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PLANNING CONSIDERATIONS

’

Lesson:Description

This lesson deals with the special c%nsiderations that should be
made when choesing a sTudge'so]ids management phogram The lesson
briefly describes the source of solids in wastewater and explains why
they must be dealt with  The variqus solids hand’1ng ‘processes and
ultimate disposa] methods are explained very briefly. The technical .
cr1ter1a and many social and economic criteria that must be considered
when se]ectlng a program are then discussed in deta11 '

Estimated Time
o

" Student preview of objectives v 5-10 minutes -
Presentation of material _ 20-30 minutes \
Worksheet 10 minutes =~ \\ ;
Correct worksheet and discussion . 10 minutes : \
Instructional Materials Listed ) . \
1. Student text, "P]anning sonsiderations
2. Slide/tape set, "Planning Con51derat1ons"
3. S]1de Projector, 35mm e ‘
4, Tape player with Synchronization'to projector
5. Screen . '
Suggested Sequence of Presentation
1. Assign students to read objectives in class
2. Show slide/tape program
3. Carry on open discussion
A a. Answer any technical questions regarding processes first,
' Be simple and brief.
b, - Direct d1scuss1on toward examp?es of social and economic ’
, . ! , criteria, - .
. c. Emphasis needéd to weigh all aspects and select an in-
* tegrated system. )
4, " Assign worksheet -
. 5. Correct worksheet | 5
i : s : v . ! .
. T PC-1 of 15 o - 3
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Reguired Reading ‘ s

Student text material, "Planning Considerations" . :

Reference Readind

"Process Design Manual for Sludge Treatment and Disposal®
Chapters 2'and 3. U.S. EPA, September, 1979, EPA 625/1-79-011. .

‘.u ' J o . 6

. o .
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Objectives ‘ - | -
Upon completion of this lesson the student should be able to do 1

¢

the following: . o . . o
1. Recall that the three major types of so]1ds are raw, biological and l
chem1ca1 solids. ‘

2. Give three of the five solids reduction processes. .. . |

|

3. Give three of the five sludge conditioning or stabilization
processes.

Give six of the nine volume reduction processes. _;
Give the three ultimate disposal methods. . -
Explain "systems.approach" to the design of solids handling systems.

|
Recall that a new solids handling system must have a site avail- i
able, that the system must be legal, and that financing must be 1
assured, 1

8. Give two examples of existing programs with which a new solids . |
handling system must be compatible. “

>9. As they relate to solids handling systems, give an example of each
of the following: a direct cost, an indirect cost, a direct N
benefit and an 1nd1rect benefit.

10. As they relate to solids hand]1ng systems, give an example of a 1
' |

|

|

N oy o B
.

L )

direct energy demand, an indirect energy demand and an energy re-
covery process.

° 11. Give an example of an adverse impact wh1ch a solids hand]1ng system- ‘
would have. on public health. :

12. As they relate to solids handling systems, g1ve an examp]e of one
adverse and one beneficial effect on soil.

. 13. Giye an example of an adverse effect which a solids handling system
could have on each of the following: water quality, air quality
and the plant and animal life.

14, As they relate to solids handling systems, give an example of one
adverse and one beneficial social effect.

. Give an example of a public safety problem which could result
from a solids handling system.

, . Give three xamples of increased adm1n1strat1ve burdens which
could resu from a new solids handling system.

©

[y
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PLANNING CONSIDERATION
LECTURE OUTLINE

©

E I. THE SOURCE OF THE SOLIDS PROBLEM

A. We Use Water In Many Nays\ ‘ .

1. To drink - \
To prepare food | o "

To wash oqrse]ves, dishes, clothes

2w N

To clean street
To wash cars » r
To put out firés
In industry ° ‘ ‘ ' P

In Science

(Yo RN e < S S =) B & |

.- In recreation e
IQ. In agriculture

11. And many other w;ys ) o
Solid Matter Added To Water As It Is Used
1. Dissolved ‘

2. Suspended

v

Removal Of These Solids Is A Major Task Of Every Wastewater

Treatment Plant

I1. TYPES OF SLUDGE PRODUCED

A.

Raw Sludge - Solids Heavy Enough To Settle Out During Primary

{

Clarification

Biological And/Or Chemical Treatment
1. Convert fine, syspended and diss¢lved solids to settleable

sludge

Biological sludge

N
L]

3. Chemical sludge

PC-4 of 15 8. B e o,
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III. SLUDGE HANDLING AND TREATMENT A BIG TASK

~A. About’ % 1b. Per Person Per Day .

B. Six TonslPer Day For A Community Of 50,000

IV. THE SLUDGE MANAGEMENT PROGRAM

A. Can Be One Or A Combination Of Processes - .

¥

Sludge volume reduction ,
Sludge”solids reduction
Stabilization

Conditioning

B. Processes Followed By U]tfhate Disposal

V. THE PROCESSES

“A. -Sludge Volume Reduction | . ‘ \
. 1. Purdee - fqnconcentrate'é1udge‘so]ids by‘removing_water
2. -Gravity thickening |
3 Centrifugation” 4
) 4. F]ot;tion thick;ning : - ® ;
5. Belt filtration - | . S =
‘ 6.' Vacuum fi]tratioh ;
7. Gravity cohcentration v
8. Filter press v
A 9. Drying beds _ul Q“‘  | (fu | | 9

1.

“B. anditioningw

' Eldtriation, and others

Purpose - pretreatment of s]udge'to enhance sludge
volume redué%ionr =
Chemical |

I

Heat

pC-5 of 15 . | 12/8




VI.

VII.

)
B. The Systems Approach Must Be Used

C. Stabilization

1. Purpose - make the sludge less odorous and putrescible u
_and reduce pathogehic organism content
2. Lime
3. Chlorine ,
D. Sludge So]i?s Reduction

1. Purpose - qunease the afount of suspended solids in the

sludge
2. Anaerobic digestion
3. Aerobic digestion
4. Sludge lagoons. .

4

Composting
E; Several Processes Carry Out SeveraT Functions
1. Anaerobic and aerobic digestion .
. also stabilizes and reduces volume
2. S]udge'Tagoons’ .
, also stabilizes and reduces volume.
3. Composting ’ . ~,
also stabilizes ‘ n’”

ULTIMATE DISPOSAL ‘
A.” Land App]jcation‘

B. Landfill

C. Incineration | _<%

_CHOOSING A SLUDGE MANAGEMENT PROGRAM

A. Choice Must Be Made With Techhical, Socia® And Economic

Cons1derat1ons

X

1. The so]1ds management program must be an 1ntegra1 part
of the overal] wastewater treatment system

Pcsof 15 i0
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C. Technical Criteria i
. .1. Treatment process must be fuitab1é for type of waste . _ U
being treated _ ® g .
T R 2. . Do not choose on technical criteria alone v v

3. Advantages and disadvantagés from a technical standpoint
’discuss§g in other modu]eé. ,
i« D. Social And Economic Criteria

~

1. Site ava1]ab11]ty

2. Lega] restr1ct1ons
3. - Economic realities ) ®
) 4, Compat1b111ty W1th other programs & .

5. Economic 1mpact g K
a. Direct positive N
b. = Indirect positive - &
c. Direct negative ° ' o o
d. Indirect negative . ‘ |

6. Energy o,

M a. Direct demand ’
b. Indireet demand
c. Recovery

<> an
i 7. Public health and safety

8. Air quality problems
9. watEr quality problems
10. A1r, water, and soil qua11ty 1mpact on an1ma1 life
© - 11, Adm1n1strat1ve burdens . .
- a. Changes in operat1on, staff1ng, schaduling S
| b.‘ Safety programs. |
c. Training programs

* .
r . N -
s , . «
N ‘ ) 1 N
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E. Selection Of Program Must Be A Community Effort

1.

Good planning can mean a‘Wef%-acceptedhérégram

Must involve planners;.engineers, operatgrs, legal
advisors and citizens .

A1l criteria must be coﬁsidered

Give and take until each piece of the slu&ge managemepf |

program fits into the total picture

A

At




° NARRATIVE R
Slide #

1.

This Planning €onsiderations module briefly describes the

various sludge handling processes and discusses the many
. factors which should Influence the selection of a so]1d$

handling system.

~ This. modd?e was written by Dr. Johi W. Carneg1e. The

instructional development was done by Priscilla Hard1n.
Mr. Paul Klopping was the Progect Director.

- In nearly every phase of our daily act1v1t1es we use’

water. We use water to prepare food, to wash dishes and
clothes, to drink, to clean Streets, to wash/€ars ‘and to
put out fires. We use water in 1ndustry, in sc1ence, in.

“farming and in recreation. ) ST

‘
¢ N

_"As water is. used, it becomes less usable and must be treated

to return it to a usable form. Wastewater treatment is

' an essential part of man's use of water. In treat1ng waste-_
- watery) we are protecting the environment and conserving one

of our most important resources

As water 1is.used, a great deal of s61id matter is added -
to it. Some solids are dissolved in the water and some
remain suspended. The removal of these solids in the form
of settleable sludge is an 1mportant part of every waste-
water treatment plant's operation. Solids can be: removed
as raw s]udge b1o]og1ca1 s]udge, or as chem1ca1 s]udge.

¢
A 1arge percentage of solids 1n wastewater is heavy enough
to settle out during primary clarification. When these
selids sett]e out, they are referred to as raw s 1udge

Solids that do not readily settle out, d1spersed solids,

and those that are dissolved may be subaected to‘bmo]og1ca1~'

or chemical treatment processes. These processes increase
the settleability. of the dissolved and dispersed solids.

In both processes, the solids tend to incredse in size and_

mass in process called flocculation until they are big
enough and heavy enough to form a settled s1udge.

In the 'biological process, bacteria convert the dissolved

and suspended matter to new cells referred to as biological.
floc. The wastewater is then free of most of the dissolved
and suspended matter and the settled b1o1og1ca1 floc can be

'removed as b1o1og1ca1 s]udge.

In the chemical process, fTOC is formed by add1ng chem1cals,

‘to the dispersed solids. The wastewater is then free of
. the dispersed solids and the settled floc can be removed
. -as chemical s]udg_ v

M :
1Pc-9 of 15 - 13
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10. Raw, biological and chemical sludges must be dea]t with in
the overall wastewater treatment.system. The sludge hand- R éb
- ling portion of a treatment systen is no small item. For '
an average biological treatment process, about 0.25 lbs
of dried sludge must be disposed of for each person a day. o
- For a community of’ 50,000, that means better than 6 tons :
- per day must be dea]t with. ,

PSS

- 11. A sludge management program can be a comb1nat10n of treat-

ment processes, ending in disposal. ‘The various sludge )
treatment processes are designed to carry out one or more .
of the following: Volume reduction, solids reduction, :
cond1t1on1ng, and stabilization.

12.  The purpose of sludge volume reduction is to concentrate : |
the sludge by separat1ng Some of -the water from the sludge’. YTy
After the sludge is concentrated, it can be further treated-
. in less volume. The following processes are used’ pr1mar11y L
o “for sludge. volume reduction.

13. Grav1ty th1cken1ng is similar to sedimentation in that the
s]udge is allowed to settle under the influence of gravity.
Concentrated sludge is collected off the bottom and water
is removed from the surface. _ : ¥

- . 14, Centrifugation ‘takes advantage of centr1fuga1 force. As the
sludge is spun in the centrifuge, the sludge is forced to
the outside and the water removed near the center.

- 15, f]otat1on thickening separates the sludge from water by
' bubblin air into the sludge to decrease sTudge density.
With the air bubbles trapped in the sludge, it floats to
- the surface where it is scraped off. Water is removed.from
one end of the basin over a protected weir.

i .16, Belt F1]trat1on, Vacuum F11trat1on, Filter Pressing and - %
Gravity Concentration are all devices that remove the water
from the sludge with a filitering action. Some of these
systems use a vacuum to ‘such the water through the filter
~and away_from the sludge. Some squeeze the liquid but
SRS through the filter and away from the sludge. Some squeeze e
~  the sludge into cakes between porqus mats. The gravity - -
' ' concentration procegs use gravity to pull water through a
porous mat and away from the sludge. In all cases, the - —.-
sludge becemes more concentrated, reducing ‘the total volume.

"17.  Heat can also be used to reduce sludge volume. Drying beds
e use heat from the ambient air or the sun to evaporate.the .
" pater from the.sludge. Low temperature hear can also be -

= applied-to. speed the evaporation process. Underdrain
"systems are used to remove water that seeps out the bottom .

e 'of the drymg sludge. . 14 — ,
o . - . pooefis . 12/80
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18. A second major sludge treatment category is conditioning. ,
Conditioning is defined as the pretreatment of sludge to ‘
enhance sludge volume reduction. The processes of grawvity :

- thickening, flotation thickening, vacuum filtration,
centrifugation, drying beds and filter presses, can all
be made more eff1C1ent w1th sludge cond1t1on1ng ‘ |

19. S]udges can. beacond1t1oned by the addition of chem1ca1s,
by heat or elutriation. Organic polyelectrolytes as well
as inorganic chemicals can be used to condition sludge.
In the heat conditioning process, sludge {s subject. to -
high temperatures and presSure. In bothg¢processes, the °
chemical and physical structure of the sludge is altered
in such a way as to make the removal of water easier. -
Elutriation conditions by a washing process which reduces
themical requ1rements and removes fine sludge particels.

20.- The primary purpose of stabiTization is. to make the s]udge | .
less odorous, and putresc1b1e and reduce p&tﬁogen1c organ1sm .

.content.

21. The addition of Fime to sludge ihAquantities sufficient to .
‘ raise the pH to about 11.0, will stabilize" the sludge and
{ destroy pathogenic bacterid. Chlorine stabilizes by 1ow--
.ering the pH and by ox1dat1on X

22. The last major sludge treatment category is sludge solids
reduction. Several treatment processes result in a decrease
in the suspended s]udge solids. Reduction of the solids
present will, of course, mean that a smaller amount must
be disposed of in the ‘end. ) ‘
.23. Both anaerobic and aerob1c d1gest1on resU]t in s]udge
solids reductions. ' A x .

24. The anaerob1c process takes p]ace in a covered vesse] in
=’ - - which the oxygen-free anaerobic condition. is maintained.
Sludge is usually warmed and stirred as.the anaerobic
~ bacteria methabolize and reduce the solids content.”
Stabilizatidn‘and s]udge volume reduction atso occur.

25. The aerobi¢ digest1on process is similar to-an act1Vated
" , sludge treatment process. It is an aerobic biological
b process carried out in an open ‘basin. The aerobic bacteria
A ~ metabolize and reduce the solids content. Stabilization -
- and stidge vo]ume reduct1on also occur with the aerob1c '
process. . . ,

26. . _S1udge~1agoons can be ut1112ed to reduce sludge: 5011ds.
In biological processes similar to wastewater stabilization
ponds, stored sludge can be metabolized and the solids
content reduced. In addition. sludge volume reduction can
also occur, FRA T

PC-11 of 15 _ - - 128




Composting of sludges can result in a reduction of the
sludge solids, as well as s]udge stabilization. The total
volume of composted material is greater than the or1g1na1
sludge volume, however, because bulking material is
usually added to enhance aeration and digestion. The
compost is allowed to digest for about two weeks, with
occasional mixing. .

Regard1e§s of the type of cond1t1on1ng, volume reduct1on,
solids reduction or stabilization process used, there is
still the problem of u1t1mate disposal of the treated
s]udge : .

After treatment, sTudge can be applied to 1and as a soil
conditioner, it can be buried in landfill sites, or it
can be reduced to ash by incineration: Land application
is usually Timited to agricultural crop land not used
directly for food crops such as vegetables. Strict reg-
ulations govern its application. Common solid waste
1andf1T]s are often used as an ultimate d1sposa1 site.

The major drawback to landfill is that no benefit is
derived from the sludge. Inc1nerat1on also destroys the
sludge and is a h1gh energy requ1r1ng process.

A sludge management program cou]d be composed of, dif-

. ferent combinations of these processes. The decision -
of -which processes to select must be made with many
technical, social and economical factors taken into
consideration. Whatever .the choice, the "systeins.
~approach" must be the prime consideration. This means,
simply, that the solids management program must be part
of the system, and not|be considered a separate entity
or sideline. : :

From a technical standp int, the jtype of waste being
treated must be considered in the selection of the
type of treatment and the type of equipment and
facilities. The specific advantages and disadvantages
of the various processes|, from a technical viewpoint,
and the equipment and fatilities required for the
various processes, are djiscussed in later modules.

However, the sludge management program should not be (
selected on the basis of{technical criteria alone. The
sludge management progra will. have a significan social.
and economic impact on the community and it is important

that criteria based on these soc1a1 and econom1c 1mpacts T

also be cons1dered

Social and economic cr1ter1a shou]d include cons1derat1on
of a number of items. Let s discuss each of these in-

'.d1f1dua11y
16
B
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34.

35.

" 36.

37.

38.

39.

40.

41.

42.

43.

44.. .

“are clear during the selection process.

Y

Site availability for the new system must be carefu]]y
considered. Location for the treatment units, as well
as ultimate disposal locations, are important. Should
the solids handling units be located at the treatment .
plant? Is ownership clear or must land be obtained?
Location with respect to residential areas may be a
problem.

The solids management program as a who]e must, of course),
be legal. A thorough understand1ng of the restrictions %n
ultimate disposal, air emission and water discharges is|.
necessary. N .

The financing of the system must be assured. The sourcés.

of funding such as local tax, bonds, state and federal -
grants, should be investigated so that economic realit es

W
.

The new system shou1 be compact1b1e with existing programs
such as land use planning and zoning, regional wastewater,
solids and air pollution control programs and existi
treatment facilities. Compatibility will insure gregter
acceptance of the system and\usually be considerably more
economical.

The ecaonomic impacts of a new system on a cohmun1ty can
be both direct and indirect and have both a negative and
a positive effect.

Direct negative effects would be cost of site acquisition o
and capital investment. : | o

Indirect negative impact might be decreased land yalue
near the site, loss of private property, or job 1pss
due to 1mcompact1b111ty with existing 1ndustry e} agr1- : .
culture. :

<

: |

.- . A ‘
|

|

Direct pos1t1ve impact can come from c0nstru0t1”n money o ‘ . l

" to Jocal contractors, payroll to operat1ons personnel

and-sales of pr1vate land.

Indirect pos1t1ve impact can come from c0nstru§t1on and *
payroll monies affecting the economics of the entire L |
community, recreational and commercial use of protected ‘ , .]
|
1
|

- - waterways, and increased land product1v1ty du? to sol1ds
. app11cat1on “ - ,

e

A11 of the economic factors should be cons1dered in ba1ance, )

as the; var:ous a]ternat1ves are reviewed. i

i
f

Energy demand: and energy recovery is a seripus social and

. economic concern., Direct energy demands include electric :

power, gas and oil consumption for operations of the o
fac111t1es, as we11 .as construct1on.- / P '

v/
:,J
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45.

46.

a7,

48. .

49.

50.

51.

52.

53.

@

a
-

Indirect energy demands 1nc1ude energy to produce chemicals
and for transportat1on

Some of the solids hand11ng processes have energy re-
covery potential such as the production of natural gas in
the anaerobic digestion process or the heat produced by
incineration. The choice of process must ba]ance energy
demand with desired results. 4 v

Public health and safety must be considered both dur1ng
construction and Tater during normal operations. For -
example, would sludge trucks pass through residential

areas or near schools? lLandfill and land application

areas must have restricted access because of potential

health problems. The potential for contamination of

potable water sources must be considered.

Application of treated sludge onto land can have both
adverse and beneficial effect.on the soil. . Thé pro- -
ductivity of soil can be improved by - the chemical content
of sludge applied to the land.. However, some types of
sludges contain chemicals which can change pH values

and nutrient balance in the soil and, in some cases, be
toxic to vegetat1on and an1mals

Some of the solids hand11ng processes pose potent1a1
threats to, water and air quality and to plant and animal
life. If processes are located where leaching and run-
off from lagoons, landfills, and,composting can’ reach”

lakes and streams, water qua11ty can be hurt g

Air qua11ty becomes an issue with 1nc1nerat1on and the

.other heat treatment processes.

Animal and plant 1ife, both terrestr1a] and aquatic, . L.
can be adversely affected by reduced air and water quality
near treatment facilities. Adverse effects on air, water,
plants, and animals- can be- near]y e11m1nated by careful
planning.. . )

A so]1ds hand11ng program tan have soc1a1 effects on the
community, both adverse and beneficial. - If the community

feels a need and a desire to protect the ‘environment, the
facility-and program will be a source of civic pr1de .

- Added jabs, both directly and 1nd1rect1y, can. raise: stand-

ards of living.

However, if the community is not involved in p]ann1ng and
if economics and social factors have not been considered,
the community may be damaged by fofc1ng acceptance of an

.unpopular program.

‘18

A
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85.

54,

56.

57.

58.

59.

" 60.

‘61.

Any new program will result in additional administrative
responsibilities. Consideration should be given to hand-
1ing public relations, resolution of legal disputes, and
marketing problems. Processes that are compatible with
existing administrative structure and required minimal
change should be carefu11y cons1dered

w

There are several adm1n1strat1ve funct1ons that W1]1 change

or increase. The new sludge handling program will mean
changes in operational strateg1es and require additional
staffing and reschedu11ng Additional equipment and ..
facilities will increase maintenance needs and, thus, cause
changes in maintenance scheduling and staff1ng.-

A major concern in the wastewater industry is in-plant
safety. Safe operating procedures must be explained at
special or regularily scheduled safety meetings. The use
of new equipment must be demonstrated. New hazard signs
and warning devices must be insta]]ed :

A new sludge management program will represent concepts
and operational skills with which most of the operators
are unfamiliar. Training must be provided for new em-
ployees and also’ to up-grade existing employees. An ex-
tensive initial training program may be needed to present
fundamentals as well as explanations of the-new processes.

A critical part of the sludge management program is a
standby or emergency alternative sludge hand11ng plan.
The ability to treat and dispose of sludge is ab§o1ute1y

essential to continued operat1on of the rest of the treat- ~

ment system. Therefore, in the event of a breakdown or
other operational failure in the primary siudge handling
system, an alternative must be ava11ab1e to temporar1]y
handle s]udge

In summary, the criteria that should be considered. in
p]ann1ng a sludge management program include social and
economic considerations, as well &s technical feasibility.

Planners must cons1der a]1'cr1ter1a fortprocess selection
in developing the sludge management program, but must not
lTose sight of the systems approach to the total treatment
programy -

Putting together the sludge management program 1s a com-
plex process which must involve planners, engineers,
operators, legal advisors, and citizens. All criteria
must be considered and evaluated so that each piece of
the sludge management program will f1t‘}nto the tota]
picture. .

19 ‘v‘; ’..~'“i
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PLANNING CONSIDERATIONS . | .
WORKSHEET |

1, Which of the following is NOT one of_the three major types of solids
/ found in wastewater treatment plants?

X a. Suspended
b. Chemical
c. Rawﬁ

d. Biological

2. The "systems approach” fo the design of a solids handling system means:

a. That a "systems analyst" using computer based design w111 always
give the best results. _

X b. That the solids handling portion must be part of the overall waste
treatment system. ,

c. That with any wastewater plant design, the approaching co]]ectioﬁ
systems are the key issue. ,

3. Match the following examples with their appropriate social or economic
criteria. (Some may have more than one answer.):

1 a. City owned land near ‘ L.
existing plant

4 b. City zoning restrictions :
— ; 1. Site Availability
2 - c¢. Air quality restrictions

near residential area 2. Legal Consideration
5 d. Sludge truck route on 3. Financing Availability “ uﬁqf
bgiiﬁgity streets ' ' >
. A 4, Compatibility With -Other o
3 e. Federal cost sharing for Programs :
capital construction 5. Public Health and Safety -
4 f. Regional water quality _ '
program applicable . 22
! , 20

o ,  Y-PC-1 of 3° SR 12/80




o

{0

°

Match the following sludge handling processes with their function.
(Some may have more than one function.):

N

w

N

Anaerobic Digestion
Elutriation " :
Landfill

Vacuum Filtration
Heat Treatment
S]udge Lagoon
Composting

Gravity ,Thickener
Land Application
Dissolved Air Flotation
Belt Filter
Chemical Treatment
Lime Addition
Filter Press
Flotation Thickener
Incineration
Centrifugation

Heat Drying

Aerobic Digestion
Drying Beds
Chlorine Addition

Gravity Concentration . .

21
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. Conditioning

Stabilization
Volume Reduction
Solids Reduction

Ultimate Disposal

[ « I




5. Match as with #4 above.

2 a. Decreased land value because
of landfill location

3 b. Payroll increase to community

7 __'c. Boiler fired by heat from e
incinerator 1. Direct Cost

5 d. Power -consumption use to 2. Indjrect Cost

run motors and 1ights 3. Direct Economic Benefit
1 e. Cost of land acquisition 4. Indirect Economic Benefit
6 f. Power consumption used to 5. Direct Energy Demand

produce chlorine

4 g. Increase productiwity of 6. Indirect Energy Demand
agricultural land because ~ ‘
of land application 7. Energy Recovery

-

1 h. Fuel required to haul
sludge

6. Match as with #'s 4 & 5 above.

6 a. Citizen revolt because of
"smelly" design

1. Adverse Effect on Soi]l

2 bs "Conditioner" value of
sludge from land application 2. Beneficial Effect on'Soil
3 c. Leaching into stream from 3. Adverse Effect dn water’
landfill : ) Quality
4 . d. Excessive stack discharge & .
from incinerator , A gg:?:i; Effect on Alr
1  e. Heavy toxic metals in land - : |
applied sludge 5. ﬁg:;;?eL§£:ect on Plant &
8 f. New train}ng program needed 6. Adverse Social Effect‘
7__g. ‘Good feelings' due to 7. Beneficial Social Effect

keeping a clean envirdnment

8. An Administrative

5 h. Noxious fumes affect1ng vegetat1on Responsibility

and animal habitat

.8 i. Change in operat1on and ;
scheduling 22 oL
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,ObJect1ves

]

do the fol]ow1ng. S ‘ s

1.

10.

1,

15,

- 16.

- systems.

~ of one adverse and one beneficial social effect.

Rec;?I that the three maJor types of 011ds are raw, ‘bio- o
1og1ca1 and chem1ca1 sol1ds o o

processes. “
_Give six of the nine volume reduétion proc sses. ¢
_Give the.three ultimate disposal methods. -
Explain "systems approach" to the de51gn of S 11ds hand11ng

Recall ‘that a new so]1ds hand11ng system must h ve a site
‘available, that the system must be Tegal, and that. f1nanc1ng
must be assured. s

Give tw¢ examples of ex1st1ng programs with wh1ch _new 3011d§

handling system must be compatible..

As they relate to solids handling systems, g1ve an e ample
of each of the following: a direct cost, an 1nd1rect COSt
a d1rect benefit and an indirect benefit.

As they relate to solids handling systems, glve an example of
a direct enérgy demand, an indirect energy demand and ah, . .
energy recovery protess. K

Give an gxample of an adverse impact wh1ch a so]1ds hand 1ng ‘

system would have on public health.

As they relate to 'solids handling systems, give an exampl
of one adverse and one benef1c1a1 effect on soil.

Give an example of an adverse effect which a solids hand11 g

‘system could have on each of .the following: water qua11ty, -

air -quality and the plant and an1ma1 life.
“As they relate to so]1ds hand11ng systems, give an e;amp]e ’

Give an examp]e-of a public:safety problem wh1ch could re--
sult from a solids handling system.

~ Give three examples of increased: adm1n1strat1ve burdens wh1ch.
could result from a new solids hand11ng system.. | ?
‘ , - |
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PLANNING CONSIDERATIONS This Planning Considerations module briefly -
~. © ineslu dge treatment an d [descmbes the various -sludge handhng
. disposal o processes and discusses the many factors
‘ o ' which should influence the selec 1on of

a sohds handhng system.

,Th1s module was wmtten by Dr. Joh w

Carneg1e. The 1nstruct1ona1 deve]opment

_ : was done by Pmscﬂ]a Hardm‘ Mr. Paul
oo ‘ . Kloppmg was«t‘he Progect Director.’ o

-

_WATER IN OUR.DAILY LIVES In nearly- every phase of our daﬂy
o . ¢ . activities, we use water.. We use water s
REE I o L * to.prepdre- food to wash d1shes and
' ‘ " clothes, to drink,. to clean streets, to
~ *" % ‘wash cars and to put out fires. We use
L o water in* industry, in science, in farmmg
3 R I and in recreation. LU '

t

WHAT IS WASTEWATER? As water is used, it becomes 'less usab]e
' S © and, must be treated to return ittoa
- usablé form.. Wastewater treatment is an
s , . essential part ofman's use of water.
| L -7 In treatmg wastewater, we are protecting
A | T the environment and conservmg one of o
’ ’ - ,most 1mportant resources. "

-

WHAT IS SLUDGE? As szsed, a great deal of solid
BRI ~ mattér is added to it, Some solids are
L dissolved in the water and some remain’
- suspended. The removal of these solids
in the form of settleable sludge is an.
. important part-of every wastewater‘treat-
h e . - | | ment plant's operatwn. Solids can be
o " removedags raw sludge, bw]oglcal sludge,
| “or as chemca] s'ludge.

! .
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RAW SLUD'GE A lat'ge perc)éntage of sohds 0 waste- .
-  water is hgavy:enbugh to settle out " R
| 'durmg primary clarification. When these -
- saT*cfs settle out, they are referred to ’

asraw Tudge,. ol : o o

EQAOCCULA"I"ION So‘hds that do -not readﬂy settle out, d1s-~__ )
P persed solids, and those that are dissolved -
| e may be subjected to biological or chemical
e o L treatment processes, These processes.
o ' increase the settleability of the dissolved

e ‘and dispersed solids. In both processes,
o Tthe, sohds tend to increase in size and mass
' & Lrima process called flcccu‘latwn untit- they .

s 2y .are b1g enough and heavy enough to form a
R s_ett]ed sludge, ' o

N
BIOLOGICAL ACTION
w..@oﬁ%if : .In the bwlogica’l proces’s, bacteria
E T > -convert the dissolved and suspended matter
?Ql)h:mw} _ ~ to new ceHs referred to as b1olog1ca1 e
' ‘3&, c, . f*‘; R i [T The wastewater is then free of /
0 ?o - . most of the dissolved and suspended
g matter and the settled bwlogwa'i floc
- can be removed as bmlogmaI s]udge
s R ' o Ly
'\ = CHEMICAL TREATMENT In the chemca] process, floc is for‘med .._' R
‘ \\ ' B 3 - by addirg chemicals to the dlsper'sed o
NS o solids, The wastewater is then free of'
. : \’ —— | the dispersed solids and the settled
! ' \ . floc can be removed as chemical sludge,
28
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|
|
1
f-vh(binationfof treatment processes, ending- 1
|
1
1
\
|

‘ (
‘ and stab111zat1on.

The purpose-of sludge volume reduction is

. Raw, b1o]og1ca1 and chem1cal sTudges must be

dealt with in the overalT wastewater treatment
system. The sludge handliing portion of a
treatment system is no small item. For an
average biological treatment process, about 1

-0.25 1bs of dried sludge must be disposed of 1

for each person per day. For- -a community of -
50,000, that means better than 6 tons per day

~ must be dea]t with.'

A 'sTudge management program‘can be a com-

L c - . -
~1in-disposal. -The various sludge treat-
ks ment processes are designed to carry out
. one or ore of ‘the fol owing: Volume

reduct1on, solids reduc ion, cond1t1on1ng,

~ _to concentrate the sludge by separating

. VOLUME REDUCTION
”*Gr'av'ity Thickening

B
AN

| *Centrifugation

the sludge is concentrated, it can be
qurther treated in less volume, The fol-
... lowing processes are used pr1mar11y for
,sludge vqume reduct1ona

|
some of the water from the sludge. After - |
|
|

Gravity thmcken1ng'1s similar to,sedimen-
tation in that the sludge is allowed to

settTe'under-the influence of. gravity.
Concentrated sludge is collected off the
bottem and water is. removed from the sur-
face.

’Centrifogatign takes advantage of centrifugal
* force. As the sludge is spun in the centri-
- fuge, the siudge is forced to the out51de

and the water removed near the center.

S-PC-4 0f 15 . 1y
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B T *Flotatnon Thlckemng Flotatwn th1ckemng separates the s1udge
i ' from water by bubbling air into the sludge
to decrease sludge dens1ty. With the air
bubbles trapped in the s]udge, it f]oats
to the surface where it 1sescraped off
Water is removed from one end of the bas1n
' over a protected weir. - . oo ; -

'

_*Filt'ratipn‘PrnceSSes Belt Fi 1trat1on, Vacuum Fﬂtratmn,
b ' Filter.Pressing and Gravity Ccncentration
- are all devices that remove the water from
the s]udge with a f1lter1ng action.’ Some of
: , o these systems use.a vacuum to suck the water
S through the filter and away from the sludge.
. " Some squeeze the Tiquid out through a filter,
, as if in a wr1nger Some squeeze ‘the sludge
~ : into cakes between porous mats. The gravity
_ - S . concentration process uses grav1ty to puil _ ,
SLUDGE 15 CONCENTRATED 'water through a porous mat and away from the -
lsludge “In aTl cases, the sludge becomes

more concentrated, reduc1ng the tota]
VOLUME lS REDUCED yo]ume R ) .

<t

ando..

Drymg Beds Heat can also be used to-reduce sludge
volume. Drying beds use heat from the - .
ambient air or the sun to evaporate the '
‘water from ‘the sludge.» Low temperature
heat can also be applied to speed the
. evaporatjon process. Underdrain systems
S S e »are used to remove water that seeps. out

o S the bottom of the drying sludge,

‘ : s o B . CONDlTIONlNG A second ma.]orj sludge treatment catégory is
R . MEnhences volume ¥ educﬂm,’condwwmng. Conditioning is deﬁnee as the
. ) . - pretreatment of sludge to enhance sludge .
volume reduction. . The processes of gravity
fthicken1ng, flotation thickening, vacuum

f11trat1on, centr1fugat1on, drying beds and

§-PC~5 of 15 S S 12780
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e fﬂter presses, can all be made more eff1c1ent
' Vwith sludge cond1t1on1ng : e

CONDITIONING METHODS S1udges cgtn be cond1t1oned by the -addition

L. of chem1dals, by heat.or by e]u¢r1at1on.

’0rgan10/polyelectro1ytes as well as in-

- -organ1,,chem1ca]s can be. used to cond1t10n-

“ *Elutriation C ) _s]ydgg; In the heat cond1t1omng process,

"  is subgect to high temperatqres and

pres ures, . In both processes, the chemical

: and/phys1ca1 structure of the sludge is

!

‘ a]ij/éred in such a way'as to make the re- '

' , moyal of water easjer, Elutriation cord1t1’ons_
R : o b/a washing process which reduces chemical |
v’equwements and removes fme s]udge par-

. *Chemicals

- *Heat : e

/

/ The pr1mary purpese of stab1T1zat1on is+to * -

/ make the sludge Tess odorous and putresmble'

. oang-ﬁhealth hazard and reduce_ pathogenic. organism content. '
) ' content. o ‘

*Lime )  The additibri of lime to sludge in quantities
“sufficient to raise the pH to about 11.0,
Wil stabilize the s]udge and destroy patho-
" genic bactema. Chlorine stabilizes by low—
, S ermg the pH and by oxidation,
/A . :
SOLIDS REdUCTION The Tast major s1udge treatment category is -
sludge sol ids reduction. Seéveral treatment
*less to dlspose of S AR R
e , i -, processes result in a decrease in the sus-
- pended sludge solids. Reduction of splids
present will, of coursﬁe,rméan‘ that a smaller
%"' ‘ | ~amount must be,disposed of in the end.
f

S

o
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*Anaerobic DigeStiqn Both anaerobw and aerobic d1gest1on resu]t in
*Aerobic'Diggstion ' _s]udge solids reductions. - . . : o
Thé anaerobic pro¢ess takeS'place ina coVered
, vessel in which the oxygen~free anaerobic con-
5 ‘d1t10n is ma1nta1neds Sludge is usually warmed
and stirred as the anaerobic bacteria methabolize
- and reduce the solids content, Stabilization .
and studge vo]Ume reduction also occur.

AEROBIC DIGESTION The aerohic dlgestlon process is s1m11ar to
' " an activated sltudge treatment process.. It
is an aerob1c b1o1og1ca] process carried out
in an open basin. The aerobic bacteria.
metabolize and reduce the solids content.
_ ,Stabﬂrzatwn and sludge: vo]ume reduction
S : - also occur with the aerdbic. process.

~ LAGOONS Sludge lagoons can be utilized to reduce -
*volume reduction sludge solids. In bw*logwca] processes
‘ svmﬂar to wastewater stab111zatmn o
ponds, stored sludge. can be metabohzed
. and the sohds content reduced. In -+
add1t1on, sludge vo]ume reductinn can.

0 alse occurq _
v I R

COMPOSTING Compostmg of s]udges cail result in a
*sohds reduction reduction of the sludge solids, as well
*sohd,s., stabillzatmn 'as sludge stabilization. The total

B volune of composted material is greater
" than the omgma] sTudge volume, ‘_

~ however, because bulkmg material is °
) o . ~ usually added to enhance aeratjon and
‘ " . digestion. The compost is allowed to
., digest for about two weeks, with
oo occasidnal vmi'xi_n"g. | o

. e
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ULTIMATE DISPOSAL - Regardless of the type of cond1tron1ng,
volume reduction, solids reduction or
- stabilization process used, there is still
the problem of ultimate disposal of the

- 'l:reated sludge.

« » « the ultimate
question!

DISPOSAL After treatment, sludge can be apphed to
land as a soﬂ conditioner, it can be buried
_in landfill sites, or it can be reduced to
ash by incineration. Land application is
*Incineration “usually limited to agricultural crop land
| not used directly for food crops such as
vegetables. Strict regulations govern its .
application. Sludge can be applied, whether
- on top of the soil, or the subsurface.
Common ‘solid waste landfills are often used
} _ as an ultimate dispo'sal site.” The major
' drawback to- 1andfﬂl is that no benefit is
S r . derived from the sludge. Incineration also-
o dest‘r;o‘ys the s‘Iudge and isa h1gh energy ‘
e requ1r1ng process '

*Soil conditioner

*Landfill

3

A s]udge management program could be composed

- ,  of different combmations of these processes.
- SYS'I:EMS APPROACH = . . The decision of which processes to select B
must be made with many technical, social
'and economical factors taken into cons1der- :
atwn. Nhateyer the chou:e,.t_he "systems
»approach" must be the prime considération.
- This means, simplyy; that the solids manage-
- ment program must be part of the system,
and not be cons1dered a separate entity or
s1dehne. ,\‘,, '

Y

L]
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e ~ SOCIAL IMPACT

ECONOMIC IMPACT

b

-t ,‘/\(

]

LEGAL?

SITE AVAILABILITY

From a technical standpoint, the type of

waste being tréated must be considered in
the selection of the type of treatment and

" the type of equipment and facilities. The

specific advantages and disadvantages of
the various processes, from a technical

- viewpoint, and the equipment and facilities

required for the.various processes, are
discussed in later modules. |

However, the sludge managemént prdgram should”
not be selected on the basis of technical '

criteria alone. The s]udge~management
program will have a significant social and

; economic"imbact on the}community and it is

important “that criteria based on these social.
and economiC'impacts also be considered.

Social and economTC criteria shoqu include N

| con51derat1on of a’ number of 1tems. Let'

d1scuss each of these 1nd1V1duaTIy;

Site availability for the new systemrmust 3

be carefully considered. -Location for the .
"treatment units, as well as ultimate dis~

posal locations, are impdrtant. Should

- the solids handling units be lTocated at |
“the t>eatment plant? Is ownersh1p clear

or miust land be obta1ned7 Location with

frespect to resvdentTaT areas may be a .
‘problem, ' . + -

The solids management pragram as a whole

 must, of course, be legal. A thorough

understanding of “the festrictions on
ultimate disposal, air emission and water
d1scharges 1s necessany

5-PC-9 of 15 34 . - 12/80




ECONOMIC
REALITIES

- @ taxes .

pollution _
control
programs

Eien-— A L

COMPATIBILITY }[—

o et}

h i

The financihg of the system must be assured.

* The sources of funding such as local tax,

bonds, state and.federal gﬁants, should be 

“investigated so that economic realities

are clear during the selection process.

The new system should be compatible with
existing programs such as land use pTan~ T

- ning and zon1ng, reg1ona1 wastewater,

solids and air pollution control programsy
and existing treatment fac111t1gs' Com-
patibility will insure greater acceptance
of the system and usUa11y'be considerably
more economical. ., . ‘i

The economic impacts of a new system on

a community can be both difect and indirect
and have both a negat1ve .and a pos1t1ve effect.

Direct negative effects wou]d be cost of
site acquisition and capital investment.

Indirect negative impact might be decreased

V]and!va]ue near the site, loss of private

property to plant site, or job ioss due
to incompatibility with ex1st1ng 1ndustny

'or agr1cu1ture.

Direct positive‘impact can come from - >

constructibn'mbney to 10ca1 contractors,
payro]] to operations personne] and sa1ES
of private land.

"

Indirect positive impact can come from
construction and payfo11 monies affecffng |
the economics of the entire. commun1ty,
recreational and commerc1a1 use of protected

waterways, and increased 1and product1v1ty

due to soT1ds appl1cat1on. ‘
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ECONOMIC BALANCE A1l of the economic factors should be consid-
' ' ered in ba'lancé, as the varijous aTternatWes
~are reviewed. '

L ~ ENERGY ‘Energy demand and energy recovery is a semous o
Toe - *Direct , social and ecoromic concern. Direct energy
’ demands include electr1c power, gas and ol
. consumption for operations of the fac111t1es,“'.
W as well as construction, Indirect energy

:1 demands include energy to produce chem1cals .
SR - " and fbr transportat1on ) |

*Indirect

el Some of the solids handling prdcesses have
| ~energy recoyery potential such as the produc-
~ tion of natural gas in the anaerobic - -
'd1gest1on process or the heat produced by
1nC1nerat1on The ch01ce ef [process. must
»‘ba1ance energy demand W1tb desired results.,

»L'Puthc;heaIth and safety nust be_considered
T both'dUring construction and later during
'PUBLIC HEALTH normal - operations. For examp1e, wou'ld
' N sludgevtrucks pass through re51dent1a1 areas
‘ A_AND SAFETY, - or near schools? Landfill and Tand applica-
| tion areas must have restricted access‘because
 of potential health problems. The potential
fpr contamination of potable water sources -
must be ccnS1dered '

, Applwcat1on of treated s1udge onto land can
| _ } '~have both adverse and beneficial effect
. LAND APPLICATION on the soil. The prcductwny of soil can
be 1mproved by the chemical content of sludge -
-appTied to~the land. However, some -types of
‘sludges contain chemicals which can change |

. e e Good and Bad

.
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'pH values and nutrient balance in the soil
and, in some cases, be to&1c to vegetatlnn
_and anlmals. :

ECOLOGY Some of the schds handhng processes pose
potent1a1 ‘threats to water and air qua11ty
and- to plant and animal Tife. If processes .
and animals? . are located where Teaching and runoff from
Iagoons, Jandfills, and compostlng can -reach

1akes and streams, water quaITty can be hurt

o :
Air-quality becomesnanvissue w1th 1nC1nera- '

- -tion and the other heatjfréatmgnt processes.

- What about the plants

_WATER QUALITY Animal and-plant 1ife, both terrestrial and
aquatic, can.be adversely affected by reduced
air-and water quality near treatment facili-
ties. Adverse effects on airy” water, plants,

~ and animals can be near1y e]1m1nated by-
careful p]ann1ng.~ ' ‘ ’

AIR QUALITY

A solids hand11ng program can have SOC1a1
effects on the commun1ty, both adverse and
. beneficial. If the community fEels a need
| and a desire to protect the. env1ronment, |
~ the facility and program will be a source
~ of civic pride. Added jobs, both directly
and indirectly, can raise standards of
11v1ng._' ‘ ‘

: However, if the community 1s not 1nvolved
in planning and if economics and soc1a1
factors have nat been considered, the
community may be damaged by forcing

‘acceptance of an unpopular program.
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NEW RESPONSIBILITIES Any new program will result in additional
*Administration administrative responsibilities. Consid- |
- . eration shouid be given ‘to handhng pubhc
relations, reso]utwn of Tegal disputes, and -
marketing problems. Processes that are
compatible with existing admirnistrative
-  structure and require minimal change
T : - shou1d be carefuny consndered. |
CHANGES There are severa] adm1n1strat1ve funct1ons -
that will change or increase. The hew sludge
handling program will me&n _cgarfges in opera-
*Operations * . tional strategies and require additional
*Equipment b Staffi ng a‘nd resched'u'li‘ng. Additional equ1p-, ~
.. “ment ‘and fac111t1es will increase main- :
Maintenance S
: o tenance needs and, thus, cause changes in
mai ntenance scheduhng and staffing. R

*Staffing

L4 - -

SAFETY A major concern in the wastewater' 1ndustry is -

L é‘training" . in-plant safety.” Safe operating prooedures E

TN -~ must ‘be exb1a1ned at spec1a1 or regu1arﬂy -
’ T scheduled safety meetmgs. The use of new -

' equ1 pment must be demonstrated New . hazard
: ' ' s1gns and warmng devices must be mstaﬂed .
=t b
TRAINING NEEDS A new s]udge management program wﬂ] represent
*Up;grade present concepts and operatwna] skills with which :
* . employees © most of the operators are unfamiliar. Train-

- ing must be provided for new emp]oyees a'nd_' |
also to up-g‘rade existing employees. An ex-"
tensive initial training’ program may be
needed to present. fundamenta]s as we'll as }

-‘ _ exp]anatmns of the new processes.

*New processes
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A cr1t1ca1 par of the sludge management

. program is as andby or emergancy a]ternat1ve

'sludge hand]J;' plan. The ability to ‘treat
and dispose’) ) .sludge is absolutely" essent1a1”
to cont1nued operation of the rest of ‘the
treatment,system._' Therefore, in the event
of a breakdown or other 0perat10na1 fa1Jure

in the pr1mary sludge hand11ng system, an.-
a]ternat1Ve must be ava11ab1e to temporar11y

: hand1e sludgea

/ S
s

In sqmmary,“the cr1ter1a that shou1d be con~ .

- sidered in planning a sTudge management pro-

' gran ‘include social and economic consider~

SYSTEMS APPROACH

S

atrbns as well as techn1ca1 feasibility.
j _ IR b

Pyanners must;consider all criteria for3
pfocess selection in developing the sludge

_ m%nagement program, but must not lose sight. t
'of the systems approach to the tota] treatment_
' ,programo

N

K3

,5Putt1ng together the s]udge management progran
‘5,1s a complex process wh1ch must involve

p]anners, eng1neers, operators, Tegal adv1sors,
and citizens. A1l criteria must be con51dered

‘and evaluated. so that each piece of the sludge

management program. will f1t 1nto the total
picture, ' o

!

l

| o

- “ L o . o
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C REFERENGE: o Y

Process Des1gn Manua] for Sludge Treatment and D;_posa]

EPA 625/1 79~011 C1nc1nnat1, 1979.
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PLANNING CONSIDERATIONS “

1. Which of the fo]]ow1ng iS NOT one of “the three maJor types of salids,

found in wastewater treatment plants? 1
~__a. Suspended -
b. Chemical
c. Raw
9.
d. Biological .

. 2. The "systems approach" to the design of a solids handling system means:

&.

That a "systems analyst" using computer based des1gn will a]ways

give the best results.

That the solids handling port1on must be part of the overall waste

treatment system.

A}

That with any wastewater p]ant de51gn% the approach1ng collection’

systems are the key issue.

3. Match the following examp]es with their appropr1ate social or econom1c

criteria.

(Some may have more than one answer.):

City owned land near
existing plant .

3

\,o
City zoning restrictions

: 1.

Air quality restrictions ‘
near residential area 2.
Sludge truck .route on 3.
busy city streets :

4.

FedereJ‘cost sharing for
capital construction

Regional water qualitym'

program applicable = -

SW-PC-1 of 3
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Site Availability
Legal Consideration
Financing Avai]abi]ity

Compatibility w1th Other

- Programs

. 5 . Pub11c Health and Safety

4Ll ‘




A
4. Match the following sludge handling processes with their funct1on
(Some may have more than onejfunct1on ) v .

a. lAnaerob1c ‘Digestion

. _'b. Elutriation R
c. Landfill

d. Vacuum Filtration:

e. Heat Treatment

« f. Sludge Lagoon

g. Composting

h. Gravity Thickener

______+. Land Application o 1.“'Coﬁditioning

j. Dissolved Air Flotation Q 2. Stabilizéfion , | ‘  .
_______k. Belt Filter T e é: 'Voluhé Reduction ;
. Chemical Treatnent . 4. Solids Reduction -
. m. Lime‘AddiEionh 5. .U]timate Disposal
______n. Filter Présé'; ’ o
_____-o. Flotation Thickener, ‘

p. Incineration : o L ’

q. Centrifugation ‘ .
__'r. Heat Drying |
______s. ARerobic Digestion ) : o ‘:
_______t. Drying Beds ‘ aw*hh' ;

u. }Chiorine Addition . ' | C E ‘ Y

v. Gravity Concentration

. SW-PC-2 of 3




5.

6.

Match as with #4 above.

a. Decreased land value because
of Tandfill location

b. Payro]] increase to community

c. Boiler fired by heat from
incinerator

d. Power consumption use to
run motors and lights

e. Cost of land acquisition

f. Power consumption used to
produce chlorine

g. Increase productivity of
agricultural land because
of land application «

h. Fuel required to haul
{ - sludge '

Match as with #'s 4 &5 above. j

a. Citizen revolt because of
“"smelly" design

b. "Conditioner" va]dé’of e
sludge from land application .

c. Leaching into stream from
landfill

d. Excessive stack discharge
from incinerator

e. HeaVy toxic metals in land
applied sludge

f. New training program needed

g. "Good feelings™ due to
keeping a clean environment

h.- Noxious fumés'affeCting vegetation
B ~and animal habitat

i. Change in operation and .
scheduling '

SH-PC-3 of 3.

—
.

N o 0~ w

Direct Cost
Indirect Cost:
Dirggt Economic Benefit ’
Indfrect Economic  Benefit
Direct Energy Demand
Indirect Energy Demand
Enérg} Recovery
s
1. Adverse Effect on 3611 \
. 2. Beneficial Effect on Soil
3. Adverse Effect on Water
Quality o
4. Adverse Effect on Air
OQua]ity o
5. Adverse Effect on PTant &
Animal Life , .
6. .Adverse<§ocia1 Effect

el

Y-
S

~

Beneficial Social Effect

Ah Administrative.
ResponsibiTlity

o]

[
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