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WATER SLUDGE MANAGEMENT FOR MILITARY INSTALLATIONS

I INTRODUCTION

Background

Water treatment plants generate sludge as a result of turbidity removal, softenrn.6-,
and filter-cleaning. The volume of wastes generated, even at small t-eatment ra,t ,
can be high. For example, the softening process can yield sludge constitutipng 5 pereer2
of the total water volume t'eated; elarifieation can produce 1 percent, and backwas,>
water from filter-cleani:ng can amount to 5 percent of the raw water treated. Althol,
these wastes were once discharged into surface waters or severs, Federal regulatios
such as the Clean Water Act now require that sludge be treated and the solids discar-ic
properly or recycled.

Many fixed Army installations have their own water treatment plants and are
r ,quired to meet the regulations for sludge disposal. To effect proper disposal of the
weste products at lowest possible cost, the operation and maintenance (O&M) practice<
at these installations may require adjustment since most, like civilian plants, had dis-

charged this waste previously.

Water sludges vary significantly among plants, even witnin the same geographic
area, due to differences in treatment techniques and chemical types and dosages. Thus,
each plant must make operators aware of proper procedures to ensure efficient operation

while complying with regulations. The installation Directorates of Engineering and
Housing (DEHs), which are responsible for treatment plant administration, need guidance
for determining the optimal O&M profile.

Objective

The objective of this study is to provide up-to-date information for Army DEHs and
plant operators as guidance in determining the most suitable sludge disposal methods.

Approach

The literature was surveyed to identify state-of-the-art techniques to ensure
optimal treatment and disposal of water treatment plant sludge. Relevant information
was organized to present a comprehensive review covering the type of wastes produced,
applicable regulations, disposal options, economics, waste characterization, and methods
to minimize sludge production, including modifications to the plant and O&M practices.

Mode of Technology Transfer

It is recommended that the information in this report be incorporated into Techni-
cal Manual (TM) 5-660, Operation of Water Supply and Treatment Facilities at Fixed
Army Installations, and TM 5-813-3, Water Supply, Water Treatment.

7



2 SLUDGE PRODUCTION: OVERVIEW

Types of Water Treatment Plants

Water treatment plants can be divided into fotw" general categories according to the
types of wastes they produce. First are treatment plants that coagulate, filter, and
oxidize a surface water for removal of turbidity, color, bacteria, algae, some organic
compounds, and sometimes iron and/or manganese. Thr'se plants generally use alum or
iron salts for coagulation and produce two waste streams. Most of the waste produced a.
these plants is sedimentation basin sludge and filte- backwash wastes.

The second type of treatment plants are those that practice softening to remove
calcium and magnesium by the addition of lime, sodium hydrocide, and/or soda as..
These plants produce clarifier basin sludges and filter bacKwash wastes. () ocnasi.
plants practice both ot these treatment technologies. Softening plant wastes cari a>
contain trace inorganies such as radium that may affect their proper handiing.

The third type of plants are those desicred to specifically remove trace inorgar:,.
substances, such as nitrate, fluoride, radium, and arsenic. These plants use prucessc "
suet as ion exchange, reverse osmosis, and adsorption. They produce liquid or soiid
wastes, such as spent adsorption material.

The fourth category of treatment plants includes those that produce a*,-phtse
wastes, which are generated during the stripping of volatile compounds. There are (ery
few Army water treatment plants of types 3 and 4. Therefore, this report is limited to
treatment of coagulation and softening plant wastes.

Coagulation Waste Streams

Coagulation of surface waters is by far the most commonly used water supply
treatment technology. The waste streams from these plants comprise the majority
produced by the water industry. They are also some of the more difficult wastes to
treat. Figure 1 shows a conventional coagulation treatment process with the typical
wastes produced. Some water plants have a presedimentation step. This step is gener-
ally used only when the raw water source is high in settleable solids. Although an oxidant
or small amount of polymer may be added, often no chemical is added prior to presedi-
mentation. It is generally accepted that as long as coagulant is not added, and therefore
the solids are essentially only those settled from the raw water, then these solids can be
discharged back to the watercourse on a controlled basis. Since this type of handling
allows some level of discharge, presettling solids are not specifically addressed in this
report.

The coagulation process itself generates most of the waste solids. Generally, a
metal salt (aluminum or iron) is added as primary coagulant. Powdered activated carbon,
polymer, clay, lime, or activated silica are other solids-producing chemicals that can also
be used. All waste solids, along with solids in the raw water, are usually removed in a
sedimentation tank or clarifier. In areas with very good raw water quality, sedimenta-
tion basins are occasionally omitted and the solids removed by filtration only. This
process, commonly known as "direct filtration," is usually used for waters with low
turbidity and requires low levels of coagulant. All solids removed in this process are
collected with filter backwash water.

8



En

L

~~- :
u-i.

~ 2r



The amount of solids produced depends on the raw water quality arid chemical
addition. (Chapter 4 discusses how to determine the _.mount of solids produced.) The
volume of sedimentation basin sludge produced depends on both the solids' properties and
the metiiod by which they are removed from the basin. Manual cleaning of sedimentation
basins results in batch production of sludge and makes subsequent sludge handlng more
difficult. It may be desirable to retrofit the basins with continucus sludge removal
equipment. which may be difficult to accomplish due to basin Configurations. However,
producing E fairly continuous, consistent flow of sludge to the sludge treatment system is
often a critical factor in successful dewatering.

The second major waste stream produced is from the batch process oickwshig
the fiters. Solids collected on the filters are those r.mainini after sedimentor ,
Caused by the addition of a filter aid, or formed by oxidation of perhaps iron 4or ma1'-t.
ese. In a direct filtration procens, these are the only soiids produJced. The vciune s
function of the amount of water used for backwasbing. This waste stream is JrJc, -ic
very high flow rates for short periods of t.me and prre r e1ti_;:Oizat:on is :cq rec.

Another waste product occasioniivy found :i a cuagaiatio,-baed want
-- anular a4otivntLed carbon (G.\C). GAC is sornetimes_ used in the flters or duri , -

" r;. W cn its use is for taste and odo" renmvai, the corbor is disposed of a' ,r t
C. 1 ' is exhalistid. Wncn it is used ror cer tiru-ous low-!evei orggnics Mr, J, :
S''>,'r, is rusaly reg(,nerated ons.te, with es-entially no waste streamr produced.

Softening Waste Streams

Wastes produced from softening pla ts represent the second majcr waste p.- -..
generated by the water industry. They usually are more easily dewater2d than are
coagulant wastes. There are many variations of the softening process. Chemical add-
t:on, flow processes, and the subsequent waste amounts and characteristics all depend on
the raw water hardness and alkalinity constituents, as well as the desired finished water
quality. Since softening is generally a process used to improve the chemical characteris-
tics and esthetics of the finished water rather than its potability, subjective decisions
can be made as to the final desired quality. Factors that should enter into that decision
process include the effects on sludge handling and costs.

Softening is usually done by chemical precipitation of the calcium and magnesium.
This process is called "lime/soda ash softening," and is by far the most widely used soft-
ening method. Lime is added for the removal of carbonate hardness and is supplemented
with soda ash for noncarbonate hardness removal if required. From the standpoint of
sludge economics, it is desirable to leave as much magnesium hardness in the water as
considered acceptable. Often the final magnesium hardness can be allowed to remain
around 40 ppm* as CaCO or slightly higher and not have an adverse effect on
residential water heaters. Te less magnesium in the sludge, the easier it is to dewater.

Figure 2 is a rather simplified softening plant schematic. Several variations of
Figure 2 are used to obtain the desired water quality and minimize costs. In softening
plants, there are usually two waste streams produced: the settled solids from the

ID. A. Cornwell et al., Water Treatment Plant Waste Management (American Wqter
Works Association [AWWA] Research Foundation, June 1987).

*Metric conversion factors appear on p 88.
2D. A. Cornwell et al.
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clarifier and the backwash wastes. Some plants add a polymer or metal salt to help
remove fine precipitates, color, or turbidity present in the original , Again, from a
sludge management viewpoint, the addition of metal salts should be held to a minimum as
the presence of metal hydroxides could greatly increase sludge treatmeit costs. The use
of polymers and slurry recirculation can help minimize the need for these coagulants.

The reaction zone and clarifier are combined into a single solids contact unit in
many plants. In these plants, sludge can be fairly uniformly withdrawn frcm the sludge
blanket and a consistent suspended solids concentration and flow rate maintained. Plants
that have separate clarifiers are often equipped with scrapers for sludge removai. Al-
though not quite as easy to control as the sludge blanket units, the separate eiariies oar,
produce a fairly consistent sludge. As with coagulation nlaints, filter back rash vi,'_e- is
produced at high flow rates for short periods of tiuie. The filter backwvzh vate m.
require equalization basins prior to treatment or discharge.

12



3 WASTE DISPOSAL: REGULATIONS AND METHODS

Waste Stream Disposal R-gulations

The applicable regulations governing wter plant w'actp dispcsal can he divided ir.:
two categories. Those limitin, the dire-t discharge of wastes into a water course arc
associated with the Clean Water Act (CWA). ' The second set of regulations affects Ia~d
disposal of water plant wastes. These regilations include the Resource Conservation ancl
Recovery Act (RCRA)' and the Comp.'ehentsive Erviroi nmental R esponse, Compensation
and Liability Act (CERC. , A). nte:pret ,tion of the cettons as they affect water
plant wastes varies considerably f:om state Lj st:itt . Speci2e regulations shu:d
obtained from local and state authorits.

Table I summarmizes thor ,r'. ron men:ta1 statutes a"ffctin .vs: 0 1 art wa Us ,s
sal. To discharge to a body 3f xater, a permit T us a, obtained under the Nat icr:-

Pnllutant Discharge Elimination Systen tNPDES) as duthorized under the C\WA.
stream water quality ertter; a rd stand 4r ds h e been set to protect a(]t : and hum

life. Standards are ge nc'ally estab! shed by individual Ktate.; -,o ar enlorneabie at tit

level. Criteria are defined as guidelines or goals established h,, the U.S. E.vironnienta
Protection Agency (USEPA). Allowable pollutant concentrations in a discharge can -e
s t to me.et in-stream water quality starndards, the criteria levels, or other leve's as t-n:
individual states may; deem appropriate for '- specific watercourse.

USEPA has developed about 50 guidance documents covering direct discharge of
industrial wastes. However, it has not published guidance on water plant wastes. There-
fore, dis'harge decisions are made either by regional USEPA offices or by the individual
states delegated to write their own permits. It is up to the permit writer to rule on the
best available treatment technology for each plant on a case-by-case basis.

uiscliarge to wastewater treatment piqnts usually is governed by the individual
plant's pretreatment regulations. State agencies also may provide some specific guide-
lines.

Land Disposal Regulations

L'ind disposal regulations can, apply to landrilling of solid wastes or land application
of solid- or liquid-phase wastes. 1f the waste is not hazardo is and does not contain low-
level radioactivity, it can be discarded in an industrial waste landfill. Some states allow
disposal of water plant wastes in a general sanitary landfill rather than an industrial
waste landfill. However, very often in these states, requirements for the construction of
a general sanitary landfill are as stringent as these for an industrial waste landfill. 6

These landfills are 'o;'erned by individual state requirements. As a minimum, these
regulations require that the waste not contain any free water (i.e., water that will drain
by gravity). For exrmple, Virginia allows the disposal of water plant sludges in landfills

?Public Law (PL) 95-217, Clean Water Act of 1977, 91 Stat. 1566.

'Pt, 94-580, Resource Conser-vation and Recovery Act of 1976, 90 Stat. 2795.
P1, 96-510, Comprehensive Environmental Response, Compensation, and ,iabilitv Act of
1980, 94 Stat. 2767.
"D. A . Cornweli et al.
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Table I

Regulatory Acts Governing Watcr Plant Waste Disposal

Dispoaal ok "i" Applicable Regulations*

Stream NPDES (CWA)
In-Stream Water Quality Criteria

C'WA)
Discharge Guidance Documents

Wastewater plant Pretreat m~rnt Standards (CWA)

Landfill RCRA
CERCLA
State SW Requirements (RCRA)
Low-Level Radioactive Waste

Requirements (state, NKC,
DOT, USEPA)

Land application Sludge Disposal Regulations (CWA)
Low Level Radioactive Waste

Requirements (state, NRC, DOT,
EPA)

*_CWA- Cle-an-Water Act; RCRA Resource Conservation and Recovery Act; CERCLA

= Comprehensive Environmental Response, Compensation and Liability Act.

if the solids concentration is higher than 20 percent. If the solids concentration is 20
percent to 35 percent, the sludge is to be mixed 6:1 (by volume) with solid waste; if this
concentration is 35 percent to 60 percent, they are to be mixed 4:1; and if the solids
concentration is more than 60 percent, the sludge can be discarded without mixing (in dry
we'ther).

7

if the waste is classified as hazardous, its disposal is governed by RCRA. Water
plant wastes containing radium may come under the jurisdiction of the Nuclear Regulat-
ory Commission, USEPA, and the Department of Transportation. Currently, the ultimate
authority for regulation of water plant wastes containing radium lies with the individual
states.

Ultimate Solids Disposal

Water treatment plant sludges historically have been discharged either directly or
indirectly into a surface water. In 1953, 92 percent of 1600 plants surveyed disposed of

7 D. A. Cornwell et al.
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their sludges in streams or takes. "This method, a!thnuglh s,;.1! widely used, is being dis
continued under the pi-ess-ure of stv*er giiuc genceies anid the Federal laws discussed
above. Results from a ,9'79 sur,-ve of 7-i Bkim ,:oagulato lnsada18 uvy o
100 softening keplants are shown In 1'b:2 B n irn' Of theie Sur-veys, the percentage
of softening plants d'scharging ;Iudve ~c<~sor takcs had decreased to 13 percent,
while 20 percent of alumn coagulation p~ants ntii :nracticcd this method of sludge disposal.

Disposal Options

Light basic siudge 1-,esa p -rsd 9.wailer ' r- ment pIprits:

1. Discharge to wateiwax

2. Discharge to sriav~e;

3. Codispcsall wit',e, g >4caa:a>

4. Lacron'.ng c~t ad wit',--* I L 1,r~u ~y i te disposa of the.

r esi d ue.

6. Cnua:recovef-y.

7. Land application, especially of softening sludg;e.

8. Use as building or rUi materials.

Discharge to Waterwuxv

Discharge oC solids To surface streams is orohibite-d in most states.! The Ameri-
cani Water Work-, Association (AWWA) survey of softening plants in 1981 found that of
the plants still using direct discharge to a river (13 percent), half of those intended to
implemnr a sludge treatment method ini the near future.:

Discharge to Sanitary Sewers

The practice Df discharging water treatment plant, solids to sanitary sewers trans-

fers the solids handling problem from the water treatment plant to the waste treatment

IAWWA Committee Repo-rt. "Disposal of Water Treatment Waste," Journal of the
American Water Works Association (JAIVWA) (December 1972).

'AD. A. Cornwell and J1. A. Susan, "Characteristics of Acid Treated Alum Sludges,"
JAWWA, Vol 71, No. 10 (October 1979).

'OAWWA Sludge Treatment and Disposal Committee Report, "Lime Softening Sludge
Treatment and Disposal," JAWWA, Vol 73, No. 11 (November 1981).
R. H. Williams and G. L. Culp (Eds.), Handbook of Public Water Supply (Van Nostrand
Reinhold, 1986).
L. Er . Lang et al., Evaluating and Improving Water Treatment Plant Processes at Fixed
Army Installations, Technical Report N-85/10/A DA 157306 (U.S. Army Construction
Engineering Research Laboratory, May 1985).

3AWWA Sludge Treatment and Disposal Committee Report.
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plant. The overall cost for treating water and wastewater solids can be lowered by
consolidating the solids handling equipment and personnel in one facility. Several factors
must be evaluated if this approach receives serious consideration for a given applica-
tion. These include:

1. The ability of the collection system (pipelines and pimping facilities) to handle
the flow and solids loadings, which may require equalization facilities to eliminate shock
loadings.

2. The effect on treatment facilities and operations.

3. Capital and operating costs.

A major consideration is the ability of the sewer collection syste and wastewate-
treatment plant to accept the increased hydraulic and solids !oad caused by the adt, o:
of water treatment plant wastes. The direct discharge to the sewer can cause a hvd
rauiie overload of the collection system, or a hydraulic surg,,e large enough to cause the
clarifier's performance to deteriorate. Flow equaiizatiun tanks may oe needed at th
water plant if the volume of water plant waste is large in proportion to tne sewage
'lows. 4  Release during low-sewage-flow periods may be desirable. However, there
must be sufficient flow in the sewer to provide adequate velocities to prevent deposition
of the sludge in the sewer. Generally, a velocity of about 2.5 ft/sec should be maintained
to prevent sedimentation of hydroxide sludge solids. Lime sludge may have settling
velocities much higher than coagulant sludges, and it can be difficult to prevent its
deposition in sewer lines.'

Table 2

Methods for Disposal of Water Treatment Plant Waste*

Percent of Plants UslngMethod _

Method Softening Coagulation
Sludge Sludge

Sludge lagoon 34** 43
Snnitary sewpr 8 27
River or lake 13 20
Recaleinallon 5 --
Direc't land application 5 --
Other -- 10

*Adnptedl from R. I'. Williams and (. L. Culp (Eds.) Handbook of Public Water Supply
(Van Noqtrand Reinhold, 1986).

*Fifty-iix percent of plants surveyed had s!udge lagoons, 60 percent of which were
considered "permanent lagoons"; thug, 34 percent of plants used sludge lagoons for
disposal.

14R. B. Williams and G. L. Culp.
15 D. A. Cornwell et al.
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Most of the solids fromn the wat-i plant sludges will be removed in the primary
clarifier. The srnlids handling system at the wastewater treatment plant must be able to
acomnmodate the additional solids load. For example, disposal of large amounts ot
gelatinous hydroxide floe in an anaer'obic digestion sand-drying bed system may make it
difficult to obtain proper solids dewaterjrg._6 The dewatering characteristics of the
combined sludges should be studied before this approach is adopted.

Culp and Wiiso- studied th e effect of adding alum sludge to an activated sludLge
wastewater treatmnent facility and reuorted no significant benefit or detriment to the
treatment process or 'he anaerobic cligestcr. 'In addition, AWWA concluded that if the
water sludge is equalized and the dojse ke'rt 1below i 50 to '200 ppm,, no direct effect on V

activated sludge process is likely 'o c( our. 4No ch-inge in overall biologcA1 C\
demand/chernieai oxygen dtemind 64I D/( (LO) or i.;_sendc sol;&ds (SS) removal wcui!d DC

expected, but these parameters should be niorn:'ored. If prim-iry clarifiers are niot pre-
sen, hwevrsom aders ipact may result. In that ease, the activated sl' dge

process will need to operate with a hicher mixed li:quor SS concentration to maintain th-,e
desired mixed liquor vola,'ile SS concentration, and the seconkdar'v (carif~ers ranecm

ove rlaa de'i, resu:ltinrg in 7oI 's car. am e ,

Th2 dir, ,ct disehalge uf alum a to a 3nn1*Ltnrv sewer system has been. practiced
silr see!i fu a1 tk reto, Il, minington, DE. Washington, DC, and

-niadelphin,, PA. A.lthaugh s(,ThIds loadings at tho wastewater treatment plants are
.2er-Teaso! lbecauseo )f tne a,,ml sl'ego no petngdifficulties have been reported)."-

Codisposal

Codisposal of softoning sludges with other wastes is another option. Lime sludge
cou d be used for mary, reasons, including.

1. Elev'ntion of pHl.

2. Provision (if a bulking agent.

3. Neutralization of acid wastes to bring them within NPDES permit levels.

4. Assistance in pretreatment of industrial wastes.

5. Incineration to produce high-alkaline ash.

The lime sludge could be combined with other wastes generated at the installation

or at nonmilitary activities in the region. The most favorale codisposal option would

16 R. B. Williams and G. L. Culp.
1 'R. L. Culp and W. I. Wilson, "Is Alum Sludge Advantageous in Wastewater Treatment?"

Water and Wastes Ffngineering (Ju!y 1979).
'18D. A. Cornwell et al.
I ID. A. Cornwell et al.

0D. A. Cornwell, "Management of Water Treatment Plant Sludges," Sludge and Its
Ultimate Disposal (Ann Arbor Science, 198]).

2AWWA Committee on Sludge Treatment and Disposal Report.
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depend on the opportunities available and the feasibility of handling the wastes to IT ke

the treatment effective.

Lagoons

Mechanical dewatering is expensive, especially for small plants of less thar, 53
million gal/day (mgd).-' The best alternative for small Army plants may be lagooning,
which is also an option for larger plants where large tracts of inexpensive land are
available or can be obtained. A detal2d description of lagoon dewatel'ing appear. in
Chapter 5. In many instances, storage of dilute or concentrated water treatment plant
solids in lagoons is considered to be final disposal. In truth, this storage is a postpone-
ment of the ultimate disposal requirement.

Mechanical Dewaterin /Landfill

Again, detailed descriptions of various mechanical dewatering proc .es are cg:%Cr:
in Chapter 5. Sanitary landfills are used to dispose of solids after mechanicai dewatering
as well as those from lagoons or sand-drying beds. Disostl in anjilis requies
concentration of the solids to a semisolid or cake form. The problems that occur 7

landfills are related to the semisolid forr of sludge. Caution should be taken in ianui
ling coagulant sludges because of the possible leaching of aluminum and other neu'ils
from them. Municipal solid waste landfills are anaerobic, may produce volaiil2 aci"s.
and hence have a p1-1 in the vicinity of 5 to 5.5. This pH will allow for some dissolutior of
aluminum and other metals from the sludge. Landfills equipped with liners and leachate
collection systems are desirable.

Creating a dedicated landfill--one that receives only the water plant sludge--is also
a widely practiced alternative. In this case, however, the utility must design and operate
the landfill. 23

Coagulant Recovery

Even with aluminum or iron coagulant recovery, there is some remaining solids
residue for disposal. Dry solids remaining may be 50 to 65 percent of the original
solids. The solids left after lime recalcination may be up to 20 times less than the orig-
inal quantity of lime sludge.

Land Application

Land application is practiced to a limited extent for alum sludge disposal and more
widely for lime sludge disposal. This disposal method is a potential use for a resource
otherwise discarded at great expense, and it can be an economical, beneficial solution to
waste disposal problems.

In many farming regions, the application of nitrogen fertilizers reduces soil pH.
Farmers normally apply enough lime to obtain the pH conditions for optimal crop yield.
Lime sludges from water plants are as effective as quarry limestone in neutralizing
soils. In fact, the Ohio Department of Health reported that the total neutralizing power
(TNP) of lime sludge is 92 to 100 compared with 60 to 90 for commercially available

2 2 R. B. Williams and G. L. Culp.
2 3D. A. Cornwell et al.
2 1R. B. Williams and G. L. Culp.
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materials.25 Because softening sludges contain a large amount of calcium carbonates
and offer a high degree of neutralization, this resource should be used when practical for
soil conditioning. The addition of softening sludge also increases the porosity of tignt
soils, making them mo±'e workable for farming. 2 6 Therefore, it is suggested that giving
sludge to neighboring farmers may merit investigation.

The solids content of softening sludge discharged from clarifiers is 1 to 5 percent.
For land application, the sludge can be thickened to a liquid at 8 to 10 percent solids or
as a solid after dewatering at about 40 percent solids. Handling problems will be encodn-
tered if conventional farming equipment is used and the solids content of the sludge is
between these values.- 7 The sludge can be applied to farmlands by either spraying liquid
sludge from a tank truck or by spreadin g ard tilling deNatered lime sludge from a hop-
per-bed truck with a spinner device for spreading it.

Transportation costs and farmer aeptance n-pp:7ar 'Lc. he the major drawbacks t
more widespread land application A' lime siudgxe. A :-o, tho lime is ,nlv needed seaso-
ally by the farmer but is produced continually at the water pl.nt.

Alum sludges have essentially no nutrient value and therefore little use as a soil
conditioner. In a study by Bugbee and Frinik, land applieation of alum sludge inhb ited
the growth of lettuce, which the researchers attributed to ohospherus deficiencies.-
Alumn sludge improved the physical characteristics of the media, aeration, and moisture-
holding capacity but adsorbed phosphorus, therefore making it unavailable for plants.
The same study found little effect on deciduous and coniferous forested lands. Litt'le
change in tree growth, nutrient levels, and the app,, ;ranee of the forest floor was
noticeable after 124,000 gal/acre of liquid alum sludge containing 1.5 percent solids was
applied. Plant nutrient uptake showed there was no effect due to liquid alum sludge
application.

Grabarek and Krug conducted a follow-up study with application of alum sludge
containing 1.5 percent solids on forest plots in Connecticut. 3' They concluded that alum
sludge has no significant impact with respect to organic or metal leachate production, or
to aluminum toxicity in trees (mainly sugar maples). The sludge substantially dewatered
within 2 weeks and was barely noticeable in 2 months. The only adverse impact found
was the binding of soil phosphorus.

2 5Ohio Department of Health, Supplement to Report on Waste Sludge and Filter
Washwater Disposal From Water Softening Plants (September 1969).

2 G. A. Russell, "Agricultural Application of Lime Softening Residue," paper presented
at the filinois AWWA Section Meeting (March 1980).

27 R. B. Williams and G. L. Culp.
2 8 D. A. Cornwell et al.
2 '3 D. A. Cornwell et al.
30G. J. Bugbee and C. R. Frink, "Alum Sludge as a Soil Amendment: Effects on Soil

Properties and Plant Growth," Bulletin 827 (Connecticut Agricultural Experiment
Station, November 1985).

31R. J. Grabarek and E. C. Krug, "Silvicultural Application of Alum Sludge," JAWWA
(accepted for publication).
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Lin and Green found the application of alum sludge to corn and soybean farmland
had neither beneficial nor adverse effects on soils and crops. 3 2 The plant population and
corn yield at the highest sludge application rate (20 ton/acre) showed no difference from
that of the control plots. Nutrients and heavy metals analyses (for 11 to 16 parameters)
of grains, whole plants, and leaves of both crops showed insignificant effects from the
addition of alum sludge.

Use for Building or Fill Material

Alum sludge has been suggested for use as a plasticizer in the ceramics industry as
part of refractory bricks, and as a road-stabilizing agent. 3 3 In Atlanta, GA, for example,
dewatered alum sludge is transported to a residential building site where it is used as
fill. 31 Sludge cake is spread and compacted by a bulldozer to fill areas as deep as 6 ft.
No problems have been reported with driving loaded trucks over the compacted sludge
cake.

'IS. D. Lin and C. D. Green, Wastes From Water Treatment Plants: Literature Review,
Results of an Illinois Survey and Effects of Alum Sludge Application to Cropland
(Illinois State Water Survey, Ncvember 1987).

3 3 AWWA Committee Report (December 1972).
3
4AWWA Committee on Sludge Disposal, "Water Treatment Plant Sludges--An Update of
the State of the Art, Parts I and If," JAWWA (September and October 1978).
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4 CHARACTERISTICS OF WATER TREATMENT PLANT WASTES

Four important areas need to be addressed when characterizing water plant
wastes: 3 S

1. Type of waste generated.

2. Quantity of waste generated.

3. Classification by physical properties and dewatering characteristics.

4. Specific constituents in the waste streams, particularly as they may affect
proper disposal.

There is no such thing as a "tyical" water plant waste. Waste characteristics must
be analyzed a+ each installation. However, certain types of water plant wastes have
common characteristics, and there are standard test methods that can be used to evalu-
ate them.

ypes of Wastes Generated

Approximately 70 percent of the water plant waste is generated from the coag uia-
tion process. In this process, hydrolyzing metal salts or synthetic organic polymers are
added to coagulate suspended and dissolved contaminants and prcduce relatively clean
water suitable for filtration. Most of these coagulants and the impurities they remove
settle to the bottom of the settling basin where they become part of the sludge. These
sludges are classified as alum, iron, or polymeric, depending on which primary coagulant
is used. Sludges produced in treatment plants that use lime or lime and soda ash for
water softening constitute another 25 percent of the water industry's waste production.
Therefore, most of the waste generated involves water treatment plants using coagula-
tion or softening processes. Other solid/liquid wastes produced in the water industry
include those from polymer coagulation, iron or manganese removal plants, spent precoat
filter media, and slow sand filtration plants.

Amount of Waste Generated

Table 3 shows ranges of volumes and solids content for sludges produced from
turbidity removal, softening, and filter backwash. Determining the amount of sludge
produced can be a difficult task. The quantity of solid/liquid wastes (i.e., sludge) gener-
ated from water treatment plants depends on the quality of the water source, dosage of
chemicals used, performance of the treatment process, and method of sludge removal. In
addition, sludge volumes can vary by orders of magnitude for different months of the
year.

Determining the amount of waste produced requires a long-term data compilation
and it is wise for utilities to begin collecting these data, even if there are no immediate
plans to begin a new waste management program.

3 5 AWWA Committee Report (December 1972).
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Table 3

Water Treatmemt Plant Waste Volumes and Characteristics

Waste Type Reported Ref.*
Value

Coagulation (Turbidi ty Removal) Sludge

Sludge volume as % of raw water treated < 1.0 a

0.1 - 3.0 h

0.1 - 3.5 a

Low/moderate turbidity (%) 0.1 - 1.0 h

Suspended solids concentration (mg!L) 100 - 1000 b

Solids content after long-term settiing (%) 10 c

4 - 36 d

Sotftening Sludge

200 ppm dry sludge produced
per 100 ppm hardness removed e

2.5 lb sludge/i lb lime used f

Solids content of settled sludge (%) 2 - 30 a

Ca:Mg ratio > 0.5 Easily dewatered g

Ca:Mg ratio < 2 Difficult to dewater g

Sludge volume as %
of raw water treated 0.5 - 5 h

Filter Backwash Wastewater

Wastewater volume as % of
filtered water volume 1 - 5

*References: (a) AWWA Committee on Sludge Disposal, "Water Treatment Plant
Sludges--An Update of the State of the Art, Parts I and II," JAWWA (September and
October 1978); (b) J.W. Clark, Water Supply and Pollution Control (Dun & Donnelly, New
York, 1977); (c) The Quest for Pure Water (AWWA, 1981); (d) R.J. Calkins and J.T.
Novak, "Characterization of Chemical Sludges," JAWWA, Vol 65, No.5 (June 1973); (e)
Water Treatment Plant Design (AWWA, 1971); (f) L.R. Howson, "Sludge Disposal," Water
Treatment Plant Design (Ann Arbor Science, 1979); (g) AWWA Sludge Treatment and
Disposal Committee Report, "Lime Softening Sludge Treatment and Disposal," JAWWA,
Vol 73, No. 11 (November 1981); (h) D.A. Cornwell et al., Water Treatment Plant Waste
Management (AWWA Research Foundation, June 1987).
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There are three methods to determine how much sludge is generated: calculations,
coagulant mass balance analysis, and field determination. It is advisable to use and cross
check all three methods since none is completely accurate.

The amount of sludge produced in an alum coagulation plant for the removal of
turbidity can be calculated fairly closely by Equation 1:

S = 8.34Q (0.44A] 4 SS + A) [Eq 1]

where:

S = sludge produced (ib/div)
Q = plant flow (mgd)

Al = alum dose as 17.1 percent Al,() 3 (ppm)
SS raw water suspended scilds (ppm)
A additional chemicals a ded such as polymer, clay

or activated carbon (ppm)

Orne difficulty in using this equation is I at most plants do not routinely analyze
raw w;J)er SS concentrations. If a utility does not continually measure SS, it carnot
ccve'o: the correlation between turbidity (Tu) and SS. The relationship is:

SS (mg/L) h x T. [Eq 2]

where the values of b for low-color, mainly turbidity removal plants can vary from 0.7 to
22. By measuring SS and turbidity weekly, a correlation can be developed for the partic-
ular raw water source used. After that, a monthly correlation may be good enough.

A second method used to estimate total sludge weight produced for coagulant
sludges is to analyze the conservation of coagulant nass balance. Whatever is added in
the coagulation process reappears in the sedimentation basin solids, backwash solids, )r
finished water. First, the aluminum or iron content of the coagulant must be analyzed.
It can be assumed that dry weight alum is 9.1 percent aluminum. Then, several sludge,
backwash solids, and finished water samples are collected and analyzed for aluminum (or
iron). The pH of the solids is lowered to 1 for 10 to 15 min; the solids are then filtered
and the filtrates analyzed for aluminum (or iron). This method solubilizes the aluminum
hydroxide but not the aluminum in the clay that might be present. A second sample of
unacidified sludge is analyzed for SS concentration. The total amount of sludge can then
be computed. An example of this method is given in Cornwell et al. 3 6

The third way to determine sludge quantities is through field methods. Often, a
water treatment plant has manually cleaned sedimentation basinb or does not have a way
to continually measure sludge flow and dry weight. To estimate sludge production, the
sludge should be allowed to collect in the basins for a specific amount of time after all
basins have been cleaned. A cross section of sludge depth can be taken from each basin
by using a clear acrylic tube with a foot valve called a "Sludge Judge." The Sludge Judge
can also be used to collect a composite depth of sludge from several locations in the
basins to analyze SS. A very rough projection of sludge production can be made, but this
estimate should be supplemented by use of the oth,r two procedures.

3 6 D. A. Cornwell et al.
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A general equation for estimating sludge production at plants that use a softening

process with or without addition of alum, iion, or polymer is:

S = 8.143(Q)(2.0 Ca + 2.6 Mg + 0.44 Al + 1.9 Fe + SS + A) [Eq 31

S = sludge produced, lb/day
Q plant flow, mgd

Al = alum dose as 17.1 percent A12 0 3 (ppm)
Fe = iron dose as Fe (ppm)
SS raw water suspended solids (ppm)
A additional chemicals such as polymer, clay, or activated carbon (ppm)

8.143 constant for use with Engish units (84.4 is the constant for use with
the metric units shown)

It should be noted that the above procedures will allow estimation of the dry weight
of sludge produced, not the volume.

The important characteristics of water treatment plant sludges are those that
affect handling and disposal. The general goal is to reduce the bulk of the sludge and
produce a material suitable for disposal or recovery processes. According to Knocke and
Wakeland, ' the physical properties of sludge affecting their handling and disposal are
"macroproperties" such as specific resistnnoe, settling rates, and cake solids concenLra-
tions,. and "microproperties" such as particle size distribution and density. They have
evaluated several of the microproperties and their effect on dewatering of alum and lime
sludges.

General Characteristics

Alum Sludges

In the absence of significant organic pollution in the raw water, coagulant sludges
are essentially biologically inert and have a nearly neutral pH. 3 The sludge is generally
thixotrophic (i.e., the plasticity of the sludge changes with agitation) and gelatil'ous.
Sludges from plants obtaining raw water from river supplies with a fairly high silt con-
tent are not as gelatinous as that from plants receiving raw water from lakes or reser-
voirs. Coagulant sludges such as alum sludge can be characterized at varying solids con-
tents, as shown in Table 4.

Softening Sludges

Softening sludges are generally white, have no odor, and have low BOD and COD.

Lime sludges can be characterized at varying solids content as shown in Table 5.

3 1W. R. Knocke and K. L. Wakeland, "Fundamental Characteristics of Water Treatment
Plant Sludges," JAWWA, Vol 75, No. 2 (May 1975).

38 R. B. Williams and G. L. Culp.
3 9 R. B. Williams and G. L. Culp.
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Table 4

Alum Sludge Characteristics*

Solids Content M% Sludge Character

0 5 Liqu~d
8-12 Spong, , scmisohid

18S 25 Soft ciay
40 -50 Stiff CaCl

*SouIree: R. tb. 'Nihams and G. U.Cuh,- (F~ds,.o !IHclbok o~f Publlc Wtarer Supply v~
N~r~n R~nold,1986). Used with pe-rnission.

Table 5

Lime Sludge Characteristics*

Solids Content ()Sludge Character

0 - 10 Liquid
25 - 35 Viscous liquid
40 - 50 Semisolid, toothpaste consistency
60 - 70 Crumbly cake

*Source: R. -B. Williams and G. L. Culp (Eds.), Handbook of Public Water Supply (Van
Nostrand Reinhold, 1986). Used with permission.

Tests To Determine Physical Properties

Tests to define macroproperties of sludges can be used to assist in the selection of
dewatering Rids and to determine relative ease of dewatering. They also can be useful as
an operating tool to determine conditioning doses on a routine basis. The four maiin tests
are specific resistance, time-to-filter test, filter leaf, and capillar ~ suction time.
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Specific Resistance Test

The specific resistance test is used to optimize sludge dewatering performance. It
is most valuable for evaluating chemical conditioning of sludge for full-scale z3pcra-
tions. The test uses a simple Buchner funnel as shown in Figure 3. A 0.38-gal portion of
sludge is added to the funnel and the volume of filtrate generated at various times re-
ported. Based on the Carmen-Kozeny equation for flow through porous media, an
equation has been developed to describe flow through the sludge cake and associated
support media. Ultimately:

R - 2bPA 2  [Eq 4]rnwR
r

where:

R specific resistance (sec'/g) of 3ludge

b = slope of line (see/cm6 ) from plot of time/volume vs. volume

P vacuum applied (cm of water)

A filter area (cm 2 )

m filtrate viscosity (poise)

w z dry weight of solids per volume of filtrate (g/cm3

Rr specific resistance (see2/g) of filter media

Specific resistance data are not recommended for sizing full-scale equipment, but are
useful for conditioning studies.

Buchner
Funnel -

Filter Paper

Wire Vacuum Gouge
Mesh -

Adapter "
-

"

i F Vacuum
1. 00 MIS Pump
Graduate Vacuum

Reservoir

Figure 3. Buchner funnel apparatus.
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Time-to-Filter Test

A simplification of the specific resistance test is the time--to-filter test (TTF). The
same Buchner funnel apparatus is used. However, in this test, the data collected are the
time for one-half the volume to filter.

Filter Leaf Test

The filter leaf test duplicates on a laboratory scale the vacuum filter operations as
closely as possible. With this test, solids concentration of sludge, vacuum level, fiiter
media, cycle time, sludge conditioning, and stbmergenee time (or percentage filter
submergence) can be varied. The filter cloth of interest should be used. Sludge sampies
can be prepared in a standard jar test apparatus and transferred to a beaker. The filter
to be tested is submerged in a well mixed sludge as shown in Figure 4. The vacuum le el
and cake-forming cycle should be the same as in full-scale equipment. At the end of the
form time, the filter is removed and dried in the atmosphere at the same vacuum level
and drying time used in normal operations. At the end of the drving cycle, the filter
cake thickness is measured and the solids are removed from the filter media. The fii-
trate volume, wet and dry weight of solidF recovered, and solids content of the cake are
normally determined. The quality of flitrate may also be of interest. The filter yield is
then calculated as follows:

= -W Eq 5,
AT

where:
Y = filter yield in dry solids produced per unit area per hour (lb/sq ft/hr)
W = weight of dry cake formed (lb)
A = area of filter (sq ft)
T = total cycle time (hr).

The total cycle time includes time submerged, drying time, and cake removal time.

The experimental filter yield should be investigated for various sludge-conditioning
techniques or vacuum filter operating modes to optimize design and/or operation.

Capillary Suction Time (CST) Test

This test is one of the fastest and simplest to perform in assessing the dewatering
characteristics of sludges. The results are useful for comparing conditioning methods or
as an operator's tool in determining polymer dose for full-scale dewatering devices. The
CST test is run on the apparatus shown in Figure 5. Sludge samples are conditioned by
mixing with known concentrations of polymer or other conditioner. The sample is then
poured into the tube of the CST apparatus. As sludge is dewatered, liquid flows outward
through special blotter paper. The time required for the liquid to flow 0.38 in. is mea-
sured.

Tests to determine the dewatering characteristics of sludges are described in
greater detai' in a manual available from the American Water Works Association Re-
search Foundation, as are jar test methods for preparing the sludge for these tests.4 1

'0D. A. Cornwell et al.
"S. K. Dentel et al., "Selecting Coagulant, Filtration, and Sludge Conditioning Aids,"
JAWWA (January 1988).
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Magnetic
Stirrer

Figure 4. Leaf test apparatus. (Source: D. A. Cornwell et al., Water Treatment
Plant Waste Management [AWWA Research Foundation, June 1987].
Used with permission.)

-Sludge

Blotted
Paper

Figure 5. Capillary suction time (CST) apparatus.
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It is important in using the jar test to simulate as closely as possible the conditions in the
treatment plant, including detention time, mixing intensity, temperature, pli, and order
of addition for all chemicals.

Chemical Characteristics

The major constituent of all water plant wastes is water. Knocke and Wakeland ' 2

classified the water content of wastewater sludges into four categories:

1. Free water is not held to sludge solids and can be removed by simple gravita-
tional settling.

2. Floe water is trapped within sludge floes and can be removed by mechanicI
dewatering.

3. Capi _ary water is held to sludge soiids by surface tensinn. and attractivc forecs
and can be removed only by compaction and deformation of the sludge floes.

4. Bound water is chemically bound to the individual floc pat'ticle and cannot be
removed.

For chemical sludgc, three classifications have been proposed:4

1. Free ,A^,cer can be removed by draining or low-pressure mechanical methods.

2. Hydrogen-bound water is attracted to the floe particle through hydrogen bind-
ing. The attractive force of the water to the chemical floe is in the range of 0.13 kcal/
mole.

3. Chemically bound water is bound through covalent bonds directly to the chemi-
cal floe.

Aluminum and iron coagulation result in floes of the form AI(OH) 3 * 3H20 and
Fe(OH) * 3H 2 0. In the case of aluminum, the chemically bound water is about 40 per-
cent. Therefore, mechanical devices could not dewater sludge predominant in the chem-
ical hydroxide floes to greater than a 60 percent solids concentration and, in practice,
dewatering is limited to achieving a 45 to 50 percent solids concentration. As the sludge
ages, the floe will slowly equilibrate to the oxide form (A12 0 3 or Fe 2 0 3 ) and solids
concentrations up to 90 percent can be achieved.

Low-pressure mechanical devices do not have enough energy to overcome hydrogen
birding. Thus, centrifuges, vacuum filters, anid belt presses will remove only the free
water and the water physically trapped within floe particles.

Concern for safe disposal of sludges has increased awareness of the chemical sludge
constituents. Table 6 summarizes the finding of a literature search on alum sludge
characteristics conducted by Given and Spink.4

W. R. Knocke and K. L. Wakeland.
3 D. A. Cornwell et al.

11P. W. Given and D. Spink, "Alum Sludge: Treatment Disposal and Characterization,"
Proceedings, 36th Annual Western Canada Water and Sewage Conference (September
1984).
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Table 6

Reported Alum Sludge Characteristics

Parameter Concentration

Total solids (TS) 0.1 to 27% by weight

Voicotiie ods 13 LoU 35% of total s ,l

Suspended solids 75 to 99% of total solids

pH 5.5 to 7.5

BOD 30 to 6000 mg/L

COD 500 to 27,000 mg/L

Aluminum 4 to 11% of TS as Al
(limited data)

Iron 6.5% of TS (one sample)

Manganese 0.005 - 5% of TS

Arsenic 0.04% of TS

Cadmium 0.005% of TS

Individual heavy metals 0.03% of TS

Total Kjeldahl nitrogen 0.7 to 1,200 mg/L as N

Phosphate 0.3 to 300 mg/L as P

Total plate count 30 to >300,000/mL

30



Softening sludges generally have low BOD and COD. The chemical constituents of
the sludge vary with the composition of the raw water and the chemicals added. Table 7
presents the results of chemical analyses of dry solids from eight water-softening plants.

Softening sludges should be analyzed periodically for excess lime, and the calcium-
to-magnesium (Ca:Mg) ratio calculated. Excess lime is an indicator of incomplete reac-
tion in the softening process. If CaO or Ca(OH) 2 is present in the solid phase, it is an
indication of poor dissolution, which increases chemical costs. If the lime does not
dissolve prior to incorporation into the sludge, it might remain as Ca(OH) 2 , thus causing
poor dewaterability and ultimately an increase in the amount of sludge. Corrective
action should be taken to eliminate these conditions. 4

A qltidp'e's Ca:Mg ratio is an indicator of its ability to thicken and dewater. Gencr-
ally, a sludge with a Ca:Mg ratio less than z:l win ne difticult to dewater, wnereas o:t
with a Ca:Mg ratio greater than 5:1 will dewater relatively easily.", Figure 6 is a plot C1'
Ca:Mg molar ratio versus the settled solids concentration and fiiter cake solids concen-
tration. Similarly, a high magnesium content in lime sludges adversely affects the spec-
ific resistance, as shown in Figure 7. High-magnesium softening sludges can be consid-
ered to be nearly equal to mixed coagulant-softening sludges due to similarly poor de-
waterability.

Specific inorganic concentrations are not reported in the literature for lime
sludges; however, inorganics will be present to the extent that they are removed from
the raw water. Figure 8 is a generalized guide showing inorganic contaminants likely to
be removed by lime softening for the indicated pH range.4 7 As can be seen, some re-
moval will occur for most of the inorganic contaminants, with high removals for some of
the compounds. It is likely that most lime sludges will pass the standard toxicity test for
the sludges (EP test) procedure regardless of the concentration of constituent in the
sludge. The amount of acid used in the test procedure will generally not lower the pH of
lime sludge due to its high buffer capacity and, therefore, metals will not leach.

5 AWWA Sludge Treatment and Disposal Committee Report.
S 6 R. B. Williams and G. L. Culp.

7 Manual of Treatment Techniques for Meeting the Interim Primary Drinking Water
Regulations, EPA 600/18-77-005 [USEPA, April 19781.)
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Figure 6. Effect of Ca:Mg ratio on sludge solids concentration for lime sludges.
(Source: R. B. Williams and G. L Gulp (Eds.), Handbook of Public Water
Supply [Van Nostrand Reinhold, 1986]. Used with permission.)
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Figure 7. Effect of magnesium concentration on the specific resistance of soften-
Ing sludges. (Source: R. J. Calkins and J. J. Novak, "Characteristics of
Chemical Sludges," JAWWA, Vol 65, No. 6 [June 19731. Used with per-
m ission.)
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5 WASTE TREATMENT

The treatment of wastes produced by water treatment processes involves separa-
tion of water from solids to the degree necessary for the required disposal method.
Therefore, the required degree of treatment is a direct function of the ultimate disposal
method.

Several treatment methods have been practiced in the water industry. Figure 9
shows the most common sludge handling options available, listed by general categories of
thickening, dewatering, and disposal. In choosing a combination of possible treatments.,
it is probably best to first identify the available disposal options and their requirements
for a final cake solids concentration. Most landfill applications will require a "handle-
able" sludge and this may limit the type of dewatering devices that are acceptable. The
goal should not be to simply reach a given solids concentraticn, but rather to reach .-
solids concentration of desired properties for the handling, transport, and disposal options
available. Table 8 shows a generalized range of resu!ts obtained for final solir4s concen-
trations from different dewatering devices for coagulant and lime sludges.

As a sludge dewaters. it becomes an increasingly viscous fluid and eventualiy forms
a solid cake. The extent to which a sludge must be dewatered depends on the method of
handling. h a sludge is dewatered by vacuum filtration and handled by a conveyor belt,
'hen a lower sheer stress may be sufficient to permit handling than if the sludge is
drained on a drying bed and removed from the bed by a loader.'8

Solids concentration of a dewatered sludge is a poor indicator of its handling abil-
ity. Although an alum sludge may be dewatered enough for handling at 30 to 40 percent
solids, a lime sludge dewatered in a lagoon to 50 percent solids may not be handleable
with earth-moving equipment. Many utilities report that lime sludge cakes in the 50 to
65 percent moisture content range are sticky and difficult to discharge clearly from
dump trucks." 9

Calkins and Novak estimated a relationship between the solids concentration to
which a sludge would settle by gravity and the concentration at which the sludge be-
comes handleable. Figure 10 shows this relationship. Coagulant sludges may only thic-
ken by gravity to a 3 to 4 percent solids concentration and therefore may be handleable
at a 20 to 25 percent solids concentration. In contrast, lime sludges may gravity-thicken
to a 40 percent solids concentration but not be handleable until a 60 to 70 percent solids
concentration is achieved. Often, a 20 percent solids cake is a goal for alum sludges, but
transportation constraints may necessitate a higher concentration.

Approach To Handling and Treating Sludge

The approach to handling and treating wastes from water treatment is fourfold:

" Reduce the amount of solids produced

" Dewater and thicken the sludge solids

8J. T. Novak and D. C. Calkins.
'91. B. Williams and G. L. Culp.
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Table 8

Range of Cake Solid Concentrations Obtainable*

Solids Concentration I(%)
Dewatering
Method

Lime Sludge Coagulant Sludge

Gravity thickening 15 -30 3- 4

Basket centrifuge 10 - 15

Scroll centrifuge 5 - 651 10 - 15

Belt filter press 10 - 15

Vacuum filter 45 - 65 N/A

Pressure filter 55 -70 35 -45

Sand drying beds 50 20 -25

Storage lagoons 50 -60 7 -15

*SoreeL. . Lnget al., Evaluation and Improving Water Troatment Plant Processes
at Fixed Army Installations, Technical Report N-85/1O/ADAi- 306 (U.S. Army
Construction Engineering Research Laboratory, May 1985).
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* Handled By Earth-10 Moing Equipment
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Sludge Solids Concentration - percent

Figure I1Q. Solids concentration at which a sludge can be handled. (Source: R. B.
Williams and G. L. Culp [Eds.], Handbook of Public Water Supply [Van
Nostrand Reinhold, 19861. Used with permission.)
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" Dispose of the solids

" Treat the supernatant.

The most important factors arc to reduce the amount of sludge generated and make the
sludge easier to dewater. These steps can be done by altering or improving some of the
existing treatment processes. Ways of reducing sludge generation and improving dewat-
erability are discussed below.

Minimizing Sludge Production

Sludge production can be minimized by removing water to reduce the volume,
reducing the amount of solids present in the sludge, or both. One method of reducing the
amount of solids is to lower the level otf chemicals used for coagulation and/or
softening. The quantity of chemical coagulant used can be reduced in some plants by
substituting polymers for inorganic coagulants, either partially or entirely. However,
Bishop has cautioned that polymers are not effective in removing color and create
problems in alum recovery processes.5 0

The use of polymers as a possible replacement for alum was assessed in laboratory-
scale jar tests in Orange County, NC. The raw water source was a protected reservoir
with raw water turbidities between 5 and 50 nephelometric turbidity units (NTU), which
contains significant concentrations of organic matter (total organic carbon [TOCJ from 6
to 10 ppm). Three coagulants were tested: (1) alum, (2) a cationic polymer with a low
molecular weight and a high charge density (polymer A), and (3) a cationic polymer with
a high molecular weight and a low charge density (polymer B). Based on these tests, the
necessary alum dosage was reduced from 60 to 30 ppm when 0.05 ppm of polymer B was
also used. These results indicated that the alum-polymer B combination improved re-
moval of turbidity and TOC, reduced sludge volume, and lowered chemical costs com-
pared with using alum alone. Best results were obtained by adding alum first, followed
by the polymer.5 The use of polymers as primary coagulants and coagulant aids is
discussed by Lang et al. 5 2 and polymer system design is discussed by Amirtharajah.- 3

New and improved coagulant aids continue to be developed. Most plants probably
can benefit by a periodic review of the applicability of such aids. As with any change in
a treatment process, care must be taken to ensure there will be no degradation in fin-
ished water quality or reliability of treatment. It is difficult to measure the suitability
of another coagulant based solely on laboratory testing. Often, as the amount of alum is
reduced, the most important characteristic of the treated water becomes the floc
strength and the proper preparation of the water for filtration. These characteristics
can best be tested on a small scale using a pilot filter, or on a controlled basis with
plant-scale tests.

5 0 S. L. Bishop, "Alternate Processes for Treatment of Water Plant Wastes," JAWWA
(September 1978).

51C. R. James and C. R. O'Melia, "Considering Sludge Protection in the Selection of
Coagulants," JA WWA (March 1972).

s 2 L. E. Lang et al.
S3 A. Amirtharajah, "System Design for Polymer Use," AWWA Semino- Proceedings, Use

of Organic Polyelectrolytes in Water Treatment, Las Vegas, NV (June 1983).
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In softening piants, solids production can be reduced 50 pcreent by replacing soda
ash and some or all of the lime with NaOH. The advantage o this reduction would have
to be weighed against the higher cost of NaOH compared with soda ash and lime, hov-
ever.

Another method of minimizing waste solids production is to reduce the amount of
softening if possible. For exampie, if a plant is removing 150 ppm of hardness, it could
reduce i's waste solids load by 16 percent by removing only 125 ppm. Not only would the
sludge quantity be reduced, but chemical usage costs wolid decline by a similar amount.
The trend in the water industry has often been to soften to 80 ppm. However, pew'
consumers can tell the difference at 100 ppm.r" Magnesium, should be removed to a f'nal
value of 40 ppm as CaCO hardness because an excessiv.- amount will cause scaiinc-
problems. However, reducion of magnesium below this lpve! is seldom justified. T,,.

h'gher the magnesium hyd-oxide content of the sludge, the poorer its dewaterability, as
mentioned earlier.

Split treatment is another method of reducing softening slidge production ,en
higai magnesium hardness removals are required. This method climinatL-s !ime treatmer*,
of the bypassed water and minimizes recarbonation requirements. It also minnimizes

sludge production because the calcium carbonate solids created by recarbonation of
excess lime are eliminated. I

Operators should make sure the chemicals for coagulation and softening are adued
in the proper dosage ;tiid are well mixed in flash mixers and flocculato--,. Exce.isive
amounts of coagulants are added in many water treatment plants "just to be safe." This
tendency results in higher chemical costs and extra solids produced. Based on informa-
tion from the installation of a pilot filter unit and increased operator awareness, a water
treatment plant in New York reduced alum dosage from 17 ppm to 12 ppm without
deterioration in finished water quallty. Alum usage was r duced by more than 750,000
lb/yr with an estimated decrease in waste sludge generation of about 200,000 lb/yr of dry
solids.~

Lime sludges often contain unused excess calcium hydroxide, which can be mini
mized by improved mixing (through proper- baffling) or recirculation of sludge. Facilities
with well mixed solids contact clarifiers use only 2 to 3 percent excess lime.) 7 Sludge
recirculation from the clarifier back to the rapid mixer improves the efficiency of cal-
cium carbcnate precipitation and reduces excess lime usage. A study at Vandenberg Air
Force Base allowed its treatment plant to reduce the excess Ca(OH), in the sludge from
5 to 1 percent by weight through sludge retirculation to the floccul ation compartment.
At 'he same time, hardness removal efficiency increased by 11 percent. 5 I A laboratory
study on recycling ealcium carbonate sludge to serve as seed crystals for the further

4'D. A. Cornwell, "Management by Water Treatment Plant Sludges," Sludge and Its
U(tirnate Disposal (Ann Arbor Science, 1981).

"R. B. Williams and G. L. Culp.
6 D. A. Cornwell (1981).

J. E. Singley and T. P. Brodeur, "Control of Precipitative Softening," paper presented
at the AWWA Water Quality and Technology Conference (1980).

'C. Laurence, "Lime Soda Sludge Recirculation Experiments at Vandenberg Air Force
Base," JAWWA, Vol 55, No. 2 (1963).
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precipitation of hardness from solution showed that sludge dewaterability, as quantified
by specific resistance, improved significantly.-

Recycling filter backwash and clarified water from the dewatering process will
reduce solids load because this water has already been softened. These process waste-
waters represent 3 to 5 percent of total plant flow; thus, their recycle would reduce
solids loads by a similar amount.-)

Sludge volumes can be minimized by controlling sludge withdrawals fron the sett-
ling basins to increase the solids content. By increasing the solids content 2 to 5 percent,
the sludge volume would be reduced 60 percent.- : Similarly, alum sludge volumes may
also be reduced, although the increase in soiids content may be only from 0.5 to 0.75
percent since alum sludges are much more dilute than calcium carbonate s!udges.r"

Direct filtration can be us-d v.-here the raw A : ter supply is of high quniitv. Tnis
process has !ower chemical fL-d rates thai eonvertional flocculation, settling, ar
filtration, -and therefore produces less sludge.

Sludge Thicken ing

Th:,-kenlng, which begins cth ocnntrat i:g the sludge in the bottom of the elari-
fier, is an &ffectivc, inexpensive -.etlod and gennraly the first phase of reducing sludge
volume and improving sludge dewatering characteristics. Thickening, hovever, is dcne
most effectively as a separate operation. Thickening tano:s can also serve as eq,:alization
facilities to provide a uniform feed to the dewatering step.

Gravity sludge thickeners are generally circular settling basins equipped with either
a scraper mechanism in the bottom or sludge hoppers. They may be operated as continu-
ous flow or as batch fill and draw thickeners. Figure II shows a continuous flow gravity
thickener.

Cost curves for gravity thickeners are presented in Figures 12 and 13. Figure 12 is
a capital cost curve. Thickener capital costs include the costs for the sc,'aper mechan-
ism and its installation and for tne circular reinforced concrete basin and appurten-
ances. Effluent troughs, inbound weir baffles, center support column, steel half-span
bridge, typical excavation and site work for the basin, and electrical work required for
operating the equipment are also included.

O&M costs are shown in Figure 13. These costs include energy costs relative to the
process craper mechanism only and do not take into account the sludge pumping or
chemical costs. The maintenance materials cost is for repair and replacement of the
scraper mechanism and weir. Labor costs are for normal O&M of the process.

A description of how th+,e cost curves were derived is found in Appendix A of
Water Treatment Plant Waste Management Handbook.63  The costs were current for
June 1986, and the curves are accurate for a study phase involving paper screening of

S1J. F. Judkins, Jr., and R. ff. Wynne, Jr. "Crystal-Seed Conditioning of Lime Softening

Sludge," JAWWA, Vol 64, No. 5 (1972).
6 0 AWWA Sludge Treatment and Disposal Committee Report.
61AWWA Sludge Treatment and Disposal Committee Report.
6 12 R. B. Williams and C. L. Culp.
1 3 D. A. Cornwell et al. (June 1987).
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alternatives. As the evaluation moves to a pilot phase or preliminary design, site-spec-
ific costing is needed. The Engineering News Record (ENR), Construction Cost Index
(CCI), and Building Cost Index can be used to update construction and building costs.

Cqoaguant Sludge Thickening Results. Typical design parameters reported for alum
sludge thickening are 100 to 200 gal/sq ft/day when sludges are conditioned with poly-
mers. Polymers have minimal effect on the ultimate degree of compression, but affect
particle size and zone settling velocity and will likely improve capture efficiency. Alum
sludges mixed with clay or lime have exhibited thickened concentrations of 3 to 6 per-
cent and 9 percent, respectively, at higher overflow rates than sludges without clay or
lime addition. 6

'

Lime Sludge Thickeningy Results. Solids loadings of 60 to 200 lb/sq ft of thickener
surface area/day are commonly practiced. 6 ' Solids output can range from 15 to 30
percent. Bench-scale thickening tests should be performed to estimate sludge thickening
characteristics and design requirements. Storage requirements must be considered when
designing a thickener, particularly when a dewatering device is used.

Sludge Conditioning

Water sludge conditioning refers to the variety of chemical and physical techniques
for altering sludge characteristics to make subsequent removal of water more efficient.
There are no clear-cut, accepted conditioning methods for the different types of sludge.
A conditioning agent that works well at one plant may not work at a similar plant.
Sludge properties used for evaluating different conditioning agents include specific
resistance, coefficient of compressibility, and capillary suction time (as discussed in
Chapter 4).

Generally, only hydroxide sludges and backwash wastes need to be conditioned.
Lime-softening sludges are seldom conditioned because they are more easily dewatered.
With hydroxide sludges, conditioning agents are used either to assist in water/solids
separation or to affect compressibility and minimize media clogging, such as in filter
press operation. Polymers are usually used for water removal processes, and lime has
traditionally beer, used to prevent media clogging, although polymers have recently been
used successfully for this purpose. 6 6

Polymers vary in structural composition, molecular weight, and charge density.
For most cationic polymers, the charge density is near 100 percent and their molecular
weight is generally less than anionic or nonionic polymers. Anionic polymers vary in both
charge density and molecular weight. Nonionic polymers have no charge density, but
have high molecular weights.6 7 In general, for hydroxide sludge conditioning, the higher
the molecular weight of polymers with long carbon chain lengths, the smaller the dose
required for conditioning, but the more likely polymer handling problems. Molecular
weight may even be more important than the charge type or density. 6 8

6 'R. B. Williams and G. L. Culp.
6 5 R. B. Williams and G. L. Culp.
6 1D. A. Cornwell et al. (June 1987).
6 'D. A. Cornwell et al. (June 1987).
6 8 J. T. Novak and J. O'Brien, "Polymer Conditioning of Chemical Sludges," Journal of the

Water Pollution Control Federation, Vol 47, No. 10 (1975).
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Polymer addition is usually necessary for dewatering hydroxide sludges by either
nonmechanical or mechanical methods. It appears that the primary mechanism is inter-
particle bridging such that the polymers form a porous matrix that permits water decant-
ing or drainage. It is thought that the polymer doeF not alter the chemical structure of
the hydroxide particles themselves. 6

When first selecting a polymer type, a series of screening tests is needed. Usually,
manufacturers will provide or sell at low cost sample polymers that they think will work
for the particular application. To determine comparative doses, either the CST test or
the specific resistance test can be used. Results of these two tests generally correlate
well, but the CST test method is superior in terms of required analysis time, variability
of results, and required analytical expertise. Figure 14 shows one comparative plot for
the effect of polymer type and dose on the conditioning of an aluminum hydroxide sludge.

When performing the jar tests to prepare sludge for the screening test, it is irrport-
ant to establish conditions similar to operating conditions in terms of tzrnperaturc, pf-,
and mixing time and intensity. If a high-stress mechanical dewatering process is to be
used, then high-intensity mixing should be employed to simulate this process. The most
significant parameter has been shown to be total mixing energy input (Gt) which is the
product of velocity gradient (G) and mixing time (t). 7 ' For a given polymer dose, any

combination of G and t, within a range of G and t values, that gives the optimal Gt value
will result in sludge with similar dewatering characteristics. Polymer requirements
generally increase as Gt increases, 7 2 so the optimal dose determined during low-stress
testing may be inadequate under high-stress dewatering processes. Polymer seiections
also become more important as Gt increases. Excessive mixing causes sludges floe
deterioration that is irreversible. These screening tests can be valuable in selecting
polymers and estimating doses, out some full-scale plant testing is still required.

Once the optimal polymer and dosage are selected, the purchase should be bid
competitively. Even if the polymer to be used is specified, manufacturers will generally
want to bid what they consider to be an equal product. Bids should specify dollars versus
performance such as the cost of treating 650 tons/yr and the polymer must attain a CST
of 7. This factor is needed because often a given polymer may cost twice as much per
pouad but reach th,- optimal conditioning -" Dne-third the dose. 7 3

Figures 15 through 18 are cost curves for lime and polymer feed conditioning. 7

The construction costs .or the polymer feed system are shown in Figure 15. Capital

costs developed for polynmer fees systems are based on feeding dry polymer directly to a
storage hopper on a chem:eal feeder. The system is sized based on a 0.5 percent stock
solution and 30 min of aging. Piping, valves, instrumentation, and a standby polymer
feed pump Pre all included.

O&M costs for the polymer feed system are shown in Figure 16. The O&M costs
include the energy requirements for the feeder and metering pump, maintenance mater-
ial costs, and system labor. Polymer cost was not included since pricing for the numer-
ous polymers available is so variable.

6 9 W. R. Knocke and K. L. Wakeland.
7 0 S. K. Dentel et al.
7' C. P. Werle et al., Journal of Environmental Engineering, ASCE, Vol 110, No. 5 (1984).
7 2 J. T. Novak et al., Journal of Electrical Engineering, ASCE, Vol 114, No. 1 (1988).
13 D. A. Cornwell et al. (June 1987).
"D. A. Cornwell et al. (June 1987).
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Liquid polymer systems are generally eomparab!e in cost to dry polymer systems.
Due to higher chemical purchase costs and increased horsepower, the O&M costs for the
liquid system are usually higher but the capital cost is usually lower.

Figure 17 shows construction costs for a nydr: ted lime feed system. The system
includes lime storage, dual feeder solution tanks with mixers, anu dual metering pumps.
The storage hopper was provided with dust collectors and sized for I day of lime storage.

O&M costs for lirie feed systems (Figure 18) include energy for the mixers and

metering ,'"nmps, maintenance materials costs, and labor costs, which were based on
:manufact.'ers' recommendations and eXDcriencuk. Tie cost of lirne was not included.

Sludge Dewatering

Slurge can be dewutered ; ,urnber ul diff :nt processes,. as discussed belc%....
Table 9 -iir f .3.zes the enaracte:-istics of these proe.sses-.

onrner , -nical Dewotering

TI, n rnmechanical dewatering methods ,ct feasible for Army plants are lagoons,
surid d-. iri beds, and freezing.

* u<n. Lagoons are a ve:y common :rcaiinent for dewatering sludge. One
survey -w-Ned that 56 percent of water treatment plants with softening used them. 7 - Of
those u>i;ties having lagoons, 60 percent used them for permanent sludge disposal; 32
percent u'sed them to thicken sludge to 30 to 60 percent solids before dredging it to
spread o, farmland or mix with landfill; and 8 percent used the lagoons for dewatering,
with drit I cake appiied to farmland.

,-,e lagoons typically are earthen basins with 4- to 12-ft sidewater depths,
cover Ing from 0.5 to 15 acres which are equipped with inlet control devices and overflow
strelu:> c Sludge is added until the lagoon is filled with solids and then it is removed
fram st , ,.e until the solids have dried to the point at which they can be removed for
disposal, f in fact the sludge can dewater to this point.

Aum sludges have proved difficult to dewater in lagoons to a concentration at
which I'; can be landfilled. Some plants have reported removing thickened alum sludge
by drag,7ne or clamshell and dumping it in thin layers on the lagoon banks to air-dry;
others hve dumped the thickened sludge on land disposal areas or transported it to a
speciailv prepared drying bed.

[.ari can be constructed for storage or dewatering. Storage lagoons generally
have d(-i- vt capabilities but no underdrain system. They are constructed with sealed
ottor,, ,, iirotect the groundwater. Once the lagoon is full or the decant can no longer

meet dV,<,hnrge limitations, it must be abandoned or cleaned. To facilitate drying,
standing ater can be removed by pumping, leaving a wet sludge. Coagulant sludges can
be expe'4ed to reach only a 7 to 10 percent solids concentration in storage lagoons. The
2e.mair - ,olids must be either cleaned out wet or allowed to evaporate. Evaporation
can ta- ,irs, depending on the depth of the solids. The top layers will often form a
Corust pri-voiting the evaporation of the bottom layers.

AW', -!udge Treatment and Disposal Committee Report.
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The main differer[,ne between a dewatering lagoon and a storage lagoon is that a

dewatering lagoon has a sand and underdrain bottom, similar to a drying bed, whereas a

storage lagoon does not. Dewaterlg lagoons can be designed to achieve a dewatered
sludge cake. The advantage o" a dewateri " lagNoo over a dryirg bed is that storage is
built into the systein to handle peak loads. ltowever, bottom sand layers can bind with
multiple loadings; therefore, inre surface area is required than with conventional drying
beds. Polymer treatment car be useful in preventing this sand blinding.? 6

The basis for dewaterinT lagoon design is essentially the same as that for sand

Jrying beds. The differe,-ie is that the applied depth is higher and the number of" appii-
cations per year is ureqaty reduced.

A construction cost curve -:-or a storage lagoon is moi( wn! in Figure 1J. Cnstru-
tion costs included e\cvation and sitework, concrete inlet and outlet stuet.re>. err
pipes and valves. Th-- iepth was assumed to be if) Ct. The iF)Ot structure had < o,
protection but no fllow distibultion; outlet stru:vtures i:heiud,,d dect drawoff apa it.
and decant outlet pipin;,! valving. (Normally, if a naturil cla, ;aver ;s not pre,
for a bottom iner wou L de added.) The costs did not include --rdf--rdrain sys;tem. -i:e
sand drying bed cost e.orves woY!d Do more atppropriate thor those for lago,-nms the
lagoon were to be Use( a3 a continuous dewatering lagoon with drcant and underdr-a-s.

O&M costs for '.e storage la guon are not presented because the method or iiudge
:re:m;oval depends or , indivdual design and cake dryness. Any cost analy, is
eon;ider how the iae,-_" ,,, eve: uallv be clean-ed and perhaps furt-,er dewa ,:, and
the method of solids clisposal. These costs can be significant.

vIhen 1.igoons are built above ground, the berms or dikes should be 10 to 15 ft high
and far enough from property lines so that, if necessary, their top elevation can be
raised. This process can be done by removing dried sludge from the lagoons for use as
embankment material. Lagoon berms for larger plants or those with softening should be
about 12 ft wide at ti~e top to facilitate the use of construction equipment for cleaning

the lagoon. Two cr more lagoons should be provided for alternating use to allow be-
tween 6 months and I :,'ear for decanting, evaporation, and drainage.

Sand Drying Beds. Sand drying beds generally consist of a shallow structure with a

6- to 9-in. layer of sand over a 12-in.-deep gravel underdrain system. Sand sizes of about
0.19 in. are typically used with a uniformity coefficient of less than 5. Excersively
coarse sands result in too ..,reat a loss of solids in the drying bed filtrate. The gravel
underdrain system used is typically 1/8- to 1/4-in. graded gravel overlying drain tiles. 7
Beds can be built either with or without provisions for mechanical removal of the dried
sludge, and with or without a roof or a greenhouse-type covering.

In dry climates, ihallow earthen basins are used that rely solely on eveporation to,

separate solids from the water. These basins are similar to lagoons, with the difference
being that the depth of sludge application is similar to that used for sand drying beds.
Sludge is applied in I- to 3-ft layers and allowed to dewater. With either drying bed

type, sludge storage faeHii ies may be needed for wet periods that prevent effective
dewatering.

16D. A. Cornwell et Pi. (June 1987).
7 7 D. A. Cornwell et al. (June 1987).
"L. R. Howson, "Sludge Disposal," Water Treatment Plant Design (Ann Arbor Science,

1979).
9R. B. Williams and G]. 1. Culp.
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Several other drying bed designs have been used, irluding: " (1) paved rectangular
drying beds with a center sand drainage strip, with or without heating pipes buried in the
paved section, and with or without a covering to protect from rain, (2) "wedge-water"
drying beds that include a wedge wire septum that allows for an initial flood with a thin
layer of water followed by introduction of liquid sludge on top of the water layer, con-
trolled formation of cake, and mechanical cleaning, and (3) rectangular vacuum-assisted
drying beds that permit application of vacuum to assist gravity drainage.

The sludge dewatering process occurs by two mechanisms: (1) gravity drainage
through the sludge cake and sand filter and (2) air-drying from the surface of the sludge
cake by evaporation. The removal of water from sludge by drainage is a two-step proc-
ess. First, the xater is drained from the sludge. into the sand, and out the unde:'draip'>.
This process may last a few days until the sand is clogged with fine particles or all of the
free water has drained away. if beds are provided with a means of removing s."face
water, further drainage can occur by decanting once a superrnatant layer has formed.
Decanting can be particularly i.mpo-tarnt with sludges that do not crack for removal of
rq.n. if rain is not removed, it cajn accumulate on the surface and s.ow the drying proc
ess. The water rema'.iag after initial d:ainage and decanting must be removed by eva,)-
erItIor.

The method of removing the sludge cake primarily controls the depth of slidge
apiied to the bed. This depth determines the dried cake thickness at the moisture
eontent that permits the most economical sludge removal. The depth of sudge !opied
also affects the -lumber of appiications per year. The operating costs for sand crying
beds are primarily related to the method of removing sludge from the drying beds and
i clude labor, equipment, and sand replacement. Therefore, the most economical opera-
tion of a sand bed is the method that minimizes the number of times a bed is cleaned
while obtaining the thickness and moisture content of the dried sludge cake that is most
economical to remove and providing for the minimal loss of sand.

The Water Treatment Plant Waste Management handbook states that the design nf
a sand drying bed is a function of the:

1. Type of sludge to be dewatered.

2. Solids concentration of the applied sludge.

3. Depth of sludge applied.

4. Amount of water removed oy decanting and drainage.

5. Evaporation rate (which is affected by many environmental factors).

6. Sludge removal method used.

7. Ultimate disposal method.

"D. A. Cornwell et al. (June 1987).
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All of these factors need to be considered to determine the optimal design loading
for a given location, and many are very site-specific. Some of the factors' interrelation-
ships that should be considered are described below:

Sludge Characteristics. The type of sludge to be dewatered can greatly affect the
area requirements for sand drying beds. Generally, softening sludges drain rapidly,
whereas iron-based coagulant sludges and unconditioned alum sludges show relatively
poor drainage characteristics. Chemical treatment with acids and polymers can much
improve the dewatering characteristics of alum sludge.

Solids Concentration. The initial dry solids concentration is one of the important
factors in determining the size of sand drying beds. For polymer-treated sludges, a
higher applied SS concentration is generally associated with a lower bed area require-
ment. 8

Depth. For polymer-treated alum sludge, bed size is relatively independent of
applied depth.3 2 The design consideration for applied depth would thus be the depth of
dried cake which is optimal for the remGval method and the number of cleanings Der
year. With a comparatively shallow sludge application, the sludge dries quickly, but
there might be such a small amount of dried cake that more labor per unit volume is
needed for removal than if the application depth were thicker. More frequent removal
can cause increased loss of sand. Therefore, when the wet sludge is applied at a greater
depth, a longer time is needed for drying, but the thicker cake can be removed more
economically. For sludges with a low specific resistance, drainage can be satisfactory at
applied depths of 2 to 3 ft. For poorly draining sludges, applied depths of 1 ft or less are
required unless conditioning agents are used. 8 3

Decanting and Drainage. Decanting and drainage remove a major portion of the
water from sludge on sand drying beds. Evaporaticn requires a longer time than decant-
ing and drainage. Therefore, the total time that the sludge must remain on the bed is
controlled by the amount of water that must be removed by evaporation. Thus, the
amount of water removed by drainage and decanting should be maximized.

Inorganic and Organic Constituents. Inorganic constituents such as aluminum, iron,
and manganese can influence decisions about recycling the decanted and underdrained
liquids from sand beds. Recycling these and other constituents that may be released
from tne sludge can affect operations in the plant. For example, heavy organic concen-
trations in the filtrate can cause taste and odor problems, or the recycled liquid may
increase production of chlorinated organics

Climate. Sludge dewatering is greatly affected by the regional climate. The
drying time is shorter in regions of frequent sunshine, low rainfall, and low humidity.
The wind currents also affect evaporation rates.

Alum sludge dewatering can be improved dramatically by the freeze-thaw cycle in
cold climates which causes the release of chemically bound water. Provisions for
decanting rainwater and the use of polymers are important in areas of heavy rainfall.

3 D. A. Cornwell et al. (June 1987).
8 2 D. A. Cornwell et al. (June 1987).
8 3 R. B. Williams and G. L. Culp.
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Drying bed size should be based on the effective number of uses per year and the
depth of sludge applied: j 4

A V [Eq 6]
7.48ND

where:
A = drying bed area (sq ft)

7.48 = constant for use with English units (1000 is the constant for metric
units)

N = number of times that beds can be used each year

D = depth of sludge to be applied (ft)

V = annual volume of sludge for disposal (gal).

For example, with a 1 ingd average treated water quantity, 2000 lb of
sludge/million gal (MG) treated, and 20 bed uses per year, a 2 percent concentration
sludge applied at a 16-in. depth will require:

A (2000 lb/MC)(l MG/day) (365 day/yr)
=(0.02)(8.34 b/gal) 20 uses 16 in. (7.48/gai-cu ft)year 12 in/ft

A - 4,376,000 2
20(i.33)(7.48) 22,000 sq ft

Additional design information and methods can be found in Water Treatment Plant Waste
Management.

The bed is usually considered dewatered when the sludge can be removed by earth-
moving equipment (such as a front-end loader) and does not retain large amounts of
sand. Alum sludges generally attain solids concentrations of 15 to 30 percent, and lime
softening sludges attain 50 to 70 percent solids content. 8 5 Alum sludges require from 3
to 4 days to drain, but drainage can be accelerated by the use of polymers to 1.5 to 3
days. 1 6 These times are optimal and do not reflect realistic field conditions. The num-
ber of bed uses will range from 10 to 20 times per year, depending on the climate.

Capital and Operating Costs. Construction costs are shown in Figure 20. These
costs included excavation and backfill, concrete walls and floor, granular media, pipes
and valves, and installation labor. 87 The sand layer was 18 in. thick with a gravel sup-
porting layer and underdrain media. The feed pipe was 6-in. ductile iron piping. The
underdrains were 6-in. perforated polyvinyl chloride (PVC) pipe. The collection piping
was 6-in. PVC for the 2000-sq ft bed and 12-in. PVC for 6300 sq-ft and larger beds.

81 R. B. Williams and G. L. Culp.
5R. B. Williams and G. L. Culp.
6 J. T. Novak and M. Langford, "The Use of Polymers for Improving Chemical Sludge

Dewatering on Sand Beds," JAWWA, Vol 69 (1977).
8 'D. A. Cornwell et al. (June 1987).
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Figure 21 shows O&M costs. All O&M costs are for removal of dried cake from the
beds and bed preparation for the next application of sludge. The fuel costs are for a
front-end loader. Maintenance material costs were calculated by assuming that 0.25 in.
of sand was to be replaced 20 times per year.

Many plants now use mechanical removal equipment consisting of either front-end
loaders or truck-mounted vacuum removal systems, thereby minimizing labor require-
ments. The dry cake thickness and moisture content should be optimized due to the high
cost of operating mechanical removal equipment. Generally, a dry solids content of 15
to 25 percent is sufficient for mechanical removal of alum sludges.

The CST and time-to-filter tests can be used for comparative evaluation of poly
mer type and dosage. Optimal dosages should be determined carefully, because both
under- and overdosing can hamper their effectiveness. The sludge bed loadings for
chemically treated and untreated beds should be compared in bench tests and under
actual field conditions. Sand blinding may result if exc~ssive amounts of chemicals are
used. 18

Freezing

Freeze-thaw dewatering of alum sludges is generally a modification of sand bed or
dewatering lagoon drying, although freezing may be done by mechanical refrigeration.
Freezing of wastc alum solids causes water in the gelatinous material to crystallize and,
upon thawing, the water does not return to the sludge, but leaves a granular solid of
coffee-ground consistency. However, the electrical energy cost of artificial freezing is
generally prohibitive ($85,iton at $0.05/kWh). 8 9

In a natural freeze-thaw system, the sludge is collected in a lagoon or on a drying
bed. Ideally, the lagoon should have underdrains. As much water is removed as poss-
ible. The sludge is then allowed to freeze in the winter and thaw in the spring. The
water released by the freeze-thaw cycle is removed through the underdrains or is
decanted. If required, rain and snow can be eliminated by construction of a roof cover.
Freezing must take place before a snow cover.

The potential advantages of a freeze-thaw lagoon system are:3 0

1. It is insensitive to variations in sludge quality.

2. No conditioning is required.

3. Minimal operator attention is needed.

4. It is a natural process in cold climates.

5. A solids cake is more acceptable to landfills than more liquid sludges.

6. Sludge is easily worked with conventional equipment.

8 8 D. A. Cornwell et al. (June 1987).
"J. H. Wilhelm and C. E. Silverblatt, "Freeze Treatment of Alum Sludge," JAWWA, Vol

66 (1976).
90 D. A. Cornwell et al. (June 1987).
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Tests conducted in New York State indicated that a 0.3 percent solids sludge placed
in a lagoon in January with a depth of 30 in. and subjected to natural freezing had de-
watered to 35 percent solids as of the next August by liquid decanting. 9  Allowing the
sludge to stand for 1 week in 80 OF weather then increased the solids content to about 50
percent, suitable for handling and disposal in a landfill.

At the Akron, NY water treatment plant (1.5 mgd capacity), the sedimentation
basins are cleaned in the spring and fall and the sludge is pumped to a thickener where it
is removed every 3 or 4 weeks to three drying beds. The overall dimensions of the com-
bined beds are approximately 50 ft by 30 ft. The sludge is applied no more than 1 ft
thick, which dries to about 4 in. of solids. Sludge is removed from the drying beds during
the summer and fall as it dries. Some sludge discharged in the fall is frozen and exhibits
very good dewatering and handling characteristics--like a fine sand. ?

Mechanical Dewatering

Various mechanical dewatering systems have been tested on all types of water
treatment plant sludge. Centr-Ifugation, belt press filtration, vacuum filtration, and
pressure filtration are the most widely aeepted methods.

C,.n trifuga t ion

Centrifugation is basically a settl.ng process compressed into a shallow depth. It
uses centrifugal force created by rotating a liquid at high speeds to increase the settling
rate of solids. Among the different types of applicable commercial centrifuges are the
scroll-discharge, the solid-bowl decanter, the plow-discharge, and the basket-bowl. The
most commonly used centrifuge for dewatering of water treatment sludges is the contin-
uously discharging solid-bowl decanter centrifuge.

The solid-bowl centrifuge is a horizontal unit that has a scroll conveyor inside the
centrifuge bowl, as shown in Figure 22.11 The unit is fed continuously, with the solids
settling against the bowl wall. The scroll rotates at a slightly different speed than the
bowl and conveys the dewatered sludge to the small end of the centrifuge where it is
discharged. The water moves from the central axis of the centrifuge toward the large
end where it is discharged. 9 "

The best procedure for evaluating centrifuges is to pilot test prototype equip-
ment. Tests should be conducted on a centrifuge exactly like that to be used in full-scale
except smaller. Operational parameters to test include feed flow rate, polymer condi-
tioning, feed SS concentration, bowl speed, pool depth, and scroll speed. The best indica-
tors of performance are cake solids concentration and centrate SS concentration. A pilot
machine with a vaLiab,: zpetc n io'r lb_ L a:-:' so that machine 7,ariables such as
bowl speed and pool depth can be evaluated as well as sludge characteristics. Methods
for scaling up to production units can be found in Water Treatment Plant Waste
Management.

G. P. Fulton, "Disposal of Wastewater From Water Treatment Plants," JAWWA, Vol 61
(July 1969).

I'D. A. Cornwell et al. (June 1987).
9 3 R. B. Williams and G. L. Culp.
"D. A. Cornwell et al. (June 1987).
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Figure 22. Continuous countercurrent solid-bowl centrifuge. (Source:
Handbook of Public Water Systems.

An advantage to the centrifuge compared with other dewatering methods is the
small space requirement. The centrifuge can also handle higher-than-design loadings,
such as temporary increases in hydraulic loadings or solids concentration. The percent-
age solids recovery can usually be maintained with the addition of more polymer; al-
though the cake solids concentration will drop slightly, the centrifuge will remain
online. 95

It is better to operate th" centrifuge at a low bowl speed. The best performance
data have been obtained at about 75 to 85 percent of the total solids or hydraulic capac-
ity of the centrifuge. 9 6 At slightly below maximum capacity, the lowest polymer con-
sumption is observed and the driest cake is obtained.

Overall raw water characteristics affect the dewatering property of coagulant
sludge. Alum sludges containing high raw water turbidity, clay additives, or lime may
produce higher cake solids concentrations with lower polymer requirements than pure
alum sludges. The Erie County, NY, Sturgeon Point plant reported a 24 to 28 percent
cake solids content with about 98 percent solids recovery using 3 lb polymer/ton of
solids. 9 7 A plant in El Sobrante, CA treats a good quality water with turbidities nor-
mally 2 to 10 NTU. The solid-bowl centrifuge produces a 16 to 18 percent dry solids cake
with a dry polymer feed rate of 3 to 6 lb/ton. 98

9 5 R. B. Williams and G. L. Culp.
9 6AWWA Committee on Sludge Disposal, "Water Treatment Plant Sludges - An Update

of the State of the Art, Part 2," JAWWA (October 1978).
9 "R. B. Williams and G. L. Culp.
98H. L. Nielson, "Alum Sludge Disposal--Problems and Success," JAWWA, Vol 69 (June

1977).
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Softening sludges are dewatered more easily than coagulation sludges. Lime-soft-
ening sludges can be thickened to 55 to 70 percent solids with a 91 to 96 percent solids
recovery and 1.0 to 1.5 percent solids in the ccntrate. 9  If the Ca:Mg ratio is high
(above 5), the solids content of the cake will be about one-third higher than if this ratio

is low (close to 1). 1 0

Figures 23 and 24 are cost curves for solid-bowl decanter centrifuge'. The capital

cost curve appears in Figure 23. Capital costs cover manufactured equitment, pipes,

valves, electrical work, instrumentation, and housing. Equipment costs include the base

centrifuge machine, drive motor, hydraulic backdrive, one centrate storage hopper, dual
centrate pumps, and flex connectors. Sludge feed and filtrate pumps are not included,
nor is the sludge conditioning cost. Two-story housing is provided. 1t,,

Figu'e 24 shows the O&M cost curve. For centrifuges, these cos'ts include proccss
energy, maintenance material, and labor costs. Maintenance m3terial costs reprcsrt
replacement parts, resurfacing of the scrolls, and general maintenance.: D 2

Pressure Filtration

Pressure filtration is the separation of water from a liquid sludge slurry using a
po-itive pressure differential as the driving force. The two filter presses commonly used
are the fixed volume recessed plate type and the diaphragm type. The fixed-volume
pressure filter contains a series of fiter plates held in a frame, as shown in Figure 25.

The plates are pushed tightly together, by hydraulic or electromechanical means, to
make the compartment leak-proof. Liquid sludge is pumped by high-pressure pumps into
a volume between two filter plates, each of which has a filter cloth on it. As a result of
high pressure on the sludge, a larg2 portion of the water in the feed sludge passes through
the filter cloth and drains from the press. When continued pumping is no longer prodUc-
tive, pumping is stopped and the press is opened to release the dewatered sludge cake
before a new "pressing cycle" begins. Figure 26 shows a typical filter press installation.

In a diaphragm filter press, sludge is pumped into the press at a low pressure until
the press has been filled with a loosely compacted cake; then sludge pumping is stopped
and the diaphragm is inflated for a preset time. Although most of the water is removed
when sludge is being pumped into the press, a significa.it amount is also removed after
the diaphragm is inflated. After the preset time has elapsed, the diaphragm is deflated
and the press opens, allowing the cake to drop out the bottom. The filter cloth is washed
periodically by permanent spray nozzles. Figure 27 shows the basic configuration of one
cell of a diaphragm press and the four separate stages of operation. 1 0 3

Although the diaphragm press is a relatively new innovation, it is becoming increas-
ingly popular because it has several advantages over the fixed-volume filter press. First,

9 9 A. J. Kramer and J. Whitaker, "Sludge Handling," Water and Watewater Engineering
(May 1975).

1'0 AWWA Sludge Treatment and Disposal Committee Report.
1 0D. A. Cornwell et al. (June 1987).
1 0 2 D. A. Cornwell et al. (June 1987).
10 3 R. B. Williams and G. L. Culp.
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Coke Forms In
This Volume

Filter Cloth

Filtrate *1

' f'

Sludge Feed - -4
Filter Cloth

Rigid Plate Assembly
Which Holds Filter Cloth

Filtrate

Figure 25. Cross section of a fixed-volume recessed plate filter press assembly.
(Source: R. B. Williams and G. L. Culp [Eds.], Handbook of Public Water
Supply [Van Nostrand Reinhold, 1986]. Used Nvth permission.)

a drier cake with a relatively uniform moisture content is produced. In contrast, the
inner part of the cake produced in the fixed-volume press is generally of low solids
content. The second advantage is an overall shorter cycle time and therefore a higher
production throughput. Tl,.2 diaphragm press also has lower O&M requirements for the
sludge feed pumps and can dewater a marginally conditioned sludge to a high solids
content.' 0 Generally, the fixed-volume press cannot dewater a marginally conditioned
sludge to a satisfactory cake concentration. Another advantage is that the diaphragm
press does not require a precoat, whereas precoating is frequently necessary with a
fixed-volume press. However, the diaphragm has an initial cost two to three times that
of a fixed volume press. Also, the capacity of the largest diaphragm filter is generally
less than that of the largest fixed-volume plate filter press.

Filter presses are normally installed well above floor level so that the cakes can
drop into trailers positioned underneath the presses or onto conveyors that transport
them to a storage area.

For pressure filtration to be economical, alum sludges must be conditioned to lower
their resistance to filtration. Lime or fly-ash can be used for conditioning. If lime is
used, it is added until the pH of the sludge reaches 11, and a reaction time of 30 min
should be allowed oefore filtering. Lime can be added in two stages, with an interim
period in between when sludge settles, after which the clear water can be poured off.
This method can result in less lime required overall. 1 05

1 0 1R. B. Williams and G. L. Culp.
115 AWWA Committee on Sludge Disposal.
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i I- ter Cloths

Feed Slurry

Filtering
Chamber

Diaphragm Diaphragm

Flt HighFiltrate < i" IFiltrate <' Pressure
' 0Water

0 0 0 0

STEP I - LOW PRESSURE STEP 2- COMPRESSION OF SLUDGE
FILTRATION BY THE DIAPHRAGM

I
I

0 0

--Cake Wash Water

STEP 3-CAKE DISCHARGE STEP 4-FILTER CLOTH WASHING

Figure 27. Operational cycle for a Lasta diaphragm filter press. (Source: R. B.
Williams and G. L. Cuip (Eds.1, Handbook of Public Water Supply [Van
Nostrand Reinhold, 19861. Used with permission.)
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Disposal of filtrate produced during pressure filtration is a problem because of the
chemical properties of the material. The conditioned sludge has a pH of about 11.5,
which causes part of insoluble aluminum hydroxide to be converted to soluble alumin-
ate. Also, precoat material can contribute potentially significant concentrations of
trace metals to the filtrate. Special treatment may be required before recirculating
filtrate to the head of the plant or discharging it.

The major advantage of the pressure filter press when compared to the other
mechanical dewatering equipment is the high solids concentration in the formed cake and
the high clarity of the filtrate. Thus, filter presses have become increasingly attractive
when cake disposal is a critical factor.' 6 Filter press testing at several New York
water treatment plants was conducted on alum sludges. Filter cake concentrations of 40
to 50 percent solids were obtained in laboratory experiments and in a trailer-mounted
pilot plant. Filtrate quality w is suitable for inclusion as raw water, lime requirements
were 25 percent of the waste -olids on a dry weight basis, and the precoat was approxi-
mately 2 percent of the waste solids. The cycle time ranged from 90 to 120 min. 0 7 An
AWWA committee on sludge disposai reported that alum sludge is usually gravity-thick-
ened to about 2 to 6 percent solids (by weight) and then dewatered mechanically to 40 to
50 percent solids.:

Probably the most controllable factor that affects the rate of filtration after a
particular pressure f'iter press is in operation is the conditioning of the sludge. The tests
on specific resistance, CST, and high-pressure filtration can be used to measure the
effectiveness of the conditioner used.

Cost curves for the diaphragm filter press are presented since this type of filter
press is becoming the most popular. Figure 28 shows the construction cost curve. Con-
struction costs cover equipment, labor, piping and valves, electrical work, instrumenta-
tion, and two-story housing. The equipment cost is divided into filter press equipment,
washer-shaker mechanism, and ancillary equipment. The ancillary equipment includes
feed pumps, sludge holding tank, filtrate control valve, air compressor system, one
centrifugal pump for initial fill of the press, and one progressive cavity pump for pressur-
ized pumping. Polymer and/or lime conditioning costs are not included. The O&M cost
curve is shown in Figure 29. These costs include process energy, maintenance materials,
and labor costs. Process energy is mostly for the feed pumps, but also includes the plate
shifting mechanism and ancillary equipment operation. The filter press is not usually
used for dewatering softening sludges.

Belt Press Filtration

Belt filter presses use single r double moving belts to continuously dewater
sludges. All belt filter presses include three basic operational stages: chemical
conditioning, gravity drainage, and shear and compression dewatering of the drained
sludge. Figure 30 shows a simple belt press and the location of the three stages. I'' Two
endless belts of synthetic fiber pass around a system of rollers at constant speed. The

1° 6 D. A. Cornwell et a]. (June 1987).
1 R. M. Gruninger, "Dispesal of Waste Alum Sludge From Water Treatment Plants,"

Journal of the Water Pollution Control Federation, Vol 74, No. 3 (1975).
S'3AWWA Committee on Sludge Disposal.
O"D. A. Corrwell et al. (June 1987).
I D. A. Cornwell et al. (June 1987).

''HR. B. Williams and G. L. Culp.
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STAGE I STAGE 2 STAGE 3

Chemical Grovity Shor ei
Conditioning Drainage CompressionDewotering

Mixer or
In-Line
Injection Conditioned

Sludge Sludge Wash Spray

Polymer ___________________

Wash Spray F*1 rat*

\ Dewtermd
Wash Water Sludge Coke

*

Figure 30. The three basic stages of a belt filter press. (Source: R. B. Williams and
G. L. Culp [Eds.], Handbook of Public Water Supply [Van Nostrand Reinhold,
19861. Used with permission.)

dewatering process begins after the feed sludge has been conditioned, usually with poly-
mer. The slurry enters the gravity drainage stage, where it is distributed evenly onto a
moving porous belt. Following gravity drainage, the partially dewatered sludge enters
the compression dewatering stag-. Here the sludge is "sandwiched" between two porous
cloth media belts that travel in ai. S-shaped path over numerous rollers. Both belts oper-
ate under a specific tension that induces dewatering pressure onto the sludge. The S-
shaped path the sludge follows creates shear forces to assist in the dewatering process.
The compressive and shear forces working on the sludge increase over the length of this
dewatering stage. The final sludge cake is removed from the belts by blades. Two spray-
wash belt cleaning stations are generally used to wash the belt after cake discharge and
before the next dewatering cycle.

Belt press performance is measured by the percentage solids in the sludge cake, the
solids and hydraulic loading rates, and the required polymer dose. Machine variables such
as belt speed, belt tension, and belt type influence belt press performance. 11 2

The belt speed determines the retention time of the sludge in the press and there-
fore the amount of time the sludge is subjected to pressure. Low belt speeds result in
drier sludge cakes. Hydraulic capacity increases at higher belt speeds, but the solids
capture drops. Depending on the desired performance, the belt speed setting can be used
to produce a variety ol results.

Belt tension has an effect on cake solids, maximum solids loading, and solids cap-
ture. In general, a higher belt tension produces a drier cake but causes a lower solids
capture and increased belt wear. For predominantly alum sludges, the belt tension must
be reduced to contain the sludge between the belts. The maximum tension that will not
cause sludge losses from the sides of the belts should be used. 1 1 3

1' 2 R. F. Williams and G. L. Culp.
1 3 R. B. Williams and G. L. Culp.
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Belt type is an important factor in oetermining overall performance. Most belts
are woven of polyester filaments and are available in weaves of varying coarseness and
strength. A belt with one of the coarser, stronger weaves may require high polymer
doses to obtain adequate solids capture.

Failure of the chemical conditioning process to adjust to changing sludge charac-
teristics can cause operational problems. If sludge is underconditioned, improper drain-
age occurs in the gravity drainage section, and either sludge will be lost out the sides
from the compression section or uncontrolled overflow from the drainage section may
occur. Both underconditioned and overconditioned sludges can blind the filter media. In
addition, overconditioned sludge drains so rapidly that solids cannot be distributed across
the belt. Most manufacturers' belt presses can be equipped with sensing devices that can
be set to automatically shut off the sludge feed flow in case of underconditioning. ';

Belt filter presses can produce a filter cake with 12 to 20 percent solids by weight
for alum sludge. I Dewatering combined alum/lime sludges at the Gastonia, NC water
treatment plant produces a cake solids concentration of 25 percent using 3 to 8 lb poly-
mer/ton of dry solids. Typical performance data of belt filter presses on lime softening
sludge at three water plants have been summarized by Hambor. 1 6 Feed sludge concen-
trations are about 20 to 25 percent solids, and cake solids concentrations are 60 to 70
percent. The solids recoveries are 90 to 95 percent and polymer requirements are
typically 2 to 3 lb/ton of dry solids.

Figure 31 shows capital cost curves for the belt filter press. The construction costs
cover the belt filter press equipment, installation labor, piping and valves, electrical
work, instrumentation, and two-story housing. The belt filter press equipment cost
includes that of the belt filter press and the hydratilic power unit. Not covered in the
equipment cost is Lhe sludge feed pump and the polymer conditioning system. The fil-
trate normally flows by gravity from the belt filter press; therefore, a filtrate pump is
not provided. I I

The O&M costs are shown in Figure 32. These costs cover process energy, mainte-
nance material, and labor. Process energy costs were developed using total connected
horsepower. O&M costs for belt filter presses are very dependent on the sludge chbrac-
teristics and may vary widely among sludges.

Vacuum Filtration

A drum with a filter cloth stretched over it rotates through the sludge in this
method (Figure 33). A pressure differential across the sludge causes the sludge to
thicken on the outside of the drum and filtrate to pass to the inside. The angular speed
of the drur ; usually 0.2 to 0.5 rpm with a vacuum of 15 to 25 in. Hg. 1 9

L14R. B. Williams and G. L. Culp.
1 5 The Quest for Pure Water, Vol II (AWWA, 1981).
1 16J. M. Hambor, "Dewatering of Water Treatment Sludges--The Belt Filter Press,"

paper presented at the AIChE Joint Meeting--Central and Peninsular Sections,
Clearwater Beach, FL (May 1983).

1 17D. A. Cornwell et al. (June 1987).
1'8 D. A. Cornwell et al. (June 1987).
1 9 AWWA Sludge Treatment and Disposal Committee Report.
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Figure 33. Vacuum filter. (Reprinted with permission from Water Supply and
Sewerage, 1979, E. W. Steel, T. J. McGhee, courtesy of Envirex, Inc., a
Rexnord Company.)

Filter medium selection is important to avoid blinding of the medium. An example
is polypropylene monofilament belt medium, rated at an airflow of 300 cfm/sq ft at 15
in. Hg with a loading of 1.4 lb/sq ft-hr.' 20

There are two types of vacuum filters. The traveling medium type has a moving
belt that continually removes the medium from the drum and washes it with a high-
pressure spray. The precoat medium filter has the precoating shaved off in small
increments (0.005 in.) while the drum slowly rotates. 121 Precoat medium filters are
usually used with coagulation sludges. Traveling medium filters commonly require a
filtration aid such as polymer, lime, or both.

This method works better on lime-softening sludge or combined softening-coagula-
tion sludges than coagulation sludges.' 2 2 A filter cake with a 40 to 70 percent SS con-
tent can be produced from lime-softening sludge. Filter loadings range up to 90 lb/sq ft-
hr with a feed solids concentration of 5 to 30 percent and a filtrate solids concentration
of 0.1 to 0.15 percent. 1 2 3 The solids content of long-term settled sludge can indicate
the cake solids content achievable by vacuum filtration. The two primary factors affect-
ing performance are the solids feed concentration and the magnesium hydroxide content.

Based on plant operating experience, the solids content of the filter cake is much
higher if the plants have sludge with a Ca:Mg ratio above 5, compare(' to plants with a

12 0 AWWA Committee on Sludge Disposal.
1

2 1AWWA Committee on Sludge Disposal.
2 2 

R . J. Calkins and J. T. Novak.
123 AWWA Sludge Treatment and Disposal Committee Report.
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ratio below 1.124 The magnesium content does not affect how easily the sludge is fil-

tered; it does, however, affect the solids content achievable in the filter cake.' 2 5

Alum sludges can achieve cake solids concentrations of 15 to 17 percent when a
polymer conditioner is used. About 30 to 40 percent is possible if a lime conditioner is
used.

Filter backwash generally does not filter well because it usually contains few

softening residues and has a low solids content. Filterability is measured in terms of the
specific resistance. In general, sludges with a specific resistance below 2.835 x 109

sec2/oz filter well and those with a specific resistance above 1.418 sec 2/oz filter
poorly. 2 6

Figure 34 shows construction costs for vacuum filters. These costs cover the
vacuum filter equipment, labor, pipes and valves, electrical work, instrumentation, and
two-story housing. The vacuum filter equipment cost includes the vacuum filter, vacuum
pump, vacuum receiver, and filtrate pump. Not included is the cost of the sludge feed
pump, sludge conditioning, and additional sludge cake handling costs. For p.-ecoating, the
lime-conditioning system costs can be added to the vacuum filter construction and O&M
costs. Operating and maintenance costs are snown in Figure 35.1 27

Treating the Supernatant

In many instances, the supernatant from treatment of solids is good enough quality
to be recycled to the head of the plant. This recycling is actually the "zero discharge"
goal of the Water Pollution Control Act Amendments of 1972.128 If sludge treatment
contributes other contaminants (as in the case of pressure filtration where fly-ash is used
to precoat the filter, or where lime conditioning raises the pH and causes metals to go
into solution), further treatment of the supernatant may be required before recycling or
discharging. Local authorities would have jurisdiction on discharging this water tc
sewers.

In many cases, recycling the supernatant with a low SS content can enhance coagu-
lation by either reducing the alum requirements or acting as a seed for precipitation of
coagulant products. 1 29

Sludge Pelletization

Sludge pelletization involves a different type of lime-softening process: suspended

bed cold softening. It produces a smaller amount of more easily dewatered sludge. This

process is well suited to warm groundwater with a high calcium content, typically found
in the southeabter, Unitcd Statcs.

24 AWWA Sludge Treatment and Disposal Committee Report.

12 5 R. .1. Calkins and J. T. Novak.
' 2 6 R. J. Calkins and J. T. Novak.
'IID. A. Cornwell et al. (June 1987).
' 28 L. E. Lang et al.
12 9 L. E. Lang et al.
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The reactor (Figure 36) is shaped like an inverted cone and is filled initially about

two-thirds full with silica granules, 7.87 x 10- to 9.84 x 10- in. effective size, which
act as a catalyst. The high-velocity, upward spiral flow of raw water suspends the
granular catalyst, which is essential for efficient removal of hardness. Upward velocity
i limited to about 3 ft/min at the top of the cone to prevent carryover of catalyst
particles. 1 30

Lime is injected into the reactor while the raw water flow is gradually increased
from a low initial rate to design capacity. The !ime reac-s with calcium bicarbonate and
carbon dioxide to form calcium carbonate, which precipitates on the suspended parti-
cles. It has been c 1aimed that the size of tne calcium-carbonate-coated particles can
reacih 6.3 x 10 2 in. diameter; however, operatirg experience has shown that rnax'mum
sizes are in the 2.8 x 10 to 3.9 x 10 in. range. Thecretically, reactors should be
capable of continuous operation. However, this requires a fine balance between the
blowdown of sludge pellets and the addition of new, granular catalyst to maintai-, a
constant volume bed. This balance is difficult to a,,hieve so, in practIce, the reactors e.e

usually operated in a batch mode. '

The catalyst granules wi[! last 40 to 60 &s ',efoice needing replacement. Finished

water turbidity indicates when replacement is necessary. At the end of the run, ne

contents of the reactor. water, and sludge pellets are discharged into a storage and
dra';age facility. After drainage, the pellets oan be treated as solids.

',he sludge (spent silica granu!es) tVpicaily has a soiids content of 60 percent by

weight and will easily de;vater to 90 percent. The pelleLized sludge volume is 10 to 20

times smaller than the sludge from conventional softening treatment 1 3 :

Softened Water
Air Vent outlet

/ ,4- Chernical Inlets

Test Cocks .. aw

w Water
Inlet

Chemical
inlets -Raw Water

Inlet

Draw-Off Valve for
Enlarged Catalyst

Figure 36. Reactor for lime sludge pelletization. (Courtesy of Permutit Co.).

1
3 AWWA Sludge Treatment ano Disposal Committee Report.

R. B. Williams and G. L. Culp.

'AWWA Sludge Treatment and Disposal Committee Report.
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The limitations on this approach are: magnesium content should be less than 85
mg/L as CaCO 3 ; turbidity should be less than 10; and, in cold climates, the reactors must
be enclosed in heated structures. Excessive magnesium forms magnesium hydroxide,
which does not plate out on the nuclei and will quickly clog downstream filters. Also,
upflow rates are too high to permit removal of SS, which will also pass to downstream
filters. This problem (-!n be solved by adding the reactor ahead of a conventional clari-
fier., ' 3

The pelletized sludge particles can be dumped in a landfill, but they may cause
transportation problems due to their small, round size. Accidents could result from a
spill occurring on a roadway., 34

A suspended bed cold-softening reactor is in use at a U.S. Marine Corps installa-
tion. 35 The silica grains are obtained from the beach at no cost. For 1-mgd capacity,
spent granules are replaced every 2 months and hauled by five dump trucks to sludge-
drying beds at a local sewage treatment piant. In addition, every 2 weeks, one-hair a
dump truck load of granules is removed from the bottom of the reactcr.

Chemical Recovery

The practice of recovering chemicals from water plant sludges has centered around
the production of lime from lime-softening sludge3 and the reclaiming of alum or iron
from coagulant sludges. The objective of chemical recovery is generally a combination
of producing the recovered chemical at a cost less than the commercial price and reduc-
ing the amount of waste product requiring treatment or disposal. Processcs for recover-
ing chemicals from both types of sludges are being used; however, each has found only
limited application. With the currently available technologies, it is probable that less use
lime recovery will be used less in the future, with more use of coagulant recovery. How-
ever, more stringent disposal regulations could greatly increa.e the use of both lime and
coeaulant recovery. 1 36

Alum Recovery

Recovery by Acidification. Aluminum recovery from sludges produced in water
coagulation plants has been studied by many researchers since the early 1950s. 137 The
traditional scheme for alum recovery consists of thickening sludge from settling basins
and filter backwashings, reducing the pH by acid addition, and separating the dissolved
aiuminum 'in the form of aluminum sulfate) by decanting it from the -esidual solids.' 38

Figure 37 shows a potential layout for an alum recovery system with direct acidification
of alum sludge. The solids requiring ultimate disposal are greatly reduced by alum re-
covery, and the remaining solids can be more easily dewatered for ultimate disposal.

A full-scale test of alum recovery showed that an annual average of 42 percent
reduction in solids could be expected, along with a 64 to 79 percent recovery of
alum. 1 39 These results would be expected to vary on a case-by-case basis.

1 3R. B. Willi- ns and G. L. Culp.
13 4R. B. Willia..ts and G. L. Culp.
13 5L. E. Lang, et al.
1 36 D. A. Cornwell et al. (June 1987).
1 3 7 D. A. Cornwell and J. A. Susan, "Characteristics of Acid Treated Alum Sludges,"

JAWWA, Vol 71, No. 10 (October 1979).
138 R. B. Williams and G. L. Culp.
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Product -Recovered Sludge Alm olution
Water Water SupernatantAlmSuto

Filtrat ion (Optional)
Plant

S ulfuric
WaterSudgeAcid Feed

Backwash TW ck Sprato Sold
(Optional) -- udg Concent rat on

Acidification
Preliminary Thickening Solis-

Opional) Recovered Filtrate

lO~t~ol) - Feed

Waste Solids Vacuum Chemical
Ultimate Disposal Filtration Conditioning

Waste Solids
Dewatering

Yig-uire 37. Acidic alurn recovery Nlow diagram. (Source: R. B. Williams and C.L.
Culp [Ed3.1, Handbook of Public Water Supply [Van, Nostrand Relrhold,
198C]. Used with permissiun-.)

'Fhe acidic alumlr recovery process presents potenitial problems. First, the recovered
itlumn may containi impurities, such as certain metals, which may be presenrt in the raw
water and dissolve from, the sludge. Also, the recovered alum is very dilute, presenting
3torage and operational problems.

Procrjvr~ry by Liquid Liquid Extraotion. An alternativ~e method of alum recovery has
b~een inetg1e. 4 le gcal was to crefercn-ti-3.ly -emove alumrnum from the sludpre.
thereb-Y leavin.g any impurities with the solids. The objective was to ilso concentrate the
racovcred a3lurn to a level near tnat of commercial (,Liid aium. The- basic proce~s as
pilot-ested is shown In Figu. e 38. 41Major components of the system are sludge collec-
tion anid feed, extraction, stripping, and residual sludge treatment. A detailecd -,scri )-
tion of the process can be found in Water Treatment Plant Waste Management. Results
of approximnately 500 hr of pilot-plant testing showed an aluminum recovery of 91 pe.r-
cent. The recovered alum was essentially of equal or better quality than cornmerc al
liquid alum. The system cost does not include that of treating residudil sludge, wh-ch
should be reduced in dry weight and exhibit improved drainability and dewatering char ~c-
teristics. The residual sludge in the test showed a 50 percent reduction of dry we". ht
solids and readily settled to a 10 percent solids concentration. , An overall econortic
analysis should compare the cost of treating the raw sludge with the cost of treating the
residual sludge, plus or minus any costs of recovering the alum.

1 D. A. Cornwell, "An OJverview of Liquid Ion Excharigo With Ernohasis on Alum
Recovery," JA WWA, Vol 71, No. 12 (1979).
D). A. C'ornwell and G. (Plne, "Demonstration Testing of Aliu,- Rpro-)ery by Liqujid Ion
Exchange," JA WWII, Vol 73, No. 6 (June 198 1).

:1). A. Cornwell and G. Cline.
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Iron Coagulant Recovery

Recovery of iron coagulants involves acidification of ferric hydroxide and a recov-
ery technique similar to that described for the acidic alum recovery process. The pH of

the iron sludge is lowered by acid addition to a range where the solubility of ferric iron is
significantly increased, and the iron is released back into solution. The p1{ must be

reduced to 1.5 to 2.0 to attain 60 to 70 percent recovery of iron. 1" 3

The Athens Utilities Board in Athens, TN, operates the only iron recovery plant in
the United States.!' This plant t'eas about 6 m'd with a raw water turbidity of 18
NTU ising a ferrifloe dose of 30 pprn. Backwash water is recycted to the head of the
plant so that all solid,; are collected in 't-e sedimentation basins. Sedimnentatior bn :.n
sludge at a solids concentcation of 2 to 7 oereent is pumpec to a mixed reaction tank
where sulfuric acid is added to reduce the pH to about 1.6. Polymer is added at a dose n
8 lb/ton of dry solids prior to de-atering on a vacuum dr'ying, bed. The aeidificato ,

process results in a 50 to 60 percent reduction in dry weight s(ids that require dewater-
lng and handling for disposal. An approximate 20 percent makeup votnme ceonlcmercial
ferifloc is needed when the process is at stead% state. A comparison of costs before and
after using the iron recovery process shows a 50 percent reduction in annual cost. Ap-
pro.imately one-third of the savings :i attrbutable to recovery of the iron itself. The
remaining cost savings is due to the 50 t 60 percent reduction in solids teat require
dewatering and hauling, and the improvecl dewaterability o" the acidified solids.

Reccrlcinotron of 1 ime Soltening S'fldge

Lime recovery by recalcination has been used fo7 years. A review of recent
literature, however, has failed to find an increase in the use oi this sludge management
alternative. This situation seems to be due to high energy costs, high initial capital
costs, and the presence of impurities in the recovered time.

Quicklime (CaO) can be produced from lime-softening residues by recalcination
following dewateriug and drying. Sludge is first gravity-thickened to 18 to 30 percent
solids content. it may then be carbonated to redissoive magnesium hydroxide (lowering
the magnesium content improves the recalcining process), followed by dewatering to 50
to 65 percent solids. It is then burned at 1800 to 2000 OF. The reaction is:

CaCO 3 - CaO+ CO 2

The lime and CO produced can then be reused in treatment. Theoretically, 2 moles of
CaO are produced in recaleination but, in practice, only about 20 percent more lime than
was initially applied in softening is produced.

'P. E. Pigeon et a!., "Recovery and Reuse of Iron Coagulants in Water Treatment,"
JAWWA (October 1979).

I'). A. Cornwell et al. (.une '87).
"D. A. Cornwell et al. (June 1987).

I'D. A. William and l. ,('ulp.

A). A. Cormweli et al. (.June 1987).
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Various recalcination alternatives have been used as shown in Figure 39. One
problem that has inhibited more widespread use of recalcination is that impurities in the
sludge either make lime recovery inefficient or the resulting product is not of high
quality. Contaminants that are not volatized during calcination will increase with recy-
cle and reuse, causing problems both in the slaking process and in efficient calcination.

The primary impurity affecting calcination in groundwater is magnesium and some-
times silica. Surface waters will also have SS and coagulant hydroxides if these are used
in the treatment process. ": Therefore, as Figure 39 shows, the first step for many
plauts practicing recalcination is a purification process. The most common method of
eliminating impurities from the calcium carMonate sludges is one- or two-stage centzifu-
gation, which uses the specific gravity differen:ce between he caicium carbonate aind tne
impurity to make the separatl:.r. Calcium carboriau :s hleavier than oth magnesium
hydroxide and silt, and moves to the wall o the centrifuge while the magnesium hydrox-
ide or silt is lost in the centrate. The primary disadvantage of this method is that some
calcium earbonate is also lost in the eentrate. depending on tlhe amount of impurity
present and the required degree of classification. It has been estimated that at least a
91 percent grade of calcium carbonate is needed to ne suitable as feed for the recalcina-
tion step.1"9 If the magnesium content is high, a greater degree of separation is needed
and more of the calcium carbonate is lost. In these cases, :t may be appropriate to
remove the magnesium throughi selective dissolution by mixing the carbon diox*,de from
the recalcination stack gases wth the sludge.

xvailable furnace types irCeude the rotary kiln, flash caleiner, fluidized-bed 'al-
iner, and multiple-hearth calcner. The economics of applying the process primarily

depend on the cost of fuel necessary to calcinate the sludge. The fuel consumption is in
the range of 8.5 to 12 MBtu/ton of CaO produced. No. 2 fuel oil has a heat value of
141,000 Btu/gal, so that 60 to 90 gal of No. 2 fuel oil are required per ton of CaO pro-

duced. t High energy use apparently has contributed to the current lack of enthusiasm
for the recalcination process; however, calcination of limestone to produce lime used in
softening also is energy- intensive. 5

System Optimization Computer Program
for Solid/Liquid Waste Management

Environmental Engineering and Technology, Ine., has developed a computer pro-
gram compatible with an IBM/PC to allow evaluations of optimal sludge management
systems. The program was developed to allow the user to create the sludge treatment
and disposal system desired, with the program then showing the anticipated results and
cost of implementing such a system. Managers can then use the results to make changes
in the system so as to improve cost-effectiveness in subsequent runs. The program is
meant to be a tool that allows several combinations to be evaluated quickly, so that the
user cari determine which areas deserve further attention.

The sludge management program has been combined with a .vater treatment proc-
ess program. This process program provides output on sludge and backwash quantities for
different plant operating conditions. Therefore, the user can also evaluate the effects of

"D. A. Cornwell et al. (June 1987).
'D. A. Cornwell et al. (June 1987).
1'I). A. Cornwell e, al. (June 1987).

', R. 13. Williams and G. ,. Culp.

86



different coagulants, different lime-softening treatment considerations, and backwashing
operations on sludge management decisions.

An example of an input sequence to the sludge management program would be to
create the system desired; for example, manual cleaning of basins once per 3 months, a
holding basin to equalize flow, a filter press, and landfilling at a site 5 mi away. Output
from the program would include sludge characteristics at all stages in the system, the
number of units required, chemical demands, and capital and operating costs. 52 The
user would then create multiple situations, comparing the end results. The objective is
not for the user to design systems, but rather to develop better insights as to which
combinations warrant testing or detailed evaluation.

Chapter 5 of the reference Cornwsll et al. (June 1987) is the user's manual for this
program. It descrioes the program, limitations and usefulness, and assumptions made in
the program's development.

S 2D. A. Cornwell et al. (June 1987).
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6 CONCLUSION

This study has identified options for water treatment plant sludge treatment and
disposal at Army installations. The types of waste produced were identified, along with
the basic chemical and physical properties. Applicable regulations were reviewed.
Treatment methods, disposal options, and their economics were examined.

Many installations will need to consider alternative sludge production/disposal
practices due to more stringent regulations that have discouraged direct discharge to
surface waters. Because of the variability in raw water quality, treatment methods, and
resulting sludge properties, solutions must be developed on a case-by-case basis.
Installations can use the information in this report in determining the optimal treatment
and disposal methods.

Metric Conversion Factors

I in . 2.54 cm

1 f 1 0.305 -

sq ff 0.092 m
2

1 it) u.453 kQ

I ton 907.2 kg

ga! 3.785 L

= (C x 1.8) + 32
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