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SLUDGE CHARACTERISTICS

Lesson Description

* This lesson is a description of the general characteristics of
sludge.

It is intended as introductory material to acquaint the student

with the physical, chemical and biological characteristics of sludge.
This material should be reviewed prior to a discussion of sludge con-
ditioning or the consideration of any sludge treatment process.

Estimated Time ‘ . .
Student preview of objectives . ) , 5-10 minutes
Presentation of material a ) .. 30-40 minutes
Worksheet - T ' 'v'"20-30 minutes
Correct worksheet and discussion - ' "E 5-10 minutes

Instructional Materials List

1
2.
3.
4

1
|
1
|

Student text, "Sludge Characteristics" , ’ : ‘o
Slide set, "Sludge Characteristics" ” '
Slide projector and screen

Examples of primary and secondary sludge, sett]eometer, Imhoff =«
Cone, Buchner Funnel and vacuum flash, evaporating dish, powdered
milk, miniature marshmellows, raisins.

Suggested Sequence of Presentation

i

‘Assign reading.

Lecture and .demonstration using slide format and outline. This
material may also be presented in a slide/tape mode using a
Wollensak cassette player coupled to a 35mm carousel projector.
The tape is equipped with a non-audible cue to automat1ca11y
advance and synchron1ze the slides.

»

Prior to us1ng the slide material for this lesson, it may

be helpful to discuss the types of solids in water. Solids
are either settleable, floatable or dissolved (d1spersed)
Use a large beaker of water, throw in a handfu] of raisins -
they settle - these are settleable solids.” Now throw in a
handful of marshmallows - they float - these are floating

- solids. Stir in % cup powdered milk - it dissolves - these

are dissolved solids. State that solids in wastewater are
either settleable (sinkers), floatable (floaters), or dis-
solved (Turkies).

Assign worksheet.
Review worksheet.

SC -~1 of 13




=]
Requiréd Reading ' )
EPA Course #166, "S]que Characteristics". .
‘Reference Read1ng
"Process Design Manual for S]udge Treatment and Disposal", K
U.S.E.P.A., September, 1979, EPA 625/1-79-011.
"Treatment and Disposal of Wastewater Sludges", P. Aarne Ves111nd v
"1979, Pages 17-39. ‘ - _ A

g




Objectives

Upon completion of this lesson the student should be able to
do the following:

&

1. Recall that specific grav1ty is the ratio.of wt. of material
wt. of equiv. vol. H20

2. Recall that most sludges have S.G. greater than 1.0;

3. Define suspended solids as that fraction which does not pass. through
* a fiber.filter under standard test conditions. .

4. Define dissolved 501id5’as that fraction which passes through a‘fiber
fiLter under standard test conditions. .

5. Define tdtq] solids as thé sum of/gbspended solids and dissolved soiids;
6. Define volatile solids as those which burn at 600° C. |
7. Define fixed solids as those which do not burn at 660O C.
-8. Describe the method‘for measuring total §o1ids. -
9, Deécribe the method for measuring % of moisture.

10. Recall that sludges can be described in terms of the1r sett]1ng
“characteristics. .

11. Recall the definition of SVI for measuring settling characteristics
of activated sludge.

12. Recall that sludge particle size varies with time.
13. Recall that sludge particles vary in size, «onsistency, -and shape.

/ 14. Recall that water associated with sludge exists in.the following
five categories: _

a) Free water
. b) Floc water
c) Capillary water ?
d) Boynd water
e) . Intracellular water

15. Recall that sludge has 2 fuel value because of its vo1ati]e matter.

e

16. Recall that sludge has nutrients found in commercial, fert111zers but |
in smaller amounts.

: - . g
17. Recall that sludge's fertilizer value may be influenced by the oo
presence of heavy metals or chlorinated hydrocarbons. » :

-
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18.

19.

Recall that sludge has an electrical charge surrounding each
particle.

_Recéll that one of the biological characteristics of sludge is

the presence of pathogenic organisms.

Q,
| a2
8
SC - 4 of 43 '
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SLUDGE CHARACTERISTICS
OUTLINE ,

I.. WASTEWATER COMPOSITION
‘A. Water - 99.9% By Weight c | - R
B. Solids - 0.1% By Weight | : »4 N
C. "Examplé Of Per Capita Contfjbution ]
1. 10,000 people = 5,000 bs. solids pef: day
II. DEFINITION OF TERMS e '
A. Pretreatment - Effect On S{udge
B. Sludge - Slurry Of Solids And Water
1. Primary - §ett]eab]e‘ rn

2.  Secondary - biological

o

3. Chémica]

. C. Floaters - Scum, Greasg & Synthetics _
D. Biological Conver§joﬁ of Disso]ved"And Colloidal Matt;r :
E. Chemicg] Conditioning o -
. 1. Settling
2. Dewatering 1 )
III.. WASTEWQTER CHARACTERISTICS \ \
, A 'Sblids Concentratiqn ) - ’
‘1. Weight/volume - mg/1 b
2. % of solids . - ﬁf
'B. Total Solids L. o s
C. Vothi1evsd1ids - Orgapic U . _ 47 }/y_‘
% D. Fixed Solids - Inorganic N o v ,/{ |
E. Dissolved Solids ‘ ( L
| o 3 J
F. Suspended Solids :
: | | - . )
SC- 5 0f 13 . - 12/8




G. Moisture Content
H. Specific Gravity
1. Settleability
1. Imhoff cone - settleable-solids
"2. Settleometer - SVI | ‘ Tn
IV. FORMS QF WATER IN SLUDGE \ R
,.\¢)§ Free Water - Bémove By Gravity N .
B. Floc Water - Remove Mechanically |
C. Capillary Water - Reshape Particles To Remove
D- Bound Wate? - Not Removed By Mechanical Mean§ ) o "
E. Intracellular Water -.Burst Cell To Remove L k
V. FACTORS AFFECTING SLUDGE CHARACTERISTICS o R
A. Time - Affects Size And Shape o |
B. Type . ' L
1. Primary is fibrous, dewaters well ‘
2. Secondary - dewaters more poorly
3. Chemical - depends on type of chem1ca1
C. Electrical Charge o ' .
1. Influences flocculation
D. Fuel Value : |
.1. Related tb volatile solids and moisture content

i

E. Ferti]izer' S ..

1. N, P, K ,
. 2. Heavy Metals ) ‘ ‘ ) L .

F.,;Pathogens
VI. QUANTITY OF SLUDGE | e | R
‘A, Dictated By Type Of Process
AB; Pr1mary Treatment ~.40-60% S S. Removali- 25- 354 BOD Remova]

C. Y1e1d - 0 2 -~ 0 7 Ibs /ib. BOD Removed _ : ‘ .
B -Gof13 10 S 12/80
‘, EMC . - | SC §0 o | | , _ !
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10.

_ NARRATIVE " -
Slide # -

) to the environment. Gﬁ

.called pretreatment. The design and operatidon of pretreat-
- ment facilities is sometimes overlooked. Since downstream

4

This is an introductory module which discusses the types'w
of sludges, sludge characteristics; and methods of measur1ng
these characteristics. This module should be viewed pr1or
to viewing specific unit process modules.

The module was Written by Mr. Pau? H. Klopping and edited
by Dr. John W. Carnegie. The jnstructional development
was done be Priscilla Hardin. . Mr. Klopping was also the
project director. ’ . . ' co
Wastewater is a mixture- of so]1ds anpd water. wateggﬁékes

up 99.9% of wastewater. Solids account for the rest, about
1/10 of 1%. -Even though this sounds like a small amount,
pollution and health problems-are associated with waste-
water solids.and treatment plants are designed and operated
to remove solids from the used water before it is discharged

A c1ty of 10,000 people may send more than 5;000 pounds of
was tewater so]1ds per day down the drain and these must be
removed by a treatment plant to protett water qua11ty

IA?tf&] treatment of influent wastewater involves the
handling and removal of grit and screenings. This is

aperations are always affected by those upstream, sludge
characteristics .may be 1nf]uenced by pretreatment

S]udge is a term used to descr1be solids wh1ch are re-*
moved from wastewater after pretreatment. Sludge is :
actually a slurry of solids and liquid and may be thought
of as one of three types: raw, biological, or chemical,

The solids that settle in a primary clarifier are referred

‘to as raw or primary sludge.

‘This settleable fraction can be measured in an Imhoff cone, L |
;and it is called settleable solids. ’ ' '

!

| Some solids, such as grease, 0il and~ synthet1cs float to

the surface qf a primary cTar1f1er, and these are co]]ected u
as scum. \d ,

Any material that will neither settle nor float is passed o ,
on in the primary effluent and must be converted to a _

settleable form by some other process. These unsettle~

able so]1ds are dissolved material “and fine, suspended

particles.” - _ R

-~
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11.  Much of the material matter, which is changed T e
by biological conversion™ ettleable biologidal studge.

. The clarified effluent left behind is free of most of its
organic pollutants. This is the process of secondary

v ‘treatment and the biological sludge produced is called
secondary sludge. _

12. Ofncourse; the characteristics of secondary s]udge are

- cons1derab1y different from raw sludge. The secondary !

¢ sludge is composed principally of biological cells while

the raw s]udge is made up of coarse, . fibrous matter. - \\\
. 1

13. A]though not as common as b1o1og1ca1 treatment, chemical
treatment -can -be used to convert nonsettling material to
a settleable sludge. Primary effluert, and pr1mu?y and
. secondary- s]udge can be converted to sett]eab]e chemical
sludge by the addition of chemicals. .

14. Chemical treatment offers several opt1ons One option,
called conditioning, enhances’ the settling and dewater1ng
characteristics of primary or secondary sludge. Tentiary .
treatment, which is a third stage of treatment, following : . -
* the secondary process is another option.
15. In some cases, wastewater solids are removed.by chemical
. . means alone. These facilities do not have typical pr1mary
° and secondary processes. They simply use chemical
. coagulation and sedimentatign to remove so11ds from the
influent stream. ;
16. The origin of-sludge should be thoreughly considered in -
the selection of any subsequent .sludge handling or treat-

ment process. i . o
< vd ‘ - .
. 17. Three. categories of sludge may be encountereds RauLQr . :
- primary sludge.is the -settleable solids removed by primary o
- . sedimentation. . -

]

?
18. Biological or secondary sludge is produced by biological .
act1V1ty and removed by sed1mentat19n o
|

L © 19. And chemical sludge is produced by chemical addition and
. . ' _ removed by sedimentation. Chemical sludges may be found
B L 1n comb1nat1on with primary-apd secondary sludge.

A
ST

20. In order to .optimize the design and operation of each
° . s1udge treatment process, one shou]d know the quantity of_
T solids a facility is expected to handle, and the char- - _ 3
¢ , acteristics of those solids. _ -

21. In order to compareoth§°quant1ty and character1st1cs of
sTudge’ from one day to the.next it is important to have

, methods to measure the so11ds and 11qu1ds in” the sludge. | F'.t
< e | | L ._,’.
12 S
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22.

23,

24,

25,

26.

27.

28.

29.

30.

31.

32.

‘and weighing the residue left behind.

The quantity of solids and 1iquids in 'sludge cna be de-
tErm1ned by techniques involving burn1ng dry solids and -
Ttering the sludge slurry. Let's first Took at the

burning technique. “ '

If sludge solids are heated to 6000 Celcius, pairt of the
material burns and is converted to a gas while the rest
remains fixed as a residue, or ash.._The fraction that
burns at 6000 Celcius is referred to as volatile solids,
the fractjon that remains is fixed solids or ash.

The volatile solids are a méasure of the organic QEEZEF\\\
in s]udge, while the fixed solids are a measure of the in-
organics, such as sand and grit. .

Sludge can be divided into two other fractions by fil-
tration. Suspended solids are trapped on filter paper

‘and dissolved so]1ds pass through the ‘Filter with “the

4

water.

The we1ght of the suspended solids can be determ1ned by,
evaporating the moisture and weighing the dryed material.
The weight of the dissolved solids can also be found by
evaporating the water away from the dissolved material

[V

_ &
The total solids, therefore, are the sum of the dissolved
and suspended solids and each of these fractions is com-
posed of a volatile and a nonvo]ati]e portion.

The moisture content is another quant11at1ve measurement
of sludge. A knowledge of moisture content is important
to the successful operat1on of most solids hand11ng processes.

The mo1sture content can be expressed either in terms of the
solids or the liquids. Twa_common methods of expressing
solids concentration are mg T-and % solids.

~.

M1111grams per 11ter is a weight to .volume re]et1onsh1p It
is a measure of the milligrams of’ dry solids conta1ned in
one liter of sludge. ) . o -

So11ds concentration can also be expressed by % so11ds -which

~is a weight to weight relationship. It is a measure of the =

milligrams of dry solids contained in one Titer of sludge.

When it is necessary to express % maisture rather than %
solid concentration, this can be calculated by subtracting

“the.% solids from 100%. A sludge that is 1% solids is 99%

moisture.

¥

13 ) ,'f’{ R
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33,
34.

35.

36.

,37.
38.
39.

40.

41.

42.

43.

Now let's look at some special character1st1cs of sludge

The specific gravity of sludge determ1nes whether it will
settle or f]oat

Specific grav1ty compares the weight of a substance to the
weight of an equivalent volume of water. ,

Water has a specific gravity of 1.0 at 4° Celcius. Mater-

. jals that flpat have specific gravities of less than 1.0,

those that sink are greater than 1.0. Most.sludges have
specific gravities slightly greater than 1.0. If*a liter
of sludge we1ghs 1,010 g, and an equivatent volume of
water weighs 1,000 g, the specific gravity is 1.01.

Raw sludge usually ahs a h1gher specific gravity than bio-.
logical sludge. This is one reason why it settles and
compacts well. :

Another characteristic of sludge is its settTeab111ty
Sett]eab111ty is a measure of the amount of sludge that
will settle in a given period of time.

Raw sludge sett]eabi]ity is measured in a Imhoff come, and
the portion of sludge that settles in one liter is called
settleable solids and is expressed in m1/1. This test
gives an indication of the volume of sludge wh1ch may be
removed by primary sedimentation. '

Secondary sludge has different characteristics than raw
sludge and genera]]y settles slower. Secondary sludge
settleability is measured in a wide-mouthed, graduated
cy11nder

The most common measurement is the sludge volume index
or (SVI). test.

SVI is the vo]ume occupied by, one gram of s]udge after
thirty minutes settling. It is calculated by multiplying
the thirty minutes settled sludge volume by 1,000 and

dividing by the mixed 1iquor suspended so11ds concentnr‘atwn-\f‘lt

in mg/] .
SSV3p X 1,000

MLSS (mgy1)'

SVI =

An examp]e will illustrate this caTcu]at1on. If s]udge
weighing 2,000 mg/1 sett]ed to 200 mi- after thirty min-

. utes, 8SYI is:.

, 200-'§ 1,000
Lo o = 100

. . 2,000
o 14
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84,

45.

46.

47.

48.

49.

50.

51.

52.

53.

‘culates to form a sludge blanket and settles.

[l

~ An SVI of 100 or less represents a good settling sludge.

As the SVI exceeds 100, sludge settling becomes slower and

~this may be troublesome, The best operating ranges for

SVI are dependent on plant design and loading, and must
be found for each facility through actual operat1ng ex-
perience.

To understand the relationship between .solids and water in
sludge, it is important to know that the water in sludge -
exists in five forms; free water, floc water, capillary
water, bound water and intracellular water. -

Free water can be removed by simple gravztat1ona1 settling,
since it is not attached to sludge solids in any way.

Floc water is trapped within the floc and travels with it.
Each floc particle is really a group of smaller particles,
and as floc is compressed by mechanical means, water
trapped bewteen the floc particles is squeezed ‘out and
removed., -

Capillary water adheres between adjacent particles and

can only be removed when the particles are forced out of
shape and compacted. Bound water refers. to a very thin
layer, which is chemically bound to each individual .par-

ticle. It is not removed by mechanica1‘dewatering_methods.»

Intréce]lu]ar water is contained-inside bio]ogfca] cells
and can only be removed by disrupting the cell. This
water is typically removed by heat conditioning.

It is 1mportant to understand the forms of water that are

‘present in ‘the various types of sludge, because these

different forms affect the ability of treatment processes
to remove the water. :

As sludge particles flocculate, that is clump together
and grow larger, time becomes an important factor. The
size, consistency, and shape of hte sludge particles also
influente flocculation.

This is especially ‘evident in'bio1ogica1 sludge. - The
"curdly" appearance of good settling secondary sludge is
due to particle attraction and interaetion as it floc-

-~

The relative dewaterab111ty of s]udge is an important char-
acteristic and is influenced by the type of sludge. Raw
sludge, because of its fibrous nature, dewaters well.
Secondary sludge, because of its biological constituents,
may contain considerable amounts of bound and intracellular

water, making it more difficult to dewater Chemical sludge

vary in the1r dewaterab111ty ,
1531
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54.

55.

56.

57.

58.

59.

' 60.

61.

62..

63. .

64.

Alum sludge, for instance, has poorer dewatering charéeter=
istics than Time sludge becasue of the gelatinous nature
of alum sludge.

Floc shear which refers to the tearing or breaking apart of
floc when a force is applied to remove water contained with-
in the floc. The floc may break apart and be carried away
with the water.

Biological sludge are general]y Tess likely to shear than

'chem1ca1 sludges.

The e1ectr1ca1 charge characteristic of sludge has a great
influence' af chemical conditioning. Sludge usually has a

net negative charge. Polymers and, dther chemical conditioners
change the electrical charge of the particles, making, them
more flocculent. . ’ S

)

Fuel value is another important characteristic. Sludge has
a fuel value which is related to its volatile solids and
moisture content.

When sludge is dry enough to burn, it releases energy just
Tike any other volatile organic material. Coal, for in-
stance, contains.the equivalent of about 14,000 BTU per
pound. However, since sludge is wet and only partially
volatile it has a much lower BTU value. Auxiliary fuel is
usually requ1red in sludge combustion.

Sludge is sometimes disposed of on land and used as soil
conditioner and fertilizer. Wastewater sludges are lower
than commercial fertilizers in n1trogen, phosphorous and
potassium content. g

Sludge may accumulate heavy metals or chlorinated hydro-
carbons, making it unsuitable for agricultural use. When
this is not a problem, the fact that the sludge is a good *
soil conditioner and is a source of some essential nutrients
makes land application a popular method of disposal. Raw
sludge and secondary sludges contain pathogenic organisms.

Individual sludge treatment and disposal pndcesses have
varying effects on pathogenicity. Some, 1ike incineration,
render sludge entirely sterile, whi]e others have no effect.

Quantities of sludge to be handled by a facility are de-

. pendent on overall plant design and loading.

Pr1mary sed1mentat1on can be expected to remove 40-60£ of
the suspended $olids that enter the plant.

16
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65.

66.

674:/)

S

Secondary treatment produces vary1ng amounts of sludge de-
pending on its design, efficiency, and mode of operation.
For example, from 0.2 - 0.7 1b. of sludge may be produced
per pound of BOD removed. -

Whether during design, dur1ng normal operation, or during
upset, attention must be given to the quant1ty and char-
acteristics of sludge to be handled.

Perecent moisture, total, volatile, and suspended,so1ids
should be determined. . haracteristics such as specific
gravity, types of water in the floc, and fuel va]ue, _should
be considered.

The successful production of an acceptéb]e final eff]uent
begins and ends with the ability to control and handle
wastewater so11ds

. ‘ﬂ

17
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SLUDGE CHARACTERISTICS
WORKSHEET

q{x . )
1. Specific gravity is the ratio between the weight of a material and
an equivalent volume of:

A. S]udgé .
P ) '
B. Air
X C. MWater
D, Ice - » .
E. Iron

2. Most sludges have specific gravities greater than:

o

'y X _A. 1.0 )
____B. 1.5
_ ¢.o20 | | B ,
___D. 2.5 ,
_E. 3.0

3. The fraction of solids which is trapped on filter paper under
standard test conditions is called:

A. Dissolved solids
B. Total solids

(;
X C. §h§pended solids

D. Volatile solids

o

E. Colloidal solids

4, The fraction of solids which passes through the fiber filter and
may be measured by evaporation, is called:

X A. Dissolved solids
B. Total so]ids
C. Suspended solids

D. Volatile solids ‘o

E. Colloiflal solids

| | - 18 S
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Solids which burn at 600° C., are called:

Dissolved solids

t

Suspended solids

—

X

A.
B. Total solids
C.
D.

Volatile solids
______E.. Colloidal solids
Percent moisturé‘is:

_ X__A. 100% - % solids
B. 100 - mg/1 solids
C. % solids - 100
D: -mg/1 solids - 100

E. None of the above

Mixed Tiquor suspended solids = 3,000 mg/1. It settles to 300 ml
in 30 minutes. What is the calculated sludge volume index (SVI)?

____A. 300 v o
____B. 3000 - N
____-C. 200

X_p. 100

‘ E. None of the above

How does time affect sludge particle size?
A. Size increasgg

B.\hSize decreases

C. Size gtays‘the same

X D. A11'of'the'aboye |

E. None of the above

19
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o

9. aS]udge particles may voyy in:

A. Size

.

B. _Consistency
C. Shape .
D. A1l of the above

E. None of ‘the above .

10. Matching:
each term in Column "A".

Column A
_C_ Free water
D Floc water
__E;_fCapiiiary‘water
_A Bound watep

B Intracoﬂ]u]ar nater

/ :

~

A.

=

Choose the answer from Co]umn "B" which best describes

_Co]umn;B

A very thin 1ayer;wh1ch is chehicaiiy
attached and is not femoved by
mechanical dewatering

Contained inside b101091Ca1’ce115.
and is released upon thermal
conditioning

Removed by 51mp1e grav1tationa1 . -
settling. . E

Is squeezed out -when mechanicaily
compressed

Adheres between adjacent partic]eé
and is removed when particles- are
forced out of shape and compacted..

11. What accounts for the fuel value in sludge?

_____ A. Total solids
__ X B. Volatile solids

C. % moisture
_____D. Suspended solids -

.E. Dissolved solids

~
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12. With regard to the fertilizer value of sludge:

A.

w\°

It is higher in nutrients than commercial fertilizer.

It is high in nitrogen.;

It is lower in most nutrients than that found in commercial

fertilizer.
It is equivalent to commercial fertilizer.

None of the above.

13- What is (are) drawback(s) to the use of sludge as a fertilizer?

Presence of too many nutrients.
Presence of pathogens.«

Presence of heavy metals.

A & B are Bo;h correct.

B & C are both correct.

14. The surface of a sludge particle plays a role, in affecting its
flocculation characteristics. This is due to: .

The presence of an electrical charge.
The presence of filamentous bacteria.

The presence of viable microorganisms.

.. A&B are‘correct.

B & C are correct: -

21 a .
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\‘, . Objectives | - |

Upon completion of this lesson the student should be able to
do the following: -

1. Reca]] that spec1f1c gravity is the ratio of wt. of material
wt. of equiv. vol. H20

2. “Recall that most sludges have S.G. greater than 1.0.

.

3. Define suspended solids as that fraction which does not pass through
a fiber filter under standard test conditions.

4. Define dissolved solids as that fraction wh¥ch passes through a f1ber
" filter under standard test conditions.

5. Define total solids as the sum of suspended solids and dissolved solids.

-

6. Define volatile solids as those which burn at 60Q° C. : .

7. Define fixed solids as those which do not burn at 600° C.

8. Descr1be the method for measuring total solids. >

b : :
2

9. Descr1be the method for measuring % of moisture. j =+

~10. Recall that sludges can be described .in terms of their sett]1ng
characteristics. : o

11. Rec&ll the definition of SVI for measur1ng sett11ng characteristics
of activated sludge. ‘ _ s

12. Recall that sludge particle size varies with time.
13. Recall that s]udgecpart1c1es vary in s1ze, consistency, and shape . fd

(\14. Recall that water assoc1ated with sludge exists in the fo]]ow1ng
five categor1es .

a) Free water
b) Floc water
" ¢) Capillary water
7 +d) Bound water
e) Intracellular water

15. Recall that sludge has a fuel value because of 1tS've]ati]e matter.

16. Recall that sludge has nutrients found in commerc1a] fertilizers, but
- in smaller amounts. .

17. Recall that sludge's fertilizer va]ue may be 1nf]uenced by the
presence of heavy metals or chlorinated hydrocarbons

4
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18.,Recall that sludge has an electrical charge surroundmg each _

particle. ‘ , i 'z 11
19. Recall that one of‘t@e b1olog1ca] characteristics of sludge 'is o |
RN the presence of pathogenic orgamsms. . L

4
.
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SLUDGE CHARACTERISTICS
T ~ GLOSSARY

B.0:D. - The quantity of oxygen-required by microorganisms while stabilizing

decomposable organic matter under aerobic conditions and other test °
. conditions. . : : ‘

BTU - British Thermal Unit. The amount of heat requﬁred to raise the
temperature of one pound of water one degree Fahrenheit.

Floc - Small, gelatinous masses formed in a 1iquid by the reaction of
coagulants thereto, through chemical or biochemical processes, or by
-agglomeration. ’ . o .

Imhoff Cone - A c]ear; cone-shaped container marked withfgraduations used
to measure the volumetric concentration of settleable solids in
wastewater. . ) oo

Pathogens - Disease-producing organisms.

Pretreatment - Use of racks, screeps, comminutors, and grit removal devices

to remove metal, rocks, sand, eggshells, and similar materials which
may hinder operation of a treatment plant. . -

Primary Treatment - The first major (Sometimes the only) treatment in a
sewage treatment works, usually sedimentation. The removal of a high
percentage of suspended matter but 1ittle or no colloidal and dis-
‘solved matter. -

Secondary Treatment - (1) The trgatment of sewage by biolpgical metho¢s'“
after primayy treatment by sedimentation. (2) A.waigewater treatment
process used to convert dissolved or suspended matj ials into a form

more readily separated from the water being treate

Sludgé - (1) The settleable solids separated from liquids during processing
or deposits on bottoms of streams or other bodies of water. (2) The
accumulated settled. solids deposited from-sewage or industrial wastes,
raw or treated, in tanks -or basins, and containing more or less water
to form a semi-liquid mass. .

Sludge Volume Index - The sludge volume index is the volume in milliliters
occupied by one gram of activated sludge after settling for thirty-
minutes. The formula for finding the sludde volume index is as
follows:. - : . ‘ .

mt of seéfggd solids X 1,000 = STudge Volume Index

]

Specific Gravity - The weight of a substance when compared to aﬁ equivaTént
volume of water. Water has a specific gravity of 1.00 at 4° C. .

}

27
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Suspended Solids - (1) The quantity of mater1a1 deposited when a quantity
of water, sewage, or other 1liquid is filtered through an asbestos mat
in a Gooch crucible. (2) Solids that either float on the surface of,
or are in suspension, in water, sewage, or other liquids, .and wh1ch
are largely removable by laboratory filtering.

Tertiary Treatment - A third stage of treatment, following secondard
treatment, May consist of physical and/or chemical treatmept.

11§

g
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/ - SLUDGE CHARACTERISTICS

AY

, WASTEWATER

99, 9% pure water
0.1% solids

PRETREATMENT _

*screening
*grinding
*grit removal

. . . influences sludge

. characteristics

Q ' o _ S -

This.is an introductory module which discusses.
the types of sludges, sludge charécteristics,_
and methods of measuring these characteristics.
This module should be viewed prior to viewing
specific unit process modules,

The module was written by Mr.. Paul H. Klopping
“and edited by Dr..John W. Carnegie. The in~
structional development was done by Priscilla
Hardih Mr. Klopping was alsc the progect

d1rector

Wastewater is a m1xture of sohds and water’.
Water makes up 99.9%° of wastewater. Solids’
“account for the rest, about 1/10 of 1%. ~Even

though this sounds Tike a small amount,

+ polTution and health prob1ems are associated

with wastewater solids and treatment plants
are designed and Operated to remove solids .
from the used water before it is d1scharged

-

to the envwonment.

- A city of 10 000 peop]e may send more than
5,000 pounds of wastewater sohds per ddy
down the drain and these must_be re_moved by.

a treatment plant to protect water quality.

-

Initial treatment of influent wastewater in~
volves, the handling and removal of grit and '
screen1ngs. This"is called pretreatment

The deSign and operation of pretneatment
facilities is sometimes. overlooked.. Sihce'
downstream operat1ons are a]ways affected

by those -upstream, sludge character1st1cs '
may -be influenced by pretfeatmentf” o

29,
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WHAT IS SLUDGE? Sludge 1s a term used to descr1be solids which
ail are removed from wastewater after pretreat-_

ment. Sludge is actually a s]urry_of‘sol1ds- .

and 1iquid and may be thought of as one of

‘three types: raw, biological, or chemical.

The solids that settle in a primary clarifier
- are referred to as raw or primary sTudge.

This settleable fraction can be measured: in -
an Imhoff cone, and: 1t 1s called sett]eab]e
solids.

Some solids, such as greaSe 0il and syn-,
thetics float to the surface of a pr1mary
c1ar1f1ér, and these are colTected as scum., -

- BIOLOGICAL CONVERSION - "Any material that will neither Settle' nor
*results in secondary sludge ¢1..+ s passed”on in the pr%r_naryefflgent
and must be converted to a settleable form
° by some other process. TheSe-unsetﬁleabIe
- solids are dissolved material and fine,
o suspended particles. f

Much of the material is organic maffer which
is’ changed by biological convers1on into '
sett]eab]e b1o]og1ca1 sludge '

The clarified effluent lgft beh1nd is free of "
most of its organ1c po]lutants. This is the
-process of secondary treatment and the b1o-
Togical sludge produced 1s caﬂ]ed secondary
sludge. ' - '

\\ F@ 0f course, the character1st1cs of secondary

I -sludge are cons1derab1y d1fferent from raw
‘sTudge. The secondary s]udge 1s composed v
pr1nc1pa11y of b1o]og1ca1 ce]Ts while the -
raw, sludge is: made up of coarse, f1brous
. o o matter. !

. §-'SC-60F16




 CHEMICAL CONVERSION -
*results in chemical sludge

SLUDGE TYPES
" *Primary
*Secondary
~ *Chemical

S - SC-7o0f 16

not have typ1ca1 pr1mary and secondary processes.

- The-origin of sludge should be thoroughly con- _>“4

. addition and removed by Sedimentation

Although not as common as biological treatment,
chemical treatment can be used to convert non-

settling material to a settleable sludge.
Primary eff]uent and pr1mary and secondary -

sTudge can be converted to settleable chemical
§1udge by the addition of chemicals.

Chemical treatment offers several options.
One option, called conditioning, enhances the
settling and dewatering characteristics of ¢
primary or secondary s]udge.  Tentiary treat-
ment, which is a third stage of treatment,
following thé secondary process is another

,0pt1on.

In some cases, wastewater so11ds are removed
by chem1ca1 means alone These fac111t1es do

They simply use chemical coagulation and sed-
imentation to remove so11ds fme the influent
stream. ‘s

sidered in the selection of any, subsequent
sludge handling or treatment process.

Three categories of s]udge'may be. encounte}ed

5Raw or primary sludge is the settleable sollds
©_removed by pr1mary sed1mentat1on ‘

A

Biological or secondary s1udge is,produced by

- biological activity and removed by sedimentation.

And chemical sludge is produced by chemical

v Chem1ca1
sludges may be found in comb1nat1on w1th
primary and ‘secondary s1udge o

31
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VOLATILE SOLIDS
*A fraction of total solids
*Burn at 600°C

_ FIXED SOLIDS
S »  *Won't burn
*Inorganics

~ SUSPENDED SOLIDS
© *trapped on filter paper

S-SC-80f16 - . .

“slurry.

2

In order to optimize the design and operationoF
each sludge treatment process, ane should know:
the quantity of so]jds;ahfac115ty is expected
to handle, and the chahacteristics of those
solids.

In order to compare the Qhantity and charact-
eristics of sludge from 6ne'dqy—to the next it
is important to have methods to measure the

solids and Tiquids in the sludge.

The quantity of solids and liquids in sludge
can be determined by techn1ques involving

cburn1ng dry solids and filtering-the s]udge

Let's first Took at the burning tech-
nique. ‘ '

If sludge solids are heatea to 6000 C, part of

the material burns and is converted to a gas °

while the rest remains fixed as a residue, or

ash. The fraction that burns at 6000 C is re-.

ferred to as vo]at11e solids, the fraction. that
remains is fixed so11ds or ash

The volatile solids are a measure of the
organic matter in S]udge, while the fixed -
solids are a measure of the inorganics, such
as sand and grit. '

QS]udge can‘be divided into two other fractions

by filtration. Suspended solids are trapped
on the f11ter paper and dissolved so11ds pass
through the f11ter paper w1th the water.

g
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DISSOLVED SOLIDS
*measure by evaporation

o

TOTAL SOLIDS

The weight of the suspended solids can be de-
términed by evaporating the moisture and

weighing the dryed material. The weight of the
dissolved solids can also-be found by evaporating
the water away from the dissolved material and
weighing thé residue Teft behind.

The total soh‘ds, therefore, are’ the sum of the

* . Qals . O .
*gsssféxgdedsggﬁgs dissolved and suspended solids and each of these

fractions is composed of a volatile and a non-
‘volatile por‘tmn ' '

MOISTURE CONTENT The moisture content is another quantﬂatwe o

*how much water?

?‘1 00 - 2 sqlids

measurement of s]udge. A knowledge of moisture
content is 1mportant to the successful oper- ':
ation of most solids handling processes. -

The moisture content can be expressed ei ther‘
in terms of the solids or the Tiquids. Two.
common methods of expressi ng so'hds concen~
tration are mg/l and % sohds

Mﬂhgrams per Titer is a we1ght to volume ,
relat1onsh1p It is a measure of the mﬂhgram
of dry sohds contamed 1n one hter of sludge‘

SOLIDS CONCENTRATION Solids concentration can 'a]so be expressed by

*How much is water and

how much is solid matter

% solids, which is a weight to weight relation-
ship. It is a measure -of the milligrams of
dry salids contained in a gwen we1ght of
s]udge

- WEIGHT /VOLUME When 1t is necessary to express % moisture

*mg/l
*Q solids

rather than % solid concentratwn, this can be.
calculated by subtracting the %ysohds from 100.
A sludge that is 1% solids is 99% moisture. -

33

S-st-90f16 - 1280




SPECIFIC GRAViTY
*Settle?
*Float?

SLUDGE CHARACTERISTICS

Now let's look at ‘some Spec1a1 character1st1cs
of s]udge

The spec1f1c grav1ty of s]udge determ1nes
whether it will sett]e or float.

"Spec1fic gravity cOmparés,the weight of a sub-

SETTLEABILITY )
*Imhoff cone-~settleable solids
~*Raw sludge

stance to the weight of an‘equiva1entvvo1ume7"

.of water.

L. . ’ 3
Water has a specific gravity of 1.0 at 49 .
Materials that float have specific gravitﬁes bf
Tess than 1.0, those that sink are greater than
1.0. Most sludges have spec1f1c grav1t1es
weighs 1,010 g, and an equ1va1ent volume of °
water weighs 1,000 g, the specific grav1ty is
1.01.

Raw sludge usua]]yAhas a higher specific gravity,
than biological sludge. - This is one reason why
it settles and compacts well. '

Another characteristic of sludge is its settle~
ability. Settleability is a measure of the a- '
mount of- s]udge that w11T sett]e in a given per-
iod of time.

Raw sludge settleability is measq5£§c?;?animhof

“ cone, and the portion of sludge that settles in

one liter, expressed in ml/1, is called settle-
ab1e'sd1ids. This test‘gives an indication of -
the vo]ume of sludge which may be removed by 1
pr1mary sed1mentat1on '

;341"
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Secondary sludge has dift‘erent characteristics

than raw sludge and generally settles slower. |
Secondary sludge settleability is measured i‘n"

a wide-mouthed, graduated cylinder. |

SETTLEABILITY
- *Settleometer
*Secondary sludge

The most cormon measurement is the sludge vo]-
ume index (SVI) test. SVI is the volume
occupied by one gram of sludge after thirty
minutes settling. e . '

'SLUDGE VOLUME INDEX (SVI) It is calculated by multiplying the thirty min-
30 minute Sgttleab"'ty utes settled s]udge volume by 1,000 and div- ‘
1d1 ng by the m1xed Tiquor suspended solids con-
centration in mg/1. '
SSV3p X 1,000 -

SV = — — : L
MLSS (mg/1) o

. S An example will illustrate this ‘ca1cu1atibn." -
-’ / . If sludge weighing 2,000 mg/] settled to 200
m] after thirty mmutes SVI 1s

: 200 X 1,000 - |
: - T 000 - 100

An SVI of 100 or less represents a good set--
tling s]udge As the SVI exceeds 100, s]ddge
sett]1ng becomes slower and this. may be troub]e-v
some. The best operating ranges for SVI are -
dependent on plant désign and loadlng, -and must
be found for each facility through actual oper-
ating experience.' ]

What types of water are found
 in sludge? ' To understand the. re]atwnshlp between solids. and

*Free water . water in s]udge, it is important to know that the

_*Floc water. - ° - water in sludge exists in five forms; free water,
*Capillary water

-*Bound water floc water, capillary water, bound water and in- .
, *lntracenular.water . trace]]u]ay‘ water. o o -,
o _ o s-sC-11of16 . izso -
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FREE WATER ‘
*drains by gravity

FLOC WATER
*squeezed out mechanically

CAPILLARY WATER"
*must change par'tlcle shape
to remove it

BOUND WATER
*Chemically attached
*Not removed by mechanical
© means

INTRACELLULAR WATER
*inside cells

" HOW IS SLUDGE INFLUENCED
BY TIME?

- of smaller particles, and as floc is compr 'ssed
by mechanical means, water_trapped between7

Free water can be removed by simple gravit tion
settling, since it is not attached to sludge

solids in any way. ,
‘ o

Floc water is trapped within the floc and fdrave'
with it. Each floc particle is really a griog_'p-

the
floc particles is squeezed out and removed

Capillary water adheres between adjacent par-
ticles and can only bé,remQVed when the péftic]

are forced. out of shape and compacted

chemically bound to each 1nd1V1dua1 part1c1e.
It 1s not removed by mechamca] dewatermg

' methods

Intr‘ac‘neﬂu]ar water 1s contained inside bio-
Togical cells and can only be removed by dis-
rupting the cell. This water is typically re-
moved by heat conditioning. :

It is important to understand the forms of water
that are present in the various types of sludge,
because these d1fferent forms affect the ab1]1ty
of treatmeﬁt processes to remove the water from
the s]udge o . ‘ L

As sludge particles flocculate, that is clumping
together and growing larger, time -becomes an
important factor. The size, consistency, and.

shape of the s]udge part1c1es 1nf]uence f]oc- ;

v cu]at1on‘

. This is especially evidentv' in biological .sludge. |

The "curdly" appearance of good setthng sec- |
ondary s]udge is due to’ part1c1e attractwn and,

36
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DEWATERABILITY

*varies with type of sludge

-

&

interaction as it flocculates to form a s]&qge

blanket and settles.

.
The relative dewaterabi]ity of sludge is an im- -
portant characteristic and is influenced by the =

- Type of sludge. Raw sludge, because of its.

* fibrous nature, dewaters well. Secondary sludge,

because of its biological constituents, may .
contain considerable amounts of bound and in-
tracellular water, making it more difficult to
‘dewater Chemical sludges vary in the1r de-»
waterab111ty

©

Alum sludge, for instanée has poorer dewatering
character1st1cs than 1ime sludge because of the B
ge]at1nous nature of alum sludge. a

Floc shear refers to the tearing or break1ng

apart of floc when a force is app11ed to remove
water contained within the floc. The flac may

break apart and be carried away with the water.

B1o]og1ca] sludges are genera]]y Tess 11ke1y to '
shear than chemical s]udges

ELECTRICAL CHARGE The electrical charge Vchara‘c'te,ristic of sludge
*surrounds particles a5 3 great influence on chemical conditioning.

FUEL VALUE

*due to volatile solids

Sludge usually has a net négativé charge.
Polymers and other chem1ca1 cond1t1oners change
the electrical charge of the part1c1es making
them more floeculent.

Fuel value is another important characteristic.

- volatile solids and moisture content.

When sludge is dry enough'to burn, it réﬁeases
‘energy just Tike any other volatile organic mat- -

37
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FERTHJZER'VALUE
*low in nutrients’

*potential toxic compounds

*soil conditioner

y 'PATHOGENS?

HOW MUCH SLUDGE WILL BE
HANDLED?

- plant. -

Yo

§ -.SC - 14 of 16
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‘alent of about 14,000 BTU per pound:"

“it.has a much 1ower BTU value:”

"land application a popular method of disposal.

“Some, like incineration, render sludge ent1re1y
} ster1]e, while others haVe no effect

‘Secondary‘treétment prodqees‘varyingtemounts'of'}

“mode of operation.
jf1b of sludge may be produced per pound pf BOD

-

erial.- Coal, for 1nstance, contains the equiv-
However,
since sludge is . wet and: only partially vo1at11e€
“Auxiliary fue]

is usual]y required 1n sludge combust1on‘v
.

S]udge 1s sometimes” disposed of on 1and and use
as soil cond1t1oner and fertilizer. HWastewater
sludges are lower than commercial fertilizers'

in hitrogen, phosphorous and potassium contentL

Siudge may accumu]ate,heavy metals or chlorina
hydcocarbohs, making ft unisuitable ﬁop agri-~
When this is not a problem, the
‘fact that-the sludge is a good soil conditioner
and is a source of some essential nutrientslmake

cultural use.

Raw sludge and secondary s]udges contain path-

a u

ogen1c organlsms

Individual sludge treatment and disposal
processes have varying effects on'pathogenicity.v

Quantities .of s]udge to be hand1ed by. a faciTity
are dependent. on overal] p]ant des1gn and Ioad-
1ng ‘ - .

Primary sed1mentat1on can be expected to remove
40-60% of the suspended solids that enter the

sludge depending,bn its design, efficiency, and
For.example, from 0.2 - 0. 7

removed S
38 |
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Whether during design, during norma’l opération,~
or during upset, attention must be given to the
quantity and characteristics of éjudge to be - L
hand1led. L

iy

Percent moisture total, volatile, and suspended -
solids should be determined. . Characteristics
‘ such as specific gravity, types of water in the
. “ - floc, and fuel value, should be considered.

EFFLUENT QUALITY = The successful production of an acceptable - |
"Dependent on sollds . final effluent begins and ends with the ability -
| N ¢ to control and handle wastewater solids.

39
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¢ SLUDGE CHARACTERISTICS

WORKSHEET | : gns

'3

A

¢ . Specific §rav1ty is the ratio between the weight of a material and
an equivalent volume of:

@

4«

A, Sludge e ¥

_____B. Air | ~

____; C. Water

b icé ‘ ' h = A » -
E. Iron - -

Most sludges have specific gravities greater than:

A 1.0 - o . C
_ B. 1.5 ' | |
___c. 2.0
_D. 2.5

" E. 3.0

The fraction of(s61{ds thch is trapped on filter bape; dndéﬁ
standard test conditions is calledsr. o

A. Dissolved solids .
B. Totéﬁ}so11ds

Ci Suspended solids
D. Vo]éti]enso11ds

E. Colloidal solids ‘

The fraction of solids.which passes through the fiber filter and
may be measured by evaporation is called;

A. Dissolved solids
B. 'Tota1 solids

C. Suspended solids

D. Volatile solids . .
| _____E. Fb]foida] 50lids . 41
RN . | SW-SC-1 of 4 | | 12/80




5. Solids which burn at 600° C. are called:

-]

A. Dissolved solids ® - L. | .
B. Total solids . o ;
C. Suspended soTids

—_——

D. Volatile solids

E. Fg]]oidalAso1ids

) 6. Percent moisture is:

A 100% - % solids

___B. 100 - mg/1 solids

___C. % so]ids - 100 . t
___D. .mg/1 solids - 100

i

E. None of the above

7. Mixed Tiquor suspended'solﬁds = 3,000’ﬁg/1. It settles to BOd m]
in 30 minutes. What is the calculated sludge volume jndex (svn)?

____A. 300-

B. 3000 -
€. 200 . ‘
D, 100 ' (1

/ - - P

E.‘nNone of the abévé

8. How does. time affect sludge particle size?

A. Size increases

Size decreases

B
C. Size stays the same
D. A1l of the above

E. None of the above

~ SW-SC-2 of 4




Sludge particles may vary in:

- Size

Shape

A.

B. Consistency
C. ’

D.

°A11,0f the above-
E. None of the above

. Matching: "Choose the answer from Column "B" which best describes
each term. in Column "A". : '

Column A o ” Column B

Free water . A. A very thin layer .which is chemically
attached and is not removed by
Floc water mechanical dewatering.

Capillary water . Contained inside biological cells
. and is released_upon thermal
Bound water ~conditioning. .°

Intracellular water = C. Removed By simple QVav%tational
. . settling. '

Is squeezed out when mechanically :
compressed. \

. Adheres between adjacent particles
;- and is removed when particles are
forced out of shape and compacted.

. What accounts for the fuel value in sludge?

A. Total.so]ids

Volatile solids

B
C. % moisture
D

Suspended solids

E. Dissolved solids

e

43
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12. With regard to the fertilizer value of sludge:

A. It is higher in nutrients than commercial fertilizer,

‘B. It is high in nitrbgen.

___C. It is lower in most nutrients than that found in commercial
i fertilizer. : -

D. It is equivalent to commercial fertilizer.

E. None of the above.

T, 13. What is (are) drawback(s) to the use of sludge as a f%rti]izer?
\ & A, Pngsence‘of too many nutrients.
;__~__ B. Presence of pathogens.v ' | B T
___ C. Presence of heavy metals. ’ : e

D. A & B are both corﬁéct. : ) 'n )

% S
E. .

B & C are both correct.

14. The surface of a sludge particie plays a role in affecting its
flocculation characteristics. This is due to:

‘A. The presence of an electrical charge..

B.. The presence of fi]améntous bacteria.

N C. The presence of viable microorganisms.

D. A & B are corfect.

E. B & C are correct.-
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