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CHAPTER 3
CONTROL AND CONTAI NMENT TECHNOLOG ES

3-1. Definition. Control and contai nment technol ogies are those renedi al
systens that are used primarily for managenment of contam nants onsite and to
prevent excursions to the air or ground water.

3-2. Applicability. Control and containment renedial techniques are usually
undertaken where the volume of waste or hazard associated with the waste makes
it inmpractical or inpossible to dispose of the contam nation offsite to a
secure landfill site or to treat the waste or contaminated material onsite. In
some cases, portions of waste materials have been renoved, but the residua
contam nation in soil and ground water must be contained onsite. Renedi al
techni ques generally are used for onsite contai nnent with processes such as
flushing of an aquifer or natural biological degradation accounting for the
actual destruction of contam nants. Site control and contai nment renedial
techni ques are often inplenmented along with treatnment systenms to mininize the
volunme of material requiring treatment. For exanple. if |eachate seeps from
the site it must be treated, and control of run-on and percol ation through the
site can reduce the volunme of water that nust be collected and treated.

3-3. Techni ques.

a. Waste Collection and Renpval. The first step in renmediation is
usual ly the collection and renmoval of waste materials, including wastes,
soils, sedinents, liquids, and sl udges.

b. Contami nated Ground Water Plume Managenent. Often it is necessary to
control contam nant novenent in the subsurface by intercepting or controlling
| eachat e and ground water around and under a site.

c. Surface Water Controls. Control and containnent technol ogi es usually
i nvol ve managi ng the noverment of contaminants in and out of the controlled
area. Many common construction processes used in managi ng ground water and
surface water are often enployed. Leachate control involves contai nment and
coll ection of water contam nated by contact w th hazardous wastes. Control of
| eachate will involve the use of subsurface drains and |iners.

d. Gas Control. Gases and volatile conmpounds nmust be controlled at nmany
hazardous waste sites both to allow access to the area and to prevent w der
di spersion of contam nants.
Section |. Waste Collection and Renoval

3-4. Drum Handl i ng.

a. Backaground.

(1) The disposal of drums containing wastes in landfills and at
abandoned storage facilities has been comopn practice in the United States.
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Many of the problens with uncontrolled disposal sites can, in part, be Iinked
to i nproper drum disposal. In addition to contributing to ground-water, soil
air, and surface-water contanination, several explosions and fires, resulting
frominconpatible wastes can be attributed to | eaking druns.

(2) Since each disposal site is different, selection and
i mpl enent ati on of equi pnent, and methods for handling drumrel ated probl ens,
nmust be independently determnmined. The primary factors that influence the
sel ection of equi pment or nethods include worker safety, site-specific
vari abl es affecting performance, environnental protection, and costs. Al
sites should include the construction of earthen dikes and installation of
synthetic liners in the drumhandling area to mnimze seepage and run-off of
spilled materials, and the use of real-time, air-nonitoring equi pment during
all phases of site activity.

(3) The organization of a typical drumcleanup site is shown in Figure
3-1.
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Figure 3-1. Organization of the Waste Site Cleanup Area

b. DrumHandling Activities.

(1) Site-specific variables. The safety of drumhandling is greatly
affected by site-specific conditions, including accessibility of the site,
drumintegrity, surface topography and drai nage, nunber of druns, depth of
burial, and the type of wastes present.

(2) Detecting and locating druns. Typically, druns at an abandoned
site will be detected through the use of historic and background data on the
site, aerial photography, geophysical surveying, and sanpling. Background
data and aerial photography records which will show changes in the site over
time, such as filling in of trenches and nmoundi ng of earth, should be
avai l abl e onsite during the construction phase of the remedial action to
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determine if the drumlocation is as predicted. Geophysical survey nethods are
hi ghl y dependent upon site-specific characteristics. Magnetonetry is usually

t he nost useful survey nmethod for locating buried druns. Metal detectors,
ground penetrating radar, and el ectromagnetics are also used to detect buried
drums with varying success. Regardl ess of the geophysical nmethod used to
determ ne the location of buried druns, the results nust be verified by

sanpl i ng.

(3) Environmental protection. Four basic techniques for environnenta
protection which should be practiced at all sites are: (a) nmeasures to prevent
contam nant rel eases, such as overpacking or pumping the contents of |eaking
drunms; (b) actions which mtigate or contain rel eases once they have occurred,
such as perineter dikes, (c) avoidance of uncontrolled m xing of inconpatible
wast es by handling only one drumat a time during excavation, and (d)

i sol ati ng drum openi ng operation from stagi ng and worki ng areas. Sonme of the
preventive nmeasures and mitigating actions for ninimzing contam nant rel eases
during drum handling activities are summari zed in Table 3-1

(4) Determining drumintegrity. The excavati on and handli ng of danaged
drunms can result in spills and reactions which may jeopardi ze worker safety
and public health. Generally a drumis inspected visually to check the drum
surface for corrosion, |eaks, swelling, and missing bungs. Wrker safety
shoul d be stressed during this inspection since it requires close contact with
the drum Any drumthat is critically swollen should not be approached.
Swol | en drunms shoul d be isolated behind a barrier and the pressure rel eased
renotely. Nondestructive testing nethods to determine drumintegrity have been
found to have serious drawbacks and limtations. Mst of these nethods such as
ul trasonics or eddy currents require that the drum surface be relatively clean
and free from chi pped paint and floating debris. Buried druns are usually not
in condition to be safely and easily cl eaned.

(5) Container opening, sanpling, and conpatibility. Each contai ner on
a site may have to be opened, sanpled, and anal yzed prior to disposal

(a) Container opening and sanpling should be conducted in an isolated
area to minimze the potential of explosions and fires should the drumrupture
or the contents spill. Drumopening tools include hand tools (nonsparking hand
tool s, bung wrenches, and deheaders) and renotely operated plungers,
debungers, and backhoe-attached spi kes. EPA*s Nati onal Enforcenent
I nvestigations Center (NEIC) has devel oped two renotely controlled drunmopeni ng
devi ces. Procedures for drum opening and sanpling are outlined in Appendix XV
of the Chenmical Manufacturers Association, Inc. (CMA), report “A Hazardous
Waste Site Managenment Pl an.

(b) Compatibility testing is required prior to bul king, storing, or
shi ppi ng many of the containers. Conpatibility testing should be rapid, using
onsite procedures for assessing waste reactivity, solubility, presence of
oxi di zer, water content, acidity, etc. A conpatibility testing procedure is
al so outlined in Appendi x XV of the CMA report.

(6) Drum consolidation and recontainerization
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(a) A proposed drum consolidation protocol that can be used as a guide
i n assessing drum consol i dation requirenents was al so prepared by the CMA
The protocol is based on grouping the waste into categories that are
conpati ble based on limted testing rather than doi ng individual analyses of
the contents of each drumprior to disposal. This approach woul d be best
suited to a manufacturing facility where the products or wastes types are
l[imted and the objective is to consolidate nmany sanples into a relatively
smal | number of waste streans for bulk disposal. In the case where a di sposa
met hod i s based on concentrations of a particular waste constituent (e.g.
concentration of PCBs), care nust be taken not to consolidate containers into
bul k streans that would substantially alter the method for disposal
subsequently increasing the costs for the renmedial action

(b) In the case where consolidation is not feasible, based on
i nconpatibility of wastes or costs, druns can be overpacked, contents
transferred to new druns, or contents solidified to facilitate handling.

(7) Storage and shipping. Tenporary onsite storage of drums nmay be
part of the remedial action prior to ultimte disposal. Requirenents for
storage of hazardous wastes over 90 days are regul ated under the RCRA. RCRA-
permtted facilities for drum storage for over 90 days require:

(a) Use of dikes or berns to enclose the storage area and to segregate
i nconmpati bl e waste types.

(b) Installation of a base or liner that is inpermeable to spills.

(c) Sizing of each storage area (containing conpatible wastes) so that
it is adequate to contain at |east 10 percent of the total waste volunme in
event of a spill

(d) Design of the storage area so that druns are not in contact with
rainwater or spills for nore than one hour

(e) Weekly inspections.

(8) Technical standards. The technical standards for these
requirements are found in 40 CFR Parts 264-265. Manifesting and shi ppi ng of
t he hazardous wastes are covered by DOT regul ations found in 49 CFR 171-177,
40 CFR 263, and ot her applicable Federal, state, and |ocal |aws and regu-
| ati ons. A RCRA storage pernmit will be required for onsite storage of hazard-
ous waste held over 90 days.

3-5. Storage. Storage is the holding of a waste for a tenporary period of
time, at the end of which the waste is treated, disposed of, or stored
el sewhere

a. Applicability.

(1) Storage systens have general applicability to all types of waste
streans as a mechani sm for accunul ati ng and hol di ng waste on a tenporary
basis. Storage should be considered viable only in cases where the
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accunul ation of waste prior to treatnent or disposal results in a cost
reducti on or nakes sone treatnment process or di sposal nethod nore feasible.
Exanpl es include accunul ati on of waste until a sufficient volume is obtained
for bulk shiprment or bulk treatnment, thus decreasing costs. Under the RCRA
regul ati ons, a generator may accumul ate hazardous waste onsite w thout a
permt for a period of up to 90 days as long as certain conditions are nmet as
specified in CFR Title 40, Part 262, Subpart C, Section 262. 34.

(2) Different storage techniques are capable of handling wastes in
solid, senmisolid, and liquid forns. Problens associated with the
applicability of storage techniques to various wastes generally occur wth
regard to storage of hazardous waste. The RCRA regul ations pertaining to
storage facilities under Part 264 address two particul ar probl em wastes,
ignitable or reactive wastes and inconpati ble wastes. Special requirenents
for each storage technique are detailed in the regulations for these wastes.

(3) Wastes that enit or produce toxic fumes should not be stored in a
manner which allows for the em ssion of funmes except possibly in emergency
situations.

b. Methods. Storage nethods include waste piles, surface inmpoundnents,
cont ai ners, and tanks.

(1) Waste piles. Waste piles are small noncontai nerized accumnul ati ons
of a single solid dry nonfl owing waste. They nmay be maintained in buildings
or outside on concrete or other pads. Waste pile storage is suitable for
sem solid and solid hazardous wastes such as mine tailings or unexpl oded
ordnance wastes. The siting criteria for waste piles are less stringent than
those for landfills or surface inpoundnents. Waste piles should be located in
a hydrogeol ogic setting that offers both sufficient vertical separation of
wast es from uppernost ground water and | ow perneability soils providing the
hydraul i c separation. The design elements required by the regul ations for
waste piles include liner, |eachate collection and renoval, run-on and run-off
control, and w nd di spersal control

(a) Liners selected for a waste pile nmust be conpatible with the waste
material and be able to contain the waste until closure. Considerable
flexibility is permitted in the choice of liners for short-term storage of
wastes. A liner may be constructed of clay, synthetic materials, or adm xes.

Tabl e 3-2 summarizes liner types, characteristics, and conpatibilities. If a
waste pile is going to be used for an extended period of time, a double |iner
with a |l eachate collection systemnmay be required. Figure 3-2 illustrates
waste pile details and a double liner system |If the waste pile contains

particulate matter, wi nd dispersal controls are required by the regul ations.

(b) The principal closure requirement for a waste pile is renoval or
decont anmi nation of all waste and waste residue and all system conponents
(liners), subsoils, structures, and equi pment whi ch have been contam nated by
contact with the waste. However, if contamnmination of the subsoils is so
extensive as to preclude conplete renpval or decontam nation, the closure and
postcl osure requirements applying to landfills nust be observed. Ensuring
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Figure 3-2. Base Liner Details for Waste Piles
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adequat e contai nment of waste should be an inportant consideration in initia
design of a waste pile.

(2) surface inpoundments. Surface inpoundnents include any facility
or part of a facility which is a natural topographic depression, nman-made
excavation, or diked area. They may be formed primarily of earthen materials
or man-nmade materials, and designed to hold an accunul ation of |iquid wastes
or wastes containing free liquids. Exanples of surface inpoundnments are
hol di ng, storage, settling, and aeration pits, ponds, and | agoons. Surface
i mpoundnents are used for the storage, evaporation, and treatnment of bulk
aqueous wast es.

(a) Mxing of wastes is inherent in a surface inpoundment.
I nconpati bl e wastes should not be placed in the sane i mpoundnent. The poten-
tial dangers fromthe m xing of inconpatible wastes include extrenme heat,
fire, explosion, violent reaction, production of toxic msts, funmes, dusts, or
gases. Sone exanples of potentially inconpatible wastes are presented in
Tabl e 3-3.

(b) Surface inpoundments should be | ocated in a hydrogeol ogic setting
that limts vertical and horizontal hydraulic continuity with ground water.
The hydraulic head forned in the inmpoundnent provides for a high potential for
liquid seepage and subsurface migration. As with waste piles, surface
i mpoundnments nmay require the use of liners, |eachate collection and renoval,
and runon and runoff controls. An exanple detailing base liners for surface
i mpoundnments is shown in Figure 3-3.

(c) Surface inpoundments nmust be inspected during their operating
life. These inspections should include nmonitoring to ensure that |iquids do
not rise into the freeboard (prevention of overtopping), inspecting
contai nnent berns for signs of |eakage or erosion, and periodic sanpling of
t he i npounded wastes for selected chem cal paraneters.

(3) Rempval nmethods.

(a) Removal nethods for settled residues and contani nated soil include
renoval of the sedinment as a slurry by hydraulic dredgi ng, excavation of the
sedinments with a jet of high-pressure water or air, vacuumtransport of
powdery sedi ments, excavation of hard solidified sedinments by either dragline,
front-end | oader, or bulldozer

(b) The nmjor operation at an inpoundnment involves the “renoval " of
the liquid waste. Table 3-4 sumarizes |iquid waste renoval nethodol ogies.

(c) In addition to the requirenment of a single liner with ground-water
nmonitoring wells or a double Iiner with a | eak detection system other design
el ements include prevention of overtopping the sides of the inpoundnent and
construction specifications that ensure the structural integrity of the dikes.

(d) Cosure options include the renpval or decontam nation of al

wast es, waste residues, system conponents, subsoils, structures, and equi pment
or the renmoval of the liquid waste and solidification of the remaining waste.

3-11
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>
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.//'///'/////////]/// HIYRI NOPTIONAL LEAX DETECTION SYSTEM

WITN PRIMARY LINERS OR A

2 Mkt SECONDARY SO LINER
1OR GEOTEXTILE)
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EQUPIMENT SECONDARY LEACHATE COLLECTION
wio s AND REMOVAL SYSTEM AS SHOWN
OPERATING LIFE: <30 YEARS | | > 30 YEARS S0iL LI;:; pelow

SURFACE IMPOUNDMENT UNIT

Figure 3-3. Base Liner Details for Surface Impoundments

Solidification also requires the placenent of a final cover and ground-water
nonitoring to ensure that stabilization and capping operations were
successful .

(4) Tanks. Tanks are stationary devices designed to contain an
accunul ati on of hazardous waste and are constructed primarily of nonearthen
materials (e.g. , wood, concrete, steel, plastic) which provide structura
support. Tanks shoul d be designed to be strong enough to ensure agai nst
col l apse or rupture. dosed tanks should be vented or have sone neans to
control the pressure. Tanks should be conpatible or have a liner that is
conpatible with the stored waste. Inconpatible wastes should not be stored in
the sane tank.

c. Summary of Current Requlations. References to EPA advisories and
regul ati ons for hazardous waste storage, treatment, or disposal are listed
bel ow.

Cont ai nnent _Met hod Requl ati ons

Landfills, surface Federal Register, Vol 47, No. 143
i mpoundnents, waste
piles, and | and
treatment units

Cont ai ners and tanks Federal Register, Vol 46, Page 2867
St andards for waste 40 CFR Part 264, Subpart |, Sections
cont ai ners 264.170-264. 178; and Subpart J,

Sections 264.190-264. 199
St andards for sur- 40 CFR Part 264, Subpart K
face inpoundnents
St andards for waste 40 CFR Part 264, Subpart L
piles and Subpart F
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Tabl e 3-4.Liquid Waste Renoval Methods for Surface |npoundnents

Met hod Description

Decant i ng Liquids within or ponded on the surface of the inmpoundnent
can be renmoved by gravity flow or punping to a treatnent
facility if there is not a |arge percentage of settleable

sol i ds.
Punpi ng and Li quids or slurries conposed of suspended or partially
settling suspended solids can be renoved by punping into a lined

settling pond and then decanting. Sludges are disposed in a
dry state, and either returned to the inpoundnent or
di sposed in anot her contained site.

Sol ar drying Li quids are renmoved by evaporation; sludges remaining after
evaporation are left in the inmpoundnent or disposed in
anot her contained site. Note that volatile organics should
not be handled in this nanner.

Cheni cal Aqueous waste with | ow | evel s of hazardous constituents
neutralization frequently lends itself to chemical neutralization and
subsequent nornmal di scharge under NPDES pernit requirenments

Infiltration Certai n aqueous waste can be handled by infiltration through
soil, provided that the hazardous substances are renoved by
either soil attenuation or underdrain collection of the
solute. Collected solutes are usually treated.

Process reuse Sone aqueous waste can be recycled in the manufacturing
process a number of times until the contam nants are at a
| evel requiring disposal by one of the nethods previously
mentioned. Reuse does not di spose of the waste but can
significantly reduce the quantities to be disposed.

Absor bent Material s can be added to aqueous inmpounded wastes to absorb
addi tion free liquids. Absorbents include sawmdust; wood shavi ngs;
agricultural wastes such as straw, rice, and peanut hulls;
and comercially avail abl e sorbents.

3-6. Tank Ceaning and Denplition. Tank cleaning and denolition procedures
are site specific and depend largely on the nature of tank contents. A nmjor
consideration is whether the contents are ignitable or explosive. |If
possi bl e, the contents of the tank should be renpved by punping or draining,
then the tank can be decontani nated and denolished. Provisions nust be made
for treatnent and di sposal of contam nated washwaters.

a. Tanks Containing Sludges. |If the sludge cannot be renoved, water
shoul d be punped into the tank to conpletely cover the sludge and the contents
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of the tank should be blanketed with nitrogen. The tank head space should
then be checked with an explosion nmeter to ensure a safe working environnent
bef ore proceeding. Then the top area of the tank should be cut using an
oxyacetyl ene torch. Explosion nmeter checks should be nade after each cut to
ensure that no expl osive gases are collecting during cutting operations.
Successive “slices” of the tank should be renmoved until there is sufficient
wor ki ng roomto renmove the contents of the tank. Adequate fire protection
shoul d be available onsite along with a paramedic unit during tank denolition
activities if there is a risk of fire or explosion.

b. Tanks Containing Liquids. Once the tank contents have been renoved
by punping or draining, the tank can be decontani nated. Dependi ng upon the
contents, water and/or organic solvents may be used. The fina
decont ami nati on process should be water flushing if the tank contained

i gnitable or explosive waste material. Chemical emulsifiers may be used to
renove hydrophobi c organics. Before proceeding with tank denolition
expl osi on nmeter checks should be taken. |f an explosive hazard exists, the

tank shoul d be bl anketed with water and nitrogen before being cut. Again,
expl osi ve checks shoul d be made after each cut while the tank is cut away in
“slices.” Fire protection personnel and paranedi cs shoul d be present any tine
there is the danger of fire or explosion

3-7. Lagoon Managenent. Existing |agoons, ponds, and disposal pits have the
potential to contam nate surface water, ground water, soil, and the
surrounding air. Precipitation (rainwater and surface runoff) may increase
the volume of the contami nated waste, increasing the potential for ground- and
surface-water contam nation, and increasing total cleanup costs. Background

i nformati on on geol ogy, hydrol ogy, soils, and the character of the waste
itself is nost inportant in determning the potential for |eachate generation
and its vertical and horizontal mgration through the ground-water system

a. Mnagenent Plans. The contents of a | agoon may be contai ned,
treated, or disposed of onsite or may be renpved fromthe | agoons to an
offsite treatment or disposal facility.

(1) Onsite renedial actions.

(a) Onsite managenent plans may include a no-action alternative with
no treatnment for the waste and establishment of a nmonitoring programto detect
any surface or subsurface migration of contanmi nants. This option may be
appropriate if it has been determ ned that the underlying aquifer is unusable
and there is no i mm nent danger of contam nating nearby surface waters or
residential wells. Long-termnonitoring can be very expensive and the
potential liability of the inpounded waste nmay not decrease over time.

(b) The wastes may be punped to an onsite treatnent facility. Liquids
may be punped with one or nore of many avail able punps. However, the
conpatibility of the liquid waste with the punp*s materials that cone in
contact with the liquid should be considered to avoid equi pnent failures.

Sl udges and contam nated sedi ments at the bottom of the | agoon may or nay not
require dredging to renove them fromthe | agoon dependi ng on viscosity.
Onsite treatnent of the liquid waste may be acconplished through physical
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chemical, and/or biological nethods. Treatnment systens are further discussed
in Chapter 4.

(c) The wastes may al so be treated in situ using one of many options.
These options include solidification, stabilization, or encapsulation. Wen
preparing the contract for a project with in-situ treatnment, a pilot-scale
denonstration using the actual construction equi prent proposed for the job
shoul d be required. Obtaining a sufficient mixing action with sludges using
heavy construction equi pment can be a difficult task with |ow quality contro
at hazardous waste inpoundnents.

(d) If the waste is left in place after being treated, it should be
i sol ated fromsurface and ground water. Capping and surface water diversion
can prevent nost |eachate generation. G ound water can be controlled with the
use of subsurface barriers or by ground-water punping.

(2) Ofsite remedial actions. The contents of a |agoon may al so be
renoved and transported to an offsite facility for treatnment or disposal
Treat ment processes may be applied to the waste during the renoval operation
dependi ng on the treatnment/di sposal option being used. The additiona
handl i ng and transportati on probl ens should be considered. Also, once the
liquid contents of the | agoon have been renoved, the remining sludge and
under|yi ng contam nated soil may have to be renoved and treated at the sane
offsite facility.

3-8. Excavation of Landfills and Contanminated Soils. Excavation is a comon
techni que used to nove solid and thickened sludge materials. Were offsite
treatment methods are to be used, excavation and transportation of the waste
material will be required.

a. Design and Construction Considerations. Inportant factors that
shoul d be considered before excavation of a refuse site can begin are listed
bel ow

(1) Density of solid waste in a landfill. Density is dependent on the
conposition of the waste and the degree of conpaction achieved. Average
densities of landfilled wastes generally range from 474 to 593 kg/n?¥ (800 to
1,000 I b/yd® with noderate conpaction.

(2) Settlenent of the fill. As a result of deconposition of the waste
and the addition of new waste material, settling of fine particles into voids
bet ween solid matter can occur

(3) Bearing capacity of the fill. Bearing capacity is the ability to
support foundations (and heavy equi pnment). Average val ues ranging from
23.9 KPa to 38.3 KPa (500 to 800 I b/ft? have been reported.

(4) Deconposition rate of waste. Mst of the materials present in a
refuse site will deconpose. Deconposition of organic waste under anaerobic
conditions predominantly occurs at the base of the site and can generate
hi ghly corrosive organic acids and toxic gases such as nethane or hydrogen
sul fide.
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(5) Packaging of waste. Packaging of waste in barrels and tanks nmay
present additional renoval problens.

b. Mechanical Methods. Excavation of a landfill may be achi eved by
mechani cal means. Typical excavation equi prment includes draglines, backhoes,
and cl anshel | s.

(1) The dragline.

(a) A dragline excavator is a crane unit with a drag bucket connected
by cable to the boom The bucket is filled by scraping it along the top | ayer
of soil toward the machine by a drag cable. The dragline can operate bel ow
and beyond the end of the boom

(b) Maxi num di ggi ng depth of a dragline is approximtely equal to half
the I ength of the boom while digging reach is slightly greater than the
| ength of the boom Draglines are very suitable for excavating |large |and
areas with | oosely conpacted soil

(2) The backhoe.

(a) The backhoe unit is a boom or dipper stick with a hoe di pper
attached to the outer end. The unit may be mounted on either crane-type or
tractor equiprent.

(b) The largest backhoe will dig to a maxi num depth of about 13.7 m
(45 feet). Deeper digging depth can be achieved by attaching long arnms to
one- pi ece boonms or by adjusting the boom angle on two-pi ece boons.

(c) Some hydraulic backhoes having boons that can be extended up to
30.5 m (100 feet) or retracted for close work can be used to excavate,
backfill, and grade.

(3) The clamshell. To achieve deeper digging depth, clanshell equip-
ment nust be used. A clanmshell bucket is attached to a crane by cables. A
cl anshel | excavator can reach digging depths greater than 30.5 m (100 feet).

c. Advantages and Di sadvantages. Advantages and di sadvantages of the
excavation techni que using dragline and backhoe are |isted bel ow.

Advant ages Di sadvant ages

Dragline

Readi | y avail abl e Difficult to spot bucket for
scrapi ng and dunpi ng

Applicable for excavation of |arge area
Cannot backfill or conpact

(Conti nued)



Advant ages

Easy to operate

Backhoe

Readi | y avail abl e

Easy to control the bucket and thus
control width and depth of excavation

Can excavate hard and conpact ed
materi a

More powerfu
dragline

di ggi ng action than

Can be used to backfill and conpact

3-9. Renpval of Contam nated Sedi nents

a. Background.
(1) Uncontrolled waste di sposa

| akes, estuaries, and other
di sposal sites may occur al ong severa

constructed downsl ope of the site. Also,
river bottoms may adsorb chem ca
wat er cour se from di sposa
cont am nat ed ground wat er
transported pollutants may settle into,

sedi nrents. Anot her

cont ai ners;

to the bottom of natural waters,

(2) Dredging serves the sane basic function as nechani ca
of hazardous waste materials frominproperly constructed or sited
sites for offsite treatnment or disposal
pneunati c,
i ncl udes techni ques for drying, physica
and di sposal
be designed and inplenented on a site-specific
placing fil
by alternate routes nust
with the 404 (b)(l) Guidelines (40 CFR Part 230).
be permitted if a practicable alternative having

renoval
di sposa
are comonly used, including hydraulic,
Dredged material managenent
processi ng, chem cal treatnent,
cont am nat ed sedi nents nust
basis. An evaluation of the need for
waters of the United States or

dredged materials will not

| ess adverse environnmental inpact exists.
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Di sadvant ages

sites may directly or
contam nate bottom sedi nents deposited in streans,
bodi es of water.
di f ferent
may be eroded fromthe surface of hazardous waste di sposa
run-of f and subsequently deposited in nearby watercourses or sedi nent
exi sting sedi ments al ong stream and
pol | ut ants that
areas within the drainage basin.
may drain to surface watercourses and the
or chemically bind wth,
possi bl e source of sedinent contam nation is direct
| eakage or spills of hazardous |iquids from damaged or
spilled chem cals that are heavier and denser than water wll
coating and m xing with sedi nents.

Not applicable for digging depth
nmore than 9.1 m (30 ft)

Not applicable for digging depth
over 9.1 m (30 ft)

Cannot be extended beyond 30.5 m
(100 ft)

indirectly
creeks, rivers, ponds,

Sedi nent contam nation by waste
pat hways. Contani nated soi
sites by natural
basi ns

have been washed into the
Simlarly,

bot t om

m shandl ed waste

si nk
excavati on:

Several types of dredges
and nechani cal dredges.

Pl ans to renpve and treat
or dredged materials in

be made i n accordance
Di scharge of fill or
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(3) A know edge of the physical properties and distribution of
contam nated sedinents is essential in selecting a dredging technique and in
pl anni ng the dredgi ng operation. Information on grain size, bed thickness,
and source and rate of sedinment deposition is particularly useful. Such
i nformati on can be obtained through a program of bottom sanpling or core
sampling of the affected sedinment.

b. Description and Application of Dredgi ng Techni ques.

(1) Hydraulic dredging.

(a) Available techniques for hydraulic dredging of surface
i mpoundnment s include centrifugal punping systems and portable hydraulic
pi peline dredges. Centrifugal punping systens utilize specially designed
centrifugal punps that chop and cut heavy, viscous materials as punmp suction
occurs. The special chopper inpeller devices within these punps all ow high-
vol unme handl i ng of heavy sludges and other solids m xtures wthout the use of
separate augers or cutters.

(b) Cutterhead pipeline dredges are widely used in the United States;
they are the basic tool of the private dredging industry. Cutterhead dredges
| oosen and pick up bottom material and water, and di scharge the mixture
t hrough a fl oat-supported pipeline to offsite treatnent or disposal areas.
They are generally from7.6 to 18.3 m (25 to 60 feet) in length, with punp
di scharge diameters from 152 to 508 nm (6 to 20 inches). There are two basic
types of portable cutterhead dredges: the standard basket cutters (Figure 3-4)
and the smaller specialty dredges that use a horizontal auger assenbly and
nove only by cable and wi nch.

(c) For dredging surface inpoundments deeper than 6.1 m (20 feet), the
standard cutterhead dredge (Figure 3-5) is required. This type of dredge
noves forward by pivoting about on two rear-nounted spuds (heavy vertica
posts), which are alternately anchored and raised. The swing is controlled by
wi nches pulling on cabl es anchored forward of the dredge (Figure 3-6). The
rotating cutter on the end of the dredge | adder physically excavates materia
ranging fromlight silts to consolidated sediments or sludge, cutting a chan-
nel of variable width (depending on | adder |l ength) as the dredge advances.

For deep surface inpoundments containing only soft, unconsolidated bottom
materials, a variation of the standard cutterhead dredge--the suction pipeline
dredge--can be used to dredge the inmpoundnent. Suction dredges are not

equi pped with cutterheads, or they sinply operate w thout cutterhead rotation
they nmerely suck the material off the bottomand, |ike nost dredges, discharge
the mixture through a stern-mounted pipeline | eading to a disposal area.

(2) Lowturbidity hydraulic dredging.

(a) Lowturbidity dredging is any hydraulic dredgi ng operation that
uses special equi pnent (dredge vessels, punps) or techniques to mninize the
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LADDER HEAD
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’ CUTTER SHAFT
CUTTER
LOOSE MATERIAL
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£y

\ DREDGED BOTTOM

Figure 3-4. Standard Cutter Assembly, Spiral Basket Cutter

resuspensi on of bottom materials and subsequent turbidity that may occur
during the operation. Conventional hydraulic dredging may cause excessive
agitation and resuspension of contam nated bottom materials, which decreases
sedi nent renoval efficiency and which may | ead to downstreamtransport of
contam nated materials, thereby exacerbating the original pollution. Low
turbidity hydraulic dredgi ng systems include small specialty dredge vessels,
suction dredgi ng systens, and conventional cutterhead dredges that are
nodi fi ed usi ng speci al equi pment or techniques for turbidity control

(b) The Mud Cat dredge utilizes a subnerged punp nmounted directly
behi nd a horizontal auger to handl e highly viscous chem cal sludges or thick
muddy sedi nents. The Mud Cat MC-915 (Figure 3-7) can renove sedinent in a 2.7
m (9-foot-wi de) swath, 457 mm (18 inches) deep, at depths as great as
4.6 m (15 feet) and as shallow as 508 nm (21 inches). The horizontal auger
can be tilted left and right to a 45-degree angle to accomodat e sl opi ng sides
of inpoundnments. Wth an auger wheel attachment, the Mud Cat can dredge in
i ned i npoundnents w thout damaging the liner. Two people are required to
operate the 9.1 m (30-foot-1ong) nmachine, which nmoves by winching itself in
either direction along a taut, fixed cable at average operating speeds of
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~ a— SECOND CUT
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SPUD DOWN FOR FIRST CUT

SPOIL LINE

Figure 3-5. Standard Cutterhead Dredge Operation
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Figure 3-6. Standard Cutterhead Dredge Vessel

3-22



EM 1110- 1-502
30 Apr 94

lppll]
\ALJL
[ - .
AIR CONDITIONER [OPTIONAL)
REMOVABLE FOR TRANSIT HEATER, PRESSURIZER

DETROIT DIESEL ENGINE

/ DISCHARGE ELBOW Y WINCH

'3
CABLE GUID ‘ MUDSHIELD L
T & HYD. '
oy | =TS ;
" | H =4 18] @\ CYUINDER &

”

=%
2 LV T |
be X O
N o = 3 = — — ==
L ] T AW 1 ¥ ol
' L I
ACCESS HANDHOLE \INDEXING ASSY.
HYDRAULIC RESERVOIR / \\ MORRIS PUMP / A AUGER CUTTER ASSY.
)
NYDRAULIC DAIVE — FLEXIBLE COUPLING pAg SUCTION PIPE N

| g 1

Figure 3-7. Views of the Mud Cat MC-915 Dredge

41 to 61 nm's (8 to 12 feet per mnute). The Mud Cat has a retractable
nmudshi el d, which surrounds the cutter head, entrapping suspended naterial,

i ncreasing suction efficiency, and mininmizing turbidity. The Miud Cat can

di scharge approxi mately 95 ¢/s or 5.7 n¥/ mn (1,500 gallons per mnute) of
slurry with 10 to 30 percent solids through an 203 mm (8-inch) pipeline and,
dependi ng on site-specific conditions, can renove up to 92 n¥ hr (120 cubic
yards per hour) of solids. The Mud Cat dredge was 95 to 99 percent efficient
in renoving sediments and sinul ated hazardous materials from i npoundnment
bottoms in field tests conducted for the EPA

(c) A Japanese suction dredge, the “Clean Up” (Figure 3-8), uses a
hydraulically driven, |adder-nmounted submerged centrifugal punp to “vacuunt
muddy bottom sedi ments (fine grained; high water content) from depths as great
as 22.9 m (75 feet), with very low turbidity. This systemcan punp very dense
m xtures 40 to 50 percent solids by volunme at constant flow rates as great as
526 (/s or 1895 n#/ hr (500,000 gallons per hour), renpving up to 688.5 nf (900
cubi c yards) of sedinent per hour. A dredge vessel equipped with this punping
system may be used to renove contam nated sedinments fromlarge rivers or
harbors in depths as shallow as 4.9 m (16 feet), with mniml pollution of the
surroundi ng environnent from dredgegenerated turbidity.

(d) Another Japanese dredging system for renoval of high-density

sludges is called the “oozer punmp” which may have applications in very deep
bodi es of water such as large rivers or harbors. This systemutilizes vacuum
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Figure 3-8. The Japanese Suction Dredge "GClean Up"

suction and air conpression to efficiently renove nuddy sediments (silt and
clay) and sludges with low turbidity.

(e) A typical centrifugal punps system (Figure 3-9) is 2.4 m (8 feet)
wide, 4.3 m(14 feet) long, approximately 2.1 m (7 feet) high, and wei ghs
about 2730 kg (3 tons); its 75 kw (100-horsepower) notor can punp up to 76 L/S
or 4.5 n¥/mn (1,200 gallons per mnute) of 15 to 20 percent solids from
depths up to 4.6 m (15 feet).

(f) Oher specialty low turbidity dredges include the bucket-wheel -
type dredge, recently devel oped by Ellicott Machine Corporation, that is
capabl e of digging highly consolidated material and has the ability to contro
the solids content in the slurry stream The Delta Dredge and Punp
Cor poration has al so devel oped a small portable unit that has high solids
capabilities. The systemuses a subnerged 305 mm (12-inch) punp coupled with
two counter-rotating, |owspeed, reversible cutters.

(3) Mechanical dredging.
(a) Mechanical dredging of contam nated sedi nents shoul d be consi dered

under conditions of low, shallow flow Dredging should be used in conjunction
with stream diversion techniques to hydraulically isolate the area of sedi nent
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Figure 3-9. Portable Centrifugal Pump System for Lagoon Dredging

renoval . Under any other conditions mechani cal excavation with draglines,

cl anshel |'s, or backhoes may create excessive turbidity and cause uncontrolled
transport of contaminated sedi nents further downstream Stream diversions
with tenmporary cofferdams can be foll owed by dewatering and nechani cal dredg-
ing operation for streans, creeks, or small rivers. Mechanical excavation can
al so be used to renopve contam nated sedi ments that have been eroded from dis-
posal sites during major storns and deposited in floodplains or along river-
banks above the | evel of base flow

3-25



EM 1110- 1-502
30 Apr 94

(b) For streans and rivers that are relatively shallow and whose fl ow
velocity is relatively | ow, backhoes, draglines or clanmshells can be used to
excavate areas of the streanbed where sedinments are contani nated. The
excavat ed sedi ments can be | oaded directly onto haul vehicles for transport to
a predesi gnated di sposal area; however, the excavated material nust be
sufficiently drained and dried before transport. Backhoe and dragline
operation requires a stable base fromwhich to work. For these reasons,

di rect nechani cal dredgi ng of contam nated sedinments in streams is not
recormended except for small streans with stable banks, slow and shall ow fl ow,
and underwater structures, and where contaninated sedinents are relatively
consol i dated and easily drai ned.

(c) A nore efficient nechanical dredgi ng operation with broader
application involves streamor river diversion with cofferdans, followed by
dewat eri ng and excavati on of contamni nated sedi nents. Such an operation may
prove quite costly; however, there is little chance of stirring up sedinments
and creating downstream contami nation. Efficiency of sedinment renoval is much
greater by this method than by instream mechanical dredgi ng wthout diversion
of fl ow.

(d) Sheet-pile cofferdans nay be installed in pairs across streans to
temporarily isolate areas of contam nated sedi nent deposition and all ow access
for dewatering and excavation (Figure 3-10). Alternatively, a single curved
or rectangul ar cof ferdam may be constructed to i solate an area al ong one bank
of the streamor river (Figure 3-11); this nethod only partially restricts
natural flow and does not necessitate construction of a tenporary diversion
(bypass) channel to convey entire flow around the area of excavation, as the
first nethod does.

c. Design and Construction Considerations of Dredaging Techni ques.

(1) The selection of dredging equi pment or punping systenms for the

renoval of contami nated materials will depend |argely on manufacturer
specifications for a given dredge vessel or punp system Inportant selection
criteria that will vary fromsite to site are:

(a) Surface area and maxi mum depth of the inmpoundnent.
(b) Total volume of material to be dredged.

(c) Physical and chemical nature of sedinents.

(d) Pumping distance and term nal elevation (total head).
(e) Presence of bottomliner in inmpoundnent.

(f) Type and ampunt of aquatic vegetation

(g) Power source for dredge.

(h) Ease of access and size and weight limts of roads.
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Figure 3-11. Streamflow Diversion for Sediment Excavation Using Single
Cofferdam (Source: EPA 1982)

(2) Al criteria nmust be considered before selection of a punping
system or dredge vessel of the appropriate size, efficiency, and overal
capabilities can be nade. The centrifugal punps used in punping systenms or
dredge vessel s have a rated di scharge capacity based on maxi mum punp speed (in
revol utions per mnute, rpn) and a given head agai nst which they are punping.
The total head agai nst which punps nust work is affected by the depth of
dredgi ng, the distance over which the material is punped, and the term na
el evation of the discharge pipeline in relation to the water level within the
i mpoundnent .

(3) \When preparing dredging contracts for contam nated sedi nment
renoval where turbidity control is essential, contract provisions should
specify the use of special lowturbidity dredge vessels or auxiliary equi pnent
and techni ques designed to minimze turbidity generation. The bidder should
be made to specify mininum sedi nent renoval vol umes and maxi mum al | owabl e
turbidity levels in the downstream environment to ensure an effective dredging
operation.

(4) During dredging of streamor river sedinments, agitation of the bed
deposits during excavation may generate a floating scum of contam nated debris
on the water surface, particularly if the chemical contaminant is oily or
greasy in nature. The installation of a silt curtain downstream of the
dredging site will function to trap any contam nated debris so generated; the
debris can then be collected through skimming. Similarly, silt curtains can
be enpl oyed to m nim ze downstream transport of contam nated sedinents. A
schematic of a silt curtain is shown in Figure 3-12. It is constructed of
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Figure 3-12. Construction of a Typical Center Tension Silt Curtain Section

nyl on-rei nforced pol yvinyl chloride and manufactured in 27.4 m (90-foot)
sections that can be joined together in the field to provide the specified
length. Silt curtains are usually enployed in U shaped or circular
configurations, as shown in Figure 3-13. Silt curtains are not recommended
for flow velocities greater than 0.46 mls (1.5 feet per second).

(5) Sheet-pile cofferdans are generally constructed of black stee
sheeting, in thickness from5.6 to 2.7 mm (5 to 12 gage) and in lengths from
1.2 to 12.2 m(4 to 40 feet). For additional corrosion protection, galvanized
or alum nized coatings are avail able. Cofferdans may be either single walled
or cellular, and can be earth-filled in sections. Single-wall cofferdans may
be strengthened by an earth fill on both sides. Cellular cofferdans consi st
of circular sheet-pile cells filled with earth, generally a m xture of sand
and clay. Single-wall sheet-pile cofferdans are nost applicable for shall ow
water flows. For depths greater than 1.5 m (5 feet), cellular cofferdans are
recomrended.

(6) Mechanical excavation of dewatered, contam nated sedi nents can be
acconpl i shed with backhoes, draglines, or clanmshells. Mechanical dredging
output rates will vary depending on the size and nobility of the equi prment,
and on site-specific conditions such as avail able working area. Excavated
sedi nents can be | oaded directly into haul trucks onsite for transport to
speci al disposal areas. Haul truck |oading beds should be bottom seal ed and
covered with a tarpaulin or simlar flexible cover to ensure that no sedinments
are lost during transport.
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Figure 3-13. Typical Silt Curtain Deployment Configurations
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(1) The main di sadvant age associated with hydraulic renoval of

materials from surface i npoundnents is the necessity of

constructing dewatering/di sposal
econoni ca

| ocati ng and/ or

areas (or treatnent facilities) within
di stances of the dredging site.
able to handl e | arge vol unes of dredged materia
unl ess dewatering is performed prior to transport.

Contai nnent facilities nust be
inaliquid slurry form
Advant ages and

di sadvant ages of hydraulic dredging of surface inpoundnents are as foll ows:

Advant ages

Di sadvant ages

Efficient renpval of solids/water
m xtures from i npoundnents

Renoves hazardous materials in
readi |y processed form (slurry)

Suitable for renoval of materials
from surface inpoundnments in wde
range of consistencies- -fromfree-
flowi ng liquids to consolidated/
solidified sludges

Uilizes well-established, wdely
avai | abl e technol ogy

(2) The advantages and di sadvant ages of direct

dredging are |isted bel ow

Advant ages

Necessitates | ocating dredge mate-
rial management facilities
(dewat eri ng, disposal, treatnent)
near by

Necessi tates hi gh vol ume handling of
sol i ds/ wat er m xtures

May require booster punps for |ong-
di stance transport of dredged
slurries

Mobi li zation and denpobilizati on may
be tine-consuni ng and costly

Cannot
dr uns)

renove |arge itens (such as

i nstream mechani ca

Di sadvant ages

May be cost-effective for slow
shal | ow streans or sedinments
in dry streanmbeds or flood-
pl ai ns

Al so effective for small, isolated
pool s or ponds containing contain-
mat ed sedi ments

Bar ge- mount ed operations may be
used for large rivers

Gener ates excessive turbidity; may
cause downstream transport of
sedi nent s

Only feasible for Iow, shallow flows
with stable streanbanks and consoli -
dat ed sedi nents

May require special dewatering nethods
(clanmshell) lift and drain over hau
(trucks)

Ef fi ci ency of removal generally poor

General ly not recommended for handling

cont ani nated sedi nents instream
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(3) Cofferdam diversion streanflow, w th subsequent dewatering and
mechani cal excavati on of contam nated sedi nents, is addressed bel ow.

Advant ages Di sadvant ages
Hi gh efficiency of renoval; May be quite costly for deep, wide
low turbidity flows and sites requiring diversion
pi peline
I nvol ves wel | - established construc-
tion techni ques Not feasible for fast stream flows
(greater than 0.61 in/s (2 feet per
Structures easily renoved and second))

transported
Not recomrended for fl ows deeper than

Cost-effective for slowflow ng 3 m (10 feet)
streanms and rivers with favorable
access (stable banks; open areas) Sedi nent dewatering nay be required

Access for nechani cal excavati on
equi pment may be difficult

May require | arge excavation and
| oadi ng area

Transportation costs may be excessive
(remot e areas)

Geol ogi ¢ substrate may prevent sheet-
pile drive

3-10. Decont am nation of Structures. Decontanination of structures is a
conmon requirement at sites where the uncontrolled rel ease of hazardous
subst ances has occurred. A variety of techniques are available for
decont ani nati on surfaces and structures.

a. Decontanination of Surfaces.

(1) Absorption is widely used in industrial settings to clean up
chemical and other liquid spills and is nost applicable inmediately foll ow ng
[iquid contam nant spills. Contamnants rapidly penetrate nost surfaces, and
absorbents act to contain them Depending on the surface and tine el apsed
since the spill, further decontam nation procedures may have to be enpl oyed.

(2) Acid etching of a contaninated surface is used to pronote
corrosion and renoval of the surface layer. Miriatic acid (hydrochloric acid)
is used to renpve dirt and grime frombrick building surfaces in urban areas
and to clean nmetal parts (e.g., pickle liquors frommetal finishing
operations). The resulting contaninated debris is then neutralized. Thernal
or chemical treatnent of the renmoved material nay be required to destroy the
cont am nant before disposal. Although this technique is not known to have
been applied to chemically contam nated building surfaces, it is believed to
have good potenti al
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(3) Bleaching formul ations (usually strong oxidants) are applied to a
contani nated surface, allowed to react with contani nants, and renoved.
Application usually occurs in conjunction with other decontam nation efforts,
such as the use of absorbents and/or water-washing. Bleach has been used as a
decont am nant agai nst nustard, G and V chenical agents, and (experinentally)
or ganophosphor us pesti ci des.

(4) Drilling and spalling can remove up to 5 centineters of
contam nated surface material fromconcrete or sinilar materials by drilling
holes 2.5 to 4 centineters in dianeter approximtely 7.5 centineters deep
The spalling tool bit is inserted into the hole and hydraulically spreads to
spall off the contam nated concrete. The techni que can achi eve deeper
penetration (renoval) of surfaces than other surface-renoval techniques, and
it is good for large-scale applications. The treated surface is very rough
and coarse, however, and may require resurfacing (i.e., capping with
concrete). The drilling and spalling nethod has been used in the
deconm ssi oni ng of nuclear facilities.

(5) Dusting/vacuuming/w ping is sinply the physical renoval of
hazardous dust and particles from buil ding and equi pnent surfaces by common
cl eani ng techni ques. Variations include vacuuming with a comrercial or
i ndustrial -type vacuum dusting off surfaces such as |edges, sills, pipes,
etc., with a moist cloth or wi pe; and brushing or sweeping up hazardous
debris. Dusting and vacuum ng are applicable to all types of particulate
contam nants, including dioxin, |ead, PCB*s, and asbestos fibers, and to al
types of surfaces. Dusting/vacuum ng/w ping is the state-of-the-art nethod
for renoving dioxin-contam nated dust fromthe interior of hones and
bui I di ngs.

(6) Flaming refers to the application of controlled high tenperature
flames to contamn nated nonconbusti bl e surfaces, providing conplete and rapid
destruction of all residues contacted. The flam ng process has been used by
the Arny to destroy explosive and | ow | evel radioactive contam nants on
buil ding surfaces. |Its applicability to other contam nants is not well known.
This surface decontam nation technique is applicable to painted and unpai nted
concrete, cenent, brick, and nmetals. Subsurface decontam nation of building
material s may be possible, but extensive damage to the material would probably
result. This technique can involve high fuel costs.

(7) Fluorocarbon extraction of contam nants from building materials
i nvol ves the pressure-spraying of a fluorocarbon solvent onto the contani nated
surface foll owed by collection and purification of the solvent. RadKleen is

an exanple of a comrercial process that uses Freon 113 (I,1,2-trichloro-
1,2,2-trifluoroethane or CCl,F;) as the solvent. The RadKl een process is
currently used for cleaning radioactive material fromvarious surfaces. It

has been applied to chem cal agents on small objects, and thus field
capability has been denobnstrated. Studies have been conducted for agent-
contam nated clothing materials, such as pol yester-cotton, Nomex, butyl rubber
gl oves, and charcoal -i npregnated cloth. Although this method has not been
denonstrated for renoving contam nants from buil ding surfaces, it |ooks very
prom si ng.
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(8) Gitblasting is a renmoval technique in which abrasive materials
(such as sand, alum na, steel pellets, or glass beads) are used for uniform
renoval of contam nated surfaces froma structure. Gitblasting has been used
since 1870 to renmove surface layers fromnmetallic and ceram c objects and is
currently used extensively. For exanple, sandblasting is commonly used to
clean the surfaces of old brick and stone buildings. Gitblasting is
applicable to all surface contam nants except sone highly sensitive expl osives
such as lead azide and | ead styphnate. This nmethod is applicable to al
surface materials except glass, transite, and Pl exigl as.

(9) Hydrobl asti ng/ wat erwashing refers to the use of a high-pressure
(3500 to 350,000 kPa) water jet to renmove contani nated debris from surfaces.
The debris and water are then collected and thermally, physically, or
chemical ly decontam nated. Hydroblasting has been used to renove expl osives
fromprojectiles, to decontam nate nmlitary vehicles, and to decontam nate
nucl ear facilities. Hydroblasting also has been enpl oyed comercially to
cl ean bridges, buildings, heavy machi nery, highways, ships, nmetal coatings,
rail road cars, heat exchanger tubes, reactors, piping, etc. Of-the-shelf
equi prent i s avail able from many nmanufacturers and distributors.

(10) M crobial degradation is a devel opi ng process whereby contani nants
are biologically deconmposed by m crobes capable of utilizing the contani nant
as a nutrient source. Conceptually, microbes are applied to the contani nated
area in an aqueous nmedium and allowed to di gest the contani nant over tine; the
nm crobes are then destroyed chenmically or thermally and washed away.

M crobi al degradation as a building decontam nation technique has not been
denonstr at ed.

(11) Painting/coating/stripping includes the renmoval of old |ayers of
pai nt containing high levels of toxic metals such as | ead, the use of
fixativel/stabilizer paint coatings, and the use of adhesive-backed strippable
coati ngs.

(a) Inthe first technique, paint containing |ead in excess of 0.06
percent is renoved from buil ding surfaces by conmercially avail abl e pai nt
renovers and/or physical means (scraping, scrubbing, waterwashing).
Resurfacing or further decontamination efforts nay be necessary.

(b) The second technique involves the use of various agents as
coatings on contam nated surfaces to fix or stabilize the contam nant in
pl ace, thereby decreasing or elimnating exposure hazards. Potentially usefu
stabilizing agents include nolten and solid waxes, carbo-waxes
(pol yoxyet hyl ene glycol), saligenin (", 2-di hydroxytol uene), organic dyes,
epoxy paint filnms, and polyester resins. The stabilized contani nants can be
left in place or removed |l ater by a secondary treatment. |In sonme cases, the
stabilizer/fixative coating is applied in situ to desensitize a contani nant
such as an explosive residue and prevent its reaction or ignition during sonme
ot her phase of the decontam nation process.

(¢) In the third technique, the contani nated surface is coated with a

polymeric m xture. As the coating polynerizes, the contam nant becones
entrained in the lattice of or attached to the polynmer nolecules. As the
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pol ymer layer is stripped or peeled off, the residue is removed with it. It
may be possible, in some cases, to add chenicals to the mixture to inactivate
t he contam nants.

(12) Sealing is the application of a material such as paint that
penetrates a porous surface and i mobilizes contam nants in place. One
exanple is K-20, a newMy devel oped commerci al product. The effectiveness of
this product is not fully known. Although it acts nore as a barrier than a
detoxifier, K-20 may facilitate chem cal degradation as well as physica
separati on of some contam nants.

(13) Photochem cal degradation refers to the process of applying
intense ultraviolet light to a contam nated surface for some period of tine.
Phot odegr adati on of the contam nant follows. |In recent years, attention has
been focused on this nethod because of its useful ness in degrading chlorinated
di oxins (TCDD in particular). Three conditions have been found to be essen-
tial for the process to proceed: the ability of the conmpound to absorb |ight
energy, the availability of Iight at appropriate wavel engths and intensity,
and the presence of a hydrogen donor

(14) Scarification is a nethod that can be used to renpve up to an inch
of surface material from contam nated concrete or sinmilar materials. The
scarifier tool consists of pneumatically operated piston heads that strike the
surface, causing concrete to chip off. This technique has been used in the
deconm ssi oning of nuclear facilities and in the cleanup of mlitary arsenals.

(15) Sol vent washing refers to the application of an organic sol vent
(e.g., acetone) to the surface of a building to solubilize contam nants. This
techni que has not yet achieved wi despread use in building decontamn nation
although it is beginning to be used in the deconm ssioni ng of nucl ear
facilities. The nethod needs further devel opnent in application, recovery,
collection, and efficiency. The hot sol vent soaking process has been shown to
be effective in decontam nation of PCB-contani nated transforners.

(16) Steam cl eani ng physically extracts contam nants from buil di ng
wal I s and floors and from equi pnment. The steamis applied through hand-hel d
wands or automated systens, and the condensate is collected in a sunmp or
contai nnent area for treatment. This nethod is currently used by expl osives
handl i ng and manufacturing facilities. |t has also been used to renove
di oxi n-contam nated soil fromvehicles and drilling equi prment.

b. Decontanination of Solid Materials and Buil dings.

(1) Demolition of a building, structure, or piece of equipnent
i ncl udes conpl ete burndown, controlled blasting, wecking with balls or
backhoe- nounted rans, rock splitting, sawing, drilling, and crushing. Many of
t hese techni ques have been empl oyed for nuclear facility decontani nation and
for the cleanup of mlitary arsenals.

(2) Dismantling refers to the physical renoval of selected structures

(such as contani nated pipes, tanks, and other process equiprment) from
buil di ngs or other areas. It can be the sole decontamnination activity (e.g.
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renoval of contam nated structures froman otherw se clean building), or it
can be used in the initial stage of a nore conpl ex buil ding decontani nation
effort (e.g., renoval of structures prior to flam ng, hydroblasting, or other
cl eanup techni ques).

(3) Asbestos abatenent consists of four techniques: renoval
encapsul ati on, encl osure, and special operations (e.g., maintenance and
monitoring). |In renmoval operations, all friable asbestos-containing building
materials are conpletely renoved to elininate the rel ease of asbestos fibers
into the air. The other techniques | eave the asbestos fibers in place but
[imt potential exposure |levels through various treatnment, maintenance, and
i nspecti on procedures.

(4) Encapsul ation/encl osure physically separates contam nants or
contam nated structures from buil ding occupants and the anbi ent environment by
means of a barrier. An encapsulating or enclosing physical barrier may take
different forms; anmong them are plaster epoxy and concrete casts and walls.
Acting as an inpenetrable shield, a barrier keeps contam nants inside and away
fromclean areas, thereby alleviating the hazard. As a result, contanination
of part of a structure will not result in the contam nation of adjacent areas.
Encapsul ati on has been used on damaged asbestos insul ation, |eaky PCB-
contam nated el ectrical transformers, and open mmintenance pits and sunps
cont am nated by heavy netals.

(5) Vapor-phase solvent extraction is a nmethod in which an organic
solvent with a relatively low boiling point (such as nethyl chloride or
acetone) is heated to vaporization and allowed to circulate in a contani nated
pi ece of equi pment or an encl osed area. The vapors perneate the contam nated
materi al s, where they condense, solubilize contaninants, and di ffuse outward.
The contani nant-laden liquid solvent is collected in a sunp and treated to
all ow recycling of the solvent. This nethod has not yet been applied to
bui | di ng decontam nation, although it is believed to have good potenti al

c. Data Requirenments. Figure 3-14 summarizes the strategy for dealing
wi th buil di ng decontam nation, including guidance and information for
selecting the least costly nethod that is technologically feasible and that

will effectively reduce contam nation to predetermined | evels.
Step 1 Step 2 Step 3
Determine Develop Evaluate
Nature and gl Site-Specific »=1  Decontamination
Extent of Decontamination Effectiveness
Contamination Plan
]
[ | . 1 1 I 1 1 T 1
Query Search Conduct Collect Reinspect Collect Compare Repeat or Determine
Former Oid Visual and Site and to larget Modify Need for
Employees| | Records Inspection Analyze Analyze Levels Procedure Long-Term
Samples Samples as Needed | | Momitoring
( I | | I T I ]
Evaluate Identity Establish tdentify Select Deterrmune Wieite Site Hire
Hazards Future Target Potential Cost- Health and Decontamnation Contractor
Use Levels Methods Eftective Safety Plan and Initiate
Methodis) | |Requirements Cleanup

Figure 3-14. Flow Diagram for Developing a Structural
Decontamination Strategy
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(1) Sampling nethods for determning the type and degree of
contam nation existing on building/structure/equi pment surfaces, both before
and after cleanup efforts, are poorly devel oped, docunented, and verifi ed.
Simlarly, subsurface sanpling techniques (such as corings) or determ ning the
depth of contam nation in porous substances (such as concrete or wood fl oors)
have not been adequately devel oped and docunmented. Although “wi pe tests” are
often referred to in site records, the actual nethodol ogy used is rarely
descri bed in enough detail to allow sinulation or reproduction by others, and
the technique itself is known to be inadequate for quantitatively transferring
contam nants from surfaces to w pes or swabs.

(2) The applicability and effectiveness of decontani nation techniques
for treating various contam nant/structural material conbinations encountered
at Superfund sites have not been fully explored. For exanple, the degree to
whi ch steam cl eani ng renmoves di oxi n-contam nated soil particles fromdrilling
augers has not been established, even though this nmethod is routinely used to
cl ean equi prrent at di oxi n-contani nated sites.

(3) The individual methods described above should be used as a genera
guide in evaluating the potential of each technique on a site-specific basis
for efficiency, wastes generated, equipnment and support facilities needed,
time and safety requirements, structural effects, and costs. Also, each
met hod or comnbi nation of methods should be pretested in the | aboratory or at
the site before full-scale inplenentation to determ ne the effectiveness of
t he strategy.

(4) A formal, systematic approach for deternining acceptable |evels of
contam nants remaining in and on building and equi pnent surfaces does not
currently exist. As a result, guidance on how clean is clean and the
establ i shnent of target |levels must continue to be addressed case by case.

d. Design Criteria. There are no established design criteria for
decont anmi nation of structures. Specification of appropriate cleanup
strategi es depends highly on the professional judgnent of the designer

3-11. Decontamination of Mscellaneous Media. Sanitary sewers | ocated
downgr adi ent from uncontrol |l ed hazardous waste di sposal sites nay becone
contam nated by infiltration of |eachate or polluted ground water through
cracks, ruptures, or poorly sealed pipe joints. Typically the vitrified clay
pi pes (VCP) commonly used for gravity sewers are susceptible to cracking from
root intrusion or settling. The interior cleaning of contam nated pipes wll
facilitate the |l ocation of cracks and joint failures which ultimtely nust be
sealed to prevent further infiltration of contam nated soil and water.
Avai | abl e sewer-cl eani ng techni ques include nechanical scouring, hydraulic
scouring and flushing, bucket dredging, suction cleaning with punps or
vacuuns, chem cal absorption, or a conbination of these nethods. Manhol es,
flushing inlets, and unplugged residential service connections provi de access
points to sewers.

a. Mechanical Scouring. This is an effective nethod to renove pipeline
obstacl es such as roots, stones, greases, sludges, and corrosion nodul es.
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Solidified masses of toxic chem cal precipitates can also be renmpoved by
mechani cal scouring. Mechanical scouring techniques include the use of power
roddi ng machi nes (“snakes”), which pull or push scrapers, augers, or brushes
t hrough the sewer line. “Pigs” are bullet-shaped plastic balls lined with
scouring strips that are hydraulically propelled at high velocity through
water mains to scrape the interior pipe surface.

b. Hydraulic Scouring. Contam nated sewer |ines can be cleaned by
runni ng hi gh-pressure fire hoses through manholes into the sewer and fl ushing
out sections. Hydraulic scouring is often used after nechanical scouring
devi ces have cleared the line of solid debris or |oosened contam nated
sedi nents and sl udges coating the interior surface of the pipe. Wen using
hydraul i c scouring techni ques |arge volunmes of contam nated water may be
produced.

c. Bucket Dredging and Suction d eaning. A bucket nachine can be used
to renove grit or contaminated soil froma sewer |line. Power w nches are set
up over adjacent manholes with cable connections to both ends of the
col l ection bucket. The bucket is then pulled through the sewer |ine unti
| oaded with debris. The same technique can also be used to pull “sewer balls”
or “porcupi ne scrapers” through obstructed sewer lines. Suction devices such
as punps or vacuumtrucks may be used to clean sewer lines of toxic |iquids
and debris.

Section Il. Contam nated Ground-Water Plume Managenent

3-12. G ound-Water Punping Systenms. Two common ground-water punping systens
use either wellpoints or extraction/injection wells.

3-13. Wellpoint Systems. Wellpoint systems are generally used to contro
ground-water |evels or flow patterns at construction sites. They are

i nexpensive to install and use techniques and equi pment that are readily
avai |l abl e. Maj or di sadvantages are the requirenment for naintenance and the
energy used for punping.

a. Applications.

(1) Wellpoint systems may be used to | ower the water table or to
dewater a selected area. They consist of a series of wellpoints with one or
nore punping systens and can serve a variety of purposes. The wthdrawn water
can be discharged with or without further treatmnent.

(2) These systens are generally used at sites with relatively shall ow

water tables and fairly pernmeable soils. 1In general, if the water table is
near the surface and is to be lowered to a depth of 6.1 m (20 feet) or |ess,
wel | poi nts and suction punps can be enployed. |I|f deeper drawdown is needed, a

wel | systemusing jet or submersible punps or eductor wellpoints nust be
enpl oyed.
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b. Design and Construction Considerations. The |owering of the water
table by using a well point dewatering systemis presented in Figure 3-15. The
system consi sts of a group of closely spaced wells, usually connected by a
header pi pe and punped by suction centrifugal punps, submersible punps, or jet
ej ector punps, depending on the depth of punping and the volune to be
dewat er ed.

STATIC
WATER LEVEL

. R
R ~ JOHNSON

WATER-BEARING
STRATUM

Figure 3-15. Schematic of a Wellpoint Dewatering System

(1) Hydraulic gradient. The hydraulic gradient increases as the flow
converges toward a well. As a result, the |lowered water surface devel ops a
continually steeper slope toward the well. The formof this surface resenbles
a cone-shaped depression. The distance fromthe center of the well to the
l[imt of this cone of depression is called the radius of influence. The
hydraulic conductivity (K) is measured using the Darcy, defined as the
permeability that will lead to a specific discharge of 1 cmis for a fluid with
a viscosity of 1 cp. It is approximately equal to 10® cmis. The value of K
depends upon the size and arrangenent of the particles in an unconsolidated
formation and the size and characteristics of the surfaces of crevices
fractures, or solution openings in a consolidated formation. Figure 3-16
shows typical hydraulic conductivity for various soil and rock types. Darcy*s
| aw remai ns valid only under conditions of lamnar flow, involving fluids with
a density not significantly higher than pure water.

(2) Transmissivity and storage coefficients. Two other factors, the
transmissivity (T) and storage (S) coefficients, also affect the rate of flow
The coefficient of transmissivity indicates how nuch water will nove through a
formation and is equivalent to the perneability times the saturation thickness
of the aquifer. The coefficient of storage indicates how much water can be
renoved by punping and draining and is defined as the volunme of water rel eased
fromor taken into storage per unit area of aquifer per unit change in
hydraul ic head normal to the surface.
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Figure 3-16. Hydraulic Conductivities of Soil and Rock

(3) Cone of depression. Lowering the ground-water |evel over the
conplete site involves creating a conposite cone of depression by punping from
the wel | point system The individual cones of depression nust be close
toget her so that they overlap and thus pull the water table down several feet
at internmedi ate points between pairs of wells.

(4) Stagnation points. Stagnation points occur when areas in the
wel | point field |ie outside the area of influence of any of the wells. Design
of the well-array should strive to reduce or elimnate stagnation points.
Their presence | eaves zones of high contam nant concentration and greatly
| engt hens the time necessary to clean the aquifer. The inclusion of injection
wells can aid in the elinmnation of stagnation points.

(5) Drawdown. Once the aquifer properties of transmissivity and
storativity have been determined, it is possible to predict the drawdown in
hydraulic head in a confined aquifer at a distance (r) fromthe well and at a
time (t) for a given punping rate (Q. Thus, by determ ning the drawdown at
various radii fromthe well, one can determ ne the radius of influence for a
gi ven punping rate. For a given aquifer, the cone of depression initially
i ncreases in depth and extent with increasing punping time until eventually it
| evel s off. Drawdown at any point at a given time is directly proportional to

the punping rate and inversely proportional to aquifer transmissivity and
storativity.
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(6) Design considerations. Designs of wellpoint dewatering systens
can vary consi derably, depending on the depth to which dewatering is required,
the transnmissivity and storativity of the aquifer, the size of the site, and
the depth of the waterbearing formation.

(7) Spacing. Wellpoint spacing is based on the radius of influence of
each well and the conposite radii of influence needed to | ower the water
table. Once storage and transnissivity coefficients have been determ ned, the
drawdown and area of influence may be calculated. In practice, spacing for a
few wel | points would be determ ned and then field tested; any necessary
adj ustments woul d then be made to account for the fact that wells do not
al ways neet the idealized conditions assuned in equations to estimate
dr awdown.

(8) Time to clean up. The tine to clean up an aquifer is difficult to
predict as it depends upon a w de variety of factors:

Cont am nant type Water solubility, volatility, mobility,
pol arity, absorption characteristics

Site soil type Permeability, storage capacity, clay
type and content, grain size, pres-
ence of clay | enses and inperneabl e

barriers
Aqui f er Rate of flow, depth and thickness,
characteristics recharge rate, perched water tables,

cont am nat e concentrations

Punpi ng may be necessary for extended periods of time. Typically the
concentration of contam nants in the extracted ground water falls
asynptotically toward zero so that the demand on treatnent equipnment |essens
over tine. A good design will take into account this effect by incorporating
unit operations that can be renoved or reworked to be effective on the | ower
and | ower contani nant concentrations. This is especially inportant to

bi or enedi ati on systems where contani nant concentrations may soon fall to

| evel s which will not sustain mcrobe popul ations. Further, “Wen is an
aquifer clean?” is a difficult question.

(9) Gound-water treatnment and di sposal. The treatnment of the
contam nated ground water is a major consideration. Extracted ground water
nmust be treated before discharge or reinjection. Treatnent systens have been
designed with stripping (air or stean) units for volatiles (perhaps wth
carbon absorption or incineration units for the stripped air stream, carbon
absorption units, ion-exchange units, and/or bioreactors. These can be
arranged singly or in series. Treated effluent may be discharged to the |oca
publicly owned treatnent works (POTW (which nay renove the need for
pretreatnent), injection wells incorporated into ground-water cleanup design
and seepage basins or trenches. Disposal of |arge volunmes of extracted ground
wat er over long tinme periods can be a major consideration and expense.
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c. lnstallation.

(1) Wellpoints are made to be driven in place, to be jetted down, or
to be installed in open holes. The npbst conmon practice is to jet the
wel | points down to the desired depth, to flush out the fines, |eaving the
coarser fraction of material to collect in the bottomof the hole, and then to
drive the point into the coarser nmaterials.

(2) A method used in sone unstable material consists of jetting down
or otherw se sinking tenporary casing into which the wellpoint and riser pipe
are installed. As the casing is pulled, gravel may be placed around the
wel | poi nt.

d. Special Cases.

(1) In special cases, design nodifications will be required or at
| east various nmethods should be conpared for cost-effectiveness. Fine silts
and other slowy perneable materials cannot be readily drained by well point
systens al one. However, soils can be partially drained and stabilized by
vacuum wel I's or wel | point systens that create negative pore pressure or
tension in the soil. The wellpoints should be gravel packed fromthe bottom
of the hole to within a few feet fromthe surface of the poorly perneable
material. The remainder of the hole should be sealed with bentonite or other
i nperneable materials. |If a vacuumis nmaintained in the well screen or pack
flow toward the wellpoints is increased. Such a systemusually requires
cl osely spaced wel | points, and punping capacity is reduced. Vacuum booster
punps may be required on the headers or individual wells for effective
operation.

(2) Vertical sand drains may be used in conjunction with wellpoints to
facilitate drainage in stratified soils. The drains, usually 406 to 508 mMm
(16 to 20 inches) in diameter, are installed on 1.8 to 3 m(6- to 10-foot)
centers through the inperneable |layers that need to be dewatered and are
ext ended to underlying perneable | ayers where well points are placed.

(3) Two or nore well point systens nmay be required when two or nore
strata of water-bearing sand are separated by inperneable barriers. The depth
for dewatering will be different for each system and consequently pipe
| engt hs and di aneters and punping requirenents will be detern ned
i ndependent | y.

(4) Potential enhancenents of ground-water cleanup may involve the use
of in-situ biorenmediation. Introduction of nutrients and/or oxygen (or
hydrogen peroxide) into the injection wells may greatly increase the rate of
in-situ contani nant breakdown and t hus enhance cl eanup. Steam or hot water
injection may help to dissolve or nobilize slightly soluble or adsorbed
contani nants and increase their rate of renoval

e. Advantages and Di sadvantages. Advantages and di sadvant ages of
wel | poi nt punping to adjust the water table are as follows:
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Advant ages Di sadvant ages
Hi gh design flexibility May not adequately drain
fine silty soils, and
Good onsite flexibility flexibility is reduced in
since the system can be this medi um

easily dismantled
Hi gher operation and

Construction costs may be mai nt enance costs than
| ower than for construction for artificial ground-
of artificial ground-water wat er barriers
barriers

System failures could

Good reliability when result in contam nated

properly nonitored dri nki ng wat er

3-14. Extraction/Injection WIIl Systems. Extraction/injection contro

systens have been used at waste sites to alter natural ground-water gradients
to prevent pollutants fromleaving a site or to divert ground water that mnight
enter a site. Were hazardous wastes are involved, punped systems may be used
in conjunction with ground-water barriers. Punped systens that result in

m xi ng contam nated and uncont am nated ground waters can create |arge vol unes
of contami nated ground water to be treated. |n nost cases contam nated ground
water at waste sites is contained by installing extraction wells to extract
ground water fromunder the site, collecting contam nants |eaking fromthe
waste and creating a |local gradient toward the site. Wter withdrawn from
under the site may have to be treated before discharge or reinjection. Two
applications of extraction/injection systems to contain a plunme are the use of
a series of extraction and injection wells that will allow water within the
plume to be punped, treated, and punped back into the aquifer and punping and
treatment of the plume followed by recharge using seepage basins.

a. Applications.

(1) Hydraulic barriers. Plume containment with the use of
extraction/injection wells is an effective nmeans of preventing the eventual
contam nation of drinking water wells or the pollution of streanms or confined
aqui fers that are hydraulically connected to the contam nated ground water
(Figure 3-17). The technique may be particularly useful for surface
i mpoundnments. One design would use extraction/injection wells separated by
physical barriers (slurry wall or sheet pilings). The extraction wells are
pl aced upgradient fromthe barrier; the extracted ground water is treated and
reinjected on the downgradient side of the barrier. This design can keep
cont am nated ground water fromleaving the site.

(2) Plume and floating product recovery. Extraction wells are used to
directly recover separate |iquid phases such as petrol eum products which are
floating at the water table. WelIl screens are placed such that the product
can be collected and separated from any contaminati on ground water at the |and
surface in standard oil-separation units. Separated ground water usually nust
be treated to renmove any sol ubl e organics, carbon absorption, or biotreatnent
bei ng used. Soluble materials dissolved in the ground water can al so be
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Figure 3-17. Use of Extraction/Injection Wells for Plume Containment
(Source: EPA 1982)
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separated and recovered using extraction wells followed by carbon absorption
or reverse osnmosis, or they can be destroyed using biotreatnent. Judicious
pl acenent of injection wells can increase the rate of cleansing of the

aqui fer.

b. Design and Construction Considerations.

(1) Definition of the plume area, depth, and flow rate and direction
nmust be deterni ned before any further design considerations can be addressed.
Punp tests should include determ nation of transmissivity and storage
coefficients, and radii of influence of test wells. The presence of perched
wat er tables or other anomalies nust al so be assessed.

(2) The basis of plume managenent by punpi ng depends upon
i ncorporating the plume within the radius of influence of an extraction well
Such a systemrequires careful nmonitoring to deternmine the extent of the plune
and any changes that may occur in the plune as punping continues.

(3) The effect of the injection wells on the drawmdown and radi us of

i nfluence of the extraction wells is illustrated Figure 3-18. As the cone of
depressi on expands and eventually encounters the cone of inpression fromthe
recharge well, both the rate of expansion of the cone and the rate of drawdown

are slowed. Wth continued punping, the cone of depression expands nore
slowy until the rate of recharge equals the rate of extraction and the
drawdown stabilizes. Thus, the effect of the injection well is to narrow the
radi us of influence and to decrease the drawdown with increasing distance from
the well.

(4) By conbining extraction and injection wells in the design, the
rate of cleanup of the aquifer and the amount of groundwater contam nated may
be decreased. The cone of inpression (Figure 3-18) of the injection well wll
serve to isolate the extraction wells fromthe surroundi ng ground water and
increase the rate of flow (head gradient) toward the extraction well

(5) The sinplest extraction/injection well systems are designhed so
that the radii of influence do not overlap. Another inportant reason for
placing the wells distant enough so that their radii of influence do not
overlap is that any changes that nust be nade in punping as a result of
changes in the plume due to age of the landfill, quantity of precipitation
and physical changes in the size of the landfill, due to conpaction or
excavation, would be conplicated by the effect of the overlap of the areas of
i nfluence.

(6) In some instances site lintations may require that the extraction
and injection wells be placed so close together that the radii of influence
overlap. Overlapping injection/extraction well zones of influence may be used
to increase the rate of flow of ground water through the contami nated site in
order to increase the rate of flushing of the contam nants.

(7) An exanple of an effective systemfor plunme containnent is

currently operating at the Rocky Mountain Arsenal. Gound water is extracted,
treated, and recharged through injection wells to the downgradi ent side of an
i nperneabl e barrier (slurry wall). The conpleted systemwi |l handle a fl ow of
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Figure 3-18. Effect of an Injection Well on the Cone of Depression

28 (/s (443 gpnm) and extend for 1585 m (5,200 feet). The systemw |l consi st
of about 33 extraction wells, nobst of which are 203 mm (8 inches) in dianeter,
and approximately 40 injection wells with a diameter of 406 to 508 nm (16 to
18 inches). The extraction and injection systens are separated by an

i nperneabl e barrier to prevent m xing of contam nated and uncont ani nat ed

wat er .

c. Gound-water Punping with Recharge through Seepage Basins.

(1) As a less costly alternative to recharging water through injection
wel | s, seepage basins or recharge basins can be used. Since seepage basins
require a high degree of maintenance to ensure that porosity is not reduced,
they woul d not be practical where several basins are required for recharge of
| arge vol unes of water or where adequate mai ntenance staff is not avail able.

(2) As is the case for extraction/injection well systens, the effects
of recharge on the cone of depression nust be accounted for in designing a
systemthat will contain the plune. Ideally, the recharge basins should be
| ocat ed outside the area of influence of the extraction wells.

(3) The dinensions of a recharge basin vary considerably. The basin
shoul d be designed to include an enmergency overflow and a sedinment trap for
run-off fromrainwater. The side walls of the basin should be pervious since
consi derabl e recharge can occur through the walls.
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d. Advantages and Di sadvantages. The advantages and di sadvant ages of
the extraction/injection systens used for plune containnent are as foll ows:

Advant ages Di sadvant ages
System may be | ess costly than Pl ume vol une and characteristics
construction of an inperneabl e will vary with time, climtic
barrier conditions, and changes in the
site resulting in costly
Hi gh degree of design flexibility and frequent nonitoring
Moderate to high operational System failures could lead to
flexibility, which will allowthe contam nati on of drinking water
systemto neet increased or
decreased punpi ng denmands as &M costs are higher than for
site conditions change artificial barrier

3-15. Subsurface Barriers. The nbpst comon subsurface barriers are slurry-
trench cutoff walls, grout curtains, sheet pile cutoff walls, menbranes and
synthetic sheet curtains, and conbination barrier punping systemns.

3-16. Slurry-trench Cutoff Walls. Slurry trenching is a method of
constructing a passive subsurface barrier or slurry wall to inpede or redirect
the flow of ground water. This practice covers a range of construction
techniques fromthe sinple to the quite conplex, and though it is becom ng
nore common, is still perforned by only a few specialty contractors. In
recent years the success and econony of slurry trench cutoffs has largely
brought about the replacement of other nethods such as grout curtain and sheet
piling cutoffs.

a. Description.

(1) Slurry walls are fixed underground barriers formed by punping
slurry into a trench as excavation proceeds. The slurry is usually a soil or
cenent, bentonite, and water mixture punped into the trench to maintain a
slurry-full trench condition. The cenent-bentonite slurry is allowed to set.

The soil -bentonite trench filling is produced by backfilling the trench with a
sui tably engi neered backfill which often includes |ocal or excavated site
soil .

(2) The slurry used in the soil-bentonite is essentially a 4 to
7 percent by weight suspension of bentonite in water. Bentonite is a clay of
the nontrmorillonite group of 2:1 expanding lattice clays. Excavated materials
that are renoved fromthe slurry-filled trench are placed at the trench sides
and excess slurry drains back into the trench. Selected backfill material is
dunped into the trench and sinks through the bentonite forcing sone slurry out
of the trench. Excess slurry is punped to a holding area where the slurry can
be “desanded” if necessary and adjusted to the specified density for
reintroduction into the trench. No conpaction of a finished slurry trench is
required.
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3) For proper displacenment of slurry by the backfill material, the unit
wei ght of backfill material should be 240.3 kg/nf (15 | b/ft3) greater than that

of the slurry (soil-bentonite). Typical soil-bentonite unit weights are 1442
kg/nmfto 1682 kg/n? (90 to 105 I b/ft3 and for cenent-bentonite slurry 1922
kg/ nm? (120 Ib/ft%. Density requirements for a cenent-bentonite slurry are

| ess inmportant because it is not backfill displaced; however, a 90-day m ni num
set tine is inmportant.

b. Applications.

(1) Slurry walls were first used to effect ground-water cutoff in
conjunction with large dam projects. In recent years, they have found use as
bot h ground-water and | eachate barriers around hazardous waste di sposal sites.
Pl acenent of the wall depends on the direction and gradi ent of ground-water
flow as well as location of the wastes. When placed on the upgradi ent side of
the waste site, a slurry wall will force the ground water to flow around the
wastes. |In some instances, it may be unnecessary to sink the wall down to an
i mpervious stratum A wall sunk far enough into the water table upgradient
fromthe wastes can reduce the head of the ground-water flow, causing it to
flow at greater depth beneath the wastes.

(2) Most commonly, the trench is excavated down to, and often into, an
i mpervious layer in order to retard and mnimze a ground-water flow. This
may not be the case when only a lowering of the water table is required. The
width of the trench is typically from0.61 to 1.5 m(2 to 5 feet) and can be
up to 24.4 mor 30.5 m (80 or 100 feet) deep. Typically, a backhoe,
clanmshell, or dragline is used for excavation.

(3) Gades of 10 percent and hi gher provide problens for slurry-trench
construction.

(4) Gound-water chemistry can severely affect the behavior at the
bentonite slurry. Adverse reactions such as thickening or floccul ati on may
result if grout and ground water are not conpatible. Conpatibility tests have
been conducted to determine the ability of bentonite slurry walls to withstand
the effects of certain pollutants, and the results are encouraging. O the
chemicals tested, only al cohols were found to conpletely destroy the slurry
wal . To determ ne the probable effectiveness of a slurry wall for a
particul ar site, however, conpatibility tests should be conducted using the
actual |eachate fromthe site.

(5 In certain settings, a slurry wall can be installed to conpletely
surround the site. In sone cases, the ground water inside the slurry wall is
extracted and treated, and in some cases replaced with the treated ground
wat er .

(6) \Where slurry cutoffs are used in conjunction with a cap, the wall -
cap tie-in should facilitate construction and be of adequate thickness to
prevent separation as a result of long-termsettlement of the wall. Tie-in
with an inpervious |ayer beneath the wall is also inmportant if ground-water
cutoff is the objective.
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(7) A slurry trench cutoff wall was designed and constructed to
contain migration of contam nated ground water fromthe Lipari Landfill in
Pi t man, New Jersey, in October 1983. The trench was approxi nately 883.4 m
(2,900 feet) long and 15.2 m (50 feet) deep. The bottom of the trench was
keyed into a Kirkwood clay |layer. The design drawing illustrating the
position of the trench is presented in Figure 3-19. Depending on the grade
and the position of the trench in relation to the batch-m xi ng operation
performed in a clean area onsite, between 22.9 and 45.7 m (75 and 150 feet) of
slurry trench could be constructed each day. The entire trench was
constructed in two nonths.

c. Design and Construction Considerations.

(1) Slurry trenching nust be preceded by thorough hydrogeol ogi c and
geot echni cal investigations. A good hydrogeologic study will tell the
designers the depth, rate, and direction of ground-water flow, and the
chemical characteristics of the water. A geotechnical investigation wll
provide information on soil characteristics such as perneability, amount of
stratification, and depth to bedrock or an inpervious layer. |In addition, it
will tell the nature and condition of the bedrock. When the slurry wall is
intended to provide total water cutoff, rather than just to | ower the water
table, particular attention must be paid to the soil/rock interface.

(2) The type of equi pnent used to excavate a slurry trench depends
primarily on the depth. Hydraulic backhoes can be used to excavate down to
16.8 m (55 feet). Beyond that depth, a clanmshell shovel nust be used. |If it
is necessary to install the slurry wall into hard bedrock, drilling or
bl asting may have to be used to excavate the rock. Special blasting
techni ques woul d be required to maintain the integrity of the bedrock

(3) Backfilling of a trench is often acconplished with the equi prent
used to excavate the trench. A bulldozer can be used to nmix the soil with the
slurry alongside the trench as well as to backfill the upper portion of the
trench. Care nust be taken to ensure that no pockets of slurry are trapped
during the backfilling, as these can greatly reduce the wall*s effectiveness
and pernanence.

(4) For maximum perneability reduction, the soil/bentonite mixture

used for backfilling should contain 20 to 25 percent fines (soil particles
that will pass a 0.075 mm (200-nesh) sieve). To ensure long-term perneability
reduction, as much as 40 to 45 percent fines may be required. 1In the event

the onsite soils are too coarse, inmported fines or additional bentonite nust
be added.

(5) The bentonite nust be conpletely hydrated and well nixed with the
soil or cement before being placed into the trench

d. Advantages and Di sadvantages. The process outlined above includes a
nunber of variables that can affect the long-termeffectiveness of a slurry
wal | .  The extent to which these variables, such as ground water, soil, and
rock characteristics, can influence the integrity of a wall can usually be
determ ned by a variety of preconstruction tests. Fromthe results of these
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field and | aboratory tests, nore site deficiencies can be identified and
corrected prior to construction. A properly designed and installed slurry
wal | can be expected to provide effective ground-water control for many
decades with little or no maintenance. Advantages and di sadvantages of slurry
trenches are summari zed bel ow.
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Advant ages Di sadvant ages
A long-term econom cal Ground water or waste | eachate may be
nmet hod of ground-wat er i nconpatible with slurry materia
contro
No mai ntenance required Lack of near-surface inperneable |ayer,
over long term | arge boul ders or underground caverns
may meke installation difficult or
Mat eri al s i nexpensive and i mpractica
avail abl e

Not practical with over 10 percent sl ope
Technol ogy wel |l proven

3-17. Gout Curtains. Another nmethod of ground-water control is the
installation of a grout curtain. G outing in general consists of the
injection of one of a variety of special fluids or particulate grouts (Table
3-5) into the soil matrix under high pressure. The injection of the specific
grout type is determned by conditions of soil perneability, soil grain size,
chemi stry of environnent being grouted (soil and ground-water chemi stry), and
rate of ground-water flow. G outing greatly reduces perneability and

i ncreases nechanical strength of the soil zone grouted. When carried out in
t he proper pattern and sequence, this process can result in a curtain or wall
that can be an effective ground-water barrier. Because a grout curtain can be
three times as costly as a slurry wall, it is rarely used when ground water
has to be controlled in soil or |oose overburden. The major use of curtain
grouting is to seal voids in porous or fractured rock where other nethods of
ground-wat er control are inpractical

a. Description. The pressure injection of grout is as much an art as a
sci ence. The nunmber of United States firnms engaged in this practice is quite
[imted. The injection process itself involves drilling holes to the desired
depth and injecting grout by the use of special equiprment. |In curtain
grouting, a line of holes is drilled in single, double, or sonetinmes triple
staggered rows (depending on site characteristics) and grouting is
acconpl i shed in descending stages with increasing pressure. The spacing of
the injection holes is also site specific and is determ ned by the penetration
radi us of the grout out fromthe holes. Ideally, the grout injected in
adj acent hol es should touch (Figure 3-20) along the entire length of the hole.
If this is done properly, a continuous, inpervious barrier is formed (Figure
3-21).

b. Application.

(1) In general, grouts can be divided into two nmain categories- -
suspensi on grouts and chem cal grouts. Suspension grouts, as the nane
inmplies, contain finely divided particulate matter suspended in water.
Chemical grouts, on the other hand, are true Newtonian fluids. Mst of the
grouting in the United States is done with suspension grouts, whereas about
hal f of the grouting in Europe is done with chemicals. The principal grouts
in use today are briefly described bel ow
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Tabl e 3-5.

Significant Characteristics of Types of G out

Type

Portl and cement or
particul ate grouts

Chemnical grouts

Sodium silicate

Acryl am de

Phenol i c
(Phenopl ast s)

Characteristic

Appropriate for higher perneability (larger grained)
soils
Least expensive of all grouts when used properly
Most widely used in grouting across the United States
(90 percent of all grouting)

Most wi dely used chem cal grout

At concentrations of 10-70 percent gives viscosity of
1.5-50 cP

Resi stant to deterioration by freezing or thaw ng

Can reduce perneabilities in sands from 102 to 108
cnl sec

Can be used in soils with up to 20 percent silt and
clay at relatively low injection rates

Portl and cenent can be used to enhance water cutoff

Shoul d be used with caution because of toxicity

First organic polyner grout devel oped

May be used in conmbination with other grouts such as
silicates, bitumens, clay, or cenent

Can be used in finer soils than nost grouts because
| ow viscosities are possible (1 cP)

Excel l ent gel time control due to constant viscosity
fromtime of catalysis to set/gel tinme

Unconfi ned conpressive strengths of 344-1378 KPa (50-
200 psi) in stabilized soils

Gel s are permanent below the water table or in soils
approachi ng 100 percent humidity

Vul nerable to freeze-thaw and wet-dry cycl es,
particularly where dry periods predom nate and wil |
fail mechanically

Due to ease of handling (low viscosity), enables nore
efficient installation and is often cost-
conpetitive with other grouts

Rarely used due to high cost

Shoul d be used with caution in areas exposed to
drinki ng water supplies, because of toxicity

Low vi scosity

Can shrink (with inmpaired integrity) if excess
(chem cal ly unbound) water remmins after setting;
unconfi ned conpressive strength of 344-1378 KPa
(50-200 psi) in stabilized soils

(Conti nued)
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Table 3-5. (Concl uded)

Type Characteristic

Ur et hane Set through nultistep polymerization
Reaction sequence may be tenporarily halted
Additives can control gellation and foam ng
Range in viscosity from20 to 200 cP
Set time varies fromminutes to hours
Prepol ymer is flammabl e

Ur ea- For mal dehyde Rarely used due to high cost
WIl gel with an acid or neutral salt
Gel time control is good
Low vi scosity
Consi dered permanent (good stability)
Sol ution toxic and corrosive
Rel atively inert and insol uble

Epoxy In use since 1960
Useful in subaqueous applications
Vi scosity variable (nol ecul ar wei ght dependent)
In general, set time difficult to regulate
Good durability
Resi stant to acids, alkalis, and organic chenicals

Pol yest er Useful only for specific applications
Vi scosity 250 to several thousand cP
Set time hours to days
Hydrol yzes in al kaline nedia
Shrinks during curing
Conponents are toxic and require special handling

Li gnosul fonat e Rarely used due to high toxicity

Li gnin can cause skin problens and hexaval ent chrom um
is highly toxic (both are contained in these
mat eri al s)

Cannot be used in conjunction with portland cenent;
pH*s confli ct

Ease of handling

Loses integrity over tine in noist soils

Initial soil strengths of 344-1378 KPa (50-200 psi)




z
3
3
~
3
3
€
]
>
4
<
g
g
4

EM 1110- 1- 502
30 Apr 94

Curtain

Pipe Layout for Grout

3-20. Grout

Figure

SEMICIRCULAR
 GROUT CURTAIN

-
-
»'Jr

GROUT TUBES

WASTES

3-21. Semicirec

Figure

54



EM 1110- 1-502
30 Apr 94

(2) Suspension grouts are for the npst part either portland cenent,
bentonite, or a mxture of the two. Utra-fine cement grouts are al so
available. Their primary use is in sealing voids in materials with rather
hi gh perneabilities, and they are often used as “pregrouts” with a second
injection of a chem cal grout used to seal the fine voids. |If a suspension
grout is injected into a nediumthat is too fine, filtration of the solids
fromthe grout will occur, thus elimnating its effectiveness. Portland
cenent, when mixed with water, will set up into a crystal lattice in |less than
2 hours. For grouting, a water-cement ratio of 0.6 or less is nore effective.
The small est voids that can be effectively grouted are no smaller than three
times the cement grain size. For this, it is clear that a nore finely ground
cenent nakes a nore watertight grout. Portland cement is often used with a
variety of additives that nodify its behavior. Anong these are clay, sand,
fly ash, and chem cal grouts.

(3) O the clay nminerals used for grouting, bentonite is by far the
nost comon. Oher locally available clays, especially those of marine or
river origin, may be used but nust be extensively tested and often chemically
nodi fied. Bentonite, however, because of its extrenmely small particle size
(one micron or less), is the nost injectable, and thus the best suited for
grouting into materials with |l ower perneabilities. Medium to fine-textured
sands, with pernmeabilities of around 103-10* cnfsec, can be sealed with a
bentonite grout. Dry bentonite is mixed with water onsite at a rate of 5 to
25 percent by dry weight. |In these ratios, bentonite will absorb |arge
amounts of water and, with time, forma gel. This gel, although it inparts
little if any structural strength, is an extrenely effective water barrier

(4) Placenment of a grout curtain downgradient fromor beneath a
hazardous waste site requires consideration of the conpatibility of the grout
to waste | eachate or other extrenes of ground-water chemi stry. Little
information is avail able concerning the resistance of grouts to chem ca
attack. Should a case arise where grout nust contact |eachate or ground water
of extreme, field tests should be performed to verify grout resistance.

(5) Quality control is a difficult issue since even small voids or
breaks can greatly |l essen the effectiveness of a grout curtain. By
definition, a grout curtain is not anenable to inspection

c. Design and Construction Considerations.

(1) Pressure grouting is a high technol ogy endeavor. As with slurry
trenching, extensive geotechnical and hydrol ogic testing nust precede the
pl acenent of a grout curtain. Boring, punping, and | aboratory tests wll

determ ne whether or not a site is groutable and will provide the necessary
ground-water, rock, and soil information to allow for the choice of the best-
suited grout or grouts. They will further provide the designer with the

i nformati on needed to plan the pattern and procedure for injection

(2) For all grouts the closer the viscosity is to that of water (1.0
cP), the greater the penetration power. Gouts with a viscosity |less than 2
cP, such as many of the chemical grouts, can penetrate strata with
permeabilities less than 10°° cmisec. Higher viscosity grouts, like
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particul ate and sone chemical grouts with a viscosity greater than 10 cP, can
only penetrate coarse strata having perneabilities greater than 102 cni sec.
For suspension particulate grouts, the particle size will also influence the
ability to penetrate voids.

(3) Short-termdeterioration of the grout can be caused by rapid
chemnical degradation or by an incorrect setting time. The effect on setting
time can be caused by a mscal culation of the grout formulation, dilution of
the grout by ground water, or changes caused by chenicals contained within the
grouted strata.

(4) Once a grout has set in the voids in the ground, it nmust be able
to resist hydrostatic forces in the pores that would tend to displace it.
This ability will depend on the nechanical strength of the grout and can be
estimted by the grout*s shear strength. The shear strength of a grout will
depend not only on its class, but also on its fornulation. Thus, a class of
grouts, such as silicates, can possess a w de range of mechanical strengths
dependi ng on the concentration and type of chemicals used in its formulation
The strength of the gel, then, can be adjusted, within limts, to the specific
situation.

d. Advant ages and Di sadvant ages.

(1) The advantage of grout curtain enplacenent is the ability to
inject grout through relatively small dianeter drill holes at unlinmited
depths. The size of the pod or grouted colum is a function of pore space
vol une and vol ume of grout injected. G out can incorporate and/or penetrate
porous materials in the vicinity of the injection well such as boul ders or
voi ds. Variable set tinmes and | ow viscosities are al so advant ages.

(2) The mjor di sadvantages of grouts are the linmitations inposed by
the permeability of the host material (soil or rock) and the uncertainty of
conplete cutoff, Specifically with particulate grouts only the nost perneabl e
units are groutable.

3-18. Sheet Pile Cutoff Walls. Sheet pile cutoff walls may be used to
contai n contam nated ground water, divert a contaninant plune to a treatnent
facility, and divert ground-water flow around a contam nated area. They
constitute a perneabl e passive barrier conposed of sheet piling pernmanently
placed in the ground. Each section interlocks with an adjacent section by
means of a ball/socket (bowl) union. The connection (union) may initially be
a pathway for ground-water mgration which nay abate or cease if the

bal | / socket section is naturally or artificially filled with inmperneable
material. Sections of pilings are assenbl ed before being driven into the
ground (soil conditions permtting).

a. Description.

(1) Various sheet piling configurations are available. Application of
specific configurations and fittings can be used for site-specific needs such
as partitioning different sections of a waste-contam nated area or comnbi nation
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of areas. Piling weight may vary from 1054 to 1820 Pa (22 to 38 I b/ft?
dependi ng upon the driving depth and soil materials.

(2) Keying in to a subsurface inperneable barrier is linited by depth
to the barrier and conposition of the barrier. Pile driving to a relatively
shal  ow cl ay deposit and keying in to the clay w thout driving conpletely
through the clay is relatively comon in construction practices. However
keying in to a rock unit such as shale or other sedinentary unit is difficult.
The physical tightness of such a bedrock/piling key is poor and nmay require
addi tional sealing (grout, etc.). Pile testing and borings to an inperneabl e
hori zon can be used to determ ne the effectiveness of the barrier and piling
i nterlock (ball/socket) danmage.

b. Applications.

(1) As a renedial action at a hazardous waste site, sheet piling
cutoff walls can be used to contain contam nated ground water. Piling driven
to an inperneabl e layer can retain an existing contanminant(s) that may be
rel eased during cl eanup actions.

(2) If ground-water flow rates and vol une noving toward a hazardous
waste site are sufficient to potentially transport a contani nant plune or
i npede site cleanup operations, a piling barrier can be used to divert the
ground-water flow.

(3) Installation of sheet pilings at a hazardous waste site nmay
present special problens related to buried tanks or druns that may be
ruptured, unless care is taken to investigate the proposed piling alignnment
wi th magnetonmeters or other netal -locating devices. Druns at depth nay not be
det ected and pose special probl emns.

c. Design and Construction.

(1) Maxinum effective depth is considered to be 14.9 m (49 feet).
Al t hough under ideal conditions, pile sections have been driven up to depths
of 29.9 m (98 feet).

(2) Steel sheet piling is npst frequently used. Concrete and wood
have al so been used. Concrete is expensive but is attractive when exceptiona
strength is required, and, although |ess expensive, wood is relatively
ineffective as a water barrier

(3) Sheet piles are typically used in soils that are | oosely packed,
and predom nantly sand and gravel in nature. A penetration resistance of 13
to 33 blows/m (4 to 10 bl ows/foot) for medium to fine-grained sand is
recormended. Cobbl es and boul ders can hinder pile placenent.

(4) Piling lifetime depends on waste characteristics and pile
material. For steel piles pHis of particular inportance. A pile life up to
40 years (dependi ng on other |eachate characteristics) can be expected where
pH ranges between 5.8 and 7.8. A pH as low as 2.3 can shorten the lifetine to
7 years or |ess.



EM 1110- 1-502
30 Apr 94

d. Advantages and Di sadvant ages.

(1) Sheet pilings require no excavation. Thus, the construction is
relatively economcal. |In npbst cases, no maintenance is required. The
di sadvant ages of sheet pilings are the | ack of an effective seal between
pilings and problens related to piling corrosion

(2) At hazardous waste sites, corrosion of sheet pilings can be a
severe problem Many sites contain mneral acids that react readily with
iron. Standard cathodic protection may not be effective if |oca
concentrations of acid materials are present. Any reaction of nmetal with acid
can produce hydrogen gas that may diffuse fromthe soil and create a fire or
expl osi on hazard at the surface.

3-19. Menbranes and Synthetic Sheet Curtains. Menbranes and ot her synthetic
materi al s have been used extensively as pond and | agoon liners. The

i mpervi ous nature of the liner and its general resistance to corrosive
chemnical s have been proven to exceed the qualities typical of clay |iner
material used in landfills. The key factor in the use of nmenbrane liners is
to produce an effective seal between adjacent sheets of nenbrane.

a. Description. Synthetic nmenmbrane materials (PVC, butyl rubber
pol yet hyl ene) may be used in a manner sinmilar to clay or sheet pile cutoff
wal | s. The menbrane can be inserted in a slit or a V-shaped trench to
facilitate anchoring at the top of the trench. Menbrane liners require sone
special handling for effective use. Menbrane materials are usually not laid
with any stress on the menbrane. All seans are heat- or sol vent-wel ded using
manuf act ur er - approved techni ques to ensure the seans are as strong as the
material itself.

b. Applications. Menbrane curtains can be used in applications sinilar
to grout curtains and sheet piling. The menbrane can be placed in a trench
surroundi ng or upgradient (ground water) fromthe specific site, thereby
encl osing the contam nant or diverting the ground-water flow Placing a
menbrane liner in a slurry trench application has also been tried on a linted
basi s.

c. Compatibility. Compatibility of the nenmbrane material with
cont am nated ground water or soil should be considered before enpl acement of
t he menbrane.

d. Design and Construction. Enplacenent of the liner in conventiona
style requires a trench of sufficient size and slope that crews can lay the
liner and transverse the liner with sealing equipnment. The trench needs to be
excavated to an inpervious zone wherein the nmenbrane is keyed in and sealed to
prevent | eakage at the nenmbrane bottom In conditions of contaninated,
unstabl e, or saturated soils, special safety and construction practices mnust
be established. Lowering a prepared liner into a narrow vertical trench is
not feasible. The narrow trench in nost cases will not be able to remain open
wi t hout caving debris interfering with keying in conditions. Suspending the
lines may cause stretching or tearing.
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e. Advant ages and Di sadvant ages.

(1) The nenbrane provides an effective barrier if it can be enpl aced
wi t hout puncture or inperfect sealing. Sealing is a difficult process that
requires material handling and nmani pul ati on not afforded by trench
enpl acenent. Keying the nenbrane adequately to the inmpervious layer is also
difficult. The key zone nust be disturbed and nmenbrane material may not be
conduci ve to adhering to concrete or other sealing materi al

(2) Installation of liners is also restricted to climatic conditions.
Li ner menbranes generally should not be installed at tenperatures col der than
about 45°F. Soil tenperature as well as atnospheric tenperatures affect the
flexibility as well as sealing character of the nenbrane. Adverse noisture
conditions also may inhibit successful sealing of seamns.

3-20. Conbination Barrier/Punping Systems. Barrier and punping systens can
be used in conbination to ensure contai nment of contani nated ground water.
When used in conbination, the general approach is to use the barrier systemto
m nimze the quantity of ground water that nmust be punped and treated. The
nost common application of a conbination barrier/punping systemis the use of
a circunferential slurry wall, keyed into an underlying aquicl ude, conbined
with an interior punping systemto maintain an inward hydraul i c gradient.
Design criteria are sinmilar to those previously discussed for the individua
syst ens.

3-21. Subsurface Drains and Drai nage Ditches.

a. Backaground.

(1) Subsurface French drains are trenches filled with gravel that are
used to manage surface or ground-water flows in shallow subsurface materials.
At nost hazardous waste sites, standard French drains are of linited use
because cl ose control of ground-water flow is required, and care nust be
exercised in preventing contamnmi nated water fromreaching | ower aquifers.

(2) Well-designed underdrains that can intercept ground water flow ng
into a waste site have been hel pful in reducing the water treatnment problem
where extraction systens are enployed. Were the water table is relatively
shal l ow (30 feet below the surface or less), a waste site can be isol ated by
trenching down into the water table and introducing a barrier and a vertica
permeabl e | ayer with a drain at the bottom This systemacts to intercept
smal | springs or seepage that may enter a buried waste pit. By diverting the
ground water before it enters the site, the growth of the pollution plunme
exiting the site is reduced w thout punping.

(3) When applicable, the barrier/underdrain systemis a permanent | ow
cost renedial option. It requires small maintenance efforts to ensure the
drains are clear. The intercepted ground water is usually tested periodically
to ensure that no pollutant is discharged. The only di sadvant ages observed
with this systemrelate to possible movenment of contam nant through the
ground-water barrier and into the drains. |If this occurs, all of the
di scharge fromthe underdrains may require treatment before discharge. This
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probl em can be mnimzed by having the systembuilt in unconnected segnents
with separate outfalls.

b. Applications.

(1) Subsurface drains can be used to intercept |eachate or
infiltrating water in any clay or silty clay soil where the perneability is
not adequate to maintain sufficient flow and at sites where the | eachate is
not too viscous or gunmy to prevent flowto the drains. Qher conditions,
such as a deep frost zone, may also restrict the use of underdrains in certain
soils.

(2) Drainage ditches can be an integral part of a | eachate collection
systemin that they may be used as collectors for surface water runoff,
col l ectors | eading from subsurface drains, or as interceptor drains.

(3) Surface drainage nay be essential for flat or gently rolling
landfills underlain by inmperneable soils where subsurface drai nage may be
i mpractical or unecononi cal

(4) Open ditches may be used as interceptor drains to collect latera
surface seepage, thus preventing it frompercolating into ground water or
flowing laterally to an area that should be protected. The choice between
using an open drain or subsurface drain depends upon the sl ope of the flow
For steep sl opes, open drains are generally nore desirable. An open ditch may
be used in certain circunstances to intercept subsurface collectors and carry
the | eachate to its ultimte disposal

(5) Drains or trenches may be useful in collecting contam nants
floating on the ground-water surface. Where the ground water is shallow, and
t he sl ope adequate, drains nay be nore economnical and effective than
extraction wells.

c. Design and Construction Considerations.

(1) Subsurface drains.

(a) Subsurface |eachate collection systens (Figure 3-22) have been
proposed or constructed at several existing landfills. The drai nage systens
are generally constructed by excavating a trench and laying tile or pipe sec-
tions end to end in strings along the bottom The trench is then backfilled
with gravel or other envelope material to a designated thickness; the rest of
the trench is then backfilled with soil. Oten the gravel is |lapped with
geotextile fabric to prevent fine soil fromentering the gravel and cl oggi ng
the drain. The front view of a subsurface |eachate collection systemis
illustrated in Figure 3-23.

(b) In some instances, gravel-packed wet wells nay be used. Wells are
constructed simlarly to trenches.
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DASHED LINES REPRESENT EXTREME LIMITS OF APFLICATION AS REPORTED
IN THE LITERATURE; SOLID LINES APPLY TO MORE TYPICAL APPLICATIONS

Figure 3-22. Subsurface Leachate Collection (Source: EPA 1979)

(c) An inperneable Iliner may be required on the downgradi ent end of
t he subsurface drain to prevent flowthrough of intercepted and contani nated
ground water if the surrounding materials have a noderate to high
permeability.

(d) The nmmjor design problem for subsurface drains is to determ ne the
opti mum spaci ng, depth, and hydraulic capacity. Determ nation of these
criteria is usually based on practical experience, experimental data, and
cal cul ati ons using drainage formula. Spacing between drain |lines and wet
wel | s depends upon the depth of the drain below the surface, the hydraulic
conductivity of the soil, the amount of subsoil to be drained, and the
potential for constructing underdrains beneath the landfill. Orientation of
the trenches perpendicular to the flow lines would make spacing irrel evant,
provided the trenches capture the flow at all required depths.
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Figure 3-23. Typical Design Plan for Leachate Collection System

(e) Design equations that have been devel oped for flow to a drai nage
pi pe indicate that a greater depth allows for w der spacing. These formul ae
are considered in relation to spacing. The sinplest fornmula for estimting
drai n spaci ng assunes honogeneous soils and one-di mensional flow. Drain
spaci ng can be estimted from Hooghoudt*s formula as foll ows:

5= [ em?- @ n] G-D

wher e
S = drain spacing, m (feet)
k = hydraulic conductivity, mday (feet/day)

Q= design flowto the drain, nt/day/mof ditch (cubic feet per day per

f oot
D = depth of flow | ayer beneath the drains, m(feet)
H = height of ground-water table above the plane through the drains

and m dway between two drains, m(feet)

h = height of water level in the drain, m (feet)
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(f) The cone of depression observed around a well becones a trough
along the Iine of the drain. The spacing of the drains nust be such that the
water table at its highest point between drains intercepts all |eachate-
generating wastes, and does not interfere with plant growh or zone of
aeration, if these factors play a part in proper operation of the fill.

(g) In actual practice, spacing of underdrains nay be restricted by
t he boundaries of waste in such a way that the conposite cones of depression
of the drains do not conpletely overlap and sone | eachate escapes the
collection system This may occur where ideal spacing requires that
underdrai ns be constructed beneath a waste site. Since the drain spacing is
i nfl uenced by depth and hydraulic conductivity, it may be possible to increase
spacing and still intercept all |eachate by increasing drain depth and by
adj usting envel ope thickness to increase hydraulic conductivity so that
underdrai ns beneath the site are not necessary.

(h) Horizontal drilling is now avail able wi thout the need to jack or
drill froma pit. This drilling technique allows drilling to start fromthe
surface (at an oblique angle) and then turn horizontal at a certain depth.
Though linted to depths of greater than about 6.1 m (20 feet), this
technol ogy shows prom se for placing drains under landfills, |agoons, and
t anks.

(i) Mninmumgrade or slope is deternmined on the basis of site
conditions and size of the drains. Sone designers wi sh to specify a m nimum
velocity rather than a mininumgrade. It is generally desirable to have a
slight slope in order to obtain a velocity sufficient to clean the drain
during discharge and to speed up enptying of a drain after a discharge period.
Sl opes of about 0.1 percent can be obtained with present trench digging
equi pment accurate to within 1 centineter of the prescribed depth.

(j) Drains have a relatively small area of inflow, causing an entrance
resi stance. Failures of tube drains are often due to the high resistance of
approach of the envelope material and soil; the type of tube is usually |ess
critical. Application of the proper envelope material in sufficient
quantities can significantly reduce the effect of resistance. The nopst
conmonl y used envel ope materials include sand and fine gravel, and to a | esser
extent straw, woodchips, and fiberglass. Reconmendations for drain envel ope
t hi ckness have been made by various agencies. The Bureau of Reclamation
recomends a mini mum thickness of 10 centineters around the pipe, and the Soi
Conservation Service recomends a mininumof 8 centimeters for agricultura
drains. In actual practice, much thicker envel opes may be used to increase
hydraulic conductivity. An 203 mm (8-inch-diameter) perforated pipe used for
| eachate collection at Love Canal is surrounded with about 0.61 m (2 feet) of
gravel .

(k) After the trench is backfilled with the appropriate thickness of
envel ope material, it my be desirable to wap the gravel with a fabric to
prevent clogging of the gravel and drains with soil. One such available
material is Typar, a strongly woven fabric that allows |liquids to pass through
but prevents soil fromgetting into the pipeline.

3-63



EM 1110- 1-502
30 Apr 94

(1) The design and construction of |eachate collection systens can be
exenplified by the Love Canal (Figure 3-24). The heart of the collection
system at Love Canal is a series of drains with 152 to 203 mm (6- to 8-inch-

di anmeter) perforated, vitrified clay pipe backfilled with about 2 feet of
gravel envelope. The ditches run roughly parallel along the north and south
borders of the canal, as shown in Figure 3-24. The trenches are approxi mately
3.7 m (12 feet) bel ow grade, dropping to a maximumof 4.6 m (15 feet). Wth a
gradient of 0.5 percent, they enpty | eachate into precast concrete wet wells.
Leachate is punped fromwet wells by vertical subnersible punps to an 203 mm
(8-inch-diameter) gravity main, fromwhich it descends into concrete hol ding
tanks. Drains of different elevations are connected by nanholes. To hasten
dewatering fromthe canal, |ateral trenches have al so been dug between the
canal boundaries and the main drainage system

(2) Drainage ditches.

(a) Open ditches are on the order of 1.8 to 3.7 m (6 to 12 feet) deep
When they are connected to subsurface drains, they nust be deep enough to
i ntercept the underdrains.

(b) The water level in a ditch is determ ned by the purpose the ditch
has to serve. Surface drains require sufficient freeboard when running at
full capacity. The flow velocity should be kept within certain [imts in view
of scouring of the bed and side slopes and of sediment deposition. |nportant
factors governing the desired flow velocity are soil type, type of channel

TREATMENT PLANT
LEACHATE STORAGE |

CANAL BOUNDARY

w
LEGEND
—— - — GARAVITY AND FORCE MAINS
BARRIER DRAINS
- — - L ATERAL

[ J MANHOLES
@ WETWELLS

Figure 3-24. Leachate Collection System for Love Canal,

Transverse View (Source: Glaubinger et
al. 1979)

Reprinted by special perm ssion from CHEM CAL ENG NEERI NG (1979) Copyright (c)
1979, by McGrawHi Il, Inc., New York, NY 10020.
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wel | roughness, and sedi nent |oad. The size of the ditch necessary to carry
the estimated quantity of water can be determined fromthe Manning velocity
equation and i s dependent upon the slope, depth, and shape of its cross
section.

(c) The selection of side slopes is based on stability of soil and on
t he hazard of scour, taking into account possible ground-water pressures and
vegetative cover. The stability of side slopes nay be inproved by tanping or

rolling. Trapezoidal cross sections are generally nost efficient. 1In fine-
grai ned soils such as heavy clays, %to 1 slopes (0.15to 0.3 m (0.5 foot to 1
foot vertical)) and 1-1/2 to 1 are comon. |n coarser textured soils, 1 to 1

or 2to 1 may be advisabl e.

(d) Ditch bottonms at junctions should be at the sane elevation to
avoid drops that may cause scour. Right-angle junctions encourage |ocal scour
of the bank opposite the tributary ditch, and the smaller ditch should be
designed to enter the larger at an angle of about 30 degrees. The scour wll
al so occur at sharp changes in ditch alignment, so |ong radius curves shoul d
be used where change is necessary.

(e) An open ditch can be kept in efficient working condition by
careful maintenance. A drain allowed to beconme obstructed by brush, weed
growm h, or sedinent can no |longer be efficient; it should be cleaned to its
original depth when efficiency is curtailed.

d. Advantages and Di sadvantages. The advantages and di sadvant ages of
subsurface drains and drai nage ditches are summari zed bel ow

Advant ages Di sadvant ages

Subsurface Drains

Operation costs are relatively Not well suited to poorly perneable
cheap since flow to underdrains soils
is by gravity
In nost instances it will not be
Provi des a nmeans of collecting feasible to situate underdrains
| eachate wi thout the use of beneath the site

i mpervious liners
System requires continuous and carefu
Considerable flexibility is nonitoring to ensure adequate
avai |l abl e for design of under- | eachate collection
drai ns; spacing can be altered to
some extent by adjusting depth or
nodi fyi ng envel ope materia

Systens fairly reliable, providing
there is continuous nonitoring

(Conti nued)
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Advant ages Di sadvant ages

Drai nage Ditches

Low construction and operating cost Requi res extensive mai ntenance to
mai ntai n operating efficiency
Useful for intercepting |andfil
si de seepage and runof f General ly not suited for deep
di sposal sites or inmpoundnents

Useful for collecting |leachate in May interfere with use of |and
poorly perneable soils where sub-
surface drains cannot be used May introduce need for additiona

safety/security measures
Large welted perinmeter allows for
hi gh rates of flow
Section Ill. Surface Water Controls

3-22. Surface Water Diversion

a. Backaground.

(1) A mmjor consideration at any hazardous waste site is water
managenment. M nim zing the anmount of water noving through a site reduces the
spread of potentially toxic materials and the requirenents to treat |eachate
or drainage fromthe area. Mny sites are in |lowlying areas adjacent to
natural watercourses. In sone instances, it has been necessary to divert
drai nage around a landfill or reinforce or dike streanmbanks to prevent the
wast e from bei ng washed into the stream and contam nating the water
downstream Run-on is generally controlled using ditching, channelization, or
construction of berns and dikes.

(2) Run-on diversion can be inplemented at a hazardous waste site by
using many of the same renmedi es used to control run-on at a construction site.
This remedial activity is applicable when it can be denonstrated that water is
entering the disposal site from adjacent slopes or that streans noving across
the site are contributing water to the site or washing wastes out of the site.

(3) Where mnimzing ground-water infiltration is inmportant to prevent
the water table under the site fromrising, |lined trenches should be
considered in drainage design. Lined trenches typically are constructed of
concrete, shotcrete, asphaltic concrete, netal culvert (half sections), or
synthetic menbrane materials (polyvinylchloride or polyethylene).

(4) The data requirements for design of drainage systems on or around
a hazardous waste systemare sinmlar to those required for construction
drai nage, including area to be drained, type of drain proposed, grade of the
proposed drai nway, and maxi mum capacity based on rainfall and snowrelt
records. Additional considerations would be the lifetine of the system Sone
systens will be required only until wastes can be excavated and transport ed;
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at other sites, the waste will remain in place, and the surface water contro
systemw || have to be maintained indefinitely.

(5) Design criteria for drainage systens at landfills are not
specifically provided in regulations. The performance requirements are for
nost conpl ete diversion of water possible. The Department of Agriculture and
EPA gui dance for sizing diversion drai nage systens around a waste di sposa
area calls for carrying capacities equal to at |east the peak run-off froma
10-year, 24-hour storm |In npbst cases, carrying capacities should be greater

(6) Design procedures are typically undertaken in nuch the same way as
t hose for drainage or diversion planning--fromestimtion of carrying capacity
requirements to specific requirements as to the type of drainage and specific
types of material (sod, riprap, concrete, etc.) to be enployed. Mddels, such
as Storage Treatnment Overfl ow and Run-off Mddel (STORM) fromthe Corps*
Hydr ol ogi ¢ Engi neering Center (HEC), Chemi cal Runoff and Erosion from
Agricul tural Managenent Systens Hydrol ogi c Model (CREAMS) fromthe Departnent
of Agriculture, and Hydrol ogi c Evaluation of Landfill Performance (HELP) from
t he Corps* Waterways Experinent Station can be hel pful in determning the
quantity and quality of run-off from areas surrounding a waste site. Severa
wel | - establ i shed construction techni ques are available for diverting and
handl i ng surface water flowin critical areas. Those nmethods nost applicable
as remedi al neasures at uncontrolled disposal sites are addressed bel ow

b. Dikes and Bernms.

(1) Description and applications.

(a) Dikes and berns are well-conpacted earthen ridges or |edges
constructed i medi ately upslope fromor along the perineter of disturbed areas
(e.g., disposal sites). These structures are generally designed to provide
short-term protection of critical areas by intercepting stormrun-off and
diverting the flow to natural or nman-nmade drai nageways, to stabilized outlets,
or to sedinent traps. The terns “di kes” and “berns” are generally used
i nterchangeably; however, dikes may al so have applications as fl ood
cont ai nnent | evees.

(b) Dikes and berns may be used to prevent excessive erosion of newy
constructed sl opes until nore pernanent drainage structures are installed or

until the slope is stabilized with vegetation. Dikes and bernms will help
provide tenporary isolation of uncapped and unvegetated di sposal sites from
surface run-off that may erode the cover and infiltrate the fill. These

tenmporary structures are designed to handle relatively small amounts of
runof f; they are not recomended for unsloped drainage areas larger than 5
acres.

(2) Design and construction considerations.
(a) Specific design and construction criteria for berns and di kes will
depend upon desired site-specific functions of the structures. An interceptor

di ke/ berm may be used solely to shorten the I ength of exposed sl opes on or
above a disposal site, thereby reducing erosion potential by intercepting and
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diverting run-off. Diversion dikes/bernms may be installed at the top of the
st eeper side slopes of unvegetated di sposal sites to provide erosion
protection by diverting runoff to stabilized channels or outlets.

(b) Dikes and berns ideally are constructed of erosion-resistant, |ow
permeability, clayey soils. Conpacted sands and gravel, however, may be
suitable for interceptor dikes and berns. The general design life of these
structures is on the order of one year maxi num seedi ng and mul ching or
chemical stabilization of dikes and bernms may extend their |ife expectancy.
Stone stabilization with gravel or stone riprap i nmedi ately upsl ope of
di version dikes will also extend performance life.

(c) Al earthen dikes should be machi ne conpacted. In addition

1 Di verted runoff should discharge directly onto stabilized areas,
grassed channel, or chut e/ downpi pe.

1 Peri odi ¢ inspection and mai ntenance shoul d be provi ded.

1 Di versi on di kes must be seeded and mul ched i nmedi ately after
construction.

(3) Advantages and di sadvantages. Advantages and di sadvant ages of
di kes and bernms are sumarized bel ow

Advant ages Di sadvant ages
Uses standard construction Peri odi ¢ inspections and mainte-
t echni ques and equi pnment nance required to ensure
usual ly already on site structural integrity
Required fill dirt usually May i ncrease seepage if
avail abl e on site installed inproperly, increas-
ing soil instability and
Tenmporary control of erosion | eachat e generation
until further
stabilization Only suitable for small drai nage
areas (less than 2 hectares
Runon wat er reduced, and (5 acres))

t herefore | eachate
production

c. Ditches. Diversions, and WAt erways.

(1) Description and applications.

(a) Ditches (or swal es) are excavated, tenporary drai nageways used
above and bel ow di sturbed areas to intercept and divert runoff. They may be
constructed al ong the upslope perinmeter of disposal areas to intercept and
carry stormrun-off into natural drainage channels downsl ope of the site.
Ditches may al so be installed downsl ope of covered disposal sites to collect
and transport sedinment-laden flow to sedinent traps or basins. Ditches should

3-68



EM 1110- 1-502
30 Apr 94

be left in-place until the disposal site is sealed and stabilized with cover
veget ati on.

(b) Diversions are permanent or tenporary shall ow drai nageways
excavated al ong the contour of graded sl opes and having a support earthen
ridge (di ke or bern) constructed al ong the downhill edge of the drai nageway.
Essentially, a diversion is a conbination of a ditch and a di ke. Diversions
are used primarily to provi de nore pernmanent erosion control on |ong slopes
subj ect to heavy flow concentrations. They may be constructed across |ong
sl opes to divide the slope into nonerosive segments. Diversions may al so be
constructed at the top or at the base of |ong graded slopes at disposal sites
to intercept and carry flow at nonerosive velocities to natural or prepared
outlets. Diversions are recommended for use only in slopes of 15 percent or
| ess.

(c) Gassed waterways (or channel s) are graded drai nageways that serve
as outlets for diversions or berms. Witerways are stabilized with suitable
vegetati on and are generally designed to be wide and shallow in order to
convey run-of f down sl opes at nonerosive velocities. Wterways nmay be
constructed al ong the perinmeter of disposal sites located within natura
sl opes, or they may be constructed as part of the final grading design for
di sposal areas that have been capped and reveget at ed.

(2) Design and construction considerations.

(a) Ditches, diversions, and waterways are generally of V-shaped,
trapezoi dal, or parabolic cross-section design. The specific design will be
dependent on | ocal drainage patterns, soil perneability, annual precipitation
area | and use, and other pertinent characteristics of the contributing
wat ershed. | n general, such drainageways shoul d be designed to accommdate
flows resulting fromrainfall events (storms) of 10- or 25-year frequency.
More inmportantly, they should be designed and constructed to intercept and
convey such flows at nonerosive velocities.

(b) Figure 3-25 depicts the effect of drainage channel shape on
relative velocity of conveyed flows. |In general, the wi der and shallower the
channel cross section, the less the velocity of contained flow and therefore
the less the potential for erosion of drainageway side slopes. Were |oca
conditions dictate the necessity of building narrower and deeper channels , or
where slopes are steep and flow velocities are excessive, the channel will
require stabilization through seeding and nul ching or the use of stone riprap
to line channel bottoms and break up fl ow

(c) Table 3-6 presents nmaxi mum perni ssible design velocities for flow
in ditches and grassed waterways, based on the channel grade and stabili zing
cover nmteri al

(d) These structures are designed for short-termapplication only, for
upsl ope drai nage areas of less than 2 hectares (5 acres). A mninum grade of
1 percent, draining to a stabilized outlet such as a grassed waterway or,
where necessary, to a sedinment basin or trap, is reconmended for tenporary
ditches. For channel slopes greater than 5 percent, stabilization with
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Figure 3-25. Effect of Drainage Ditch on Velocity

grasses, mulches, sod, or stone riprap will be necessary. As with all
temporary structures, periodic inspection and maintenance are required to
ensure structural integrity and effective perfornmance.

(e) Figure 3-26 presents general design features of parabolic and
trapezoi dal diversions. A formal design is not required for diversions used
as tenmporary water-handling structures. General design and construction
criteria for permanent diversions and waterways include the follow ng:
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Table 3-6. Permissible Design Velocities for Stabilized
Di versi ons and WAt erways
Maxi mum desi gn vel ocity
Veget ati on Channel grade (%  (ft/sec) (m sec)
Ber muda grass 0-5 6 1.8
5-10 5 1.5
10 4 1.2
Reed canary grass 0-5 5 1.5
Tal |l fescue 5-10 4 1.2
Kent ucky bl uegrass 10 3 0.9
Grass-|l egune m x 0-5 4 1.2
5-10 3 0.9
Red fescue 0-5 2.5 0.8
Redt op, sericea | espedeza
Annual s; small grain (rye, 0-5 2.5 0.8

oats, barley); ryegrass

o N
FREEBOARD L1

l WIDTH | \_

TRAPEZQIDAL CROSS SECTION

' FREEBOARD o=~ .
D/4 —"l WIDTH
r~ T

PARABOLIC CROSS SECTION

Figure 3-26. General Design Features of Diversions
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1 Di version location will be determ ned on the basis of outlet
condi tions, topography, soil type, slope |ength, and grade.

I Constructed diversion will have the capacity to carry peak di scharge
fromthe 25-year design storm

I The maxi mum grade of the diversion nay be determ ned by using design
velocity of the flow based on stabilization by cover type (Table 3-6).

I The diversion channel will be parabolic or trapezoidal in shape,
with side slopes no steeper than 2:1.

1 Each diversion will have a stable outlet such as a natural waterway,
stabilized open channel, chute, or downpi pe.

1 For channels that carry flow during dry weather (base flow) due to
ground-wat er di scharge or del ayed subsurface run-off, the bottom should be
protected with a stone center for grassed waterways. Subsurface drainage with
gravel / stone trenches may be required where the water table is at or near the
surface of the channel bottom

(3) Advantages and di sadvant ages.

(a) When they are carefully designed, constructed, and naintained,
di t ches, diversions, and grassed waterways will control surface erosion and
infiltration at disposal sites by intercepting and safely diverting stormrun-
of f to downslope or offsite outlets. Wien situated at the base of disposa
site slopes, they function to protect offsite habitat from possible
contam nation by sedi ment-laden run-off. These structures are generally
constructed of readily available fill, by well-established techniques.

(b) Temporary ditches and diversions, however, entail added costs
because they require inspections and maintenance. G assed waterways nust be
periodically nowed to prevent excessive retardation of flow and subsequent
pondi ng of water. Also, periodic resodding, renulching, and fertilizing may
be required to maintain vegetated channels.

(c) If fertilization is used, an additional disadvantage is introduced
in that nitrogen and phosphorus are added to drai nage wastes, which then
contribute to the problem of accel erated eutrophication in receiving water
bodi es.

(d) It may al so be necessary to install tenporary straw bal e check
dans, staked down at 15.2 to 30.5 m (50- to 100-foot) intervals, across
ditches and waterways in order to prevent gulley erosion and to all ow
veget ati ve establishment.

(e) Permanent diversions and waterways are nore cost-effective
techni ques than tenporary structures for controlling erosion and infiltration
on a long-termbasis at inactive disposal sites.
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d. Terraces and Benches.

(1) Description and applications.

(a) Terraces and benches are relatively flat areas constructed al ong
the contour of very long or very steep slopes to slow run-off and direct it
into ditches or diversions for offsite transport at nonerosive velocities.
These structures are also known as bench terraces or drai nage benches.

(b) Although benches and terraces are slope-reduction devices, they
are generally constructed with reverse or natural fall to divert water to
stabilized drai nageways. Benches and terraces may be used to break up steeply
graded sl opes of covered disposal sites into |less erodible segnents. Upsl ope
of disposal sites, they act to slow flow and divert stormrun-off around the
site. Downslope of landfill areas, they act to intercept and divert sedinent-
| aden run-off to traps or basins. Hence, they may function to hydrologically
i sol ate active disposal sites, to control erosion of cover materials on
conpleted fills, or to collect contani nated sedi ments eroded from di sposa
areas. For disposal sites undergoing final grading (after capping and prior
to revegetation), construction of benches or terraces may be included as part
of the integrated site closure plan.

(2) Design and construction considerations.

(a) Benches and terraces generally do not require a formal design
plan. Figure 3-27 presents the design for a typical drainage bench | ocated on
the slope of a covered landfill. This particular bench is designed with a
natural fall. It is intended for long-termerosion protection as the
associ at ed V-shaped channel is asphalt-concrete lined. Diversions and ditches
i ncluded in bench/terrace construction nmay be seeded and nul ched, sodded,
stabilized with riprap or soil additives, or stabilized by any conbi nati on of
these nethods. Lining the channels with concrete or grouted riprap is a nore
costly alternative.

(b) The width and spaci ng between benches and terraces will depend on
sl ope steepness, soil type, and slope length. [In general, the |longer and nore
erodi bl e the cover soil, the |less the distance between drai nage benches shoul d
be. For slopes greater than 10 percent in steepness, the maxi num di stance
bet ween drai nage benches shoul d be approximtely 30.5 m (100 feet), i.e., a
bench every 3 m (10 feet) of rise in elevation

(c) When the slope is greater than 20 percent, benches should be
pl aced every 20 feet of rise in elevation. Benches should be of sufficient
wi dt h and height to withstand a 24-hour, 25-year storm

(d) Bench terraces do not necessarily have to be designed with
di versions or ditches to intercept flow. Reverse benches and sl ope benches
may be constructed during final site grading on well-stabilized slopes (e.qg.
veget ated) to enhance erosion control by reducing slope | ength and steepness.
At sites where an effective cap (e.g., clay or synthetic liner) has been
constructed, or for sites located in arid regions, these nondrai nage benches
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FINAL SOIL COVER

Figure 3-27. Typical Drainage Bench

will function to slow sheet run-off and allow greater infiltration rates,
which will aid in the establishment of a suitable vegetative cover. For nopst
di sposal sites in wet clinmates, however, where | eachate generation and cover
erosion are nmmjor problens, benches and terraces should be designed in

associ ation wi th drainage channels that intercept and transport heavy,
concentrated surface flows safely offsite.

(e) As with other earthen erosion control structures, benches and
terraces should be sufficiently conpacted and stabilized with appropriate
cover (grasses, mulches, sod) to accomopdate |ocal topography and clinmate.
They shoul d be inspected during or after major storms to ensure proper
functioning and structural integrity. |If bench slopes become badly eroded or
if their surfaces beconme susceptible to ponding fromdifferential settlenent,
regradi ng and soddi ng may be necessary.

(3) Advantages and di sadvant ages.

(a) In areas of high precipitation, drainage benches and terraces are
proven effective in reducing velocity of stormrun-off and thereby controlling
erosion. For excessively |long and steep sl opes above, on, or bel ow di sposa
sites, these structures are cost-effective nethods for slowi ng and diverting
run-of f. They may al so be used to manage downsl ope washout of disposal site
sedi nents that may be contam nated wi th hazardous waste conponents. Terraces
and benches are easily incorporated into final grading schenes for disposa
sites and do not require special equi prment or materials for their
construction.

(b) If inproperly designed or constructed, bench terraces will not
performefficiently and may entail excessive mmintenance and repair costs. It
is important that these structures be stabilized with vegetati on as soon as
possi bl e after gradi ng and conpaction, or they nmay becone badly eroded and
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require future resoddi ng or chem cal stabilization. Benches and terraces al so
require periodic inspections, especially after major rainfall events.

e. Chutes and Downpi pes.

(1) Description and applications.

(a) Chutes and downpi pes are tenporary structures used to carry
concentrated flows of surface runoff fromone level to a |lower |evel wthout
erosi ve damage. They generally extend downsl ope from earthen enbanknments
(di kes or berns) and convey water to stabilized outlets |located at the base of
terraced sl opes.

(b) Chutes (or flunes) are open channels, normally lined with
bi tum nous concrete, portland cement concrete, grouted riprap, or simlar
nonerodi ble material. Tenporary paved chutes are designed to handl e
concentrated surface flows from drai nage benches | ocated near the base of the
| ong, steep slopes at disposal sites.

(c) Downpipes (downdrains or pipe slope drains) are tenporary
structures constructed of rigid piping (such as corrugated nmetal) or flexible
tubi ng of heavy-duty fabric. They are installed with standard prefabricated
entrance sections and are designed to handle flow from drai nage areas of 5
acres or less. Like paved chutes, downpipes discharge to stabilized outlets
or sedinent traps. Downpipes may be used to collect and transport run-off
fromlong, isolated outslopes or fromsnall disposal areas |ocated al ong steep
sl opes.

(2) Design and construction considerations.

(a) Chutes and downpi pes are tenporary structures that do not require
formal design.

(b) Paved chute construction considerations include the follow ng:

I The structure will be placed on undisturbed soil or well-conpacted
fill.

' The lining will be placed by beginning at the | ower end and
proceedi ng upslope; the lining will be well conpacted, free of voids, and

reasonabl y snoot h.

I  The cutoff walls at the entrance and at the end of the asphalted
di scharge aprons will be continuous with the lining.

I An energy dissipator (riprap bed) will be used to prevent erosion at
the outlet.

(c) For downpipes, the maxi mum drai nage area will be deternined from
the diameter of the piping, as follows (U S. EPA 1976):
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Pi ne/ Tube di aneter, D Maxi mum dr ai nage area

(i nches) (mm (acres) (hect ar es)
12 300 0.5 0.2
18 460 1.5 0.6
21 530 2.5 1
24 610 3.5 1.4
30 760 5.0 2

(d) General construction criteria for both rigid and flexible
downdr ai ns include the foll ow ng:

I The inlet pipe will have a sl ope of 3 percent or greater

1 For the rigid downpi pe, corrugated netal pipe with watertight
connecting bands will be used.

1 For the flexible downdrain, the inlet pipe will be corrugated netal;
the flexible tubing will be the sanme dianeter as the inlet pipe, securely
fastened to the inlet with netal strapping or watertight connecting collars.

I Ariprap apron of 152 nm (6-inch-di aneter) stone will be provided at
the outlet.

I  The soil around and under the inlet pipe and entrance sections wll
be hand-tanped in 102 mm (4-inch) lifts to the top of the earth dike.

1 Fol | ow-up inspection and any needed nai ntenance will be perforned
after each storm

(3) Advantages and di sadvantages. The advantages and di sadvant ages
associ ated with the construction and mai nt enance of chutes and downpi pes are
summari zed bel ow

Advant ages Di sadvant ages
Construction nmethods are inexpen- Provide only tenporary erosion contro
sive and quick; suitable for whil e slopes are stabilized with

for emergency neasures vegetative growth

No special materials or equip-

ment are required Entail extra cost for periodic inspec-
tions and mai ntenance and ultimte
Ef fective in preventing erosion renova

on long, steep slopes
I f inproperly designed, nmay over-
Can be used to channel storm run- fl ow and cause severe erosion in
off to sedinment traps, drainage concentrated areas
basi ns, or stabilized waterways
for offsite transport

(Conti nued)
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Advant ages Di sadvant ages
Can be key el ement in conbined Downpi pes are suitable for drai nage
surface control systens areas 2 hectares (5 acres) in size

limted applications in genera

f. Levees and Fl oodwalls.

(1) Description and applications.

(a) Levees are earthen enmbanknents that function as fl ood protection
structures in areas subject to inundation fromtidal flow or riverine
flooding. Levees create a barrier to confine flooding waters to a fl oodway
and to protect structures behind the barrier. They are nost suitable for
installation of flood fringe areas or areas subject to stormtide flooding,
but not for areas directly within open fl oodways.

(b) Flood contai nment | evees nay be constructed as perineter
embankment surroundi ng di sposal sites located in floodplain fringe areas, or
they may be installed at the base of landfills along slope faces that are
subj ect to periodic inundation.

(c) Levees are generally constructed of conpacted inpervious fill
Speci al drainage structures are often required to drain the area behind the
embankment. Levees are normally constructed for long-termfl ood protection
but they require periodic inspection and mai ntenance to ensure proper
functioning. They nmay be costly to build and maintain, but if properly
designed on a site-specific basis, levees will reduce flooding hazards at
critical waste disposal areas.

(2) Design and construction considerations.

(a) To provide adequate flood protection, |evees should be constructed
to a hei ght capable of containing a design flood of 100-year nagnitude.
El evati on of 100-year base flood crests can be deternined from fl oodplain
anal yses typically perforned by state or local flood control agencies. A
m ni mum | evee el evation of 0.6 m (2 feet) above the 100-year flood level is
recomrended.

(b) Figure 3-28 presents design features of a typical |evee
constructed at the toe of a landfill slope. This design is appropriate for
new or inconplete disposal sites; filled wastes may eventual ly be placed on
t he i nboard sl ope of the |evee.

(c) ldeal construction of levees is with erosion-resistant, |ow
permeability soils, preferably clay. Mdst |evees are honpbgeneous embanknents;
but if inpermeable fill is lacking, or if seepage through and bel ow the | evee

is a problem then construction of a conpacted inpervious core or sheet-pile
cutof f extendi ng below the | evee to bedrock (or other inpervious stratum may
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Figure 3-28. Typical Levee at Base of Disposal Site

be necessary. Excess seepage through the | evees should be collected with
gravel -filled trenches or tile drains along the interior of the |evee. After
drai ning to sunps, the seepage can be punped out over the |levee. Levee bank
sl opes, especially those constructed of |ess desirable soils (silts, sands),
shoul d be protected agai nst erosion by sodding, planting of shrubs and trees,
or use of stone riprap

(d) Stormrun-off fromprecipitation falling on the drainage area
behi nd the | evee may cause backwater fl ooding.

(e) Because of the relatively long, flat side slopes of |evees, an
embankment of any considerable height requires a very large base width. For
locations with limted space and fill material, or excessive real estate
costs, the use of concrete floodwalls is preferred as an alternative to | evee
construction.

(f) Floodwalls are designed to withstand the hydrostatic pressure
exerted by water at the design flood level. They are subject to flood | oading
on one side only; consequently, they need to be well founded. Figure 3-29
presents typical floodwall sections. Like |levees, floodwalls may require
subsurface cutoffs and interior drainage structures to handl e excessive
seepage or backwater fl ow.

(3) Advantages and di sadvantages. The advantages and di sadvant ages
associated with flood protection | evees at waste di sposal sites are sunmarized
bel ow

Advant ages Di sadvant ages
Can be built at relatively | ow Fl oodi ng from storm runoff behind
cost frommaterials avail able | evee may be a problem
at site
(Conti nued)
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Di sadvant ages

Loss of flow storage capacity,

with greater potential of down-
stream fl oodi ng

Levee failure during major flood

will require costly energency
nmeasures (emergency enbanknents;

sand bags) and rebuil di ng of
structure

Requi re peri odi ¢ mai nt enance
and inspections

Speci al seepage cutoffs or
i nterior drainage structures
(e.g., pressure conduits) wll
add to construction costs
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g. Seepage Basins and Ditches.

(1) General description and applications. Seepage or recharge basins
are designed to intercept run-off and recharge the water downgradient fromthe
site so that ground-water contamnination and | eachate probl ens are avoi ded or
m ni m zed.

(2) Design and construction considerations.

(a) There is considerable flexibility in the design of seepage basins

and ditches. Figures 3-30 and 3-31 illustrate possible design variations.
Were seepage basins are used (Figure 3-30), run-off will be intercepted by a
series of diversions, or the like, and passed to the basins. As illustrated,

t he recharge basin should consist of the actual basin, a sedinent trap, a
bypass for excess run-off, and an emergency overflow. A considerabl e anount
of recharge occurs through the sidewalls of the basin, and it is preferable
that these be constructed of pervious material. Gabions are frequently used
to make sidewalls. An alternative design for a seepage basin is shown in
Figure 3-31; it is usually used where the aquifer is shallow

(b) Seepage ditches (Figure 3-32) distribute water over a larger area
than can be achieved with basins. They can be used for all soils where
permeability exceeds about 2.94 x 105 cmsec (0.9 inch per day). Run-off is
di sposed of by a systemof drains set in ditches of gravel. Depth and spacing
of drains depend on soil perneability. A mininumdepth of 1.2 m (48 inches)
is generally recommended, and ditches are rarely less than 3 m (10 feet)
apart. The ditches are backfilled with gravel, on which the distribution line
is laid. Sedinment is renmoved prior to discharging run-off into the seepage
ditches by use of a sedinment trap and distribution box.

(3) Advantages and di sadvantages. Advantages and di sadvant ages of
dr ai nage systens are |isted bel ow

Advant ages Di sadvant ages

Cost-effective neans of intercepting Seepage basins and ditches are

run-off and allowing it to recharge susceptible to cl ogging
Systens can performreliably if Deep basins or trenches can be
wel | mai nt ai ned hazar dous

Not effective in poorly perneable
soils

h. Sedi nentation Basi ns/Ponds.

(1) General description and application. Sediment basins are used to
control suspended solids entrained in surface flows. A sedinmentation basinis
constructed by placing an earthen dam across a waterway or natural depression,
or by excavation, or by a conbination of both. The purpose of installing a
sedi nentation basin is to inpede surface run-off carrying solids, thus
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Figure 3-32. Seepage Ditch
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allowing sufficient time for the particulate matter to settle. Sedinmentation
basins are usually the final step in control of diverted surface run-off,
prior to discharge into a receiving water body. They are an essential part of
any good surface flow control system and should be included in the design of
renedi al actions at waste di sposal sites.

(2) Design and construction considerations.

(a) The renoval of suspended solids fromwaterways is based on the
concept of gravitational settling of the suspended materi al

(b) The size of a sedinmentation basin is determned from
characteristics of flow such as the particle size distribution for suspended
solids, the inflow concentration, and the volunetric flowrate. To calculate
the area of the sedinmentation basin pond required for effective renoval of
suspended solids, the follow ng data on the flow characteristics are needed:

I  The inflow concentration of suspended solids.

I  The desired effluent concentration of suspended solids. The desired
ef fluent concentration is usually regulated by | ocal and/or Federal governnent
authorities. For exanmple, for coal nines, the proposed EPA “Effl uent
Gui delines and Standard” limts are as follows: total suspended solids
concentration maxi mum for any one day shall not exceed 70 milligranms per
liter, and average daily values for 30 consecutive days shall not exceed 35
mlligrans per liter.

I  The particle-size distribution for suspended solids.

I The water flowrate (Q to the pond. For a pond receiving direct
run-of f, the run-off volume over a certain period of tine must be determn ned.
As an exampl e, EPA has chosen the 10-year, 24-hour precipitation event as a
design criteria for the overflow rate determ nation

(c) A typical installation of a sedinentation basin enmbankment is
illustrated in Figure 3-33. As shown, the pond consists of a di ke which
retains the polluted water flow. For water drawdown purposes, a principa
spillway is al so needed.

(d) Energency spillways are al so suggested in the design of a sedi nent
basin. They are provided to convey large flows safely past an earth
embankment, and they are usually open to channel s excavated in earth, rock, or
rei nforced concrete.

(e) The efficiency of sedinentation ponds varies considerably as a
function of the overflow rate. Sedinmentation ponds perform poorly during
peri ods of heavy rains and cannot be expected to renmove the fine-grained
suspended solids. |If the sedinentation pond is expected to renmove sedi nents
that may have been contam nated by waste materials, consideration should be
given to inproving renmoval efficiencies by nodifying basin or outlet design
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Figure 3-33. Typical Design of a Sediment Basin Embankment

(f) The quantity of material to be stored is also an inportant
consideration in the construction of the sedinmentation basin. The required
storage capacity can be calculated by nmultiplying the total area disturbed by
a constant sedinent yield rate.

(3) Advantages and di sadvantages. The advantages and di sadvant ages of
the sedimentation basin in the control of water flow contam nated with
suspended solids are listed bel ow

Advant ages Di sadvant ages

Easy to design and install, proven I neffective on dissolved solids
t echnol ogy
Faulty design or structural failure
Require | ow operational and nmai ntenance may result in extensive damages
effort

Renove suspended solids very effectively

3-23. Surface G ading.

a. Backaground.

(1) Gading is the general termfor techniques used to reshape the
surface of covered landfills in order to manage surface water infiltration and
run-of f while controlling erosion. The spreading and conpaction steps used in
grading are techniques practiced routinely at sanitary landfills. The
equi prent and methods used in grading are essentially the same for al

landfill surfaces, but applications of grading technology will vary by site.
Grading is often perfornmed in conjunction with surface sealing practices and
revegetation as part of an integrated landfill closure plan

(2) The mmjor goals in surface grading of an uncontrolled waste site
are to:
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(a) Reduce ponding on the site and consequently nminimze infiltration
of water into any buried wastes.

(b) Reduce the rate of contam nant |eaching fromsoils.
(c¢) Reduce erosion of cover soils that isolate any buried waste.

(3) Proper site grading is in alnost all cases an advantage in the
control of the potential contam nants. Since standing water in a waste site
will |each contam nants fromthe surface materials, it is generally nore
likely to create a treatnment problemthan water collected running fromthe
area. Ponding also creates aesthetic and trafficability problens.

(4) Finished grades at waste sites are designed on the basis of
natural site topography, soil type, slope stability, rainfall intensity, size
of the site, and type of final vegetative cover proposed.

b. Description and Applications.

(1) G ading techniques nodify the natural topography and run-off
characteristics of waste sites to control infiltration and erosion. The
choi ce of specific grading techniques for a given waste disposal site wll
depend on the desired site-specific functions of a graded surface. A graded
surface may reduce or enhance infiltration and detain or pronote run-off.
Erosion control may be considered a conplicating variable in the design
performance of a gradi ng schene.

(2) For disposal sites in wet climates (i.e., where precipitation
annual | y exceeds evaporation and transpiration) and where subsurface hazardous
| eachate generation is a major problem control of surface water infiltration
is of primary inportance. Manipulation of slope |length and gradient is the
nost common gradi ng techni que used to reduce infiltration and pronote surface
water run-off. A slope of at least 5 percent is recommrended as sufficient to
promote run-off and decrease infiltration w thout risking excessive erosion

(3) At landfill and dunp sites where an effective surface sealing has
been applied (e.g., clay cap or synthetic menbrane and a topsoil I|ayer),
various gradi ng techni ques can be used to prepare the covered surface for
revegetation. The grading nmethods- -scarification, tracking, and contour
furrowi ng- -create a roughened and | oosened soil surface that detains run-off
and maxim zes infiltration. Such techniques are especially inmportant for
establ i shing vegetation in arid regions.

c. Design and Construction Considerations.

(1) The design of graded slopes at waste disposal sites should bal ance
infiltration and run-off control against possible decreases in slope stability
and increases in erosion. The design of specific slope configurations, the
choi ce of cover soil type, the degree of conpaction, and the types of grading
equi prent used will all depend on |ocal topography, climte, and future |and
use of the site.
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(2) Inproperly graded slopes may deformor fail, opening cracks,
exposi ng waste cells, and allowi ng | ateral seepage of |eachate. Soils used to
cover graded sl opes should be selected on the basis of shear strength and
erodibility. Soils highin silt and fine sand and low in clay and organic
matter are generally nost erodible. Also, the |onger and steeper the sl ope
is, and the sparser the vegetation cover, the nore susceptible it is to
erosive forces.

(3) In grading a landfill surface before construction of a seal, two
i mportant considerations apply. First, bulky and heavy waste objects shoul d
not be filled near the surface of the site because they may settle unevenly
and deform or crack graded cover. Also, to provide a firm subgrade and
prevent seal failure, existing cover material should be conmpacted to a Proctor
density of 70 to 90 percent of nmaximum

(4) The equi pnent types used to construct graded sl opes consist of
both standard and specialized landfill vehicles. Excavation, hauling,
spreadi ng, and conpaction of cover materials are the najor elenments of a
conpl ete gradi ng operation.

(5) Specialized landfill vehicles include conpactors and scrapers.
St eel -wheel ed |l andfill conpactors are excellent machi nes for spreading and
conpacting on flat to noderate slopes. Scrapers are effective in excavating,
haul i ng, and spreadi ng cover materials over relatively |ong distances.

d. Advant ages and Di sadvant ages.

(1) Surface grading of covered di sposal sites, when properly designed
and constructed to suit individual sites, can be an econonical nethod of
controlling infiltration, diverting run-off, and mnimzing erosion. A
properly seal ed and graded surface will aid in the reduction of subsurface
| eachate formation by minimzing infiltration and pronoting erosion-free
drai nage of surface run-off. Grading can also be used to prepare a cover soi
capabl e of supporting beneficial plant species.

(2) There may be certain disadvantages associated with grading the
surface of a given site. Large quantities of a difficult-to-obtain cover soi
may be required to nodify existing slopes. Suitable sources of cover nateria
may be | ocated at great distances fromthe disposal site, increasing hauling
costs. Also, periodic regrading and future site naintenance may be necessary
to elimnate depressions formed through differential settlement and conpac-
tion, or to repair slopes that have slunped or becone badly eroded.

3-24. Surface Sealing.

a. Backaground.

(1) Landfill covers or caps prevent water fromentering a | andfill
t hus reduci ng | eachate generation, and also control vapor or gas produced in
the water. Landfill covers can be constructed fromnative soils, clays,
synt heti ¢ menbranes, soil cement, bituni nous concrete, or asphalt/tar
materials. |In nost cases, the cap is constructed using the sane equi pnent
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used in construction and grading. The cap should be designed to have

sufficient thickness to accommpdate the anticipated settlenents, deformations,

desi ccation cracking, and constructibility. Where native soil is used for the

cap, soil additives or specialized construction techniques may be necessary to

obtain the required plasticity and pernmeability. A perneability of 107 to
10-® cmsec is considered appropriate.

(2) A cover is a useful option at sites where the nmjor pathway for
contam nant transport is percolation of infiltrating precipitation or in cases
where control of gases or volatile conpounds in the waste is a serious
consi deration. Wen a cap is designed for toxic or flammable gas control, gas
venting and di sposal systens should be considered an integral part of the
cappi ng system

(3) Capping systens are an advantage at any site where incom ng
precipitation can be ninimzed and | each rates reduced. In areas where the
wastes are buried below the water table and |lateral flow of ground water is
evi dent, capping may not be conpletely effective in reduci ng contam nant
transport. In a capped landfill at Wndham CT, that was partly bel ow the
water table, a definite decrease in the degree of contam nation in ground
wat er downgradi ent fromthe site was noted. Capping is usually an econonica
system and because the top of the landfill is accessible, the cap can be
mai nt ai ned and repaired.

b. Description and Applications.

(1) days and soils.

(a) Cover soils are spread over waste |layers at npst operating
landfills on a daily or intermedi ate basis prescribed by state and | oca
standards in order to control vectors, odors, and w ndbl own rubbish. These
soils are generally supplied fromonsite excavated fill and are not sel ected
for special qualities. Soil used for final cover on conpleted fills or for
cappi ng uncontrol |l ed waste sites, however, nust be relatively inperneable (I ow
permeability coefficient, k) and erosion-resistant. Fine-grained soils such
as clays and silty clays have | ow k values and are therefore best suited for
cappi ng purposes because they resist infiltration and percol ati on of water.
These fine-grained soils, however, tend to be easily eroded by wi nd,
especially in arid climtes where coarse, heavy-grained gravel s and sands
provi de nore suitable cover

(b) Blending of different soil types broadens the grain-size
distribution of a soil cover and mnimzes its infiltration capacity. Well-
graded soils are | ess perneable than those with a small range of grain sizes,
and m xing of local coarse and fine-grained soils is a cost-effective nethod
of creating stronger and | ess porous cover soil. For exanmple, when fine soils
are not available locally, the addition of gravel or sand to fine-grained
silts and cl ays enhances strength and reduces percol ation

(c) Simlarly, additions of clay to sandy or silty cover material wll
lead to dramatic reductions in the k value of the soil. Blending can often be

3- 86



EM 1110- 1-502
30 Apr 94

acconplished in place using a blade or harrow to turn and nmix the soil to
sui tabl e dept hs.

(d) The Atterberg |limts are a good first approxi mation of the
mechani cal behavior of a clay-type soil. The linmits are defined by the water
content of the soil that produces a specified consistency. |In thenselves the
Atterberg limts nmean little; however, when used as indexes to the relative
properties of a clay-type soil they are very hel pful

(e) The npst inportant soil property that will affect the performance
of a cover is its perneability. Mechanical conpaction is used to alter the
soi|l properties and develop a perneability suitable for the cover being
constructed. Design paraneters for conpaction are based on a unique density
val ue (maxi mum density) and a correspondi ng noi sture content (optinmum noisture
content). GCenerally it can be assuned that the nore granular the soil (the
nore sandy it is), the higher the nmaxi mum density and the | ower the optimum
noi sture content. Also the finer the soil (the nore clayey it is), the less
defined the maxi mum density is as a function of the noisture content.
Typically soils used for covers will have a clay content in excess of 25-30
percent which will have a poorly defined maxi mum density.

(f) Density quality control in the field is very inportant and
requires a great deal of attention and skill. Wen conpacting a cover
material on the relatively soft base of the refuse, problenms in obtaining the
proper conpaction can result. Also, the possibility of penetrating a cap with
| arge pieces of refuse upon conpaction should be considered. For these
reasons a strict field testing and quality control program should be foll owed
during construction.

(g) When constructing the final landfill cap, normal construction
techniques will apply. It is very inportant that the buffer |ayer between the
refuse and barrier be thick and dense enough to provide a stable base and
prevent | arge pieces of refuse frompenetrating the barrier. The barrier
| ayer should be covered i mediately after conpaction is conplete to prevent
drying and crack formation. The final top soil layer should not be conpacted
and shoul d be seeded and nul ched as soon as possible to prevent erosion.

(2) Asphalt and adm xed materi al s.

(a) There is a variety of adm xed materials that can be fornmed in-
place to fabricate a Iiner and cover. These materials include asphalt,
concrete, soil cenent, soil asphalt, catalytically blown asphalt, asphalt
emul sions, lime, and other chem cal stabilizers. Many of these materials can
be sprayed directly on prepared surfaces in a liquid form This material then
solidifies to forma conti nuous menbrane.

1 Hydraulic asphalt concrete is a hot m xture of asphalt cenent and
m neral aggregate. It is resistant to the growh of plants and weat her
extremes and will resist slip and creep when applied to side slopes. The
mat eri al should be conpacted to | ess than 4 percent voids to obtain the | ow
pernmeabil ity needed.
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I Soil cement is a conpacted m xture of portland cement, water, and
sel ected in-place soils. The soil used should be nonorganic and well graded
with | ess than 50 percent silt and clay. The soil should al so have a maxi num
size of 0.75 inch and a maxi mum cl ay content of 35 percent. Soil cenment has
t he di sadvant age of cracking and shrinki ng upon drying.

I Soil asphalt is simlar to soil cement; however, the soil used
should be a low plasticity, gravelly soil with 10-25 percent silty fines. The
menbr ane nmust be waterproofed with a hydrocarbon or bituni nous seal

1  Catalytically blown asphalt is manufactured from asphalts with high
softening points by blowing air through the nolten asphalt in the presence of
a catal yst such as phosphorus pentoxide or ferric chloride. The material can
then be sprayed on a prepared surface regardl ess of cold or wet weather. As
with soil asphalt the menbrane nmust be waterproofed with a hydrocarbon or
bi t um nous seal

I Asphalt enul sions can al so be sprayed directly on prepared surfaces
at tenperatures above freezing. These menbranes are | ess tough and have | ower
softening points than hot air-blown asphalt. However, the toughness and
di mensional stability can be increased by spraying onto supporting fabrics.

(b) A sunmary of spray-on chenical stabilizers for cover soils is
shown in Table 3-7.

(c) Sprayed-on liners and covers require a nore carefully prepared
subgrade than other |iner and cover nmenbranes. |If a smooth surface cannot be
obtained with the subgrade, a fine sand or soil padding may be necessary.
Even with a properly prepared subgrade, care nust be taken in placing the
material to make it pinhole free.

(d) Cover soils treated with [ine, which contributes pozzol anic
(cementing) properties to the resulting mxture, optimze the grain-size
di stribution and reduce shrink/swell behavior. Linme applied as 2 to 8 percent
(by weight) cal cium oxide or hydroxide is suitable for cenenting clayey soils.
Rotary tiller mixing foll owed by water addition and conpaction is the genera
application sequence for these mxtures. Also, additions of linme are
recommended for neutralizing acidic cover soils, thereby reducing the |eaching
potential of heavy nmetals. |If a synthetic liner is present, liner life can be
prol onged by line addition to supporting soil

(e) Oher cover soil-chemcal additives may include chenica
di spersant and swell reducers. Soluble salts such as sodium chloride,
t et rasodi um pyrophosphat e, and sodi um pol yphosphate are added primarily to
fine-grained soils with clay mnerals to deflocculate the soils, increase
their density, reduce perneability, and facilitate conpaction. Additives are
nore effective with montnorillonite clay than with kaolinite or illite.
Because soils in the northeast and m dwest continental United States are
usually lowin nontnorillonite, site-specific testing should be undertaken
before using additives with soils in these areas.

(3) Synthetic menbranes.
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(a) The use of synthetic nmenbrane in surface water control is new, and
a wide variety of synthetic materials and conpounds are bei ng manufactured,
tested, and marketed. The various nenbranes being produced vary not only in
physi cal and chemi cal properties but also in installation procedures, costs,
and chenical conpatibility with waste fluids. Not only are there variations
in the polymers being used but also with the conpoundi ng agents such as carbon
bl ack, pignents, plasticizers, crosslinking chenicals, antidegradients, and
bi oci des. The sheeting is then joined or seamed together into panels as |arge
as 30 m (100 feet) by 61 m (200 feet) depending on wei ght and handling
[imtations. The various seam ng techniques include: heat seam ng, dielectric
seam ng, adhesive seam ng, and solvent wel ding. The four types of polyners
general ly considered for use in nmenbranes are vul cani zed rubbers, unvul cani zed
pl astics such as PVC, highly crystalline plastics, and thernoplastic
el astomers. The thicknesses of the polynmeric nenbranes used in | andfil
applications range fromO0.5 to 3 nm (20 to 120 nmil), with nost in the 0.5 to
1.5 mm (20- to 60-nil) range. Mst nenbrane liners and covers are
manuf act ured from unvul cani zed pol ynmeric (thernopl astic) conmpounds. The
t hernopl asticity allows the material to be heated for fusing or seam ng wth-
out losing its original properties when cool ed.

(b) One of the nobst inportant conmponents in the installation of a
synthetic menbrane is the preparation of the subgrade. The subgrade nust
provi de even support for the nmenbrane, or the unsupported nmenbrane could very
easily fail. The in-situ soil that will be used for the subgrade shoul d be
tested for its physical, mechanical, and chemical character. These tests
shoul d determ ne, anobng ot her things, the shrink/swell properties of the soi
and the density, strength, settlenent, and perneability of the subgrade*s
soil. Soils with high shrink/swell characteristics will tend to weaken
earthen structures or cause void spaces which will cause menbrane failure.
Organic matter in the subgrade can cause nenbrane failure by |eaving void
spaces or by generating gases during the decaying process which collect under
t he menbrane and cause a ball ooning effect. Surface diversion ditches should
be used to prevent the erosion of cover material on a nenbrane cap
Tenperature extrenes can make nenbrane placenment difficult. Low tenperatures
can nmake a nmenbrane brittle while high tenperatures can cause a nenbrane to
stretch easily.

(c¢) Anchoring a nmenbrane can be acconplished in two ways. The |iner
can be anchored to a concrete structure, or a nore econom cal and sinpler
method is the trench-and-backfill nmethod. In this method the nenbrane is
tenmporarily secured in the anchor trench while the seam ng takes place, and
then the trench is backfilled.

(d) Field seaning is the nost critical factor in nmenbrane
installation. The nmenbrane manufacturers have recommended seal i ng procedures
and adhesives. |If there are no reconmended bondi ng systens, then the use of
that specific material should be questioned. As with the nenbrane materi al
the integrity of the seam depends on the conpatibility of the finished seam
with the waste fluids with which it conmes in contact. As a general rule,
field seans should run vertically on side slopes where possible w thout
decreasi ng panel size or increasing field seaming. Field seam ng should not
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be done during precipitation, and the nunber of panels placed in one day
shoul d not exceed the nunber of panels seaned that day.

(4) \Waste materials. Another class of available cover materials
i ncl udes waste materials such as nonhazardous industrial residues, dredged
sedi nents, and wood chips. Fly ash and lime/fly ash m xtures have al so been
consi dered for cover materials; however, the hazardous contamni nants in nost
fly ash have discouraged its use. Furnace slag and incinerator residue are
two additional waste martials of gravelly and sandy size that may be suitable
for blending into soil cover for slope erosion protection. Rocky overburden
fromm nes, quarries, and sand and gravel pits may also be locally useful as
soil cover substitutes. Heavy applications of durable crushed stone, gravel
or clinkers (overcooked bricks) may be used to stabilize contani nated surface
soils at landfills and dunps. Nontoxic industrial sludges such as paper mll
sl udge, dredged materials such as reservoir and channel silt, and conposted
sewage sludge are other waste materials that nay be applied as substitutes or
suppl enents to conventional cover material. Dried sludge can al so provide
ni trogen and organic plant nutrients in a final capping situation which wll
aid in establishing a vegetative cover

c. Design and Construction Considerations.

(1) The design and inplenmentation of a cost-effective capping strategy
i nvol ves first the selection of an appropriate cover material. Site-specific
cover functions- -control of water infiltration and gas mgration, water and
wi nd erosion control, crack resistance, settlement control and waste
contai nnent, side slope stability, support of vegetation, and suitability for
further site use- -may be ranked in order of inportance to facilitate this
sel ection. For soils that may potentially be used in capping, |aboratory and
field testing of physical and chemi cal properties may be necessary when the
choice is not clear-cut. Void ratio, porosity, water content, liquid and
plastic limts, shrinkage Iimt, pH and nutrient |evels, shear resistance,
conpaction, perneability, shrink/swell behavior, and grain size are sone of
the properties that may have to be determ ned for conpeting soil types.

(2) \Where soil erosion control is a major consideration, the USDA
Uni versal Soil Loss Equation (USLE) may be useful for conparing the predicted
ef fecti veness of different cover soils.

(3) For information regarding soil sanmpling and testing, for |oca
data on soils and climate, or for any form of technical assistance regarding
sel ection of cover materials, regional and county Soil Conservation Service
(SCS) offices should be consulted.

(4) Placenment and conpaction of cover materials are techni ques

affected by site-specific considerations such as the type of cover materials
bei ng applied and the local availability of equipnent and manpower. For cover
soils, conpaction is generally desirable in order to increase the strength and
reduce the perneability of the cap. Conpactor vehicles include rubber-tired

| oaders and various rollers. For conpaction of nost solid waste covers, the
conventional track-type tractor is effective. The number of passes over the
surface required to achieve sufficient conpacti on depends on the equi prent
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type (size, weight, and wi dth of conpactor), the water content of the soi
cover, and the base density and resilience of the covered refuse.

(5) Layering is an effective, but underutilized technique for fina
cover at waste disposal sites. This technique is essentially a cover system
t hat combi nes several |ayers of different materials that serve integrated
functi ons——support of vegetation protection of barrier layers of nenbranes
control of water infiltration and gas exfiltration, filtering, etc., depict
exanpl es of two-layered covered systens. A typical |ayered cover system may
be conposed of the follow ng | ayers:

(a) Topsoil - usually |oose, unconpacted surface |ayer of |oanms for
veget ative support; may be treated with fertilizers or conditioners.

(b) Barrier layer or nenbrane - usually clayey soil with |ow k val ue
or a synthetic nenbrane; restricts passage of water or gas.

(c) Buffer layer - above and/or below barrier layer; protects clays
fromdrying or cracking, synthetic nenbranes from punctures or tears; provides
snoot h, stable base; often a sandy soil

(d) Water/gas drainage |ayer or channel - poorly graded (honogeneous)
sand and gravel; channels subsurface water drainage; intercepts and laterally
vents gases.

(e) Filter - internediate grain-size layer to prevent fine particles
from penetrating the coarser layer; controls settlenent, stabilizes cover

(6) A menbrane and geotextile system may be used as the barrier and
drai nage | ayers under appropriate conditions. |In this systema geotextile
(nonwoven filter fabric) is used under a synthetic menbrane to provide venting
and a suitable base for nmenbrane pl acenent.

d. Advant ages and Di sadvant ages.

(1) An evaluation of selected cover materials and cover systens mnust
be made on a site-specific basis. However, certain general advantages and
di sadvant ages of different surface-sealing techniques can be nmentioned here.

(2) Fine-grained soils conmposed predoninantly of clay are well suited
for final cover in humd climtes because of their |ow perneability. However
such soils tend to shrink and crack during dry seasons. The construction of a
two- | ayer cover system may be useful in solving such problens.

(3) Local soils generally are much | ess expensive than non-native
cover materials that have to be transported to the site. Where |local soils
are poorly graded (honpgeneous grain size), blending is an effective technique
for creating nore suitable cover soils.

(4) Soil additives and cenents have relatively high unit costs and may

require special mxing and spreadi ng nethods. Also, soils nodified by
addi ti ons of cenent, bitunen, or |ine becone rigid and nore susceptible to
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cracking due to waste settlenent or freeze-thaw stresses. Patching repairs
may becone necessary to seal cracks that allow for escape of volatiles and

all ow surface water infiltration. Also, cenented soil systems may deteriorate
upon extended exposure to corrosive organic and sul furous waste products in

[ andfill environnents.

(5 Rigid barriers such as concrete and bitum nous nmenbranes are al so
vul nerabl e to cracking and chenical deterioration, but the cracks can be
exposed, cleaned, and repaired (sealed with tar) with relative ease. Concrete
covers may have a design |life of about 50 years, except when applied to
chemically severe or physically unstable [andfill environnments.

(6) Synthetic menbranes are vulnerable to tearing, sunlight, exposure,
burrowi ng animals, and plant roots. They also require special placenent and
covering procedures. Anobng the comrercially available synthetic Iiners,
pol yet hyl ene nay be the nost econonical, based on both performance and cost.
Local |y generated waste materials such as fly ash, furnace slag, and
i nci nerator residue may be i nexpensive (or free) and, therefore, useful as
cost-effective cover materials or additives. However, such materials may
| each soluble trace pollutants (e.g., sulfur, heavy netals) and may actually
contribute to environmental contanination.

3-25. Revegetation. The establishnent of a vegetative cover nay be a cost-
effective method to stabilize the surface of hazardous waste disposal sites,
especi al |y when preceded by surface sealing and grading. Vegetation reduces
rai ndrop inpact, reduces run-off velocity, and strengthens the soil nass with
root and |leaf fibers, thereby decreasing erosion by wind and water.
Revegetation will also contribute to the devel opnment of a naturally fertile
and stable surface environment. Although the soil*s infiltration capacity is
i ncreased by vegetation allowi ng considerable water to enter the di sposa
site, this increased infiltration is offset at |least partly by vegetative
transpiration. The relative inportance of these offsetting processes is a
conplicated question that has not been conclusively answered (Lutton et al
1979). Revegetation can also be used to upgrade the appearance of disposa
sites that are being considered for re-use options. Short-term vegetative
stabilization (i.e., on a sem annual or seasonal basis) can also be used as a
renmedi al technique for uncontrolled disposal sites.

a. Applications and Desi gn Consi derations.

(1) Revegetation may be part of a long-termsite reclamation project,
or it may be used on a tenporary or seasonal basis to stabilize internediate
cover surfaces at waste disposal sites. Revegetation nmay not be feasible at
di sposal sites with high cover soil concentrations of phytotoxic chenicals,
unl ess these sites are properly sealed and vented and then recovered with
suitable topsoil. A systematic revegetation plan will include: (a) selection
of suitable plant species, (b) seedbed preparation, (c) seeding/planting,

(d) mul ching and/or chem cal stabilization, and (e) fertilization and
mai nt enance.

(2) Long-termvegetative stabilization generally involves the planting
of grasses, |egunes, and shrubs. The establishment of short-term seasona
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vegetative cover is linmted principally to species of grasses. The selection
of suitable plant species for a given disposal site depends on several site-
speci fic vari abl es.

(3) Gasses such as fescue and | ovegrass provide a quick and | asting
ground cover, with dense root systems that anchor soil and enhance
infiltration. Legunmes (| espedeza, vetch, clover, etc.) store nitrogen in
their roots, enhancing soil fertility and assisting the growth of grasses.
They are also readily established on steep slopes. Shrubs such as bristly
| ocust and autumm olive al so provide a dense surface cover, and certain
species are quite tolerant of acidic soils and other possible disposal site
stresses. Trees are generally planted in the | ater stages of site
recl amati on, after grasses and | egunes have established a stable ground cover
They hel p provide long-termprotective cover and build up a stable, fertile
| ayer of decaying | eaves and branches. A well-ni xed cover of grasses, shrubs,
and trees will ultimately restore both econom c and aesthetic value to a
reclaimed site, providing suitable habitat for popul ations of both humans and
wildlife.

(4) Seedbed preparation is necessary to ensure rapid germination and
grom h of the planted species. Applications of lime will help neutralize
highly acidic topsoils. Sinmilarly, fertilizers should be added for cover
soils low in essential plant nutrients. Optinmumsoil application rates for
l[ime and fertilizers should be determined fromsite-specific soil tests.

VWere required, lime should be worked to 152 nm (6-inch) depths into the soi
by di scing or harrowi ng. For dense, inpervious topsoils, |oosening by tillage
i s recomended.

(5) Seeding should be performed as soon as possible after fina
gradi ng and seedbed preparation. The nost common and efficient nethod of
seedi ng | arge areas of graded slopes is with hydroseeders. Seed, fertilizer,
mul ch, and |ine can be sprayed from hydroseeders onto steep outslopes and
other areas of difficult access. Rear-nounted bl owers can be attached to |inme
trucks to spread seed and fertilizers over such areas. Grass or grain drills
may be used to apply seed on gently rolling or level, stone-free terrain.
Hand planting, a time-consunming and costly project, nmay be required for trees
and shrubs.

(6) Milches or chem cal stabilizers may be applied to seeded soils to
aid in the establishnent of vegetative cover and to protect it from erosion
before the plants becone established. O ganic nulches such as straw, hay,
wood chi ps, sawdust, dry bark, bagasse (unprocessed sugar cane fibers),
excel sior (fine wood shavings), and nanure protect bare seedbed sl opes from
erosion prior to germnation. Also, thin blankets of burlap, fiberglass, and
excel sior can be stapled down or applied with asphalt tacks to form protective
mul ch mats for germ nating seedbeds.

(a) Ml ches conserve soil noisture, dissipate raindrop energy,
noderate soil tenperatures, prevent crusting, increase infiltration, and
generally control wind and water erosion. Milches are usually applied after
seeding and fertilization, although certain mulch materials (e.g., wood
fibers) may be applied as hydroseeder slurries mxed with seed, fertilizer,
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and lime. Milch application rates will vary depending on local climte, soi
characteristics, and sl ope steepness.

(b) Loose straw and hay nul ches are the npost common and npost cost-
effective tenporary soil stabilizer/nulching materials available. These
mul ches are best applied using a mulch blower, at rates from 1120 to 8960
kg/ hectare (0.5 to 4 tons) per acre. Straw hay mul ches can be anchored to the
soi|l by asphalt, chem cal binders, or jute netting.

(c) Chemical stabilizers are binders and tacks that are sprayed on
bare soils or mulches to coat, penetrate, and bind together the particles.
Stabilizers reduce soil water |oss and enhance plant growth by tenporarily
stabilizing seeded soils against wind and water erosion. They can al so be
used to stabilize graded soils in the off-season until spring seeding.
Stabilizers are used extensively in arid regions to help dry, perneable soils
retain soil noisture.

(7) Chemical soil stabilizers include |atex emul sions, plastic firnmns,
oil-in-water emul sions, and resin-in-water enulsions. Table 3-7 sunmarizes
pertinent characteristics of seven comrercially available stabilizers,

i ncludi ng cost data (where avail able).

(8) Infield tests conparing the effectiveness of these chenica
additives in controlling erodibility of several regional soil types in
Virginia, none of the stabilizers tested were deternmined to be as cost-
ef fective as conventional mulches of straw and asphalt-emul sions.

(9) Periodic relimng and fertilization may be necessary to naintain
optimum yearly growth on seeded plots. Soils with poor buffering capacity may
require frequent linmng to achieve suitable pH levels; these are generally
soils high in organic matter or clay content. Annual fertilization of

ni trogen-, phosphorus-, or potassiumdeficient soils will also aid reclamation
efforts. Fertilizer application rates will vary with the nutrient content and
pH | evel of the seeded cover soil. Twi ce yearly nowing and the judicious use
of selective herbicides will help control undesirable weed and brush speci es.

Grass soddi ng and renul ching or planting new shrubs and trees are reconmended
for sparsely covered, erosion-prone areas.

(10) The selection of suitable plant species for purposes of
revegetating a given disposal site will depend on cover soil characteristics
(grain size, organic content, nutrient and pH |l evels, and water content),
local climate, and site hydrol ogy (sl ope steepness and drai nage

characteristics). |Individual species nust be chosen on the basis of their
tol erance to such site-specific stresses as soil acidity and erodibility and
el evated |l evel s of landfill gases or phytotoxic waste components (e.g. ,
heavy nmetals, salts) in cover soil. Oher inportant considerations include

the species conpatibility with other plants selected to be grow on the site,
resi stance to i nsect danage and di seases, and suitability for future |l and use.

(11) The optimumtine for seeding depends on local climatic

consi derations and the individual species adaptations. For npst perennia
species in nost localities, early fall seeding is recommended. Annuals are
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usual | y best seeded in spring and early sunmer, although they can be pl anted
for quick vegetation whenever soil is danp and warm In nmild climates (e.qg.
sout heastern United States) the growh of both sumrer and wi nter grasses wll
extend the range of evapotranspiration and erosion resistance for cover soils.

b. Advantages and Di sadvantages. A well-designed and properly
i mpl enented revegetation plan--whether for long-termreclamtion or short-term
renmedial action--will effectively stabilize the surface of a covered disposa
site, reducing erosion by wind and water, and will prepare the site for
possi bl e reuse. Evapotranspiration and interception of precipitation by
vegetative cover will also control |eachate generation at landfills by drying
out the water near surface |layers of refuse and soil. This effect, however
is more or |ess offset by enhanced soil infiltration capacity due to the
i ncreased detention of surface flow by the vegetation and to effects of the
root systens on the cover soil (increased perneability). |f subsurface liners
of clay or synthetic nmenbranes are constructed, infiltration of water into
buri ed wastes (and subsequent |eachate production) will be greatly reduced.
This illustrates the inportance of a |ayered surface sealing system and
properly graded sl opes, which, in conbination with suitable vegetative cover
will isolate buried wastes from surface hydrol ogi ¢ input.

Section VI. Gas Control

3-26. Gas Ceneration and Mgration. Uncontrolled hazardous waste sites are
unusual in that they can contain a wide variety of materials that can generate
toxic or explosive gases (HS, H, CH,, HCN) and nany organic conpounds with

| ow vapor pressure that volatilize, fornming toxic, flammble, or explosive
vapors. Gas generation and migration from di sposal operations can be grouped
with two categories: nethane generation and toxic vapor generation.

a. Gas Ceneration.

(1) Methane.

(a) The deconposition of any organic material in an anaerobic
environnent results in part in the production of nethane gas. Typically,
muni ci pal solid waste (MSW is |argely degradable organic materials (50 to 80
percent). Since MSWis quite porous when placed and conpacted in a | andfil
environnent, |arge anbunts of air (with 20 percent oxygen) are present. The
result of the initial aerobic deconposition phase is the devel opment of an
anaerobic environnent with a wide variety of cellul ose- -glucose and organic
aci d breakdown products. This phase of refuse deconposition will last froma
few nonths to a year. The nethane-form ng bacteria or methogens then use the
organi ¢ acids as substrate to produce nethane and carbon di oxi de. The
transition in landfill gas conposition is illustrated in Figure 3-34.

(b) The nethogens are sl ow grow ng organi sns and are very sensitive to
environnental conditions. The aerobic deconposition phase produces a great
deal of heat which will usually bring the internal tenperature of a |andfil
within the optimum tenperature range for methane production (29° to 37°C).

The opti mum nmoi sture content for gas production in MSWis greater than
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Figure 3-34. Landfill Gas Composition Transition
60 percent (on a weight basis). If the landfill is not in an arid
environnent, the refuse will usually becone wet and the internal environnent
of the landfill will nmeet the conditions required for nethane-form ng
bacteri a.
(c) Landfills over two years old will usually contain methane in
substantial concentrations in the interstitial gases. The tine required for
net hane generation to begin in substantial quantities in a typical landfill is

site specific and generally unpredictable. Environnental conditions such as
tenmperature and precipitation and the conposition of the refuse, especially
the initial moisture content and density, as placed, are very inportant in

det erm ni ng when net hane generation will begin. Also the node of construction
at the landfill and the type of final cover can significantly affect the tine
for an anaerobic environnent to develop in the landfill and support

nmet hanogenic activity. The volume of gases produced in any particul ar

landfill is very difficult to predict.

(d) On a wet-weight basis, the theoretical cubic feet of gas generated
per pound of solid wastes was deternmined to be 6.5 for CO and CH,, and 3.3 for
CH, al one. Studi es assum ng constant gas |oss rates have estimated the

duration of the methane-formng stage in landfill deconposition to be as short
as 17 years. Oher studies based the nethane-generating capability on the
rate at which carbon | eaves the landfill, assuming that the initial amount of
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carbon in the refuse was “avail able.” These studies estimted that it would

take 57 years for 50 percent of the carbon to | eave the landfill and 950 years
for 90 percent to leave. Wth the uncertainties involved one should assune
the active biological deconposition in a landfill to continue indefinitely.

(2) Toxic vapor.

(a) Organic compounds in hazardous industrial waste will volatilize
under favorable conditions to produce toxic vapors. Waste volatilization can
occur at landfills, surface inmpoundnments, and |and treatnment sites. Since the
vol atilization and degradati on processes are very slow, the em ssion of
hazardous vol atil e organi ¢ conmpounds may persist for many years. GGas
generation rates at landfills containing industrial wastes have not been
studi ed because of the conplexity and characteristic variation to be found in
the wastes. While the waste conposition is the nost inportant factor
affecting the rate of gas generation, other factors affecting gas generation
are the surrounding climte and soil

(b) The principal nechanisns of toxic vapor generation at di sposa
sites are waste volatilization, biological degradation, and chem cal reaction
The toxic property of the waste will inhibit biological activities, and nost
toxi c organic wastes such as chlorinated hydrocarbon are relatively inert.
Therefore, the amobunt of toxic vapor production in hazardous waste landfills
resulting from bi ol ogi cal and chem cal processes appears relatively small
conpared with volatilization. For this reason estimtes of toxic vapor
generation are usually based on waste volatilization or vapor |oss of organic
conpounds and treated as a diffusion controlled process.

b. Gas Mgration.

(1) Landfill-generated nethane and toxic-vapor nmigration are the
result of two processes, convection and diffusion. Convection is the novenent
of landfill gas and toxic vapors in response to pressure gradi ents devel oped
in the landfill, while diffusion is the nmovenent of gas and vapors from high
to |l ower concentrations. The normal landfill construction practice of
alternating layers of refuse with 152 nm (6-inch) soil layers and finishing
the landfill with a conpacted clay cap of 305 mm (1 foot) or nore can present

substantial barriers to vertical migration and can increase |ateral gas

m gration. Gas and vapor nmigration is also restricted by the relative
insolubility of the gas in water. The presence of a high or perched water
table, which is relatively comon under |andfill sites, can inhibit the depth
of gas migration and increase |ateral gas novenent.

(2) Natural and man-made corridors for gas and vapor migration are

quite common around landfill sites. Mst landfill explosions are fuel ed by
these corridors. Sewers, drainage culverts, and buried utility lines running
near landfills can all provide corridors for gas and vapor migration. In

addition, breaks in subsurface utility structures such as manhol es, vaults,
catch basins, or drainage culverts near landfills not only provide corridors
for gas and vapor migration but also provide areas for potentially dangerous
concentrations of gas to accurmul ate. Natural corridors for gas mgration
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i ncl ude gravel and sand | enses and voi d spaces, cracks, and fissures resulting
fromlandfill differential settlenent.

3-27. Passive Gas Control Systems. Passive control systens include gravel -
filled trenches, perinmeter rubble vent stacks, and/or conbinations of these.

Passive systens will wusually incorporate inpernmeable barriers. Passive
venting systens shoul d be deeper than the landfill to make sure they intercept
all lateral gas flow |If possible the systemshould be tied into an

i mper neabl e zone such as the permanent water table or continuous inperneable
geologic units. The systens should be backfilled with crushed rock, gravel
sand , or simlar material that is graded to prevent infiltration and cl oggi ng
by adjacent soil carried in by water. Passive systens w thout an inperneable
[ iner can control convective gas flow, however, they are less effective in
controlling diffusive gas flow.

a. Application.

(1) Vent stacks. These can be enployed to control lateral and
vertical migration for both nmethane and volatile toxics. The basic
configurations in Figure 3-35 cover, or can be nodified to cover, nost of
t hese applications. Atnospheric vents, both nushroomand “U’ type, are used
for venting nmethane at points where gas is collecting and building up
pressure. Control of lateral mgration of methane by an array of atnospheric
vent stacks is believed to have little success unless vents are |ocated very
cl ose together.

TO ATMOSPHERE
= OR TREATMENT
1 .
2 2 YO TREATMENT
- LOW
PERMEABILITY | - I_\ [ d
soiL —f
]
4-6" SLOTTED
PYC PIPE >4 4L
GRAVEL
{a) ATMOSPHERIC (b} ATMOSPHERIC {c) FORCED {d} VERTICAL PIPE VENTS CONNECTED TO FORCED
VENT VENT VENTILATION VENTILATION MANIFOLD SYSTEM
MUSHROOM TOP U TOP

Figure 3-35. Design Configuration of Pipe Vents
(2) Trench vents.

(a) Trench vents are used primarily to attenuate |ateral gas or vapor
mgration. They are nost successfully applied to sites where the depth of gas
mgration is limted by ground water or an inpervious formation. |If the
trench can be excavated to this depth, trench vents can offer full containnent
and control of gases and vapors.
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(b) As with pipe vents, the applicability of different trench vent
systens depends on whet her nethane generation is occurring or whether the
problemat the site is limted to the control of toxic vapors. Passive open
trenches (drawings (a) and (b) in Figure 3-36) may be applicable to the
control of toxic vapors in an enmergency situation where inmediate relief is
required. They also can be enployed as a permanent control for nethane
m gration; however, their efficiency is expected to be low. An inpervious
liner can be added to the outside of the trench to increase contro
efficiency. Open trenches are nore suitable for sparsely popul ated areas
where they will not be accidentally covered, planted over, or otherw se
pl ugged by out siders.

(c) Passive trench vents may be covered over by clay or other
i mpervious materials and vented to the atnosphere. Such a system ensures
adequate ventilation and prevents infiltration of rainfall into the vent.
Al so, an inmpervious clay |layer can be used as an effective seal against the
escape of toxic vapors.

b. Design and Construction Considerations.

(1) Vent stacks.

(a) When designing installations of atnospheric pipe vents for nethane
control, proper placenment of vent stacks is the chief consideration
Prelim nary sanpling should be conducted to determ ne gas collection points
for proper vent placement. Methane concentrations vary w dely dependi ng on

the specific landfill configuration. The highest methane concentration (70
percent is the theoretical limt) is expected in the nost anaerobic section of
the filled material. |In many cases, this is at the bottomof the landfill.
Optinmum ef fectiveness will be obtained if vents are placed at naxi mum
concentration and/or pressure contours. To ensure proper ventilation, vent
depth shoul d extend to the bottomof the fill material

(b) Proper spacing of vents is inportant to ensure adequate
ventilation of |arge areas where nmethane is concentrated. The distance
bet ween vents will depend on soil perneability; however, this distance can be
estimated for a typical soil

(c) A general rule to ensure adequate ventilation would be to |ocate
wells 15.2 m (50 feet) apart. Atnospheric vent wells are not reconmended for
control of lateral mgration of gas.

(d) Pipe wells are usually constructed of 100 to 150 mm (4- or 6-inch)
PVC perforated pipe. Oher material, such as gal vanized iron, may be required
if PVCis not conpatible with the waste materials. A surrounding |ayer of
gravel pack should be installed to prevent clogging. The pipe vent should be
seal ed off fromthe atnopsphere with a cenent or cenent/soil grout so that
excess air is not introduced into the system and nmethane or volatile toxics
cannot be | eaked. Pipe vents may be installed through a clay cap, as shown in
Figure 3-36(c and d) to prevent em ssion of gases or vapors to the atnpsphere.
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Figure 3-36. Design Configuration of Trench Vents
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(2) Trench vents.

(a) Open vents are subject to infiltration by rainfall run-off and
coul d beconme cl ogged by solids. Hence, they should not be located in an area
of lowrelief. It is advisable to construct a slope with some of the exca-
vated soil to direct run-off away fromthe trench as in drawings (a) and (b)
of Figure 3-36. Also, if possible, open trenches should be constructed within
controll ed areas to prevent any safety or vandalism probl enms.

(b) The gravel pack in the trench will be perneabl e enough, relative
to the surrounding strata, to transport the gas adequately. Also, in areas of
relatively high pernmeability or wherever safeguards are needed, a liner should
be installed on the outside of the trench to prevent bypass.

(c) In passive closed trench vents, good ventilation can be ensured by
proper design of laterals and risers. One successful design consisted of 300
nm (12-inch) perforated corrugated lateral pipe with 2.4 m (8-foot) corrugated
risers spread at 15.2 m (50-foot) intervals.

(d) There are three types of inpervious liners for containing gas
flow. synthetic liners, adm xed materials, and natural soil. Synthetic liners
are manufactured using rubber or plastic conpounds. Polyvinyl chloride liners
are frequently used because they are nore inperneable to nethane when conpared
to polyethylene and are rel atively inexpensive. The nenbranes nust be put
down as to avoid punctures , and usually layers of soil or sand nust be placed
on both sides. Adm xed materials such as asphaltic concrete have the
advant ages of being universally available, relatively inexpensive, and can
maintain their integrity under structures. However, they are nore perneable
than synthetic menbrane liners, and they have a tendency to crack under
differential settlement. Natural soil, particularly clay, can be used as a
barrier to gas novenment. Clay |liners are inexpensive and readily avail abl e
however, the soil nust be kept nearly saturated to be effective. Cay
barriers like adm xed materials have a tendency to crack under differentia
settlenent and if exposed to air for prolonged periods will dry, shrink, and
crack.

c. Advantages and Di sadvantages. Passive vent stacks are an effective
means of control when used in situations where gases freely nigrate to a
collection point and there is little or no lateral mgration. Passive trench
vents without a barrier are not very effective in controlling migrating gases.
The addition of an inperneable liner may offer the required degree of
ef fecti veness; however, the installation of a liner will generally be
econom cal only if the required depth is 3 m (10 feet) or less. Trench vents
may becone pl ugged by soil particles with tine, thereby reducing their |ong-
term effectiveness.

3-28. Active Control Systens. Active gas control systems can be divided into
extraction and pressure systens. Both systems will usually incorporate sone
type of inpernmeable gas barrier system Extraction systens usually
incorporate a series of gas extraction wells installed within the perineter of
the landfill. Extraction wells are sinilar to gas nonitoring wells, only

| arger, and construction and materials are the sane. The nunber and spacing
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needed for the extraction wells for any particular landfill are site
dependent. Oten a pilot systemof only a fewwells will be installed first

to deternine the radius of influence in the area of the wells. Once the wells
are installed, they are connected using gas val ving and condensation traps to
a suction system A centrifugal blower creates a vacuum on the manifold,
drawi ng gas fromthe wells and causing the gas in the refuse and soil to flow
toward each well. Depending on the location, the gas is either exhausted to
t he atnosphere, flared to prevent mal odors, or recovered and treated. A
pressure gas control systemis sonetinmes considered when structures are built
or already exist on abandoned |andfills. The systemuses a blower to force
air under the building*s slab to flush away any gas that has collected and
devel op a positive pressure to prevent gas frommgrating toward the
structure.

a. Application.

(1) Methane migration control can be nore effectively acconplished by
installing forced-ventilation systens in which a vacuum punp or blower is
connected to the discharge end of the vent pipe. A drawdown with a radius of
i nfluence of 45.7 m (150 feet) can be acconplished with a punping rate of 23.6
liter/sec (50 cubic feet per m nute) dependent upon soil type, conpaction, and
other site conditions. Such a systemis applicable for controlling both
vertical and lateral novenent of methane in the landfill by installing vents
along the perimeter of the site. The collected gas and vapor can be vented to
t he atnosphere, flared, or recovered and treated.

(2) Inlandfills containing volatile toxics, a closed forced-
ventilation systemis required to prevent any toxic vapors frommigrating
laterally or vertically through the cover material to the atnosphere. Figure
3-36, section (d), depicts a series of pipe vents installed in a trench
connected to a manifold that leads to a blower and finally to gas treatnent.
Such a configuration can be used to prevent em ssion of toxics to the
at nosphere across the entire area of the site. A forced-ventilation system
utilizing a series of extraction wells is illustrated in Figure 3-37.

(3) Another type of forced ventilation in a trench for nethane
mgration control is air injection; in this nethod, air injected into the
trench by a blower forces the gas or vapor back. This system should work wel
in conjunction with pipe vents installed close to the landfill and inside the
circunferences of the trench.

b. Design and Construction Consi derations.

(1) Forced ventilation is a nore effective nmeans of controlling the
| ateral and vertical nigration of nethane or toxic vapors. The flow rate for
venting shoul d be high enough to collect all gases being generated, i.e., it
shoul d be at |least equal to the gas generation rate. Also, the flowrate
shoul d be high enough to ensure a fairly large radius of influence, so as to
m ni mze the nunber of wells needed to vent the area. Blowers, punps, etc.
shoul d be expl osi on-proof for this type of application.
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Figure 3-37. Forced-Ventilation System for Landfill Gas Control

(2) Studies at three nunicipal landfills in California indicated a
range in gas production rates from22 to 45 nmilliliters per kil ograns of
refuse per day. Assuning a bulk density of 250 kil ograns per cubic neter for
ground donestic garbage, these values convert to a range of 5.5 to
11.25 liters per cubic neter per day. |f the average anaerobic |ayer of the
fill is assumed to be 10 nmeters, then 55 to 113 liters of nethane per day per
square meter of fill area can be expected. This translates to a ventilation
requi rement of at least 6 to 11 cubic feet per mnute per acre. 1In an actua
denonstration for recovering nmethane froma nunicipal landfill, a steady state
fl ow was obtained at 23.6 (/s (50 cubic feet per mnute) with the radius of
i nfluence at about 39.6 m (130 feet). This translates to a ventilation rate
of 128 (/s/hectare (107 cubic feet per minute) per acre, which neans a
substantial portion of excess air was introduced into the system However, it
was determ ned that methane producti on was not inhibited by this anount of
air, and maxi mum oxygen levels in the gas were only 4 percent.
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(3) Diffusion rates for volatile toxics can be calculated to determ ne
requi rements for ventilation of hazardous waste landfills. However, these
esti mates need nore field verification

(4) \When designing a forced ventilation systemfor a trench, pipes can
probably be placed at greater distances than extraction wells since the trench

fill is conmposed of very permeable material. |If a liner is used, the spacing
can be at even greater distances since the normal radial influence of the
pi pes will be channel ed al ong the trench

d. Advantages and Di sadvantages. Atnospheric vents are effective means
of control when used in situations where gases freely nmgrate to a collection
point and there is little or no lateral migration. Forced ventilation is a
very effective method for controlling migration of gas and toxic vapors. |If
forced ventilation is used, the flow rate can be increased or decreased as the
gas generation or vapor flux rate increases or decreases. This offers a great
deal of flexibility of control inherent in the system At a hazardous waste
site where volatile toxics are present, the mass flux rate will decrease with
time as the volatiles are dissipated. Thus, ventilation rates can be reduced
with time and operating costs will decrease. It is expected that gas vents
fromforced ventilation are nore apt to clog after tine, and will need to be
repl aced. Also, it is expected that nore maintenance will be required for
forced ventilation than for passive atnospheric vent systemns.
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