 46,000
Total Capital Cost $503,000
Amortized cost @ 30 yrs, 7% int.
(CRF = 0.081) $ 40,700
Annual Capital Cost per unit
feed dry solids $ 95.54
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Digester operation assumed one man, one hour per day, 365 days per
year at $6.50 per hour, including overhead. Maintenance labor and
material assumed 52 hours per year at $6.50 per hour and $1,500 per year
for maintenance materials.

The cost of anaerobic digester operation was offset by assuming a
value of $2.10 per million BTU for all digester gas produced above the
net digester heat requirement.

The total annual cost for anaerobic sludge digestion, excluding
land application has been summarized in Table 17.

Table 17

TOTAL ANNUAL COST FOR SINGLE STAGE ANAEROBIC SLUDGE
DIGESTION EXCLUDING LAND DISPOSAL FOR A 3,785 CU M/DAY PLANT

Annual Annual
Total Cost Cost
Annual Per Kkg Per Ton
Item Cost Dry Solids Dry Solids
Operating labor $ 2,400 $ 6.20 $ 5.63
Maintenance labor
and materials 1,800 4.65 4,23
Laboratory 500 1.29 1.17
Capital 40,700 105.09 95.54
Fuel credit (2,900) (7.49) (6.81)
Total Annual Cost $42,500 $109.74 $99.76

Both the lime stabilization and anaerobic digestion alternatives
were assumed to utilize land application of treated sludge as a liquid
hauled by truck. The capital cost for a sludge hauling vehicle was
assumed to be $35,000, which was depreciated on a straight line basis
over a ten year period. Alternatively, a small treatment plant could
utilize an existing vehicle which could be converted for land applica-
tion at a somewhat lower capital cost.
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The assumed hauling distance was three to five miles, round trip.
Hauling time assumed 10 minutes to fill, 15 minutes to empty, and 10
minutes driving, or a total of 35 minutes per round trip. The truck
volume was assumed to be 5,680 liters (1,500 gal) per load. The cost of
truck operations, excluding the driver and depreciation, was assumed to
be $8.50 per operating hour. The truck driver labor rate was assumed to
be $6.50 per hour, including overhead.

Truck operation time was based on hauling an average of 1,812 1
(6,860 gal) of lime stabilized sludge, i.e., five loads and 777 1 (2,940
gal) of anaerobically digested sludge, i.e., two loads per day. The
reduced volume of anaerobically digested sludge resulted from the vola-
tile solids reduction during digestion and the higher solids concentra-
tion compared to 1ime stabilized sludge.

Although it may be possible to obtain the use of farmland at no
cost, e.g., on a voluntary basis, the land application economic analysis
assumed that land would be purchased at a cost of $750 per acre. Sludge
application rates were assumed to be ten dry tons per acre per year.
Land costs were amortized at 7% interest over a 30 year period.

To offset the land cost, a fertilizer credit of $7.30 per ton of
dry sludge solids was assumed. This rate was arbitrarily assumed to be
50% of the value published by Brown(]]) based on medium fertilizer
market value and low fertilizer content. The reduction was made to
reflect resistance to accepting sludge as fertilizer. The land cost was
further offset by assuming a return of $50 per acre, either as profit
after farming expenses, or as the rental value of the land.

Capital and annual operation and maintenance costs for land appli-

cation of lime stabilized and anaerobically digested sludges have been
summarized in Table 18.
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Item

Amortized cost
of land

Truck depreciation
Truck driver
Truck operation
Laboratory
Fertilizer credit
Land credit

Total Annual Cost

Table 18

ANNUAL COST FOR LAND APPLICATION OF LIME STABILIZED AND
ANAEROBICALLY DIGESTED SLUDGES FOR A 3,785 CU M/DAY PLANT

Lime Stabilization Anaerobic Digestion
Annual Annual Annual Annual
Cost Cost Cost Cost
Total Per Per Total Per Per
Annual Kkg Ton Annual Kkg Ton
Cost Solids Solids Cost Solids Solids
$ 2,600 $ 6.75 $ 6.14 $1,700 $ 4.39 $ 3.99
3,500 9.04 8.22 3,500 9.04 8.22
7,100 18.35 16.67 2,800 7.24 6.57
9,300 24.03 21.83 3,600 9. 30 8.45
500 1.29 1.17 500 1.29 1.17
(3,100) (8.05) (7.30) (2,000) (8.05) (7.30)
(2,200) (5.68) (5.16) (1,400) (3.62) (3.29)
$17,700 $45.73 $41.57 $8,700 $19.59 $17.81



For each item in Table 18, the total annual cost was calculated and
divided by the total raw primary plus waste activated sludge quantity,
i.e., 387 kkg/year (426 tons/year). Anaerobically digested sludge land
requirements were less than for lime stabilized sludge because of the
volatile solids reduction during digestion. Truck driving and operation
costs were similarly less for digested sludge because of the volatile
solids reduction and more concentrated siudge (6% vs. 4%¥) which would be
hauled. Fertilizer credit was less for digested sludge because of the
lower amount of dry solids applied to the land. Land credit was based
on the amount of sludge applied and was, therefore, less for digested
sludge.

The total annual capital and annual operation and maintenance costs
for lime stabilization and single stage anaerobic sludge digestion,
including land application for a 3,785 cu m/day wastewater treatment
plant, are summarized in Table 19.

Table 19

COMPARISON OF TOTAL ANNUAL CAPITAL AND ANNUAL
0&M COST FOR LIME STABILIZATION AND ANAEROBIC DIGESTION
INCLUDING LAND DISPOSAL FOR A 3,785 CU M/DAY PLANT

Lime Stabilization Anaerobic Digestion

Annual Annual
Total Cost Total Cost
Annual Per Annual Per
0&M Kkg Dry 0&M Kkg Dry
Cost Solids Cost Solids
Facilities $23,100 $ 59.58 $42,500 $109.74
Land Application 17,700 45.70 8,700 19.59
Total Annual Cost $40,800 $105.28 $51,200 $129.33
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Lime Stabilization by Others

A considerable amount of lime stabilization work has occurred in
Connecticut. A number of incinerators have been shut down and replaced
by 1ime stabilization. In each case, the time required to process the
sludge produced was greatly reduced. The following tabulation and
comments reflect and summarize the situation in December 1976. This
summary shows that eight of nine communities had either wholly or par-
tially abandoned incineration. While no chemical or bacterial data are
available, qualitative observations indicate that disposal is satis-
factory. Most of the communities have indicated that they will continue
with lime stabilization and disposal in landfills. Plants in Connec-
ticut which abandoned incineration in favor of lime stabilization:

Plant
Size, Incinerator Lime Stabilization
mgd Installed Used Hours Used Hours Ult. Disp.
Stratford(z A 6 Yes Yes 24 Yes 8  Landfill
Bridgeport(3) N/A* Yes Yes 24 Yes 8 Landfill
Stamford (8) N/A* Yes No - N/A N/A
Midd]etown(s) N/A Yes No N/A Yes 16 Landfill
Willimatic N/A N/A N/A N/A Yes N/A Land &
(6) Landfill
G]astonburg(7) N/A Yes No N/A Yes N/A N/A
Torrington(s) N/A N/A Yes N/A N/A
Naugatuck(g) 5 Yes No Yes Landfill
Enfield N/A Yes Yes 1/3 of Yes 2/3 of Landfill
year year

*N/A denotes data not available at the time of writing

(1) Incinerator abandoned in favor of lime stabilization to pH 12.
Two shifts of labor no longer required.

(2) Stabilized coke used as final cover at landfill. Labor problems
when incinerator shut down because labor force reduced.

(3) Centrifuged with Time sludge.

(4) Previously plagued with odors; now all sludge processed in two
shifts, five days per week with no odors.

(5) Began lime stabilization in 1973. Screened sludge and leaf
material used on parks as fertilizer.

(6) Mix dewatered raw sludge and lime before disposing in landfill.
(7) Fluid bed reactor broke down; reluctant to go to lime stabilization.

(8) Incinerator too expensive to operate; lime stabilized sludge used
as final cover at landfill.

(9) Incineration is used in winter during inclement weather.
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LIME STABILIZATION
DESIGN EXAMPLES

Statement of Problem

The problem is to provide lime stabilization facilities for two
communities, both of which hdve existing conventional activated sludge
wastewater treatment plants.

The smaller community has existing wastewater treatment facili-
ties capable of treating 4.0 million gallons per day. The facilities
consist of screening, grit removal, primary settling, conventional acti-
vated sludge aeration, final settling, chlorination, and sludge la-
gooning. Present flow to the plant is 3.5 million gallons per day; the
20 year projected flow is 4.0 million gallons per day. The plant meets
its proposed discharge permit requirements, but the city has been or-
dered to abandon the sludge lagoons (which are periodically flooded by
the receiving stream). Sludge disposal alternatives 1include the
following:

1. Lime stabilization followed by 1liquid application to farm-
land.

2. Anaerobic digestion followed by liquid application to farm-
land.

The larger community has existing wastewater treatment facilities
capable of treating 30 million gallons per day. Present flow to the
plant is 35 million gallons per day; the 20 year projected flow is 40
million gallons per day. The existing treatment system consists of
screening, grit removal, primary settling, conventional activated sludge
aeration, final settling, chlorination, aerobic sludge digestion,
sludge dewatering, and landfilling of dried sludge solids. The exist-
ing treatment scheme will meet proposed permit requirements. As a
part of the treatment plant expansion planning and in view of future
electric power costs, the following solids handling alternatives were

proposed:
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1. Lime stabilization followed by pipeline transportation to
the land application site.

2. Anaerobic digestion followed by mechanical dewatering and
land application.

The design logic which will be followed to develop and evaluate
the sludge handling alternatives is summarized on Figure 15.

Wastewater Characteristics

The wastewater characteristics and removal efficiencies of the
various treatment units are required to determine the basis for design
of the sludge stabilization and ultimate disposal processes. This
information may be acquired from plant records or from sampling programs
at the existing facilities. When these data are not available (such as
in the case of new wastewater treatment plants for new service areas),
assumptions based on sound engineering judgment and previous experience
are necessary. For the sake of simplicity, the wastewater character-
istics and treatment unit removal efficiencies for the example plants
are assumed to be equal. Raw wastewater characteristics for the example

plants are given in Table 20.

Table 20
RAW WASTEWATER CHARACTERISTICS

Parameter Concentration (mg/1)
BOD5 200
Suspended Solids 240
Organic Nitrogen 15
Ammonia Nitrogen 25
Phosphorus 10
Grease 100
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Treatment Unit Efficiencies

Both plants in this example will meet their proposed permit re-
quirements by utilizing the existing treatment processes. Nitrification
and phosphorus removal are not required. Removal efficiencies based on
percentages of the raw "domestic" wastewater characteristics are pre-
sented in Table 21.

Table 21
TREATMENT UNIT EFFICIENCIES

Unit Parameter Removal Efficiency
Primary Settling 8005 30%
SS 65%
Aeration & Final Settling BOD5 60%
SS 25%

Sludge Characteristics

The characteristics of sludge discharged to the sludge stabiliza-
tion facilities may vary considerably depending on the type and amount
of industrial waste treated, the sludge origin (which particular treat-
ment unit) and the sludge age. Ideally, samples of sludge would be
available for analysis. The assumed sludge characteristics for each
example plant are as follows:

Sludge Type Design ¥ Solids
Thickened Raw Primary 7.0
Thickened Waste Activated 2.5
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Thickening facilities for primary and waste activated sludge were as-
sumed to be cost effective for both the 4 and 40 MGD wastewater treat-
ment plants. Waste activated sludge production was 0.5 pound of vola-
tile solids per pound of BOD5 reduced.

Preliminary studies have indicated that anaerobic sludge diges-
tion will not be adversely affected by the inclusion of thickened waste
activated sludge.

The sludge quantities for the 4 MGD wastewater treatment plant
were developed as follows:

Influent BOD5

Influent 4.0 MGD x 8.34 x 200 mg/1 = 6,672 #/day
Primary removal = 6,672 x 0.3 = 2,002 #/day
BOD5 remaining in settled sewage = 4,670 #/day

Influent Suspended Solids
Influent 4 x 8.34 x 240 mg/1 = 8,006 #/day
Primary removal = 8,006 x 0.65 = 5,204 #/day
Suspended solids remaining in settled sewage = 2,802 #/day

Waste Activated Solids
Biological = 6,672 x 0.60 x 0.5 #VSS/#B0D,
Suspended solids = 8,006 x 0.25
Total Biological Solids Produced

2,002 #VSS/day
2,002 #/day
4,004 #/day

Net Daily Sludge Quantities
Primary: 5,204 #/day @ 7% following thickening

5,204 = 8,740 gpd
8.34 x 1.02 x 0.07
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Waste Activated Sludge
4,004 = 19,014 gpd
0.025 x 8.34 x 1.01

Net Sludge Produced (5,204 + 4,004) = 9,208 #solids/day
Volume = (8,740 + 19,014) = 27,754 gpd
% solids = 3.9%

Design sludge quantities were developed for the 40 MGD facility
in an identical manner. The design sludge quantities are summarized

as follows:

4.0 MGD 40 MGD

WWTP WWTP
Primary Sludge Solids, 1b/day 5,204 52,040
Primary Sludge Volume @ 7%, gal/day 8,740 87,400
Biological Siudge Solids, 1b/day 4,004 40,040
Biological Sludge Volume @ 2.5%, gal/day 19,014 190,140
Total Sludge Solids, 1b/day 9,208 92,080
Combined Sludge Volume, gal/day 27,754 277,540
Combined Sludge Percent Solids 3.9 3.9

For simplicity, the design examples for the 4 and 40 MGD treat-
ment plants will be presented separately. Each example will include
the design basis for each alternative stabilization and ultimate dis-
posal process, final sludge volumes, capital and annual operation and
maintenance costs.

Process Alternatives - 4 MGD WWTP

As previously discussed, process alternatives for the 4 MGD
wastewater treatment plant will be as follows:

1. Lime stabilization followed by 1liquid application to farm-
land.
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2. Anaerobic digestion followed by 1liquid application to farm-
land.

Lime Stabilization. A flow diagram for the proposed lime stabili-

zation facilities is shown on Exhibit 16. Significant process equipment
includes a bulk lime storage bin for pebble quicklime, auger, lime
slaker and feed slurry tank, sludge mixing and thickening tank with a
mechanical mixer, sludge grinder, all weather treatment building, elec-
trical and instrumentation, interconnecting piping and transfer pumps,
and 60 day detention treated sludge holding lagoon. The basis for design
is as follows:

Total sludge solids, 1b/day 9,208
Sludge volume, gal/day 27,754
Raw sludge percent solids 3.9
Overall lime dosage required per unit

dry solids, as 100% Ca(OH)2 0.20 1b/1b
Daily lime requirement as Ca(OH)2 1,826 1b/day
Treatment period 6 hrs/day

Bulk lime storage bin volume minimum
Bulk lime storage bin detention time

Lime slaker and slurry tank capacity
(2 ea)

28 cum (1,000 cf)
34 days

200-300 1b Ca0/hr

Influent sludge grinder capacity (spared) 200 gpm

Sludge mixing tank volume 25,000 gal
Sludge mixing tank dimensions 18'x18'x10"' SWD
Sludge mixer horsepower 15 HP

Sludge mixer turbine diameter 53"

Turbine speed 68 rpm

Sludge transfer pump capacity (spared) 400 gpm
Treated sludge volume 24,050 gal
Treated sludge percent solids 4.5
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Sludge holding lagoon total volume

(4 cells) 240,000 cf
Sludge holding lagoon maximum detention

time 60 days
Treatment building floor area 250 sf
Treatment building construction brick and block
Instrumentation pH record

treated sludge
volume

Capital costs for the lime stabilization facilities were based on
January 1, 1978 bid date and were as follows:

Site work, earthwork, yard piping $ 26,000
Lime storage bin and feeders 84,000
Treatment tank, pumps, sludge
grinders, and building structure 142,000
Electrical and instrumentation 29,000
Sludge holding lagoon 54,000
Subtotal Construction Cost $335,000
Engineering 36,000
Total Capital Cost $371,000
Amortized cost @ 30 yrs., 7% int.
(CRF = 0.081) $ 30,100
Annual capital cost per ton
dry solids $ 17.91

Lime stabilization operation assumed one man, eight hours per day,
365 days per year, at $6.50 per hour, including overhead. Maintenance
labor was assumed to be 156 hours per year labor at $6.50 per hour
and $2,400 per year for maintenance materials. The total gquantity of
85% Ca0 quicklime required was 297 tons per year at $40 per ton.

The total annual cost for lime stabilization, excluding tand ap-

plication of treated sludge, has been calculated as follows and is sum-
marized in Table 22.
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Lime Stabilization Operating Costs
Labor: 8 hr/day x 365 day/yr x $6.50/hr = $18,980 say $19,000
Maint. labor: 156 hr/yr x $6.50 = $1,014 say $1,000
Maint. materials: $2,400/yr lump sum
Lime Primary: 5,204 #/day x 0.12# Ca(OH)Z/# = 624 #/day
Waste Activated: 4,004 #/day x 0.3# Ca(OH)Z/# = 1,201 #/day
Total Lime = (624 + 1,201) = 1,825# Ca(OH)Z/day
1,825 #/day/0.85) x 56/74 = 1,625 #/day Ca0
1,625 x 365/2,000 = 297 ton/yr
say 300 ton/yr x $40/ton = $12,000/yr
Laboratory: $1,500/yr lump sum
Capital: $371,000 x 0.081 = $30,100/yr

Table 22

TOTAL ANNUAL COST FOR LIME STABILIZATION
EXCLUDING LAND DISPOSAL FOR A 4 MGD PLANT

Annual

Total Cost
Annual Per Ton

Item Cost Dry Solids
Operating labor $19,000 $11.31
Maintenance labor and

materials 3,400 2.02
Lime 12,000 7.14
Laboratory 1,500 0.89
Capital 30,100 17.91
Total Annual Cost $66,000 $39.27

Both the lime stabilization and anaerobic digestion alternatives
were assumed to utilize land application of treated sludge as a liquid
hauled by truck. The capital cost per sludge hauling vehicle was as-
sumed to be $35,000, which was depreciated on a straight-line basis
over a five year period.

The assumed hauling distance was three to five miles, round trip.
Hauling time assumed 10 minutes to fill, 15 minutes to empty, and 10
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minutes driving, or a total of 35 minutes per round trip. The truck
volume was assumed to be 1,500 gallons per load. The cost of truck
operations, excluding the driver and depreciation, was assumed to be
$8.50 per operating hour. The truck driver labor rate was assumed to be
$6.50 per hour, including overhead.

Truck operation time was based on hauling on a five day per week
basis, approximately ten months per year, which results in the as-
sumed 215 hauling days per year. The average volume hauled is 40,800
gallons per day. Two trucks were assumed to be required, with a com-
bined total of 28 loads per day.

Although it may be possible to obtain the use of farmland at no
cost, e.g., on a voluntary basis, the land application economic analysis
assumed that land would be purchased at a cost of $750 per acre.
Sludge application rates were assumed to be ten dry tons per acre per
year. Land costs were amortized at 7% interest over a 30 year period.

To offset the land cost, a fertilizer credit of $7.30 per ton of
dry sludge solids was assumed. This rate was arbitrarily assumed to be
50% of the value published by Brown(]1) based on medium fertilizer
market value and low fertilizer content. The reduction was made to re-
flect resistance to accepting sludge as fertilizer. The land cost was
further offset by assuming a return of $50 per acre, either as profit
after farming expenses or as the rental value of the land.

Capital and annual operation and maintenance costs for land appli-

cation of lime stabilized sludge were calculated as follows and have
been summarized in Table 23.
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Lime Stabilization Land Application Costs
Land: 9,208 #solids/day x 365 days/2,000 #/ton = 1,681 ton/yr
1,681 ton/yr/10 ton/acre = 168 acres say 200
200 acres x $750/acre = $150,000
$150,000 x 0.081 = $12,150/yr say $12,200
Truck depreciation: $35,000 x 2 = $70,000 capital
$70,000/5 yrs = $14,000/yr
Truck driver: 40,800 gal/day/2,571 gal/truck/hr = 15.9 hr/day
say 2 trucks @ 8 hr/day
$6.50 x 2 men x 8 hr/day = $104/day
$104 x 215 = $22,360 say $22,400/yr
Truck operation: 2 trucks x 8 hr/day x $8.50/hr = $136.00/day
$136.00 x 215 = $29,240 say $29,200/yr
Laboratory: $1,500/yr lump sum

Fertilizer credit: 1,681 ton/yr x $7.30/ton = $12,271 say
$12,300/yr

Land credit: 168 acres x $50/acre = $8,400/yr

Table 23

ANNUAL COST FOR LAND APPLICATION
OF LIME STABILIZED SLUDGE FOR A 4 MGD PLANT

Annual
Cost
Total Per Ton
Annual Dry
Item Cost Solids
Amortized cost of land $12,200 $ 7.26
Truck depreciation 14,000 8.33
Truck driver 22,400 13.33
Truck operation 29,200 17.38
Laboratory 1,500 0.89
Fertilizer credit (12,300) (7.30)
Land credit (8,400) (5.00)
Total Annual Cost $58,600 $34.89
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Anaerobic Digestion. A flow diagram for the proposed anaerobic

sludge digestion facilities is shown on Exhibit 17. Two-stage anae-
robic digestion was assumed with stabilized sludge being hauled to
farmland. Sludge storage was allowed in the digester design and no
lagoon was included. The basis for design for the anaerobic digesters

for the 4 MGD treatment plant was as follows:

First Stage

Feed solids loading

Feed volume

Feed percent solids

Feed percent volatile solids
Digester dimensions

Digester volume

Mixers

Hydraulic detention time
Loading rate

Digester bulk temperature
Average feed temperature
Volatile solids reduction
Overall total solids reduction
Sludge heaters

Second Stage

Digester dimensions

Digester volume

Hydraulic detention time

Digester gas production

Digester gas heat value

Digested sludge dry solids production
Digested sludge percent solids

Sludge recirculation pumps (2 ea)
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9,208 1b/day
27,754 gal/day

3.9
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60' x 25' SWD
529,000 gal

2 ea @ 3,500 gpm
19 days

0.085 #VSS/ft3/day
95° F.

55° F.

50%

3%

3 ea @ 500,000 BTU/hr

60' x 25' SWD
529,000 gal
19 days

10 cf/1b VSS feed
500 BTU/ft>

6,261 1b/day

6.5%

500 gpm ea
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Capital cost for the anaerobic sludge digestion facilities, in-
cluding the control building, structures, floating cover, heat ex-
changer, gas safety equipment, pumps, and interconnecting piping, as-
suming January 1, 1978 bid date, and engineering, legal, and administra-
tive costs is as follows:

Site work, earthwork, yard piping & pumps $ 151,000
Digesters 675,000
Control building 251,000
Electrical and instrumentation 125,000
Subtotal Construction Cost $1,202,000
Engineering 107,000
Total Capital Cost $1,309,000
Amortized cost @ 30 yrs., 7% int.
(CRF = 0.081) $ 106,000
Annual capital cost per unit
feed dry solids $ 63.08

Digester operation assumed one man, three hours per day, 365 days
per year at $6.50 per hour, including overhead. Maintenance labor and
material assumed 416 hours per year at $6.50 per hour and $7,000 per
year for maintenance materials.

The cost of anaerobic digester operation was offset by assuming a
value of $2.70 per million BTU for all digester gas produced above the
net digester heat requirements.

The total annual cost for anaerobic sludge digestion, excluding

land application was calculated as follows and has been summarized in
Table 24.
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Anaerobic Digester 0&M Cost

Operator labor: 3 hr/day x 365 day/yr x $6.50/hr = $7,118/yr
say $7,100/yr

Maintenance labor: 416 hr/yr x $6.50/hr = $2,704 say $2,700/yr
Maintenance materials: $7,000/yr lump sum
Laboratory: $1,500/yr lump sum
Capital: $1,309,000 x 0.081 = $106,000
Fuel credit: 9,208# x 0.65 = 5,985 #VSS feed/day
5,985# x 10 cf/#VSS = 59,850 cf/day gas
59,850 cf x 500 BTU/ft3 = 29.9 x 106 BTU/day
475,000 BTU/hr x 24 hr/day/0.5 eff = 22.8 x 10
BTU/day required for digester heat

6

29.9 x 10% - 22.8 x 10® = 7.1 x 10° BTU/day
excess gaS
7.1 x 108 x $2.70 x 108 x 365 = $6,997 say
$7,000/yr
Table 24

TOTAL ANNUAL COST FOR TWO-STAGE ANAEROBIC SLUDGE
DIGESTION EXCLUDING LAND DISPQSAL FOR A 4 MGD PLANT

Annual
Total Cost

Annual Per Ton

Ttem Cost Dry Solids

Operating labor $ 7,100 $4.23
Maintenance labor and materials 9,700 5.77
Laboratory 1,500 0.89
Capital 106,000 63.08

Fuel credit (7,000) (4.16)
Total Annual Cost $117,300 $69. 81
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Land application costs were developed for the anaerobic digestion
alternative in a manner similar to that previously described for lime
stabilization. Anaerobically digested sludge land requirements were
less than for lime stabilized sludge because of the volatile solids re-
duction during digestion. Truck driving and operation costs were simi-
larly less for digested sludge because of the volatile solids reduc-
tion and more concentrated sludge (6.5% vs 4.5%) which would be
hauled. The total fertilizer credit was based on $7.30 per ton of dry
solids, but was lower because of the lower amount of dry solids ap-
plied to the land. The total land credit was less because land re-
quirements were based on the total amount of sludge solids applied.
Land application costs for the anaerobic digestion alternative were
calculated in a manner similar to those for the lime stabilization al-
ternative and are summarized in Table 25.

Table 25

ANNUAL COST FOR LAND APPLICATION OF
ANAEROBICALLY DIGESTED SLUDGES FOR A 4 MGD PLANT

Annual
Cost
Total Per
Annual Ton
Item Cost Solids
Amortized cost of land $ 8,200 $ 4.88
Truck depreciation 7,000 4.17
Truck driver 11,200 6.66
Truck operation 14,600 8.69
Laboratory 1,500 0.89
Fertilizer credit (8,300) (4.94)
Land credit (5,700) (3.39)
Total Annual Cost $28,500 $16.96
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The total annual capital and annual operation and maintenance
costs for lime stabilization and two-stage anaerobic sludge digestion,
including land application for a 4 MGD wastewater treatment plant, are
summarized in Table 26.

Table 26

COMPARISON OF TOTAL ANNUAL CAPITAL AND ANNUAL
0&M COST FOR LIME STABILIZATION AND ANAEROBIC DIGESTION
INCLUDING LAND DISPOSAL FOR A 4 MGD PLANT

Lime Stabilization Anaerobic Digestion

Annual Annual
Total Cost Total Cost
Annual Per Annual Per
0&M Ton Dry o&M Ton Dry
Cost Solids Cost Solids
Facilities
Amortized capital $ 30,100 $17.91 $ 106,000 $63.08
Operating labor 19,000 11.31 7,100 4.23
Maintenance labor &
materials 3,400 2.02 9,700 5.77
Lime 12,000 7.14
Laboratory 1,500 0.89 1,500 0.89
Fuel credit N/A N/A (7,000) (4.16)

Subtotal Facilities $ 66,000 $39.27 $ 117,300 $69.81
Land Application
Amortized cost of land $ 12,200 $7.26 $ 8,200 $ 4.88

Truck depreciation 14,000 8.33 7,000 4.17
Truck drivers 22,400 13.33 11,200 6.66
Truck operations 29,200 17.38 14,600 8.69
Laboratory 1,500 0.89 1,500 0.89
Fertilizer credit (12,300) (7.30) (8,300) (4.94)
Land credit (8,400) (5.00) (5,700) (3.39)
Subtotal Land
Application $ 58,600 $34.89 $ 28,500 $16.96

Total Annual Cost
fFacilities and Land
Application $124,600 $74.16 $ 145,800 $86.77
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Process Alternatives - 40 MGD WwWTP

As previously discussed, process alternatives for the 40 MGD
wastewater treatment plant will be as follows:

1. Lime stabilization followed by pipeline transportation to
the land application site.

2. Anaerobic digestion followed by mechanical dewatering and
land application.

The design logic which will be followed to develop and evaluate the
sludge handling alternatives has previously been summarized on Figure
14. Wastewater characteristics, treatment unit efficiencies, and sludge
characteristics have also been previously summarized.

Lime Stabilization. A flow diagram for the proposed lime stabili-

zation facilities is shown on Figure 18. Significant process equipment
includes a bulk lime storage bin for pebble quicklime, augers, lime
slakers and feed slurry tanks, sludge mixing tanks, sludge thickeners,
sludge grinders, all weather treatment building, electrical and instru-
mentation, interconnecting piping, and sludge pump stations.

The sludge pipeline was assumed to be ten miles long with two in-
termediate pump stations. One land application farm site was assumed.
A sludge storage lagoon with 60 days holding capacity was provided at
the land application site.

The basis for design is as follows:

Total sludge solids, 1b/day 92,080
Sludge volume, gal/day 227,540
Raw sludge percent solids 3.9
Overall lime dosage required per
unit dry solids as 100% Ca(OH)2 0.20 1b/1b dry solids
Daily lime requirement as Ca(OH)2 18,250 1b/day
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Treatment period

Bulk lime storage bin volume minimum

Bulk lime storage bin detention time

Lime slaker & slurry tank capacity
(2 ea)

Influent sludge grinder max capacity

Sludge mixing tank volume @ 1 hr
detention time (2 ea)

Sludge mixing tank dimensions
Sludge mixer horsepower (2 ea)
Studge mixer turbine diameter
Turbine speed

Sludge thickener dimensions (2 ea)
Thickened sludge volume

Thickened sludge percent solids
Sludge transfer pump capacity (2 ea)
Intermediate pump station pumps
Treatment building floor area
Treatment building construction
Instrumentation

Lagoon volume at application site
Pipeline length

Pipeline diameter

Pipeline working pressure

Land application trucks

24 hrs/day
2 ea 4,260 ft
30 days

3

500-750 Ca0/hr
2 ea 200 gpm

12,000 gal

10' x 10' SWD

10 HP

5

45 rpm

65' dia x 12' SWD
240,500 gal/day
4.5

250 gpm @ 200 pst
4 ea 250 gpm @ 200 psi
600 ft

brick and block

pH record/control

raw sludge volume

treated sludge volume

pipeline pressure
control

10,000,000 gal (20 cells)
53,000'

6"

200-250 psig

12 @ 1,500 gal ea

Capital costs for the lime stabilization facilities, based on

January 1, 1978 bid date, excluding final sludge pumping, pipeline,
application trucks, lagoon, and land, were as follows:
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Site work, earthwork & yard piping
Lime storage, slakers, and feed

Lime treatment tanks, mixers,
grinders & building

Sludge thickeners
Electrical & instrumentation
Subtotal Construction Cost
Engineering
Total Capital Cost

Amortized cost @ 30 yrs., 7% int.
(CRF = 0.081)

Annual capital cost per unit
feed dry solids

Lime stabilization operation assumed two men, three shifts per day,
365 days per year at $6.50 per hour, including overhead.
labor was assumed to be 1,664 hours per year at $6.50 per hour and
$7,500 per year for maintenance materials. The total quantity of 85%

$ 95,000
106,000
155,000
529,000
102,000

$ 987,000

90,000
$1,077,000

$ 87,200

$ 5.19

Ca0 quicklime required was 2,966 tons per year at $40 per ton.

The total annual cost for lime stabilization, excluding land ap-
plication of treated sludge, was calculated in a manner to that prev-
iously shown on the 4 MGD example and have been summarized in Table

27.
Table 27
TOTAL ANNUAL COST FOR LIME STABILIZATION
EXCLUDING LAND DISPOSAL FOR A 40 MGD PLANT
Annual
Cost
Total Per
Annual Ton Dry
Item Cost Solids
Operating labor $114,000 $6.78
Maintenance labor and materials 18,300 1.09
Lime 118,600 7.06
Power 2,000 0.12
Laboratory 4,500 0.27
Total Annual Cost $257,400 $15.32
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Ultimate sludge disposal was assumed to be as a liquid on farmland
with truck spreading. The total land spreading operation will require
2,000 acres. Land cost was assumed to be $1,250 per acre to reflect
the more urban setting than the 4 MGD case. The capital cost per
sludge hauling vehicle was assumed to be $35,000, with 12 being re-
quired. The vehicles were debreciated over a seven year period. The
sludge holding lagoon was located at the farm site and was sized to hold
60 days sludge production. The lagoon was partitioned into 500,000
gallon cells to permit access and efficient utilization of the storage

volume.

The assumed hauling time was 10 minutes to fill, 20 minutes to
haul, empty and return, for a total of 30 minutes per round trip. The
truck volume was assumed to be 1,500 gallons per load. The cost of
truck operations, excluding the driver and depreciation, was assumed to
be $8.50 per operating hour. The truck driver labor rate was assumed
to be $6.50 per hour, including overhead.

Truck operating time was based on hauling on a 215 day per year
schedule, 12 hours per day.

To offset the land cost, a fertilizer credit of $7.30 per ton of
dry sludge solids was assumed. This rate was arbitrarily assumed to be
50% of the value published by Brown(]]) based on medium fertilizer
market value and low fertilizer content. The reduction was made to re-
flect resistance to accepting sludge as fertilizer. The land cost was
further offset by assuming a return of $50 per acre, either as profit

after farming expenses, or as the rental value of the land.
Easements for the sludge pipeline were assumed to cost $2.50 per

foot. Two intermediate booster stations were provided to maintain a rea-
sonable pressure profile along the 1line. Progressive cavity pumps
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were used for both the treatment plant and intermediate pump stations.
Allowance was assumed to permit regular cleaning of the line by utili-
ing pipeline "pigs."

Annual operation and maintenance costs for transportation and land
application of lime stabilized sludge were calculated in a manner sim-
ilar to that previously summarized and have been shown in Table 28.

Capital costs for the lime stabilization land application site,
based on January 1, 1978 bid date, have been summarized as follows:

Site work, earthwork $ 17,000
Sludge transfer pumps 45,000
Sludge pipeline 675,000
Booster station 104,000
Sludge lagoon 569,000
Electrical & instrumentation 19,000
Subtotal Construction Cost $1,429,000
Engineering 124,000
Total Capital Cost Pipeline,
Pump Stations & Lagoon $1,553,000
Amortized cost @ 30 yrs., 7% int.
(CRF = 0.081) $ 125,800
Annual capital cost per unit
feed dry solids $ 7.49
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Table 28

ANNUAL COST FOR TRANSPORTATION AND LAND APPLICATION
OF LIME STABILIZED SLUDGE FOR A 40 MGD PLANT

Total Annual Cost
Capital Annual Per Ton Dry
Item Cost Cost Solids
Land $2,500,000 $202,500 $12.05
Easements 132,000 10,700 0.64
Pipeline, pump stations
& lagoon 1,553,000 125,800 7.49
Truck depreciation 420,000 60,000 3.57
Truck drivers 201,200 11.97
Truck operation 263,200 15.66
Power 35,000 2.08
Pipeline operation & maintenance 17,000 1.00
Laboratory 4,500 0.27
Fertilizer credit (122,700) (7.30)
Land credit (84,000) (5.00)
Total Annual Cost $4,605,000 $713,200 $42.44

Anaerobic Digestion. A flow diagram for the proposed anaerobic

digestion/vacuum filtration alternative is shown on Figure 19. Sig-
nificant process equipment includes two-stage standard rate anaerobic
sludge digestion, bulk lime and ferric chloride storage, lime slakers,
vacuum filtration, sludge conveyors, and sludge storage bin. All fa-
cilities were assumed to be housed in an all weather brick-block type
building and included all electrical, instrumentation, interconnecting
piping, and sludge pumps. The existing sludge dewatering equipment was
assumed not to be capable of functioning over the project life and was
replaced. Similarly, the existing filter building and chemical feed
facilities were replaced.

Design data for the anaerobic digester alternative is as follows:
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Primary digesters

Secondary digesters

Vacuum filtration

Vacuum filter loading rate
Lime storage bin

Lime slaker/feeders

Ferric chloride storage tanks
Dewatered sludge storage bin
Filter buiiding

Digester loading - Ist stage
Hydraulic detention time - 1st stage
Digester gas production
Digester gas heat value
Volatile solids reduction
Overall solids reduction
Sludge mixers

Digester heat requirement (primary
only)

Gas production
Net gas available

3 ea 110' x 30' SWD

3 ea 110" x 30' SWD

3 ea @ 400 ft2 ea

3.5# dry solids/ft2/hr
1 ea 4,000 ft3

3 @ 250-500# Ca0/hr

2 ea @ 5,000 gal ea

1 ea @ 2,000 ft3
3,000 ft2 w/basement
0.07 #vss/ft3/day

23 days

10 £t3/1b VSS feed
500 BTU/ft>

50%

32%

4 @ 5,000 gpm ea

22.7 x 10 BTU/day
30.0 x 10’ BTU/day
7.3 x 107 BTU/day

Annual capital costs operation and maintenance for the anaerobic

digestion facilities were based on the January 1, 1978 bid date and

have been summarized in Table 29. Capital costs included the digesters,

control buildings, covers, heat exchangers, gas safety equipment, in-

terconnecting piping, engineering, legal

Capital costs are summarized as follows:

Site work, earthwork, yard piping
Digesters & control building
Pumping
Electrical & instrumentation
Subtotal Construction Cost
Engineering
Total Capital Cost

Amortized cost @ 30 yrs., 7% int.
(CRF = 0.081)

Annual capital cost per unit
feed dry solids
84

and administrative costs.

$ 688,000
7,222,000
35,000
745,000

$8,690,000

649,000

$9,339,000
$ 756,500

$ 45.02



Digester operation assumed one man, two shifts per day, 365 days
per year, at $6.50, including overhead. Maintenance labor and material
assumed 4,160 hours per year at $6.50 per hour and $30,000 per year for
maintenance materials.

The cost of anaerobic digester operation was offset by assuming a
value of $2.70 per million BTU for all digester gas produced above the
net digester heat requirement. Total annual operation and maintenance
cost for the digestion facilities is summarized in Table 29.

Table 29

TOTAL ANNUAL COST FOR TWO-STAGE ANAEROBIC
SLUDGE DIGESTION EXCLUDING VACUUM FILTRATION
AND LAND DISPOSAL FOR A 40 MGD PLANT

Annual

Cost
Total Per

Annual Ton Dry

Item Cost Solids
Operating labor $ 38,000 $2.26
Maintenance labor and materials 57,000 3.39
Laboratory 6,000 0.36
Capital 756,500 45.02

Fuel credit (71,900) (4.28)
Total Annual Cost $785,600 $46.75

Vacuum filtration costs were estimated as summarized in Table 30.
Capital costs for the filtration facilities were as follows:
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Site work, earthwork, yard piping $ 297,000

Chemical storage & feed 177,000
Filtration equipment 546,000
Filter & chemical building 230,000
Sludge loading pad 78,000
Electrical & instrumentation 322,000
Subtotal Construction Cost $1,650,000
Engineering 140,000
Total Capital Cost $1,790,000
Amortized cost @ 30 yrs., 7% int.
(CRF = 0.081) $ 145,000
Annual capital cost per unit
feed dry solids $ 8.63
Table 30

VACUUM FILTRATION CAPITAL AND ANNUAL
OPERATION & MAINTENANCE COSTS FOR A 40 MGD PLANT

Annual
Cost
Total Per
Annual Ton Dry
Item Cost Solids
Variable cost
Electric power $ 7,100 $ 0.42
Chemicals
Lime 91,400 5.44
FeC]3 52,000 3.09
Maintenance materials 7,800 0.46
Maintenance labor 25,800 1.54
Laboratory 6,000 0.36
Subtotal Variable Cost $190,100 $11.31
Operator labor $ 47,000 $ 2.80
Supervision 15,000 0.89
Capital 145,000 8.63
Subtotal Fixed Cost $207,000 $12.32
Total Annual Cost $397,100 $23.63
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Land application costs were calculated based on hauling 20 miles
round trip. A sludge transfer site was assumed to be located at the
land application site. Sludge transfer trucks were assumed to be
equipped with eight cubic yard dump beds. A total of four trucks were
required, operating 8 hours per day, 215 days per year. The loader and
land spreading vehicle were assuméd to operate eight hours per day.
Land application vehicles were assumed to have 17 cubic yard capacity.
Sludge application rate assumed seven dry tons per hour, including
loading time. The 1land application vehicle was depreciated on a
straight-1ine basis over a seven year period. Sludge hauling was based
on current rental costs for equipment. Dewatered sludge was assumed to
be 22% dry solids.

Anaerobically digested sludge land requirements were less than for
lime stabilized sludge because of the volatile solids reduction during
digestion. The fertilizer value and land rental return credits were
taken as previously described in the 4 MGD design case. Table 31 sum-
marizes the total land application cost.

Table 31

ANNUAL COST FOR LAND APPLICATION OF DEWATERED
ANAEROBICALLY DIGESTED SLUDGES FOR A 40 MGD PLANT

Annual
Cost
Total Per
Annual Ton Dry
Item Cost Solids
Amortized cost of land $202,500 $12.05
Truck depreciation (spreader only) 12,100 0.72
Truck drivers 67,100 3.99
Truck and loader operation 260,600 15.51
Laboratory 4,500 0.27
Fertilizer credit (83,400) (4.96)
Land credit (57,000) (3.39)
Total Annual Cost $406,400 $24.19
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To summarize, the total cost for the lime stabilization and anae-

robic digestion alternatives, including ultimate disposal, are shown in

Table 32.

Table 32

COMPARISON OF TOTAL ANNUAL CAPITAL AND ANNUAL
0&M COST FOR LIME STABILIZATION AND ANAEROBIC DIGESTION

INCLUDING LAND DISPOSAL FOR A 40 MGD PLANT

Lime Stabilization Anaerobic Digestion

Facilities

Amortized capital
1ime stabilization

Amortized capital
digesters

Amortized capital
filtration

Operating labor

Maintenance labor &
materials

Chemicals

Laboratory

Fuel credit

Power

Subtotal Facilities

Land Application
Amortized cost of land,
facilities &
easements
Truck depreciation
Truck drivers
Truck operations
Pipeline 0&M
Power
Fertilizer credit
Land credit
Laboratory
Subtotal Land
Application
Total Annual Cost
Facilities and
Land Application

Annual Annual
Total Cost Total Cost
Annual Per Annual Per
0&M Ton Dry 0&M Ton Dry
Cost Solids Cost Solids
$ 87,200 $ 5.19 N/A N/A
N/A N/A  $ 756,500 $45.02
N/A N/A 145,000 8.63
114,000 6.78 100,000% 5.95%
18,300 1.09 90,600* 5.39%
118,600 7.06 143,400* 8.53%
4,500 0.27 12,000* 0.71%
N/A N/A (71,900) (4.28)
2,000 0.12 7,100% 0.42%
$ 344,600 $20.51 $1,182,700 $70.37
$ 339,000 $20.17 $ 202,500 $12.05
60,000 3.57 12,100 0.72
201,200 11.97 67,100 3.99
263,200 15.66 260,600 15.51
17,000 1.01 N/A N/A
35,000 2.08 N/A N/A
(122,700) (7.30) (83,400) (4.96)
(84,000) (5.00) (57,000) (3.39)
4,500 0.27 4,500 0.27
$ 713,200 $42.43 $ 406,400 $24.19
$1,057,800 $62.94 $1,583,100 $94.56

*Includes cost for digestion and vacuum filtration
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In the 4 MGD case, the total annual cost for the lime stabiliza-
tion alernative is $74.16 per dry ton compared to $86.77 per dry ton
for anaerobic digestion. Each of these alternatives assumed liquid
application to farmland, with a 3-5 mile round trip hauling distance.
With increasing haul distances, lime stabilization will be decreas-
ingly cost effective because of the greater volume of sludge which
must be transported.

In the 40 MGD case, the total annual cost for the lime stabiliza-
tion alternative is $69.24 per dry ton compared to $94.56 per dry ton
for anaerobic digestion. The cost of pipeline transportation/land ap-
plication of the liquid sludge is $62.94 per dry ton compared to $47.82
per dry ton for dewatering and land application. The pipeline alter-
native also has the disadvantage of being inflexible for long-term im-
plementation. With the dewatered sludge and truck hauling system,
sites could be changed with 1ittle difficulty.
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The claimed advantages of the anaerobic digestion process are
(1,2):

. Low sludge production

. Th? production of a useful gas of moderate caloric
value

. A high k111 rate of pathogenic organisms

. Production of a sol{ds resfdue suitable for use as
a sofl conditioner

5. Low operating cost.

1

2

3

4
Table 1 indicates the kinds of sludge which have been studfed
on a full scale basfis.

TABLE I: TYPE AND REFERENCE OGF FULL SCALE STUDIES ON HIGH RATE
ANAEROBIC DIGESTION OF MUNICIPAL WASTEWATER SLUDGE

Reference On Reference On
Mesophtlic Thermophilic

Primary and Lime 3,4
Primary and Ferric Chloride 5
Primary and Alum 6
Primary and Trickling Ftlter 7,8
Primary, Trickling Filter and Alum 9
Primary and Waste Activated 10,11,12 11,13,14
Primary, Waste Activated and Lime 15,16
Primary, Waste Activated and Alum 15,17,18
Primary, Waste Activated and Ferric
Chloride 15
Primary, Waste Activated and
Sodium Aluminate 17,18
Waste Activated Only (Pilot Plant
only) 19,20,21 19,20,21

In the past 50 years municipal wastewater sludge has changed from
simple primary sludge of purely domestic orgin to complex sludge
mixtures (primary, secondary, chemical) of domestic and indus-
trial origins,

At first when design engtineers only had to consider a primary
sludge, the developed rule of thumb (22) were adequate. As the
sludge gneerated became more complex, more and more systems fatled
and the process developed a "bad reputation." The use of steady
state models in the 1960's (23-25), dynamic models {n the 1970's
(26-31), and increasing research ifnto the basic biochemical pro-
cess (32-35), has led to significant improvements both in the
design and operation of the process. Still the transfer of data
from the laboratory to the real world can be difficult., It is



the purpose of this presentation to show how this knowledge can
be and s being applied to present day anaerobic digestion sys-
tems. Whenever possible, full scale operating data is presented.

Topics to be covered In this discussion:

General Process Description
Mesophilic - Thermophilic Digestion
Volatile Solids Reduction

Solids Concentration - Organic Loading - Sludge Age
Mixing

+ Supernatant

* Energy

Nutrients

pH Consideratifons

Toxicity

Bactericidal Effects

Activated Carbon

Tank Layout

General Operational Control

GENERAL PROCESS DESCRIPTION

Anaerobfc digestion of municipal wastewater sludge is a very
complex bifochemical process, dependent on many physical (tem-
perature, solids concentration, degree of mixing, organic
loading, detention time) and chemical (pH, alkalinity, volatile
acid level, nutrients, toxfc materfals) factors. Probably the
easfest way to visualize what {1s taking place is to think in

terms of a two step process.

In the first step, faculative microorganisms (sometimes called
acid forming bacteria) convert complex organic waste sludge
substrate (proteins, carbohydrates, 1ipids) into simple organic
fatty acids by hydrolysis and fermentation. The principle end
products, with sludge as substrate, is acetic acid (approximately
70 percent) and propfonic acid (about 15 percent) (36 - 38). The
microorganisms fnvolved can function over a wide environmental
range and have doubling times normally measured in hours,

In the second step, strictly anaerobic microorganisms (sometimes
called methane forming bacteria) convert the organic acids to
methane, carbon dfoxide and other trace gases. The bacterfa
involved are much more sensitive to environmental factors than
step one bacteria and normally have doubling times measured in
days. Because of this, step two bacteria control the overall
process.

Figure 1 gives an overview of the entire process. For a2 more
complete review the reader is referred to either Kirsch (35)
or Toerfen (32).
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FIGURE 1: SUMMARY OF ANAEROBIC DIGESTION PROCESS (41)

MESOPHILIC - THERMOPHILIC DIGESTION

Temperature can be considered one of the most important factors
in the anaerobic digestion process. Even though the total tem-
perature range for operation of the process is very broad,
specific microorganisms often have relatively narrow temperature
ranges in which they can grow,

For the purpose of classification, the following three tempera-
ture zones of bacterial action will be used throughout this
presentation:

Cryophilic Zone - 11quid temperature below 10°C (50°F)

Mesophilic Zone - 118u1d tsmperature between 10°C to
429c (509F to 108°F)

Thermophilic Zone - 1iquid temperature above 429C (1089F).

In the past, the vast majority of research (lab, pilot, full scale)
has been done in the mesophilfc range and only a little effort in
the thermophilic range., The reason for this is that thermophilic
digestion did not seem economical because of the higher energy
requirements and the general feeling that operation at the higher
temperature would be highly unstable. Recently though the
literature (135) seems to ifndicate a renewed interest in thermo-
philic digestion because of its elimination of pathogens, high
reaction rates and possibly higher gas ylelds.



VOLATILE SOLIDS REDUCTION

One of the main objectives of the anaerobic digestion process
is to reduce the amount of solids that need to be disposed.
This reduction 1s normally assumed to take place only in the
volatile content of the sludge and it is probably safe to
assume only in the biodegradable volatile fraction of the
sludge. Research into the area of the bfodegradable fraction
1s quite 1imited but the following generalities can be used:

1. Approximately 20 - 30 percent of the influent
suspended solids of a typfcal domestic waste-
water is nonvolatile (46). Of the remainting
suspended solids which are volatile, approxi-
mately 40% are inert organics consisting
chiefliy of 1ignins, tannins and other large
complex molecules.

2. For waste activated siudges generated from
systems having primary treatment, approximately
20 to 35% of the volatile solids produced are
non-btodegradable (47,48).

3. For waste activated sludges generated from the
contact-stabilization process (no primaries -
all influent flow 1nto aeration tank), 25 - 35%
of the volatile suspended solids are non
biodegradable (49).

Though 1t 1s realized that only the biodegradable fraction can
actually be destroyed, all past research and most of the pre-
sent day work, report on volatile solids destroyed without
making any distinction on bfodegradable and non-biodegradable.
Because of this lack of data, all reference to solids destruc-
tion will be based on volatile solids only.

Figures 2, 3, 4, show the effect of sludge age and temperature
on volatile solids reduction for three common sludges.
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Though the data is somewhat scattered, the following general-
fzations seem valid,

1. For all three (3) sludges the practical upper 1imit
of volatile solids destruction seems to be 55 per-
cent, It was noted back on page 4 that approximately
60 percent of the volatile solids are biodegradable,
Figure 2, 3 and 4 would suggest that practically all
the bfodegradable fraction is being consumed.

2. The data seems to indicate that under the same design
conditions primary sludge will degrade faster than a
mixture of primary and waste activated which in turn
degrades faster than straight waste activated. The
implications of this is that adjustments must be made
in design depending on the type of sludge to be
processed.



SOLIDS CONCENTRATION - ORGANIC LOADING - SLUDGE AGE

Considerable capital cost savings could be realfzed {f the
anaerobic digestion process could be operated at higher organic
loadings and shorter detention times than commonly used today.

There have been several pilot plant studies (90,136,142,143)

which have been able to operate at levels approaching 4 - §

days residence times, organic loadings approaching 0.5 1bs.

volatile solids/cu.ft./day and solids concentrations up to 12 -

15 percent solids. Unfortunately, pilot plant dfgesters are ideally

gixs?f:?d ?nv1ronmenta11y controlled and scaling-up the results can
e cult.

Nevertheless, over the years there have been several full scale
facilities which were and stfll are being operated successfully
at short detention times, high organic loadings and high solids
concentrations. Some of these plants are listed in table 2.

TABLE 2: CONCENTRATION - ORGANIC LOADING - TIME PARAMETERS FOR
SEVERAL FULL SCALE ANAEROBIC DIGESTION FACILITIES

HYDRAULIC
FEED SOLIDS ORGANIC RETENTION
CONCENTRATION LOAD* TIME*

% 1bs. vs/cu.ft./day DAYS REF,
6.0 0.16 15.0 10
6.6 0.17 14,4 137
6.9 0.5 - 0,38 1.7 - 15,9 138
0.28 8.0 139
4.6 - 5.2 0.13 - 0.17 14 12
5.0 0.3 10 12
6.3 0.16 16.5 140
8.0 0.15 21,0 141

*A11 data based on primary digester only, Digester equipped
with mixfng and sludge heating.

Solids Concentration - It must be remembered that the solids con-
centration within the digester effects the viscosity which in

turn effects the ability of the mixing equipment (see section on
MIXING). Also, because of the solids destruction taking place,
the solids concentration within the digester is less than the

feed solids concentration. Though 1t depends on sludge type, the
practicable upper 1imit on the feed solids concentration fs in the
range of 8 - 9 percent. With a properly destigned mixing system,
this will not cause any operational problems within the digester.




Orqanic Loading Rate - The organic loading rate is a function

oF the solids concentration within the digester and system
sludge age., These two parameters are implicitly implied when
one speaks of a loading rate of pounds volatile solids per cubfic
foot per day. As is shown in table 2 designing a digestion
syst?m to operate at 0,15 to 0,20 1bs, vs/cu.ft./day is no
problem,

Sludge Age - In present day, high rate (mixed and heated) primary

gesters, recycle of concentrated digested solids §s not prac-
ticed, therefore hydraulic residence time and sludge age are
almost synonymous. As noted in table 2, a minimum time of 15
days in the primary digester is very practicable. It should be
remembered though that this time fs also related to sludge type
and tank temperature as was shown in ftigures 2, 3 and 4,

There seems to be an important relationship between the above

design parameters. In a study conducted by Clark (143), involving
solids concentration, organic loading rate and sludge age, (both

215 ?nd gther researchers data), the curve shown in figure 5 was
eveloped.
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FIGURE 5: RELATIONSHIP BETWEEN SOLIDS CONCENTRATION - ORGANIC
LOADING - SLUDGE AGE LIMITS FOR ANAEROBIC DIGESTION (14

The tinterpretation of this curve is as follows.,



The shape of the probable digestion 1imit curve (shaded area),
that 1s higher organic loadings as the sludge age decreases,
1s a reflection of the accumulation of varfous system by~
products which may reach inhibitory concentration levels., If
for a given digester volume and organic loading rate, the
sludge age is increased (only possible 1f influent sludge con-
centration is increased), then the chance for potential
inhibitory by product concentration levels also increases.

An engineer designing a high rate primary digester might, e.qg.,
determine that an organic loading rate of 0,5 1bs, vs/cu.ft./
day and a sludge age (hydraulic detentfon time) of 15 days was
possible (figure 5, point 1). If he then doubled the detention
time (point 2) by doubling the influent solids concentration
(volume of tank stays the same), the digester would fail, If
instead, the tank volume was doubled (point 3) rather than
doubling the influent solids concentration, the unit would still
be operating on the faflure boundary and nothing would have been
gafned. As a third alternative, halving the loading rate by
doubling the tank volume (point 4), implies halving the influent
solids concentration, would be acceptable. Finally, {f the
loading rate were to be maintained at 0.5 1bs vs/cu.ft./day,
decreasing the sludge age (hydraulic detention time) would be
better than increasing and since the tank volume is fixed, it
would allow a lower influent solids concentration,

MIXING

Mixing in an anaerobic digester, treating municipal wastewater
sludge of domestic origin, §s considered to have the following
benefits. (NOTE: It fs assumed that a favorable environment
exist to allow development of an anaerobic digestion system).

1. To keep the food supply uniformly dispersed and in constant
contact with the growing cells to promote maximum utiliza-
tion of the system.

2, To keep the concentration of biological end products at
their lowest value by dispersing them uniformly through-
out the digester,

3. To provide environmental uniformity (temperature, nutrients,
etc.) throughout the digester allowing best possible cell
development.

4, To allow faily fast dispersion of any toxic materfal
entering the system thus possibly minimizing 1ts effect
on the anaerobic process.



5. To assist in the prevention of a scum layer bufld-up at
the top of the digestion tank.

At the present time not many in the Environmental Engineering
field would dispute the advantage of mixing in an anaerobic
digester. The problems arise when trying to answer such ques-
tions as; what is adequate mixing, how do you define mixing,
how do you specify mixing, etc.

Before any discussion about mixing can be developed, some time

must be spent discussing what and where this mixing 1s to take
place.

CHARACTERISTICS OF AN ANAEROBIC DIGESTER

The existing trend in wastewater treatment is to remove more

and more material from the main liquid processing stream, This

is done through the use of secondary biological treatment schemes,
chemical addition and filters. The sludge produced can vary
widely and change rapidly even on an hour to hour basis.

Table 3 shows specific gravity and particle size distribution on
%go)common type sludges: plain primary and plain waste activated
9 L]

TABLE 3: GENERAL CHARACTERISTICS OF RAW PRIMARY AND WASTE
ACTIVATED SLUDGE (89)

WASTE ACTIVATED

PRIMARY SLUDGE SLUDGE
Specific Gravity 1.33 - 1.4 1.01 = 1,05
Particle Size 20 < 1 um 404 1 - 50 um

354 1 - 100 um 60¢ 50 - 180 um

45% > 100 um

Physical Appearance Fiberous S1imey, gelantinous

There 1s 1ittle data on the rheology of municipal wastewater
sludge and even less on anaerobically digested sludge (90,91),
One of the mafn problems is the extreme difficulty in doing
such studies correctly (92).

«10-



Even though the majority of raw wastewater sludges behave as

a thixotropic (time dependent), pseudo plastic, material
(figure 6), it may not be correct to assume that the sludge
within the anaerobic digester has the same general properties.
The 1iquid within the tank is normally at a higher temperature,
there is entrapment of gas bubbles, and there is a general
reduction in particle sfze all of which affect flufd viscosity.

SHEAR STRESS

0

0 RATE OF SHEAR
FIGURE 6: SHEAR - STRESS RELATIONSHIP FOR A THIXOTROPIC ,
PSEUDO PLASTIC MATERIAL

At the present time anaerobic digestion tanks have a ratio of
fnside tank diameter to average 1iquid depth of 1:1 to 5:1.
This imposes some restrictions on the ability to develop a
mixing regime.

DEFINING MIXING

In recent years it has become popular to use the term "complete
mix" when discussing biologfcal process reactors. Unfortunately,
engineers assocfate this term on a time scale as applied to
activated sludge systems when talking about mixing an anaerobic
digester.

«1l=



The term "complete mix" is a relative term. It means that the
time for dispersion of the feed stream 1s short in relation to the
total hydraulic residence time in the reactor. It is also defined
as sufficient mixing so that concentration gradients of chemical
and bfological ingredients are uniform for the particular reaction
rates that exist in the basin,

Present day “complete mix" activated sludge systems have hydraulic
residence times of approximately 3 hours based on plant influent
flow. Generally a "turn over rate" of 15 - 20 minutes 1s considere.
sufficient to achieve "complete mix" conditions within the aeration
basin. This would give a turn over rate - hydraulic detention time
ratio of 0,08, Present day high rate primary digesters have
hydraulic detention times of 12 - 17 days. This would seem to imply
that a “"turn over rate"” of about 1 day would provide complete mix
conditions within the system,

Mixing with the anaerobic digestion tank occurs on two levels:
macromixing and micromixing (35). Macromixing deals with the bulk
mass flow within the digester while micromixing deals with the
degree of 1nterm1n?11ng of the system molecules. In biological
theory the assumption of "complete mix"™ assumes micromixing.

The actual mixing of the sludge within the digester can be by gas
recirculation, mechanical or a combination of the two. Reference
(93) offers a good description of all present day systems,

No matter what type of device is utilized the intent {s to achieve
mixing through a pumping action, Because of this relationship,
engineers have come to use the term hp/unit volume as some type of
parameter to define mixing in an anaerobic digester. Unfortunately
this term by itself has no meaning. For mechanical type mixers the
wide varfation in impeller diameters and speeds can result in
similar horsepower but widely different pumping capacities. For
gas mixing systems gas flow, depth and bubble size can also result
in simflar horsepower but widely different pumping capacities.

Probably the best way to evaluate mixing is from the standpoint of
zone of influence (figure 7). Essentially, the zone of influence
says that energy is dissapated as one moves horizontally away from
the energy source. This loss 1s due to friction between the fluid
molecules which is a function of 1ifquid density, temperature and
solids concentratfion. Within a certain area of the point source
there i1s suffictent energy to achieve micromixing. There is also
a larger area where bulk flow (macromixing) still takes place even
though time is insufficient energy for micromixing.

Presently, the only published work that could be found discussing
this concept in the sanitary engineering field was done by the
EPA (94,95). The work to date fndicates that the width of the
micromixing zone in water fs no more than twice the 11quid depth,
with the 1iqufd depth being a function of the type of mixing
device utilized and not necessarily the tank liquid depth.
Whether or not it would be safe to assume that for thickened
anaerobic sludges the zone would be less is unknown.

-12-
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SUPERNATANT

Poor quality anaerobic digester supernatant i1s a major opera-
tional problem at many municipal wastewater treatment plants.
The supernatant will most likely contain high concentrations
of carbonaceous organic materials, dissolved and suspended
solids, nitrogen, phosphorous and other materials (39) impos-
ifng extra loads on other treatment processes and effluent
receiving waters, Table 4 shows the effects at one midwestern
treatment facility where anaerobic digester supernatant from a
high rate system was returned to the plant influent.

TABLE 4: EFFECT OF RETURNING SUPERNATANT FROM HIGH RATE
ANAEROBIC DIGESTER TO PLANT INFLUENT (40)

Waste
To To Fina Primary Activated
Primaries Secondanes Effluent Sludge Sludge
Ib/day Ib/day Ib/day Ib/day Ib/day
Suspended 15,969 9,501 2,836 13,249 9,593
Solids (36.801)* (15,306) (3,467) (19,626) (14,645)
Total 914 803 500 156 287
Phosphorus { 1,304) (991) (435) (299) (453)

*Data 1n parentheses were obtainad when untreated anaerobic digester suparnatant was discharged to head of
plant. Data not in parenthese were obtained when no supernatant was discharged to head of plant. Data
shown 1s average for the entire time period of study.

Many supernatant treatment alternatives have been tried (42),
some working with a certain degree of success. The question

that really needs to be asked is why even expect a clean
supernatant stream.

The concept of obtaining high quality supernatant developed
during the early days of separate anaerobic digestion systems.
During this time period the only sludge befng digested was
primary sludge which had excellent settling properties (table 3).

Modern day sludges are much more complex. They contain not only
primary sludge but sludges generated from secondary treatment-
predominately activated sludge systems. Waste activated studge
tends to have fragile floc and 1s difficult to concentrate by
gravity thickening. It is because of this, waste activated
sludges are thickened by dissolved air flotation thickeners.

-14-



Also present day, high rate, anaerobfc digesters are mixed.
This constant mixing of the sludge tends to reduce particle
size. At the same time the process itself is reducing
particle sfze through bifological decomposition.

Finally anaerobic digestion systems generate gas throughout
the entfre tank and also under a slightly positive pressure
(6 = 15 inches water column). Thus, the system becomes
supersaturated with digester gas.

When the digested sludge is finally pumped to the secondary
digester, it contains many fines, it contains sludge that was
difficult to thicken by gravity and it is supersaturated with
gas. The gas is then liberated in the form of small gas
bubbles which tend to attach themselves to the sludge particles,
thus promoting a floation effect. The combination of these
events are very detrimental to gravity concentration., It has
been estimated that at least thirty or more days (12) would
be required in a secondary digester to obtain a clear super-
natant from high rate systems digesting sludges containing
waste activated sludge,

In many cases it would be better to take all digester contents
direct to mechanical dewatering and eliminate provisions for
gravity solids-11quid separation. This would give a constant,
pre:ictable centrate stream having low suspended solids
content,

ENERGY PRODUCTION

One of the advantages of anaerobic digestion of municipal
wastewater sludge 1s that energy is produced rather than
consumed and could go a long way in meeting energy require-
ments at wastewater plants (145). One problem encountered
with this energy source is predicting how much energy will
be produced for any given plant. This variability s
possible production as indicated in table 5.
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TABLE 5: CUBIC FEET DIGESTER GAS PRODUCED PER POUND OF
ORGANIC MATTER DESTROYED

Reference (75) - Pure Compounds

Material % CHq Cu.Ft. Gas/Lb. Decomposed
Fats 62 - 72 18 - 23

Scum 70 - 75 14 - 16

Grease 68 17

Crude Fibers 45 - 50 13

Protein 73 12

Reference (41) - Pure Compounds

Material Cu.Ft. Gas/1b. Digested
Carbohydrate 14,2
Fat 24.6
Insoluble Soap 22.3
Protein 9.4

Reference (76) - Municfpal Sludges

“The volume of gas produced per pound of volatile solids des-
troyed i1s reported as 17 - 18 cu.ft./1b, at the larger and
better instrumented plants. Smaller plants report lesser
values, sometimes as low as 6 cu.ft./1b. volatile solids des-

troyed, but these values are probably due to poor measurement
techniques.”

Reference (77) - Municipal Sludges

"---maximum gas production of approximately 11 to 12 cu.ft.
of gas per pound of total solfds destroyed."

Reference (78) - Munfcipal Sludges

"In terms of solids digested, the average yield --- {s about
15 cu.ft. of gas per pound of volatile solids destroyed.”

Figure 8 is of interest. As part of his graduate studies on
temperature effects on anaerobic digestion (134) Schwerin
reviewed the literature and plotted reported gas production
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GAS PRODUCTION (FT3/1b VS ADDED)

values as a function of digestion temperature. The results
show the potentfal effect of digestion temperature on gas
production,
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FIGURE 8: EFFECT OF DIGESTION TEMPERATURE ON GAS PRODUCTION
BASED ON DATA FROM 23 STUDIES (134)

Since the basis of all cost analysis depends on the value of gas
produced per pound of solids destroyed, and if there is no exist-
ing data, it 1s suggested that a range of 12 - 17 cu.ft. per pound
volatile solids destroyed be used.
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NOTE: As was noted in the discussion, VOLATILE SOLIDS REDUCTION,
the amount of solids destroyed is a function of sludge
type and solids retention time (figures 2,3 and 4).

The heating value of the gas can also vary, the typical range
befng 550 to 650 BTU per cubic foot. Based on the average of
50 plants (81) a value of 600 is suggested.

HAZARDS OF DIGESTER GAS

1. Explosfon - Studies have shown that sludge gas becomes
violently explosive in mixtures of 1 volume
gas to 5 - 15 volumes of air and there are
many case histories which have shown just
how violent an explosive it can be.

2. Burning - When the ratio of gas to air is higher than
the above values, a "burning mixture is
encountered.” Such a mixture fs not as
dangerous as an explosive mixture since it
may be extinquished if encountered. However,
sewage plant workers have been seriously
burned by an instantaneous flame “"puff.”

3. Toxicity - Of the minor constituents of sewage gas,
hydrogen sulfide (H2S) is the most important.
Table 6 shows the effects at varifous concen-
trations.

TABLE 6: EFFECTS OF VARIOUS CONCENTRATIONS OF HjS

Immediate death - Greater than 2,000 ppm
Fatal in 30 min. or
less - 600 to 1,000 ppm

Severe {l1ness caused

1/2 to 1 hr, - 500 to 700 ppm
No severe effects

if exposed 1/2 to

1 hour - 50 to 100 ppm

4. Suffocation - Man works best and breathes easiest when the
air contains about 21 percent of oxygen.

Men breathing air that has as little as 15
percent of oxygen usually become dfzzy, have
a rapid heart beat and suffer from headache.

Though over 30 years old, two publications by Langford (84,85)
on gas safety design considerations are still recommended read-
ing for design engineers. Figure 8A shows a schematic of a
modern day gas piping system (146).
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DIGESTER GAS UTILIZATION

Since digester gas was first used in the Unfted States in 1915
(79) for heating and cooking, the use of digester gas has
fncreased, decreased in the 50's and 60's because of cheap
power alternatives, and presently increasing again because of
the energy sftuation (80). Several recent publications have
described not only operating experience with conventional
utilization methods, power generation and heating (80 - 83)
but also potential new uses (80). One pifece of important
operating information which has come to 1ight is the amount of
hydrogen sulfide permissible for operation of engine genera-
tors (81,83).

Because of fts potential corrosive action early uses of digester
gas as engine fuel tried to keep HsS levels under 60 grains per
100 cubfc feet (86,87). This was Sone by incorporating some

type of dry gas scrubber or wet type bubbling scrubber. Recently
a new simple method (88) of removal has been developed.

A recent publication (81) describing the operating results of
several plants noted that even though levels of 1000 to 3000

mg/1 of HpS were in the gas no adverse affects had been seen

on the engines.

DIGESTER HEAT REQUIREMENTS

In calculating digester heat requirements the two parameters of
concern are:

1. Heat required to raise the temprature of the
fncoming sludge flow to digester operating
temperature,

2. Heat required to maintain the digester
operating temperature (radfation heat loss).

Heat Required for Raw Sludge - It 1is often necessary to raise
e temperature o e Tncoming sludge stream. The amount of

heat required is given by equation 1.

Qs = gal of sludge 8.34 1bs (T2 - T1) 1 day
day X gal X g X rs (1)

where:

Q¢ = Btu/hr required to raise incoming sludge stream from
temperature Ty to Tj

Ty = temperature of raw sludge stream

T2 = temperature desired within the digestion tank



Heat Required For Heat Losses - Digesters have radiation heat
Tosses which must be controlled to maintatin digester operating
temperatures within ¥ 19F otherwise the system could go into
thermal shock. The amount of heat loss depends on the tank
shape, materials of construction and external temperatures.

The general design equation for heat flow through compound
structures is:

Q=UxAx (T, - T3) (2)

where:
Q = heat loss Btu/hr

A = arsa of materifal normal to direction of heat flow in

To = temperature desired within the digestion tank
T3 = temperature outside the digestion tank

u ™
1 X4 (3)
+
b, = 5
where
Cy = conductance for a certafn thickness of material —Btu
hr-ft2-OF

xj = thickness of material - inches
Btu - (inch)

kj = thermal conductivity of material . .2 of

Vatues of C; and kj can be found in various handbooks (147).

Various values of U for different digester covers, wall construc-
tion and floor conditions are given in table 7.
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TABLE 7: "U" FACTORS FOR VARIOUS ANAEROBIC DIGESTION TANK
MATERIALS (146)

MATERIAL "y
Fixed steel cover (1/4" plate) ===-- cccececceca ceccmca 0.91
Fixed concrete cover (9" thick) eccccccccccccas ccecena 0.58
Floating cover (wood composition) ~----cceccoceccceaa- 0.33

Concrete wall (12" thick) exposed to air eececececeea- (.86
Concrete wall (12" thick), 1" air space

and 4" brick «ccceccccccccacaa. 0.27
Concrete wall or floor (12" thick) exposed to
wet earth (10' thick) ecece- cecccsacases 0,11
Concrete wall or floor (12" thick exposed to
dry earth (10' thick) ~cececccccccccccca. 0.06
NUTRIENTS

In general, its commonly assumed that municipal wastewater sludge
is not nutrient deficient. It has been extremely difficult to
conduct research on optimum nutrient requirements of anaerobic
bacteria on sewage sludge (131). To date, the l1iterature has
shown (132) that, 1ike aerobic bacteria, nitrogen and phosphorous
are required in the highest amount (12 and 2 percent respectively
based on the weight of bfological solids present in the system).
It 1s suggested that a minimum C:N:P ratio of 100:15:1 be used
for design purposes,

Several researchers have also shown that the addition of certain

trace materfals, fron (133) and sulfur (131), could be very
beneficial to the process.

pH CONSIDERATIONS

As was noted under General Process Description, anaerobic digestior
is a two step process consisting of an "acid forming" and "methane
forming® step. During the first step the production of volatile
acid tends to reduce the pH. The reduction is normally countered
by destruction of volatile acids by methane bacteria and the sub-
sequent production of bicarbonate.

Past research (124 - 126) has shown that the optimum pH value for
methane producing bacteria ifs in the range of 6.4 - 7.5 and that
these bacteria were very sensitive to pH change. Recent research
though (127) now seems to indicate that the pH tolerance of methane
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producing bacteria 1s greater than previously expected. The
study also indicated that high and low pH values were only
bacterfostatic and not bactericidal as previously thought.
Because of the importance of this finding to system control,
more research is needed in this area to verify these results.

pH 1s related to several different acid-base chemical equfltbria.
In the anaerobic digestion process the range of interest is be-
tween 6.0 - 8,0 which for all practical purposes makes the
carbondioxide - bicarbonate relatfonship the most important. In
an anaerobic digestion system the amount of carbon dioxide is
dependent only on the law of partfal pressure. Since soluble
carbon dioxide depends primarifly on the CO» gas content and since
at any given time the composition of digester gas 1s relatively

fixed, pH is a function of the bicarbonate concentration as shown
in figure 9.

o/ LIMITS OF
NORMAL
ANAEROBIC
TREATMENT

CO, IN DIGESTER GAS %

10 2.8
- /“-
0 1 | |
250 500 1000 2500 5000 10,000 25,000

BICARBONATE ALKALINITY - mg/l AS CoCO4

FIGURE 9 : RELATIONSHIP BETWEEN pH AND BICARBONATE
CONCENTRATION NEAR 95° F (128)

This relationship is very important from a process control stand-
point (129). Also, it points out the importance of analyzing for
bicarbonate alkalinity instead of total alkalinity as is commonly
done today. The relationship between the two 1s given in equa-
tion 4.



BA = TA - 0.71 VA (4)

where:
BA = bicarbonate alkalinity as mg/1 CaCOj
TA = total alkalinity as mg/! CaCOy determined by
titration to pH 4.0,
VA = volatile acids measured as mg/1 acetic acid
0.71 = a combination of two factors (0.83)(0.85).

0.83 converts volatile acids as acetic to
volatile acfd alkalinity CaCO3 and 0.85 from
the fact that in a titration to pH 4.0, about
85 percent of the acetate has been converted
to the acid form,

It has been suggested (129) that the only way to increase digester
pH is by the addition of sodium bicarbonate., Other materials such
as caustic soda, soda ash and lime can not increase bicarbonate
alkalinity without reacting with soluble carbon dioxide which 1in
turn causes a partial vacuum within the system, Also above pH 6.3
lime may react with bicarbonate to form insoluble calcium carbonate-
thus promoting scale formation or encrustration.

Sodium can be toxic at certain concentration (see section on Toxi-
city - 1ight metal cations) and it is recommenced to keep sodium
levels below 0.2 M (approximately 4600 mg/1) which may require
dilution of the digester contents as part of the corrective
measures.

TOXICITY

Kugelman and Chin (96) have noted that much of the published data
on toxicity in anaerobic digestion systems is erroneous and mis-
leading be cause of inadequate experimental techniques and general
lack of understanding. Therefore, before any discussion of
toxicity takes place a review of several fundamentals must be
made.

First of all for any material to be bfologically toxic it must

be {n solution. If any substance is not in solution, it is not
possible for it to pass through the cell wall and therefore can
not effect the organfism,

Second toxfcity is a relative term, There are many organic and
inorganfic materials which,depending if they meet condition one

above, can be efither stimulartory or toxic. A good example of

this is the effect of ammonia nitrogen on anaerobic digestion -
table 8.
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TABLE 8: EFFECT OF AMMONIA NITROGEN ON ANAEROBIC DIGESTION (97,98)

NH3 - N EFFECT

50 - 200 Beneficial

200 - 1000 No adverse effects
1500 - 3000 Inhibftory at pH over 7.4 - 7.6
above 3000 Toxic

Acclimation is a third consideration., When potential toxic materials
are slowlsy increased withtn the environment, many biologfcal
organisms can rearrange their metabolic resources, thus overcoming
the metabolic block produced by the toxic material., Under shock

load conditions there is not sufficient time for this rearrangement
to take place.

Finally, there is the possibility of antagonism and synergism,
Antagonism is defined as a reduction of the toxic effect of one
substance by the presence of another, Synergism is defined as
an increase in the toxic effect of one substance by the presence

of another, This is an important relatfonship when designing for
catfon toxicity.

Though there are many potential toxic materfals, this section will
only concern itself with the following:

Volatile Acids
Heavy Metals

Light Metal Cations
Oxygen

Sulfides

Ammonia

Volatile Acids - Up until the 1960's it was commonly believed that
volatiTe acld concentratfons over 2000 mg/1 was toxic to an
anaerobic digester. There was also considerable controversy on
whether or not alkaline substances should be added to maintain
adequate buffer capacity.

In the early 1960's McCarty and his co-workers published results
from their very carefully controlled studfes in this area (97,99,
100). Thefr results showed the following:

1. Studies clearly indicate that volatite acids, at lteast up
to 6000 - 8000 mg/1, were not toxic to methane bacterta.
Therefore as long as there was adequate buffer capacity
to maintain the system pH in the range of 6.6 - 7.4, the
system would function,
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2. That pH control by the addition of an alkaline material
was a valid procedure as long as the cation of the
alkaline material did not cause toxicity. It was found
that the addition of sodfum, potassium or ammonifum com-
pounds was detrimental but magnesium or calcium alkaline
compounds were not,

Heavy Metals - Heavy metal toxicity has frequently been cited as
the cause of many anaerobic dfgestion failures. Even though trace
amounts of most heavy metals are necessary for maximum biological
development (101), the concentrations existing in raw waste water
sludges could cause potential problems.

Since heavy metals tend to attach themselves to sludge particles
(102,103),even low influent concentrations can be concentrated
significantly in the sludge handling process. Table 9 - column 2
gives the range of influent concentrations of some heavy metals,
The range is quite wide with the higher values normally being
attributed to a2 local industrial polluter.

Column 3 of table 9 gives the typical range of removal that can
be expected through a standard secondary treatment system. Pub-
lished data seem to indicate that the percent removal, without
chemical additfon, 1s a function of influent concentration. The
higher the influent concentration the higher the percent removal.

TABLE 9: INFLUENT CONCENTRATIONS AND EXPECTED REMOVALS OF
SOME HEAVY METALS IN WASTEWATER TREATMENT SYSTEMS

INFLUENT REMOVAL REMOVAL

HEAVY CONC. SEC. TREAT LIME - pH 11

METAL mg/l 3 4
Cadfum <,008 - 1,142 &104.107) 20 - 45 (104) 95 (106,109,
Chromium +3 <.020 - 5.8 104,107) 40 - 80 (104) 95 (109)

+6 <,020 - 5.8 %104.107) 0 - 10 (106) 20 (109)

Copper <.020 - 9,6 104,107) 0 - 70 (104) 90 (106,109,
Mercury <.0001 - .068 (104,107) 20 - 75 (104) 40 (109
Nickel <.l - 880 (104,107) 15 - 40 (104) 90 (106,109
Lead <.05 - 12,2 (104.107; 50 - 90 (104) ey
Zinc <.02 - 18,00 (104,107 35 - 80 (104) 90 (106,109)
Arsenic .002 - ,0034 (105) 28 - 73 (105) 70 (109)
Iron <.l - 13 (107) 72 (108) 99 (106)
Manganese .02 - ,95 3107; 2> (108) 95 (106,109,
Sflver <.05 - .6 107 cse 96 (106)
Cobalt below detection (107) o= e
Barfum cre 47 (108) 75 (109)
Selenium cne 79 (108) c-e




Column 4 of table 9 shows expected removals with 1ime additions
at a pH of 11,0, In fact it has been noted (109) that treatment
systems which add 1ime or other chemical coagulations for
phosphate removal can expect sfignificant amounts of influent
heavy metals to also be removed.

Because of the dependence of inhibition on naturally occurring
reagents, such as carbonate and sulphide, it is not possible to
define precise total toxic concentrations for any heavy metal
(110). Table 10 gives some concentrations of individual metals
required to cause severe fnhibition, Table 11 gives an indica-
tion of the difference between total and soluble concentrations
that may exist in an anaerobic digester,

TABLE 10: TOTAL CONCENTRATION OF INDIVIDUAL METALS REQUIRED TO
CAUSE SEVERE INHIBITION (110)

CONCENTRATION OF METAL IN DIGESTER
CONTENTS (dry sludge solids)

METAL 3 mM_Kg=1
Copper 0.93 150
Cadium 1.08 100
Zinc 0.97 150
Iron 9.56 1710
Chromfum +6 2.20 420

+3 2.60 500

TABLE 11: TOTAL AND SOLUBLE HEAVY METAL CONTENT OF DIGESTERS (111)

TOTAL CONC. SOLUBLE CONC.
METAL mqg/ mg/}
Chromfum +6 420 3.0
Copper 196 0.7
Nickel 70 1.6
Zinc 341 0.1

The problem of heavy metal toxfcity may not necessarily be reduced
with strict enforcement of fndustrial point sources. For example,
the normal digestion and excretion of zinc is approximately 10 mg
per person (112). Another non-point source {s the paved street.
Table 12 gfves the results of a study on heavy metal pollution from
paved road surfaces of several large cities (112). In another
extensive study (113), based on 9600 analyzed samples, it was shown
that if all industry in metropolitan New York had zero discharge,
there would only be a 9 percent reduction in copper, 20 percent in
:hromium. 6 percent in zinc, 16 percent in cadium and 62 percent

n nickel.
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TABLE 12: HEAVY METAL FROM PAVED - CURB STREETS (112)

Data given in pounds/mile of paved street

ARITHMETIC
METAL Mean Range
Zinc 0.75 .062 - 2.1
Copper 0.21 .020 - .59
Lead 0.68 .03 - 1.85
Nickel 0.060 L0111 - 19
Mercury 0.080 019 - .2
Chromium 0.12 .0033 - .45

Except for chromium, heavy metal toxicity in anaerobic digesters
can be prevented or eliminated through precipitation with sul-
fides (111,114 - 116). Hexavalent chromium is normally reduced
to trivalent chromium which under normal anaerobic digester pH
levels are relatively insoluble and not very toxic (117).

The reason for using sulfide precipitation is the extreme insolu-
bility of heavy metal sulfides (118). Approximately 0.5 mg of
sulfide 1s required to precipitate 1.0 mg of heavy metal. If
insufficient sulfide is not available from natural sources, then
ft must be added in the form of sulfate which is reduced to
sulfide under anaerobic conditions,

One potential drawback of using the sulfide saturation method is
the possible production of hydrogen sulfide gas or sulfuric acid
due to excess amounts of sulfide in the digester., Because of this,
ft is recommended that ferrous sulfate be used as a source of
sulfide (96). Sulfides will be produced from the biological break-
down of sulfate, and the excess will be held out of solution by the
fron. However, if heavy metals enter the digester, they will draw
the sulfide preferentially from the iron because iron sulfide s
the most soluble heavy metal sulfide.

Two other methods of controlliing excess sulfide additions have beer
proposed (115,119). One method would be to continuously analyze
the digester gas for hydrogen sulfide (115)., When there are
detectable levels of HzS, sulfate addition would be terminated, whe:
the level became undetectable additions would start. A second
method (119) was the use of a stlver - silver sulphide electrode

to measure very low levels of soluble sulphides. The electrode is
calibrated fn standardized solutfons of sodium sulphide of known
value to yield a parameter, pS, defined in a manner stmilar to pH,
as the negative common logarithm of the divalgnt sulphide fon
concentration. For example, when S$-2 is 10°°M, pS would be 5.

Light Metal Cations - Only recently (96,120,121) has the significan
of the Tight metal catfons (sodium, ammonfium, potassium, magnesium.
calcium) an anaerobic digestion start to be unravelled. Normally,
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domestic wastewater sludges have low concentrations of these
cations but significant contributions, enough to cause toxicity,
can come from two sources.

1. Industrial operations
2. The addition of alkaline material for pH control,

Not only can each of these cations be e{ther stimulatory or toxic
depending on concentration (table 13) but when combined with each
ot?er will produce either an antagonisum or synergism relation-
ship.

TABLE 13: STIMULATORY AND INHIBITORY CONCENTRATIONS OF LIGHT
METAL CATIONS (120,121)

MODERATELY STRONGLY
STIMULATORY INHIBITORY INHIBITORY
CATION mg/1 mg/1 mg/1
Calcium 100 - 200 2500 - 4500 8,000
Magnesium 75 - 150 1000 - 1500 3,000
Potassfium 200 - 400 2500 - 4500 12,000
Sodfum 100 - 200 3500 - 5500 8,000

Based on current knowledge whenever inhibition is being caused
by an excess of a certain cation, the cation can be antagonized
by the addition of one or more of the cations Tisted in table 14,

TABLE 14: CATION ANTAGIONISTS

INHIBITING ANTAGONIST
CATION CATION
Ammonium Potassfum
Calcium Sodfum, Potassfum
Magnesium Sodfum, Potassium
Potassium Sodium, Potassium, Calcfum, Ammonium
Sod{ium Potassium

Oxygen - Engineers have always been concerned with air getting into
anaerobic digesters since a mixture of one volume digester gas with
5 -« 15 volumes of air is an explosive mixture,



Many engineers have also expressed concern over the possibility
of oxygen toxfcity when using dissolved air flotation thickeners
for sludge thickening, In 1971 Ffelds and Agardy (122) showed
----- that small additions of air (up to 0.01 volumes per
volume of digester contents) approaching one percent by volume,
will not significantly affect anaerobic digester performance.”
This value 1s several magnitudes higher than the amount of afr
that would be generated from a dissolved air thickening system.

Sulfides - By 1tself soluble sulfide concentrations over 200
mg/1 are toxic to anaerobic digestion systems (114,123). The
soluble sulfide concentration within the digester i1s a function
of the incoming source of sulfur, the pH, the rate of gas pro-
duction and the amount of heavy metals to act as complexing
agents. The high levels of soluble sulfide can be reduced by
the addition of {iron salts, or gas scrubbing.

Ammonia - Whenever there are high concentrations of protein
waste, which is possible in some systems with highly concentra-
ted feed sludges, ammonfa toxfcity must be considered (97,121).
Ammonia can be in two forms, ammonium iron NH,*+ or ammonta gas.
Both forms are always fn equilibrium, the concentration of each
depending on pH, Equation 5 shows the relationship.

NHa+ == NH; + N* (5)

When the pH 1s 7.2 or lower, equilibrium 1s shifted towards the
ammonfum fon and inhibition is possible at certain concentra-
tions, At pH values over 7.2,the reaction shifts towards the gas
phase which is inhibitory at low values.

Analysis for ammonia toxicity is done by analyzing the total
ammonia concentrations. If the total ammonia concentration {s
between 1500 to 3000 mg/1 and the pH 1s above 7.4 - 7,6, there
is possible inhibitory effects due to ammonia gas. This can be
controlled by the addition of enough HCL to maintain the pH
between 7.0 to 7.2. If total ammonia levels are over 3000 mg/1,
then the NHg* ion will become toxfc no matter what pH level.
The only so?ution is to dilute the incoming waste sludge.

BACTERICIDAL EFFECTS

Pathogenic organisms in wastewaters consist of bacterta, virus,
protoza and parasitic worms and a good current review on the
subject can be found in reference 66. Many of these organisms,
especfally enteric viruses (67), have a strong tendency to bind
themselves to sludge solids.
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Table 15 lists the human enteric pathagens that have been found
in wastewater sludges along with the diseases normally associ-
ated with them. Table 16 1ist some data on bacterial
concentrations found in raw sludges from two studies (69,70).

TABLE 15: HUMAN ENTERIC PATHOGENS OCCURRING IN WASTEWATER
AND THE DISEASES ASSOCIATED WITH THE PATHOGENS (68)

PATHOGENS DISEASES
Vibrio Cholera Cholera
Salmonella typhi Typhoid and other enteric fevers
Shigella species Bacterfal dysentery
Coliform species Diarrhea
Pseudomonas specties Local infection
Infectious hepatitus virus Heptatitis
Poliovirus Poliomyletis
Entamoeba histolytica Amoebic dysentery
Pinworms (eggs) Aseariasis
Tapeworms Tapeworm infestation

TABLE 16: PATHOGENIC ORGANISMS IN SLUDGE (69,70)

PSEDUDOMONAS FECAL
SALMONELLA AERUGINOSA COLIFORM
TYPE No./100 ml No./100 m} No. x 1067100 m)
Raw Primary 460 46 x 103 11.4
62 195
Trickling Filter 93 110 x 103 11.5
Raw WAS 74 1.1 x log 2.8
2300 24 x 10 2.0
6 5.5 x 103 26.5
Thickened Raw WAS 9300 2 x 10° 20

The reduction of pathogenic organisms under mesophilic, anaerobic
digestion has been studfed by various researchers (67,77 -~ 74).
Though some early research indicated die off may be due to
bactericidal effects (71,72), current research supports that die
of f {s strictly related to natural die off, Data from two studies
is given in table 17 for mesophilic anaerobfcally digested sludge,



TABLE 17: PATHOGENIC ORGANISMS IN MESOPHILIC ANAEROBICALLY
DIGESTED SLUDGE (69,70)

PSEUDOMONAS FECAL EOLI.

SALMONELLA AERUGINOS s 10
£/100 m1 #/100 m!? #/100 ml
Primary only 29 34 0.39
WAS only 7.3 103 0.32
Mixture
Primary and WAS 6 42 .26

No reported work on pathogen destruction for thermophilic
anaerobic digestion could be found. Pilot plant studfes on
pathogen destruction for thermophilic aerobic digestion have
been conducted (table 18) and have found that the time for
reduction of pathogenic organisms is a function of basin
1iquid temperature

TABLE 18: THERMOPKILIC AEROBIC DIGESTION TIME REQUIRED FOR
REDUCTION OF PATHOGENIC ORGANISMS BELOW MINIMUM
DETECTABLE LEVEL (148)

TIME REQUIRED FOR TIME REQUIRED FOR
TEMP LOWEST DETECTABLE LOWEST DETECTABLE
DEG. LIMIT OF SALOMONELLA LIMIT OF PSEUDOMON.
TYPE C HOURS AERUG INOSK HOURS -
Mixture of primary
and waste activated 45 24 24
50 5 2
5§ ) 2
60 0.5 0.5

ACTIVATED CARBON

The first reported studies on the addition of activated carbon
to anaerobic digesters treating municipal wastewater sludges
was in 1935, at Plainfield, NJ (50) and in 1936 in U.S. patent
2,059,286 (51). At this time the addition of activated carbon
was clafimed to have the following benefits.
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1. Enhanced the rate of digestion.

2. Increased the total amount of gas produced.
3. Produced clear supernatants.
4

Enhanced the drainability of the digested
sludge.

5. Increased temperatures within the digester,
6. Gave higher volatile solids reductions.

Until recently no other reported work in this area could be found.
In 1975 Adams (52,53) discussed the results of studies carried out
by ICI. In his discussion he pointed out the following advantages

based on full scale studies carried out at Cranston, RI (54) and
Norristown, PA (55).

1. Promoted sludge settling and clear supernatants
due to the high carbon density.

2. Catalyzes the breakdown of sludge solids, there-
by reducing the amount of sludge to be handled,.

3. Increase gas production per pound of solids added
plus producing a gas with higher methane content.

4, Can absorb certain substances such as pesticicles,
heavy metals, grease, scum and detergents,

5. Reduction in odors.

6. Possible improvement in mechanical dewatering
operatfon at least for vacuum filtration.

Even though several full scale studies have been conducted, they
have not been done scientifically but more of a general “"add some
carbon and see what happens" attitude. Though improved operating
results have been shown, the real mechanism for these results have
not yet been clearly identified. At the present time EPA has
awarded a grant to Batelle to study the effects of activated
carbon addition on anaerobic digesters,

TANK LAYOUT

Essentially four (4) basic types of anaerobic digestion systems
are avaflable to stabflize municipal wastewater sludges. The
four systems are discussed below in order of their complexity.

Conventional Low Rate Anaerobic Digestion - Figure 10 shows what
Ts typically thought of as a conventional, low rate, anaerobic
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d1?est1on system. Essentially, this system {s nothing more than
a Yarge storage tank and no attempt to control the environment
or accelerate the process 1s made.

‘R 4 SUPERNATANT

DIGESTED SLUDGE
—

RAW SLUDGE
———cenc—

NO SUPPLEMENTAL HEATING
NO SUPPLEMENTAL MIXING

FIGURE 10 : SCHEMATIC OF CONVENTIONAL LOW RATE ANAEROBIC
DIGESTION SYSTEM

Conventional High Rate Anaerobic Digestion - Figure 11 shows
what 1s typica!iy considered a conventional, high rate,
anaerobic digestion system and is the most commonly used system
in the United States today. In this system attempts are made

to control the environment (through thickening, heating and
mixing) and accelerate the process. Essentially, all digestion
takes place in the first tank. This tank is normally maintained
at 959F and mixed with some type of gas mixing system. Hydraulic
detention times are normally 15 - 25 days. The majority of
designs also provide a so-called secondary digester for solids-
1iquid separation (dotted 1ine tank in figure 11) but this

Va
T

RAW HEAT

|
SLUDGE EX. !
I Lo_  _—“DicesTeD stu_

—— e s e . — —— —

DIGESTED SLU
>

FIGURE 11 : SCHEMATIC OF CONVENTIONAL HIGH RATE ANAEROBIC
DIGESTION SYSTEM
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practice 1s being challenged as not being useful in many
applications and that going direct to mechanical dewatering
can have several significant advantages (56).

Anaerobic Contact - The advantage of sludge recycle in the ana-
erobic digestion process have not only been discussed but
applied (57 - 60) in treating high strength waste and has been
indicated to be worthwhile in treating waste sludges (61).
Nevertheless, this process alternative is rarely considered in
municipal anaerobic sludge digestion.

Figure 12 shows a typical schematic of the process. The essen-
tial feature of this system is that positive separation of the
biomass is utilfzed. Part of this biomass 1s recycled back to
the anaerobic digester where it is mixed with the incoming
sludge., This recycling of the sludge thus allows for adequate
cell retention to meet kinetic requirements yet significantly
reduces hydraulic detention time.

sotﬁ:ssntllvosum CLARIFIED_LIQUID
RAW HEAT SEPARATION
Hapet = DIGESTED SLUDGE
-
N o o

FIGURE 12: SCHEMATIC OF ANAEROBIC CONTACT PROCESS

Phase Separatfon - As was noted under the general process section,
the anaeroblic digestion process consists of two distinct phases.
The previous three systems attempted to do this i1n one reactor.

As early as 1958 (62) the possible value of actually separating

the two processes was discussed, Work in 1968 (63) using dialysis
separation techniques clearly showed "---that the hydrolysis-acid
production sludge is the rate 1imiting process in anaerobic
digestion of sewage sludge. Furthermore, the acid formers in a
digester must operate at below optimum conditions in order to
maintain a healthy population of methane forming bacterfa." Dur-
ing the past several years considerable research has been conducted
fn this area which was summarized by Ghosh (64) and has also led to
a patented process (65). Figure 13 shows a schematic of this multi-
stage system as conceived by Ghosh (64).
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ACID DIGESTER METHANE DIGESTER

[—]
RAW POSITIVE  —— q  POSITIVE
——— SOLID LIQUID~ "fx ~>-SOLID LIQUID>—EFFLUFN
SLUDGE SEPARATION SEPARATION

SOLIDLEECYCLEY DIGES™"

‘SOLIDS RECYCLE - i —a SLUDC

FIGURE 13 : SCHEMATIC OF PHASE SEPARATION ANAEROBIC DIGESTION
OF SLUDGE (64)

The phase separation process has several potential benefits when
compared to the other processes. These are (64):

1. Capability of maintaining the optimum environment for each
group of digester organisms,

2. Substantial reductfon in total reactor volume and the con-
sequent savings in capital and operating costs.

3. Higher rates of solids stabilization and increased produc-
tion rate and methane content of the final product gases,

4. Decreased heat requirement and increased thermal efficiency.

5. Suftable for incorporation into existing treatment plants
with minfmum capftal investment.

6. Reduction of the nitrogen content of the system effluent by

simultaneous liquefaction and denitrification of waste feeds
in the acid digester,

GENERAL OPERATIONAL CONTROL PROCEDURES

It should be noted that there is no one test or control parameter
that will sfgnify good or bad anaerobic digestion operation. Con-
trol or operation of an anaerobic digestion system should be done
through a combination of several analysis, the results plotted as
a functfon of time. In this way an unbalanced digester would be
defined as on which starts to radically deviate from past norms.
Notehthat the norm at one plant can be failure conditions at
another,

At the present time 1t fs suggested that a minimum of four (4)
different tests be performed on a regular basis. The four pro-
posed tests are: pH, bicarbonate alkalinfty, volatile acids and
percent carbon dioxfde (C02) in the digester gas.



H - As was discussed under pH CONSIDERATIONS, optimal pH {s
etween 6.4 to 7.5. Unfortunately, the pH test by itself is
not a good control procedure (129) because:

1. It is a logarithnic function and is not very sensi-
tive to large fluctuations in the alkalinity
concentration. For example, a change in alkalinity
from 3600 to 2200 mg/1 would only change the pH
from 7.1 to 6.9 which is within the error involved
ifn pH measurement.

2. It does not provide adequate warning. A low pH
only informs the operator that an upset has occurred.

Bicarbonate Alkalinity - The importance of measuring bicarbonate
alkalinity rather than total alkalinity was discussed in the sec-
tion entitled pH CONSIDERATIONS. The bicarbonate alkalinity and
volatile acid test are used together to develop the ratio volatile
acid to bicarbonate alkalinity. In order to insure good operation
(that is good buffering capacity), this ratio should be below 0.7.

NOTE: A fast, simple method for differentiating bicarbonate and
volatile acid alkalinity without using distrillation has
been developed by DiLallo and Albertson (130).

Volatile Acids - By ftself this analysis means nothing., Only when
plotted as a function of time or used in conjunction with the
volatile acid-bicarbonate ratio can impeding operation problems

be fnterpreted early enough to allow some type of correctional
procedures.

Carbon Dfoxide Content - Under good operation the COp content fin
digester gas will be between 35 - 45 percent. As an unbalance
condition start to occur, there will start to be an tncrease in
the percentage of C02 as the methane producers become fincapable
of functioning.

When the control parameters indicate an unbalance condition, the
following steps of action have been recommended (128):

1, Maintain pH near neutrality
2 Determine cause of unbalance
3. Correct cause of unbalance
4

. Provide pH control until treatment returns to
normal,

Maintaining the pH near neutrality can be done two ways. The
first ts to reduce the waste feed. A second way is through the
addition of some type neutralizing material (see section on pH
CONSIDERATIONS and TOXICITY - LIGHT METAL CATIONS.
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Determining the cause of unbalance can be difficult. Some of the
easfer things to check are hydraulic washout, heat exchanger not
capable of providing sufficient heat, mixing system not operating,
sudden change in the amount of sludge pumped to the digester and
extreme drop in pH., If nothing shows up- after the above preli-
minary analysts, then testing for ammonia, free sulfides, heavy
metal and 1ight metal concentrations will have to be made.

Once 1t has been determined what is causing the problem, correc-
tive measures can be taken to put the digester back on l{ine,
Depending on the cause of unbalance, the length of time required
to bring a digester back to normal operating condition may take
from 2 - 3 days to 4 - 6 months,
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Ihe glaimed advantages of anaerobic digestion are as follows
1,2)*:

1. Low sludge production.

2. The production of a useful gas of moderate caloric
value.

3. A high ki1l rate of pathogenic organisms.

4., Production of a solids residue suitable for use as
a soil conditioner.

5. Low operating cost.

*NOTE: ALL REFERENCES ARE LISTED IN BIBLIOGRAPHY OF WRITTEN
DISCUSSION ENTITLED, “ANAEROBIC DIGESTION OF MUNICIPAL
WASTEWATER SLUDGES."



Table 1 indicates the type of sludges which have been studied

on a full scale basis.

TABLE 1: TYPE AND REFERENCE OF FULL SCALE STUDIES ON
ANAEROBIC DIGESTION OF MUNICIPAL WASTEWATER

SLUDGE

Sludge Type

Primary and Lime

Primary and Ferric Chloride
Primary and Alum

Prim. and Trickling Filter
Prim., Trickling Filter, Alum
Prim. and Waste Activated
Prim., Waste Activated, Lime
Prim., Waste Activated, Alum
Prim., WAS, Ferric Chloride
Prim., WAS, Sodium Aluminate
Waste Activated (Pilot Plant only)
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TOPICS DISCUSSED IN PAPER:

GENERAL PROCESS DESCRIPTION
* MESOPHILIC - THERMOPHILIC DIGESTION
VOLATILE SOLIDS REDUCTION
SOLIDS CONCENTRATION - ORGANIC LOADING - SLUDGE AGE
MIXING
*  SUPERNATANT
ENERGY
« NUTRIENTS
pH CONSIDERATIONS
* TOXICITY
BACTERICIDAL EFFECTS
* ACTIVATED CARBON
*  TANK LAYOUT
* GENERAL OPERATIONAL CONTROL PROCEDURES



Influent is typical American domestic wastewater:

200 mg/1 BODg
200 mg/1 SS
No heavy industrial contributor

Liquid treatment consists of grit removal, primary treatment,
secondary treatment (activated sludge) and chlorination.

No chemicals added to 1iquid treatment portion.

Two flows to be evaluated: 4 MGD and 40 MGD.



HOW _MUCH AND WHAT TYPE OF SLUDGE TO BE AEROBICALLY DIGESTED?

For the typical American wastewater being considered every 1 MG
of raw plant influent will generate approximatly 1000 1bs. of
primary sludge and 1000 1bs. of waste activated sludge (144)

This can be further broken down as follows:

TABLE 2: BREAKDOWN OF INERT AND VOLATILE SUSPENDED SOLIDS
PER MG OF PLANT INFLUENT

INERT INERT BIO-DEGRADABLE
NON-VOLATILE VOLATILE VOLATILE
Primary
Sludge 250 1bs 300 1bs 450 1bs
Waste Activated
Sludge 300 1bs 210 1bs 490 1bs
Totals 550 1bs 510 1bs 940 1bs

Based on table 2 the sludge generated for the two design examples

would be
4 MGD DESIGN 40 MGD DESIGN
Inert non-volatile 4 x 550 = 2,200 40 x 550 = 22,000
Inert volatile 4 x 510 = 2,040 40 x 510 = 20,400
Bio-degradable volatile 4 x 940 = 3,760 40 x 940 = 37,600
Total 8,000 1bs. 80,000 1bs.



WHAT TEMPERATURES TO BE USED FOR DESIGN?

Temperature in high rate digester:

a. For 4 MGD, designer has decided on mesophilic

conditions - operate at 35°C (95°F).

b. For 40 MGD, designer has decided on thermophilic
conditions - operate at 54,40C (130°F),

Coldest ambient air temperature:

For both designs it will be assumed to be - 12,2°C (10°F).

Coldest raw sludge temperature:

For both desfigns it will be assumed to be 4,5% (40°F).



WHAT WOULD BE THE REQUIRED HYDRAULIC RESIDENCE TIME - ORGANIC
LOADING - INFLUENT SOLIDS CONCENTRATION FOR HIGH RATE DIGESTER?

For both designs maximum volatile solids destruction is desired.
Figure 1 indicates that for this particular type sludge, a
practical upper 1imit of 55% VS destruction is possible and can
be obtained in 600 degree-days.
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FIGURE 1: VOLATILE SOLIDS REDUCTION VERSUS TEMPERATURE X
SLUDGE AGE FOR ANAEROBICALLY DIGESTED MIXTURE
OF PRIMARY AND WASTE ACTIVATED SLUDGE

Thickened sludge recycle will not be used in efther design,
therefore sludge age = hydraulic residence time (HRT) in high

rate digester.
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4 MGD DESIGN

600°C - days 35°C = 17 days minimum HRT.

LN

40 MGD DESIGN
6000C - days

54.49C = 11 days minimum HRT.

For both designs, a three (3) day stroage capacity 1s also
desired. This dictates that floating covers will be utfilfzed
with minimum hydraulic detention time based on when cover rests
on landing corbels and maximum detention time based on when cover

s floating at maximum liquid level.

Figure 2 indicates the possible safe range of organic loading

possible for the given HRT's,
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FIGURE 2: RELATIONSHIP BETWEEN SOLIDS CONCENTRATION - ORGANIC
LOADING - SLUDGE AGE FOR ANAEROBIC DIGESTION
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The practical upper 1ifmit on feed solids concentration is 8 - 9%

Within the constraints given, the designer has considerable
latitude for selection of digester tank volume and to a cer-
tain pofnt, selection of necessary thickening equipment. For
the design flows given, the following organic loading has been

selected.

4 MGD DESIGN - 0,15 1bs VS/cu.ft./day
40 MGD DESIGN - 0.20 1bs. VS/cu.ft./day

4 MGD DESIGN

5800 1bs vs/day 7.48 qal. 1 .
ST Tbvs/cu e day ¢ tufto - % Traywms ¢ V7e014 6P

8f000 1bs. solidsédaz x 100 = 5,64%7 feed solids required

40 MGD DESIGN

58 000 lbs. vs da 7.48 .
0.2 1o vs/cu. T‘f’i‘— n day min. 197,200 GPD

80!000 lbsﬁoﬁ%%lg%éﬂél X 100 ., 4.87% feed solids required
] L ]



-0‘[—

40 MGD DESIGN

VARIOUS CALCULATED RESULTS FOR VOLATILE SUSPENDED SOLIDS DESTRUCTION IN ANAEROBIC

TABLE 3:
DIGESTER
4 MGD DESIGN
Lbs Volatile Suspended Solids
(vSS) destroyed per day .55 (2,040 + 3,760)= 3,190 31,900
% of Total Solids Destroyed 3,190 x 100 = 39.9% 39.9%
s
% of Bio-degradable VS destroyed 3,190 x 100 = 84.8% 84.8%
Original Inlet Feed VSS/TS 5.830 x 100 = 72.5% 72.5%
100 = 32.6% 32.6%

5,800-3,190
5,000 X

Final VSS/TS
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WHAT 1S EXPECTED ENERGY PRODUCTION?

Depending on sludge composition (oil, grease, fiber, protein) gas production can range
from 12 - 18 cu.ft./1b VS destroyed, with the higher values indicating high grease con-
tent.

Depending on methane content, each cu.ft. of digester gas has an energy value between

550 to 650 BTU.

4 MGD DESIGN at 55% VS destructfon.

LBS. VS CU.FT. TOTAL CU.FT, TOTAL BTU
DESTROYED PRODUCED PRODUCED BTU PRODUCED
PER PER PER PER PER

DAY LB VS, DEST, DAY CU.FT, . DAY_X 106

12 38,280 550 21,054

600 22.960

650 24.862

15 47,850 550 26,317

600 28.710

3,190 650 31.102
18 57,420 550 31.581

600 34.452

650 37.323

40 MGD DESIGN at 55% VS destruction

Would be same as 4 MGD except 10 times greater

NOTE: 1 hp-hr = 2,545 BTU; Electrical energy conversion 32-37%.



WHAT IS EXPECTED SLUDGE HEAT REQUIREMENTS?

In calculating digester heat requirements the two parameters of
concern are:

1. Heat required to raise the temperature of

the incoming sludge flow to digester operat-
ing temperature.

2. Heat required to maintain the digester

operating temperature (radfation heat loss).

HEAT REQUIRED FOR RAW SLUDGE

Q; = gal of sludge , 8.34 1bs (Te = Ty) x 1 day 1
i gal 1 24 hrs ()

where:

Qg =

Btu/hr required to raise fncoming sludge stream from
temperature Ty to T)

temperature of raw sludge stream

temperature desired within the digestion tank

HEAT REQUIRED FOR RADIATION LOSS

Ty =
TZ b
Q )
where:
Q =
A =
T2 =
T3 a
u =
where
C{
XJ =
kJ B

UxAx (T2 = T3) (2)

heat loss Btu/hr

area gf material normal to direction of heat flow
in ft

temperature desired within the digestion tank

temperature outside the digestion tank
1 (3)

S0+ Id

conductance for a certain thickness of material 7757 oF

thickness of material - {nches

Btu -~ {inch)

thermal conductivity of material hr—fffjﬁr
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Various values of U for different digester covers, wall

construction and floor conditions are given fn table 4.

TABLE 4: “U® FACTORS FOR VARIOUS ANAEROBIC DIGESTION TANK
MATERIALS (146)

MATERIAL e

Fixed steel cover (1/8" plate) ....ccceacsccacscacses 0,91
Fixed concrete cover (9" thick) .cceccecescssosccecses 0.58
Floating cover (wood composition) ....ccccevescosenee 0.33
Concrete wall (12" thick) exposed to afr ............ 0.86
Concrete wall (12" thick), 1" air space
and 4" brick .ccceccensass 0.27
Concrete wall or floor (12" thick) exposed to
wet earth (10' thick) ....... 0.11
Concrete wall or floor (12" thick)exposed to
dry earth(10' thick) ....... 0.06

NOTE: Sludge heat exchangers are normally 75 to 80 percent
efficient. Adjust outlet BTU's by appropriate correc-
tion to find required inlet BTU's.
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FIGURE 4: GAS SAFETY PIPING SCHEMATIC
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NOTES ON DESIGN

1. A1l gas lines must be tight, sloped (1/4"/ft.) towards condensate traps and accumulators,
have ample capacity and be protected against freezing.

2, Lines leading to gas burners or gas engines must be protected against flashbacks by
flame traps. Trap should be located near point of combustion with a maximum allowable
distance of 30' from point of gas combustion,.

3. Bypasses are needed to permit flexibility of operation, but flame traps are never bypassed.

4., Total pressure loss through the appurtenances and gas lines from the digester to use
chnyld be onlv 2,.0" W.C. at maximum aas flny =asa,
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Aerobic digestion of municipal wastewater sludges is based on
the principal that with inadequate external food sources,
biological cells will consume their own cellular material,

The claimed advantages of aerobic digestion are as follows (1):

1. Volatile solids reduction approximately equal to that
obtained anaerobically.

2. Low BODg concentrations 'in the supernatant liquor,

3. Production of an odorless, humus like, biologically
stable end product that can be disposed of easily.

4, Production of a sludge with excellent dewatering
characteristics.

5. Recovery of more of the basic fertilizer value in
the sludge.

6. Few operational problems.
7. Low capftal cost.
Table 1 indicates the type of sludges which have been studied

on a full scale basis.

TABLE 1. TYPE AND REFERENCE OF FULL SCALE STUDIES ON AEROBIC
DIGESTION OF MUNICIPAL WASTEWATER SLUDGE

Reference on Reference on
Mesophitic Thermophilic
Primary sludge only 2,3,4,5,18 6
Waste activated only 7,8 9,10
Mixed primary and WAS 7,8,11 10,12,13
WAS from contact stabilization 14,15
Primary and lime 16
Trickling filter only 2
Mixed primary and trickling
filter 2
Sludges containing iron or
alum 17,18

Today most aerobic digesters are designed using rules of thumb
developed from past experience (Table 2) and as the literature
has noted (19-22) do not always perform as intended. It is the
intent of this paper to present the most up to date design
criteria available. Whenever possible full scale operating data
is presented.
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TABLE 2. TYPICAL PRESENT DAY AEROBIC DIGESTION DESIGN CRITERIA (2:

Parameter Value
Hydraulic detention time, days at 20°C*
Activated sludge only 12-16
Activated sludge from plant operated
without primary settling 16-18
Primary plus activated or trickling
filter sludge 18-22
Solids loading, 1bs volatile solids/cu.ft./day 0.1-0.20
Oxygen requirements, 1b/1b cell destroyed 2.0%*
Energy requirements for mixin?
Mechanical aerators, hp/1,000 cu.ft. 0.5-1.0
Air mixing, scfm/1,000 cu.ft, 20-30
Dissolved oxygen level in liquid, mg/liter 1-2

*Detention times should be increased for temperatures below 20°C.
If sludge cannot be withdrawn during certain periods (e.g., week-
ends; rainy weather) additional storage capacity should be
provided.

**Ammonia produced during carbonaceous oxidation oxidized to
nitrate.

Topics to be covered in this discussion:

Cryophilic - Mesophilic - Thermophilic Digestion
Volatile Solids Reduction
Oxygen Requirements
Mixing
* Supernatant
*  pH Reduction
+ Bactericidal Effects
* Dewatering
* Tank Layout

CRYOPHILIC - MESOPHILIC - THERMOPHILIC DIGESTION

For purposes of classification the following three temperature
zones of bacterfal action will be used throughout this presen-
tation:

Cryophilic Zone - 1iquid temperature below 10%¢C (50°F)

Mesophilic Zone - liquid temperature between 100C to 42°C
(509F to 1089F) 0 0

Thermophilic Zone - liquid temperature above 42°C (108"F)

a2a



The effect of temperature on the effectiveness of aerobic digestion
is still an area of considerable controversy (24), especially in
the areas of solids reduction, dewaterability and settleability.
The data shown in subsequent sections should help clarify some of
the controversy.

At the present time considerable research is being undertaken in

the design and operation of thermophilic aerobic systems (13,24-31)
especially auto-thermophilic aerqbic systems (13,27,29,31). C(Claimed
advantages of the thermophilic aerobic system are (13,30,31):

1. Higher rates of organic stabilization thus allowing
smaller volume requirements.

2. Higher maintenance energy requirements and higher
microbial decay rates which give smaller amounts
of sludge for disposal.

3. Digestion in this temperature range should make
11iquid essentially pathogen free.

4, A1l weed seeds should be destroyed.

5. Total oxygen demand should be 30 to 40 percent less
than mesophilic since few, if any, nitrifying
bacteria exist in this temperature range.

6. Improved solids-liquid separation due to decreasing
1iquid viscostity.

7. Possible improved oxygen transfer rates because of

the significantly higher coefficient of diffusivity
of oxygen,

VOLATILE SOLIDS REDUCTION

One of the main objectives of aerobic digestion is to reduce the
amount of solids that need to be disposed. This reduction 1is
normally assumed to take place only with the volatile content of
the sludge through some studies (24,32) have shown that there
can be destruction of the non-organics as well, In this discus-
sion solids reduction will pertain only to the volatile content.

The change in volatile content is normally represented by a first
order biochemical reaction,

dx / dt = -K4 X (1)
where:
dx / dt rate of change of volatile suspended solids
per unit of time.
reaction rate constant - day -1

concentration of volatile suspended solids
at time t in aerobic digester.

Kd
X
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The time t in equation one is actually the sludge age in the
aerobic digester and depending on how the aerobic digester is
being operated (continuous flow without recycle or with recycle,
batch with supernatant decant) can be considerably greater than
the theoretical hydraulic residence time.

A distinction must be made between biodegradable volatile sus-
pended solids and non-biodegradable volatile suspended solids.
Research in this area is quite limited but the following
generalities can be used.

1. Approximately 20 - 30 percent of the influent
suspended solids of a typical domestic waste-
water is inert (33)., Of the remaining suspended
solids which are volatile, approximately 40% are
inert organics consisting chiefly of lignins,
tannins and other large complex molecules.

2. For waste activated sludges generated from systems
having primary treatment, approximately 20 to 35%
?f the)vo1at11e solids produced are non-biodegradable
34,35).

3. For waste activated sludges generated from the
contact-stabilization process (no primaries - all
influent flow into aeration tank), 25 - 35% of the
z?lgtile suspended solids are non-biodegradable

5).

The reaction rate term Kq is a function of sludge type, tempera-
ture and solids concentration, It is only a psuedo constant,

the term actually being the average results of the many variables
affecting it at any one time. Figure 1 shows a plot of various
reported K4 values as a function of the liquid temperature in

the aerobic digester. The data shown is for several types of
waste sludge which probably is a partial reason for the scatter.
At this time there is not enough data to allow segregation of

Kg by sludge type, therefore the line drawn through the data
points represents an overall average Ky value.



REACTION RATE Ky, days™)

1 I | ) 1 1
. o
40k A - Pilot Plant Ref (28) -
@ - Pilot Plant Ref (36)
X - Full Scale Ref (10)
.35 O- Pilot Plant Ref (10)
O- Pilot Plant Ref (11)
30k @ - Pilot Plant Ref (27)
o - Pilot Plant Ref (37)
+- Pilot Plant Ref (38)
.20}~
A5k
A0}
/a
a
05 A/ -
A/
0 2] | 1 | | 1
10 20 30 40 50 60

Figure 2 indicates reported effects of solids concentration on

TEMPERATURE OF LIQUID IN AEROBIC DIGESTOR, °C
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Figure 3 shows the effect of temperature and sludge age on total
volatile suspended solids reduction.
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Figure 3. Volatile suspended solids reduction as a function of digester
liquid temperature and digester sludge age.

OXYGEN REQUIREMENTS

Activated sludge bfomass is most often represented by the empiri-
cal equation C5H;N02. Under prolong periods of aeration, typical
of the aerobic digestion process, the biochemical equation for
oxidation is represented by equation (2).

CsHyNOp + 702 —» 5C0p + 3H20 + HY + NO3~ (2)

Theoretically, this reaction states that 1.98 pounds of oxygen 1is
required per pound of cell mass oxidized., In those pilot (36) and
full scale (10,15) studies where this value has been evaluated,the
range was from 1.74 to 2.07 pounds of oxygen required per pound of
oxygen required per pound of volatile solids destroyed. For meso-
philic systems a design value of 2.0 is recommended. For
thermophilic systems where nitrification would not exist (13,30,
31) a value of 1.4 is recommended.



The actual specific oxygen utilization rate, pounds oxygen per
1000 pounds volatile solids per hour, is a function of total
sludge age and liquid temperature (19,24,39). In one study,
Ahlberg and Boyko (19) visited several operating installations
and developed the relationship shown in figure 4.
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Figure 4. Effects of sludge age and liquid temperature on oxygen uptake
rates in aerobic digesters (19)

Field studies (19) have indicated that a minimum value of 1.0 mg
of oxygen should be maintained in the digester at all times.

MIXING

Mixing in an aerobic digester, treating municipal wastewater
sludge of domestic origin, is considered to have the following
benefits. (Note: It is assumed that a favorable environment
exist to allow development of an aerobic digestion system).

1. To continuously bring deoxygenated 1iquid to the aeration
device.

2. To keep the food supply uniformly dispersed and in constant
contact with the growing cells to promote maximum utiliza-

tion of the system.



3. To keep the concentration of biological end products at
their lowest value by dispersing them uniformly throughout
the digester.

4. To provide environmental uniformity (oxygen, temperature,
nutrients, etc.) throughout the digester allowing best
possible cell development,

5. To allow fairly fast dispersion of any toxic material
entering the system thus possibly minimizing its effect
on the aerobic process.

There is general agreement that mixing is an important criteria
in the aerobic digestion process. The problem arises when one
tries to evaluate, define or specify.

CHARACTERISTICS OF AEROBIC DIGESTERS

The existing trend in wastewater treatment is to remove more and
more material from the main liquid processing stream. This fis
done through the use of secondary biological treatment schemes,
chemical addition and filters. The sludge produced can vary
widely and change rapidly even on an hour to hour basis.

Table 3 shows specific gravity and particle size distribution on

two common type sludges: plain primary and plain waste activated
(41).

IABLE 3. GENERAL CHARACIERISTICS OF RAW PRIMARY AND WASTE ACTIVATEIL

SLUDGE
WASTE ACTIVATED

PRIMARY SLUDGE SLUDGE

Specific Gravity 1.33 - 1.4 1.01 - 1,05

Particle dize 20% < 1 um 40% 1 - 50 um
35% 1 - 100 um 60% 50 - 180 um
45% > 100 um

Physical Appearance Fiberous Slimey, gelantinous

There is little data on the rheology of municipal wastewater sludge
(42) and none could be found on strictly aerobically digested
sludge. One of the main problems in obtaining data is the extreme
difficulty in doing such studies correctly (43).

Even though the majority of raw wastewater sludges behave as a
thixotropic (time dependent), pseudo plastic material (figure 5),
it may not be correct to assume that the sludge within the aerobic
digester has the same general properties. The liquid will have a
variable solids concentration and there is a general reduction in
particle size and shape (39,44) both of which effect fluid viscosit,
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SHEAR STRESS

0 RATE OF SHEAR

Figure 5. Shear-stress relationship for a thixotr.opic,
psuedo plastic material

Another characteristic of present day designs is that the tanks
tend to have large surface area to liquid depth ratios.

DEFINING MIXING

In recent years it has become popular to use the term "complete
mix" when discussing biological process reactors. The term
"complete mix" is a relative term., It means that the time for
dispersion of the feed stream is short in relation to the total
hydraulic residence time in the reactor. It is also defined as
suffictent mixing so that concentration gradients of chemical
and biological ingredients are uniform for the particular reac-
tion rates that exist in the basin.

Mixing within the aerobic digestion tank occurs on two levels:
macromixing and micromixing (45). Macromixing deals with the
bulk mass flow within the digester while micromixing deals with
the degree of intermingling of the system molecules. In bio-
logical theory the assumption of “"complete mix" assumes micro-
mixing (46).

The actual mixing can be performed by a gas system, mechanical
or a combination of the two.

No matter what type of device 1s utilized, the intent is to
achieve mixing through a pumping action. Because of this
relationship, engineers have come to use the term hp/unit volume
as some type of parameter to define mixing in an aerobic digester.
Unfortunately, this term by itself has no meaning. For mechanical
type mixers the wide variation in impeller diameters and speeds
can result in similar horsepower but widely different pumping
capacities. For gas mixing systems gas flow, depth,and bubble
size can also result in similar horsepower but widely different

-9-



pumping capacities, In addition tank geometry and solids con-
centration can significiantly affect power requirements.

Probably the best way to define mixing is from the standpoint

of zone of influence of an energy source (figure 6). Essen-
tially the zone of influence states that energy is dissipated

as one moves horizontally away from the energy source. This

loss is due to friction between the fluid molecules which is a
function of liquid density, termperature and solids concentra-
tion. Within a certain area of the point source there is
sufficient energy to achieve micromixing. There is also a larger
area where bulk flow (macomixing) still takes place even though
there is insufficient energy for micromixing.

Studies (47,48) done with point energy sources, in clean water
and with no side boundries (only surface and floor boundries)
have indicated that the width of the micromixing zone is no more
than twice the liquid depth, with the liquid depth being a
function of the type of mixing device utilized and not necessar-
ily the tank liquid depth.

The effect of tank geometry (49) on mixing (as measured by oxygen
transfer rates in clean water) for various aeration devices (high
and low speed mechanical aerators, submerged turbines, oxidation

ditch aerator and diffused aeration) in tanks from several thou-

sand to one million gallons, was shown to fall into three general
categories (figure 7).

Category 1 is represented by basin geometry A in figure 7. This
is the idealized case in which geometry has no effect on the
1iquid flow pattern. Each increment of power into this specific
volume has a corresponding increase in the oxygen supplied.

Category 2 is represented by basin geometry B in figure 7 and
has been termed the "flywheel effect". Here tank constraints
represented for example by a channel aeration tank, causes a
rapid increase in oxygen supply for small inputs of energy. As
the energy per unit volume increases, the geometry of tanks
cause a leveling off in transfer,

Category 3 is represented by basin geometry C in figure 7 and
has been termed the "choke flow effect." Here tank geometry
interferes with the mixing pattern until a certain energy level
is reached. At this point there is sufficient energy to over-
ride the constraint thus allowing for complete mixing of the
tank contents.
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Figure 6. Schematic of zone of mixing influence for energy source in fluid with
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BASIN GEOMETRY A BASIN GEOMETRY B
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Figure 7. The effects of tank geometry on mixing in clean water as measured by oxygen transfer rates.

No published studies on field evaluation of the effect of
suspended solids on mixing in aerobic digester could be found
at this time. There have been several such studies (50-52)
conducted in lagoons with suspended solids in the range of

100 to 400 mg/1. Figure 8 shows the results from reference 50.
In general, increasing solids concentrations required increased
power levels though the tank geometry (52) and interaction
effects of other aerators (51) also influenced mixing patterns.
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Figure 8. Power level versus suspended solids (50)

SUPERNATANT

It is common practice in most aerobic digestion facilities not
to prethicken the sludge but to concentrate after digestion,
This is done by sending the flow to a clarifier-thickener or
by turning off the aeration device, within the digester for

12 - 18 hours. When this is done, a digester supernatant is
taken off which is normally returned to the head end of the
treatment plant. Table 4 gives supernatant characteristics
from several full scale facilities operating in the mesophilic
temperature range.
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TABLE 4. CHARACTERISTICS OF MESOPHILIC AEROBIC DIGESTER

SUPERNATANT
Ref. (9)* Ref. (19)** Ref. (65)***

Turbidity 120 ce- ---
NO3 - N 40 30
TKN 115 2.9 - 1350
coD 700 24 - 25,500
POq - P 70 2.1 - 930 35
Soluble .4 - 120
BOD 50 5 - 6,350 2 -5
Filtered BOD 3 - 280
Suspended So?ids 300 9 - 41,800 6.8
AIK 150
S04 70
Silica 26
pH 6.8 5.7 - 8.0 6.8

*Average of 7 months of data

**Range taken from 7 operating facilities

***Averaqge values

pH REDUC I ION

Figure 9 shows the effect of sludge age on digester pH for

mesophilic operation.

8.0 T T T T T T
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X
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] 1 1 ] I 1
10 30 50 70

SLUDGE AGE IN AEROBIC DIGESTERS

Figure 9. Effects of sludge age on pH for mesophilic aerobic digestion.
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The drop in pH is caused by an increased concentration of nitrate
ions and a corresponding loss of atkalinity due to the conversion
of NH3-N to NO3-N commonly called nitrification. Though at one
time, the low pH was considered inhibatory to the process, it has
been shown, that over time, the system will acclimize and perform
just as well at the lower pH values (7,39,65).

It should be noted that if nitrification does not take place,
there will be very little, if any, pH drop. This could happen
at low liquid temperatures and short sludge ages or in thermo-
philic operation (31). Nitrifying bacteria are sensitive to
?eag and do not exist in temperatures over 45 degree centrigrade
66).

BACTERICIDAL EFFECTS

Pathogenic organisms in wastewaters consist of bacteria, virus,
protoza and parasitic worms and a good current review on the
subject can be found in reference 55. Many of these organisms,
especfally enteric viruses (56), have a strong tendency to bind
themselves to sludge solids.

Table 5 gives a 1isting of human enteric pathogens occurring in
wastewater sludges along with the diseases assocfated with them.
Table 6 gives some data on bacterial concentrations of various
type raw sludges.

TABLE 5. HUMAN ENTERIC PATHOGENS OCCURRING IN WASTEWATER AND
THE DISEASES ASSOCIATED WITH THE PATHOGEN (57)

PATHOGENS DISEASES
Vibrio Cholera Cholera
Salmonella typhi Typhoid and other enteric fevers
Shigella species - Bacterial dysentery
Coliform species Diarrhea
Pseudomonas species Local infection
Infectious hepatitus virus Heptatitis
Poliovirus Poliomyletis
Entamoeba histolytica Amoebic dysentery
Pinworms (eggs) Aseariasis
Tapeworms Tapeworm infestation
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TABLE 6. PATHOGENIC ORGANISMS IN SLUDGE (54,58)

PSEUDOMONAS FECAL
SALMONELLA  AERUGINOSA COL IEORM
TYPE No./100 ml No./100 ml No. x 10°/100 ml

Raw Primary 460 46 x 103 11.4

62 195
Trickling Filter 93 110 x 103 11.5
Raw WAS 74 1.1 x 103 2.8

2300 24 x 103 2.0

6 5.5 x 10 26.5

Thickened Raw WAS 9300 2 x 103 20

Researchers have studied pathogenic organism reduction in both
mesophilic (54,59,60) and thermophilic digestion (53). Under
mesophilic operation the bactericidal effects appear to be re-
lated to natural dies off with time. For thermophilic operation,
the time required for reduction of pathogenic organisms below
minimal detection level is a function of basin liquid tempera-
ture (Table 7).

TABLE 7. THERMOPHILIC AEROBIC DIGESTION TIME REQUIRED FOR
REDUCTION OF PATHOGENIC ORGANISMS BELOW MINIMUM
DETECTABLE LEVEL (53)

TIME REQUIRED FOR TIME REQUIRED FO
TEMP LOWEST DETECTABLE LOWEST DETECTABLE
DEG. LIMIT OF SALOMONELLA LIMIT OF PSEUDOM"
TYPE C HOURS AERUGINOSA HOU
Mixture of primary
and waste activated 45 24 24
50 5 2
55 1 2
60 0.5 0.5
DEWATERING

One of the supposed benefits of aerobic digestion is the produc-
tion of a sludge with excellent dewatering characteri§t1cs (1).
Much of the published literature on full scale operations have
indicated this is not true (3,4,17,26,61) though there are pub-
lished reports of excellent operating systems 15).
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Although most recent investigators agree that there is deteriora-
tion with increasing sludge age (2,16,17,27,62) there is still
debate as what is the cause; lack of sufficient oxygen (26,27)
reduction in particle size (16,17) or concentration of biological
anionic polymers (63).

At this time it can only be recommended that conservative design

be used for designing mechanical sludge dewatering facilities
unless pilot plant data indicates 'otherwise.

TANK LAYOUT

Originally aerobic digesters were operated as strictly a batch
operation and this concept is still used at many facilities
(Figure 10).

SUPERNATANT
=2
AEROBIC DIGESTER #1
iy
UNSTABILIZED r
£
SOLIDS
L AEROBIC DIGESTER #2
-

!
'

STABILIZED SOLIDS

Figure 10. Tank configuration for a batch operated aerobic digester.

Solids are pumped directly from the clarifiers into the aerobic
digester. Eventually, the digester fills up, the time required
depending not only on the waste sludge flow but amount of pre-
cipitation or evaporation. When the tank is full, the aeration
device is turned off for several hours to allow solids-liquid
separation, then a decant operation takes place. After decant-
ing, thickened stabilized solids, about 2 - 4 percent, can then
be removed or more waste sludge can be added.

Many engineers tried to make the process more continuous by
installing stilling wells in part of the digester. This has
proven not to be effective (20,67,68) and should not be incor-
porated into the design.
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The next step was then to provide the aerobic digester with its
own clarifier-thickener (Figure 11).

UNSTABILIZED AEROBIC CLARIFIER SUPERNATANT
SOLIDS DIGESTER THICKENER
RECYCLE
—

Y

STABILIZED SOLIDS

Figure 11. Tank configuration for a continuous operated aerobic digester.

Solids are still pumped directly from the clarifiers into the
aerobic digester, In this case the aerobic digester operates
at a fixed level with the overflow going to a solids-1iquid
separator, Thickened solids are normally recycled back to the
digestion tank but when required can also be removed from the
system,

Though initially more costly than a batch operated systenm,
much of the manual work fnvolved with aerobic digestion is
eliminated.

A third type of system would involve prethickening before
aerobic digestion. This is essentially an auto thermophilic
aerobic digestion system (Figure 12).

CENTRATE
AEROBIC DIGESTER ILIZED
UNSTABILIZED THICKENER STAB
SOLIDS SOLIDS

Figure 12. Tank configuration for an auto thermophilic aerobic digestion system.
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In this system sludge from the clarifiers would go to some
type of thickening device to produce a concentration greater
than 4 percent solids into the digester. When operating in
this mode, one should not expect any further gravity solids-
1iquid separation to take place after digestion,
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The claimed advantages of aerobic digestion are as follows (1)*:

].

*NOTE:

Volatile solids reduction approximately equal to
that obtained anaerobically,

Low BODg concentrations in the supernatant lfiquor.

Production of an odorless, humus like, biologically
stable end product that can be disposed of easily.

Production of a sludge with excellent dewatering
characteristics.

Recovery of more of the basic fertilizer value 1in
the sludge.

Few operational problems,
Low capital cost.
ALL REFERENCES ARE LISTED IN BIBLIOGRAPHY OF WRITTEN

DISCUSSION ENTITLED, "AEROBIC DIGESTION OF MUNICIPAL
WASTEWATER SLUDGES."



Table 1 indicates the types of sludges which have been studied

on a full scale basis.

TABLE 1: TYPE AND REFERENCE OF FULL SCALE STUDIES ON AEROBIC
DIGESTION OF MUNICIPAL WASTEWATER SLUDGE

Reference On Reference On

Sludge Type Mesophilic Thermophilic

Primary Sludge only 2,3,4,5,18 6
Waste Activated only 7,8 9,10
Mixed Primary and Waste Actived

Sludge 7,8,11 10,12,13
WAS from Contact Stab. 14,15
Prim. and Lime 16
Trickling Filter ontly 2
Mixed Prim. and TF 2
Sludges Containing Iron and Alum 17,18
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DEWATERING EXPERIENCE
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Influent is typical American domestic wastewater:

200 mg/1 BODsg
200 mg/1 SS
No heavy industrial contributor

Liquid treatment consists of grit removal, primary treatment,
secondary treatment (activated sludge)and chlorination,

No chemicals added to liquid treatment portion.

Two flows to be evaluated: 4 MGD and 40 MGD.



HOW MUCH AND WHAT TYPE OF SLUDGE TO BE AEROBICALLY DIGESTED?

For the typical American wastewater being considered every 1 MG
of raw plant influent will generate approximately 1000 lbs. of
primary sludge and 1000 1bs. of waste activated sludge (69).

This can be further broken down as follows:

TABLE 2: BREAKDOWN OF INERT AND VOLATILE SUSPENDED SOLIDS
PER MG OF PLANT INFLUENT

INERT INERT BIO-DEGRADABLE
NON-VOLATILE VOLATILE VOLATILE
Primary
Sludge 250 1bs 300 1bs 450 1bs
Waste Activated
Sludge 300 1bs 210 1bs 490 1bs
Totals 550 1bs 510 1bs 940 1bs

Based on table 2 the sludge generated for the two design examples

would be
4 MGD DESIGHN 40 MGD DESIGN
Inert non-volatile 4 x 550 = 2,200 40 x 550 = 22,000
Inert volatile 4 x 510 = 2,040 40 x 510 = 20,400
Bio-degradable volatile 4 x 940 = 3,760 40 x 940 = 37,600
Total 8,000 1bs. 80,000 1bs.



WHAT WILL BE THE WARMEST AND COLDEST WATER TEMPEARTURE IN THE
AEROBIC DIGESTER?

Temperature plays important roles in the aerobic digestion
process:

- Effects oxygen transfer capabilities

. Effects volatile destruction capabilities

Temperature in aerobic digester is a function of
« Feed solids concentration
Geographical location of treatment facility
- Tank location and material of construction

Type of aeration device utilized

For this design example the following assumptions will be made:

1. Thermophilic or auto-thermophilic aerobic digestion
will not be considered. This implies average inlet
feed solids to digester under 3.5% solids concentra-

tion,

2. Lowest liquid temperature expected during winter is
10°C (50°F). During the summer 25.5°C (780F) is

expected.



WHAT TYPE OF VOLATILE SOLIDS CESTRUCTION CAN BE EXPECTED?

Figure 1 shows a plot of volatile suspended solids destruction

as a function of liquid temperature and sludge age. A minimum

of 40% VSS reduction has been chosen for the design example

which would require a temperature - sludge age combination of

475 days. At the minimum liquid temperature of 10°C., this would
imply a sludge age of 47.5 days., Assuming that the system will
be designed to maintain a 47.5 day sludge age, then during the
summer this combination would be 47.5 x 25.5 = 1211 %C-days.

This would give a 49% reduction., Table 3 gives various ratios

which could be developed.
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FIGURE 1: VOLATILE SUSPENDED SOLIDS REDUCTION AS A FUNCTION
OF DIGESTER LIQUID TEMPEARTURE AND DIGESTER SLUDGE
AGE
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TABLE 3: VARIOUS CALCULATED RESULTS FOR VOLATILE SUSPENDED SOLIDS DESTRUCTION IN AREROBIC

DIGESTER
4 MGD DESIGN 40 MGD DESIGN
Lbs Volatile Suspended Solids
(vSS) destroyed per day
Winter 0.4 (2,040 + 3,760) = 2,320 23,200
Summer 0.49 (2,040 + 3,760) = 2,842 28,420
% of Total Solids Destroyed
Winter %4%%% x 100 =  29% 29%
Summer 2,842 x 100 = 35.5% 35.5%
,000 ;
% of Bio-degradable VS destroyed
Winter 2.328 x 100 = 61.2¢% 61.2%
»
Summe r 2 gaz X 100 = 75.5% 75.5%
3,760
Original inlet feed VSS/TS 5,800 x 100 = 72.5% 72.5%
8,000

Final VSS/TS

Winter 5,800 - 2,320 x 100 = 43.5% 43.5
8,000 3.5%
Summer 5,800 - 2,842 , 100 = 36.9% 36.9%

8,000



WHAT IS THE EXPECTED SUSPENDED SOLIDS CONCENTRATION IN THE
AEROBIC DIGESTER UNDERFLOW?

Function of overall detention time, local evaporation rate and

type of aerobic digestion system employed (batch or continuous).

Typically degritted, no chemical addition, aerobically digested
sludge can be gravity thickened to 2.5 to 3.5 percent., For

this design a maximum of 3.0 percent is assumed.

It is assumed that there is no prior thickening of the raw
sludges so that the average inlet feed solids concentration is
under 3.0 percent and gravity thickening is possible. For
this example, the inlet feed solids concentration for the

combined sludge is assumed to be 1.5% solids.



WHAT WILL BE THE OXYGEN REQUIREMENTS?

It was assumed that these design examples would not be designed
for thermophilic aerobic digestion therefore must meet nitrifi-

cation oxygen demand.

Theoretically, equation (1) states that 1.98 pounds of oxygen

is required per pound of cell mass oxidized.
CgHyNO, + 70 —> 5C0, + 3H,0 + HY + NOF (1)

In those pilot (36) and full scale (10,15) studies where this
value has been evaluated, the range was from 1,74 to 2.07
pounds of oxygen per pound of volatile solids destroyed. Use

2.0 for design purposes.

TABLE 4: AVERAGE POUNDS OF OXYGEN REQUIRED PER DAY FOR AEROBIC
DIGESTION SYSTEM

4 MGD DESIGN 40 MGD DESIGN
Winter 2.0 x 2,320 = 4,640 46,400
Summer 2.0 x 2,842 = 5,684 56,840
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WHAT IS THE MINIMUM TANK VOLUME NECESSARY TO ACHIEVE DESIRED
RESULTS?

It was previously noted that a minimum volatile suspended solids
reduction of 40% was required at the 100 C liquid level. Based

on figure 1 this would imply a minimum sludge age of 47.5 days.

60 T T 1 [ T T ] I o |
8
50 ° n
oA O
40 ° o ]
X - Pilot Plant Ref (16)
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A - Full Scale Ref (10)
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TEMPERATURE (°C) x SLUDGE AGE (days)

FIGURE 1., VOLATILE SUSPENDED SOLIDS REDUCTION AS A FUNCTION OF
DIGESTER LIQUID TEMPERATURE AND DIGESTER SLUDGE AGE
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SLUDGE AGE IN AEROBIC DIGESTER CAN BE APPROXIMATED AS FOLLOWS:

in Aerobic Digester =00 ---------ss-------- (2)

Lost per Day From Aerobic Digester

in Aerobic Digester ==~ = es-sss--sc-------- (3)

Lost per Total 1bs., SS Wasted
+
Day in Supernatant per day from system

(SS Conc, in Digester)(8.34)(Digester tank Volume) --- (4)

i—/SS Conc. 1n SS Conc. 1in
(1-Ff) + (f) | (8.34) (influent flow)
Supernatant Underflow

SLUDGE AGE = Total 1bs. SS
Totat 1bs. SS
= Total 1bs. SS
(Tota1 1bs. SS
where:
f =

(influent SS conc) (% solids not destroyed)

thickened SS conc.

$SS Conc. in Supernatant - if good solids liquid separation takes place can

SS Conc. in Digester

Digester Tank Volume

expect about 300 mg/1 SS in supernatant.

- can range from a minimum equal to the influent
$S concentration to a maximum equal to the
thickened concentration (assume no evaporation).
Assume that on the average SS conc equal to 70

percent of the thickened concentration.

- million gallons



FOR 4 MGD DESIGN

Sludge Age = 47.5 days
SS Conc. in Digester = (0.7) (30,000 mg/1)
SS Conc. in Supernatant = 300 mg/1
SS Conc., in Underflow = 30,000 mg/1
f= (1.5%) (.71) .
47 0.35
influent flow = 8,000 - -
STEV (833 63,950 GPD 0.06395 MGD

47.5 = (0.7)(30 000) (Tank Vol = (21,000)Tank Vol.

-.35 0,000)(.35) (0.06395) 697

Digester Tank Volume = 527’883-5 = 1.576 MGD

FOR 40 MGD DESIGN

Everything the same except for influent flow which = ,6395 MGD

Tank volume 15.76 MG

In addition to the tank volume calculated, additional volume
may be required depending on local weather conditions and type

of down stream sludge handling facilities.

-13-



TANK LAYOUT

For the mesophilic aerobic diurstion system being considered,

there are two type of systems to choose from: the batch

operated system (figure 2) or the continuous flow through

system (figure 3),

SUPERNATANT
= -
" AEROBIC DIGESTER 41
UNSTABILIZED ]
P
SOLIDS €
|  AEROBIC DIGESTER K2
b=y

STABILIZED SOLIDS

FIGURE 2: TANK CONFIGURATION FOR A BATCH OPERATED AEROBIC

SUPERNATANT

DIGESTER
UNSTABILIZED | AEROBIC CLARIFIER
SOLIDS DIGESTER THICKENER
RECYCLE
g

Y

STABILIZED SOLIDS

FIGURE 3: TANK CONFIGURATION FOR A CONTINUOUS OPERATED AEROBIC

DIGESTER
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The original aerobic digestion systems were batch operated

system and this is still the most prevalent design.

Solids are pumped directly from the clarifiers into the aerobic
digester. Eventually, the tank fills up, the time required
depending not only on the waste sludge flow but the amount of
precipitation or evaporation. When the tank is full, the
aeration device is turned off for several hours to allow solids-
liquid separation, then a decant operation takes place. After
decanting, thickened stabilized solids, at a 3 percent, could

then be removed or more waste sludge would be added,

In the past many engineers have tried to make this design more
continuous by installing stilling wells in part of the tank.
This has proven not to be effective (20,67,68) and should not be

incorporated into the design.

For the continuous operated system solids are again pumped
directly from the clarifiers into the aerobic digester. In
this case, the aerobic digester operates at a fixed liquid
level, with the overflow going to a solids-liquid separator.
Thickened solids are normally recycled back to the digestion

tank but when required, can also be removed from the system,

Though initially more costly than a batch operated system, much

of the manual work involved with aerobic digestion is eliminated.

-15-



Another consideration when sizing the aerobic digestion tank
is the relationship between the tank geometry desired, the
type of aeration equipment being utilized and the mixing

pattern that will develop. Figure 4 shows the effect of tank

geometry on mixing as measured by oxygen transfer rates.

BASIN GEOMETRY A BASIN GEOMETRY 8
£ S
< S
> o
E E
ENERGY INPUT —3mm ENERGY INPUT —3we-

BASIN GEOMETRY C

mg/1/hr —3me—

ENERGY INPUT —Jp—

FIGURE 4: THE EFFECTS OF TANK GEOMETRY ON MIXING IN CLEAN WATER
AS MEASURED BY OXYGEN TRANSFER RATES (49)
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SUMMARY

There are times when biological sludge stabilization using
aerobic digestion will be cost effective., A method of
design logic was presented showing common design parameters
that must be considered when designing such a system. It
should be remembered though, that each design project has
its own peculiarities which must be incorporated. Failing

to do so may lead to serious operational probiems.

-17-
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INTRODUCTION

The purpose of this paper is to consider thermal treatment of sludge
as a conditioning process to improve sludge dewaterability by subsequent
processes such as vacuum filter, centrifuge or filter press. Thermal
conditioning (also often called heat treatment) involves heating sludge,
with or without the addition of air or oxygen, to temperatures of 300 to
5000F in a reactor under pressures of 150 to 400 psig for periods of 15
to 40 minutes. Thermal conditioning causes the release of water and organic
material from sludge in the form of a dark brown fluid or 'cooking liquor".

Other thermal treatment processes not discussed herein include: (1)
pasteurization which operates at lower temperatures, in the range of 160°F,
and (2) wet air oxidation which operates at higher temperatures and pressures
for more complete oxidation of sludge solids.

The EPA Technology Transfer manual on sludge treatment! describes thermal
conditioning, or heat treatment, as follows:

"In heat treatment, temperatures of from 300 to 5000F and pressures

of 150 to 400 psig are attained for protracted periods. Significant
changes in the nature and composition of wastewater sludges result.

The effect of heat treatment has been ideally likened to syneresis,

or the breakdown of a gel into water and residual solids. Wastewater
sludges are essentially cellular material. These cells contain intra-
cellular gel and extracellular zoogleal slime with equal amounts of
carbohydrate and protein. Heat treatment breaks open the cells and
releases mainly proteinaceous protoplasm. It also breaks down the
protein and zoogleal slime, producing a dark brown liquor consisting
of soluble polypeptides, ammonia nitrogen, volatile acids, and carbohy-
drates. The solid material left behind is mineral matter and cell vall
debris.

Dewatering is improved by the solubility and hydrolyzing of the
smaller and more highly hydrated sludge particles which then end up

in the cooking liguor. Wwhile analysis of this liquor from domestic
wastewater sludges indicates the breakdown products are mostly organic
acids, sugars, polysaccharides, amino acids, ammonia, etc., the exact
composition of the ligquor is not well defined.

A review of reported analyses of liquor from the heat treatment of
sludge gives the range of values shown: BODg = 5,000 to 15,000 mg/1
cop = 10,000 to 30,000 mg/l, Ammonia = 500 to 700 mg/l, and Phosphorus
as P = 150 to 200 mg/l. About 20 to 30 percent of the COD is not bic-
degradable in a 30-day period. The volume of cooking liquor from an



activated sludge plant with heat treatment amounts to 0.75 to 1.0
percent of the wastewater flow. Based on BODs and solids loadings,
the liquor can represent 30 to 50 percent of the loading to the
aeration system. The pH of cooking liquors is normally in the range
of 4 to 5, which necessitates chemical neutralization and/or corrosion

resistant equipment.”

Figure 1 is a flow diagram for a typical heat treatment system. Major
c:—onents in the system are a heat exchanger and a reaction vessel. Heat
trzztment may be used to condition raw or digested sludges and thus location
0Z *he system in the overall treatment train may vary. If a treatment plant
e-zloys anaerobic digestion, heat treatment is more commonly used to condition
t-z digested sludge. Heat treatment before anaerobic digestion to improve
dzzradability and energy production was pilot tested by LA/OMA in Los
A:geles.2’3 Heat treatment may be used in conjunction with incineration in
a system that recycles waste heat to minimize energy requirements. These
variations in the use of heat treatment in sludge management systems are
illustrated in Figure 2.

The effect of heat treatment on the chemical composition of sludge was
investigated by Sommers and Curtis.® Heat treated sludges from plants in
Speedway and Terre Haute, Indiana were tested to obtain information on the

foras of nitrogen, phosphorus, copper, zinc, nickel, cadmium and lead. In
general, heat treatment produced greater than 50 percent reductions in total

nitrogen with essentially no change or a slight increase in phosphorus and
metals concentrations.
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PROCESS DESCRIPTION

Equipment for thermal conditioning of sludge is manufactured and supplied
in the United States by Envirotech BSP (Porteous system), Zimpro (wet oxidation),
Zurn, and Nichols. Almost all of the equipment for thermal conditioning of
sludge in the United States has been supplied by Zimpro or Envirotech. Mayer
and Knopp“ reported in January 1977, that 70 thermal conditioning plants were
operating in the United States and Canada and 43 others were under construction.

With Air Addition No of Installations
Operating 45
Under Construction 35

Without Air Addition
Operating 25

Under Construction 8
A partial list of thermal conditioning installations is shown in Table 1.

ZIMPRO PROCESS

The Zimpro system is similar to the process illustrated in Figure 1
except that air is also added to the reactor. Basic features of the Zimpro
process are (1) air addition to the reactor for oxidation, improvement of
heat exchange characteristics and reduction of fuel requirements, and (2) use
of sludge-to-sludge heat exchanger.

In the continuous process, the sludge is passed through a grinder which
reduces the size of sludge particles to about one-fourth inch. Sludge and
air are then pumped into the system and the mixture is passed through heat
exchangers and brought to the initial reaction temperature. As oxidation
takes place in the reactor, the temperature increases. The oxidized products
leaving the reactor are cooled in the heat exchanger by the entering cold
sludge and air. The gases are separated from the liquid carrying the
residual oxidized solids, usually in a decant tank, and released through an
odor control unit. The oxidized liquid and remaining suspended solids are
separated in a decant tank. The decant tank underflow may be further dewatered
by several methods; the overflow cooking liquor is recycled to the main plant
or treated by a separate system such as activated sludge, rotating biological
disk or anaerobic filter.



TABLE 1

SIZE AND STATUS OF LARGEST
THERMAL CONDITIONING INSTALLATIONS

Location

Toronto, Ontario
{Ashbridges Bay)

Cleveland, Ohio
(Southerly)

Louisville, Kentucky
Cincinnati, Ohio

(Mill Creek)

Flint, Michigan

Green Bay, Wisconsin
Columbus, Ohio
(Southerly)

Suffolk, Co., New York

Toronto, Ontario
(Lakeview)

Springfield, Massachusetts

Kalamazoo, Michigan

Columbus, Ohio

Toronto, Ontario
(Highland Creek)

Chesapeake-Elizabeth,
Virginia

Hopewell, Virginia
York, Pennsylvania

Billings, Montana

Escondido, California

UC = Under Construction

Status

uc
uc
Operating

(1976)

Operating

Operating

Operating
(1975)

Operating
(1976)

uc

Operating
(1975)

uc

Operating
(1971)

Operating
(1972)

uc

uc

uc
uc

uc

uc

Unit Capacity

No. of Units {gpm)
7 250
5 280
4 250
4 280
3 250
4 150
3 200
2 205
3 125
2 200
3 125
1 200
3 125
1 150
3 150
2 125
2 100
1 100



ENVIROTECH BSP PROCESS

This system was formerly called the Porteous process. The Porteous
process was purchased by Envirotech and various changes have been made in
the system. The basic system components and operation of the BSP system
are similar to the Zimpro process as illustrated in Figure 1. One basic
difference is that air is not injected into the reactor in the BSP system.
The BSP systems also normally employ a water<to-sludge heat exchanger.

OTHER PROCESSES

The Nichols heat treatment system was previously marketed as the Dorr-
Oliver Farrer system. The Nichols process is used at a plant serving York,
Pennsylvania, and there are five installations of the Farrer system in the
United States: San Bernardino, California; Elkhart, Indiana; Port Huron,
Michigan; Glouster, New Jersey; Norwalk Connecticut. There is a Zurn heat
treatment system in Mentor, Ohio which serves an area of Lake County, Ohio.

THERMAL TREATMENT PROCESS SIDESTREAMS

There are both liquid and gas by-products from any thermal conditioning
system. These side streams must be considered in planning for an accurate
comparison with other processes and in design for a properly operating system.

Gas Sidestreams

There are four principal sources of odor resulting from thermal sludge
treatment: (1) vapors from treated sludge storage (decant tank or thickener),
(2) mechanical dewatering system exhaust, (3) exhausted air from working
atmosphere in filter and loading hopper areas, and (4) vapors from strong
liquor pre-treatment devices. The odorous gases produced are simple, low
molecular weight, volatile organic substances, consisting of aldehydes,
ketones, various sulphurous compounds, and organic acids. The odor level
source associated with thermal sludge conditioning is dependent to a high
degree on the total hydrocarbon content. The odor level and hydrocarbon
content are highest in off-gases from the heat treated sludge solids
separation units, 1i.e., decant tank or thickener and mechanical dewatering
systems.

Off-gases are best controlled by use of incineration, adsorption, or
scrubbing (or some combination of these processes).

1. Water Scrubbing Plus Incineration - For high hydrocarbon air streams,
the highest degree of odor control can be obtained by water scrubbing followed
by incineration. The scrubbing portion of this system consists of a packed
bed unit which uses plant effluent water at rates of 20 to 30 gpm per 1,000
cfm. The incineration portion of this system can be either direct flame
incineration at 1,500°F or catalytic incineration at 8009F. The oxidation
catalysts that are commonly used in catalytic incineration are supported
platinum or palladium materials.




2. Water Scrubbing Plus Adsorption - In scrubbing methods, the odorous
substances are removed by solubilization, condensation, or chemical reaction
with the scrubbing medium. Scrubbing media that are commonly used for odor
control are potassium permanganate, sodium hydroxide, or scdium hypochlorite.
Two to four pounds of potassium permanganate are required per pound of hydro-
carbon removed. In the adsorption method, substances are removed from the
odorous gas stream by adsorption on activated carbon or silica gel. The
activated carbon or silica gel must be capable of regeneration, usually by
steaming. High hydrocarbon sources can be treated in an odor control system
composed of a water scrubber followed by an activated carbon adsorption unit.
The water scrubber is the same as that described above. The carbon adsorption
unit is a multiple bed adsorber that is sized to minimize the required number
of steam regenerations. Normally, the carbon bed would be sized so that only
one steam regeneration per day would be required. Treating a 1,000 cfm gas
stream would require a dual bed carbon system containing 1,800 pounds of carben
per bed. This sizing would permit an adsorption cycle of 24 hours. After
a 24 hour adsorption time, the second carbon bed would ve placed in the
adsorption cycle and the spent bed would be steam regenerated. The regenera-
tion cycle requires low pressure steam at a maximum of 50 psig for a period
of one hour. The steam and desorbed organic compounds from the bed are
condensed and collected. The aqueous condensate is returned to the head
of the treatment plant and the liquid organic phase is incinerated.

3. Multiple Scrubbers - A third option for treating high hydrocarbon
sources is a multiple scrubber system. The multiple scrubber system would
contain at least two and preferably three scrubbing stages. In all cases,
the first scrubbing stage of the system should be water scrubbing using plant
effluent at a rate of about 27 gpm per 1,000 cfm. The second and third
stages should be chemical scrubbing using a combination of scrubbing media
selected from 5 percent sodium hydroxide, 3 percent sodium hypochlorite,
and 3 percent potassium permanganate. The potassium permanganate solution
effects the highest degree of hydrocarbon reduction and, hence, the highest
odor reduction. One of the most effective multiple scrubber systems consists
of three stages utilizing plant effluent, 5 percent sodium hydroxide and
3 percent potassium permanganate.

LIQUID SIDESTREAMS

The liquid (cooking liquor) containing materials solubilized during heat
treatment of sludge may be separated from the solids (1) during storage in
decant tank, thickener, or lagoon, and (2) in the dewatering step using a
vacuum filter, centrifuge, filter press, sand drying bed or other method.

The following tabulation shows some of the substances present in
thermal treatment liquor and the general ranges of concentration.



Concentration Range

Constituent mg/l (except color)
Suspended Solids 1060 - 20,000
Chemical Oxygen Demand 10,000 - 30,000
Biochemical Oxygen Demand 5,000 - 15,000
Ammonia Nitrogen 500 - 700
Phosphorus 150 - 200
Color, units 1,000 - 6,000

The composition of thermal treatment liquor varies widely depending
upon sludge composition and reactor operating conditions. For a given reactor
temperature, increasing the reactor detention time will generally increase
the concentration of soluble organic material in the cooking liquor. Heat
treatment can normally be expected to solubilize from 40 to 70 percent of the
sludge biomass. As much as 60 to 70 suspended solids in waste activated
sludge were solubilized in heat treatment pilot tests in Los Angeles.®

The character of the cooking liquor is somewhat uncertaln and the subject

of some debate. The statement in the EPA Sludge Manuall quoted previously

is that, "aAbout 20 to 30 percent of the COD is not biodegradable in a 30-day
period"”. Based on pilot scale heat treatment studies of mixed primary and
waste activated sludge, Erickson and Knopp estimated that the soluble non-
biodegradable COD was 7 percent of the total cooking liquor COD. Laboratory
tests by Stack, et al., 8 indicated that about 40 percent of organics in the
cooking liquor from heat treatment of waste activated sludge were resistant

to biological oxidation.

The EPA Sludge Manual quoted previously, states, "Based on BODs and
solids loadings, the liquor can represent 30 to 50 percent of the loading
to the aeration system."” Boyle and Gruenwald reported that the heat treat-
ment recycle liquor BOD contributed approximately 21 percent of the BOD
entering the Colorado Springs, Colorado plant. Studies by Haug, et al.
indicated that recycle of cooking liquor in the Hyperion plant at Los Angeles
would increase the oxygen demand on the aeration system by about 30 percent.

Thermal treatment liquor can be treated by recycle to the main treatment
plant or by separate treatment systems such as activated sludge, rotating
biological disks or anaerobic filters.

1. Recycle to Main Plant - Thermal treatment liquor often is recycled
through the main treatment plant, being added to the raw sewage or primary
effluent. This places an additional load upon the system principally in
the form of oxygen demand, suspended solids and color. In most cases the
color and COD of the final effluent will increase. The effects of recycle
can be mitigated to some extent by storing thermal treatment liquor and
returning it to the treatment plant at a uniform rate or during off-peak
hours.




2. Separate Treatment and Disposal - Another method for handling liquors
is to treat the sidestreams separately with no return of any liquor to the
main treatment plant. Sometimes digester supernatant and waste activated
sludge are combined with the thermal treatment liquor for separate processing;
one example of this method is the installation at Indio, California where
aerated lagoons with long retention provide satisfactory results. Lagoon
effluent is blended with plant effluent for discharge.

3. Separate Treatment Prior to Recycle — In order to reduce the load
on the main treatment plant and maintain final effluent quality, cooking
liquor is often treated separately prior to recycle to the main plant, Plain
aeration, extended aeration, and activated sludge treatment have been used
for pretreatment of cooking liquors. BOD reductions by conventional activated
sludge pretreatment of liquors have been reported as high as 90 percent.
It may be necessary to collect and deodorize aeration basin off-gases.

10



THERMAL CONDITIONING COSTS

Thermal conditioning of sludge affects the cost of other treatment plant
processes, decreasing some and increasing others. Total cost includes direct
capital, operating, and maintenance costs for sludge handling plus or minus
the indirect net cost effect of sludge handling on other treatment plant
processes. Added costs resulting from heat treatment include: (1) cooking
liquor treatment, and (2) treatment of odorous off-gases. Potential cost
savings include reduction in subsequent sludge treatment and disposal costs
because of improved sludge dewatering.

An unpublished draft report for EPAlC presents detailed cost estimates
for thermal condirioning and sidestream treatment. Costs were based on data
from several sources including operating plants, published literature,
manufacturers data and engineering estimates. The following cost information
was developed for thermal conditioning systems (does not include costs for
sidestream treatment):

1. Capital costs for thermal systems vary from about $50,000
per gpm of thermal treatment system capacity for a 10 gpm
system to $10,000 per gpm for a 200 gpm system.

2. Typical fuel requirements are 900 to 1,000 Btu per gallon for
systems that do not employ air addition and 300 to 600 Btu per
gallon with air addition.

3. Average electrical energy consumption averaged 22 Kwh per 1,000
gallons for plants with air addition and !0 Kwh per 1,000 gallons
without air addition.

4. Operation and maintenance labor constitutes a significant fraction
of overall costs, ranging from 6,000 hours per year for a 10 gpm
system to 20,000 hours per year for a 200 gpm system.

5. Costs for materials and supplies range from $5,000 per year for
a 10 gpm system to $20,000 per year for a 200 gpm system.

The following cost information is related to indirect costs for treating
sidestreams:

1. 1Increased capital costs primarily result from the need to increase
aeration tank volume and air supply capabilities.

2. Increased energy is required for aeration capacity required io
treat the recycled liquor.

3. TIncreased labor is required for maintaining and operating the
additional aeration capacity and related settling and pumping
systems.

11



Costs for treating the off-gas from the thermal treatment system typically
constitutes 5 to 10 percent of the total costs for thermal treatment. Carbon
adsorption is the most costly technique for odor control. Incineration is
most economical in smaller plants and chemical scrubbing in larger plants.

Based on unit costs of $7 per hour for labor, $0.03 per kwh for electric-
ity, and $2.80 per million Btu and amortization of capital costs over 20 years
at 7 percent interest, the following typical costs for thermal conditioning
were determined (all costs are dollars per ton of dry solids processed):

Sludge CONSTRUCTION COSTS O & M COST
Ton/Day Direct Indirect Total Direct Indirect Total Total
1 97.53 4.11 101. 64 150.14 4,93 155.07 256.71
5 30.79 3.18 33.97 46.46 3.67 50.13 84.10
10 21.45 2.93 24.38 32.52 3.50 36.02 60.40
50 12.20 1.83 14.03 19.10 2.99 22.09 36.12
100 10.96 1.98 12.94 16.58 2.87 19.45 32.39

The March 1975 national average construction costs for thermal condition-
ing are shown on Figure 3. These costs include feed pumps; grinders; heat
exchangers; reactors; boilers; gas separators; air compressors where applicable;
decanting tanks; standard odor control systems; and piping, controls, wiring
and installation services usually furnished by the equipment or system manu-
facturer. Not included in the basic thermal treatment costs are buildings:
footings; piping; electricl work and utilities not supplied by the equipment
manufacturer; sludge storage and thickening prior to thermal treatment;
sludge dewatering, incineration or disposal: land: and engineéring fees.

In escalating costs to later dates, it should be considered that the escala-
tion determined from the EPA-STP index may not adequately reflect the
increased costs for high temperature, equipment-dominated processes such as
thermal treatment.

A second curve (Curve B) is shown on Figure 3 and includes the costs
for typical building, foundation and utility needs for thermal treatmert
systems. The building costs represent single-story, concrete or masonry
construction with built-up roofing, insulation and heat and vent systems,
and assume that reactors and decant tank will be located outside of the
building. The costs also include piping and wiring within the building,
foundations for internal and external eguipment, and limited amount of site-
work. Building sizes provide for easy access to equipment and control room.
For larger installations, where multiple units are anticipated, space for
some standby equipment is included. Typical building sizes range from
1,500 square feet for a 10 gpm plant to 5,250 square feet for a 200 gpm plant.
The construction cost per square foot of building was estimated to be $36.

The curves show a rapid rise in unit construction costs for plants smaller
than about 20 gpm. The minimum direct cost of a thermal treatment plant is
estimated to be approximately $350,000 regardless of plant size. For plants
above about 150 gpm the increased use of multiple treatment units and of

12
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standby units results in a lower limit for unit cost per gpm of capacity.
This lower limit appears to be in the range of $9,000 to $12,000 per gpm.
Data for these larger plants are sparse, however, and some plants reported
lower unit costs.

The annual fuel requirements based on 8,000 hours of operation are shown
in Figure 4. Fuel is used chiefly as a source of heat to produce steam. The
amount of fuel used is influenced by the reaction temperature, efficiencies
of the boiler and heat exchange systems; insulation or heat losses from the
system and the degree of heat-producing oxidation which takes place in the
reactor. Some reduction in the unit heat requirement for increase in plant
size is reported. This is beiieved to result from more uniform and constant
operation of the system, greater heat transfer and insulation efficiencies
and possibly a greater amount of oxidation in the larger units. Plants adding
air to heat exchangers and reactors experiencing some oxidation have lower
fuel requirements.

Typical fuel requirements averaged 900 to 1,000 Btu per gallon for plants
not practicing air addition and 300 to 600 Btu per gallon, depending on the
degree of oxidation obtained, for plants practicing air addition. Curves in
this paper are based on fuel requirements of 900 Btu per gallon for thermal
conditioning without air and 500 Btu per gallon, corresponding to about five
percent oxidation, plants with air addition. These fuel requirements do not
include allowances for treatment of off-gas.

Annual electrical energy usages for the two types of plants (with and
without air addition) are shown in Figure 5. A separate curve is included
on Figure 5 for estimating the energy requirements for building needs.
Electrical energy requirements are determined by sizes and efficiencies of
machinery such as sludge and boiler water pumps, grinders, thickeners and,
in plants where air addition is practiced, air compressors. Electrical energy
is also required for lighting and other building uses. Average unit energy
requirements are 22 kwh per 1,000 gallons for plants practicing air addition
and 10 kwh per 1,000 gallons for plants without air addition.

Operation and maintenance labor requirements are shown in Figure 6. 1In
this paper operation comprises time spent collecting and logging data on the
process, controlling and adjusting the various systems and components, and
laboratory work. The functions covered by mainterance include cleaning and
repairing process components, general upkeep of the process area, checking
and repairing of controls and instrumentation, and performing preventative
maintenance. Maintenance in Figure 6 does not include major overhauls which
will be required periodically. In some plants these operation and maintenance
functions may vary or may overlap.

In general, maintenance labor is approximately one-fourth of operating
labor, ranging from the equivalent of one maintenance man for one shift at
a 50 gpm plant to one and one-half men for one shift at a 200 gpm plant.
The amount of maintenance required depends greatly on the design and operation
of the plant, particularly on equipment and materials used for construction.
It is also dependent on the skill and knowledge of the maintenance personnel
and the design of, and adherence to, a preventative maintenance program.

14
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Annual costs for materials and supplies are shown in Figure 7. Curve A
shows the normal annual costs for materials and supplies required to operate
and maintain the thermal conditioning system. These costs are plotted against
thermal treatment plant capacity and include materials and parts such as seals,
packing, coatings, lamps, bearings, grinder blades, and other items used in
scheduled and normal maintenance. They also include operating supplies such
as lubricants, cleaning chemicals, boiler feed water, and water treating
chemicals. These costs vary from about $5,000 per year for a 10 gpm plant
to approximately $20,000 per year for a 200 gpm plant.

Besides normal, periodic maintenance required for a plant shown by Curve
A, additional costs for major overhaul work are incurred. This work includes
such items as motor rewinding; major overhaule of pumps and compressors;
major non-routine rehabilitation or replacement of heat exchanger tubing
piping and controls; and refitting of boilers. This type of work is required
at an average interval of about 6 to 7 years, depending on the conditions at
a particular plant. Because labor for this type of major work is often
contracted, labor costs are treated as part of the overhaul and included in
its cost under this section. Curve B shows the combination of these costs
with those included under Curve A to give the total annual cost for the
materials and supplies. The inclusion of major overhaul work increases the
annual materials cost by about 45 percent over that required for routine
and preventative maintenance materials.

There was considerable variation among the costs for materials in
seemingly similar plants and it appeared that three factors tended to govern
the costs.

1. Preventative maintenance program. In plants where a good program
was practiced, overall costs for parts supplies generally were lower.
Where maintenance was neglected, more major failures were found to
occur with a need for greater expenditure for parts.

2. Design of the plant and selection of materials of construction.
1f a higher grade of materials and equipment were selected for
initial construction and if the plant were designed with ease of
maintenance in mind, less maintenance and better maintenance were
found and hence less need for replacement was noted.

3. Quality of the water supply. In areas with high hardness and high
mineral contents in their water supplies, more scaling and corrosion
were noted in equipment, particularly in heat exchangers. Scaling,
along with the increased amount of cleaning required, resulted in
both an increase in replacement parts for boilers and heat exchangers
and an increased amount of chemicals for boiler water treatment and
heat exchanger cleaning.

Total costs for thermal conditioning systems, with air addition,
including costs for treatment of cooking liquor and odorous gas sidestreams
are shown in Figure 8. Costs in Figure 8 are based on the following:

1. Cooking liquor treated in the main plant by increasing the size of

activated sludge system.
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2, Capital costs include an allowance for engineering, legal and
administrative and interest during construction and amortized
over 20 years at 7 percent interest,

3. Electrical energy cost = $0.03 per kwh.

4. TFuel cost = $2.80 per million Btu.

5. Labor cost = $§7.00 per hour.

Using the above criteria, total costs for thermal conditioning range
from $257 per ton in a 1 ton per day capacity plant to $32 per ton in a
100 ton per day plant.
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DESIGN EXAMPLE

The design example considered herein is a 4 mgd standard activated sludge
plant with the following sludge characteristics:

Total VolaFile Flow
Sludge Solids Solids
Type (1b) (1b) (gpm) (mgd)
Primary 5,200 3,120 5.4 0.008
Secondary 4,000 3,200 8.3 0.012
Total 9,200 6,320 13.7 0.020

These sludge quantities w:re determined with the following assumptions:

Raw wastewater suspended solids = 240 mg/l; BOD = 200 mg/l.
Suspended solids removal = 65 percent in primary treatment and

90 percent overall; BOD removal = 30 percent in primary treatment
and 90 percent overall.

One-half pound activated sludge produced per pound BOD removed.
Primary sludge is 4 percent solids and is gravity thickened to

8 percent solids.

Waste activated sludge is 1 percent solids and is thickened to

4 percent solids.

A process and materials flow diagram is shown in Figure 9 for a thermal
conditioning system of primary and secondary sludge. The example system
utilizes air addition and assumes that the recvcle liquor will be treated
in the mailn activated sludge plant. Other features of this system include
the following:

1.

2.

One thermal conditioning reactor required.
Flow = 20 gpm
Opurating pressure = 350 psig
Operating temperature = 3700F
Operating schedule: 24 hours/day, 7 days/week
Installed horsepower = 85
Building area required = 1,115 square feet

One decant tank required.
Design loading = 50 1lb/sq ft/day
Dianmeter = 15 feet
Side water depth = 10 feet
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Scrubber-afterburner system to treat 81 scfm odorous gas from

3.
decant tank.
Installed horsepower = 3
Building area required = 32 square feet
4. Multi-stage scrubber to treat 2,400 scfm odorous gas from vacuum

filter.
Installed horsepower

= 13
Building area required =

144 square feet

In this example, the assumed BOD loading without thermal conditioning is
6,670 pounds per day in the raw wastewater and 4,670 pounds per day to th?
aeration basins. The BOD in the decant tank supernatant and the vacuum filter
filtrate are estimated to increase the main treatment plant loading as

follows:
pecene Tank f2oum Tl
yc
Supernatant Filtrate Flow
BODS, 1b/day 875 370 1245
% BODc in raw
° 5
Wastawater 13.1 5.6 1§.7
ABBOPS to Aeration 18.7 7.9 26.7
asins
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INTRODUCTION

Sludge thickening is defined as increasing the total solids con-
centration of a dilute sludge from its initial value to some higher
value, up to a limit of about 10-12% total solids. Thickening is con-
trasted with "dewatering" which increases the total solids concentration
to the range of 15-30 percent. Thickening operations are intended to
reduce the volume of sludge to be further processed and normally con-
stitute an intermediate step preceding dewatering or stabilization.

The unit processes most commonly associated with wastewater sludge
thickening are gravity thickening, dissolved air flotation, and centri-
fugation. Some of the heavier sludges, such as raw primary and combi-
nations of raw primary and some biological sludges, may be readily
thickened with stirred gravity thickeners. Other, more flocculant
sludges, such as those from activated sludge processes, may require more
elaborate methods. The most frequent applications of the common pro-
cesses are summarized in Table 1.

Table 1
FREQUENT APPLICATIONS OF THICKENING PROCESSES

Process Description Sludge Applications

Gravity Thickening Primary Sludge
Combined Primary and
Secondary Sludges
Dissolved Air Flotation Secondary Sludges
Centrifugation Secondary Sludges

The selection and design of a sludge thickening system is dependent
upon many factors including the sludge characteristics, sludge process-
ing following thickening, and the type and size of wastewater treatment
facility. Each thickening situation will be somewhat different.



Applications other than those shown in Table 1 are possible and, in some
cases, may provide the desired results.

This paper will discuss in detail the processes of gravity thick-
ening, dissolved air flotation, and centrifugation. Other newer methods
will also be mentioned. First, sludge characteristics and sludge hand-
ling methods will be discussed. This will be followed by a discussion
of the thickening processes, performance data, and recommended design
standards. This material will then be used in a design example which
will illustrate the general approach necessary in thickening alternative
evaluation and selection. Bench scale or pilot studies are frequently
required for determining applicability of, and/or design parameters for,
the various thickening processes. Examples of these will be presented
with the design example. Additionally, equipment capital, operation,
and maintenance cost data will necessarily be presented to aid in
screening the alternatives. As the example is developed, the method-
ology for determining the most reliable and cost effective process for a
given sludge will be shown.



SLUDGE CHARACTERISTICS AND HANDLING

Separation of solid matter from wastewater in a settling tank re-
sults in a clarified tank effluent and a watery mass of solids known as
"sludge." Many different sludge types and variations in sludge concen-
tration are encountered in wastewater treatment. The characteristics of
a sludge prior to thickening will generally depend upon the type of
wastewater treated, the sludge origin (which particular wastewater
treatment process), the degree of chemical addition for improved set-
tling or phosphorus removal, and the sludge age. Additionally, the
sludge produced by a specific settling tank will also depend somewhat
upon the design and operation of the unit. Typical "as removed" sludge
concentrations are presented in Table 2.

Table 2

TYPICAL SLUDGE CHARACTERISTICS
""AS REMOVED" FROM TREATMENT PROCESSES

Sludge Type Range % Solids Typical % Solids
Primary (PRI) 2-7 4
Waste Activated (WAS) 0.5-1.5 1
Extended Aeration (EA) 1-3 2
Trickling Filter (TF) 1-4 2
Rotating Biological Disc (RBD) 1-3.5 2
Combinations:
PRI + WAS 2.5-4 3
PRI + TF 2-6 3.5
PRI + RBD 2-6 3.5
WAS + TF 0.5-2.5 1.5

The lower figures in the range of expected results may be indica-
tive of settling units processing lighter, more flocculant sludges or of
units operating above their design capacity. The higher values may be
indicative of the results from units processing easily settled solids or



of units operating below their design capacity. Chemical additions
may result in higher or lower concentrations depending upon the chemical
and dosage utilized. The "typical" percent solids are indicative of the
results obtained from settling tanks operating at design capacity and
treating normal "domestic wastewater."

Treatment and disposal of sludges represent two of the major prob-
lems associated with wastewater treatment. Thickening of the sludge
represents but one step of a total disposal scheme which may include
thickening, stabilization, dewatering, stabilization reduction, or heat
drying prior to ultimate disposal. Exhibits 1 and 2 show various pri-
mary and secondary sludge disposal alternatives and how sludge thick-
ening may fit into the total treatment and disposal scheme.

In general, the required degree of thickening is directly related
to the sludge processing method(s) downstream of the thickener (see
Exhibits 1 and 2). The stabilization stage, in particular, will norm-
ally be more successful if the solids concentration is kept within the
range that optimizes the rates of biological and chemical stabilization.
Likewise, ultimate disposal of 1liquid sludge by land application will
generally be less costly when the solids concentration is maximized but
kept within the range dictated by pumping equipment. Suggested optimum
percent dry solids operating ranges for various sludge handling pro-
cesses following thickening are shown in Table 3.

Table 3
POST THICKENING PROCESS OPERATING RANGES

Operating Ranges
Optimum Sludge

Process Type Solids (%)
Stabilization

Aerobic Digestion 2-4

Anaerobic Digestion 4-6

High Pressure Wet Oxidation 4-6

Low Pressure Heat Treatment 4-6

Lime Treatment 6-8
Other

Land Application 6-8
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THICKENING PROCESSES

Gravity Thickening

Gravity thickening of sludges, probably the most common unit pro-
cess in use, is relatively simple in principle and operation, and low in
cost. Gravity thickening is basically a sedimentary process carried out
in a unit which resembles a wastewater settling basin. A typical unit
is shown on Exhibit 3. Solids settle to the thickener bottom, are then
raked to a sludge hopper, and are periodically removed and discharged to
the next process. Water separated from the sludge (supernatant) rises
as the sludge settles. This supernatant or overflow containing some
solids and probably a high biochemical oxyen demand should be returned
to the plant for further treatment. Several existing gravity thickener
installations were recently contacted. Data, indicative of equipment
performance at that time, are presented in Table 4.

Table 4
EXISTING GRAVITY THICKENER PERFORMANCE DATA

Sludge Solids (%) Solids Loading

Location Feed Unthickened Thickened (lbs/ftz/day)
Rumford Mexico, Me. WAS 1.2 2.7
Kokomo, Indiana Heat treat' 4-6 14-18 18
York, Nebraska Combined] 6-7
Salem, Ohio PRI 6
Middletown, Ohio WAS 0.9 3.8 1.5

]Contains heat treated primary and waste activated (equal portions)

2Contains primary, intermediate (trickling filter), and final (biodisc)
(proportions unknown)

Gravity thickeners are normally circular in shape and have a side
water depth of at least ten feet. The tank diameter is a function of
the required surface area. The required surface area is determined by
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applying either pilot tested or average recommended solids loading
rates to the total solids that the unit will receive each day. Sludge
solids concentrations obtainable by gravity thickening depend upon
the sludge type, thickener overflow rate, and solids retention time.
Average recommended solids loading rates and the possible performance

for some sludges are presented in Table 5.

Table 5
GRAVITY THICKENER LOADING RATES AND PERFORMANCE

Sludge Solids (%) Salids Loading

Sludge Type Unthickened Thickened  (1bs/ft%/day)
Primary (PRI) 2-7 5-10 20-30
Waste Activated (WAS) 0.5-1.5 2-3 4-8
Extended Aeration (EA) 1-3 1.5-4 4-8
Trickling Filter (TF) 1-4 3-6 8-10
Biodisc (RBD) 1-3.5 2-5 7-10
Combinations:

PRI + WAS 2.5-4 4-7 8-16
PRI + TF 2-6 5-9 12-20
PRI + RBD 2-6 5-8 10-18
WAS + TF 0.5-2.5 2-4 4-8

The values are average ranges only and may or may not be indicative
of the possible results for the particular sludge in question. A case
in point is a community which gravity thickens a 0.9 percent dry solids
waste activated sludge to 3.8 percent with solids capture of over 90
percent. The solids loading is 2 to 4 pounds per square foot per day
and the hydraulic loading ranges from 50 to 100 gallons per square foot
per day. This plant treats a high percentage of paper mill waste which
results in significant concentrations of inorganic solids escaping the’
primary tanks. These solids, when combined with the biological sludge,
form a floc that has much better settling characteristics than most waste
activated sludges. This results in a better than average thickened
product.



Although the solids loading usually governs gravity thickener de-
sign, the hydraulic loading should also be checked. Hydraulic loadings
in the range of 600 to 800 gallons per day per square foot have been
reported as optimum.(]) Also, loadings below 400 gallons per day per
square foot have been reported as possibly resulting in odor problems;
recycling of secondary effluent to maintain the higher rates has been
recommended.(]) Much lower rates, as low as 100 to 200 gallons per day
per square foot, will often be more applicable. Recycling of secondary
effluent to control odor will dilute the influent solids. The overall
solids thickening performance of the unit may not deteriorate, however,
since dilution will elutriate fine solids and reduce the interference
between the settling particles. Polyelectrolyte addition may have the
effect of improving solids capture and thus reducing solids overflow in
the supernatant, but may have 1little effect on improving the solids
concentration in the underflow. To achieve maximum sludge concentra-
tion, a sludge retention time of one-half to two days is horma]]y
required.

Dissolved Air Flotation

Dissolved air flotation is presently the most widely used method of
thickening waste activated sludge. The system uses air buoyancy to
literally float solids to the surface of a tank to be collected. The
main advantage of this method over gravity thickening is that very light
particles, such as waste activated sludge solids, can be removed more
completely in less time. A typical dissolved air flotation system is
shown on Exhibits 4 and 5. The units physically range from small steel
package units to custom designed large units with concrete tanks.
Recycle flow may consist of either underflow from the unit or recycled
plant effluent. It is returned at rates of up to five times the feed
sludge rate, combined with air, and then pressurized to approximately
60-70 pounds per square inch. Since the solubility of air in water in-
creases with increasing pressure, large quantities of air go into solu-
tion. Later, this recycle flow is allowed to depressurize as it is
mixed with the influent sludge. Depressurization releases the excess

10



1T

ADJUSTABLE FLOAT SKIMMER

CHAIN TENSIONER
h)
rr—r— ADJUSTABLE
WEIR
FLOAT [ —=d—=-rAAJ--Td———-J=—==[—-me- — Z .
STORAGE J : g -
SUMP " EFFLUENT
()
- 2
' Z\ SLUDGE
\ INFLUENT DISCHARGE
BACK PRESSURE VALVE REDWOOD SCRAPER

EXHIBIT 4
DISSOLVED AIR FLOTATION UNIT (2)



1

UNIT EFFLUENT THICKENED SLUDGE
-+ —>— DISCHARGE (FLOAT)

AUX. RECYCLE CONNECTION FLOTATION UNIT UNIT FEED

(PRIMARY TANK OR SLUDGE (W.AS.)
PLANT EFFLUENT)

(AIR FEED —— RECIRCULATION PUMP RECYCLE
ALTERNATE) —% 1:11 TO 5:1 ~* fLOwW
AIR FEED :
50 TO 70 Psi " RETENTION TANK
L‘—'DJ (AIR  SOLUBILIZATION )
P 003 TO 005 LB'S DISSOLVED
REAERATION PUMP AR PER \B OF SOLIDS
(ALTERNATE /
EXHIBIT 5

DISSOLVED AIR FLOTATION SYSTEM



£l

Table 6

RECENT DATA FOR SOME PLANT SCALE DAF UNITS

Location Feed
Indianapolis, Ind. WAS]
warren, Mich. WAS
Frankenmuth, Mich. WAS2
Columbus, Ohio was>

was?
Nashville, Tenn. PS,WAS®
Xenia, Ohio WAS

1
2

Major flow to plant is brewery waste.

Influent

SS (mg/1)
10,000
11,000

8,000

6,000

8,000
35,000,5,000
4,000

Contains some primary sludge - proportions unknown.

Subnatant
SS (mg/1)
100-1,000

200

90

800

150
100

Float

% Solids

3.5-4.2
5
3.5-5.5
3.2
3
6
2.5-3.0

Polymer Used
lhs/ton dry solids

30
40

0-26%

30

Polymer sometimes used to keep sludge from adhering

to skimmers. Sometimes thicken anaerobically digested sludge - similar results with no
polymers required {influent SS 10,000 mg/1)

3Jackson Pike facility

4
this way

Southerly facility - units are being used as gravity settlers since they get better results

sPrimary and waste activated are handled by separate units - combined product is 6% solids.



air out of the recycle liquid in the form of tiny air bubbles (80}:).
These air bubbles attach themselves to the sludge solids and float them
to the surface. Thickened sludge is scraped off the liquid surface by
a skimmer mechanism consisting of a series of paddles. Liquid that is
not contained in the thickened sludge or recycled is discharged from the
system as subnatant. Subnatant may contain high solids and biochemical
oxygen demand, and thus should be returned to the plant for further
treatment.

Data from existing operating full scaie dissolved air flotation
units has been presented in other publications.(z)(3) Some of the same
installations were recently contacted. Updated performance data for
these and other dissolved air flotation units are presented in Table 6.

The effluent sludge (float) percent solids will depend on many
variables including the type and quality of the feed sludge, -.recycle
ratio, detention time, air to solids ratio, system pressure, the solids
and hydraulic loading rates, and the amount of chemical aids used. Some
general statements that have been made regarding dissolved air flotation

(2)

thickening of the "average" waste activated sludge are as follows:

1. Increased air pressure or flow will yield higher float solids
and tower effluent suspended solids concentrations.

2. Polymer usage will yield higher float solids concentration and
improve the subnatant quality.

3. Detention time in the flotation zone is not critical.

Since there are so many variables and each sludge will react some-
what differently to the dissolved air flotation thickening process,
these "general rules of thumb" may not apply in all cases. Addition-
ally, when the guidelines are valid, it is generally only within certain
ranges of the variable parameters. The ranges are typically 40-70
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pounds per square inch for air pressure and 0-40 pounds for polymer
dosage. Likewise, the detention time may not be critical once a minimum
value of 1.5-3 hours has been attained.

System design is based primarily on a solids loading rate and the
desired air to solids ratio. Additionally, maximum hydraulic loading
rates are usually checked to avoid exceeding manufacturers' recommenda-
tions. If any flow other than the dissolved air flotation thickener
underflow is used for recycle, it must be included in the unit's total
hydraulic loading calculation.

Pilot studies are recommended to determine the applicability of the
dissolved air flotation process to the sludge and to optimize some of
the variables. When pilot studies are undertaken, the full scale design
is based on the study findings. Since data and sludge samples are
lacking at new wastewater treatment plants, thickener design must be
based on sound engineering judgment backed up with past experience.
Commonly used design parameters and expected unit performance are pre-
sented in Table 7. It must be emphasized that these are general guide-
lines only.

Centrifugation

Centrifugal thickening of sludge is a process which uses the force
developed by fast rotation of a cylindrical drum or bowl to separate the
sludge solids and liquid. In the basic process, when a sludge slurry is
introduced to the centrifuge, it is forced against the bowl's interior
walls, forming a thin slurry layer or "pool." Density differences cause
the sludge solids and the liquid to separate into two distinct layers.
The sludge solids '"cake" and the liquid "centrate" are then drawn from
the unit separately and discharged. The three types of centrifuges -
basket, disc-nozzle, and solid bowl - all operate on the basic prin-
ciples described above. They are differentiated by the method of sludge
feed, applied centrifugal force, method of solids and 1iquid discharge,
and to some extent performance.

15
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Table 7

DISSOLVED AIR FLOTATION DESIGN PARAMETERS AND EXPECTED RESULTS

fg;;‘l‘f‘ Air to Recycle Float Solids (%)  Solids Capture (%)
Sludge Feed 2 9 Solids Ratio With Without With Without
Type Solids % (1b/ft"/hr) Ratio (%) Polymer Polymer Polymer Polymer
Waste
Activated 0.5-1.5 2-3 0.03-0.05 100-500 5-6 4-5 95-100 85-95
Primary &
Waste
Activated 3-4 2-4 4D)] ) ) 5-8 nm 85-95

(1) Limited experience prohibits listing typical numbers.



The basket centrifuge, as shown on Exhibit 6, is a batch type
thickening unit. As slurry is fed to the unit, the sludge solids form a
cake on the bowl walls, while the centrate is discharged over a weir or
baffle. Slurry feed is continued until the centrate solids reach the
maximum tolerable limit. At this point, the unit stops and a knife
wipes the sludge cake off the walls. The sludge is then discharged from
the system through the unit's open bottom. Of the three centrifuge
types, the basket unit has the capability of producing the driest sludge
cake since there is a minimum of disturbance to the depositing solids.
Its use, however, is generally restricted to smaller plants because of
its intermittent operation and resultant lower capacity.

The disc-nozzle centrifuge, as shown on Exhibit 7, is a contin-
uously operating unit. It is composed of a series of conical plates
which are stacked together to form a series of narrow channels. Sludge
slurry enters the unit and is dispersed to these channels. The centrate
tends to rise and is discharged from the top of the cones while the
sludge cake is discharged downward and through small nozzles in the bowl
wall at the cone bottoms. High sludge throughput and good solids cap-
ture are possible with these units. Their solids concentrating capa-
bility is limited, however, by the small diameter (0.05-0.10 inches)
orifices through which the sludge cake must discharge. Additionally,
depending upon the sludge type and previous treatment, degritting and
screening prior to the disc centrifugation may be mandatory to avoid
plugging these sludge discharge orifices and to reduce wear on the
machine.

Like the disc centrifuge, the continuous solid bowl centrifuge is a
continuously operating unit. It consists of a horizontal cylindrical
bowl containing a screw type conveyor. At one end, the bowl necks down
to a conical section which acts as a beach plate for the screw conveyor.
In operation, sludge solids are forced to the bowl surface and are moved
toward the beach plate by the conveyor where they are discharged from
the unit. The sludge pool level is controlled by adjustable skimmers
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EXHIBIT 6
SCHEMATIC DIAGRAM OF A BASKET CENTRIFUGE (2)
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or weir plates. These also function as discharge points for the cen-
trate. A typical countercurrent solid bowl centrifuge is shown on
Exhibit 8. Sludge slurry enters the unit just before the conical
section and distributes itself along the bowl surface. Sludge solids
are discharged at the cone end while centrate is discharged at the
opposite end. Sludge solids do not travel the full length of the bowl.
A second variation of the solid bowl centrifuge is the concurrent model.
In this unit, sludge slurry is introduced at the far end of the bowl.
Turbulence and interference present at the slurry inlet point in the
countercurrent machine are reduced with this variation. Also, the
slurry must travel the full length of the bowl before discharge. This
may result in a drier sludge cake.

Centrifuge performance is measured by the percent solids of the
sludge cake and the centrate quality or total solids captured. Several
existing centrifuge installations were recently contacted. Data, in-
dicative of equipment performance at that time, are presented in Table
8. The performance of a particular centrifuge unit will vary with the
inlet sludge type and solids characteristics, the sludge feed rate, and
the degree of chemical addition. Centrifuge performance on a particular
sludge will also vary with bowl design, bowl speed, pool volume, and
conveyor (if present) design. In practice, bowl and conveyor design are
set by the manufacturers. Pool depth is variable on solid bowl units.
Increasing the pool depth will normally result in a wetter sludge cake
but better solids recovery. Bowl speed is normally variable on most
centrifuge models. Difficulty involved in changing speeds varies with
the manufacturers. An increase in bowl speed normally results in a
drier sludge cake and better solids recovery. Conveyor speed is norm-
ally variable on continuous solid bowl centrifuges. Increasing the
conveyor speed normally results in a wetter sludge cake and poorer
solids recovery. Varying these parameters will probably result in
significant solids changes only within limited ranges. Each performance
improvement must be compared with the additional costs required to
produce it.
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Table 8
EXISTING SOLID BOWL CENTRIFUGE PERFORMANCE DATA

Sludge Solids (%)

Location Feed Unthickened Thickened Solids Recovery (%)

Great Northern Paper )

Millinocket, Me. WAS 4 10-12 90

Kendall Co. ]

Griswoldville, Mass. WAS 3 7

Miller Brewing Co. 2

St. Louis, Mo. WAS 0.75 - 1 5-7 80-85
Dubuque, Iowa wAS2 1-15 6

1Polymers used - quantity unknown

2Po'lymers not used

Centrifuges have seen more service in dewatering applications than
in thickening applications. When utilized for thickening, their use is
normally limited to the thinner biological or industrial sludges that
cannot be thickened by less expensive methods. Data on the three cen-
trifuge types and their possible performance on waste activated sludge
are presented in Table 9.

Table 9
CENTRIFUGE MECHANICAL CHARACTERISTICS AND PERFORMANCE DATA

Centrifuge Type

Parameter Basket Disc-Nozzle Solid Bowl
Operation Method Batch Continuous Continuous
Bow! Diameter (inches) 12 - 60 8 - 30 6 - 60
Max Centrif. Force (G) 2,000 12,000 3,200
WAS Feed Solids (%) 0.5 - 1.5 0.5 - 1.5 0.5 - 1.5
WAS Cake Solids (%) 8 -10 4 -6 5-8
Solids Recovery (%) 80 - 90 80 - 90 70 - 90
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Polymers may be required to meet the stated performance. The re-
quired dosage depends upon the manufacturer and may range from 0-8
pounds per ton of dry solids.

Polymer addition generally improves both the percent solids and the
solids recovery. It must be emphasized that the tabular values are
representative of possible results from an "average" waste activated
sludge. Numerous sludge and machine variables make consultation with
manufacturers mandatory and pilot tests highly recommended for each
installation.

Other Methods

Thickening of sludge is often a secondary benefit of a sludge
treatment unit having an entirely different purpose. Decanting facil-
ities are provided in aerobic and anaerobic digesters to remove excess
liquids which have risen above the solids layer. In such faci1it{es,
sludge solids concentrations may increase as much as one percent over
inlet feed solids concentrations.

New sludge thickening methods are being marketed each year. One
such method is the sludge filter bag system. In this process, sludge is
mixed with polymer and then held in suspended porous bags. The weight
of the sludge forces water out the bag sides and bottom. Sludge is held
from four to eight hours depending upon the desired dryness and is then
released through a bottom opening. Bag life should be about two years.
This method has not been in existence long enough to have been proven
reliable.
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DESIGN EXAMPLE

Statement of Problem

The problem is to provide sludge thickening facilities for two com-
munities, both of which have existing conventional activated sludge
wastewater treatment plants.

The smaller community has existing wastewater treatment facilities
capable of treating 4.0 million gallons per day. The facilities consist
of screening, grit removal, primary settling, conventional activated
sludge aeration, final settling, chlorination, and sludge lagooning.
Present flow to the plant is 3.5 million gallons per day; the 20 year
projected flow is 4.0 million gallons per day. The plant meets its
proposed discharge permit requirements, but the city has been ordered to
abandon the sludge lagoons (which are periodically flooded by the re-
ceiving stream) and in their place construct digestion faci]it%es and
devise a plan for disposal of the digested sludge. The digested sludge
will be dewatered on sand drying beds or hauled as a liquid to nearby
farms. Thickening facilities are required to reduce the size of the
réquired anaerobic digester, to insure efficient digester operation, and
reduce hauling costs.

The larger community has existing wastewater treatment facilities
capable of treating 30 million gallons per day. Present flow to the
plant is 35 million gallons per day; the 20 year projected flow is 40
million gallons per day. The existing treatment system consists of
screening, grit removal, primary settling, conventional activated sludge
aeration, final settling, chlorination, aerobic sludge digestion, sludge
dewatering, and landfilling of dried sludge solids. The existing treat-
ment scheme will meet proposed permit requirements. Therefore, all
treatment units will be expanded to handle the 20 year flow projections.
Anaerobic digestion has been determined to be more cost-effective than
the aerobic sludge digestion. The aerobic digesters will be abandoned
as such (will become part of expanded aeration tank facilities).
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Thickening facilities are required to reduce the size of the required
anaerobic digesters, to insure efficient digester operation, and to im-
prove the dewatering operation.

Wastewater Characteristics. The wastewater characteristics and

removal efficiencies of the varidus treatment units are required to
determine the possible solids loading on the thickeners. This infor-
mation may be acquired from plant records or sampling programs at ex-
isting facilities. When these data are not available (such as in the
case of new wastewater treatment plants for new service areas), assump-
tions based on sound engineering judgment and previous experience are
necessary. For the sake of simplicity, the wastewater characteristics
and treatment unit removal efficiencies for the example plants are
assumed equal. Raw wastewater characteristics for the example plants
are given in Table 10.

Table 10
RAW WASTEWATER CHARACTERISTICS

Parameter Concentration (mg/1)
3005 200
Suspended Solids 240
Organic Nitrogen 15
Ammonia Nitrogen 25
Phosphorus 10
Grease 100

Treatment Unit Efficiencies. Both plants in this example will meet

their proposed permit requirements by utilizing the existing treatment
processes. Nitrification and phosphorus removal are not required.
Removal efficiencies based on percentages of the raw "domestic" waste-
water characteristics are presented in Table 11.
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Table 11
TREATMENT UNIT EFFICIENCIES

Unit Parameter Removal Efficiency
Primary Settling 8005 30%
SS 65%
Aeration & Final Settling BOD5 60%
) 25%

Sludge Characteristics. The characteristics of sludge discharged
to the thickening facilities may vary considerably depending upon the

type and amount of industrial wastes treated, the sludge origin (which
particular treatment unit), the degree of chemical addition for improved
settling or phosphorus removal, and the sludge age. Ideally, samples of
the sludge will be available for analysis. In lieu of this, the ranges
and typical concentrations shown in Table 2 may be utilized.

Existing plant operating data at the example plants has shown that
the unthickened primary sludge contains four percent dry solids; the
waste activated sludge, one percent dry solids. Field experiments at
both plants were conducted by returning the waste activated sludge to
the primaries. This did not seriously alter their operational charac-
teristics and an unthickened primary sludge containing three percent dry
solids resulted. Additionally, data at these plants has shown that for
every pound of five day biochemical oxygen demand removed in aeration,
0.5 pound of volatile suspended solids is produced.

Sludge Handling Following Thickening. = The required degree of

thickening is directly related to the sludge processing method(s) fol-
lowing thickening. Suggested optimum percent dry solids operating
ranges for some sludge handling processes following thickening were
presented in Table 3. In these examples, anaerobic digestion is to
follow the thickening step. Hence, sludge delivered to the digester
should have a solids concentration between four and six percent.
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For any sludge thickening problem, there will be several alterna-
tive solutions which will result in a sludge product in the desired
solids range. However, since each solution will probably not result in
the same "guaranteed average" percent dry solids, the design of the
sludge processing facilities following thickening will also be affected.
Consequently, these facilities will also have to be included in the cost
analysis.

Process Alternatives

Gravity Thickening. In the example, a primary (four percent) and

waste activated sludge (one percent), or combined sliudge (three percent)
is obtained, and a sludge concentration for the anaerobic digesters of
four to six percent is needed. Table 5 and past experience indicates
that gravity thickening of "normal" waste activated sludge alone will
not yield the required four percent solids. Gravity thickening may
yield reasonable results for the combined sludges. Additionally, grav-
ity thickening primary sludge alone and waste activated alone, and later
mixing the two, is a possibility. At this point in an actual problem at
an existing treatment plant, bench or pilot studies would be performed
to determine the applicability of gravity thickening to the sludge and
to determine design parameters.

Examples of results of typical eight foot column bench scale tests
are shown on Exhibits 9 and 10. Both the undiluted and elutriated acti-
vated sludges reached their maximum solids concentrations of 2.8 percent
and 2.3 percent, respectively, in less than three hours. A similar
test would be made on primary only and combinations of primary and
waste activated sludge.

For the example plants, assume the results of the tests showed
that gravity thickening the sludges will result in the following: pri-
mary sludge, nine percent; waste activated sludge, 2.8 percent; combined
primary and waste activated sludge, five percent.
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Dissolved Air Flotation. Reviewing the example problem, there is

primary (four percent) and waste activated sludge (one percent) or
combined sludge (three percent), and a sludge concentration for the
anaerobic digesters of four to six percent is needed. If primary sludge
is to be thickened alone, gravity thickening is generally utilized since
the costs would be much less than for dissolved air flotation. Like-
wise, in the case of the primary-waste activated combined sludge, grav-
ity thickening will yield similar results at less cost. This leaves
thickening the waste activated sludge alone by dissolved air flotation
thickening as a possible option. Dissolved air flotation thickening of
the waste activated sludge, coupled with either unthickened or gravity
thickened primary sludge, represents a viable alternative and will be
considered. At existing plants, pilot tests should be performed to aid
in process selection and equipment design.

Assume a pilot study was completed using dissolved air flotation
thickening on the waste activated sludge. The variables studied in-
cluded recycle ratio, air to solids ratio, solids loading rate, and
amount of polymer used. The system pressure was kept constant. The
results, shown graphically on Exhibits 11, 12, 13 and 14, were as
follows:

1. Increasing the recycle rate generally yielded higher percent
float solids but also higher effluent suspended solids. A
compromise rate was selected for use in later tests.

2. A concentrated sludge of four percent solids could be con-
sistently achieved with a unit loading of two pounds per
square foot per hour and an air to solids ratio of 0.04.
Increasing the solids loading reduced the float concentration
and increased the effluent suspended solids concentration with
and without polymer usage.
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3. At the recommended loading, an effluent suspended solids con-
centration of 50 milligrams per liter without the use of poly-
mers and 20 milligrams per liter with polymer addition was
consistently achieved. Polymer usage, however, resulted in no
clearly identifiable improvement in the float solids concen-
tration.

4. Very rapid deterioration in the effluent quality occurred when
the air to solids ratio fell below 0.020. Increasing the air
to solids rates from 0.040 to 0.250 resulted in only slight
reduction in effluent suspended solids.

As seen from the results, the waste activated sludge differed some-

(2)

sludge. A four percent float was obtained with or without polymers.

what from the experience of others and an "average" waste activated

For the example plants, it will be assumed that dissolved air flo-
tation thickening is applicable to the waste activated sludge and that a
thickened sludge of four percent solids will be produced.

Centrifugation. The problem at the example wastewater plants is to

produce a four to six percent dry solids sludge for anaerobic digestion
from primary sludge (four percent) and waste activated sludge (one per-
cent), or combined sludge (three percent). Past experience indicates
that thickening the primary or the combined sludge by centrifugation
would be a more costly alternative than gravity thickening. These al-
ternatives are eliminated from further consideration. Centrifugal
thickening of the waste activated sludge, however, combined with either
unthickened or gravity thickened primary sludge does represent a viable
alternative and will be considered. As in the case of gravity and
dissolved air flotation thickening, sludge treatability and variable
optimization make pilot studies highly desirable when possible.
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For the example, assume a pilot study using a solid bowl centrifuge
was performed as part of the sludge thickening study on the waste acti-
vated sludge. Some typical data from this pilot test are shown in Table
12. In the pilot study, the feed rate of the sludge, bowl speed, and
pond setting were varied to determine the optimum combination to yield a
five percent sludge. Minor pond setting changes had little effect on
the unit's performance. Operation at 3,200 G produced a sludge much
thicker (12 percent) than needed, while operation at 1,150 G produced a
wet sludge and poor solids removal efficiency. A force of 2,100 G was
selected as an optimum. At the selected bowl speed, solids recovery and
percent solids of the cake were analyzed for different sludge feed
rates. The data indicated that although the centrifuge could thicken
the sludge to the required five percent, the percent solids could drop
from five percent down to two percent or increase up to 15 percent, with
only minor feed rate changes. Consistently obtaining the required five
percent solids concentration was difficult. Based on the pilot test
data, solid bowl centrifuge thickening of the waste activated sludge was
not consistent.

For the example plants, however, it will be assumed that centrifu-
gation is applicable to the waste activated sludge. Also, based on
available equipment, equipment reliability, plant operator preference,
desired performance, minimum supportive equipment requirements, and past
experience, the solid bowl continuous centrifuge is selected over the
basket and disc centrifuge for the examples. Available data from equip-
ment manufacturers and data in Table 9 indicate that a product sludge of
six percent solids may be reasonably expected.

Other Methods. Decanting may result in some thickening in the di-

gesters. It is not, however, a reliable, consistent method and does not
normally result in appreciable thickening. Thus, it will not be con-
sidered as one of the process alternatives for the example plants.
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Table 12
PILOT CENTRIFUGE RESULTS

Feed Sludge Centrate Cake Mechanical Conditions
Run Rate Conc Rate Conc Conc % Solids Bowl Speed Pond Bowl-Conveyor
Mo. gpm XSS _ gpm £S5 XTS5 Recov'd rpm Setting Differential (rpm)
1 13.6 .799 12.5 .027 9.7 97 3,250 8 3/4 4.0
2 10.8 .859 6.8 .018 2.3 99 3,250 B 3/4 9.2
3 16.8 .817 15.8 077 1.5 a1 3,250 8 3/4 3.
4 12.7 .925 16.2 .034 10.7 96 3,250 8 3/4 4.2
5 18.3 .918 10.0 .020 2.0 99 3,250 8 3/4 7.3
6 25.2 .833 24.0 .230 V2.7 73 3,250 8 3/4 3.3
7 25.7 .845 24.0 .072 10.9 92 3,250 8 3/4 4.8
8 21.6 .809 13.0 .024 2.0 98 3,250 8 3/4 6.3
9 23.0 .813 17.2 .027 3. 9% 3,250 8 3/4 2.8
10 35.4 .809 22.2 .039 2.1 97 3,250 8 3/4 2.8
11 23.6 .782 22.2 .136  11.5 86 3,250 8 5/8 4.1
12 12.2 .790 10.0 .018 4.3 98 3,250 8 5/8 5.9
13 10.7 .699 10.0 .015  10.5 98 3.250 8 5/8 4.1
14 1n. .157 9.7 .014 5.8 98 3,250 8 5/8 5.4
15 22.2 L7157 20.0 .026 7.5 97 3,250 8 5/8 5.4
16 27.3 .779 26.1 191 13,6 63 3,250 8 5/8 2.7
17 27.3 .737 26.1 .152  13.3 79 3,250 8 5/8 4.0
18 28.3 .793 26.) .039 10.2 95 3,250 8 5/8 5.4
19 44.8 777 42.8 .236 15.1 70 3,250 8 5/8 4.4
20 59.0 .760 42.8 .034 2.8 97 3,250 8 5/8 6.0
21 - .786 231 .032 - - 4,000 8 5/8 5.6
22 23.0 .760 17.6 .023 3.2 98 4,000 8 5/8 8.0
23 25.4 .750 24.0 .078 12.8 90 4,000 8 5/8 4.0
24 44.0 .751 42.8 .349 147 55 4,000 8 5/8 4.0
25 44.5 .745 42.8 .165 12,1 78 4,000 8 5/8 5.6
26 40.4 701 27.3 .030 2.1 97 4,000 8 5/8 7.1
27 - .487 42.8 .040 1.2 98 4,000 8 5/8 7.1
28 63.2 .725 42.8 .061 2.1 94 4,000 8 5/8 6.1
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New methods, such as the sludge filter bag system, have not been in
existence long enough to have been proven reliable. Thus, they will not
be considered as thickening process alternatives for the example plants.

Alternative Evaluation

Preliminary Screening. The preliminary screening of sludge thick-

ening alternatives for the example plants was performed in the previous
section. The remaining alternatives at this point are presented in
Table 13.

Table 13
EXAMPLE SLUDGE THICKENING ALTERNATIVES

Sludge Thickening Method

Alternative Primary  Waste Activated Combined
No. 1 Gravity Gravity -
No. 2 - - Gravity
No. 3 None DAF -
No. 4 Gravity DAF -
No. 5 None Centrifuge -
No. 6 Gravity Centrifuge -

The general approach to use, at this point, is to first determine
if any of the remaining alternatives can be eliminated without perform-
ing a detailed cost-effectiveness analysis. A detailed cost-effective-
ness analysis examining capital and operation and maintenance costs
would then be performed on the remaining alternatives. Capital costs to
be considered may normally include thickener and supportive equipment
costs, land costs, building or protective structure costs, and, in
certain cases, post thickening treatment unit costs. Other costs to be
considered include power costs, chemical costs, manpower costs, and
maintenance costs. The cost-effectiveness analysis will show which al-
ternative has the lowest annual equivalent cost.
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Secondary Screening Analysis. Since Alternative Nos. 1 and 2 both
utilize gravity thickening onty, elimination of one of them should be

relatively simple. Wastewater characteristics, settling tank perform-
ance, and thickener performance presented previously will be used in
sizing the required thickeners. For this example, differences in den-
sity of the sludges are assumed insignificant and the density is taken
as equal to water. Designs will be based on conservative loading rates
to assure the desired performance. Calculations required for the 4.0
million gallons per day wastewater plant gravity thickener designs
follow:

Alternative No. 1

Definition - Gravity thicken primary sludge; gravity thicken waste
activated sludge

Primary Sludge

Quantity: 4 x 240 x 8.34 x 0.65 = 5,204 1bs/day
Volume: 5,204/(0.04 x 8.34) = 15,600 gals/day

Required Thickener: 5,208/20 1b/ft2/day = 260 ft2 or an 18.2' dia. unit

Recommended Thickener: 1 - 20' dia., 10' deep unit
Thickened Product: 5,204/(0.09 x 8.34) = 6,933 gals/day
Thickener Cost: $64,000

Waste Activated Sludge

Nonbiological: 4 x 240 x 8.34 x 0.25 = 2,002 1bs/day

Biological: 4 x 200 x 0.60 x 8.34 x 0.5 = 2,002 1bs/day

Total Quantity: 4,004 1bs/day
Volume: 4,004/(0.01 x 8.34) = 48,010 gals/day

Required Thickener: 4,004/4 lbs/ftz/day = 1,001 ft2

Recommended Thickener: 1 - 35' dia., 10' deep unit
Thickened Product: 4,004/(0.028 x 8.34) = 17,146 gals/day
Thickener Cost: $98,000
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Combined Product

[(6,933 x 0.09) + 17,146 (0.028)]/(6,933 + 17,146) = 0.0459
24,079 gals/day of 4.59% sludge

Alternative No. 2

Definition - Gravity thicken combined siudge

Combined Sludge

Nonbiological: 4 x 240 x 8.34 x 0.9 = 7,206 1bs/day

Biological: 2,002 1bs/day
Total Quantity: 9,208 1bs/day
Volume: 9,208/(0.03 x 8.34) = 36,803 gals/day

Required Thickener: 9,208/8 1b/ft2/day = 1,151 ft.2

Recommended Thickener: 2 - 30' dia., 10' deep units
Thickened Product: 9,208/(0.05 X 8.34) = 22,082 gals/day
Thickener Cost: $160,000

The analysis has shown that capital costs for Alternative No. 2 are
slightly less than those for Alternative No. 1 ($160,000 vs. $162,000).
Additionally, a thicker sludge would be obtained with Alternative No. 2
(5 percent vs. 4.6 percent). This would result in additional cost
savings in the digestion facilities. A similar analysis for the 40
million gallons per day plant resulted in a $167,000 unit (60 foot
diameter) for the primary sludge, and a $489,000 unit (110 foot diam-
eter) for the waste activated sludge (total cost $656,000), or two
$305,000 units (85 foot diameter) for the combined sludge (total cost
$610,000). Thus, on the basis of capital costs, Alternative No. 1 is
deleted from further consideration.

Alternative No. 6 appears to be a viable solution for our example
plant. However, an initial check of the thickened sludge product should
be made since a sludge that is too concentrated can actually cause more
problems in the anaerobic digestion facilities than a sludge which is
too thin.
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Alternative No. 6

Definition - gravity thicken primary sludge; thicken waste activated
sludge by centrifugation. Three shifts (24 hours) 7 day per week
operation of gravity thickeners at both plants and of centrifuges
at 40 mgd plant; two shifts (15 hours) 5 day per week operation of

centrifuges at 4 mgd plant.

Primary Sludge 4 mgd
Quantity (1lbs/day): 5,204
Volume (gals/day): 15,600

Recommended Thickener:

4 mgd - 1 - 20' dia., 10' deep unit
40 mgd - 1 - 60' dia., 12' deep unit

Thickened Product:

4 mgd - 6,933 gals/day of 9% sludge
40 mgd - 69,330 gals/day of 9% sludge

Thickener Cost;
4 mgd - $64,000
40 mgd - $167,000

Waste Activated Sludge 4 mgd
Quantity (1lbs/day) 4,004
Volume (gals/day) 48,010

Recommended Thickener:
4 mgd - 1 - 75 gpm unit
40 mgd - 1 - 667 gpm unit

40 mgd

52,040
156,000

40 mgd

40,040
480,100

Thickened Product (daily average based on 7 day week):

4 mgd - 8,002 gals/day of 6% sludge
40 mgd - 80,020 gals/day of 6% sludge

Thickener Cost (based on one unit):

4 mgd - $89,000
40 mgd - $280,000
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Combined Product

4.mgd -~ [(6,933 x 9) + (8,002 x 6)] / (6,933 + 8,002) = 7.39
14,935 gals/day of 7.39% sludge
40 mgd - 149,350 gals/day of 7.39% siudge

The calculations show that a 7.4 percent solids sludge would result.
This exceeds the four to six percent solids recommended for efficient di-
gester operation. Thus, Alternative No. 6 is eliminated from further
consideration. Detailed cost analyses are required for screening the
remaining alternatives.

Cost-Effectiveness Analysis

Design of the thickener units (based on data previously presented
in this paper) and capital costs for those units will be presented first
for the remaining alternatives. Other costs will then be analyzed.

Alternative No. 3

Definition -~ thicken waste activated sludge with dissolved air
flotation; no thickening of primary sludge; two shifts (15 hours)
five days per week operation of DAF units at 4 mgd plant; three
shifts (24 hours) 7 days per week operation of units at 40 mgd plant.

Waste Activated Sludge 4 mgd 40 mgd
Quantity (1bs/day): 4,004 40,040
Volume (gals/day): 48,010 480,100

Required DAF equipment:

4 mgd - (4,004 x 7)/(15 x 5 x 2.0 1b/ft2/hr) = 187 ft?
40 mgd - 40,040/(24 x 2.0 1b/fte/hr) = 834 ft?
Recommended DAF equipment:

4 mgd: 2 - 100 ft2 units

40 mgd: 2 - 400 ft units

Thickened Product (daily average based on seven day week):
4 mgd - (4,004/0.04 x 8.34) = 12,002 gals/day
40 mgd - 120,020 gals/day
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Thickener Cost:
4 mgd - $82,000
40 mgd - $205,000

Combined Product (unthickened primary + thickened WAS)

4 mgd - 15,600 + 12,002 = 27,602 gals/day of 4¥ sludge
40 mgd - 276,020 gals/day of 4% sludge

Alterpative No. 4

Definition - gravity thicken primary sludge; thicken waste acti-
vated sludge with dissolved air flotation. Three shifts (24 hours)
7 days per week operation of gravity thickener at both plants and
of DAF unit at 40 mgd plant; two shifts (15 hours) five days per
week operation of DAF unit at 4 mgd plant.

Primary Sludge 4 mgd 40 mgd
Quantity (1bs/day): 5,204 52,040
Volume (gals/day): 15,600 156,000

Recommended Thickener:
4 mgd - 1 - 20" dia., 10' deep unit
40 mgd - 1 - 60' dia., 12' deep unit

Thickened Product:
4 mgd - 6,933 gals/day of 9% sludge
40 mgd - 69,330 gals/day of 9% sludge

Thickener Cost
4 mgd - $64,000
40 mgd - $167,000

Final Sludge 4 mgd 40 mgd
Quantity (lbs/day): 4,004 40,040
Volume (gals/day): 48,010 480,100

Recommended Thickener:
4 mgd - 1 - 200 ft2
40 mgd - 1 - 800 ft

unit

2 unit
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Thickened Product (daily average based on 7 day week):
4 mgd - 12,002 gals/day of 4% sludge
40 mgd - 120,020 gals/day of 4% sludge

Thickener Cost:
4 mgd - $55,000
40 mgd - $91,000 (built-in-place unit, equipment only)

Combined Product

4 mgd - [(6,933 x 9) + (12,002 x 4)]/(6,933 + 12,002) = 5.83
18,935 gals/day of 5.83% sludge
40 mgd - 189,350 gals/day of 5.83% sludge

Alternative No. 5

Definition - thicken waste activated sludge by centrifugation; no
thickening of primary sludge. Two shifts (15 hours) 5 days per
week operation of centrifuge units at 4 mgd plant; three shifts (24
hours) 7 days per week operation of units at 40 mgd plant.

Final Sludge 4 mgd 40 mgd
Quantity (1bs/day): 4,004 40,040
Volume (gals/day): 48,010 480,100

Recommended Thickener:

4 mgd - 2 - 38 gpm units

40 mgd - 2 - 334 gpm units

Thickened Product (daily average based on 7 day week):

4 mgd - 4,004/(0.06 x 8.34) = 8,002 gais/day of 6% sludge
40 mgd - 80,020 gals/day of 6% sludge

Thickener Cost:
4 mgd - $116,000
40 mgd - $324,000

Combined Product

4 mgd - [(15,600 x 4) + (8,002 x 6)1/(15,600 + 8,002) = 4.68
23,602 gals/day of 4.68% sludge
40 mgd - 236,020 gals/day of 4.68% sludge
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The design calculations for the various alternatives indicate that

they will result in different sludge moisture contents and sludge vol-

umes.

and costs are summarized in Table 14.

able digester cost savings are possible with the thicker sludges.

The example plants are located in the midwest.
problem of possible freezing temperatures needs to be addressed.

These data and the resultant required anaerobic digester volumes

As shown by the data, consider-

Therefore, the
Except

for icing of weirs and possibly a thinner product sludge, exposed grav-

ity thickener operation should not be seriously affected in freezing

weather.

in heated enclosures to prevent freezing of the exposed piping and to
protect corrodible components from the elements.

Flotation and centrifuge equipment, however, should be located

Besides housing the

thickening equipment, the structure should also provide space for poly-

mer feed equipment, and for polymer storage if polymers are to be used.

At the example plants,

assume that existing building space is fully

utilized and, thus, any thickener building would be new construction.
The required building space and associated costs for alternatives

utilizing flotation or centrifugal thickening are presented in Table
15. Polymers are required with Alterpative Nos. 4 and §.

Storage space

for a 30 day supply has been included in the required building area.

Alternative

#3~4 mgd
#3-40 mgd
$4-4 mgd
#4-40 mgd
#5-4 mgd
#5-40 mgd

]Includes concrete tankage

Table 15
REQUIRED THICKENER BUILDING SPACE

Thickener Description

Type
DAF
DAF
DAF
DAF
Cent.
Cent.

Building Description

Area
Unit Size  (ft%)
2-100 ftZ 1,520
2-400 ftZ2 2,750
1-200 ft2 1,150
1-800 ftZ 2,050
2-38 gpm 770
2-167 gpm 1,000
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Height Building
(ft) Cost
12 $ 84,000
14 $136,000
14 $ 75,000
10 $181,000
10 $ 49,000
10 $ 58,000
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Table 14
THICKENER PRODUCT AND ANAEROBIC DIGESTER REQUIREMENTS

Digester Influent Sludge Digester
Volume (gals/day) Volume (ft™) Digester Cost
Alternative Percent Solids 4 mgd 40 mgd 4 mgd 40 mgd 4 mgd 40 mgd
2 5.0 22,082 220,820 58,034 580,340 $789,000 $4,074,000
3 4.0 27,602 276,020 71,938 719,380 $877,000 $5,310,000
4 5.83 18,935 189,350 49,683 496,830 $742,000 $3,425,000
5 4.68 23,602 236,020 61,661 616,610 $806,000 $4,361,000
Notes: If thickeners were not used, digester influent sludges would be as follows:

Alternative No. 2 - 4 mgd, 36,803 gals/day of 3.0%
40 mgd, 368,030 gals/day of 3.0%

A1l Other Alternatives - 4 mgd, 63,610 gals/day of 1.74%
40 mgd, 636,100 gals/day of 1.74%

Digester design is based on the thickened sludge, 85° F. temperature, 20 days detention,
75 percent sludge volatile content, 2,302 pounds of dry solids per million gallons of
wastewater and the volatile sludge loading factor method. Digester costs are based on
two high rate units for each plant.



A1l capital costs for the alternatives have been summarized in
Table 16.

Power requirements and associated costs vary with the type and size
of thickeners utilized. Gravity thickening systems require power for
the operation of raw and thickened é]udge pumps and the sludge collector
drive. Dissolved air flotation systems also require power for raw and
thickened sludge pumps, but additionally for a recirculation pump,
reaeration pump (if present), bottom collector drive, skimmer drive, air
compressor, polymer feed system (if present), and heating and lighting
of the thickener building. Centrifugal thickening systems require power
for the raw and thickened sludge pumps, bowl drive, conveyor drive (if
present), polymer feed system (if present), and heating and lighting of
the thickener building. Since the required anaerobic digester volume
differs with the four alternatives, the yearly sludge heating require-
ments will also vary. These studge heating costs need to be included in
the thickener cost-effectiveness analysis since they are directly re-
lated to thickening process. Total operating horsepower, thickener
building heating requirements, and associated power costs for the var-
ious alternatives, excluding digester heating costs, are presented in
Table 17. Building lighting costs were determined insignificant and are
not presented. Operating horsepower figures include influent and ef-
fluent sludge pump motors which total as follows: Alternate No. 2 - 4
million gallons per day - 1 harsepower, 40 million gallons per day - 5
horsepower; Alternate No. 3 - 4 million gallons per day - 1 1/2 horse-
power, 40 million gallons per day - 4 1/2 horsepower; Alternate No. 4 -
4 million gallons per day - 2 1/2 horsepower, 40 million gallons per
day - 6 1/2 horsepower; Alternate No. 5 - 4 million gallons per day -
1 1/2 horsepower, 40 million gallons per day - 4 1/2 horsepower. Power
costs for equipment operation are based on a rate of $0.04 per kilowatt
hour. Power costs for heating the building are based on using fuel ail
at a cost of $0.45 per gallon. The cost associated with heating the
sludge in the anaerobic digesters and the total power costs for each
alternative are presented in Table 18. In developing heating costs for
the digester, it was assumed that auxiliary fuel (fuel o0il at a cost of
$0.45 per gallon) would be required 50 percent of the time.
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Alternative
Description

#2
#3
#4
#5

#2
#3
#4
#5

4 mgd
4 mgd
4 mgd
4 mgd

40 mgd
40 mgd
40 mgd
40 mgd

Thickeners

$160,000
82,000
119,000
116,000

$610,000
205,000
258,000
324,000

Table 16

CAPITAL COSTS

4 MGD PLANT

Supportive
Equipment

$18,000
28,000
46,000
28,000

40 MGD PLANT

$24,000
44,000
68,000
44,000

Building
$ 84,000
75,000
49,000

$136,000
181,000
58,000

Anaerobic

Digester

$ 789,000
877,000
742,000
806,000

$4,074,000
5,310,000
3,425,000
4,361,000

_Total _

$ 967,000
1,071,000
982,000
999,000

$4,708,000
5,695,000
3,932,000
4,787,000
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Table 17
THICKENING POWER REQUIREMENTS AND COSTS

4 MGD PLANT

Power Requirements

Equipment Heating Yearly Power Costs
Alternative Description (Operating HP) (BTU/year) Equipment Heating Total
#2 - 4 mgd, grav. thick. 5 -- $ 1,306 -- $ 1,306
#3 - 4 mgd, DAF thick. 50 1.85 x ]08 5,817 $ 765 6,582
#4 - 4 mgd, grav. thick. 2.5] == 653] -- 653]
4 mgd, DAF thick. 407 42-3 1.63 x 108 4,6531°306 675 5,328 981
#5 - 4 mgd, cent. thick. 42.5 8.60 x ]07 4,944 355 5,299
40 MGD PLANT
#2 - 40 mgd, grav. thick. 1n -- $ 2,874 -- $ 2,874
#3 - 40 mgd, DAF thick. 140 3.91 x 108 36,581 1,620 38,201
#4 - 40 mgd, grav. thick. 4] -- 1,045] -- 1,045]
) 114 8 29,788 30,643
40 mgd, DAF thick. 110] 2.08 x 10 28,743] 855 29,598]
#5 - 40 mgd, cent. thick. 106 1.12 x 108 27,697 465 28,162
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Alternative
#2 - 4 mgd
#3 - 4 mgd
#4 - 4 mgd
#5 - 4 mgd
#2 - 40 mgd
#3 - 40 mgd
#4 - 40 mgd
#5 - 40 mgd

DIGESTER HEATING COSTS AND ALTERNATIVE TOTAL POWER COSTS

Digester Heating

Table 18

4 MGD PLANT

(BTU/Year) (Cost/Year) (Cost/Year)
1.6831 x 10° $ 6,749 $ 1,306
2.0820 x 10° 8,615 6,582
1.4563 x 10° 6,026 5,981
1.7875 x 10° 7,397 5,299

40 MGD PLANT
1.5628 x 10'0 $64,668 $ 2,874
1.9415 x 10'° 80,338 38,201
1.3426 x 10'0 55,556 30,643
1.6851 x 10'° 69,729 28,162

Table 15 Power Costs

Total Yearly
Power Costs

$ 8,055
15,197
12,007
12,696

$ 67,542
118,539
86,199
97,891



Polymers are required for dissolved air flotation thickening and
may be required for centrifugal thickening of the waste activated
sludge. Polymer requirements quoted by the various equipment manu-
facturers vary considerably for the same type process. Average polymer
requirements based on several submittals and data from existing instal-
lations and the associated costs are presented in Table 19.

Table 19
POLYMER REQUIREMENTS AND COSTS

Polymer Required Polymer Cost
Alternative (1b/ton of dry solids) Unit ($/1b) Yearly Total
No. 3&4 - 4 mgd (DAF) 35 0.08 $ 2,046
40 mgd (DAF) 35 0.08 $20,460
No. 5 - 4 mgd (Cent.) 6 1.80 $ 7,892
40 mgd (Cent.) 6 1.80 $78,920

Labor associated with operating and maintaining the thickening
equipment varies with the complexity of the process. The continuously
operating gravity thickener requires a visual inspection only once a
shift, whereas the more complex dissolved air flotation and centrifuge
systems should be checked every two or three hours. The inspections
should be visual checks on the product quality and also on the operating
conditions of all system components. Additional time for startup and
shutdown of either the dissolved air flotation or centrifuge systems
must be included if they are not operated on a continuous 24 hour basis
(Alternative Nos. 3, 4, and 5 for the 4 mgd plant). Startup and shut-
down time probably amounts to a total of about one hour per day. Rou-
tine sampling and testing of the thickener influent sludge, effluent
sludge, and supernatant is required for any type thickener. The tests
involved are essentially the same regardless of thickener type or size.
Testing must be done more frequently, however, on DAF and centrifuge
systems than on gravity systems. Routine maintenance includes such
things as 1lubricating equipment and daily washdown or cleanup opera-
tions. At least once a year, all thickeners should be dewatered,
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thoroughly inspected, and repaired, as necessary. Painting of corrodi-
ble components will probably be necessary at five year intervals. Solid
bowl centrifuge conveyors may have to be resurfaced or replaced after
5,000-10,000 hours use, depending upon the amount of grit in the sludge
and conveyor construction. A summary of the yearly operation and
maintenance time and the associated costs for each alternative are
presented in Table 20.

Maintenance material costs were developed from information provided
by equipment manufacturers and data from existing installations. The
material costs shown in Table 20 are estimates and, hence, may not be
indicative of the costs associated with any one particular manufac-
turer's equipment. These costs may be described as percentages of the
thickener system capital costs as follows: gravity thickening, 0.3
percent for small installations and 0.2 percent for larger installa-
tions; dissolved air flotation, 1 percent for small installations and
0.9 percent for larger installations; centrifugation, 5.2 percent for
small installations and 3.1 percent for larger installations.

Power, chemicals, and operation and maintenance yearly costs have
been summarized in Table 21. Since the power requirements for the
gravity thickening alternative (Alternative 2) are low and chemicals are
not required, it has the lowest yearly operating cost of all the al-
ternatives. Although the centrifugation alternative (Alternative 5) has
power costs similar to those of the dissolved air flotation alternative
(Alternative 4), the yearly operating cost is considerably higher due to
much higher chemical and operation and maintenance costs.

The alternatives' total capital costs and total yearly costs pre-
viously derived in Tables 16 and 21, respectively, are repeated in
Table 22. The data shows that for the four million gallons per day
plant, the least expensive option in terms of both capital and operating
costs is gravity thickening of the combined sludge followed by anaerobic
digestion (Alternative 2). Note that there is only three percent dif-
ference between the capital cost of Alternative 2 and the third most
expensive alternative (in terms of capital costs-Alternative 5).
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Table 20
OPERATION AND MAINTENANCE TIME AND COSTS

4 MGD PLANT
. . e . .
Alternative Operato: s Time ) Ma1nta1n$r s Time ) Material
Description (hrs/year) ($/year)® (hrs/year) ($/year)” Cost ($/year) Total Cost ($/year)
#2 - 4 mgd gravity 483 $2,415 252 $1,260 $ 535 $ 4,210
#3 - 4 mgd DAF 1,416 8,496 586 3,516 1,100 13,112
#4 - 4 mgd DAF 868 5,208 293 1,758 830 7,796]
gravity 373 1,865 126 630 245 2,7407'0,336
#5 - 4 mgd cent. 1,659 9,954 264 1,584 6,0003 17,538
40 MGD PLANT
#2 - 40 mgd gravity 483 $2,415 440 $2,200 $ 1,260 $ 5,875
#3 - 40 mgd DAF 2,496 14,976 804 4,824 2,240 22,040
#4 - 40 mgd DAF 1,408 8,448 402 2,412 1,215 12,075]
gravity 373 1,865 220 1,100 380 3,345]19,420
#5 - 40 mgd cent. 2,739 16,434 445 2,670 10,0003 29,104

]Time variances are due to equipment and operating time differences noted in the alternative
definitions.

2Costs are based on $5/hr wage for gravity thickener operators/maintainers; $6/hr wage for DAF

or centrifuge operators/maintainers

3Costs are based on replacing conveyor after 7,500 operating hours



Table 21
YEARLY OPERATING COST SUMMARY

4 MGD PLANT
Alternative Operation and
Description Power Chemicals Maintenance Total
#2 - 4 mgd $ 8,055 -- $ 4,210 $ 12,265
#3 - 4 mgd 15,197 $ 2,046 13,112 30,355
#4 - 4 mgd 12,007 2,046 10,536 24,589
#5 - 4 mgd 12,696 7,892 17,538 38,126

40 MGD PLANT

#2 - 40 mgd $ 67,542 -- $ 5,875 $ 73,417
#3 - 40 mgd 118,539 $20,460 22,040 161,039
#4 - 40 mgd 86,199 20,460 15,420 122,079
#5 - 40 mgd 97,891 78,920 29,104 205,915
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Table 22
COST SUMMARY AND RANK

4 MGD PLANT
Yearly
Alternative Operating
Description Capital Costs Ranking Costs Ranking
#2 $ 967,000 1 $ 12,265 1
#3 1,071,000 4 30,355 3
#4 982,000 2 24,589 2
#5 999,000 3 38,126 4
40 MGD PLANT
#2 $4,708,000 2 $ 73,417 1
#3 5,695,000 4 161,039 3
#4 3,932,000 1 122,079 2
#5 4,787,000 3 205,915 4
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The results for the 40 million gallons per day plant are somewhat
different than those for the four million gallons per day plant. In
this case, the least costly alternative in terms of capital costs does
not correspond with the least costly one in terms of yearly operating
costs. Additionally, for the 40 million gallons per day plant, the
least costly alternative (capital costs) is not Alternative No. 2 (as
was the case for the four million gallons per day plant) but Alternative
No. 4. Also, in this case, there is a 22 percent difference between the
capital cost of the least expensive and the third most expensive alter-
native. Since the lowest capital cost and lowest operating cost alter-
natives do not correspond, a present worth analysis would be required to
make the final selection. Although the alternative capital cost rank-
ings varied with plant capacity, the yearly operating cost rankings did
not. Gravity thickening of the combined sludge followed by anaerobic
digestion had the lowest operating costs; centrifugation of the waste
activated sludge or thickening of primary sludge, followed by anaerobic
digestion, had the highest.
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SUMMARY

The purpose of this paper has been to describe, in detail, those
thickening methods which are currently utilized, and to present the
general approach necessary in evaluation of thickening alternatives by
means of a design example. The methods presented can be used to analyze
a thickening problem at any wastewater treatment plant, regardless of
its size or complexity. The results of the design example are valid for
the assumptions made. Any change in problem definition could mean a
different solution.

Recommendation of a particular process should be geared to avail-
able operation and maintenance personnel. Considerable more skill is
required to operate and maintain dissolved air flotation and centrifuge
equipment than gravity thickeners. The final recommended alternative
process will be one that is agreed upon by the owner, the engineer, and
the regulatory agency.
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INTRODUCTION

The objective of this sectlon of the seminar is to review the sludge
dewatering operating experiences which have occurred over the past 4-6 years
and to assess the impact of these results on future designs, both for grass
roots plants and for retro-fitting existing plants. Particular emphasis will

be placed on innovative concepts and equipment.

It should be noted that practically all of the innovative development
of new dewatering equipment in the last 4-6 years occurred first in Zurope
(particularly in the Federal Republic of Germany), and Japan, and has only
begun to he transferred and utilized in the United States very recently.
It will also become apparent that older previously dominant equipment and
concepts have, in many instances, been replaced as a direct consequence of

operating results.

These developiments place a particular and unusual burden on the U, S,
design engineer in attempting to incorporate the latest and best equirment
and concepts in current design, It makes ever more imperative that, prior
to selection of a conceptual design for a sludge processing system, the
design engineer must have kept up to date on plant operational results with
various alternate systems. Also, pilot plant testing on innovative develop-

ments should be carried out whenever the sludge to be process is availlable.

The careful evaluation of alternate dewatering equipment and procedures
cannot be done in isolation, but rather only as part of an overall system
conceptual design evaluation. The inter-relationship between sludge process-
ing and liquid stream processing should always be considered. Previous
works (1,2) have graphically illustrated the adverse effects of recirculation
of sludge solids from equipment or systems providing less than 907 capture of
influent solids, thereby illustrating the profound effect of choice of dewater-
ing system on the operability and cost-effectiveness of the liquld processing
system. Events of the past 4-5 years have further verified this principle.

There had been some previous indications that the selection of the type
of activated sludge system could have a strong effect on the relative severity
of associated sludge processing problems, This principle has also been greatly

strengthened by the events of the recent past.
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Consideration of Table I which lists the effect of various activated sludge
process modifications on ylelds of excess blomass and the processability of same
graphically 1llustrates the profound effect of the activated sludge process
variation chosen on the magnitude of the sludge disposal problem.

TABLE I
EXCESS BIOMASS PRODUCTION AND SLUDGE PROCESSABILITY
FROM VARIOUS ACTIVATED SLUDGE PROCESSES

Process Pounds BOD F/M Pounds E.A.S. Sludge
Variation Per 1000 Cubic Ft, Ratio Pound BOD Removed Processability
(Typical
High Rate 100-1000 0.4-1,5 1,07 Poor
Conventional 2040 0.2-0.4 R Good
Extended Aeration 10-25 0.05-0.15 0.15 Variable

While this table is of the summary estimate type, the trends and principles
involved are accurate. Given the above information, it is understandable why
some states have banned the "High Rate" version of the activated sludge process.
Regardless of statutory positions, results at plants incorporating "High Rate
Activated Sludge" are sufficient to deter selection of same, if the resultant
sludge is to be disposed of in other than liquid form,

In selecting a dewatering system, an item of real concern is the choice of
the final or ultimate disposal method for the sludge or its residue. Indeed,
the available options for final disposal should be known prior to selection of
the dewatering system, Fortunately, some of the new dewatering equipment, by
virtue of producing higher solids content dewatered cake and by offering the
capability to eliminate inorganic conditioning solids in dewatered cakes,
provides considerably more flexibility than was previously available in match-

ing up a dewatering process and an ultimate disposal process.

Dewatering is essentially always preceded by thickening and conditioning,
and frequently by stabilization. The essential role of dewatering is to trans-
form a dilute water slurry into a damp, moist cake form for either direct
final disposal or for drying as a final product, or for reduction via an
incineration or other combustion process prior to final disposal.
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In evaluating dewatering processes it is essential to consider more than
the direct operating costs, the production rate, and the dry solids content
of the dewatered cake. The evaluation should include complete material bal-
ances (Quantified Flow Diagranm 1, 2) around the dewatering process with a
concurrent evaluation of the effect of all 'recirculation streams on other
preceding unit processes, and the effect of all dewatered cake properties
on the processes subsequent to dewatering, including final disposal.

TABLE II
AUTHOTHERMIC COMBUSTION (4)

Parameter Case A Case B
Gross Calorific Value 17,400 29,100
% Combustible Matter 60 75

in Solids
7 Solids for Autothermicity 41,8 18,5

To illustrate this point, note in Table II that the percent dry solids
level at which autogenous incineration occurs is a function of the calorific
value of dry solids in dewatered cake, which in turn varies with the chemical
composition of the solids. The requisite dry solids level for self sustaining
combustion varies from 18.5 to 41.8% depending on these factors which are in
turn materially effected by the unit processes to which the sludge has been

subjected prior to dewatering,



ANALYSIS CF REICINT PLANT OPZRATING RISULTS
AND TITPLIZATIONS FOR DESIGN

'That lessons should the past five years of plant operating results bring
to bear on current and future designs?' The following are five points which
bear consideration:

1. The effect of choice of type of blologlcal process on
sludge processing, and vice versa.

2. The effect of the inclusion of biomass on the sludge
processing system,

3. The effects of processing discontinuity on biomass or
mixed sludge processability.

4, The importance of painstaking analysis of plant results.,

5. Relative operability and maintainability of varlous sludge
vrocessing systems or units. '

Type of Blologlcal Process Chosen,

As previously noted in Table I, the selection of the "High Rate"
activated sludge process variation can result in a plant having to process
a mixed slucdge with 6% or greater biomass content., Further, that parti-
cular type of biomass is normally much more difficult to process than other
types. 7hile imposition of other design constraints may have resulted in
utilization of the High Rate process in certain cases, it is apparent that
a current overall system evaluation of altermate conceptual designs, parti-
cularly in the light of operating experiences, would usually not support
the use of the High Rate systenm.

Results have also shown that the extended aeration process, unless kept
within certain 7/ii and SRT ranges can cause sludge processing problems, These
factors further strengthen the need for adequate testing of sludges from
alternate biologlcal processes prior to selection of same.

Rffects of Inclusion of Blomass,

The effects apparent in the results of the past five years are reflected
in summary fashion in the following list and are self-explanatory:
1. Cravity thickening of mixtures of primary and excess biomass
sludges is usually ineffective (unless flocculants are used).
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2,

3e

Se

Recycle of blomass to primary clarifiers is nearly always a
self-defeating process which causes more problems than it cures,
Inclusion of blomass in a mixture with primary sludge causes
settling problems in conventional two-stage anaerobic digestion
systems. This, plus the need to maximize gas production fre-
quently makes single stage complete mix anaerobic digestion the
process of cholce for stabilization prior to dewatering in
prlants where sludge stabilization is required prior to dewater-
ing.

Biomass causes poor settleability in elutriation tanks.

These tanks can be modified to serve as post digestion thick-
ening tanks (with use of flocculants) 1. This is essential

for economic dewatering.

Inclusion of Momass makes the careful selectlon of dewater-
ing systems, including pre-treatment processes such as con-
ditioning and thickening, essential to successful design.

Processing Discontinuity and Sludge Storage Effects.

The following list delineates the pltfalls inherent in excessive accumu-
lation of sludge within a plant brought on by discontinulty in removal by the

dewatering process, either by excessive unplanned down time, or by design.

1.
2,

3.
Ll—.

S

Development of septicity.

Destruction of some of the blo-flocculation of the blomass.
Partial solubilization through prolonged aqueous contact.
Increased hydration and more sensitivity to shear (pumping,
etc.).

Deterioration of processability occasioned by all four of
the preceding.

Methods of Analyzing Plant Operating Results.

In considering the significance of plant results and relevance to design

decisions, the following four concepts bear consideration:

1.

2,

The use of single static numbers as bench marks for a dynamic,
inter-related system can be seriously misleading.
Appreciation of the "Inertla" inherent in moderate and large
plant processing systems is necessary.
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3+ There is a paramount need to maintaln "Steady State” conditions
as much as possible,

4, Recycle or side-streams should be minimized within reasonable
ranges,

In developing design criteria, it is frequently assumed that dewatering
equipment can be sized using steady state flow conditions for the overall
system with some allowance for peaking. These assumptions are reasonable as
long as rellable conditioning, thickening, and dewatering equipment are installed.
However, if sludge removal operations are interrupted for lengthy periods or
fundamental changes are made then the standard factors can be off in terms of
order of magnitude. Whlle some properly aerated sludge storage capacity is
beneficial, storage usage should be minimized and septicity avoided whenever
dewatering is used,

The length of time required to re~-establish equilibrium or steady state
conditions in moderate or large size plants with significant inventories of
sludge 1s much longer than would normally be anticipated This "Inertia
Factor"” is calculable through the use of mathematical models. From experience,
in large plants, 1t can take several months to fully evaluate the effect of
changes.,

The need to maintain a “Steady State" or equilibrium removal rate of
sludge sufficient to prevent over-accumulation within a plant is paramount.
Further, once an accumulation problem develops, rapid resolution via accelerated
removal rate procedures will prevent increasing difficulty.

Particular attention must be pald to processes which inherently cause
heavy recycle loads., Processes orequipment which cause heavy recycle leads
can have a double-barreled negatlive effect on sludge removal rate, If large
quantities of sludge have accumulated in a plant either because of heavy
recycle loads or from a shut down period, normal operating schedules will
require alteratlon. In order to clean out such an accumulation the "Sludge
Removal Rate" during the transition "Clean Out" period prior to re-establish-
ment of a normal equilibrium must be much greater than the normal rate.
Unfortunately, if the over accumulation is due to processes or equipment which
cause a significant recirculation load of blomass, the aeration system of the
plant will, during the "Clean Out" period of higher than normal sludge



removal rate, be extremely over-loaded due to the much greater volume of
recycle load arising from the higher rate of sludge processing and it will
also produce more excess activated sludge than normal. The other barrel of
the effect is that sludge storage renders biomass more difficult to process
resulting in a much greater amount of re-circulation than normally would be
predicted by "standard condition" testing figures and criteria,

Relative Operability and Maintainability of Various Dewatering Systems and Units.

The reliability and maintenance characteristics associated with various
types of condition-dewatering processes, equipment, and brands, is very important
to the municipality and its personnel, and ultimately to the public which pays
the bill. In addition to the need to keep units operating to prevent sludge
accumulation and its attendant bad effects, maintenance costs are a very
important factor in overall system costs.,

The only truly accurate source of rellabllity and maintenance cost data
is actual plant operational results. To justify professional process and equip-
ment selection, the design engineer should acquaint himself thoroughly with
reliability and maintainability parameters by visiting existing installations
and obtaining accurate information from operating personnel. It is also
necessary to sort out when problems are due to poor plant maintenance practices
and when they are due to inherent process or equipment characteristics, If
performance data is not avallable then it should be specified and guaranteed
by the supplier.

The current methodology of bidding and selection of suppliers for equip-
ment for municipal plants has been in itself, in some cases, a cause of some
of the reliability and maintenance problems now being experienced. The bidding
documents or plans and specifications should include cost factors for mainten-
ance costs and 1life cycle, and should be sufficiently complete to ensure that
truly equal equipment is being specified. If this is not done, and selection
is done on a strictly lowest price bid basis, inferior processes and equipment

can be selected,



CONDITIONING FOR DEWATERING

The following list delineates the normal functlons of conditioning for

dewatering:
1.
2,

3.
4,
Se
6.

Flocculation of suspended solids (particularly fines).
Washing out the alkalinity of anaerobically digested sludge
(the original purpose of elutriation).

Promotlon of rapid formation of a stable drainable cake,
Promotion of cake release from filtration support media.
Enhancement of cake fuel value,

Prevention of scale formation and corrosion inhibition,

The methods used to accomplish the above functions are as follows:

1.
2,
3.
&,
Ss
6.
7.

Chemical addition (Inorganic)

Chemical Addition (Organic Flocculants)
Elutriation {New Function)

Heat Treatment {Conversion)

Ash Addition (Cake Release)

Coal Addition (Fuel Value)

Polyphosphonate Addition (Scale Inhibition)

Chemical Conditioning.

In inorganic chemical conditioning the most notable occurrence has been
the increase in total avallability of metal salts, such as ferric chloride,
due to the entry into the market of firms recovering the products from waste

acids.

In the organic polyelectrolyte flocculant area, there have been several

developments of consequence to dewatering processess

1.

3

New high charge density, high melecular welght materials in

dry powder form, which are more efficient in conditioning the
difficult sludges, have become available and are used widely.

A new class of compound, the "Mannich" cationic products, which
have different performance characteristics have been intreduced,
almost entirely as liquid products. These materials produce a
floc and dralnage characteristics more akin to that produced by
ferric chloride.

Emulsion form cationic products of high charge density and
molecular weight have been developed and are used.

[y3)



Elutriation.,

This process had been applied successfully to digested primary sludge,
was missapplied to mixtures of primary and biomass sludges, and then adapted
very successfully as a flocculant alded post-digestion thickening process to
facilitate cost-effective dewatering (1).

Heat Treatment.

This type process, sometimes called "Thermal Conditioning”, is covered in
detail in another sectlion of the seminar.

Specific cities which have had dewatering experlences of note, some
written up in the literature, and some not, are:
Kalamazoo, Michigan
Colorado Springs, Colorado
Chattanooga, Tennessee
Chicago, Illinois
Columbus, Ohio
Perth, Scotland
Ft. Lauderdale, Florida
Port Huron, Michigan
Flint, Michigan
Lakeview, Ontario
Creen Bay, Wisconsin

In Great Britaln, where the most and earliest installations of the Porteous
and Farrer heat treatment processes were made, the heat treatment process has
been largely abandoned. In one case, a brand new plant, never used, has been
offered for sale.

British water authorities detected sligniflcant quantitles of refractory
organic material in the effluent from plants dewatering heat treated sludges.
The authoritles consequently banned recycle of cooking liquors into blological
treatment systems which discharge into rivers subsequently used as sources of
drinking water since the biological systems are incapable of removing the
refractory organic material.

An additional development in dewatering heat itreated sludges has been the
need to chemically condition sludges in a number of cases, either on a spasmodic



or regular basis., In the case of Port Huron, Michigan (Farrer System), which
employs centrifuges for dewatering, routine use of flocculants at the rate of
$8 worth/ton of sludge dewatered has been found necessary. Other heat treat-
ment plants have found flocculants necessary to promote cake formation to
obtain reasonable solids capture,

To help alleviate scaling problems, Grand Rapids has found it necessary
to condition heat treated sludge with $3/ton worth of polyphosphonates.

Various other chemicals have been found necessary to raise the pH of
sludges, to condition boller feed water, and to solvent wash scale from heat

exchangers.,

DEWATERING EQUIPMENT TRENDS

The following list spells out the types of dewaterlng equipment or
processes normally used in municipal wastewater sludge processing:

1. Drying Beds

2, Rotary Vacuum Filters

3. Horizontal Solid Bowl Centrifuges

4, Pressure Filters

5, Continuous Belt Fllter Presses

6. Rotating Cylindrical Devices

7. Imperforate Basket Batch Centrifuges
8. Lagoons

Drying Beds are widely used at a large number of plants, particularly
moderately sized plants in sunny climes, but not restricted to same. As will
be seen, they have been the subject of recent developmental improvement
activity, both with regard to improved capacitles and mechanical removal
facilitlies,

Whereas Rotary Vacuum Filters were once the bellwether of mechanical
dewatering systems, their incidence of selection has rapidly decreased due
to energy costs, the problem of cake pick up with certain sludges, and lack
of ability to provide as dry a dewatered cake as various other devices.

Horizontal Solid Bowl Zentrifuges, particularly of the new now speed
type, are still popular where very high solids cake is not essential., Their

popularity has also dwindled to some extent due to energy considerations.
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Pressure Filters of the ordinary recessed chamber type have been installed

in a few U. S. plants. Results have been mixed insofar as overall performance
i1s concerned, desplte the attainment of somewhat higher total cake solids levels
(without necessarily improving the ratio of sewage solids to water) compared

to Rotary Vacuum Filters or Solid Bowl Centrifuges. Major problems are cost,
maintenance, and the frequent need to use high percentages of inorganic con-

ditioners.,

The new Continuous Belt Filter Presses have become the most widely selected

dewatering devices for municipal sludge dewatering. Their rapid growth in
popularity 1s due to ease of operation, low energy consumption, and the ability
(in some models) to produce dewatered cakes with solids contents much greater
than obtainable with Rotary Vacuum Filters, Centrifuges, or conventional
Pressure Filters.,

Aotating Cylindrical Devices, such as the Pernutit DCG have been installed
in some plants. Thelr use has been primarily at small plants and as the first
stage of a dual system which includes an inclined multi-roll press (MRP) for

further cake dewatering,

Imperforate Basket Batch Centrifuges have been installed at a few small
plants where a low solids, relatively fluld cake is tolerable,

Lagoon drying is now infrequently applled.
DEWATERING METHODOLOGY

Wastewater sludges all form cakes during the dewatering process which are
compressible to some degree and by virtue of thls fact and their inherent water
binding nature tend to require application of conditioning processes to facili-

tate a reasonable dewatering rate.

T»e various sludges may be indexed or characterized by determination of
the "Specific Resistance to Filtration". They may also be characterized by
being subjected to standardized bench scale dewatering test procedures (Filter
leaf or Buchner funnel tests).

An important facet for design consideration is that dewatering of waste-
water sludges is a "Cake Filtration" process. The cake which forms during
dewatering is the primary filtration media and relative cake structure and
form throughout the dewatering process will largely determine the efficacy
of the systenm,



In assessing the cost-effectiveness of the pre-treatment methods aimed
at improving dewatering it is essential that the effect of these processes
on the type of cake formed be considereds In most municipal wastewater treat-
ment plants, if the following steps are effected, a mixed primary and biologi-
cal sludge will result which is amenabie to a cost-effective dewatering process
yielding a dewatered cake suitable for either reduction or direct ultimate
disposal in an economic fashion:

1, HMaximization of solids capture in well designed primary
basins so as to provide as much typically easy to process
"Primary" sludge as possible. This precludes high recycle
loads of E.A.S. or thickener overflows or heat treat cooking
liquors to the primary basins.

2.. Selection of biological process variation with reasonable
assessment of the amount and type of excess biomass which will
be produced and will have to be processed. This usually
precludes use of "High Rate Activated Sludge" processes and
some Extended Aeration designs.

3, Use of gravity sludge thickeners only for straight primary
sludge, or if this is not possible, provision of flocculant
dosage capabllity to ensure reasonable solids capture and
underflow thickened sludge solids contents when mixed primary-
biological sludge is being thickened.

4, Use of dissolved air flotation or centrifugal thickening for
excess activated sludge prior to mixed sludge anaerobic
digestion, or prior to dewatering if stabilization is not to
be included.

5, If anaerobic digestion of mixed sludge is employed, use of a
single stage complete mix process and a post digestion thickening
process, either gravity or DAF,

6. Use of a conditioning process which does not result in creatlon
of a heavy recycle load, either in the form of suspended or
dissolved solids or in the form of BOD5 or COD or refractory
organics., Likewise the conditloning process should not destroy



any significant amount of the matrix forming material in the
sludge solids which will form the cake in the dewatering process,
and should not alter other cake properties requisite to the
succeeding processes.

?. Selection and use of a dewatering device which is of rugged
design, readily maintainable and which will provide a minimum
solids capture of 90, and a cake solids content amenable to
succeeding processes. It is, for all practical purposes, always
necessary to condition municipal sludges prior to dewatering.

DRYING BEDS

Sludge drying beds are frequently referred to as "Sand Beds". In most
cases except instances wherein "paved drying beds" or wedge water screens are
used, sand 1s the primary drainage and cake support medium. The recent and
continuing development of various types of Drylng Beds prompts the use of that
term, rather than Sand Bed,

Drying Beds are still the most common method of municipal waste water
sludge dewatering. The only reason they are not still further widespread in
use iIs that they hitherto have not been the subject of any significant degree
of development and improvement. This situation has changed as municipalities
have become more cognizant of their viability and relatively low cost of
construction, operation and maintenance when properly designed. An additional
previous deterrent to their use has been the frequent lack of inclusion of
mechanical sludge removal capability and an understandable dislike by operating
personnel, occasioned by a need for manual removal. This deterrent can and
has been removed in many cases by relatlvely minor design modifications to
facilitate mechanical removal.

An additional previous deterrent to selection of the drying bed alter-
native is that the "Ten State Standards' do not reflect the application of
conditioning to sludges prior to dewatering. The use of "Ten State Standards"
criteria, which assume no sludge conditioning, can result in excessive land
requirements and the resultant acquisition costs artifically inflate cost
estimates for the drying bed alternative.

A well designed and properly operated drying bed can produce a drier
sludge than any mechanical device. They are also less sensitive to the

influent solids concentration.



On the negative side, drylng deds are generally applicable only to digested
or stabllized solids., Though they are particularly sultable for small installa-
tlons and the “Sun Belt", drying beds are used successfully in treatment plants
of all sizes and in widely varylng cllmates {1.e. Chicago SWTP, the largest
plant in the world).

Drying beds may be roughly categorized as follows:

1., Conventional rectangular beds with side walls, layers of sand
and then gravel with under drainage piping to carry away the
liguid. They are uilt either with or without provision for
mechanical removal and with or without either a roof or a
greenhouse type covering.

2. Paved rectangular drying beds with a center sand dralnage
strip with or without heating plpes buried in the paved
section and with or without covering to prevent incursion of
raln,

3. "Wedge-Water drying beds which lnclude a wedge wire septum
incorporating provision for an initlal flood with a thin layer
of water, followed by introduction of liquid sludge on top of
the water layer, controlled formation of cake, and provision
for mechanical cleaning.

4, Rectangular vacuum assisted sand beds with provision for

application of vacuum as a motive force to assist gravity
drainage.

Mechanism

On drying beds, the dewatering initially proceeds by drainage and then
continues by evaporation., The proportion and absolute amount achieved by
drainage will vary depending on whether or not the cake has been conditioned,
and its overall drainage characteristics. An important consideration is the
relative time period required for the cake to develop cracks which expose
additional sludge to evaporation effects. Since one of the main functions
of conditioning is to flocculate and immobilize the smaller "fines" particles
in the sludge cake it is immediately apparent why a conditioned sludge slurry’
dewaters in a fractlon of the time required for an un‘conditioned sludge. The
completion of the drainage perlod is substantlally delayed 1n an uncondi tione
sludge by migration of the fines to the sludge cake sand interface resulting

¢
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in some plugging of the uppermost layer of sand. Malntenance of a porous,
relatively open structure within the cake is also essential to evaporation

rate.

Conventional Rectangular Beds

Drying bed drainage media normally consists approximately as follows:

1, The top layer is 6 to 9 inches of sand, usually with an
effective size of 0.3 to 1.2 mm and a uniformity coefficient
less than 5.

2. About 8 to 18 unches of gravel with size gradation of 1/8 to
1.0 inches. The top three inches of the gravel layer is
preferable 1/8 to 1/4 in size.

3. Underdrain piping with a minimum diameter of 4 inches is ogten
vitrified clay with open joints spaced 8 to 20 feet apart.
Recently, plastic pipe is being used to prevent possible crack-
ing when front end loaders are run across the bed for sludge ‘
removal. If a gridwork of concrete runways are provided for
the front end loader, the selection of pipe is not critical.

Drying beds are frequently enclosed by glass. The glass enclosures can
materially imnrove the performance of the beds, particularly in cold or wet
climates. Experience has shown that in some cases only 67 % of the area
required for an open bed is required with enclosed beds. The degree to which,
at specific locations, the space requirement could be reduced and the sludge
loading increased by use of translucent roofing or total glass enclosure is a
function of site rainfall, temperature, and sunlight prevalence.

Unfortunately, mechanical removal methods have not normally, in the past,
been used with glass enclosed beds. Obviously the adaptation would not be
elther difficult or expensive.

Typical design criteria for open drying beds are as fcllows:

TABLE III
TITERIA FOR DESICGN OF OPEN CONVENTIONAL DRYING BEDS
Type Digested Area Sludge Loading
Sludge Pre-Treatment (Sq.Ft./Cap.) Dry Solids
(1b/Sq. Ft./yr.)
Primary & Humus None 1.6 22
Primary & Activated None 3.0 15

Primary & Activated Chemically Conditioned 0,64 55




The comblnation of the use of chemical conditioning plus design to permit
mechanical sludge removal coupled with the use of elther a translucent roof or
complete glass enclosure with ventilatlion louvers dramatically lowers the
space requirement for conventlonal drying bed use and should be the first
alternative considered for dewatering in most plants.

The sidestream from drylng bed operation consists of the drainage liquor
which may be augmented by rainfall in the case of open beds. The additional
drainage water is not normally a problem. The drainage water is usually
relatively innocuous and can be recycled into the plant with impunity.

Drying times in open beds alsoc varies due to climate, type of sludge, and
whether or not it has been conditioned. In good weather, an average of 45
days 1s reasonable for unconditioned sludge. This period can be reduced to
5-15 days or less via condltioning.

A typical case study of the use of conventional drying beds follows.

TAMPA, FLORIDA - CURRENT PLANT

The current Tampa plant is a primary treatment facility featuring
anaerobic digestion and sand drying beds for sludge dewatering. The plant
is designed for a flow of 36 MGD and is normally treating 40 MGD. On
occasion alum and polyelectrolyte are used in the liquid treatment phase
to meet the current interim effluent standards.,

Drying Bed Details and Operations - Existing Tampa Primary Plant

Thirty-three beds, each 125 feet by 60 feet are employed. The rectangu-
lar beds employ a drainage medium of two sizes of graded sand above two
layers of differently sized stone or gravel. The beds are usually refurbished
every 2-3 yea rs, at most. Current anaerobically digested primary sludge
production is estimated to be 56,000 gallons of 3.0% dry solids content per
day. This is equivalent to 14,000 pounds/day of dry solids. With 33 beds
of 7500 square feet area each, the total available drying area is 247,500

square feet.

The 33 older drying beds at Tampa are not covered so the drying cycle
varies somewhat due to rainfall variation. Nonetheless, the operation has
been so successful that the new expanded AWT plant which will be in operation
shortly is also equipped with drying beds for sludge dewatering., Tampa has



regularly used polyelectrolytes for conditioning the sludge on its way into
the drying beds for about 3 years. Drying time to liftable cake conditions
without conditioning used to run 30 days minimum. With chemical conditioning,
the drying time varies from 8 to 15 days depending on rainfall pattern,

Tampa features front end loader mechanical removal of dried sludge cake
from the beds. One man can easily empty one bed in 6-8 hours, Previous
removal methods involved use of 5 men for 13-2 days to remove sludge from

one bedc

"igure I below is a photograph of the mechanized sludge removal equip-

ment used at Tampa on the drying beds.

Figure I - lechanized Sludge Removal at Tampa

Jurrent operating procedure involves pumping about 55,000 to 60,000
gallons of digested sludge onto a bed with in-line dosing of cationic liquid
polyelectrolyte at a dosage rate of about 50 pounds per ton. The price of
the liquid cationic polymer is .17 per pound on an as is, liquid basis making

the conditioner cost '“.%7 per ton of dry solids.



Taking the estimated bed loading volume of 56,000 gallons of 3,0% sludge
and an average drying time of 11.5 days, the solids loading rate on the
current Tampa beds is 60 pounds/square foot/year. It should be noted that

current practice is to produce a very dry cake as shown in Figure II:

Figure II - Dried Cake Appearance on Bed at Tampa Before Removal

TAMPA, FLORIDA - NEW AWT PLANT

Tampa has installed and is now starting up a new plant which features
biological nitrification and denitrification with chemical addition for
phosphorous removal. The new plant is designed for a treatment capacity of
60 million gallons per day.

Aerobic digestion for AWT sludges and anaerobic digestion for primary
sludge plus 32 new sand drying beds (each 100 feet by 140 feet) were included
in the new facility.

¥hile the original concept of the new facility was to aerobically digest
the excess biological solids and to dewater them separately on the new drying
beds, along with the AWT chemical solids, considerable flexibility was designed
into the plant and the eventual process configuration to be utilized will be
selected on an empirical basis. There is some apprehension re the energy

costs for aerobic digestion which was designed into the plant as an option



prior to the surge in energy prices. If aerobic digestion proves too costly,
anaerobic digestion of mixed sludges will be evaluated.

DESIGN EXAMPLE - DRYING BEDS - 60 MGD PLANT

The design of the new Tampa AWT plants' drying beds serves as an
example of the design of this type system for a large plant in a sub-tropical

climate.

Estimates of quantities of unstabilized sludge solids to be encountered
in the new plant are summarized in the following table:

TABLE IV
TAMPA AWT PLANT
ESTIMATED ANNUAL AVERAGE UNSTABILIZED BY-PRODUCT SOLIDS PRODUCTION

Year
Item 1976 1985
Primary Solids Slurry - lbs/day (ary) 37,000 37,000
- percent solids 5.0 5.0
- gals/day 89,000 89,000
AVT Solids Slurry
Biological Solids - lbs/day (dry) 44,000 71,000
“hemical Solids - 1bs/day (ary) 31,000 48,000
Total - 1bs/day (dry) 75,000 119,000
- percent solids 3.0 3.0
- gals/day 300,000 476,000
Combined Solids Slurry - lbs/day (dry) 112,000 156,000
- percent solids 3.5 3.3

- gals/day 389,000 565,000 -




Faced with processing the daily volumes of sludges shown and considering
the acceptable results previously achieved at Tampa with anaerobic digestion,
further calculations of the amounts of sludges which would result from anaerobic
digestion of primary solids and aerobic'digestion of AWT sollds were carried
out and results are listed in Table V:

TABLE V
TAMPA AWT PLANT
RSTINATED ANNUAL AVERAGE STABILIZED BY-PRODUCT SOLIDS PRODUCTION

Year

Item 1976 1985
Primary Solids Slurry - lbts/day (dry) 14,000 14,000
- percent solids 3.0 3.0
- gals/day 56,000 56,000

AWT Solids Slurry
Biological Solids - 1bs/day (dry) 38, 500 57,500
Shemical Solids - lbs/day (dry) 31,000 48,000
Total - 1bs/day (dry) 69,500 105, 500
- percent solids 5.0 5.0
- gals/day 169,000 253,000
“ombined Solids Slurry - lbs/day (dry) 83, 500 119, 500
- percent solids L4 L., 6
- gals/day 225,000 309,000

A series of sludge solids stabilization, dewatering, and disposal
options were then reviewed for reliability, environmental impact and capital
plus operating and maintenance costs. Table VI summarizes these cost

results:
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TABLE VI
TAMPA AWT PLANT
ALTERNATIVE BY-PRODUCT SOLIDS SYSTEMS TOTAL COST COMPARISON

Est., Comparative Av, An,
Costs-$1,000,000 Jost Per Ton
Rank Description Capital Avg. An. Raw Solids (1)
1  Air Dry - W/Chems, - Cake to User $11.67  $2.75 $ 96.52
2 Alr Dry - Cake to User 14,14 2.84 99.81
3 Air Dry - W/Chems. - Cake to L'fill 11,67 3.31 116.16
L Alir Dry - Cake to L'fill 14,14 3.40 119.46
5  Kiln Dry - W/0O An. Digestion 15,18 344 (2) 120,68 (2)
6  Kiln Dry - W/An, Digestion 16,07 3.50 (2) 122.76 (2)
7 Mechanical Dewatering 15.87 3.54 134,85
8 Liquid Spray 23,79 4.32 151.78
9 Liquid Slurry to User 23,65 4,38 153.79
10 Incineration 21.47 L,71 165.49

(1) Based on 78 tons per day (dry) raw by-product solids,
(2) Net after revenue deduction from sale of product.

Based on the comparative costs shown and on other evaluation factors, the
alternate of alr drying (drylng beds) with use of flocculants was chosen as

the most cost effective.

The total estimated capital cost for the air drying system belng installed
at Tampa currently, including all piping, auxiliaries such as equalizing
storage, site work, englneering, underdrainage system, etc., was $4,671,000
including 941,000 contingency.



The drylng bed operatlonal design criterla are as shown in the following

table .
TABLE VII
TAMPA AWT PLANT

DESIGN ZRITERIA - DRYING BEDS

Design Year - 1985

Iten An. Avg, Max. Month
Air Drying Beds
Volume each drying bed - gals 65,000 65,000
at 12" £i11 depth
Area each drying bed - sf 8,690 8,690
No. of drying beds 140 140
Total Area - sf 1,216,600 1,216,600
Drying time - days 29,°¢ 19.6
Solids Loading - 1bs/sf/yr 35.85 53.79
Dried Solids - 1bs/day (dry) 119,500 179,300
- percent solids L4o.0 40.0
- 1bs/day (wet) 298,800 448,300
- tons/day (wet) 149 224
- cu ft/day (wet) 3,900 5,800

Ao
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PAVED RECTANGULAR DRYING BEDS WITH CENTER DRAINAGE

A good example of this type of system is that at Dunedin, Florida. A

photograph of the Dunedin beds appears below:

e .

%igﬁré ITI - Dunedin, Florida, Paved
Rectangular Heated Drying Beds

As can be seen, the two beds in the left portion of the photo contain
previously loaded sludge which is drying. The two empty beds on the right
are ready to be loaded.

The Dunedin plant is of interest due to use of a unique heated drying

bed system.
Plant process features:

1. An average flow of 2.5 MGD of primarily domestic wastes.

2. Liquid treatment via primary sedimentation followed by con-
ventional activated sludge. The plant originally used a contact
stabilization system but was converted to conventional activated
sludge with positive results.

3. Primary sludge is subjected to two stage anaerobic digestion
with a Pearth gas recirculation system.

L4, The excess activated sludge is thickened in a DAF unit and most

of the thickened FAS then goes into the anaerobic digester system.
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Some of the EAS is subjected to aerobic digestion, tut no more
than necessary due to the energy consumption of same. (The
operation of the DAF unit 1s well managed, as is the entire
plant, and the plant is a good reference point for the proper
application of DAF thickening in a smaller plant).

5. The digested sludges are processed in three different ways. A
portion is dried on the heated drying beds prior to us as a
soll additive. Some of the sludges are dewatered on an exist-
ing rotary vacuum filter when this is required. An additional
portion is disposed of in liquid form via tanker,

6. The digester gas is burned in a hot water heating system. The
heated water is circulated through piping in the paved portion
of the drying beds.

The Dunedin plant has four drying beds (75 feet x 25 feet each) or 7500
square feet of evaporative drying area. The dralnage drying area, due to the
type of construction is only a fraction of the evaporative area. The beds are
heated, as noted, but are not covered and the Tampa Bay area has a high average
annual rainfall., Polyelectrolytes are used to condition the sludge.

Sludge drying time (averages) to liftable condition is 5 days normally
and 12 days in ralny periods. The beds are charged with 5,000 gallons of a
2.6% dry solids content sludge at a time. Thus the loading rate varys from
18 to 43 pounds of dry solids sludge per square foot per year.

With a five day drying period the 4 beds are capable of dewatering about
13 dry tons per month., Certainly the capacity of 43 pounds per square foot
per annum achieved at Dunedin 1is several times greater than the Ten States
Standards for conventional open beds.



WEDGEWATER DRYING BEDS

Wedgewater "Filter Beds" or drying beds were designed to introduce sludge
slurry onto a horizontal relatively open drainage media in a fashion which
would yield a clean filtrate and also give, a reasonable drainage rate.

The Wedgewater Filter Bed consists of a shallow rectangular watertight
basin fitted with a false floor of wedgewater panels. These panels have
slotted openings of 4+ MM and produce a total open area of 8%. The boundary
of this false floor is made watertight with caulking where the panels abut
the walls. An outlet valve is fitted in one wall of the bed to communicate
with the underside of the wedgewater decking.

CONTROLLED DIFFERENTIAL HEAD IN VENT
BY PESTRICTING RATE OF DRAINAGE

WEDGEWATER SEPTUM-/ OUTLET VALVE TO CONTROL
v RATE OF DRAINAGE _—"
Figure IV - Wedgewater Drying Bed - Cross Section

The controlled drainage rate is obtained by first introducing a layer of
water into the wedgewater unit to a level above the septum. The sludge is then
slowly introduced and in effect, under the proper conditions, floats on the
water layer., After the proper amount of sludge has been introduced, the initial
separate water layer and drainage water is allowed to percolate away at a
controlled rate. The exact procedure varys somewhat with different types of
sludges. It is apparent that for this concept to perform as intended the
sludge and the initial water layer must be relatively immiscible.



The wedgewater technique is designed to permit controlled formation of a
cake at the crucial sludge/support media interface before any significant
quantity of fines migrates to the interface or into the openings of the septum
or escapes in the filtrate. Since polyelectrolyte flocculants promote rapid
cake formation and bind up fines they are now used in conjunction with Wedge-
water Filter Bed installations processing municipal sludges.

Each square foot of wedgewater can normally dewater between £ 1b. and
1 1b, of dry matter per charge. The loading rate depends on the initial
solids concentration of the waste sludge applied. DMost sludges can be
dewatered to a handleable condition of 8%-12% solids within 24 hours. This
process is most practical for the smaller treatment plant which has an average
daily flow of 500,000 G.P.D. or less. Sludge loading rates of 182-365 pounds

per square foot per year are normal.

Results with Wedgewater units at 2 U, S. plants are described in the
following paragraphs.

ROLLINSFORD, N.H.

This plant produces an excess biologlcal sludge at the rate of 150 gallons
per day at 2% dry solids content. A wedgewater unit as shown below is used
to dewater the sludge to a solids content of 8%, which is liftable.
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Figure V - Rollinsford, N. H. Wedgewater Drying Bed
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A polyelectrolyte conditioner is used in the process. Calculations
from the data in the reference cited show that conservatively assuming 2
drying cycles per day for the 15' by 6' unit, the production rate could be
1.1 1b/hr/sq.ft., or 570 1b/sq.ft.year which is, of course, an order of
magnitude greater than the dewatering rates normally associated with conven-
tional drying beds. These results are tempered by the fact that 8%, while a
1liftable condition for this sludge, is not a particularly high solids content,
It is apparent, however, that higher than 8% solids would be readily obtain-
able with increased drying times while still malntaining a very high annual
solids loading, if such a higher solids content were required.

DUNEDIN, FLORIDA

Additional results on the wedgewater system are reported from work at
Dunedin, Florida. At that location, the blological sludge was dewatered to
a solids content of 10.4% in 22 hours through the mechanism of the wedgewater
element, use of support water, and the restricted dralnage procedure, without
the use of polymer flocculants,

There are 18 U,S, installations of the wedgewater system. Several are
industrial applications but most are installed at small plants of the contact
stabilization type.

A tlltable unit, more or less similar to the 1lift and dump mechanism of
a dump truck is avallable to facllitate removal of sludge when slightly fluid
cake can be tolerated or when removal by rake is feasible, The supplier,
Hendrichs Manufacturing Company of Carbondale, Pa., also suppllies design
recommendations for mechanical removal via small front end loader when indicated.

A one square foot bench scale test model is available for test purposes.

The stainless steel wedgewire septum in the 15 foot bty 6 foot Rollinsford
unit would cost 54,500 at todays prices.

VACUUHM ASSISTED DRYING BEDS

At the 4.5 MGD Sunrise City, Florida contact stabilization plant, a
purpose built vacuum assisted drying bed system has been used for the past
18 months to dewater the 2% dry solids sludge.



Principal components of the system are:
1, A rigid multi-media filter top surface.
2. An intermediate void filled with stabilized aggregate.
3. A low impermeable barrier, consisting of reinforced concrete.

(It would alternatively be pre-favricated fiber-glass).

A photograph of one of the two drying bed units showing the sludge being
fed onto the surface of the upper multi-media in one of the beds appears
below:

Figure VI - Rapid Sludge Dewatering Beds
Sunrise ZCity, Florida

The following sequence of operations is used:

1. Sludge is fed onto the filter surface by gravity flow at a rate
of 150 gallons per minute to a depth of 12 to 18 inches.

2. Filtrate is drained through the interconnected voids of the
stabilized aggregate to a sump, from which it is pumped back
to the plant by a self-actuated submersible pump.

3. As soon as the entire surface of the rigid filter is covered with
sludge, the vacuum system is turned on to maintain a vacuum of

one to ten inches of mercury on the intermediate vold area.

48]



Under favorable weather conditions, this system dewaters the 2% solids
aerobically digested contact stabilization sludge (a difficult high bound
water content sludge) to a 127 solids level in 24 hours without polymer use,
and to the same level in 8 hours if flocculant is used. The 127 condition is
liftable. The sludge will further dewater to about twenty per cent solids in
48 hours.

The sludge cake is removed from the filter surface either manually,
mechanically by a small hydrostatic drive front-end loader such as a Melroe

Bobcat 520, or by a vacuum truck.

Jontrolled tests of this type system have shown that a sludge loading

rate of 306 pounds per square foot year is attainable.

At Sunrise Zity plant, the two 20 feet by 40 feet vacuum drying beds
are processing a substantial portion of the total plant load. The photo-
graph below shows the anpearance of a bed at the end of the drying period
and also shows the proximity to a local athletic field.

Figure VII - Vacuum Assisted Drying Beds
Sunrise City, Florida




The vacuum assisted drying bed system at Sunrise Tity is a proprietary
system now designed and supplied by International Sludge Reduction Company,
Starlight Towers, 6000 N, Ocean Blvd., Suite 16A, Ft, Lauderdale, Fla., 33308.

DESIGN EXAMPLE
DRYING BED FOR 4 MGD PLANT

Basic Assumptions:
These assumptlons are as follows:

1. The sludge to be processed 1s an anaerobically digested mixture
of primary and E.A.S. at 4% dry solids content. It is a mixture
of 607 primary sludge and 40% E.,A.S. with the E.A.S. originating
from a conventional activated sludge system.

2, Ultimate disposal is to be by hauling to a sanitary landfill,
or to farmland or other horticultural use.

3. Equilibrium sludge removal rate of 2.5 tons of dry solids per
day to be maintained.

L, The plant is located in the Middle-Atlantic section of the
United States.

Alternate Units for Consideration or Evaluation

For a plant of this size, depending on site limitations, either con-
ventional enclosed drying beds or vacuum assisted enclosed drying beds should
be considered. The economics and other constraints of final disposal, such
as length of truck haul and final solids content requirements would bear
consideration, Land area availability would materially effect the choice
between gravity or vacuum assisted drying beds. If excess methane was avall-
able from anaerobic digestion, consideration could be given to use for heating
the enclosed bed air space during the winter,

For the purposes of this example it is assumed that sufficlent land area

is available for either gravity or vacuum assisted drying beds.
Evaluation Procedure

The general sequential procedure recommended to be followed would be

similar to that fully described on page 37 in the RVF deslgn example., The



only variation would be that bench scale and or pilot plant tests on the drying
bed dewatering characteristics of the sludge would probably have to be planned
and carried out entirely by the consulting engineering firm and the client for
the conventional enclosed bed option, On the vacuum assisted bed option the
suppliers have developed small scale testing procedures and could be involved
in the work.

Pilot Scale Tests

Since temperature conditions could effect the sizing of enclosed beds it
is suggested that, in the absence of available data from existing plants in the
same general area with equivalent sludges, a small greenhouse type test installa-
tion would be in order. Ready made unitized small greenhouse enclosures
intended for the homeowner are now available at modest prices and could be
adapted to enclose a small drying bed for test work on both options.

Design Calculations

It is assumed that the test work has shown that by enclosing the beds and
using in line flocculant conditioning the average bed loading for the conventional
gravity system is 55 pounds per square foot per year and for the vacuum assisted

option is 110 pounds per square foot per year,

1. Since drying bed operation is a batch-wise procedure a sludge
storage or surge vessel should be provided to contain the
thickened digested sludge and serve as a feed tank for the
drying beds.

2. Sludge volume rate would be 14,000 gallons/day or 98,000 gallons
per vweek, so a 100,000 gallon surge vessel would be required as
a feed tank.

3. Assuming tests showed a 12 inch bed fill level to be practical,

for the conventional gravity beds loaded at a conservative

loading of 47 pounds per square foot per year, five beds, each
65 feet by 120 feet would be adequate.

L, The use of five beds would permit the bed filling procedure to
average less than two per week on an annual basis.

5. For the vacuum assisted bec option, using a conservative design

loading of 91 pounds per square foot per year would result in
selection of four 50 feet by 100 feet drying beds.
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Additional Considerations

The system should include for either of the two options, mechanical sludge

removal via a front end loader.,

An important point in evaluating the two options would be a determination

of the energy requirements involved in operating the vacuum system in that option.

FUTURE OF DRYING BEDS

An objective review of past results and consideration of the developments
of the past 5-7 years in modifying and increasing the dewatering capacity and
improving the mechanical removal capabilities of drying beds must lead to the
conclusion that they should be much more widely used than at present.

It seems clear that a judicious combination of the following aspects
would in many locations make drying beds the dewatering system of cholce:

1. Provision in the bed design for mechanical removal via front
end loaders ala Tampa, etc.

2. Provision for conditioning of the sludge on its way into the
bed with polyelectrolytes or equivalent as needed.

3. Inclusion in the design of a translucent roof, or a total
greenhouse type enclosure with adequate ventilatlon and
odor control systems.

L4, Vhere required for capacity purposes some form of vacuum
assistance (ala Sunrise City, Florida) for increasing the
drainage rate and enhancing evaporation where indicated.

If these aspects were included in conceptual designs, the design criteria
in terms of square footage of bed area required would be many times less than
the figures listed in the Ten State Standards. As a result of this and over-
all system evaluation of cost-effectiveness would surely result in more wide-
spread use of drying beds than is currently the case.



ROTARY VACUUM FILTERS

There are three normal types of rotary vacuum filters and they are
described in the table below:
TABLE VIII

TYPES OF ROTARY VACUUM FILTERS

Type Support Media Discharge Mechanism
Drunm Cloth Blowback Section/Doctor
Blade
Joil Stainless Steel Coil Layer Separation/
Loils Tines
Belt Cloth Small Diameter Roll,

Flappers, Doctor Blades

The first (drum) type was largely displaced by the latter two due to cloth
plugging problems associated with the use of lime and ferric chloride/lime
conditioning systems. The drum type filter does not exhibit cloth plugging
problems with polyelectrolyte flocculants.

The coil filter has been widely used and does have a positive release
mechanism, Care must be exercised with coil filters to ensure a sufficiently
rapid rate of cake formation to prevent loss of fines through the more open
nmedia involved during the initial phase of cake formation, This is a relatively
infrequent problem and if the fines problem does occur it is usually sympto-
matic of pre-dewatering processes which have destroyed a substantial portion
of the matrix forming material in the sludges (s) or of inadequate condition-
ing. Such pre-treatment processes will be detrimental in some manner to any

dewatering device.

Belt type filters were introduced to permit continuous washing of the
cloth and ostensibly overcome effects of plugging by lime or fines, This
concept was erroneocus in most cases since the belt washes were not parti-
cularly effective in removing lime. 1In several plants which had early installa-
tions of the Drum type filter and later installations of Belt filters side by
side, the purported advantages of the Belt filters proved to be illusory.
Belt type filters are particularly prone to cake discharge problems.

Rotary vacuum filters produce the following typical results when inorganic



chamicals are used for conditloning:

TABLE IX
TYPICAL ROTARY VACUUM FILTER RESULTS

FOR SLUDGE CONDITIONED WITH INORGANIC CHEMICALS

Chemical Dose (1b/ton) Yield Cake

Type Sludge Ferric Chloride Lime (1b/hr/ft”) Solids (%)
Raw Primary 1-2 6-8 6-8 25-38
Anaerobically Digested Primary 1-3 6-10 5-8 25-32
Primary + Humus 1-2 6-8 4-6 20-30
Primary + Air Activated 2-4 7-10 L-5 16-25
Primary + Oxygen Activated 2-3 6-8 5-6 20-28
Digested Primary and Air Activated L-6 6-19 4-5 14-22

While the data in this table above and the following one are representa-
tive, they should not be used for design purposes if the actual sludges to be
dewatered are available for lab and or pilot test work. It should also be
noted that the cake solids figures shown in this table include the significant
amounts of ferric chloride and lime used so the actual sewage sollds content
is lower than what is shown. For instance, the correction would typically
bring the net sewage solids of a 225, cake down to a correct figure of 18%.

There are instances where a combination of ferric chlorida and polyelectro-
lyte is employed to maximize rotary vacuum filter production rate. This is
frequently the case where the sludge has a high grease content and tends to
stick to the filter cloth on belt type filters.,

Aluminum chloride or aluminum chlorohydrate are also effective inorganic
conditioning agents and where plants have existing rotary vacuum filters, the
availability of such materials as waste by-products of industrial plants is

worth exploration.

Typical results for polyelectrolyte conditioned sludges are as follows:



TABLE X
TYPICAL ROTARY VACUUM FILTER RESULTS
FOR POLYELECTROLYTE CONDITIONED SIUDGES

Chemical Cost Yield Cake
Type Sludge ($/ton) (1b/hr/£t?) Solids (%)
Raw Primary 1-2 8-10 25-38
Anaerobically Digested Primary 2-5 7-8 25-32
Primary + Humus 3-6 L-6 20-30
Primary + Air Activated 5-12 L5 16-25
Primary + Oxygen Activated 5-10 L-6 20-28
Anaerobically Digested Primary é-15 3.5-6 14-22

and Alr Activated

In point of fact, more of the sludge processed in plants equipped with
rotary vacuum filters is conditioned with polymer flocculants than with
inorganic conditioners. The chemical cost is normally about the same for
the use of polyelectrolytes or inorganic conditioners. The use of poly-
electrolytes largely prevails because of more convenient handling, less
extensive preparation facilities, and freedom from corrosion problems, plus
the elimination of significant quantities of inorganic solids in the dewatered
cake,

On the other hand, some plants must use inorganic conditioners to obtain
cake release, provide matrix forming material in the cake, or to facillitate
lime addition for ultimate disposal.

Yith a digested mixture of primary and excess activated sludge, in most
plants, rotary vacuum filters will produce dewatered cakes with cake sollds
contents within the 18-22% range, which is almost always too wet for autogenous
incineration or some composting processes. These facts, plus energy costs
have caused the selection rate for rotary vacuum filters to wane considerably.

The sludge feed to rotary vacuum filters should never be below 3% axry
solids content and preferable should be greater than 4% if reasonable production

rates are to be attained.
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AUXILIARY DEVICES FOR ROTARY VACUUM FILTERS

To obtain higher solids cakes from rotary vacuum filters, three companles
have developed devices which can further dewater the filter cake, These devices
are in some cases, specifically designed as add-ons to existing filters or in
others, supplied as integral parts of the rotary vacuum filter.

The items of reference are:
1. The Eimco Hi-Solids filter
2. The Parkson Magnum Press high pressure section

3. The Komline Sanderson Unimat high pressure section.

Eimco Hi-Solids Filter

This device combines normal rotary vacuum filtration with a batch type
adjunct pressure filter. The cake while still on the rotary vacuum filter
belt feeds into a small co-joined stage where it is subjected on one side to
pressure from a rubber diaphragm (50-150 PSIG or 3.5-10.5 Kg/sq. cm) while
on the other side (below the belt) a vacuum is applied to facilitate drainage.
Since this is a batch procedure with the rotation of the rotary vacuum filter
being momentarily interrupted whilst the pressure and vacuum are applied in the

pressure chamber section, some lowering of productlon occurs.

Eimco supplies this unit as an integral system and also supplies the
press portion as an add-on device for existing conventional rotary vacuum
filters. This device was tested on pilot scale at Washington, D. C., and
increased the cake solids content from a normal 17% up to a level of 257
The sludge tested was a rather difficult to process mixture of primary and
secondary sludges.

Parkson Magnum Press

This unit (more fully described in the section on Continuous Horizontal
Belt Filters), was evaluated on pilot scale at Washington, D, L. for dewater-
ing filter cake from the existing rotary vacuum filters., Filter cake of 18%
dry solids content was further dewatered to 35-405 dry solids with no further
conditioning employed.,

Commercial availability of this unit hinges on successful conclusion of
development work required to enable design of a mechanical method of trans-
mitting filter cake from the rotary vacuum filter to the auxiliary press
section without degrading the processability of the cake.



Komline Sanderson Unimat

A pilot model of the medium and high pressure sections of the Unimat was
evaluated at Washington, D. C. on the cake from the rotary vacuum filters and
produced a cake of 3B8% dry solids. Once again mechanical development work
would be required to facilitate an installation.

In summation, the three devices Mriefly described above offer real
promise for providing a means to further dewater sludge cake from existing
rotary vacuum filter installations where such a procedure is in order,

DESIGN EXAMPLE ~ ROTARY VACUUM FILTRATION 4 MGD PLANT

Baslc System Assumptlons:

The sludge is an anaeroblically digested mixture of primary and excess
activated sludge which has been thickened to 4% solids via a flocculant
aided post digestion thickening process. System deslgn has been such that
the sludge mixture is about 60% primary and LO% secondary sludge. The sludge
is available for testing.

The ultimate disposal method for the sludge is to be by hauling dewatered
cake to either a sanitary landfill, or for disposal on farmland, or for com-
posting and horticultural use,

The sludge removal rate required is to average 2.5 dry tons per day and
the cake must possess sufficient dimensional stability to preclude flow out

of a truck.

Alternate Units for Zonsideration and or Evaluation

1, A Coil filter
2, A Belt type filter
3. A Drum type filter

Tvaluation Procedure

The sequence to be followed in the evaluation and design is planned
as follows:
1, Verification of the amounts and relative degree of uniformity
of the flow of sludge to be dewatered. This is to be obtained
by review of plant operating data.
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2. Diagnostic bench scale dewatering tests of the sludge, repeated
several times during different operational periods to assure
uniformity. It is absolutely essential that these tests and
any pllot tests be done on site with fresh sludge.

3. Review of the above results with interested candidate suppliers
and then repetition of the bench scale tests in conjunction
with suppliers personnel.

4. A pllot dewatering test series should then ensue, particularly
if there is any doubt about any facet of the dewatering operation.
This should be carried out with at least two of the potentlal
suppliers.

5. Summation of design data should be prepared by the consulting
engineer. Each potential supplier should be asked to prepare
and transmit a report of the bench and pilot test work including
Their design recommendations, including equipment required,
sizing, delivery time, etc., together with "budget price quotes”
and estimates of anmual O/M costs, and life cycles of the various
items of equipment,

6. A detailed design should then be prepared and plans, specifi-
cations, conditions of contract, etc., forwarded to those
suppliers whose equipment and performance have qualified them
to enter a firm price quotation.

7. From the design and overall system cost data available, and with
full consideration of relative equipment reliabilities, a
selection of the supplier can then be made.

Bench Scale Tests

The "Buechner Funnel" test procedure is well documented and all suppllers
of rotary vacuum filters are very famillar with it. The “Filter Leaf" test

procedure is likewise readily available.

Normally the Buechner Funnel test, employing a cake support medla identi-
cal to that to be employed will supply all the required information needed.
However, if the dewatered cake shows real signs of sticking to the filter
media, then a leaf test to check this property may be in order.



In the Buechner Funnel test it is important to:

1,

2.

3.

b,

Pilot Tests

Determine dewatering rate, time to vacuum break and resultant
cake solids after a simulated cycle.

Analyze the filtrate for suspended sollds, BODS. CoD, and total
dissolved solids.

The data from (2), along with analagous sludge feed data
should be used to determine exactly what total solids capture
is being obtained.

The cake release characteristics should be carefully assessed.
If a problem is indicated, a left test can be run to observe
whether or not the cake falls freely from a vertlcally held leaf,
If it doesn't, then a Belt filter will cause release problems.

'ost suppliers have packaged pilot units which can be wheeled in for

testing. This is advisable, in most cases.

It is important that the sludge quality during the comparative pilot
plant tests be reasonably comparable. This can be verified by concurrent

"Buechner funnel" testing.

Design Calculations

1.

2.

Operating cycle to be 35 hours per week (7 hours/day). This
permits start-up and wash-up times within an 8 hour shift.

One filter, with adequate supply of key spare parts to be
maintained.

Size of Vacuum Filter

Production rate has been determined via pilot testing to be

5 1b/hr/sq.ft., ut to provide a margin of safety, 4 1b/hr/sq.ft.,
will be used.

Steady state sludge removal rate requirement is 35,000 pounds

per week.,

With a 35 hour per week schedule, weekly filter capacity at
4 pounds per hour per square foot is 140 pounds,
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35,000 pounds/week + 140 pounds per square foot per week = 279
square feet of filter area required.

The nearest standard slze filter is 300 square feet, so a single
unit of this size is chosen.

Sizing of auxiliary equipment

In each case the details of sizes of vacuum equipment, conveyors
or other system required to get the dewatered cake into the
truck for hauling, and the chemical dosing equipment for sludge
conditioning must be developed, and priced.

Sludee storage capability

The one shift per day - five day per week mode of operation plus
the use of a single filter will require provision of several

days storage capacity for the digested sludge. This could-potent-
ially be provided by a combination of the inherent surge capacities
of the digestion tanks and post digestion thickening tanks, or by
provision of a separate storage tank equipped to ensure homogeneity
of feed to the RVF,

For a sludge of the type described, a catlonic polyelectrolyte flocculant

would probably be used for conditioning. The testing and selection of suit-
able conditioning agents would necessarily be carried out in conjunction with
the series of bench scale and pilot test programs used to select and size the

rotary vacuum filters. As part of the selection process for suitable conditioners,

data should be obtained and reviewed on:

1.

2.

3.

L,

Price, dosage rate, and availability of both polyelectrolytes and
inorganic conditioners in the particular locale.
The system required for solution preparation and application, and

its cost.

The storage stability (shelf 1life) of the conditioner in its

form as supplied and in stock solution for use.

Handling characteristics, safety aspects and corrosion properties
of the material in dry and liquid forms.

Previous experience with the same materials at other plants with

similar sludges.
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Dewatering System Considerations

Auxiliary equipment such as sludge conveyor or removal facilities, chemical
mixing and feed equipment, and sludge feed pumps are usually available from
the rotary vacuum filter supplier. ‘

Polymer solution preparation and dosing equipment is also frequently
available from the polymer supplier or from an equipment supplier other than
the rotary vacuum filter supplier.

An Energy Audit should be a part of every system evaluation. The Energy
Audit should include not only an estimate of the power consumption of the
dewatering equipment and its immediate auxiliaries, but also the impact of
the particular dewatering system on the overall treatment process system. In
this regard, the assessment should specifically include the impact of the
conditioning/dewatering system on both the post dewatering portion of the
system and the pre-dewatering portion of the system, The latter facet makes
preparation and consideration of “Quantified Flow Diagrams” for both the
conditioning/dewatering system and the overall treatment system mandatory
to cost effective design.

For purposes of comparison, the rotary vacuum filter in this design
example would require a vacuum pump of 30 horsepower, and filtrate pump of
3 horsepower, To make a complete energy audit, all the auxiliary equipment
data, and the other points mentioned in the previous paragraph would have

tc be assessed.

DESIGN EXAMPLE - ROTARY VACUUM FILTRATION - 4O KGD Plant

Basic System Assumptions:

These would be the same as in the proceding design example for a 4 MGD
plant except that the required removal rate would be 25 tons of dry solids

per day .

Other Zonsiderations

The following parts of the Design Example would be the same for the NGD
plant as for the 4 IGD plant in the preceding example:
1, Alternate units for consideration and evaluatlon
2. Svaluation procedures
3, Bench scale testing
4, Pilot tests
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Design Calculations

1. Operating Cyclet to be either a seven day per week, 24 hour per
day operation or five day per week, 24 hour per day operation
depending on reduction and final disposal processes chosen.

2. Size and number of Rotary Vacuum Filters required.

Production rate to be conservatively taken at 4 pounds/hour/
sq. ft,

At 350,000 pounds per week the weekly capacity of a square foot
of filter area for a seven day operation (allowing 2 hours/day
downtime average for clean up and maintenance) is 4 pounds/hour/
sq. ft. x 1% hours per week or 616 pounds/week/sq.ft.

Dividing 350,000 pounds per week by 616 gives a filtration area
requirement of 568 square feet.

A similar calculation for a five day operation gives a filtration

area requirement of 793 square feet.

In either the seven day/week or five day/week options, two 500
square foot rotary vacuum filters would normally be specified
to provide sufficlent capacity and redundancy.

3. All of the other facets of the design procedure would be the

same as 1n the 4 1GD example,

General Comment - Rotary Vacuum Filters

The RVI' was, for many years, the bellwether device for dewatering muni-
cipal sludges. Their frequency of use had persisted longer in the United
States than the rest of the world.

Operating problems such as the cake pick-up difficulties, poor cake
release from belt filters with sticky sludges, and the maintenance requirements
associated with vacuum producing equipment have existed in numerous cases.
Solids capture problems associated with either the effect of less than adequate
cake formation rate in some relatively open media filter installations or with
cake recycle due to sticking problems have also occurred. *hile these problems
could be moderated in many cases by revision of conditioning methodology or

mechanical changes, they are deterrents to widespread continued usage.
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rore universal deterrents to the continued selection of RVF's are:

l., The energy and maintenance costs associated with operating
vacuum systenms.

2, The inability to produce nearly as dry a cake as other newer
devices.,

These comments are made to encourage the design engineer to review current
operating and cost experiences ai existing plants prior to making a design

decision,

CONTINUOUS BELT FILTER PRESSES

This general type of device, which employs single and or double moving
belts to continuously dewater sludges through one or more phases of dewater-
ing was originally developed, and in subsequent years modified and improved,
in West Germany. The earliest concurrent U. S. development was under the
aeglis of the late Brian Goodman, at Smith and Loveless Division of Ecodyne.

The scope and depth of development of this newer type device has been
mich more pronounced in Europe than in the United States until the past 3-4'
years., Within those past 3-4 years, many different models of the same type
levice, differing in configuration and capability, have been introduced into
the U. S. market,

While there is general agreement that the Continuous Belt Filter Press
materially extends capabilities for improved dewatering of sludges, the U, B.
design engineer is faced with a real task in selecting the optimum devise from
the many which are now avallable. 3But that task must be dealt with if advantage
is to be taken of this techrnological break-through.

U. S. installations of the latest and best models are just now coming
on-siream, To review actual operating performance on particular sludées,
usage of available mobile pilot test units, coupled with site visits is in
order. There is considerable operating experience available at existing
duropean sites. The o0ld conundrum that Zuropean sludges are different and
results are not applicable should be treated with the contempt it deserves,

since it is inaccurate.
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Original Concept and Evolutionary Developments - Continuous Belt Filter Presses

The figure below illustrates the single level device originally marketed
by Klein of Germany and their U. S. licensee, R. B. Carter.

PRESS BELY

+
SLUDGE I +

FEED

FILTER j

BELT DOCTCR BLADE

DRAINING ZONE PREBS IONE SHEAR 2ONE

Figure VIII - Original Concept - Continuous Belt Filter Press

Practically concurrent with this development was Brian Goodman®s work
with the Smith & Loveless Concentrator which is described later,

This type unit was successful with many normal mixed sludges. Typical
dewatering results for digested mixed sludges with initilal feed solids of
5% are to give a dewvatered cake of 195 solids at a rate of 6.7 lb/hr/sq.ft.
with a chemical conditioning cost of $4,10/ton. In general, most of the
results with these units closely parallel those achleved with rotary vacuum
filters. They do have advantages in that there is no sludge pick-up problem
which sometimes occurs with rotary vacuum filters, and they have a lower

energy consumption,

These results are satisfactory for many installations and the Continuous
Belt Tilter Press of this first type or its immediate successor, a two-level
unit of the same basic design and concept (see Figure IX following), has in
the past five years become the most frequently selected dewatering device

around the world.
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Figure IX - Second Generation - lontinuous Belt filter Press

There have been additional developments of the basic principles of the
Sontinuous Belt Filter Press and several third generation units from various
companies are now avallable. In a broad sense these latest improvements may'
be described as:

1, The addition of some form of continuous mechanical thickening
device as the initial stage of a Continuous Belt Filter Press.

2. The addition of additional medium and or high pressure press
sections to the Continuous Belt Filter Press, and varigtions in
the cake shearing mechanisms to obtain additional dewatering.

A schematic conceptual drawing of the R. B. Carter Series 31/32 device,
the design of same being based on the Klein "S" Press { & unit widely installed
around the world) typifies the third generation type unit.



POLYMER

}"-SLUDGE

r—r—p—p—— WASH WATER

/ | (EFFLUENT OR
i CITY WATER)
\ :—(cp!ional)
poepagy—— CLEAN FILTRATE
"J‘mscunass

PRESS WASH WATER {~—SOLIDS
rxrtrm

BELY PRESS
{LOW PRESS./HIGH PRESS./
HEAR PRESS,
s 589 PROCESSED

—————— CAKE
| DISCHARGE

IRTY WASH WATER,
FILTRATE, AND
RECYCLE POLYMER PATENTS APSLIED FOR

Rigure X - R. B. Carter Series 31/32 ~ CBFP - Conceptual Schematic

Referring to Tigure X preceding, and Figure XI, next page, this device
functions as follows:

1.

2,

3.

The reactor conditioner (rotating cylindrical screens) removes

free draining water, usually increasing sludge solids content
from 0.1-0.5% to 3-57.

The sludge then passes into the first or low pressure zone of
the belt press proper with the top belt being solid and the
lower one being a2 sieve belt. Herein further water removal
occurs and a sludge mat with significant dimensional stability
is forming.

In the second or high pressure zone (4 atmospheres) the sludge
is sanduiched betiuecen two sieve belts. Large mesh openings
are nossible because the sludge has developed structural interg-
rity at this point,



L, A serpentine configuration makes up the Shear Zone at the end
of the second pressure zone wherein by stretching the belts and
sludge cake over smaller rollers, a squeezing action expels more
water from the cake.,
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Figure XI - R, 3. larter Series 31/32 - CEFP
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As will be noted subsequently in more detalled descriptions of each unit,
the advanced third generation CHFP's give cake dry solids contents equivalent
to those achieved with pressure filters.

In addition to the Jarter Series 31/32 device, other suppliers of similar
third generation type devices are:

Company Unit
Komline Sanderson Unimat
Parkson Company ilagnum Press
Ashbrook Simon Hartley Winklepress
Carborundum Sludge Belt Filter Press
Talt Andritz SDN

There are also other Jontimuous Belt Filter Presses which are more advanced
than the original first generation type units. These are also described later,

Categorization of Continuous Belt Filter Presses

Only units which have'at least two phases built into their operation,
and which yield cakes which are truly dewatered and dimensionally stable
(non-flowable) can loglcally be classified as Continuous Belt Filter Presses.
The DCG (Dual Cell Gravity Concentrator) as supplied by Permitit when used in
series with the Permutit IRP (multiple roll press) is a system which performs
as a continuous dewatering device in a fashion analogous to the first generation
CEFP.

All of the variations start with a gravity drainage zone followed by
various combinations of shear and different levels of pressure (or vacuum)
applied to the gravity drained cake. Rather than attempting to lump presses
of different configuration into rigid categories, each will be described and
results listed,

SHITH AND LOVELESS SLUDGE ZONCENTRATOR

This device, as described in reference (10), was developed and is markete
by the Smith and Loveless Division of Ecodyne. It is essentially a "Gravity-
Pressure" filtration unit which uses an endless, variable speed, relatively
open mesh filter screen to retain flocculated solids while the bulk of liquid
passes through the screen. Solids from the gravity drainage stage pass into

the second or pressure stage where three sets of compression rollers further



dewater the cake. The pressure increases with each set of rollers. The

dewatered sludge falls off the belt into a discharge chute for removal,
The S, & L Concentrator is offered in two models of varying size. Typical

dewatering capacitles claimed are as follows:

TABLZ XI
S & L SLUDGE CONCENTRATOR PERFORMANCE ESTIMATE

Estimated Dewatering Rate Polymer Cake

Type of Sludge 1b./hr. Dosage Solids
Model 40 ¥odel 80 1b/ton o
Anaerobic Dig. Primary 250 500 15 12
Aerobic Dig, E.A.S. 250 500 10 10
2.A.S. 225 450 10 10

As will be noted this device does not give as dry a cake as some of the
other more complicated machines. It has found usage at certain plants which
can utilize cake solids levels as shown., The unit uses only 5 horsepower vs

a normal 40 horsepower for a rotary vacuum filter.

PLRIGTIT DG - HRP

This system consists of a dual cell gravity DIG) unit followed in series
by a multiple roll press (MRP). Referring to the schematic cross-section of
the DZG, this first drainage section forms a plug of fluid sludge in the first
fine mesh nylon cell and then the plug is further dewatered in cake form in
the second cell.
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Figure XII - Permutit D3G -~ Cross Section

The relatively moist cake from the DCG is conveyed to the MRP, an inclined
dual continuous spring loaded belt which further dewaters the sludge cake,
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Figure XIII -~ Permutit IRP - {ross Section
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Typical performance on the DCG-MRP (Caldwell, New Jersey) indicates
dewatering of an anaerobically digested mixture of primary and humus sludge
from a feed solids of 4-5 per cent yielding a dewatered cake of 15% dry solids
Wwith polymer costs of 38 to $10 per ton.

The DOG-MRP has worked reasonably well at small plants with non-continuous
dewatering schedules. Some problems have been noted with malntainablility of

the early units and some modifications are in process.

INFILCO DEGREMONT FLOC-PRESS

This is a two stage unit of French origin featuring a horizontal belt
gravity drainage arez on a woven synthetic flber belt followed by a press
section, The partially dewatered cake is sandwiched between the lower belt
and a rubber pressure belt (adjustable hydraulic loading) to provide cake
solids levels similar to that which is obtained in rotary vacuum filters or

centrifuges.
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Figure XIV - Infilco Degremont Floc-Press

There are 46 world-wide Floc-Press installations and there were five in
the U, S. as of January 1976. A notable U, S. installation 1s at Hedford,
New Jersey (11). At Medford, a 0.9 MGD contact stabilization plant, a two
meter wode Floc-Press replaced an existing rotary vacuum filter which has been

shut down:



TABLE XII

FLOC PRESS RESULTS ~ MEDFORD, NEW JERSEY

Averages
Feed Solids & 34
Cake 17-19
Filtrate Susp. Solids (PPN) 100
< Solids Capture 98

The horsepower consumption is 6.25 for the Floc-Press versus 22 for the
previously used rotary vacuum filter. The RVF had provided similar cake solids
but poorer solids capture. Polyelectrolyte costs are in the $11-15/ton range.

-

-

The filter belt is still in excellent condition after almost a year of operation.

The wash water rate is 22 gpm at 50 psi and plant effluent water is used.

The Floc-Press system includes a mounted sludge conditioning chamber and
other auxiliaries such as chemical conditloner and sludge feed systems, con-
veyors for sludge removal and automated control panels.

Output in pounds per foot of belt width per hour is quoted at 134-268
for an anaerobically digested mixture of primary and E.A.S, at a feed solids
of 3.5 to 9. The ledford, New Jersey Floc-Press 1s 16 feet 1} inches long,
10 feet 4-3/8" wide, and 10 feet 6 inches tall.

The Floc-Press is available in belt widths varying from a nominal 3 feet
to a nominal 10 feet with effective belt areas of 32.28 square feet to 96.84
square feet. For the larger units, only additional width must be provided for.

PASSAVANT VAC-U~PRESS

This is a German development which features the following:

1. A continuous ress utllizing gravity and vacuum drainage
followed by a pressure zone.

2, “onditioned sludge is evenly distributed on a moving btelt
which initially drains by gravity and then by virtue of vacuum
boxes beneath the belt,

3, The compression belt is applied on top of sludge on the lower
belt to form a sandwich.



L. The two belts are subjected to pressure by going under tension
around large dewatering cylinders. Pressure is then applied to
alternating sides of the belt by smaller pressure rolls,

5. Dewatered sludge is discharged and belts are continuously back-
washed.

6. The Vac-U-Press is enclosed in a fiberglass reinforced polyester

housing to control noise and odor.

Typical sizing data is as shown in the following table:

TABLE XIII

PASSAVANT VAC-U-PRESS - SIZING DATA

Model Belt Drive Active Nominal
No. Width Length Width Height Motor Belt Area Capacity
(ft. - In, (HP) (Sq.ft.) (Gal./Hr.)
BFPO75 26% 14-9 L 5-3 1.5 90 1500
B¥P125 L33 14-9 5-8 5-3 3 150 2500
BFP200 72% 14-9 8-2 5-3 3 250 4200

There are five U, S, installations of the Vac-U-Press, all of the BFP-
200 model. Indications are that it gives a dewatered cake slightly drier

than a rotary vacuum filter,
A mobile test unit is available for rental.

TAIT ANDRITZ SDM and SDF-SK

Andritz, an Austrian equipment firm first developed a continuous double
belt filter dewatering device for use on various industrial sludges. In the
past two years Talt Andritz of Lubbock, Texas has sold and installed 43 of
these devices at 28 total U. S. locations for dewatering of various industrial
and municipal sludges. The 1977 world wide installation list shows 68 locations
where these devices are in use. Twenty of these locations are on municipal
sludges. The industrial installations are in some cases on straight 100%

blomass sludges.
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The dewatering in the Tait Andritz unit(s) is achieved by passage of the
sludge through a gravity dewatering zone, into a wedge zone for pressure
dewatering, followed by higher pressure dewatering in a module zone. The
module zone can be either an S configuration (offset rolls), or a press

configuration (pressure loaded rollers).

Main design features are: variable speed drive for belts and conditioning
drum; pneumatic belt tensioning and pressure ad justment -during operation;
pneumatic belt tracking; and in the industrial SDM model, use of endless belts.

The following figure shown the SDM-SM model (seamed belts) designed for

municipal operation where unattended round-the-clock operation is not necessary.

Figure XV - Tait Andritz - SDM-SM Model




The following table summarizes reported operating results:

TABLE XIV

TAIT ANDRITZ - SDM-SK RESULTS

Type % Dry Solids Throughput {1) Polymer Zost

Sludge Feed Cake (cP¥)  (D.S.-1b/hr) ($/ton D.S.)
Raw Primary 5-7 22-26 10-14  300-500 4-7
Primary + E.A.S. 3-5 20-25 15-20  200-350 4-8
Unox Fxt. Aer. 1-2 18-23 20-25  200-250 8-10

(1) Per 20 inches of Working Belt Width

The results shown in the above table tend to indicate that the Tait Andritz
787P's will normally produce a cake solids content somewhat higher than that
obtainable in a rotary vacuum filter, Further, more definitive results on the
two versions (either the "Press lModule" or the "S" Fodule equipped) of the
basic device will be forthcoming during 1978. In this vein, it is understood
that Burlington, Wisconsin (an installation discussed later) has recently

ordered several units.

The Tait Andritz SDM device {Industrial) has an excellent performance
record (eash of maintenance, etc.) in dewatering blological and mixed sludges
in the paper industry. (12,13)

Data on the size of the three SDM-5M models available are as follows:

TABLE XV
TAIT ANDRITZ SDM-SM - MACHINE SIZING DATA

Size & Type Jorking Belt Overall Dimensions _ Weight Zomn H,P. Belt Spray

Width Length Width Helght™ (1b) Load  Consumption
(GPH)
SDM 40 Lo 152%" 75" 75" 5513 ¥ 18-24
SDY; 60 60" 186" 114" 83" 14333 s 3/4 30-37
SDM 80" 80" 186" 13" 83" 17640 5 3/4 35-45

*Height will vary according to drive sysiem used




ASHBROOK SIMON-HARTLEY WINKLEPRESS

The Winklepress was developed by Gebr. Bellmer KG. of Germany. Simon-

Hartley of the United Kingdom markets U. S. units through a subsidiary, Ash-
rook Simon-Hartley of Houston, Texas.

The schematic conceptual drawing which follows shows that the device

employs two endless synthetic fiber mesh sieve belts to convey and dewater

conditioned sludge. After an initial gravity drainage stage, the primary

belt meets the second belt and forms a vertical sandwich drainage section.
The two belts which are under tension, then carry the sludge along an arrange-

ment of staggered rollers where multiple shear force action areas squeeze out

remaining free water, The sieve belts are continuously washed.
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Figure XVI - Ashbrook Simon-Hartley Winklepress Schematic

Yhile there are a number of operational installations in Europe, as of

November 1, 1977, none of the U. S. installations under construction had
started operation.
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WINKLEPRESS TEST RESULTS (FROM SUPPLIER)

TABLE XVI

Dry Solids Filtrate Polymers Capaclty Feed
Feed Cake (mg/1) (kg/mj) m3/h gpm
meter
Digested Primary 3.8 36.2 85 0,182 745 33,0
and Humus
" " [L] L 5.? 36.3 95 0.165 6.5 28-6
Digested Primary 3.5 36.3 90 0.165 745 33.0
and 5,A.S.
4,8 38.5 75 0.182 75 33.0

The following table shows the range of production unlts available,

TABLE XVII
WINKLEPRESS SIZE AND CAPACITY DATA

Input Width Nominal capacity of

Winklepress mm inches 3digested sludge
Size m /h gpm

0 200-300 8-12 2=3 8.8-13

1 500-800 20-32 5-8 22-35

2 1000-1300 39-51 10-13 Ly -57

3 1500-1800 50-71 15-18 61-79
L 2000-2300 79-91 20-23 88-101

KOMLINE SANDERSON UNIMAT GMZH-7 CONTINUOUS

BFP

Komline Sanderson manufactures its version of the German Unimat under

license from Mull-Abwasser-Transportanlagen-GMBH, Elversberg, West Germany.
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The most advanced model ¢f the modularized Unimat which is designed for
maximum cake dryness and throughput is the GMZH-?. This press consists of

four stages:

1, Cravity drainage (actually a thickening stage)
2. A mild pressure stage
3. A medium pressure stage

4. A high pressure stage

A conceptual schematic follows:
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Pigure XVII - Xomline Sanderson Unimat Gl H-7
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The initial gravity drainage stage is a continuous belt of pockets which
are formed by folding a rectangular piece of cloth, This is a separate belt.
After thickening in this first stage the sludge dumps into a different belt
which moves over a gravity dralnage tray prior to dumping onto another belt on
a succeeding tray (and a different belt) where a small amount of pressure is
added by small diameter rollers. Then it is moved to the third tray of the



mild pressure section (and back on the original pressure belt) and subjected
to slightly more pressure before going into the medium pressure stage. All
the rollers in the medium pressure stage are adjustable for pressure optimi-
zation, While passing over the medium pressure rolls, the cake sandwich
between the belts is flexed from one side to the other. Each of the large
diameter drums has smaller diameter rolls which apply pressure as the sand-
wich passes over the drums. Every other roll is perforated for water removal.
Pressure is applied to the cake by tension on the belts as the belts go around
the drums and by the small diameter rollers. The belt tension, is, however,
relatively low and all synthetic media is used instead of stainless steel in
the long axis.,

The cake now goes to the high pressure stage which can be thought of as

two caterpillar tractors standing upright with the tracks butting together.
As in the medium pressure section the pressure is adjustable through springs.

In applications where a very high dry solids in the cake 1s not lmperative,

the unit is available without the high pressure section.

In addition to the previously mentioned nomenclature and model system the
Unimat series is available in three models:
liodel S - Gravity Stage
I'odel SH - Gravity & Medium Pressure Stages
Model SMH - Gravity, Medium & High Pressure Stages

The following table lists the design features of this series:
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TABLE XVIII

ACTIVE FILTRATION SURFACE AREAS & RETENTION TIMES

Machine lachine Active Flltratlon Retention
Hodel Width Surface Area (Sq.Ft.) Time (¥inutes)
(Meter)
S L s L
S 1 68 104 1.2 to 6 2t09
136 208
204 312
5 roll 7 roll 5 roll 7 roll
M 1 101 190 5 to 19 10 to 36
203 380
3 305 570
_ALL_ _ALL_
H 1 32.9 2 to 6
65.6
3 98.4

Note: When using 2 or more sections, the retention time
and active surface areas are cumulative,

There were 69 European locations employing the Unimat as of November, 1976,
with practically all of them processing municipal sludges of some type, including
straight 100 biomass.

The following table lists reported results:



TABLE XIX

DRY SOLIDS OF CAKS AND POLYMER DOSAGE

UNIMAT: Fodel S Model SM Model SMH
Type of Sludge After After Gravity After Gravity Typlcal
Feed Zonc. Cravity o Medium & Medium & Polymer
(< p.3.) Stage Pressure High Pressure Dosage
(vD.S.) ("D.S.) 1bs/ton D.S.
Fresh-Primary 12-18 25-35 30-45 6.0 - 8.5
(Raw)
b - &4
Pr., Prim & Trickling 10-15 22-32 28-40 6.0 - 10,0
Filter
3 - 5
Fr. Primary 10-15 17-27 25-35 6.0 - 10.0
® Activated
3-5
Anaerobically Dig. 14-24 25-35 30-45 5.0 - 8.5
Prim. & Act.
L - o
Activated (1007 ¥.A.S.) 8-12 17-20 17-23 7.0 - 10,0
OIS - 1.0’

While at the time of writing this, no Unimat systems are yet operating in
the U. S., 16 units have been sold and some will be operative by early 1978.

A mobile test unit is available and considerable U, S. test work was
carried out on site during 1977.

Performance of Unimat on Washington, D. ., Mixed Sludge

At Blue Plains the Unimat GMZH-? dewatered a sludge mixture of 1 part
primary plus 2 parts E.A.S. to a dry solids content of 27 to 33 at rates of
&4t to 677 pounds per hour ver meter of width. Folymer costs were mostly
between $8.76 to %9.20 per dry ton with a solids capture of 95-98-. On the
existing rotary vacuum filters a total dry cake solids of 22-2477 (including
solids resulting from use of 5-7~ ferric chloride and 15-20°* lime) is
normally obtained. Because of the large variation of the sludge quality, the

lime dosage for the rotary vacuum filters reaches 30-407 on occasion.
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At Blue Plains, the dewatered vacuum filter cake was fed to the h2H sections
of the Unimat and the cake solids were increased to 37-407% at a feed rate of
1200 pounds/hour/meter width with no auxiliary conditloner dosage.

Performance of Unimat on Columbus, Ohio, Southerly Plant Sludge

At Columbus Southerly plant, the anaerobically digested mixture of primary
and E.A.S. was dewatered to a cake solids content of 36-39% at a rate of 750-
1000 pounds per hour per meter width. Solids capture was 90-95% and polymer
costs %8 - 514/ton. Feed solids were 3-4 dry solids. Thus an autogenous
cake is feasible with this difficult sludge.

It is quite apparent that the K.S. Unimat press is one of the CHEFP's
newly introduced into the U. S. from Germany which has the capability to
effectively dewater mixtures of primary and E.A.S. sludges to a dry solids
content high enough to be in the autogenous incineratlon range.

PARKSON MAGNU} PRESS

This device, of Swedish origin, is manufactured and sold in the U. S.
by the Parkson Corporation of Ft. Lauderdale, Florida.

The lagnum Press is an advanced or third generation type CBFP designed to
maximize dry solids content of dewatered cake. The Magnum Press has three
stages and can best be described by reference to the cross sectional side-view
of Figure XVIII following:
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The initial stage is a unique gravity drainage section. In addition to
normal dewatering occurring by gravity from a properly conditioned sludge,
the sludge can be subjected to a light pressure provided by rollers and be
turned by plows (both optional). The partially formed cake then proceeds to
the low pressure stage where the second polyester screen belt comes into play
on the top forming a sandwich that is fed into the second or low pressure
stage. In the low pressure stage perforated press rolls of decreasing diameter
subject the cake to continuously increasing pressures. In the last or high
pressure stage the cake is subjected to very high pressure that is adjustable,
depending on the application. The high pressure is generated by a series of
1 inch wide flat belts that press the screens against a perforated roll
uniformly from side to side. This feature allows the sludge to be subjected
to high pressure for a long period of time without producing an excessive
load on the screens. The pressure is adjustable through the use of two

hydraulic cylinders.

This final high pressure stage of the lagnum Press can also be employed
in a modular fashion to further dewater filter cake from existing Rotary
Vacuum Tilter installation.

The Parkson i'agnum Press is available in four sizes as shown below:
TABLE XX

1IAGNUY. PRESS SIZE DATA

i“‘odel Screen Width Velght Overall Dimenslons Screen Wash
(Nominal) A-Yidth B-Height 2-Length Water Flow
Rate 2 100 gal

1'P-20 20" 3.8 Tons L ?7'-9" 4r-10" 12 gpm
P40 Lo L.4 Tons 5'-8" 7'-9" 14 -10" 24 gom
FP-60 60" 4.8 Tons  7'-4"  7'-9" 14'-10" 36 gom
1'P-80 8o 6.0 Tons 9' 7'-9" 14'-10" L8 gpn

As of December, 1977, nineteen ilagnum Presses had been sold world-wide.
There are seven Japanese installations, nine in Zurope, and three in the United
States. The first U. 3. unit (at iobil 0il Zompany), processing straight excess

tiological sludge is just now commencing operation.
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Parkson has a mobile Magnum Press and a smaller pilot unit, both of which

have been used to carry out on-site tests at various U, S. locations.

Performance of i‘agnum Press at Washington, D, C.

A 0.25 meter pilot unit was evaluated on the various sludges at Blue Plains
plant, The following two figures show the results obtained with various mixtures
of primary and excess activated sludges (including phosphorous removal sludges

resulting fron iron salt use).

In assessing results of dewatering work at Blue Plains it is important to
note the following:

1. The normal mix is 32¢ raw primary/687% raw secondary sludges
(on a weight " dry solids basis). The primary is gravity
thickened to 9,57 and the secondary is DAF thickened to 5.5.
The resulting 6.87 solids mix is filtered on RVF's to about
1877 (without lime).

2. The Blue Plains plant has an abnormally large anount of a
difficult to process excess activated sludge due primarily
to the use of a high rate activated sludge biological treatment
system. This system was apparently chosen because of certain

site and capacity constraints.

As can be seen in Pigure XIX, the iagnum Press produced a dewatered cake
of 30” dry solids content at a rate of 800 pounds/hour/39.37 inches of belt
width,

It should also be noted that a straight interpolation of the data in
Pipgure XX indicates that at a more normal sludge ratlio of 60# primary and
L0~ seconday, even with the high rate Z.A.S., the production rate would be
17" ereater and the cake solids would be 34”. As shoun in Figure XX, polymer
dosages varied from 5.5 to 1.6 pounds per ton of dry solids and solids recoveries

varied from 95 to 957,

The iagnuir Press iras also tested for dewatering the filter cake from the
existing RVF's. Jake solids of 35-427 were obtained at rates of 800 to 2800
pounds per hour of dry solids per 39.37 inches belt width. There is mechanical
development work required to design equipment to transfer the filier cake to

such a press.
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Magnum Press Performance at LAOMA

The Magnum Press mobile unit was evaluated on several mixtures of the

sludges being studied in this major R&D project.
TABLE XXI

PCRFORIMANCE OF MAGNUM PRESS - LAOMA

Sludge Dry Solids (%) Capacity-D.S. Polymer “Solids
Fixture Feed Cake (1b/hr/m) ($/ton D.S.) Recovery
Digested Mix 1.8 29 360 12,60 96
’70 Prim-jo ECAISI
Digested Mix 2.1 21 320 21.40 88

30 Prim=-70 E.A.S.

While the above results are impressive and may well be acceptable for the
system, it 1s also apparent that the dewatering devices' performance is penalized
by attempting to dewater an unthickened sludge. It 1s strongly suspected that
if the LAOVA sludges were thickened a much higher capacity and cake solids
would be realized, in addition to being operable at a much lower polymer dosage.

Magnum Press Performance - Other Locations

A bench scale Magnum Press has been evaluated at varlous other locations:

TABLE XXII
PERFORMANCE OF MAGNUM PRESS - VARIOUS SILUDGES (1)

Location Sludge Dry Solids(¢) Capacity-D.S. Flocculant ¢Solids
Mixture Teed Jake (1v/hr/m) (3/ton D.S.) Recovery

Blue Lake, US-Primg2) 5.3 35 1260 14 98

St. Paul, ¥inn.55-&.A.S.

Lake Zharles, Prim + 2.9 29-34 580 12 a5

La.. E.'\.Sl
Ri%hardson. Digested 4,1 26-27 615 11(3) 95
exas Prim.+%.A.S.

+ alum

Industry 5.A.S. 3.5 22_23(h) 500 1?(4) 95
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(1) All results from 0.25 meter bench scale press.

(2) ~oncentrations by volume

(3) Costs using 75 1b/ton FeCl3 plus 5 1b/ton polymer: Stralght Polymer=165/ton.

(4) Values shown are for 100#% polymer usage: use of 30-55 lbs/ton F‘eCl3 will
increase cake solids to net of 277 at slightly lower capacity.

It is significant to note that the Magnum Press will function with inorganic
conditioning agents to extend the flexibility of the unit and to reduce polymer

costs.,
CARBORUNDUM SLUDGE BELT FILTER PRESS

Tarborundums' Pollution Jontrol Division at Knoxville, Tennessee manu-
factures and sells a unit called the Sludge Belt Filter Press. This unit 1is
based on the design of Rittersheus and Blecher of Germany who developed the
"Dreibandpresse"”.

The Carborundum unit incorporates two unique features: stainless steel

wire supported belts and oscillating pressure rollers.

As can be seen in the following dlagram, the gravity dralnage sectlon of
the SBFP includes two phases involving a dumping of the partially dralned
sludge from the initial belt onto a second drainage belt prior to the incidence
of the upper sandwiching belt., The two belt cake sandwich then proceeds
around a large diameter roll into a further pressurizing section involving
smaller diameter offset pressure rollers in a two level configuration. Thus,
in effect, the Carborundum SBFP has a two stage gravity drainage section plus
two additional pressureshear stages to successively expose the cake to increas-

ing degrees of shear and pressure.

Jarborundum is also bringing out a newer model with a "Pre-Concentrator”

stage in the same vein as the Unimat and R. B, Carter Serles 31/32 devices.



Tigure XXI - Carborundum Sludge Belt Filter Press

The current Carborundum SEFP is available in 2 models with the following

dimensions:
TABLE XXIII

CTARBORUNDUM SBFP

Belt Approximate Overall Dimensions
Fodel Width (in.) (Inches)
Length Height Width
135 39 160 96 69
215 70 160 96 100

This unit was introduced into the U. S. in 1977 so no U. S. commercial
scale operating data is yet available. A pilot unit is available for testing

and the supplier quotes the following results:

0
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TABLE XXIV

CARBORUNDUM SBFP RESULTS

Type Sludge Capacity Feed Solids Cake Solids Polymer
(gal/nr) % % _ cost
3/ton D.S.

Primary + T.A.S. 900 L-6 W-37 9

Anaerobically Digested 1300 4-9 2640 10
Primary + 2.A.S.

Z.A.S,. 1100 4 16-20 11

Additional field U. S. results are now avallable from larborundum and
German full scale installations have been in operation for several years.

R. B. CARTER SERIES 30 PRESSES

R. B, larter of Hackensack, New Jersey is the U. S. licensee of Klein of
Germany, the developers of 3 successive generations of continuous belt filter
presses, each of increasing capability in either capacity or cake solids

content realized.,

The original single level Klein device which was introduced in Germany
in about 1969, the Carter Series 30 (a two level unit), and the latest multi-
stage unit, the Carter Series 31/32 ZBFP (based on the Klein "S" press) were
described in a proceding section dealing with the evolution of the ZBFP. The
early single level device has been superseded by the two level Series 30 and
the multi-staged Series 31/32.

B. B, Carter Series 30 Installations, Dimensions and Results

As of July, 1976 there were 21 U. S. installatlons of the Carter Series
30 7BFP that were either operating or were on order., The 21 installations
involved 36 units. Of these installations, 8 were for industrial sludges
and 13 municipal.

The series 30 units are available in 3 sizes as shown:



TABLE XXV
CARTER SERIES 30 - OVERALL DIKENSIONS

Width Weight
viodel (Inches) (1bs)
5/30 53 2500
10/30 73 3500

15/30 93 14500

The Series 30 is typically about 12 feet long and five feet tall,

Quoted typical results for the Carter Serles 30 model are as follows:

TABLE XXVI

PERFORIANCE DATA - CARTER SERIES 30 CBFP

Type Sludge Solids Content(%) Capacity  Polymer
Feed Cake 1bs/hr/sq.ft 3/ton D.S.
Primary + T,A.S. 4.5 20~-30 6.5-12 L-8
Anaerobically 6-8 20-30 10-20 L-8
Digested Primary
+ 5.A.5.
Txtended feration 24 16-24 6-10 2-6

(Mo Primary Treat)

A mobile pilot unit of the Series 30 has been used in on-site test work.
Performance of a SBFP of the Carter Series 30 Type in the U.KX.

In addition to the quoted typical results above additional insights into
the capabilities of the Carter Series 30 units can be gained by study of
references 14 and 15. The latter reference is an exhaustive study by the U.h.
Department of the Environment on an installation of the British version of
the first generation Carter type press. This study was carried out over
many months by the D.0.E., an agency of the government, at Lenham lorks in

Bast Xent,



Different mixtures of sludges were processed to determine applicability
of the single level first generation CBFP, including operability, maintain-
ability, and all cost factors as well as dewatering capacity.

Typical results are shown in the following table.
TABLE XXVII

SINGLE LEVEL PRZSS - R. B. CARTER TYPE
LENHAF WORKS - EAST KENT U.K.

Type Dry Solids (%) Capacity (1)Polymer ¢ Solids
Sludge Feed Cake (1bs D.S./hr) (3/ton) Capture
Primary + Humus 4.5 22 72 5,64 96-99
+ E.A.S.
Straight Humus L,.s 18 Lo 8,00 96

(1) 0.5 Meter belt width x 3.0 meter length - Wm, Jones, Chem. Eng. Ltd.

As will be noted the normal mixed sludge is not a difficult one and results
were essentially equivalent to dewatering with an RVF. KHoever, it is doubtful
that an RVF would have achieved results on straight secondary sludge similar to

those shown.

The Lenham plant is a small plant designed to treat a dry weather flow
of 0,11 I'GD and actually processing about one half of design flow. The plant
includes primary, trickling filter and activated sludge operation. Though
the normal sludge mixture is a relatively easy to process material, the per-

formance of the first generation CBFP was viewed as highly successful.

The cost analysis showed a total operating and capital cost of 365.50

per ton of dry solids dewatered. [!aintenance costis were low.



TABLE XXVIII
LENHAIM WORKS - COST ANALYSIS

FIRST GENERATION CEFP

Item $/Ton D.S.
Polymer 4,90
Wash Water 1.94
Power 0.66
Oper. Labor 12,00
(inc. super.) -

Total Operating 19.50
Capital Costs 46,00
Total (Ex. Haint.)(l) 65.50

(1) Faintenance Estimate + 3/4 hour/1000 Hours Operation

Performance of an R. B. Jarter Series 30 CBFP - Hutchinson, Minn.

At Hutchinson, iiinnesota a Series 30 Carter CBFP has been operating for
many months on a runicipal sludge from an activated sludge plant. A photo
of the unit appears below:



Figure XXII - CZarter Series 30 CBFP

At Yutchinson, the waste activated sludge is fed to the CBFP at a solids
concentration of 1-1.5  resulting in a cake solids content of 13-15" and dry

~ 2} -}

solids through-put of %40 pounds per hour. Whil

@

this performance is satis-
factory it could be greatly improved by pre-thickening to a solids content
more logical for maximur dewatering capability.
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The basic design characteristics of this unit have been delineated in

earlier sections. Issentially it consists of an initial "Reactor Conditioner™
L

en which performs the dual function of conditioning and pre-thickening

followed by two successive pressure zones and a shear zone under pressure.

s 31 device also cores in J sizes, 5/31, lC/?l, and 1%/31 which
iiffer in widths. The largest unit, the 15/31 is des®med for a noninal feed
GPI” of typically a 5  mixed sludge. lomplete systems, including the
chemical feed system, pumps, controls and erection costs are usually priced
at slightly less than IZ,OOO/GPY or 170,000 for an 85 GP!! Series 15/31 unit.
Solids capture in the Series 31 normally averages 95" plus. Connected electr:
cal power, including sludge pumps and conditioner system pumps totals not

more than 15 horsepovier.,



Sizing of a building or space for a two unit Series 31 system, including
polymer preparation system, and conveyor sludge removal system indicates a
floor space requirement of about 36 feet by 18 feet., Height requirement 1s
13 feet 6 inches minimum.

WYhile there are quite a few operating installations of the Series 31
type unit (Kleins or Wm. Jones "S" press) around the world, U. S. commercial

units were just coming on stream during 1977,

Performance of R. B. Jarter Series 31 JBFP at Hamilton, Ontario

The Carter Series 31 mobile pilot unit has been tested at several lorth

American locations including Hamilton, Cntario, among others.

On a digested mixed primary and %.A.S. sludge at Hamilton, a 27% dry
solids cake was obtained which compared very favorably with a 16 cake being
obtained at the same time on the existing Rotary Vacuum Filters., Hamilton
was experiencing some problem with fines recirculation and accumulation within
the system at the time and no doubt even more favorable results would be

realized in a situation with normal sludge conditions.

Performance of R. B. Jarter Series 31 TBFP at Parkersburg, Y. Va.

At the Borg larner Tompany, two 15/31 larter units are dewatering a
pure ex~ess biological sludge. feed Solids are 0.5 to 2.0%: with a cake
solids content of 25-33", Japacity averages 1500 pounds of dry solids per

hour per machine.

Performance of %. B. Jarter Series 31 CBEFP at Scituate, [.ass.

A Tarter Series 31 unit equipped with a Reactor-Thickener was evaluated
on the difficult aerobically digested extended aeration sludge at the Scituate,

l'assachusetts plant. Results are shown in the following table:
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TABLE XXIX

JARTER ZBFP - HMODEL 5/31
AEROBICALLY DIGESTED ZXTENDED AERATION SLUDGE
SITUATE, HMASSACHUSETTS

¢ Dry Solids Sludge Feed Solids Capture Polymer Cost
ol

Test Feed sake  (1bs/D.S./hr) o (5/ton D.S.)
18 88 91 26 (1)
16 255 98 11 (2)

(1) cationic Polymer A Used.
(2) " 1] B "

In a cost comparison, the engineers involved estimated that at a pro-
duction level of 3 dry tons per day for a five day week elther 2 Caxrter Serles
31 2BFP's (60 inches wide) with Reactor-Thickener first stages: or two 250
square foot DAF units plus two 200 square foot RVF's would be reguired. Equip-
ment costs for the ZBFP option were estimated at 3222,000 and for the second
option at 8425,000. Horsepower requirements were estimated at 26 HP and 200
HP respectively for the two systems.

DRSIGN EXAMPLE - ZONTIMUOUS BELT FILTER FRESS

Basic_Assumptions:

These assumptions are identical to those used in the example for design

of a Rotary Vacuum Tilter System:

1. Anaerobically digested mixture of primary and E.A.S. at i
solids content. J0F Primary and 407 Z.A.S.

2. Ultimate disposal by hauling to either a sanitary landfill,
or to farmland, composting or other horticultural use.

3. “quilibtrium sludge removal rate of 2.5 tons of dry solids
per day required.



Alternate Units for Consideration or Evaluation

Any of the twenty or so varieties of Jontinuous BFP's available fror
11 different companies. Depending on the length of the truck haul and the
cake dryness requirements for final disposal the design engineer would pre-
screen the many alternaies and select perhaps 3 companies to work with in
proving in specific devices and carrying out bench and pilot scale qualifi-

cation trials.

For the purposes of this example it will be assumed that a dry solids
content cake of at least 2& is required. Accordingly, units such as the
R. B. Carter Seriles 31, Komline Sanderson Unimat, Farkson kagnum Press,
Ashbrook-Simon Hartley Winklepress, and Carborundum Sludge Belt Filter Press
would certainly be considered. Certain models of the Tait Andritz, Infilco
Degremont Floc-Press and Passavant Vac-U-Press would require at least pre-
liminaxry consideration with further study dependent on estimates of capa-
bilities from the supnlier firms.

Bvaluation Procedure

The systematic procedure for evaluation would be identical to that
described in the RVF design example.

Bench Scale Tests

ilost of the equipment suppliers have laboratory or bench scale test
equipment and procedures which indicate general acceptability of their units.
In most cases, unless the sludge to be dewatered is an unusually easy one,
pilot scale testing will yield much more accurate design criteria aud should

be pursued. [ost companies have mobile pilot or full size units.

Design Zalculations

1. Operating cycle to be 35 hours per week (7 hours/day). rer-
mitting start-up and wash down times within 8 hour shift.

2. One ZDFP with adequate spare parts to be maintained.

3. Size of CEYP
Production rate proves to be 50 GPii of 3-U4¢ feed sludge siving
rate of 750-1000 pounds of dry solids per hour per neter width
(from pilot test runs). Solids capture is an acceptable 93-98~

in all tests. Cake solids with complete press (all sections,



including high pressure stage) in use is 3&%. Without high
pressure section, cake solids are 30¢. Polymer dosage is
consistent, Design Engineer must then asses added capltal and
0/M costs for high pressure section and effect of 8 drier cake
on haulage costs to determine which unit is to be chosen. A
single CBFP of two meter width would be adequate if several
days sludge storage surge capacity was provided. Alternatively
2 one meter wide units could be chosen.

Sizing of Auxiliary Equipment

Same as described in RVF design example, If, for example, a
¥omline Sanderson Unimat were the selected unit, the basic
machine is just under 24 feet long, width requirement is 5
feet 2 inches at base 1"ith the upper drive motor making upper
width need just under 8 feet. Height of the Unimat is 10 feet’

2 inches.

The same considerations apply to selection of a suitable floccu-
lant system, sizing of conditioning system and overall "Dewater-
ing System Considerations” as noted in the RVF design example.

DESIGN SXAHPLE - CONTIMUQUS BELT FILTZR PRESS - 4O I'GD PLANT

Basic Assumptions

1.

2.

3.

Anaerobically digested mixture of primary and E.A.S. at 4%
dry solids content. 607 primary and 40* &,A.S.

Ultimate disposal by either composting or incineration, both
systems requiring a minimum cake solids content of 307

The sludge removal rate to be an everage of 25 dry tons of
solids per day.

Alternate Units for Consideration

Same comment as in 4 [I'GD example preceding,

Evaluation Procedure

The same procedure as described in the iVF design example would be used,

except:
1.

Determination of the calorific value cf %the dewatered cake
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produced in pilot tests would be essential for evaluating
efficacy of incineration and to ensure whether or not auto-
genous incineration would be achieved in bturning periods (There
is no such think as totally autogenous incineration since start-
up and shut down procedures require fuel usage regardless of
cake characteristics). Nonetheless, self sustaining combustion
would at least minimize fuel consumption.

Qeview of the suitability for composting could be carried out
with experts in that field.

Bench Scale & Pilot Tests

Same as in 4 IGD example,

Design Calculations

1.

Pilot results show that 50 GPH of 3-4%% sludge will yield a cake
solids of 38" at a production rate of 750-1000 pounds/hour/meter
width, with adequate 93-98 solids capture and usage of polymer
at %10 per ton of dry solids.

Operating Cycle: to be based on 3 shifts/day. 7 days per week

and 22 hours/day unit operating time since incineration requires
continuous operation to minimize fuel consumption.
Sigzins of CEFP

25 tons per day = 50,000 pounds/day.

Keter Daily Production/Unit
¥idth (pounds)

1 16,500

2 33,000

3 49,500

On the above basis L4 one meter units or 2 two meter units would
be chosen,

Sunmation

All other facets of the design procedure would be similar to
the 4 'GD RVF design example.



PRESSURE FILTERS

The original main focal point for the development of the plate and frame,
and recessed chamber types of pressure filters was Stoke-on-Trent, United

Kingdom. The slurries incident to the manufacture of pottery and china, are

particularly difficult to dewater and as a result pressure filters were employed.

These types of pressure filters, particularly the recessed chamber type
have been frequently designed into U.X. wastewater treatment plant sludge

dewatering systems.

A few U, S, installations of pressure filters have also been made in the

past few years.

Pressure filters are batch devices and to some extent because of the
level of development of feed and chemical dosage systems normally use sub-
stantial quantites of metal salt and lime for conditioning. These chenmicals
require relatively extensive handling systems requiring considerable mainten-
ance. This is one of the factors which has slowed acceptance of pressure

filters outside the United Kingdom.

fssentially, a pressure filter consists of a series of vertical plates,
usually recessed, covered with cloths to support and contain the cake, mounted
in a framework consisting of head supports connected by two heavy horizontal
and parallel bars or an overhead rail., The diagran below shows a cross section
of a pressure filter:

FILTER CLOTHS
TN

f’E

SLUDGE IN

FILTRATE DRAIN HOLES

Tigure XXIII - Section of a Pressure Filter

0
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Jonditioned sludze is purped into the pressure filter at increasing nressures,
Presses are normally supplied to operate at either a nominal 100 PSIC or 225 PSIG.
Jake building time or sludge feed time is normally 20 to 30 minutes followed by
a 1 to 4 hour pressing period. The press is then opened and the filter cake falls
off into the removal system.

Yhile pressure filters will generally produce a cake solids content
10-20° points drier than a rotary vacuun filter, some portion of these total
cake solids are lire and metal salt rather than sewage solids. Capacitles of
nressure filters are usually about 10 to 207 of the loadings achieved on rotary

vacuunm filters.

Significant develooments in Pressure rilter technology are the diaphragm

press and other membrane type presses which are discussed later.

Since an excellent survey of three operating U. S. installations was
avallable, a review of those case histories is the most applicable way to

present a perspective on conventional recessed chamber type presses.

CAST HISIONY -~ KWNOSHA, WISTONSIN

This is a 26 :GD plant with a primary and activated sludge systen.

1. The sludges are mixed, gravity thickened, anaerobically
digested, and then dewztered in Nichols (2dwards ¢ Jones)
pressure filters., The dewatered cake is given to farwmers who
land spread from rmanure spreaders.

2. ‘hemical dosage is ¥ ferric chloride and 25 line (both on a
dry solids sludge basis).

3. Digested sludge at 3-7 solids is dosed in line with Ferric
2hloride and lime is added in a subsequent mix tan< with slow
speed mixing.

4, Two .ioyno rumps feed the tio presses sirmltaneously. The
i oynos have worked very well., TFiltrate is returned to head
of plant.

£, 3ycle includes maintenance of 100 FSIC for 20 minutes and total
cycle *ine is 2 1/3-2 1/2 hours. Operate 16 hours per day, 7
days per week to oroduce 12 tons per day of dry solids cake at

35-3%" s0lids. Jake thiclkness is one inch.



6, Two Nichols-Edwards & Jones pressure filters, with 80 - 4 feet
by 4 feet plates (rubbercoated steel) used.

7. One operator in continuous attendance.
Results:
Cood handleable press cake and clear filtrate:

TABLE XXX
J0STS - PRUSSURS FILTRATION, KENOSHA

Costs f/Ton
Labor 3 7.43
Chemicals 20.17
Douer 1.71
i"aintenance 3.25

432,56

Problens

Hiigh chemical dosage and costs have been experienced. Jake is actually
about 25 added chemical so analysis is really about 65 water, 2€’ sewage
sludge and 9~ inorganic chenical. Het sludge production must be reduced by
25" to get actual fipures. Ixcessive wear in cloths and stay bosses causes
serious maintenance -roblems. Tilter cloths were replaced 3 times in 2 years
/43,000 oer dress per change). Severe ammonia odor problems have occurred in

- . . .e N
Tress roon, (effect of linme and hirh %),

s DIy
L0 eny

Jesmite problens noted abe'z ithere have been no extensive forced down-
+ime periods in the 2 years of operalion. .uch of the chemical consumption
aizht Le eliminated if the alkalinity ol the digested sludge were washed out
in a properly designed and overated elutriation systen using flocculants. ‘hy
use Tressurs Siliers when the wet cake is disposed of on land by a manure

soreader?

[§4)
I



BROOK®ISLD, Y¥ISCOUSIH

This plant design includes a primary and activated sludge system and
contact stabilization, Flow is 2 HCD. 80% Frimary Sludge + 207 Secondary
Sludge is mixed, pumped through a grinder, diluted with recycled incinerator
ash (0.5 1b/1b sludee), conditioned with lime {15-18 ) and Ferric Chloride
(5-77), pressed and fed to a % hearth incinerator. 95 of incinerator ash is
recycled., The incineration is not autothermic and uses natural gas. Pressure
filters are standard Passavant design with forty-six 52" diameter plates of

steel and have been operated for 1% years.
Results

Plant personnel state that no major operating problems hav been encount-
ered. There have only been two "Sludge Blowing Incidents" in the 1% years of
operation., Press cloths have had to be replaced every 6 months at a cost of
53,600 per shot, The press cake, which contains a large amount of inorganic
conditioning agents and recycled ash averages 457 total solids. The press
cake is only 30-L0~ volatile so the ratio of Wate?/sewage solids is quite high,

Somments

1. The mixed sludge being processed is a relatively easily
dewaterable material which is high (80%) in primary content
and high in fibrous rmaterial. Indeed the high fiber content
has causec¢ problems in the press caXe breaking operation.

2. lo records are available on natural gas consumption and no
cost data on the system has been made available,

3., The system appears to be a complex high capital and high
operating and maintenance cost one which is difficult to
rationalize, particularly at a plant with such an easily
processable sludge.

4, The plant has two components of interest to other notential
press filter designs: the wet sludge grinder and the slow
speed cake breaker,

conclusions on U. 5. 2esults to Date

Reference 16, from which the above results came, is an excellent review

of the current U. 3. installations.

4
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The conclusions from reference 9 are as follous:

1.

L,

In locking at the two types of presses, we found some advantages
with the lower pressure design. DEssentially, 1t is a much
simpler operation. The recycling of incinerator ash seem to
provide few benefits, particularly because it only complicated
the operation with additional material handling equipment,

In general, iie found that fllter presses are an acceptable method
for devatering sludge. Theoretically, they should always produce
an autocombustible sludge cake. But, practically, we know of no

installation anywhere that can achieve this., The ash recircu-

lation is probably the limiting factor. (The inorganic condition-
ing agents also coniribute to the problem).

Pilter presses seem to be gquite capable of handling different
sludge concentrations and different types of sludge feed.

Proper conditioning, especially with lime, 1s the key to good
operation. Vacuum filters are not quite so adaptable.

The necessity of using high lime for conditioning could be a
drawback., Lime handling 1s always difficult.

Prior to a large scale installation, pilot plant work should
always be performed to evaluate the dewatering characteristics
and chemical requirenents.

Tilter presses have a higher capital cost than vacuum filters.
The presses also usually have a higher operational cost. Thelr
real advantage is in greastly reducing the costs of final disposal
for the sludge cakes. A detailed economic analysis of the total

system is needed before deviding for or against filter presses,

SOLYRL LI ROLIT. COUDITIONING FOR PRESSURE FILTA

nwe to the more prevalent previous incidence of the use of filter presses

in continental Turove and the United Xingdom, and also due to innovative work

there, the successful use of certain polyelectrolytes in conditioning sludzes

for devatering in pressure filters has been reallzed at a2 nmumber of locations.
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Farnham Pollution Zontrol ‘lorks,
Thames "Jater Authority, U. K.

This plant is a primary and trickling filter installation. Humus sludge
js recirculated to the primaries, the mixed sludge gravity thickened, and then
dewatered on two filter presses. Operating pressures are 85-100 PSIG (586-690
kPa).

Initially the plant used aluminum chlorohydrate for sludge conditioning.

A flow diazram of the dewatering system follows:
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. LTER  PAESSES
aaw  MILd MONO § MONO
WUUOCE TRANSFER AR MUING | o
PP SCALEM WL § Pumpy PRESSURE
NOLDING vessuL
TAanK “ 1
e 1 ramare A
CONDITIONING DISCHANGED
Tanss
‘
“oNo
oONNG
THEWICAL PUMPS
Sromace I onuteon s KEY
TANK P o e ALUMINIUM  CHLORONYDRATE
’I = \\ BATCH  COMNOITIONING,
{ ' }‘"'(:::)--"—' ---------- oo —m—-— ——pecEtAC 6 IN=LNE
\ CONDITIONING
\\_'
Figure XXIV - TFarnham Flant Dewatering System

The Farnham plant experienced severe filter cloth blinding problems
and proceedec to carry out diagnostic trails with various conditioning agents
to rectify the problem. They found that by converting the system to use
Allied Jolliod- Zetag 63 polyelectrolyte the cloth blinding problems was
alleviated sufficiently for the two presses to cope with the sludge load.



TAZLE KXXI

FARNHA. DEWATERING RzSULTS

Jonditioning Dose .Cost CST Range  Pressing Cycle

Agent (“ on ds) (3/ton ds) during cycle Time Range
(seconds) (hours)

Aluminum 2.5 22.00 10-65 6-13

“hlorchydrate

(batch)

Aluminum 2.5 22.00 Results not 6-12

“hlorohydrate available

(in-line)

Zetag 63 0.2-0.3 6,70- 10-32 6-9

(batch) 10.10

Zetag 63 0,2-0.3 6.70- 8-14 3-6

(in-line) 10.10

Ferric Zhloride 3 14,80 8-45 3-13

" Lime (batch) 25

Ferric Zhloride 3 14,80 8-15 3-5

" Lime (in-line) 25

ZASW HISTORY - THORNBURY STP, U.K.

Reference 17 describes exhaustive test work on the use of polymers for

conditioning sludge for dewatering via recessed chamber pressure filters.,

By virtue of using in-line conditioning and observing logical nrocedures

the results shown in the following table were achieved:

TABLT XXXII

THORIIBURY, U. K. - PFIESSURE FILTRATION
Conditioner “ Dry Solids Conditioner Zost Press
Feed Sake (3/ton D.S.) 7%yele (hrs.)
Aluminum “hlorohydrate 4.6 38 23.40 4,9
Polyelectrolyte 4,6 37 4,60 4.9

(Zetag ) (Primary + Secondary Sludge)




The Thornbury works processes a mixture of 457 primary sludge and 55
of mixed sludges from adjacent secondary treatment plants. In addition to
1llustrating successful use of polyelectrolytes, the article delineates other
significant facts relative to pressure filter design.

IEIBRANE USE - FRESSURE FILTERS

References 1 and 19 describe the successful upgrading of the production
rate in conventional recessed chanber pressure flliers by equipping same with
alternate "membrane" plates. This retro-fitting process causes each of the
chambers formed between the standard recessed plate and the membrane plate
to be subject to the squeezing action of a membrane at will during the press
cycle. The membrane plate is a steel reinforced rubber plate in which the
rubber membrane is inflatable by air pressure. After the initial filling
period in a press cycle, when the filtrate rate falls off, the sludge feed
tump is stopped and the membrane inflated to give a pressure up to 150 FSI
to squeeze the partially formed cake and obtain quick dewatering.

As can be seen in Table XXXIIT following, though a thinner cake results,
the overall filtration cycle is so much shorter that the total throughput

doubles or even trirles in some cases.

TARLY XKXITI

JONVENTIORAL V3. !MILBRANE TRISS

SIYERII TRINT UATER AUTHORITY 18

Type Press Jycle Jake Thick. D. Solids Weight Cutput
Used (i inutes) (inches) (M (1bs) 1b/hr/press

Jonventional 390 1.25 28 1227 186

llembrane %4 0.7 27 558 385

(Raw Teed Sludge -~ 3.9 D. Solids - 2.0 Alum “hlorohydrate Jond.)

The suppliers of the rubber membrane plates claim that new installations
of the menbrane type unit are less expensive overall due to the increased

capacity of “he membrane units.

\ somewhat analogous tut different type of variable volume pressure filter

is described in the following section.
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DIAPHRAG!: TYPE PRESSURE FILTERS

As described in Reference 20, a new type of pressure filter, employing
flexible rubber diaphragms between the chambers of a pressure filter, has
recently been introduced into the U. S. This type device was developed in

Japan and there are several operating installations there.

At least two versions of this new type of pressure filter have been
tested and are available in the U. S. The earliest one was supplied by
NG¥ Insulators Ltd., of Nagoya who have now licensed Envirex division of
2exnord for U. S. sale of their device. Ingersoll Rand has the U. S. rights
to the Lasta automatic diaphragm pressure filter. There are indications
that Dart Industries and Industrial Filters O!D of Chicago have devices

based on similar principles.

A diagranm of the I. 7. lasta press below illustrates the operating

principles:

WASNHING OF W

CARE DISCHARGE i1}
FILTERING | COMPRESSION I SILTER CLOTHS IV a

N
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# . 3
PR 2 2% 2 22 L A

<

SRS
~o

-0 aphragm

TSRS
.

U

Ticure XXV - I. R. Lasta Diaphragnm Pressure Filter

\s will be noted in the diagram the feed slurry enters the top of the
chamber between the Silter clothes and gradually fills the chamber. After
A cnle is formed the diaphragm is cxpanded by water under pressure to 250
731G which squeezes and dewaters the cake. The filter plates are then auto-
matically onened and the cake discharged. Sloth washing ensues before another

nressing zycle.



It is claimed that the length of the cycle is shorter than for conventional

presses because of the improved control of the relationship tetween cake forma-

tion and pressure build-up.

The table below lists dimensional .data on the I. R, Lasta press.

TABLE XXXIV

T. R. LASTA AUTOFATIC FILTERING PRESS

Size of tlo. of Filtering Area Height Length Jidth
Tiltering Filtering 2 >
Plate “hamrbers I ft mm ft. am ft. mm ft.
600 mm 8 L 43 2050 7 2660 9 1610 &
(24") 14 ? 75 3650 12

20 10 108 Leh0 15
200 mm 14 13 140 2485 8 3940 13 1600 8
(32") 20 19 204 4930 16

26 2L 259 5020 19
1000 mm 20 30 323 2245 9 5240 17 2100 7
(Lo") 26 39 420 €230 20

32 L8 516 7220 24
1250 mm 26 62 éé 3200 10 6555 22 2600 9
(50") 32 77 29 7545 25

38 91 979 8533 28
1500 mm 32 112 1205 3620 12 8205 27 3050 10
(60") 32 133 1431 9225 30

Ll 154 1657 10245 3

The most detalled report on these devices is Heference 20 which describes
the extensive pilot work done at 3lue Plains with the snvirex-ilG¥ Locke
diaphragm press. This Tnvirex unit is nirhly autormated and in work at zlue
Plains (mixture of primary and 2,A.S. sludges), it produced a 40 total dry
solids cake using 207 lime and 10" ferric chloride dosaces. The only problen
is that vhen the correction is made for the inorganic conditioning solids
present in the devatered cake, the percentage of dry sewage solids in the cake

relative to water content is only about 237,

D
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This new type pressure filter does offer much improved capabilities over
conventional pressure filters for extremely difficult to dewater sludges.
Pricing figures available indicate that the units will be priced about eight
times the price of a conventional pressure filter, so the need must te clear
and obvious.

SENTRIFUGES FOR DEWATIRING

Horizontal solid bowl decanter type centrifuges have been used for waste-
water sludge dewatering for a number of years. They were populaxr for primary
sludges with low grit content in coastal resort areas with large swings in
loadings because of ease of operation, quick starti-up and shut-down and ease
of odor control. JAtZiemots to adant these relatively high speed devices (" "
forces of 1000+) to heavy duty operation in large cities or for use with mixed
sludges containing significant quantitles of biomass were previously plagued

Wy two problems:

1. T“rosion of the surfaces exposed to high speed impingement
of abrasive materials caused maintenance problems.

2. Drior to the development of polyelectrolytes capable of
providing a reasonable clean centrate and avoiding serious

fines recirculation problems, solids capture was inadequate.

In the past five years or so six steps were taken which have helped this

type device gain a wider use:

1. Develooment and use of new high molecular weight cationic cshear
resistant polvelectrolytes.

2. Use of lower rotational speeds to reduce turbulence, rower
costs, and erosion wear nroblens.

3, 'Ise of a concurreant {low pattern for sludge and centrate 1o
rininize turbulence.

L., Adjustable variation of speed differential beiween the owl
and the sludge removal scroll.

5, Use of longer bowls with smaller diameters.

6., Trovision of exiremely large units at plants with large sludge

removal needs producing an economy of scale.

Various manufacturers have combined some of the above features in thelr

never models. This resulted in a surge of popularity about four years ago.
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Since the energy crisis the degree of popularity of centrifuges, even with

the above mentioned improvements, has slackened because of energy costs.

Once again, the ploneering development work on these devices was carried
out orimarily in WYest Germany. The most practical description of these
develovments is contained in References 21 and 22 which are excerpted in the

following sectlon.

nASE YISTORY - TENTRIFUGAL DEWATERING - WUPPERTAL-BUZHENHOFEN, GERMANY

Reference 21 is a comprehensive article relating results obtained at

Yuppertal-Buchenhofen plant with a low speed con-current flow type unit,

This is a combined municipal-industrial treatment plant treating 1,200,000
porulation equivalent. After primary and biological treatment the mixed
sludges are thickened to 3-4 and anaerobically digested, followed by sludge

settlement and decantation, thence dewatering.

After initial trial work the authority asked for competitive tenders

from various suppliers of centrifuges with performance requirements as follows:

1. Capacity of each centrifuge: 40-60 m3/hour of sludge with
feed of 2.5-3 dry solids.

2. IFinimum cake solids: 20,

3. Jentrate maximum suspended solids of 0.27.

4, Waximum polyelectrolyte dosage permissible of 3.3 kg/ton of
dry solids (100 gm/mB).

%, !aximum permissible power consumption of 1 KYH per cublc meter
of sludge feed including ancillary equipment such as pumps,
flocculant metering stations, etec.

6. Cuaranteed life of screw conveyor = 10,000 hours.

~. Provision of a package plant with a minimum capacity of

40 m3/h for a U4 month trial period under a leasing agreement,

YYD Industrieanlagen AG Humboldt-Wedag of Zologne (U. S. Licensee -
Bird iachine) won the contract and initially installed two S3-2 type low
speed concurrent flow centrifuges with capacities of 20-30 m3/h each. These
units met the agreed performance guarantees but when the full civil installa-
tion was completed they were replaced, as planned, by two of the larger Sh-1
units (of the same basic type) but with capacities of 40-50 m3/h each.



Power consumption for the complete dewatering plant was 0.9-0.95 K’:JH/m3
with $3-2 units and improved to 0.75-0.8 with the larger Si-1 units. Disage
of Zetag 92 polymer (Allied Colloids) averaged 60-80 gm/m3.

The article contains much data on the effect of centrifuge dewatering

variations on overall process performance and sludge disposal costs.,
A significant factor studied was that of the effect of the differential
in speed between the scroll and the bowl.
TABLE XXXV

ETPEIT OF SPEED DIFFERENTIAL OF THROUGHPUT AND DRY SOLIDS

Speed Differential 2 4 6
®locculant Cosage (g/mj) 60 80 60 80 é0 80
Dry Solids carried by

discharge (%) 26 28.5 24 23 20,5 20
Dry Solids carried by
centrate (undissolved 0.35 0.25 0.17 0.07 0.12 0.07
solids)
Ideal throughput (m/h) 33 37 43 ks 40 48

As can be seen, a 28,5 dewatered cake at a reasonable throughput of
37 m3/hour and centrate susvended solids of 0.25% can be obtained with floccu-

lant dosage of 80 g/m3 by using a speed differentlal of 2 instead of 6,

The vaper claims and purports to show that very large capacity centri-
fuges of the improved low speed-concurrent flow type, when operated ir a
lower differential speed mode can offer significant capital and 0/! cost

savings where large volumes of sludges are to be processed.
Unit costs are given as follows:

Operating - DF 36.40/ton dry solids
Annual Tapital - Dii 47.60/ton dry solids
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AASE YISTORY - CANTRIFUCAL DSWATERIMC - STOCKHOLI', S.EDZI

Stockholm has operated three high speed centrifuges for a three year
period and also have operated a new low speed concurrent flow unit on the

same sludge for one and one-half years.,

Tahle XXX'I below shous the results obtained with the two different

types of centrifuge:

TABLYT XXXVI
§IDT 1Y 3ID7 TOIPARISON - PROCTU3S RUGSULTS
Sentrifuge Design Low Speed High Speed
3ludge Identification Anaerobically Digested Primary Plus
laste Aclivated with Alum Sludge
Nio. of Cperation Units one (1) three (2)
Tlow Qate Per Unit 190 GPi: 90 CPL
~ Teed Jonsistency 3 37
~ Jake Solids 16-18" 16-18"
* 30lids Secovery 95-98" 95-08"
Polymer Tvpe Allied Zolloids Percol #723
Jationic
Dolyrer Josase 4 1bs/ton 12 1bs/ton

'hile the ahove table only shovs the inprovement realized by reduction
in polyelectrolyte costs by abtout :9/ton (which is a considerable savings),
the following Table illustrates the additional advantages for the low speed

design.,

al



TABLE XXXVII

SIDE BY SIDT COMPARISON MACHINE PARAIXSTERS

Centrifuge Design Low Speed High Speed
Bowl Diameter 36" 25"
Sowl Length ag" 90"
“entrifusal Torce 511 x G 1878 x G
Unit Flow Rate 190 GPH 90 GPI.
!nit Pool Volume 196 Gallons 73 Gallons
Sigma Factor 1.15 x 107 cnz 5¢3 X 107 cm2
Unit iotor Size Rating 100 AP 180 HP
Absorbed Horsepower .3 HP/GP' .6 HP/CPI:
Yoise Level 2 3 ft, £0-85 dDA 95-100 d3A
Tear Y 2000-Hour 1/2 mm 9 mm
Ins»ection

lear Dlayed an important part in displacing the high speed centrifuges
in favor of the low speed centrifuges at this particular plant. The low
speed centrifuge was inspected after 2000 hours of operation and found to
have only 1/13 of the wear of the high speed alternative. The abrasive
protection on the low speed machine conveyor blades is tungsten carbinde,
while the orotection on the high sreed rachine is equivalent to an alloy
called Stellite 1014, The Stellite material is considered inferior to the
tunrsten cartinde hardneww values approach Re-59. ZIxperience shows that if
both naterials had been similaxr that the uear rate would still have favored

the low speed desifn by as ruch as a Tive to one ratio.

Jummurized in Table XXXVIIT is the annual cost analysis of the operation
of these tuo tymes of centrifusmes installed side by side. The low speed
unit clearly has the edge in all categories. Power consumptions are one-half

‘1/2) that of lne hich smeed unrit. “ith respect to polymer consumpiion, the

low speer centrifuge in this pariicular case utilized 447 less cationic polymer

than the hirh sneed centrifuge. i'ith respect to conveyor maintenance, we

have ~o’ified the hirh speed centrifuge figure to reflect a ratio of conveyor



resurfacings more in the category of five to one than the 18 to one margin
indicated by the actual side by side installation. The category entiiled
“imortized Tquipment” includes the cost of the centrifuge, the motor, and

the starter, and is expressed on a tonnage basis and reflects an amortization
rate of 7" interest over a 20-year period. =zlectrical usage rate was assumed
to be 0,02/K''H and polymer (Allied Zolloids Percol 728) was fifured at
*1.50/1b.

TASLT XXXVITI

SIDE BY SIDZ COBPARISON ANMNUAL ZOST - PROFILZE

Centrifuge Design Low Speed High Speed
Tons/Year Per Unit 12,483 £.913
Power Expenditure 40,06/ ton $1.19/ton
Polymer Expenditure 59,00/ton 316.00/ton
I'aintenance Expenditure *1.21/ton $8.30/ton
Amortized Equipment 31, 50/ton 52.44 /ton
Total Anmual Cost 412.33/ton 527.93/ton

while the larger size of the low speed unit would account for a minor
portion of the above noted superiority, it is abundantly clear that the lower

speed concurrent flow unit is suverior {rom a cost-effectiveness standpoint.

Dimensional Data - Centrifuges

The following table shows dimensional data for one brand of the newer
lov speed centrifupals;

sy XNXIX

DIiNSIONAL DATA - 10YW SPEZD CRNTRIFUGE
“odel Cverall Qverall Cverall Heipht
To. Length (In.) Uidth (In.) Height (In.) (1bs)
ED 2500 138 80 36 €500
43 3700 139 7 41 o400

K3 00 27€ 150 71 340




7AST HISTORY - CENTFIFUGAL DEWATERING - BURLINGTON, WISC., 'WTP

The experiences at Burlington are described (in an outstanding fashion)

in Reference 23.

The Burlingzton plant treats an average flow of combined municipal and
industrial wastes at WT level of 1.5 iiGD and a wet weather flow of 2.0 [GD.

The treatment plant employs contact stabilization (12 hour aeration time,
29" return rate, iL1S5 of 2000 mg/l). The F/ii ratio is 0.2 to 0.5. A sludge
age varying from 5 to 12 days is employed, including aeration and aerobic

digestion time.

The above described liquid treatment system results in sludge disposal
requirements of 160,000 gallons of E.A.S. ver week or 3400 pounds per day
(about 27,000 gallons/day).

The plant was designed for ultimate liquid sludge disposal by lagoon.
Yhen this disposal option was curtailed, devatering studies ensued. Needless
to say, the sludge dewatering problems are significant. It is a classic
example of the problems which result when a plants liquid treatment system is

designed for liquid sludge disposal and then dewaterlng is required.

A batch, cycling, basket centrifuge was tested, purchased, installed and
has been operated for some time. The essence of the results of the full scale

performance is listed in Table XXXX following:

TA3LE XXXX
BASKET ZENTRIFUGE OPHRATION - BURLINGTON, ISC,, WWTP

"eed Rate (GPL) 23 88
Dewater Rate (1bs D.S./hr) 104 397
Hours Required/Yeek 168 bh
Labor + Trucking Jost (:/wk) 378 99
Zlectricity Zost (5/wk) 147 48
Shemical Zost (3/ton) 0 30
Zake Solids (™) 6-8 13-15

(U.T.) (T)
Skimming Volume (') 50 14

Total Zosts €2 L7
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As can be seen, despite the high polymer cost, the overall cost analysis

showed the total operation to be more cost effective with polymer use.

It should be noted that if the city could start again from square one, it
is certain that, now having to dewater sludge, and knowing the overall energy
costs of the type total system involved, a different liguid treatment systenm

would be chosen.

Additional valuable insights in the referenced paper relate to the
correlations between activated sludge system operating paremeters and resulting

sludge processability



10

11

12

13

14

99

BIBLIOGRAPHY

Process Design Manual Sludge Treatment and Disposal, Technology Transfer,
U. S. EPA, Wasnington, D, C. (1974)

Camp Dresser & McKee, Report No, PBL255-759. NTIS, Springfield, Va.

June, 1976

Jones, Edgar R., P.E., "Sludge Production Rates, District of Columbia",
Ecoletter of Chesapeake WFCF and Water and Waste Operators of Md., Del,,
and D.C., Vol. 3, Mumber 2, p.4., Spring 1977

Gale, R. S., "Recent Research on Sludge Dewatering”. Filtr. Separ.
(Sept.-Oct., 1971), pp. 531-538

Corrie, K. D, "Use of Activated Carbon in the Treatment of Heat-Treatment
Plant ILiquorYy, Water Pollution Control (U.X.) 1972, p.629-635

Stack, V. T. Jr., Marks, P. J., and Garvey, B. T., "Pressure Cooking of
Activated Sludge", paper by Roy F. Weston, Inc.

Reports by Greeley & Hansen to the city of Tampa.

Crockford, J. B., Sr,, and Sparham, V., "Developments to Upgrade Séttle-
ment Tank Performance, Screening, and Sludge Dewatering Associated with
Industrial Water Treatment”, Purdue Industrlal Waste Conference, May 1975,
p. 1072-1083.

Personal Communication, Dr, Dan Swett and Mr, Mlke Rilse of G. C. One Ltd.,
Suite 605, 2700 N.E,..135th St., N, Miami, Fla., 33181

Bell, J. A., Higgins, R., and Mason, Donald G., "Dewatering, a New

Method Bows, W. & W.E., April, 1977, p.33-%1

Eichmann, Bruce, W., "Dewatering Machine Solves Sludge Drying Problems",
We & S.W., October, 1977, pages 99-100

Creek, John, "Talt Andritz SDM Sludge Dewatering Machine", WWEMA
Conference paper, April 20, 1977, Atlanta, Georgla

Keener, Phillip M., and Metzger, Larry R., "Startup and Operating Experlence
With a Twin Wire Moving-belt Press for Primary Sludge", Vol. 60, No. 9,
September, 1977, TAPPI, p. 120-123

Grove, G. W,, Exxon Research & Engineering, "Use Gravity relt Filtiration
for Sludge Disposal"”, Hudrocarbon Processing, May 1975



15

16

17

18

19

20

21
22

23

Department of the Environment, U. K., Directorate General Water
Engineering, R & D Division, Project Report No. 4, Sewage Sludge
Dewatering by Filter Belt Press

Cassel, A, F., "Review of U, S, Filter Press Operations", paper
presented at Chesapeake Section, WPCF, June, 1976

White, M, J, D., and Baskerville, R, C,, "Full Scale Trials of
Polyelectrolytes for Conditioning of Sewage Sludges fér Filter
Pressing”, Journal of Institute of Water Pollution Control, No. 5,
1974

Heaton, H. M., "The Practical Application of the Membwrane Filter
Plate to Increase Filter Press Productivity and Overall Economics",
Filtech 77, Sept. 20-22, 1977, Olympla, London

White, M. J., D,, Bruce, A, M., and Baskerville, R. C., "Mechanical
Dewatering of Municipal Sludge in the U, K. - Laboratory to Full
Scale", presented at conference, Theory, Practice, and Process
Principles for Physical Separations, California, 10/10 to 11/4/77
Cassel, A, F., "Update on Filter Press Operations", paper presented
at Chesapeake Section, WPCF, June 1977

Reimann, D,, Kommnalwirtschaft, No. 9, Sept., 1974, pp H43-352
Guidi, B. J,, "Why Low Speed Centrifugation", Presented at Ohio
WPCF, Columbus, June 16, 1976

Pietila, X. A., and Zacharias, D. R., "Full Scale Study of Sludge
Processing and Land Disposal Utilizing Centrifugation for Dewatering”,
Paper presented at Central States WPCF, May, 1977

1t

¥ U S GOVERMMENT PRINTING OFFICE 1978-757-140/6691 Region No. 5.



