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‘ LANDFILL

Lesson Description .

This lesson is an introduction to disposal of sludge by landfill.
Most value would be gained by exposure to this lesson after Unit
Processes, but this module is not dependent on any other. solids

This lesson covers a brief explanation of the complete process
of dispos@] of -sludge by Tlandfill including sludge suitability, site
selection, method selection and operation, site closure and ultimate

|
|
hand1ing preprocessing steps. : . |
o |
|

reuse. )
, 3
Estimated Time T .
. Student Preview of Objectives - 5 -« 10 minutes
Presentation of Material 30 - 45 minutes
Worksheet s 10 minutes
‘» - Correct Worksheet and Discussion ‘ 10 minutes
: Instructional Materials List. -~ co . 1

1. Student text, "LandfiT\!.

2. Slide/tape set, "Landfill"..
3. Slide prOJector, -35mm, . »

4, Tape player with synchron1zatfoh to slide projector.
5

6

7

. Screen
. Samples of sludge with different levels of % solids content.

. Information on 1éndf111 operations in local area.

Suggested Sequence of Presentation .
1. Assign text to read before class session.

2. Have students review obJectlves in class.
3. Show sl1de/tape program or lecture using the slide ser1es.-
4, Assign worksheet
5. Correct worksheet and d1scuss1on on quest1ons that- ar1se. ';’
Required Reading- ' . ' . - :
. Student text,” "Landfil1", o . : | ’ -
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-Objectives

Upon
do the fol

1.
2.

I0.
11.

12.

13.
14.
15.
16.
17.
18.

19.
20.

- Define the process of disposa].ﬁy<1andfiﬂl.

&
completion of this lesson, the student shou:§Q¥iabTe to

e

Towing:

<

List three other materials removed-during the wastewater treat-
ment process that are disposed of in the _same manner as sludge,

Exp1a1n the effect of solids concentrat1on on the method
selection and operation of sludge disposal by landfill.

Explain why onTy stabilized sludges are recommended for land-
fill disposal. ) .

Give four examp]es of landfill site characteristics that will
have an influence on the type of landfill method se]ected

Give three examples of materials used for membrane 11ners
Explain why liners or imported clays are used.

Explain why sludge landfilling sites are 11m1ted to slopes
of greater than 1% and less than 20%.

Describe the disposal of sludge by. the s]udge only, trench
method.

Describe the disposal of s]udge by the s]udge/so11, area
fi11 method.

Describe the d1sposa1 of s]udge by the cod1sposa1 with hefuse
method. -

Give two examp]es of var1at1ons in normal disposal methods
which could be used for appl1cat1ons of Tow solids content
and unstabilized sludges.

Describe two equipment operdtion problems that can result from
low so]ids content sludges.

List four physical conditions that effect disposal s1te
selection.

Explain why sludge characteristics would have an influence
on the site.selection process.

Explain the .importance of leachate controi.
Explain how methane is produced and why it creates a-problem.
Describe the process of. s1te closure.

v

List four possible uses of a _completed 1andf111 Site.

Explain why a good plan for f1na1 use of the comp1eted
landfill is a step toward acceptance of a proposed site.

6
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'LANDFILL - LESSON OUTLINE

I. PROCESS OF LANDFILL

"A. Definition - Disposal by Landfill

Disposal by landfill can be defined as the planned bur1a1 ,f
of wastewater solids at a designated s1te. !

B. General - solids are placed in a prepared site or excavated
trench and covered with a layer of soil. | .

® -+ . Complete Process

S . ", 1. Site selection

‘ L 2: Landfill operation | .
<z 3. Site closure and reuse _ o

I].  LANDFILL METHOD'(SELECTION)
® A. Sludge Suitability B Lo
o T 1 "stabilized o | I
u | 2. Solids content > 20% | .
B. Landfill Site Chafactéristics

1. Types of 59115

2. Géo]ogy'bf the area

3. Location of ground and surface water

4, Local topography

a) Slope with minimum s]opes of 1%

b) STope with maximum slopes of 20%

» . €. Methods of Dispgsal
1. Sludge only, -trench . - T .
] . a) Narrow trench . ‘ |
‘ o G : 'b) Wide trench

7
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LANDFILL = LESSON OUTLINE

@

S

2.

s1udgé/soi1 area fi11

a) Area-fill mound

b) Area-fill layer

c) Diked containment’
Codisposal

a) Sludge/refuse mixture

b) Sludge/soil mixture

Physical Conditions - Site Selection

1.

2.
3.
4.

Site Tife and size
Site access |
Soils, geology, and topography

Ground and surface water

Other Conditions - Site Selection

1.
2.
3.

4.

Environmentally sensitive areas

Archeological .and historical significance

Types of vegetation

Land use and cost

III. OPERATION - MONITORING -

A.

Leachate

1.

Cquse

al Excess moisture in s]udge.
b} Rainfall

Control

a) Storm ruhoff channels

b) Imported soils and Tiners

LF-4 o 12
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- ® ., LANDFILL - LESSON OUTLINE ' 0
o 3.;” Treatment R ,» }
' a) Recyc]e through Tandfill- e ‘
\’ b) Evaporation ponds \3 p P
c) On-site ffr'gaptment; ‘ Lo i :
d) Discharge w1th domestic wastewater' N . *P,»" ‘
B. Methane N B | | ; W '
1. Produced by decompos1t1‘on of. qrgamag mattert« - T

2, 5 - "15% concentration in air - exp]oswe S LT
3 . T N > e, “';'»
23 !

. Gas contro] ?acﬂntles, vgnt to atmOSphere . . L -
C. worker Safety - - e \ A T
. . I AN c e . L )
" : 1. Caut1on when \transportmg, handhng, and c0ver1ng s]udge. B

wo »”

2. washmg facﬂ1t'res fo? o, e

- . - . .
. . R . L - . .
‘e . N - I D L . . A .-

® _ a) Personn.e] S A

b) Equ1pment A, ¢ T N . )
b - . T e ;," ’
D. Gontmua] Momtormg L, S S
ol . ¢ . . Cal e

1 BactemaT*qU@"hty - _‘ T -

" 2.~ oH - i_ PR SRR ;;;:71{. ﬂwué
) 3. Ch]orides, mtg*ates,, . AR W Vi
R v « Sl » . i
4. Total d1sso]ved sohds e v* -

5. Heavy me‘tals . T ~ - r ] - s ’ .

v, SITE CLOSRE "+ T T T T e

A. Final"Step in the. Oyeraﬂ Proces,s of Landfﬂhng. R R

. B. Final Cover J R A . IR A
s Lo, e Lo , o i T e ST

1. Predetermined plan " . "% R IR U A

- ex‘poséd"S]Udgé” n ' e ;’ﬂ ~ . g‘\’ ‘; “.‘- -‘: ;q m\ ‘l{,

. | 3. Final grading 3 - 5 years after closure.” _, - SR




 'LANDFILL - LESSON OUTLINE

C. Vegetation /-

1. Enhance attenuative properties of the soil.

2. Erosion control.
3. Infiltration
4, .Visual enhancement
D. Final Use or Reuse
« 1. Parks
2. Playgrounds

3. Golf courses

4, Parking areas

5. Landing fields

6. Industrial &nd commercial
E. Continued Monftoring

1. Gas production

2+ Leéchatg

3. Ground stability

. -

»
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. Narrative : - -

' Slide #
o ‘v '_ =

1. This module discusses Landfill P]annlng and Operatlons u

2. It was written by Ronald M. Sharman The instructional deve]opment

L was done by Priscilla Hardin. Paul H. Klopping served as Project
Director. Technical review'was provided by Envirotech Operating T

Serv1ces ] _ )
_ - 3. S]udge d1sposa] by landfill repreaents a popu]ar a]ternat1ve as the ‘
- . 1ast step in the treatment process. ... ' t\ )
¢ « . /

4’ D1sposa] by 1andf111 can be defined as’ the p]anned burial of waste~. . . oo
water solids, including processed s]udge, screenings, grit, and e
ash at a designated site. ; . . . ‘ -t

5. In general, the solids are p]aced in a prepared site or excavated
trench and covered with a layer of soil. :

6. ° The comp]ete procedure of disposal by landfill includes an extensive A
process of site selection, landfill. operat%&p, a]ong w1th plans for

»

. ' _. site glosure and reuse. S e . .

. 7. The sludge landfill operation is cencerned with the suitability of
the material to be landfilled, the cost of hauling and movement of
» of the materials, and monitoring for pollutants of the landfill .run- .
off, referred to as 1eachate; and off gas production.
N N
’ 8. ‘Choice-of Tandfill method is directly related to the su1tab111ty of
~ the s]udge to be landfilled, and characteristigcs of the propesed site.

-9, So11ds content or concentration is related to the nature of the wastewater
treatment process and any canditioning or dewatering preprocessing steps.

10. Generally speaking, only dewatered sludges with solids concentrations .
of greater than 15% are suitable for disposal by landfilling. Sludges
with solids contents of less than 15% create handling prob]ems and will
-not support cover mater1aT or machlnery

a4

11.. Characteristics of the 1andfill site that have a bearing on method sel- .
ection include: 1. Types of soils,. 2. Geology of the area,. 3. Location A
of ground and surface water, and 4. - Local topography. ﬁ

12. Soil permeability is the ability of soils to pass or transmit liquid.
Desirable landfill sites have deep and fine textured soils. The finer
’ the soil, the greater the protection of nearby ground water quality.
N Sites operat1ng on clay and clay loams, for instance, have operated
successfully with as 1ittle as 2 - 5 feet of soil separating sludge de-
% posits from the highest ground water levels.

11
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13. Bothbedrock and wgtep tabie 1ever influence the choice of 1andf11]
method. A1l efforts must be made to halt possible contamination of" '
. the ground water. Geologic gxamination is required to locate any
irregular formations such as faults and fractures that couTd lead to
ground water contam1nat1pn X - .

14. - Membrane liners are sometimes used whep soil perméab111t1es or 5011 '
depths are not adequate.to protect ground water quality.. The most
common being asphaltic materials or synthetic membranes. ~ Impoytedt.
clays or polymeric materials can also be used-to 18wer 5011 perme-

~abilities. - o o . [

15. Sludge landfilling is 1%m1ted to sites with minimum 510pes of .1% .and

" maximum Slopes of 20%. . . r

o

‘16. F]at terrain tends to cause ponding, whereas steep s]opes promote
_erosion.

~17. The methods of disposa] of sludge by landfill are divided into three
he;tegor1es 1. Sludge only, trench;'2. . Sludge/soil, area fill;. 3.
od1sposaT w1th refuse. ' R
18. The s]udge on1y, trench; method takes two forms narrow and wide ’
trench. Both forms 1nvo]ve the excavation of trenches so ‘that the
dewatered sludge is entirely Buried below the.original ground sup-

face. Normal operation allews for the sludge to be depos1ted dirs * . - o
ectly into the trench from a haul vehicle. --Daily cover of the newly - ‘
deposi‘ted s]udge reduces odors and controls vecotrs. L -

19. Narrow trenches have w1dths of less than 10 feet. They allow for-
applications of low solids content and unstabilized sludges. e e

20. Excavation and cover1ng equipment operate from the surface.areas ad-
jacent to the trench. This method requ1res surface soil cover th1ck-
ness of 4 feet.

21. Wide trenches usua]]y receive sludges with solids contents of 20% or
more. Excavation is accomplished by equipment which enters the trench .
itself. 1In daily operation, -equipment travels out on the- studge
spreading a 1ayer§of cover so11 before it

22. Wide trench, techn ca]]y c]ass1f1ed as greater than 10 feet, may 1n
reality occupy acreés of Jand.

> 23. In comparison, a narrow trench operation can accept 1ower solids con-
~ tent sludges, whereas a wide trench operat1on permits more intensive:
land use. ‘

24. 1In a sludge/soil, area- f111 operat1on, s]udge~?§£hsua11y p]qifd en-
tirely above the original ground surface .

25. The sludge received is usua]]y mixed w1th §oil in 1ngrease its effective o
solids content and stahility. - This allows for. d1sposa'l in areas of . :
shallow ground water or prominent bedrock. ,

. * 12 A , B v
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26. Sludge that is received at the landfill is usually mixed with a bulking
agent which absorbs excess moisture from -theé sludge and increases its
workability. The amount of soil required to serve ds a bulking agent

- depends upon the original solids content of the sludge. v

27., Area-fi1l mound operations Féquire a solids cohtent of 20% or more. The , .
sludge/soil mixtures are stacked into mounds approximately 6 feet high, »
Cover soil is applied atop each 1ift of mounds in a 3 foot thickness. - o

28. The area-fill layer method lends intself to lower solids contenty of =
around 15%. The sludge/soil mixtures are spread evenly in layers % -
3 feet thick. Interim cover between layers is about 1 foot of soil, .
- with a final cover of 3 - 5 feet. Level ground is preferred for this
_ Operation but mildly sloping terrain can be used.
29. Aboveground diked containments receive sludge of 20% or more solids i}
content. Haul vehicles dump their sludge directly form the top of the’
“ dikes, building layers up to 10 feet thick with a cover -layer of 3 - §
feet. In this application,.sludge may or may not be mixed with soil.

30. « STudge area-fill methods allow for good land utilization in areas of
shallow water tables or-bedrock. These methods may-require imported
soils as a bulking agent,. greater machine operation time, and a

greater need for runoff or leachate control.

31. Codisposal is defined as the receipt of sludge at a copventional mun-
icipal before 1andfill site.. Two methods of codisposal have been id-
- “entified. -1. Sludge/refuse mixture, 2. Sludge/soil mixture.

32. Ina sludge refuse landfill, stabilized or unstabilized sludge with
a solids content of 3% or more can be mixed with refuse. This sludge
mixture is then-spread at the working face of the landfill. The sludge
and refuse are thoroughly mixed, compacted and covered with a soil
layer of 2 feet. . . - '

~33. When problems occur at codisposal landfills, the difficulties are
- often due to the 1iquid nature of sludge. Sludge of low selids con-
' t is difficult to confine and may cause equipment slippagé.

34. A mas;?Ttatjon of sludge-refuse condisposal is sometimes used in
which sludge is mixed with soil and applied as cover over a completed
refuse fil1l area. Although this, technically, is not sladge land
filling, it is a viable alternative which is particularly useful in
promoting vegetative growth in completed fill areas and reducing
siltation or erosion.

35. Usin& existing refuse landfills for condisposal.offers\severa] ad-
vantages: 1. Easy site approval, 2. Less public opposition, - 3.
Lower cost. ' o i

36. The method of landfill operation is an integral part'of‘the site

selection process. , ’ ,
3 o
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- 37.
38.

39.-

40.
41,

4z.

43.
44.
45.

46.

47.

»

Other factors-involved in: se1ect1ng a sludge landfill site span many
disciplines: Tland use planning, ecoriomics, engineering, along with
social and political concerns.

Some of the phys1ca1 conditions that affect d1sposa1 site selection

-require a closer look. These include:

Site acess, 3. Soil, geology, and topography, 4.

water.

1. Site life and size, 2.

Ground and surface

Site 11fe and size is d1rect1y re]ated to sludge quant1ty and method of
landfill. Since the entire area cannot be used as fill area, concessions
must be made.for buffer areas, access roads, and on-site structures.

i3

The hau] routes to the’ prospeqt1ve site should utilize major highways

to the maximum extent poss1b1e

The most favorable haul conditions

combine level terrain, miniumu distance, @nd low numbers of schools,
residences, parks, and traffic congestion.

The Clean Water.Ace of 1973 requires that all point source discharges
of pollutants must comply with NPDES Permits issued for the facility.
Water quality must be protected, whether it be existing surface water
on the site or the ground water table,

including its recharge zone.

Many of the prob]ems resulting from poor cheice of topography and soil
types can be prevented by careful site selection.
and contamination of water supp11es

Ponding, erosion,

Other factors that will influence the site selection process include:
1. A concern for environmentally sensitive areas, 2.

and historical significance of the site, 3.
~and 4.  Land use and cost

The archeological

The types of vegetation,

Env1rohmenta11y sensitive areas such as wetlands, f]oodp1a1ns, perma;//

- frost areas, critical habjtats of endangered specigs, and recharge

zones of sole source aquifers shou]d be avoided when selecting a

1andf111 si te.

s

-~

The determination of the archaeolébiéﬁl or historical status of a-

potential site is usually addressed in an environmental impact re-

port. Any finds of s1gn1f1can¢e 1n're1at1on to the archaeo]ogy or ;

.....

The type and quantnty of vegetatigﬁ in the area of the proposed site
should be considered during evaluation.
buffer, reducing visual impact, odor, and other nuisances. At the same
time, clearing a site of timber  can add s1gn1f1cant1y to the 1n1t1a1

project costs.

Vegation can serve as a natural

"

Early in the site_selection process, cost-effectiveness,; both in cap1ta1

costs and estimated operational costs must be evaluated.
strictions, including the assessment of current and future deve]opment,

shou]d also be cons1dered °

14
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48.

&

49.

50.

5l

/

/
Consideration must also be given to local, state, and federal regylations
governing the degree of sludge stabilization, the loading rates, the
frequency and depth of cover, monitoring, and reporting.

site are contingent on the characterisitics of the sludge recejved v
A thorough investigation of sludge characteristits should be performed
before site and method selection are finalized. .

The acceptability of a g1veh comb1nét1on of the landfilling mejhod and -

The evaluation of sludge character1st1cs performed during site selection
represents the beginning of a long-term monitoring responsibility covering
site operation, closure, and restoration. This usually addresses ground
water and/or surface water quality along with the possibility of gas
production. ,

Measurements of volatility indicate possible levels of odor product1on
Measurements of solids content dictates the hand]eab1]1t ofl the sludge.
Both “sludge characteristics influence landfall operat1o

The presence of heavy meta]s, such as ]ead szc .and cadm1um, a]ong

- with nitrates, chlorides, and other, “toxic, materlal should..be 1dent1f1ed

53.

_runoff to be diverted around thellandfill. b,[

These substances move easily through the so11 and reﬁ?eséﬁ 2 potential "'.
pollution source. - . g

- /.

. \
-----

Excess moisture'in landfill s]udge runs of f as. leach;ﬁg,\ Raipfa]] can
inerease the problem. A proper]] designed fill w111 aJl w.storm water

\

54. .Surface water, ]eachate, and grodnd water shou]d be tested on a con-~

85.

56,

]

57.

"~ treatment with domestic wastewater s

59.

tinual basis.

\

Bacter1a1 quality, pﬁ and total d1sso1ved solids are the maJor con-
st1tutents included in this type of ana]ys1s ; / .
Leachate may enter 1nto the water system by elther per/zfetjon, through 3
the soil, or runoff-into surface waters. Careful site 4election and

attention to design considerations can prevent or m1n)m1ze leachate .
contamination. _ &

The‘contro] of leachate may be accompllshed by natural cond1t1ons such ~=
as deep and less permeable soils. Where permeable soils exist, ]mported

soils or liners are used to contain co}ﬂected 1eachate

Co]]ected leachate may be treated by reéyg]e through the 1andf11]

evaporation from shallow collection ponds, ©r by installing a sma]] on-

site treatment plant. Depending on the leachate characteristics, it may

by possible to discharge to an existing wastewater'system for subsequent .

-

Gas is produced by the decompos1t1on of organ1c matter in s]udge. The

primary gases of decompos1t1on are methane ahd carbon dioxide. When-
methane is present in air at between 5 - 15% concentration and' is con-

f1rmed in an enc]osed area, it may be explos: explosive.

. ’.1 ) /. D .
” | ,,1.5‘ | | L
LF-11 ‘of 12 T 1e/s0




I3 .

et ' . . ) .
60. .The methane produced at a sludge landfill can move through the soil ‘

by diffusion to the atmosphere where it dissipates or it can seep

into nearby buildings which can create hazardous conditions. . .

- 61. Installation of gas control equipment may be necessary when inhabitated
structures or buildings are located near the landfill. Migration can be
controlled by, installing barriers, to gas flow and/or by collecting and
venting the gas. S o _ »

62. As with any construction activity, §afety methods must be implemented
" in accordance with OSHA guidelines. Work areas and access roads must
be well marked to avoid on-site vehicle mishaps. Personnel should use
T e caution when transporting, handling, and covering sludge. Washing
- facilities should be located on or near the disposal site for use in

case of bodily or equipment contact with sludge.. Y
.- Planning for site cTosure and ultimate use of the fill site represents
the final step in the overall process of sludge Tandfilling.

6

w

64. When each section of the 1andf511 is completed, the final cover should
.be graded according to a predetermined plan. It.is imperative.that L
no sludge remain or become &xposed after the grading has been gompleted. ’

65. Final grading of the site is to be performed after sufficient time has
elapsed to allow for initial settlement. Settlement due to the volume '
reduction of sludge creates cracks or fissures in the cover material. ’
Experjence has shown that additional grading may take place 3 - 5 years
after closure. It is important that all sludge be completely covered
to the specified depth with cover material. ?

66. Leachate and gas from sludge landfills will continue to be produced
d long after the fill is completed. An ongoing monitoring and control
program must be maintained and continued after site closure.

67. In most instances, a completed site will require some vegetation.
Through, careful selection, plants can enhance the attenuative properties
of the soil as well as perform the traditional functions of erosion con-
trol, infiltration management, and vigual enhancement. .

68. Lands reclaimed by landfill disposal operations can be valuable assets
as parks, playgrounds, golf courses, parking areas, landing fields,
light industrial and commercial bui]d;rg sites. . ot

69. It is important to understand that comstruction on a completed tandfill
can be hazardous. Problems can arise from non-stable ground, continuing
gas production, odors, and leachate. . . PRI

70. Land reclaimed by landfill disposal operations can be a valuable asset - -
P ». to a city. Final'land use can be compatible with and complementary to ‘
existing natural conditions and activities and help meet the future . (L
needs of the community. LT L

: 71. The selection and désign of final land uses should be the result of a
- . comprehensive land planning study that considers all aspects .of site ,
selection, proposed filling operations, as well as closure and final uses. .
LF-12 of 12*16  | . 1280
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LANDFILL - WORKSHEET | »

Disposal by 1andfill can be defined as: |
_____a, The utilization of screenin@s& grit, and ash as a
bu]kﬁng agent.
b, The bacterial stab111zat1on of septic siudge. s
X ¢, The planned burial of wastewater solids at a de51gnated
. site. ‘ .S .
d. The compression of solids to reduce overa]] vo]ume.
The complete procedure of disposal by 1andf111 includes: ©
X a. Site selection a
b, Suitability selection
_-X c. Landfill operation
X _d. Site closure and reuse

The major cost involved with landfill operation’is:

a.
b.
c.
X d,

Soil permeability is the ability of soils to:

X a.

_bo

C.

——

d.

H

Equipment maintenancg
-Chemical purchase
Road repair

Sludge hauling

Pass or transport liquid
Contaminate ground water
Support equipmeﬁt
Create erosion’

The existence of}any irregular formations sueh as faults or

fractures could lead to

%

a,~ Archeo]oglcal finds

b.
X c.
d.

A slow up in operation
Ground water contamination
‘Fast site selection

17
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LANDFILL - WORKSHEET ...

Materials that make up membrane liners include:
X a. Asphaltic compositions ' )

X__b. Portland cement
X c¢. Liquid rubbers
X d. -Synthetic polymer membranes

A

‘Which method of disposa]rof sludge by 1andfi11 involves excavation

below the original ground surface?
a.  Sludge/soil, area fill
b. Sludge only, trench

c. Codjsposal with refuse

: b
Which method involves the receipt of sludge at a conventional
municipal landfill? _

a. Sludge only, trench
~ b. Sludge/soil, area-fill
X ‘c. Codisposal with refuse N

Which method involves the placement of sludge above the original
ground surface?

a. Sludge only, trench
b. Sludge/soil, area fill
c. Codisposal with refuse

|

Which two variations on normal disposal methods could be used
for applications of low solids content or unstabilized sludges?

X a. Sludge only, narrow trench .
b. Sludge only, wide trench n?
c. Sludge/soil, area fill layer

d. Sludge/soil, area fi11 mound

e. Sludge/soil, diked containment

f£. Codisposal, sludge/refuse mix

g. Codisposal, sludge/soil mix

AT

18
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11,

12.

13.

14,

15.

LANDFILL - WORKSHEET

Sludge of low solids content is difficult to confine and also:

Will not support equipment.

Causes direct ground water contamination.
Slows t%e process of site closure.

May cause equipment s1ippage.

Factors involved in selecting a sludge landfill site span many

disciplines.

ax
b.
C.
d.

Some of these include:
Land use planning

e

Economics
Engineering
Social and political-fields

The acceptability of a given combination of landfill methods
and sites is contingent on the characteristics of the sludge

receijved.

a,
b.
c.
d.
e.

| | )

Some of these sludge characteristics include:
Volatility '

Heavy metals

Color

Taste ) ' CET
Moisture o

Excess moisture at the landfill site is rgferred to as:

. Qe

b.
X c.

d.

d.
_X_b.
X e
___d

T

Permeate

s

Potassium contaminate
Leachate
Solids concentration

~ Excess moisture or runoff can be controlled by:

Deep well injection.

Deep and less permeable soils
Imported soils or liners

Sun drying

19
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LANDFILL - WORKSHEET

16. Methane is,produced by the decomposition of organic matter in
sludge. At what concentration, methane in air, is it explosive?

: a.. 0 - 5%
X b. 5-15% | -
c. 15 - 30%

d. 30 - 40%

17. Experience has shown that additional grading;may take place
years after site closure.

a. 1 - 3 years
b. 3 - 5 years
c. 5-9 §ears
d. 13 years - .

| |-

18. . A good plan for final use of the completed landfill is a step
toward j of a proposed site.

a. abandonment
b. reclamation
c. acceptance

d. solicitation

20
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 Objectives * ' .

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

10,
11,

12,

13,
14,
15
16.
17,
18,

19,
20,

Define the process of disposal by landfill.. -
List three other materials rémoved _during the wastewater treat-

" ment process that are disposed of in the same masner as sludge.

Explain the effect of solids. cancentration on theC;;chod
selection and operation of sludge disposal by landfill.

Explain why only stabilized sludges are recottiiended for 1and-

“fil1 disposal.

Give four examples of landfitl S1te'characterist1cs that will
have an influencé on the type of Tandfill. methdd selected.

Give three examples of materisls used for membrane liners.
Explain why Tiners or imported cldys are used. S

Explain why s1udge landfitling sites are Timited to slopes-
of greater than 1% and Tess than 20%. ‘

Describe the disposal of sludge by the studge onty, trench
method.

Describe the disposal of sludge by the s}udge/sor} ‘area

LI

- fi11 method.

Describe the_ d1sposa1 of studge by the codlspOSaT with refuse
method. -

Give two examp?es of variations in normal dvspasal methods
which could be used foﬁ‘apgj1cations of Tow soT1ds content
and unstabilized sludges. ~~ .__

~~— )
Describe two equipment operation problems tnat cah result from
low solids content sTudges.

List four. physical.conditions thaﬁ effect d1spcsa1 s1te
selection,

Explaih why sludge characteristics would have an 1nf1uence i}
on the site selection process. ‘

Explain the importance of leachate control.
Explain how methane is produced arid why it credtes a prob]em.
Describe the pyocess of site closure. {

oy

. List four possible uses of a completed Tandfill site,

Explain why a good plan for final use of the completed ) o
landfill is a step toward acceptance of a propused s1te. L

A 11
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LANDFILL o

= ’ ) GLOSSARY

e

-

Archaeo]ogy - The scient1fic study of mater1a1 remains (as foss115,
re11cs, artifacts, monuments) of past human 1ife.
.

- Bulking Agent - Materials used +to absorb excess moisture from sludge

to increase solids concentration and handleability. So11 wood
chips, and somet1mes refuse, are commonly used.

Codisposal - Landf111 method where sludge is rECe1ved at a convent1ona1

mwnmpﬂ refuse landfill, ~

Dewater. - To drain or remove water from sludge with the purpose of

reducing overa]] volume and to increase handleability.

~ Leachate - Excess moisture in the sludge or rainfall.runoff which could

cause contamination to ground water by percolation through the soil.

Membrane Liners - Asphalt, cement, rubber, or synthetic polymer
membranes used as protection against ground water contam1nat1on.- )
Methane - Gas by- product ‘of the decomposition of organic matter. - When
methane is present in air at concentrations between 5 - 15%, it
is potent1a11y exp]os1ve. -

Permeability - (1) The property of a'material that perm1ts apprec1ab1e
movement of water through it when it is saturated and the movement
is actuated by hydrosfatic pressure of the magnitude normally
encountered in natural subsurface water. -

- (2) The capac1ty of a rock or rock-material to transmit
a fluid. o ‘ : : N

Recharge Zone -QZone from which prec1p1tat1on flows into Undergraund

water sources. \ .

Rock Fault - A fracture in the earth 5 crust accompan1ed by the dis-
p1acementtof one side of the fracture with respect to thig™
other and in a direction parallel to the fracture.. This results
in a channel where the f1ow of water'or other substances can take
p1ace. _

S]udge Only, Trench - Landf111 method which 1nvo]ves the excavat1on v

of trenches so that dewatered sludge is entirely bur1ed be]ow.
_ the ground surface. .

.. - ; ( ‘ [ <t
/° - | | .. ) . 2 6 -. »
- i . ¢ X\
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LANDFILL - GLOSSARY .. -

‘Sludge/Soil, Area F1}1 - Landf111 method where dewatered sludge 1s
placed above the or1g1na1 ground surface.

So]1ds Concentration - The amount or percentage of solids in a un1t
volume of water.

StabiliZed Studge - A sludge that has been treated on decomposed to
the extent that, if discharged or released, its rate and state
of decomposition would not cause a nU1sance or odors. '

Vblat11e Solids = The quant1ty of solids in water, sewage or s]udge,
Tost on ignition of the dry so]wds at 6000 C.

Water Table - The average depth or elevation of the ground water over
a selected area, oo

g

4«

e e
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LANDFILL PLANNlNG & Th1s module d1scusses Landfﬂ] P1ann1ng and
| OPERATIONS operatmns.

It was wr1tten by RonaTd;M.iSharmJn. The
instructional development was done by
Priseilla Hardin, Pau]-H.’K]opping served
as Project_Directbf.f Teghnica%ﬁneview was .
_ff ~ .provided by Envirotech Operating»Servises.“

-

Ultimate Disposal Method Sludge d_isposaﬂ by Tandfﬂ], represents a .
popular alternative as the last step in the
treatment prOCess. -

D1sposa1 by 1andfill can be def1ned as tﬁe
. planned burial of wastewater solids, includ-

ing processed sludgev»scneen1n95,79r1t,4and‘
ash, at a designated site, . R

In general, the solids are placed in a pre-
. pared site or excayatedrtrench and covered
- with a layer of soil. . ° . )

The compJete,prdcedure of disposal by land-
fi11.includes an extensive process of site
selection, landfill operation, along with
plans for site closure and reuse.

The sludge landfill Operation s concerned
with the su1tab111ty<of the material to be
1andf111ed the cost of hau11ng ‘and movement
of the materials, and moni toring for pollu-
tants of the landfi1l runoff, referred to as
Teachate; and of f gas-pndduction.

~ Landfill -
Operation

: Cho1ce of landfill methed is dlrectly related
to the su1tab111ty of the s]udge to be land-

f111ed and characterlst1cs of the proposed sites

S-LF-5 of 19 -
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STABILIZATION’ To offset potential odor and vector problems
: only stab111zed sludges should be used “Solids |
content or concentration is related to the
» ~nature of the wastewater treatment process and -
and cond{%mmng or dewatermg preprocessmg "
steps. T

- e ¢

15% solids or more! Gen}eraﬂy speaki ng,' only dewatered sludges
with solids concentrations of gf*eater than
15% are suitable for d1sposa1 by 1andf11'l1ng°

v S]udges with solids contents of less than 15%

L create handhng problems and will not support
. .cover mater1a1 or machlnery, NS

LANDFILL CHARACTERISTICS Charactemst'lt:s of- the 1andf1'l1 s1te that :
' e . ‘have a bearing’ on methbd Selectwn 1nc1ude-
1. Types of soils. - T
2. Geology of the area, _
3. Location of ground and surface water. '
4

. -Local topography, - . . .

-PERMEA‘BILI;TY. Soil permeability is the a‘bﬂity of so0ils to o
‘ pass.or transmit Tiquid. Desirable 1andf111

. - sites have deep and fine ‘textured sgils, The'

\ finer the sail, the greater the protection of

.nearby ground watel quality. Sites operating
\ on clay and clay loams, for instance, haye
- operated successfully :/fﬁ as little as

2 - 5 feet of soil sepdrating sludge deposits

from the h]ghest grodnd water e1evat10ns ’

BEDROCK Bot"h bedrock and’ water table 1eve15 -influence

the choice of {andﬁ]l method. A1l efforts  ° ..

must be made/ to halt possible contamination

of the ground water. Geolegic exami nation

is.required to locate any irretjular formations
« such as faults and fractures that could lead

to ground water contammatmna ’ - ‘

‘g - ™

B

N T 0 . R R . 4
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WATER TABLE

o
) x

[3

PRQTECT THE GROUND WATER

SLOPE - - 1% - 20%

"o

Q

T *[\larrow

_. NARROW TRENCH

4

permeabilities.

TRENCHES - SLUDGE ONLY

*Wide

* into the trench fr |
cover of the newly epos1ted s]udge reduces o

°o - . selF-Tof19

Membrane liners are sometimes used when 5011

~ premeabilities or sail. depths are not adequate

to protect ground water qua11ty The most
common types are aspha1t1c mater1als or syn-
thet1c membranes. Imported clays or. poly-
meric materials can also be used to lower soil

-,

STudge']andfi]Iing is limited to sites with
minimum slopes of 1% and maximum slopes of

20%, R

Flat terrain tends to cause ponding, whereas

steep s]opes promote eérrosion.

The methods of d1sposa1 of s]udge by- 1andf111'

“are divided into three categor1es'

1. Sludge on]y, "trenchi.
2. Sludge/soil, area fill,
3. Codisposal, with refuse.

The sludge only, trench method takes tWo
forms: narrow and wide trerich. Both forms
invoive the excavation of trenches so that
the dewatered sludge is entirely buried Bejpw
the original ground surface°
allows for the ¥ydge to be deposited directly
‘a haul vehicle. Da11y

odors and controls- vectors.
Narrow trenches'have?widths.of less than 10
feet.

s

30

Normal operation

They allow for applicatjons of low . -
~ solids content and unstabiTized sludges. -

Py
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Excavation and covering equ1pment operate

from the surface areas adjacent to the .trench.
This method requires surface soil cover
thickness of 4 feet.

B

" Wide trenches usuaﬂyfgreceive sTutlges with
~ solids coritents of 20% or more. Excavation

trench itself. In daily operation, equipment
travels out on the s]udgé spreading a;1qyer
of cover soil before 1t :

is accomplished by equfpment which enters»the N

Wide trench, techn1ca11y c]ass1f1ed as greater

. than 10 feet, may in rea11ty occupy acres of
land.

2 ' W - 3
In comparison, a ‘narrow trench operation can
accept lower so1ids content sludges, whereas

a wide trench operation permits more intensive

.~ ) ~_ land use., -

SLUDGE/SOIL - AREA FILL In a sludge/soil, area-fill qperation, sludge
’ T 15 usua11y placed ent1re1y above the or1g1na1

%

ground surface. ,
4 . ' ' J“ . 7 . .
P The sludge.received is usually mixed with a
soil as a bulking agent to increase its
effective sotids content and stability. This
a]]ows for land surface application in-areas

of shallow ground water or prominent bedrock.

BULKING AGENT Sludge that i peceived.at the Tandfill is

, ‘ _ usually mixed with a boiking agent which

absdrbs excess moiétﬂre from the sludge and * -
increases its workability. The amount of soil

‘ ; ' required to serve as a bulking agent:depends
upon the original solids content of the . .
. sludge. Y
| s-LF8of19 31 - 12780
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' AREA-FILL OPERATIONS

AREA-FILL LAYER METHOD

Area-fill mound operations require a solids
content of 20% or more. The sludge/soil

‘mixtures are stacked into mounds approximately

Lok
.

6 feet‘high.
1ift .of mounds in a 3 foot thickness.

Cover soil is,applied atop each

- The area-fill layer method 1ends$itse1f to .

lower solids contents of around 15%. The .

.""sTudge/soil mixtures are spread evenly -in

a final cover of 3 - 5 feet

DIKED CONTAINMENTS

A\
)

AREA-FILL

*shallow water table
*bedrock

*require bulking agent
*machinery

*leachage control

. , coblsPESAL
- *Sludge /refuse |
. T h
*Sludge’soil

. *3% sludge minimum conc
..

Jlayers 0.5 -~ 3 feet th1ck

:~s1te.
~1dent1f1ed‘

o e | S-LF-90f 19 . .

"Interim cover
between layers is aboutl foot-of soil, with
Level grbund is
preferred for this operat1on but mildly

sloping terrain can be used. ' ¢ o
Aboveground diked containments receive sludge
of 204 or more solids content. Haul vehicles .
dump their sludge directly from the top of

the dikes, building layers up to 10 feet

thick with a cover layer of 3 - 5 feet, In

this app]ication, sludge may or'ma§ not be
mixed'With“sbi}.

STudge area=fill methods a]]ow'for gdbdllend
ytilization in areas of shallow water tables .
or bedrock. These methods may requ1re‘1mpor-‘
ted s0ils ds a bu1k1ng agent, greater machine

L

~ operation time, and a gredter need for runoff
or, 1eachate Cdntrol '

. ?3.‘.

o

Codisposal 15 defined as the rece1pt of sludge
at a conventional municipal refuse 1andf111 '
Two methods, of cod15posa1 have been ’
T. Sludge/refuse m1xture.-:'
2. Sludge/soil mixture. n

.0 . - ) - T
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. easy site .
appnmml

oksspuuw
opposition

WY -lower costs

offers
1.
.

. 3,

- face of the landfill. The sludge an
are thoroughly. m1xed compacted and covered
w1th a s0il 1ayer of 2 feet

A modification of sludge-refuse codisposal ~
is. sometimes used in which sludge is’mixed '

with soil and applied as cover over-a complet— L
ed refuse fill area. A1though this, “
techn1ca11y, is not sludge Tand fiTling, 1t is
a viable alternative which is particularly
useful in prom0t1ng Vegetat1ve growth in o i
completed f11T areas and reduc1ng 511tat1on or B
erosion, :

Using existing refuse 1andfills for codisposal

several advantages:

Easy site approval.
Léss. public opposition.
Lower. cost.

In a sludge refuse Tandfill, stabilized or
unstab111zed sludge with a so]1ds content of'.r
3% or more can be mixed with refuse. This
sTudge mixture is then spread at the working

d refuse

L]

When problems occur at codwsposal 1andf1115,
the difficultids are often due to the

Tiquid nature of sTudge. Sludge of
solids content is difficult to confine and | ,¢
may cause equipment s1ippage.

1ow

’

>

gt
4

The method of landfill operat1on is an . f'o

“1ntegra1 part of the site selection process..

Other factors 1nv01ved in selecting a s1udge
1andf111 site span mahy disciplines:
use planning, econom1cs, eng1neer1ng, a]ong

-with social and political .concerns.

T

1and
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il

;" access roads, and on-site structures.

Tha haul routes to the prospective site

Some of . the physical conditions- that affect
disposal site selection requ1re a closer
look. These include:

1. site life and size. .

2. Site access, | -
3. Soils, geology, and topograﬁhy. =
4. Ground and surface water.- |

Site Tife and size is d1rect1y re]ated to

sludge quantity and method of landfill, Sinoe

the entire area cannot be’ used as fill area, .
concessions mu$t be made for buffer areas,

shoqu“ut1lize major highways to the maximum
extent . po551b1e. .The most favérable haul ~
conditions. comb1ne level terrain, minimum

. distance, and. low numbers of schools, resi-

dences, parks, and*traff1c c0ngest1on.'

The Clean Nater Act f 1973 requires that
all p01nt source d1sch,rges of po]]utants .
must comply with NPDES Perm;ts_1ssued for
‘the facility. Water quality: must be pro-

tected, whether it be ex1st1ng surface

water on the site or the ground water
'tabla and 1ts recharge zone. :

)

Pond1ng, erosion, and’ contaminat1on of~ﬂo;er :
supplies can be prevented by carefu1 selectgon.;

of topography and so11 types.‘,; L f‘-é;%aij_:

.- B

Other factors that~w111 inf!uence the 51te

’ select1on process 1nc1ude‘

1. A concern. for env1ronmenta]1y
sensit1ve areas.

.15341“




Archeologica],and historical
significance.

Types of vegetation.

Land use and cost.

Environmentally sensitive areas such as
wetlands, - f]oodp1a1ns, permafrost areas,

f critical habitats of endangered species, and
recharge zones of sole solirce aquifers should
be avoided when selecting a landfill site.

The determination of the archaeological or
h1stor1ca] status of a potentla] site is '
.usually addressed in anreHV1ronmenta] 1mpact
'report. ‘Any finds of significance in re1a§1on

: to the archaed]ogy or history of the site must

be accommodated before the site can be
‘wapproved e

The type and quantlty of vegetation in the
area of the proposed site should be cons1dered
during eva]uatlon. Vegetation can serve as e
natural-byffer, redueing visual impact, odor,
-and other nuisances. At the same“time,
clear1ng a site of timber can add s1gn1f1-
cantly. to the- 1n1t1a1 prOJect ‘cdsts.,

t

Early in the site se1ect10n proceSs, cost-
effectiveness, both ip'capitaT qosts'énd "
estimated operational costs must be evaluated.
Zonimg restrictions, including the assessment

of current and future deve]opment, should also '

be considered.

Cons1derat1on must also be g1ven to 1oca]

" state, and federal regulat1ons governing the
degree of sludge stab111zat1on, the 1oad1ng_
rates, the frequency and- depth of cover,

monitoring, and reportlng.

S-LF-12 of 19
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VOLATILITY

HEAVY METALS

MOISTURE

* o

‘addresses ground water and/or sur?ace
. water quality along w1th the poss1b111ty

S-LF-13 of 19
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SLUDGE CHARACTERISTICS? The acceptability of a given combination of .the
, landfilling method and site are contingent on -

the characteristics of the s]Udge received.
thorough investigation of sludge character- .,
istics should be performed before site and ,
methodvselect1on are finalized.

The evaluation of sludge characteristics
performed during site selection represents
the beginning of‘a long-term monitorihg ,
responsibility covering site operation,
closure, and restoration. This usually

of gas production.

Measurements of vo]ati]ify indiqate'possib1e

levels of odor production. Measurements of

solids content dictatés the hand]eab111ty

~of the s]udge. Both sludge character1st1cs '

1nf1uence landfill operat1ons.

The preéence of heavy metals, such as lead,
zinc, and cadmium, a]ong with nitrates,
chlorides, and other toxic mater1a1 should
be identified. These substances move easily:
through the soil and represent a potent1a1
po]]ut1on source. -

Excess moisture in 1andfi1} sludge runs off
as leachate. Rainfall can increase the

problem. -A proper]y desmned fill will allow

“storm water rUnoff to be d1verted -around the

landfill. R T A

36
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Surface water, leachate, and ground .water
should be tested on a continual basis.’ ‘

Bacterial quality, pH, and total dissolved ”
solids are the major parameters or éonStitu~-
ents included in this type of analysis.

o

LEACHATE CONTROL 1 Leachate may epter into the water s‘ystém4

4g£E§L : . ~r..£ﬂu£Q~  ) by either percolation, through.the soil, N

or runoff into surface waters, Careful
site selection and attention to design
considerations can preyent or minimizé,
1eachate contamination. N

g S 2 - o e by naturaTvcond1t1ons sugh as deep and ]ess.

e e S e meable s0ils.  Where permeable soils

“exist, imported sails or Tiners are used to -
contain collected Teachate. - |

. Collected leachate may be tr‘é‘ated by recyc1e ‘
through the 1andf111, evaporation from '
shallow collection ponds, or by installing

"a small on-site treatment plant. Deperiding
on the leachate characteristics, it may-be
possible-to dischargé to an existing waste-
water system for subseduent treatment with
domestic wastewater. o

Gas is produced by the decomposition of
organit,matter in sludge. The primary

gases of decomp051tton are methane and : o
carbon dioxide. when methane is- present T
in air at betweén 5 - 15% concentratlon and

is confined in an enc]osed area, it may be

explosive.
__l%f,___.
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The methane produced at a sludge landfill can

move through the soil by diffusion to the
atmosphere where it dissipates or it can seep |
_into nearby buildings which ean create hazar- -
dous conditions. ' |

Installation of gas control equipment may be ‘
necessary when inhabited structures or buildings }
are located near the landfill. Migration can . °

|

PN

be controlled:By installing barriers to gas . . o
“Flow and/or by collecting and venting the_gas,

-

- SAFETY £ As with any construction activity, saféty_
% Cﬁﬂv% ‘“*F“"**”f;<?4¢é‘»f methods must be implementéd in accordance

oL jorsantes NI with»OSHA guideh‘neso Work areas and access,
: ﬂwﬁonrafﬁc '3 <ol roads must be well marked to avoid on-site
e T T vehicle mishaps. Personnel should use

caution when transporting, hand]iﬁg, and

“covering sludge. Washing facilities- should

be 1ocated on or near the disposal site forrv‘

’ use in case of bodily or equipment contact
| with sludge.

SITE CLOSURE Planning for site closure and ultimate use.
of the fill site represents the final step .
in the overall process of Sludge landfilling.

When each section of the landfill is completed,
the final cover should be graded according to

a predetermined plan, It is imperative‘that'

no sludge remain or become exposed after the. "u
grading has been completed. - '

Final grading of the site is to be performed
after sufficient time has elapsed to allow’
for dnitial settlement.’ Settlement due to
A » the volume reduction of s]ddge creates cracks ‘
C “or fissures in the cover matem‘a].1 Experience 7_ ’\w
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has shown that additional grading hay take

» ‘ ; p]ace-3-5;years after closure. It is.fm;
‘portant that aIIQSTudge be completely covered
to the specified depth with cover material.

Leachate and Qas‘ﬁrom sludge landfills will
‘continue to be produced long after the 11
s completed. :An ongoing mon1tor1ng "and

control program must be ma1nta1ned -and
continued after site closure.

LAND RECLAMATION 1In most 1nstances, a comp1eted site will re-
' quire sogle vegetation. Through careful se]-n
ectlon, p]ants can enhance the attenuatlve
- - ’ propert1es of the soil as well as perform
‘ the traditional functions of erosion contro];_»5~r
* infiltration management and v1sua] enhance-' |

L]

ment. T
L

Lands reclaimed by Tandfill disposal oper-
ation§ can be va]uabTe assets as parks, p}ay-ﬁ

grounds, go]fcourses, parking areas, ]and1ng
f1e1ds, light 1ndustr1a] anj commerc1a1
.bu1]d1ng sites. o

It is important to understand that construc4
tion on a comp]eted landfi11 .can be hazardous.
Problems can arise from non- stab]e*ground
‘continuing gas product1on3{gﬂors, and

/ leachate,

Land reclaimed be landfill disposal operations v
" can be a valuable asset to a City Final land |
use can be compatible with and comp]ementany
" to existing natural cond1t1ons and activities
and help megf the future needs of the community.

. 39
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COMPREHENSIVE PLANNING The selectwn and design of fmal 1and uses
'should be the result of a comprehen51ve
Tand p1ann1ng study that. considers all -

-

e
aspects of site select1on, proposed f1111ng
Operat1ons, as well as closure and f1na1 uses.' e

. - ) . '
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'DESIGN CRITERIA

Sludge | ! . R - ) © - Sludge npi)lication
S solids Trench Bulking Bulking e ed Cover Thickness ;mpxyrx:ed soil .. - . xate . R
Method - - - -+ comtemt™ - width - required  agent” ‘BulKing ratio Interim’  Final Tequired fin a;:tual’ £i11 areas) Equipment

"

Narpow trench 15-203 2-3 ft. Noo - ‘ ' 4 1,200-5,600 yd°/acre.  Backhoe with luader,
- . -20-28% 3-10 ft. No . e : . ©xcavator, trenching
- o . v : - machine» -
ER ) .
Wide trencht 20-28% NoS - ' _ : ' 5,200-14,500 ya*/acre  Track loadér,
. 1 228% No - : v S ., -dragline, scraper,
. . : : , . _ © 7% trachedozer

3

Arda £ill tound s 0.5-1 so81 "5 fr. 3-5 £t.

/3,000-14,000 ydslacrc" Track lcader,
Lo : o 1 sludge . . . .

backhoe with
loader, track dozer

: -~ ' . A 3 .
Arca fill layer ; - Soii ©0.25-1 spil: 0.5-1 ft. 2-4 ft. Yes 2,000-9,000 yd"lacrcv Track dozer,
. : sludge . R » T grader, track

.

. . . ' loader - ..

3

i
—
-
[
b
(o}
o
-h
it
(V=]

’ R ) N

Diked contgincont © Soil 1-2 ft. 54 fe. © Yes | 4,800415,000 yd%/acre -Dragline,

. R 228% s _ Soil . : . . L : track dozer,
. : . . ‘ : : : ) scraper

5
.

ﬁiﬁfﬁﬁémﬁ’s" Refusc . 4-7 tons refuse: -0.5-1 ft. 2 £r. _ No . - 500-4,200 ydslacre Dragline,

1 wet ton sludge track loader
) -

Sludge/soil " 2205 Soil, « 1 soil: 1 sludge 0.5-1 fr. No 1,600 ydslagirc . Tractor with*-
pixture e - disg, grader,.
. oo ’ . i track loader

©

2 Volume basis unless otherwisc noted. . 1 ft.= 0.305 o
3 - 3
b . : . 1 yd” = .765 m
But sometimes used. | ‘ ) . 1 acre = 0.405 ha
€ Land-based equipment

d Sludge-based cquipment
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LANDFILL - WORKSHEET

> :
Disposal by landfill can be defined as:

a. The utilization of screenings, grlt, and ash as a
bulking agent.

b. The bacterial stabilization of sept1c sludge.

site,
d. The compression of solids to reduce overall volume.

Tﬁsféémp1ete procedure of disposal by landfill includes:
a. Site selection -

b, Suitability selection-

c. Landfill operation .

d. Site closure and. reuse

The major cost involved with landfill operation is:
a. Equipment maintenance

b. Chemical purchase

c. Road repair

d. Sludge haq]ing“

Soil permeability is the ability of soils to:
a. Pass or transport liquid

b. Contaminate ground water

©

c. Support equipment
d. Create erosion

IR

c. The planned burial of wastewater so]1ds at a des1gnated

The existence of any 1rregu1ar format1ons such as fau]ts or

fractures could lead to:

a. Archeological finds

b, A slow up in operation

c. Ground water contamination
d. Fast site selection

/f%\\\

1
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LANDFILL - WORKSHEET
1.

12,

13,

14,

15,

Sludge of Tow solids contepf is difficult to confine and also:
a. Will not support equipment.

b. Causes direct ground waper'contaminétion.

c. Slows the process of site closure.

-d. May cause equipment slippage.

Factors involved in selecting a sludge landfill site span‘hany
disciplines. Some of these include:

a. Land use planning

b. Economics

c. Engineering

d. Social and political fields

i

The acceptability of a given combination of landfill methdds;
and sites is contingent on the characteristics of the sludge
received, Some of these sludge characteristics include:

a. Volatility

b. Heavy metals

c. Color =~
d. Taste

e. Moisture

i

Excess moisture at the landfill site is referred to as:
as- Permeate J

b. .Potassium contaminate

c. Leachate

d. Solids concentration

Exéess moisture or Eunoff can be controlled by:
a. Deep well injection

b. Deep and less permeable soils

c. Imported soils or liners

d. Sun drxing

L

4
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LANDFILL - WORKSHEET

6.

10.

Materials that-make up landfill liners include:-
a. Asphaltic compositions

b. .Portland cement
c. Liquid rubbers
d. Synthetic polymer membranes

1

Which method of disposal of s]udge by landfill involves excavat1on
below the original ground surface?

a. Sludge/soil, arealﬁ1]1
b. Sludge only, trench

c. . Sludge mounding “

¥

Which method involves the receipt of s]udge at a conventional
municipal landfill? 3

______a. "Sludge ohly, trench
- b. Sludge/soil, area fill
c. Codisposal with refuse
Which method involves the placement of sludge above the original
ground surface?
_____a. Sludge only, trench
b, Sludge/soil, area fill
c. Codisposal w1th refuse
Which two variations on norma] disposal methods could be used
for applications of low solids content or unstabilized s]udges7
a. S]udge on1y, narrow trench
b. S]udge on]y, wide trench
c. Sludge/soil, area fill layer
d. Sludge/soil, area fill mound
e. S]udge/so11 diked containment
f. ngisposal, sludge/refuse m1x
g. Codisposal, sludge/soil_mix ' )
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LANDFILL - WORKSHEET

16. Methane is produced by the decomp051t10n of organic matter in
sludge. At what concentration is airborne methane explosive?

a. 0% 5%
b, 5 - 15% =
c. 15.- 30%
d. 30 - 40%
17. Experience has shown that additional grad1ng may take place °

years after site closure.
~a, 1- 3 years
b. 3 - 5 years

lll

c. 5 -79 years @

n d. 13 years
18. A good p]an for final use of the comp]eted ]andf11] is.a step
toward of a pr0posed site., "
» _____a. abandonment ) |
______b. reclamation
_____ c. acceptance:
) d.

solicitation
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