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Figmre 11-16 Collection of source-sep d with a special collection vehicle.

Ultimate Disposal

Disposal on or in the carth’s mantle is, at present, the only viable method for the
Jong-term handling ol (1) solid wastes that are collected and are of no further use,

(2) the residual matter _d_:nw.w..m alter solid wastes have been processed, and (3) * 7

the residual matter remaining after the recovery of conversion products and/or
energy has been accomplished. Landfilling is the method of disposal used most
commonly for municipal wastes; landfarming and decp-well injection have been
used for industrial wastes. Although incineration is often considered a disposal
method, it is, in reality, a processing method (see Chap. 12).

11-18 LANDFILLING WITH SOLID WASTES

Landfilling involyes the controlled disposal of solid wastes on or in the upper layer
of the carth’s mantle. Important aspects in the implementation of sanitary landfills
include: (1) site selection, (2) landfilling methods and operations, (3) occurrence of
gases and leachate in landfills, and (4) movement and control of landfill gases and
leachate,

Site Selection

Factors that must be considered in evaluating potential solid-waste disposal
siles are summarized in Table 11-11. Final selection of a disposal site usually is
based on the results of a preliminary site survey, results of engineering design and
cost studies, and an environmental impact assessment.
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Table 11-11 Factors that mast be considered in evaluating potential landfill sites

Factor Remarks

Available land srea Site should bave a useful life greater than | yr (minimum
value).

Haul distance Will have significant impeact on operaling costs.

Soil conditions and topography Cover material must be available at or near the site.

Surface water hydrology Impects drainsge requirements.

Geologic pnd hydrogeologic conditions Probably most important factors in establishment of
landfill site, especiatly with respect 10 site preparation.

Provisions must be made for wet-weather operation.

Noise, odor, dust, vector, snd sesthetic factors control
requirements.

Climatologic conditions

Local enviroamental conditions

Ultimate use of site Allects long-lerm management for site.

Landfilling Methods and Operatioas

To use the available arca at a landfill site effectively, 2 plan of operation for the
placement of solid wastes must be prepared. Various operational methods have
been developed, primarily on the basis of field experience. The principal methods
used for landfilling dry areas may be classified as (1) area, (2) trench, and (3)
depression.

The area method is used when the terrain is unsuitable for the excavation of
trenches in which to place the solid wastes. The filling operation usually is started
by building an carthen levee against which wastes are placed in thin layers and
compacted (see Fig. 11-17). Each layer is compacted as the filling progresses until
the thickness of the compacted wastes reaches a height varying from 2to 3m (6 to
10 ft). At that time, and at the end of each day's operation, a 150- to 300-mm
(6- 1o 12-in) layer of cover material is placed over the completed fill. The cover
material must be hauled in by truck or earth-moving equipment from adjacent
land or from borrow-pit arcas. In some newer landfill operations, the daily cover
material is omitted. A completed lift, including the cover material, is called a cell.
Successive lifts are placed on top of one another until the final grade called for in
the ultimate development plan is reached. A final layer of cover material is used

when the fill reaches the final design height.

The trench method of landfilling is idcally suited to arcas where an adequate
depth of cover material is available at the site and where the water table is well
below the surface. To start the process (for a small landfill), a portion of the trench
is dug with a bulldozer and the dirt is stockpiled to form an embankment behind
the first trench. Wastes are then placed in the trench, spread into thin layers and
compacted. The operation (depicied in Fig. 11-18) continues until the desired
height is reached. Cover material is obtained by excavating an adjacent trench



Compacted solid wasies
in a completed cell

Figure 11-17, Ares method of landfilling solid wastes.

Wastes can be unloaded from

j’ T this position or from & position
AR ST

;

) Completed cell
Figere 11-18 Trench ecihod of lsndfilling s0kd wasics for small landfils.
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Excevation & preperstion of ocil by scraper & draghiar

Figere'11-19 Pit method of landfilling solid wasies for large landbils. (Cowrtesy of Mumicipolity of
Metropoliian Toronio. Deparimens of Public Works.)

or conlinuing the irench that is being filled. In large landfills, a dragline and one or
more scrapers are used (o excavate a deep rectangular pit (see Fig. 11-19).

At locations where natural or artificial depressions exist, it is often possible to
use them effectively (or landfilling operations. Canyons, ravines, dry borrow pits,
and quarries have all been used for this purpose. The techniques to place and com-
pact solid wastes in depression landfilfs vary with the gecometry of the site, the
characteristics of the cover material, the hydrology and geology of the site, and
the access 1o the site. In a canyon site, filling starts at the head end of the canyon
and ends at the mouth. This practice prevents the accumulation of water behind
the landfill. Wastes usually are deposited on the canyon floor and from there are
pushed up against the canyon face at a slope of about 2 to 1. In this way, a high
degree of compaction can be achieved.

Because of the problems associated with contamination of local groundwaters,
the development of odors, and structural stability, landfills in wet areas are seldom
used. If wet areas such as swamps and marshes, lidal areas, and ponds, pits, or
quarries must be used as landfill sites, special provisions must be made to contain
or to eliminate the movement of leachate and gases f[rom completed cells. Usually
this is accomplished by first draining the site and then lining the bottom with a
clay liner or other appropriate sealants. If a clay liner is used, it is important (o
continue operation of the drainage facility until the site is filled to avoid the creation
of uplift pressures that could cause the liner 10 rupture from heaving.

1}

Occwrrence of Gases and Leachate in Landfills

The following biological, physical, and chemical events occur when solid wastes
are placed in a sanitary landfill: (1) biological decay of organic materials, either
acrobically of anaerobically, with the evolution of gases and liquids; (2) chemical
oxidation of waste materials; (3) escape of gases from the fill; (4) movement of
liquids caused by diflerential heads; (5) dissolving and leaching of organic and
inorganic materials by water and leachate moving through the (ill; (6) movement
of dissolved material by concentration gradients and osmosis; and (7) uncven
scitlement caused by consolidation of material into voids.
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With respect to item |, bacterial 385_8«.:2. initially occurs under acrobic’ m
conditions because a certain amount of air is trapped within the landfill. However, : w .
the oxygen in the trappdd air is soon exhausted (within days), and the long- erm- -

decomposition otcurs under anaerobic conditions.

Gases in landfills Gases found in landfills include air, ammonia, carbon a.o-:_o

carbon monoxide, hydrogen, hydrogen sulfide, methane, nitrogen, and oxygen.

gg:%ﬁ&-ﬂ%!«-vn?ﬁnvﬂgﬂag?os:ﬂg h

decomposition of the organic solid-waste components.

steps: the first involves the enzyme-mediated transformation (liquefaction) of

higher-weight molecular compounds into compounds suitable for use as a source - * &

of encrgy and cell carbon; the second is associated with the bacterial conversion
of the compounds resuliing from the first step into identifiable lower-molecular-
t&m_: intermediate compounds; and the third step involves the bacterial conver-
sion of the intermediate compounds into simpler end products, such as carbon
dioxide (CO,) and methane (CH,). The overall anaerobic conversion of o_.wg.n
industrial wastes can be presented with the following equation:

C,HON, —— nC_H,O,N, + mCH, + sCO; + rH,0 +(d —nz)NH,; .
(11-12)

wheres =g —nw - m

rec—ny-—2s

The terms C,H,O.N, and C_H,O_ N, are used to represent on a molar basis

the composition of the material present at the start and the end of the process.

Ifit is assumed that the organic wastes are stabilized completely, the corresponding

expression is

-b |a 2+ Kv H,0

At+vwﬁlJn:.+A€|v+#+KV8~+mz=u

8
(11-13)

The rate of decomposition in unmanaged landfills, as measured by gas pro-
duction, reaches a peak within the first 2 years and then slowly tapers off, con-
tinuing, in many cases, for periods up to 25 years or more. The total volume of
the gases released during anaerobic decomposition can be estimated in a number
of ways. If all the organic constituents in the wastes (with the exception of plastics,
rubber, and leather) are represenied with a generalized formula of the form
C,H, O N,, the total volume of gas can be estimated by using Eq. (11-13), with
the assumption of complete conversion 1o carbon dioxide and methane.

The anacerobic conversion of organic compounds is thought to occur in __._.8 %
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Leachate in landfilis Leachate may be defined as liquid that has percolated through
solid waste and has extracted dissolved or suspended materials from it. In most
landfills, the liquid portion of the leachate is composed of the liquid produced
from the decomposition of the wastes and liquid that has entered the landfilf from
external sources, such as surface drainage, rainfall, groundwater, and water from
underground springs. Representative data on the chemical characteristics of
leachate are reported in Table 11-12. The leachate should be cither contained
within the landfill or removed for treatment.

Gas Movement

Under ideal conditions, the gases generated from a landfill should be either vented
1o the atmosphere or, in larger landfills, collected for the production of energy.
In most cases, over 90 percent of the gas volume produced from the decomposition
of solid wastes consists of methane and carbon dioxide. Although most of the
methane escapes (o the atmosphere, both methane and carbon dioxide have beea
found in concentrations of up to 40 percent at lateral distances of up to 120 m
(400 [t) from the edges of landfills. If vented into the atmosphere in an uncontrolied

Table 11-12 Data on the composition of leachate from land-
fills

Value, mg/L®
Typical

2000-30,000 10,000
1500-20,000 6.000

Constituent Ranget

BOD, (S-dsy biochemical oaygen demand)
TOC (1012l organic carboa)

COD (chemical oxygen & d) 3000-45.000 18.000
Total suspended solids 200-1000 500
Organic nitiogen 10-600 200
Ammonia sitrogen 10-300 200
Nitrate 540 25
Total phosphorus 1-79 0
Onihophosphorus I-50 2
Alkalinity a3 C2CO, 1000- 10,000 3,000
pH 5385 ¢
Total hardmess a3 CaCO, 300- 10,000 3,500
Caicium 200-3000 1,000
Magnesiuvm 50- 1500 250
Potassium 200-2000 300
Sodium 200-2000 500
Chioride 100-3000 $00
Sulfate 100- 1500 300
Total iron 50 -600 60
® Except pH.

t Repreentative range of valucs. Higher mazimum values have been
reparicd 10 the kiterature for some of the constituents.
Sowrcr: From Tehobanogious ct al. [11-8)
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manner, methane can accumulate (because its specific gravity is less than that:of
air) below buildings or in otheg enclosed spaces on, or close to, a sanitary landfill.
With proper venting, methane should not pose s problem.

* Because carbon dioxide is about 1.5 limes as dense as air and 2.8 times as
dense as methane, it tends to move toward the bottom of the landfill. As a result,
the copcentration of carbon dioxide in the lower portions of landfills may be high

_lor years. Ultimately, because of its density, carbon dioxide will also move down-
ward through the underlying formation until it reaches the groundwater. Because
carbon dioxide is readily soluble in water, it usually lowers the pH, which in tum
can increase the hardness and mineral content of the groundwater through the
solubilization of cakium and magnesium carbonates.

" Coatrol of Gas Movement

The movement of gases in landfills can be controlled by constructing vents and
.. barriers and by gas recovery.

- Coatrol of gas movement with veats and barriers The lateral movement of gases
produced in a landfill can be coatrolled by installing vents made of materials
that are morc permeable than the -surrounding soil. Typically, as shown in
Fig. 11-20a, gas vents arc constructed of gravel. The spacing of cell vents
depends on the width of the waste cells but usually varies from 18 to 60 m
(60 to 200 ft). The thickness of the gravel layer should be such that it will
remain continuous cven though there may be differential settling; 0.30 to 0.45 m
(12 to 18 in) is recommended. Barrier or well vents (sec Fig. 11-20b) also can be
used 10 control the lateral movement of gases. Well vents (see Fig. 11-20c) are often

r

D gad

used in conjunction with lateral-surface vents buried below grade in a gravel

trench. Control of the downward movement of gases can be accomplished by
installing perforated pipes in a gravel layer at the bottom of the landfill. If the
gases cannot be vented laterally, it may be necessary to install gas wells and to
vent the pumped gas to the atmosphere.

The movement of landfill gases through adjacent soil formations can be con-
trolled by constructing barriers of materials that are more impermcabie than the
soil (Fig- 11-21). Some of the landfill sealants that are available for this use are
identified in Table 11-13. Of these, the use of compacted clays is most common.
The thickness will vary depending on the type of clay and the degree of control
required ; thicknesses ranging from 0.15 to 1.25 m (6 to 48 in) have been used.

Control of gas movement by recovery The movement of gases in landfills can also
be controlled by instaliing gas recovery wells in complete landfills (see Fig. 11-22).
Clay and other liners are used where landfill gas is 10 be recovered. In some gas-
recovery systems, leachate is collected and recycled to the top of the landfill and
reinjected through perforated lines located in drainage trenches. Typically, the
rate of gas production is greater in keachate recirculation systems or where water
is added.

Although gas-recovery systems have been installed in some large municipal
landfiils. the economics of such operations are, at present, not well defined. The
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Gravel-packed '

vent
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n..nr
— Slope Slope ___ ‘ it
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treach Daily cover Original
ground
®)
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()
Figure 11-20 Typical methods for veating landfill gases: (o) cell; () barvier; (c) well.

cost of the gas cleanup and processing equipment may limit the recovery of land-
fill gascs, especially from small landfills.

Leachate Movement

Under normal conditions, leachate is found in the bottom of landfills. From there,
its movement is through the underlying strata, although some lateral movement
may also occur, depending on the characteristics of the surrounding material.
The rate of seepage of leachate from the bottom of 2 landfill can be estimated by
Darcy’s law by assuming that the material below the landfill 1o the top of the water
table is saturated and that a small layer of leachate exists at the botiom of the 6.
Under these conditions the leachate discharge rate per unil area is equal to the
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Drzinage ditch  *

i Cover - ™ =

sewer of {0 scperale
treatment plant)

Figure 11-21 Landfill designed to prevent the movement of gases and leachate.

Table 11-13 Landfill sealants for the control of gas and leachate movement

Sealant

Classification Representative types Remarks

Compacted soil Should contain some clay or fine

sill.

Compacted clay B ites, illites, kaok Most commoanly wsed sealant

. loc tandfills; lsyer thickness
vavies from 6 (0 48 in; layer
must be continsous snd not
allowed to dry out and crack.

Inorganic chemicals Sodium carboaate, silicate, or Use depends on local sod
pyrophosphate characteristics.

Synthetic chemicals . Polymers, rubber latex Experimental, wse not well

. established.

Syathetic membeane liners Polyvinyl chioside, butyl rubber, Expensive, may be justified
hypalon, polycthylene, where gas is (o be recovered.
ayloa-reimforced liners

Asphall Modified asphali. asphak- Layer must be thick emough
covered polypropylene fabric, to mainisin continuity under
asphalt concreic difle ial seuling condits

Onhers Gunile concrete, soil cement,

plastc 504l cement

Sowrce: From Tchobanoglous et al. [11-R)
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Figere 11-22 Well system used for the recovery of gases from landfills.

value of the coefficient of permeability K expressed in meters per day. The com-
puted value represents the maximum amount of seepage that would be expected,
and this value should be used for design purposes. Under normal coaditions, the
actual ratc would be less than this value because the soil column below the landfill
would not be saturated.

Countrol of leachate movement

As leachate percolates through the underlying strata, many of the chemical and
biological constituents originally contained in it will be removed by the filtering
and adsorptive action of the material composing the strata. In general, the extent
of this action depends on the characteristics of the soil, especially the clay content.
Because of the potential risk involved in allowing leachate 1o percolate to the
groundwaler, best practice calls for its elimination or containment. Ultimately,
it may be necessary to collect and treat the leachate.

The usc of clay has been the favored method of reducing or eliminating the
percolation of leachate (sec Fig. 11-21 and Table 11-13). Membrane liners have
also been used, but they are expensive and require care so that they will not be
damaged during the filling operations. Equally important in controlling the move-
ment of lkeachate is the elimination of surface-water infiltration, which is the major
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Table 11-14 Generalized =€cz.rl..z_§._=asu3aa§w_i§e S
. landfill cover material ..

Genersl soil 1ype®
. Clean  Clayeysity Clecan  Clayey-silty
Function gravel gravel sand  sand Silt Clay
Prevenis rodests from burrowing G F-G G 4 P | 4
or luaneling -
Keeps flics from emerging P F [ 4 G G Et
Minimizes moisture B_u:nn (11} [ 4 F-G [ 4 G-E G-E Et
Minimizes landfill gas venting P F-G P G-E G-E Et
through cover
Provides picasing sppesrance and E E E E E E
controls blowing paper .
Supports vegetation P G P-F E G-E F-G
Vents decomposition gas} E P G P P P

* E, excelient; G, good; F, fair; P, poor. |
1 Except when cracks extend through the entire cover.
1 Ontly if well drained.

Sowrce: From Tchobasoglous et al. [11-8]

contributor to the total volume of leachate. With the use of an impermeable clay
layer, and appropriate surface slope (1 lo 2 percent) and adequate drainage,
surface infiltration can be controlled eflectively. Generalized ratings for the

suitability of various types of soil for use as a landfill cover are reported in Table
11-14.

Settlement and Structural Characteristics of Landfills

The settlement of landfills depends on the initial compaction, characteristics of
wastes, degree of decomposition, and efiects of consolidation when the leachate
and gases are formed in the landfill. The height of the completed fill will also
influence the initial compaction and degree of consolidation. The degree of con-
solidation can be modeled with a first-order equation.

11-19 DESIGN AND OPERATION OF LANDFILLS

Important design considerations in the design and operation of landfills include:
(1) land requirements, (2) types of wastes that must be handled, (3) evaluation of
secpage potential, (4) design of drainage and seepage control facilities, (5) devel-
opment of a general operation plan, (6) design of solid-waste filling plan, and (7)
determination of equipment requirements. The more important individual factors
that must be considered in the design of a landfill are reported in Table 11-15. The
last three items are considered further in the following discussion.
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Table 11-15 Important factors that must be considered in the design and operation

of solid-waste landfills
Factor Remarks
Design
Access Paved all-weather access roads 1o landfifl sile; temporary roeds

Cell design and construction

Cover material

Drainage

Equipment requirements
Fire prevention

Groundwater peotcction

Land area

Landfilling method
Litter control

Operation plan

Spread and compaction
Unloading area
Openation
Communications
Days and hours of operation
" Employee facilities
Equipment maintenance

~ Operational records
Salvage

Scales

10 unloading arcas.

Will vary depending on (errain, landfilling method, and whether
gas i3 10 be recovered.

Masimize wse of on-site carth malerials; approximately | m? of
cover material will be required for every 4 10 6 m? of solid

» mix with seal 10 { surface infilration. In

some designs, inlermediate cover is nol used.

Install drainsge ditches 1o divert surface-waler runofl; maintain
1 10 2 perceat grade on Gnished fill 10 prevent ponding.

Vary with size of land6ills.

Water on-site; if noapotable, outlets must be marked clearly;
proper cell separation p 8 burn-through

combuslion occuss.

Divert any uaderground springs; if required, install sealants for
leachate control; install wells (or gas and groundwater
monitoring.

Area should be large enough 1o hold all wastes for & minimum of
1 yr but preferably 5 1o 10 yr.

Selection of method will vary with terrain and svailable cover.

Use movable fences st unloading arcas; crews should pick up
litier at deast once per moath or a3 required.

With or without the codisposal of treatment plast sludges and
the recovery of gas.

Spread and compact waste in 0.6-m (2-0) layers.

Keep small, penerally under 30 m (100 It).

Telephoue for emergencies.

Usual practice is S to 6d/wk and 8 ¢0 10 h/d.

Restrooms sad drinking water should be provided.

A covered shed should be provided for field mai of
equipment.

Tonnage, ransactions, and billing if a disposal fee is charged.

No scavenging ; salvage thould occur sway (com the unloading
area; no salvage storage on-sile.

Essential fos record keepang.

Sowurce: From Tchobanogious et al. [11-8]
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Landfill Operation Plan ;

The layout of the site and.the development of a workable operating schedule are
the main F:E.ﬂ of a Tandfill opesation plan. In planning the layout of a land§ill
site, the location of the following must be determined: (1) access roads, (2) equip-
ment shelters, (3) scales, if used, (4) storage sites for special wastes, (5) topsoil

stockpile sites, (6) the landfill arcas, and (7) plantings. A typical landfill operation -
plan is shown in Fig. 11-23.

Sol id-Waste Filling Plan

The specific method of filling will depend on .__onrug%o:.sna..«cnr-u
the amount of available cover material, the topography, and the local hydrology

and geology. To assess [uture development plans, it will be necessary to prepare a et 1 {
detailed plan for the layout of the individual solid-waste cells (see Fig. 11-24). On . " Leachate from sadesfloot
the basis of the characteristics of the site or the method of operation (eg., gas To Shepperd Ave. Plan of landfill area tile systcm pumped to
recovery), it may be necessary to incorporate special features for the control of po-.i. N 401 <00 M sanitery sewer
the movement of gases and leachate from the landfill. Estimation of the capacity of o Perimeter ditches for
2 landfill i illustrated in Example 11-S. LIt Rouues ol outeide
Rouge River
Active filling .
noﬂt-n_.os:-u_ area EQ weather)
-.3‘33 \ === \ ) !9-2. g fos fina) cover
fence
.mm 0.2 mof \Lllﬂs*d 195 m
Z = daily cover
Drainage T = 7 N Future ski
ditch 170 Y ——— T\ M
E z z e
\\\ g 160 - —————— B2
Tod \\\ Area leased £ ol Ditch £ — — 2=
e 7, £l — H
Provry n/ 130}~ Original grage . ‘
- an_._ooa!&n\ Longitudinal cros section /P..ioozuooﬂ.!;-mq
\ before filling o 200 with 0.2 m of earth fill
. I I
Plants m.. : Scale, m

Figure 11-24 Typical plan for filling landfill. (Cowrtesy of Mnicipality of Metropolitan Teronio,
Department of Public Works.)

\gn_:.l-a\ )T

i
Holding area M..e.&«n_ and Tatform
for special sheltes

wasles

Figere 11-23 Typical landfill operation plan.
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Mu.s!ln __.M" Un.n..!-!ln the capacity of a disposal site Detcrmine the capacity of the * ".m.
.:.._&‘tsw_n disposal site showy in the accompanying figure («), (b). and (). Also deter. {
mine the amount of cover Material that must be cut from the sides and rear slope of the !
n_u_x.vn._ site 1o mect the specificd cover requirements. Prepare a skeich showing the fina)
cul limits of the disposal sitc. Assume the following conditions are applicable :
u. Total lifi height'is 3.0 m.
b. Froat face of completed landfill will have a slope of 2 (0 | and will be coincident with
the [ront face of the existing site.
¢. The ratio of solid waste 10 cover material is Sto |. Ty
d. Vertical excavalion is possible without bank collapse (for the purpose of illustration '} m
only). i
_ r
A "
V 5
A ..
1 ¥ ] Y
oo
| | ¢
R .
P ~ [y
| 4
A
Front v
ron
face _ —l' 2
Plan view
te)
4
2 ! )
1 I I5Sm
Elev. 0 A —
— v
| 4/ 200 w
Section 1-1
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SoLumion

§. Determine the capacity of the disposal site and the amount of cover material required.
Because the site will be excavated 10 obtain the necessary cover material. the capacity
of the site is equal to the volume of the site. Because cover material will save to be
excavated from the sides of the site, it will be useful to compute the volume of each hft
scparately. The necessary computations are summarized in the table.

Estimation of capacity of landfill -
Arca. m?
—_  Capecity Cover
At Average  between material
Lin Elcvation contour beiween contours, required,
number  m interval intcrvals m?® m?
[} 5.550°
] 6.015 18,045¢ 36093
3 6.480
2 6945 20,835 4,167
6 7.410
3 1478 23,625 4,725
9 8,340
4 $.308 26415 5283
1”2 9.2
) 9.7135 29.205 5841
[}) 10,200
Total capacity, m* 18,125 —_
Total cover, m® 23.625

* Referring 10 the figure. the area at elevation 2ero is computed as 5550 m?
= (200m ~ 15m) x 0 m.

118,045 m> = 6015 m? x 3 m (fifi height).

13609 m® = 18,045 m® x (1/5), ratio of cover material to solid waste.

2. Determine the limits of excavation that will be neoded 10 obtain the required cover
maicrial (see the table assuming that 2 iriangular wedge of material will be excavated
(see figure () all around the disposal site.

a. Develop a relationship that can be used (o determine the volume.
Vol = 2 (volume of truncated excavated wedge sections)
+ L (area of continuous (riangular wedge)
= 2§(2x x x)x] + Li§x?)
where L = length of wedge measured along a line drawn on a horizontal plane of a
distance {x in from the bottom perimeter of the disposal site. Thus
L=2155m)+ 30 m + «3x)

= 340 + 2.67x

Hence
Vol = 1.33¢° + (340 + 26Tx)({x?)
= |70x? + 267x°
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Equipment Requiresents § L, EEEET L tad

The types of cquipmeny that have beea used at sanitary landfills include both 3
crawler and rubber-tired tractors, scrapers, compactors, draglines, and motor - ¥

graders (see Fig. 11-25). The size and amount of equipment required will depend -

primarily on local site conditions, the size of the landfill operation, and the method N

of operation. :

.A. .
SN .

11-20 LANDFARMING -

Landfarming is a- waste-disposal method in which the biological, chemical, and -

physical processes that occur in the surface of the soil are used to treat biodegrad-

able industrial wastes. Wastes to be treated arc cither applied on top of the land,

which has been prepared 10 receive the wastes, or injected below the surface of the
soil (see Fig. .11-26).
When organic wastes are added to the soil, they are subjected simultaneously

to the following processes: (1) bacterial and chemical decompotition, (2) leaching -
of water-soluble components in the original wastes and [rom the decomposition . * g
products, and (3) volatilization of selected components in the original wastes ™
and from the products of decomposition. Factors that must be considered in . - f

evaluating the biodegradability of organic wastes in a landfarming application
include (1) composition of the waste; (2) compatibility of wastes and soil micro-

flora; (3) environmental requirements including oxygen, temperature, pH, and

inorganic nutrients, and (4) moisture content of solid-waste mixture.

Figwre 11-26 Equipment used for the landfarming of liquid solid waste such as those (rom a wasie-
water (reatment pland.

T T U R - S 2
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- Landfarming is suitablc for wastes that ‘contain organic constituents that are
biodegradable and are not subject to significant leaching while the bioconversion
process is occurring. For example, petroleum wastes and oily sludges arc ideally
suited for disposal by landfarming. A varicty of other organic wastes with similar
characteristics are also suitable. Properly managed landfarming sites can be
reused at [requent intervals with no adverse aflects.

1121 DEEP-WELL INJECTION

Decp-well injection for the disposal of liquid salid wastes involves injecting
the wastes deep in the ground into permeable rock formations (typically limestone
or dolomite) or underground caverns. The installation of deep wells for the in-
jection of wastes closely follows the practices used for the drilling and completion
of oil and gas wells. To isolate and protect potential water supply aquifers, the
surface casing must be set well below such aquifers and cemented to the surface
of the well (see Fig. 11-27). The drilling fiuid should not be aliowed to penetrate

Area vn.!&... inner

Figure 11-27 Well osed for injection of bquid solid wasies.
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the formation that is to be used for waste disposal. To prevent clogging of the for- ~ % <
mation, the drilling fluid is replaced with 2 compatible solution. Also, in some cases, . o,

it may be necessary to-aeid-ireat the formation before injection of wastes is initiated,

Deep-wellinjection has been used principally for liquid wastes that are difficuly -
to treat and dispose of by more conventional methods and for hazardous wastes,

Chemical, petrochemical, and parmaceutical wastes are those most commonly
disposed of with this method. The waste may be liquid, gases, or solids. The gases

and solids are either dissolved in the liquid or are carried along with the liquid. :

DISCUSSION TOPICS AND PROBLEMS

11-1 Obtain data on the solid-waste generation rates for your community. How do they com-
pare with the values reported in the text? Explain any difierences.

13-2 If you were asked to determine the solid-waste generation rates for your community,
how would you assess the seasonal effects il the only data available had been collected during
the month of December?

11-3 Plot a histogram of the following gencration rates obtained at a commercial establish-

o
g.o««.;vn..&inwﬂq.ir!oﬁﬂggaaaituﬁoarlgugﬁ.gwoe it
A

say about the histogram you have plotied?

m’fwk Frequency

:

- WA A E DO N -

114 Drive around your community and make a brief survey of the types of containers that are
used for the outside stocage of solid wastes. .

11-S Prepare an estimate of the volume and mass of solid wastes that would be generated by a
family of four with and without the use of & kitchen garbage grinder.

11-6 Drive around your community and identify the peincipal types of solid-waste collection
systems that are in use. Select two of the systems and obtain some field data on the times
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required for the various activities associated with the collection of solid wastes. How do the
values compare with those reported in the text? Explain any differences in the values.

11-7 A new residential arca composed of 600 single-family dwellings is being developed.
Assuming that either two or three trips per day will be made 1o the disposal site, select an
appropriate truck size and determine the number of trips that must be made.

1. Solid waste generation rate = 5.0 kg/residence - d

2. Coalainers per service = 2

3. Type of service = 80 percent curbside and 20 percent rear of house
4. Collection frequency = once per week

S. Collection vehicle compaction ratio = 2.5

6. Size of collection crew = two persons

7. Length of workday = 8 h

8. Off-route factor = 0.15

9. Round-trip haul distance = 34 km

10. Haul route constants: a = 0.016 h/irip; b = 0.011 hkm
1. At-sile time per lrip = 0.083 h/trip

11-8 Layout the collection routes for the commercial area shown in the accompanying figure.
Assume the following data are applicable:

1. Collection systam = stationary container
2. Coatainer size = 4 m®

3. Container utilization factor = 0.80

4. Coliection [requency = as shown

5. Collection vehicle capacity = 26 m®

o o an Jroan || an n |
LJ
22 42 . _
R Jn e
M Jn Jn Jnoan, ws | | an
wn®) 1%
Jn Jn Jn ; m,
NIF _

N = Number of contsiners To di
F = Collection frequency, times/wk ° hmoz_
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11-9 Lay out collection routes for the residential area shown in the accompanying figure, .

Assume the same conditions as ?ﬂon_.& in Exampie 11-3 are applicable.

2
6 6 - 6 6 6 6
3 3 3 3 3 3 3 3 3 3 3 3
6 '3 6 [ 6 6
6 '3 6 6 [ 6
3 3 3 3 3 3
6 6 6
15 15 15 15 s 15
6 6 6
3 k} k] 3 3 3
6 [ 6 6 6 6
B 5
6 6 6 6 6 6
3 3 3 3 3 3 3 3 3 3 3 3
6 6 6 6 6 6
6 6 6 [9 10
3 3 3 3
[ 10
15 15 15 15 s 15
[ 10
3 3 3 3
6 [} 6 6 10
3,6, 10, 15 = number of residences
along each block
: To disposal
site

11-10 If your communily does not have a transfer station (if i does. do Prob. 11-11) estimate
the break -even time at which a transier station operation would become feasible. How does
this value compare to the actual time now speat by the collection vehicles in the hau opera-
tion? State all of your assumptions clearly.

11-11 I your community has a transfer station. estimate what the break -cven time would be
for a direct-haul operation. How does this value compare to the actual time now spent by the
transport vehicles in the transport operation? Staie all of yous assumptions cleasly.

11-12 Estimate the maximum amount of gas that can be produced per kilogram. under
anacrobic conditions. from a waste with the same chemical composition as the waste in
Exampie 10-4.

11-13 Prepare an operating plan. including equipment requi

and estimate the capacity
of a tandfill to be placed in the area shown in the accompanying figure. Assume the following
data are applicable:

1. Number of coliection services = 3000 (average over 20 yo

- 2. Amount of wastes generited per service = 6.5 kg d
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_d

Scale, m

3. Compacted density of solid wastes in landhll = 475 kg/m?
4. Maximum allowabie finished grade above surrounding ground = 20 i
5. Ratio of solid wastes (0 cover material = 6 to |

13-14 Estimate the capacity of the landfill shown in Fig 11-24. If the in-place density is 714
kg m*. how many tonnes have been placed in the indhill?
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11-15 Solve Example 11-S in a stepped fashion where only the amount of cover materia) u.\ﬁ m -

needed for cach kift is nnh!i.mmu Prepare a sketch showing the final cut limits of the disposaj . W CHAPTER
site. L - -
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The purpose of this chapter is to introduce the reader to the techniques and meth-

ods used to recover malerials, conversion products, and energy from solid wastes.

Topics to be considered include (1) processing techniques, (2) materials-recovery

systems, (3) recovery of biological conversion products, (4) recovery of chemical
? conversion products, (5) recovery of energy from conversion products, and (6)
' materials and energy recovery systems.

Because many of the techniques to be considered are in a state of flux with
respect 1o application and design criteria, the objective here is only 10 introduce
them to the reader. If these techniques are to be considered in the development of
waste-management systems, current engineering design and performance data
must be obtained from the records ol operating installations, from ficld tests,
from equipment manufacturers, and from the literature. References [12-3, 12-6,
and [2-8] arc recommended as a starting point.

Processing Techniques

Processing techniques, as noted previously in Chap. 11, are used in solid-waste
management systems (0 improve the efficiency of solid-waste management
sysiems, 10 recover resources (usable materials), and to prepare materials for the
recovery of conversion products and encrgy. Processing techniques used to im-
prove the efficiency of solid-waste systems and (0 recover materials manually
were considered previously in Chap. 1 1. The more important techniques used for
processing solid wastes to recover materials and 10 prepare the waste for subse-
quent processing are summarized in Table 12-1.
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