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SECTION 02190

BIOREMEDIATION OF SOILS USING LANDFARMING SYSTEMS
08/04
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NOTE: This guide specification covers the
requirements for reduction of the concentrations of
organic contaminants in soils by bioremediation
using landfarming systems. Other terms that have
been used in place of "landfarming" include "land
treatment" and "prepared bed bioreactors".

Comments and suggestions on this guide specification
are welcome and should be directed to the technical
proponent of the specification. A listing of
technical proponents, including their organization
designation and telephone number, is on the Internet.

Recommended changes to a UFGS should be submitted as
a Criteria Change Request (CCR).

Use of electronic communication is encouraged.

Brackets are used in the text to indicate designer
choices or locations where text must be supplied by

the designer.
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PART 1 GENERAL
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NOTE: Special requirements for handling RCRA wastes
are not included in this guide specification.
However, landfarming may be appropriate for
treatment of some types of RCRA hazardous waste.

An edited version of this Section may be used to
solicit a request for proposal (RFP). The RFP
approach is often used as a selection tool, to
distinguish between the qualifications of
prospective Contractors.
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Recommended references for design and operation of
landfarming facilities include:

1. Bioremediation of Contaminated Soils, Agronomy
Monograph no. 37, American Society of Agronomy, Crop
Science Society of America, Soil Science Society of
America, 1999. This includes the following chapter
titles: "Prepared Bed Bioreactors", Sims, J. L., et
al., and "Landfarming of Petroleum Contaminated
Soils", Sims, R. C. and Sims, J. L.

2. Bioremediation Using the Land Treatment Concept,
EPA/600/R-93/164, Pope, D. F., and Matthews, J. E.

3. Guidelines for Land Treating Petroleum
Hydrocarbon-Contaminated Soils, Journal of Soil

Contamination, 3(3):299-318, Huesemann, M. H., 1994.
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1.1 REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
this paragraph by organization, designation, date,
and title.

Use the Reference Wizard's Check Reference feature
when you add a RID outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Also use the
Reference Wizard's Check Reference feature to update
the issue dates.

References not used in the text will automatically
be deleted from this section of the project
specification when you choose to reconcile

references in the publish print process.
khkkhkhkhkhkhhkkkkkkhkkkkkkkkkhkkhkhkhkhkhkhkhkhkhkhkhkkhkkkkkkkkkkkkkkkhkhkhkhkhkhkkkkkkkkkkkkkkkkkx*k

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by the
basic designation only.

ASTM INTERNATIONAL (ASTM)

ASTM D 2325 (1968; R 2000) Capillary-Moisture
Relationships for Coarse- and
Medium-Textured Soils by Porous-Plate
Apparatus

ASTM D 2974 (2000) Moisture, Ash, and Organic Matter
of Peat and Other Organic Soils

ASTM D 3152 (1972; R 2000) Capillary-Moisture

Relationships for Fine-Textured Soils by
Pressure-Membrane Apparatus
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ASTM D 4972 (2001) pH of Soils
U.S. ARMY CORPS OF ENGINEERS (USACE)

EM 1110-2-1913 (2000) Design of Construction Levees
U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA)

EPA 600/R-96/084 (1996) Guidance for Data Quality
Assessment: Practical Methods for Data
Analysis EPA QA/G-9, QA96 version

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION (NARA)
29 CFR 1910 Occupational Safety and Health Standards
1.2 MEASUREMENT AND PAYMENT

khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhhkhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkx*

NOTE: These paragraphs should be edited based on
whether the contract will use lump sum, or unit
prices. If there is a separate Measurement and
Payment Section, edited versions of these paragraphs
should be inserted in that section.

If the quantities of contaminated soils are well
defined, payment may be based upon a lump sum
structure. However, it is usually more
cost-effective to use a unit price structure when
there is a significant degree of uncertainty in the
amount of contaminated material. When specifying a
unit price structure for treatment, separate items
should be provided in the Contract Price Schedule to
cover any other work required. Other work items
include, but are not limited to: preparation of
submittals, mobilization and demobilization, site
preparation, construction of the treatment cell and
run on/runoff controls, water storage facilities,
contact water treatment and disposal, sampling and
testing, implementing health and safety
requirements, and utilities. Inclusion of separate
items in the Contract Price Schedule for the above
work tasks should result in a lower unit price for

treatment.
ER R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R o R R R R Rk

1.2.1 Bench-Scale Testing
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NOTE: Lump sum pricing is recommended for this

item. The lump sum should include the cost for

testing for chemical data. However, bidders should

also be required to provide a unit cost amount for

testing for chemical data. This will provide a

basis for payment for additional analytical costs,

if it is determined that more testing will be

required.
khkkhkhkhkhkhkhkhkhkkkkkkkkkkkkkhkkhkhkhkhkhkhkhkhkhkhkhkkhkkkkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkkkkkkkkkx*k
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Payment for bench-scale testing will be a lump sum price for completion of
specified tests. The price shall include the cost of labor, materials,
equipment usage, utilities, and fuel for: [preparation of the Bench-Scale
Test Plan] [collecting samples,] [sample shipment,] [pre-processing,]

[process monitoring (including testing for chemical data),] [disposal of
treated material,] [ancillary waste treatment and disposal,] [preparation
of the Bench-Scale Test Report,] [and] [ 1. Costs for procurement and

handling of amendments shall be included in the unit price for treatment.
.2.2 Field Demonstration

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhddhddhhhhhhk

NOTE: Prior to planning the field demonstration,
bench-scale testing should be performed to determine
if the contaminants of concern are amenable to
landfarming in the site-specific soil matrix. The
field demonstration may either be conducted prior to
the construction of the full-scale facilities, or
conducted using the full-scale facilities and
equipment. Payment for the field demonstration
should be covered by a separate lump sum item, or by
a unit price that is separate from the unit price
for full-scale treatment. Because more intensive
monitoring is usually required during the field
demonstration, the unit price for the field
demonstration will usually be higher than the unit
price for full-scale treatment. Testing for
chemical data is not included as a component of the
price in this paragraph. The contract price
schedule should include separate, unit price items
for testing for chemical data.

If the results of the field demonstration indicate
that an extended treatment period (or other special
measures) will be required to meet cleanup goals, it
may become necessary to modify the bid item that

covers treatment pricing for full-scale operations.
khkkhkkhkhkhkkhkhkkkhkhkkkkkkhkhkkkhkhkhkkkhkhkhkhkhkkhkhkkhkhkkkhkkkkkkkkkkkkkhkhkhkhkhkkkhkhkkkhkkkkkkkkkkkk

Payment for the field demonstration will be [by the contract unit price

schedule for each cubic [meter yard] [ ] treated during the field
demonstration] [a lump sum price for completion of approved tests]. The
price shall include the cost of labor, materials, equipment usage,
utilities, and fuel for: [excavation,] [hauling,] [stockpiling,]
[pre-processing,] [operation, maintenance and process monitoring (not
including testing for chemical data),] [disposal of treated material,]
[ancillary waste treatment and disposal,] [preparation of Field
Demonstration Report,] [and] [ 1. Costs for procurement and handling

of amendments shall be included in the unit price for treatment.
.2.3 Contaminated Soils Treatment Unit Price

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdhddddhhhhhhk

NOTE: Testing for chemical data is not included in
the unit price. The contract price schedule should
include separate, unit price items for testing for

chemical data.

Unit price payment may either be based on weight or
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volume (in-place or ex-situ). This paragraph uses
ex-situ volume as the default unit.

If unit price payment will be based on weight, dry
weight should be specified and requirements should
be included for moisture content testing so that dry
weight can be determined. However, surveys are
usually required before and after excavation of
contaminated material, so that excavation and
backfilling can be paid for on the basis of in-place
volume. Thus, in some cases, it may be advantageous
to pay for processing and treatment of soils using
in-place volume as the pricing unit. Payment may
also be based on ex-situ volume, after the oversize
materials have been separated from the soil.

Because of the bulking which usually occurs during
excavation of soil, ex-situ volume will usually be
about 30% greater than the in-situ volume. TIf there
is a substantial volume of oversize material, or if
a substantial volume of excavated material will not
require treatment, it may be advantageous to use
ex-situ volume as the basis for payment.

This paragraph should be coordinated with the
treatment criteria and sampling requirements
paragraphs so that it will be possible to
distinguish between soil that passes, and does not

pass, treatment criteria.
khkkkkkhkhkhhkhkhhkhkhhkhkhkhkhkhhkhkhkhkkhkhkkhkhkkkhkhkhkhkhkkhkhkhkhkhkhkhhkhkhkhkhkhhkhkhkkkhkkkkkkkkkkkkkkkkkkk

Payment for treatment of contaminated soil shall be by the contract unit

price schedule for each cubic [meter yard] [ ] based on [ex-situ
volume, after separation of oversize material] [ 1. This unit price
shall include the cost of labor, materials, equipment usage, utilities, and
fuel for: [excavation,] [hauling,] I[stockpiling,] I[pre-processing,]
[operation, maintenance and process monitoring (not including testing for
chemical data),] [disposal of treated material,] [ancillary waste treatment
and disposal,] [preparation of operations reports,] [and] [ ]. Costs

for procurement and handling of amendments shall be included in the unit
price for treatment. After each lift of soil has been treated, the
quantity of soil that does not meet treatment criteria shall be reported
and subtracted from the quantity of soil comprising the 1lift, when
determining payment for treatment. See paragraph, Treatment Cell Sizing,
for a definition of "lift of soil". Payment will not be made for soil that
does not meet treatment criteria. If additional tests, or additional
processing and testing, are necessary to show that material meets treatment
criteria, the additional costs shall be borne by the Contractor.

2.4 Oversize Materials from Contaminated Areas

ER R R R R R R R R R R R R R R R R R R R R R Rk R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R Rk

NOTE: This paragraph should be deleted if payment
for treatment and disposal of oversize materials
will be included as part of the unit price item for
treatment of contaminated soil. Payment for
disposal of oversize materials may be by weight or
volume, depending on the nature of the materials.
Oversize materials may include brush, trees, roots,
rocks, rubble, and construction debris.
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Payment for [and disposal] [treatment] of oversize material separated from
contaminated soil will be by the contract unit price schedule for each [
kilogram pound] [ 1. Soil, free water and other extraneous materials
shall be separated from oversize materials prior to measuring quantities.

.3 PROCESS DESCRIPTION

Rk ok ok o ok ok ok ok ok ok R ok o ok ok o ok R o o R ok ok ok ok o o o o ok ok ok ok ok ok o ok o o o ok o o R R o o o R R R R R R R R R R R R R R R

NOTE: Requirements for a specific method of
treatment are provided under paragraph DESIGN
REQUIREMENTS. If the use of a variation on
landfarming process described will be allowed, this
paragraph should be revised to indicate that a
process, other than described in this Section, may
be proposed by the Contractor; that the Contractor's
approved submittals must demonstrate equivalent
capabilities; and that such approval will not
relieve the Contractor of responsibility for meeting
specified requirements for safety, reliability, and
performance.
khkkkkkhkhkhkhkhkhhkhkhhkhkhkhkhkhhkkhkhkkhkhkhkhkhkkhkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkkkhkkkkkkkkkkkkkkkkkkk

Treatment process shall provide a safe, reliable method to treat
contaminated material conforming to paragraph PERFORMANCE REQUIREMENTS and
shall be based on the landfarming process described under DESIGN
REQUIREMENTS.

.4 DESIGN REQUIREMENTS
4.1 Standard Products

Materials and equipment shall be the standard products of a manufacturer
regularly engaged in the manufacture of such products and shall essentially
duplicate items that have been in satisfactory use for at least 2 years
prior to bid opening. Equipment shall be supported by a service
organization that is, in the opinion of the Contracting Officer, capable of
providing service, materials and equipment in an expedient manner.

4.2 Landfarming Treatment Cell

khkkhkkkhkhkhkhkhkhkhkhkkhkhkhkhkhkhkkkhkkhkhkhkhkhhkhkhkhkkhkhkhkhkhkhkhkkkkkhkkkhkkkhkhkhkhhkkhkkhhkkkkkkkkkkk
NOTE: Siting of the treatment facility should be in
accordance with regulatory requirements. The
prevailing wind direction and the potential for dust
generation should also be taken into consideration.
The design of the treatment cell should include
provisions for control of storm water and contact
water, and should take into account the expected
wheel loads of material handling equipment.

In-situ applications of landfarming are usually not
recommended due to the potential for spreading
contamination into the vadose zone and groundwater.
Typically, treatment of contaminated soil is
performed in a lined treatment cell. Lined
treatment cells usually include a composite clay or
geomembrane liner with a leachate collection system.
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Care should be used when applying standards
established for landfill liner systems, to avoid

requiring over-conservative and costly designs.
khkkkhkkhkhkhkhkhkhhkhkhhkhkhhkhkhhkkhkkhkhkkhkhkkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkkhkhkkkkkkkkkkkkkkkkkk

The treatment cell shall be located in an area where seasonal, high water
table level is at least [1.5] [ ] meters [5.0] [ ] feet below the
lowest level of the liner. The treatment cell shall be designed to support
the load of material handling and tilling equipment. The water collection
system and sump shall be in accordance with paragraph Contact Water
Management System and Design Storm.

.4.2.1 Treatment Cell Sizing

Rk ok ok o ok ok ok ok ok ok R ok o ok ok ok ok o o o o ok ok ok ok o o o ok ok ok ok ok ok o o o o o o ok o R R R o o R R R R R R R R R R R R

NOTE: The dimensions of the treatment cell should
be based on the amount of time required to reach
cleanup goals for each lift of soil (including
laboratory turn-around time for compliance testing),
the volume of soil and amendments that can be held
in the treatment cell, the configuration of the
irrigation system, and the type of material handling
equipment that will be used. A pie-shaped, or
semi-circular, treatment cell lends itself well to
the use of a center-pivot irrigation system.
Laboratory turn-around time is usually about 2 to 4
weeks. The depth to which soil can be treated
(i.e., 1lift depth) is limited by the practical depth
of tilling (usually about 303 mm (1 foot)).

Traditionally, new lifts of contaminated soil were
placed in the treatment cell after treatment of
preceding lifts were completed. However, material
handling requirements may be decreased by placing
the entire volume of contaminated soil onto the
treatment cell at once. Under the latter scenario,
treated lifts are successively removed after they
have been shown to meet clean-up goals. One-time
placement of all the contaminated soil onto the
treatment cell may also eliminate the need to

establish a contaminated soil stockpile area.
khkkhkkkhkhkhkhkhkhkhkhkkhkhkhkhkhkhkkkhkkhkhkhkhkhhkhkhkhkkhkhkhkhkhkhkhkkkkkhkkkhkkkhkhkhkhhkkhkkhhkkkkkkkkkkk

The treatment cell shall be located [within the area indicated on the

drawings] [ 1. The treatment cell shall be sized to hold at least
[ ] cubic meters cubic yards of soil per lift, based on a lift depth of
[0.3] [ ] meters [1] [ ] foot. A lift is a single layer of

contaminated soil contained within the treatment cell. Active treatment
occurs primarily in the uppermost 1lift of soil in the treatment cell.
Traditionally, a new lift of contaminated soil is placed in the treatment
cell after treatment of the preceding 1lift has been completed.
Alternatively, the entire volume of contaminated soil may be placed onto
the treatment cell at once; then treated lifts are successively removed
after they have been shown to meet clean-up goals. Sizing of the treatment
cell shall be based on completing treatment of the estimated, total volume
of contaminated soil in [ ] months from initiating treatment of the
first 1lift, assuming treatment is initiated on the following date: [ 1.
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1.4.2.2 Porous Drainage Layer

ER R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R Rk

NOTE: The gradation limits of the porous drainage
layer should be compatible with the grain-size
distribution of the contaminated soil. Gradation
limits should be determined as shown in EM
1110-2-1913, Engineering and Design - Design of
Construction Levees (see Appendix D Filter Design).
The slot width of the leachate drainage piping (or
pore size of filter fabric around the drainage
piping) must also be compatible with the gradation
limits of the porous drainage layer.

Geotextiles may be incorporated into the porous
drainage layer to help prevent fines from migrating
into the leachate collection system. Due to the
potential for clogging, use of geotextiles could
pose a problem for a treatment cell that is designed
for long-term operation. Geotextiles provide
attachment sites for microorganisms. Growth of
biomass may lead to reductions in the permeability
of the geotextile material. However, experience at
Region 8 EPA landfarming operations for treatment of
creosote-contaminated soil indicates that clogging
of geotextile has not been observed at projects that
were completed within about 5 years.

To protect the drainage piping, a minimum distance
should be maintained between the top of the drainage
piping and the top of the porous drainage layer
(e.g., 203 to 254 mm (8 to 10 inches)). TUse of
low-profile piping, such as panel pipe for highway
edge drains, laid flat against the geomembrane will
allow the thickness of the porous drainage layer to

be minimized.
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The porous drainage layer shall be designed to facilitate drainage of free
water and to prevent entry of contaminated soils. The porous drainage
layer shall be at least [0.3] [ ] meters [1.0] [ ] feet thick. The
gradation limits of the porous drainage layer shall be compatible with the
grain size distribution of representative samples of contaminated soil, and
shall be selected in accordance with Appendix D of EM 1110-2-1913. The
minimum compacted hydraulic conductivity of the porous drainage layer shall
be [1 x (10 to the minus 2 power)] [ ] em/s [3.28 x (10 to the minus 4
power)] [ 1 feet/s.

1.4.2.3 Leachate Controls and Collection

ER R R R R R R R R R R R R R R R R R R R R R Rk R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R Rk

NOTE: Lined landfarm units should have a granular
drainage layer to allow free water to drain from the
soil layer, and a leachate collection system to
remove drainage. Some problems unique to
landfarming applications are:

a. Exposure to equipment traffic (e.g., applying
soil, tilling, and removing soil), can damage
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drainage layers and liners.

b. Removing lifts of treated soil requires scraping
and shoveling the treated 1lift from the treatment
cell, typically with a front-end loader. To protect
the leachate collection and geomembrane layers, an
armoring layer (gravel or crushed stone) is often
used to indicate over-excavation to the equipment
operator. The armoring layer is usually positioned
immediately above the porous drainage layer.

Slotted piping generally has more area available for
water to flow into the pipe than perforated piping,
and is less susceptible to clogging and fouling than
filter fabric covered piping. Thus slotted piping
should be considered for treatment cells that are
designed for long-term operation, or where clogging
or fouling is a strong concern.

Perforated piping is generally less expensive than
slotted. The combination of perforated piping
within a geotextile (filter fabric) sleeve has been
used with success in landfarm drainage layers. The
pore size of the geotextile must be compatible with
the grain-size distribution of the porous drainage
layer. Installing a layer of geotextile across the
entire area of a treatment cell is not recommended
because it would require substantially more material
than using only geotextile sleeves around the
collection piping, and geotextile sheets would be
susceptible to damage during removal of lifts of
treated soil.

Leachate drainage lines are routed to a sump, which
is usually placed below the treatment cell. The
sump usually consist of a lined depression in the
impermeable layer packed with gravel. Water holding
facilities outside of the treatment cell are
commonly used for additional water storage capacity.
When the gravel sump reaches a set level, water is
pumped from the sump to the outer water holding
facility. Options for water storage facilities
outside of the treatment cell include: an
above-ground storage tank, a reinforced concrete
basin, vertical caisson piping, or a lined earthen
pit.

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdhhdddhhhhhhhhhk

Slots in drainage collection piping shall be appropriately sized for the
porous drainage layer in accordance with Appendix D of EM 1110-2-1913.
Drainage water shall be routed to a lined, gravel sump [as shown on the
drawings] .

1.4.2.4 Geomembrane and Clay Liners

ER R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R o R R R R R Rk

NOTE: Liners usually consist of HDPE geomembrane or
recompacted clay. It is atypical to require a
composite liner system for a temporary landfarming
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facility. Options have been provided for HDPE
liners and recompacted clay liners.

If granular material in the drainage layer is
greater than 13 mm (1/2 inch), a sand or geotextile
protective layer should be required between the
geomembrane liner and the granular material.

The drawings should provide requirements for sloping
of the surface of the liner. Recommended, minimum
sloping requirements are as follows: 2% from the
sides of the treatment cell to the central drainage
line, and 1% over the length of the central drainage
line (from the upslope end to the entry into the
gravel sump).

Sections 02372A WASTE CONTAINMENT GEOMEMBRANE and
02377A CLAY BARRIER LAYER provide some testing
requirements for the liner. Additional testing and
leak monitoring may be necessary for some projects.
Leak monitoring will be more important for projects
where the treatment cell is located over an area
with clean groundwater and a clean vadose zone.

Monitoring wells, downgradient of the treatment
cell, can be used to determine if leaks have
occurred in the past. Lysimeters may be installed
within and around the perimeter of the treatment
cell. If used, lysimeters should be installed
before the liner to avoid damage to the liner during
placement of lysimeters. Penetrations through the
liner must also be properly sealed. Lysimeters may
Generally there is greater potential for leaks to
occur in the sump, than in other locations of the
liner. Water may remain in the sump for extended
periods if the sump is being used to store contact
water.

Leak sensing technologies are described in the
following reference, Leak Detection for Landfill
Liners, Overview of Tools for Vadose Zone
Monitoring, Karen Hix, Technology Status Report
Prepared for USEPA Technology Innovation Office
under a National Network of Environmental Management
Studies Fellowship, Aug. 1998. The reference can be
accessed at the following internet site:
http://www.clu-in.org/download/char/leaklnfl.pdf

Most of the leak sensing technologies involve
installation of leak sensing devices below the
liner, prior to placement of the liner. Because of
the relatively high capitol and O&M costs for leak
detection systems, they are usually not installed.

As a relatively inexpensive construction QA measure,
the Two Electrode method can be used for leak
testing of the sump area. The test can be performed
by filling the sump with water (before it has been
filled with gravel) for a set period (e.g., 24
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hours), and monitoring for passage of current from
the inside the sump to the soil outside of the sump
area. If currrent is detected in the electrode
placed in the soil outside of the sump area, then
the liner is checked for penetrations, repaired, and
the test is repeated.

Leak testing, using one of the methods or devices

described in the above reference, is highly

recommended; especially in the area immediately

below the sump.
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The treatment cell shall be lined with [a chemically resistant, high
density polyethylene geomembrane liner with a minimum thickness of [0.1]

[ ] mm [40] [ ] mils.] [a recompacted clay liner with a minimum
thickness of [0.6] [ ] meters [2] [ ] feet and a maximum
permeability of [1 x (10 to the minus 7 power)] [ ] cm/s [3.28 x (10 to
the minus 9 power)] [ ] feet/s.] Subgrade preparation and

installation, testing, inspection, and protection of the liner, shall be in
accordance with Section [02372 WASTE CONTAINMENT GEOMEMBRANE] [02377 CLAY

BARRIER LAYER]. The surface of the liner shall be sloped [as shown on the
drawings] [ 1.
.4.3 Contact Water Management System and Design Storm

ER R R R R R R R R R R R R R R R o R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R o R R R R Rk

NOTE: In accordance with regulatory requirements,
excess contact water may be discharged to NPDES
storm water discharge outfalls, POTW sewers,
facility sewer to onsite treatment systems, or
treated and disposed of offsite.

The source of data for the design storm should be
referenced. Sources for hypothetical storm
information in the United States are referenced in
Appendix A of Hydrological Analysis of Ungaged
Watersheds Using HEC-1, Training Document No. 15,
USACE Hydrologic Engineering Center, April 1982;
another source is Technical Paper No. 40, Rainfall
Frequency Atlas of the United States, for Durations
from 30 Minutes to 24 Hours and Return Periods from
1l to 100 Years, US Dept. of Commerce, May 1961.

It is recommended that the surface of the treatment

cell be sloped so that surface run-off from high

intensity precipitation events and snow melt can be

collected and transferred to contact water storage

facilities. If too much surface water penetrates

the contaminated soil layer, the soil may become

waterlogged and contaminant degradation rates may

decrease.
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Contact water is defined as water that has come into contact with
contaminated materials, or other contaminated surfaces. Sources of contact
water may include, but are not limited to: water from decontamination of
equipment, personnel, and PPE; runoff water from storage and pre-processing
areas; and water that leaches through the treatment cell. The design storm
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shall be the [24] [ ] hour duration storm with a return interval of

[25] [ ] years, based on data from [ 1. Water head in the gravel
sump (under the treatment cell), in excess of [0.3] [ ] meter [1]

[ ] foot, shall be removed within [24] [ ] hours of the design
storm event. The water head in the gravel sump (under the treatment cell)
shall be maintained at no more than [0.3] [ ] meter [1] [ 1 foot
between storm events. The surface of the top layer of the treatment cell
shall be sloped, [as shown on the drawings,] [ ] to allow surface

run-off to be collected and transferred to contact water storage facilities.
1.4.3.1 Perimeter Berms

Berms shall be constructed around the perimeter of the following areas:

[treatment cell,] [contact water storage,] [stockpiling,] [laydown and
storage areas,] [and] [ ]. The perimeter berms shall be sized to
prevent flood water run-on from the [25] [ ] year flood while
maintaining a minimum freeboard of [0.3] [ ] meter [1] [ 1 foot.

The perimeter berms shall also be sized to contain water from the design
storm that collects on the surface, inside of bermed areas, while
maintaining a minimum freeboard of [0.3] [ ] meter [1] [ ] foot.
Berms constructed around the [treatment cell and contact water storage
facility] [ ] shall be keyed into the underlying liners of these areas,
[as shown on drawings] [ 1. Berms constructed around the [treatment
cell, stockpiling, and laydown and storage areas] [ ] shall include
ramps to permit vehicle access inside these areas.

1.4.3.2 Storage Volume

hhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdhhhhhkk

NOTE: Typically, storage and testing of contact
water is required prior to discharge. Thus contact
water storage facilities should be sized to contain
the peak detention volume for the design storm. 1In
order to minimize treatment and disposal costs, it
is often desirable to reuse the contact water to
irrigate the treatment cell. Using this approach,
the storage volume must be sufficient to retain the
volume of water in storage prior to the design
storm, and the volume of water generated by the
design storm.

Sources of contact water include: water from
decontamination of equipment, personnel, and PPE;
and water that drains from storage, pre-processing
and treatment areas. If the storage,
pre-processing, or treatment areas are covered, then
the volume of contact water resulting from

precipitation events should be reduced.
khkkhkkhkhkhkhkhkhkkhkhkkkhkkkkkkkkkkhkkhkhhkkhkhkkhkhkkhkkkkkkkkkkkkkkhkhkhkhhkkhhkkhhkkkkkkkkkkk

Contact water storage facilities shall be sized to contain [30] [ ]
percent above that required for the design storm, and [the maximum volume
that will be held in storage for reuse] [ 1. The design storm is
defined in paragraph Contact Water Management System and Design Storm.

1.4.3.3 Reuse, Treatment, and Disposal
khkkhkhkhkhkhkhkhkhkkkkkkkkkkkkkhkkhkhkhkhkhkhkhkhkhkhkhkkhkkkkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkkkkkkkkkx*k

NOTE: It is possible for contact water to
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accumulate compounds (e.g., acids, bases, or salts)

at levels which may inhibit microbial activity.

However, contact water can usually be applied to

contaminated soil with little or no treatment.

Water which has accumulated excessive levels of

acids, bases or salts may require treatment, or

offsite disposal.
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Contact water shall be reused to the maximum extent in order to minimize
the need for new makeup water and to limit the treatment, discharge and
offsite disposal of wastewater. Prior to reuse, contact water shall be
tested in accordance with paragraph Contact Water Testing, and shall meet
the requirements of paragraph Water Supply. Prior to disposal, contact
water that cannot be applied to contaminated soil shall be collected and
tested in accordance with paragraph Treatment Criteria for Contact Water.
Process sludge (resulting from the removal of suspended material in the
contact water) shall be treated to meet the requirements of paragraph
[Treatment Criteria for Soil] [ 1.

.4.4 Irrigation Equipment

hhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhddhdddddhhhhhhhk

NOTE: Irrigation is critical to maintaining optimum
moisture content, and maintaining high degradation
rates. In arid climates, water usage rates will

obviously be higher than in non-arid climates. Drip

irrigation systems are generally not recommended for

landfarming because they are not designed to

distribute moisture uniformly. Center-pivot

irrigation systems have been successfully used in

conjunction with pie-shaped, or semi-circular,

treatment cells.
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Irrigation equipment shall be capable of providing at least 0.7 L/s/1000 m2
40 gpm/acre distributed uniformly over the surface of the treatment cell.
The irrigation system shall be designed to minimize interference with
tilling of the treatment cell. Flood or overland flow irrigation methods
shall not be used.

.4.5 Weather Cover
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NOTE: This paragraph should be deleted if there
will be no requirement for use of a weather cover.
Weather covers allow an added measure of control
over moisture delivery to the treatment cell, and
may also be used to increase soil temperature. Use
of a weather cover will also allow the scale of the
contact water management facilities to be reduced.
Clam-shell buildings, metal buildings, pole barns,
large tents, or other prefabricated structures may
serve as weather covers. The section containing
requirements for the weather cover (e.g., Section
13120 PREENGINEERED METAL BUILDINGS), should include
the design snow load, maximum wind speed, soil
bearing capacity, seismic parameters, maximum and
minimum ambient air temperatures.
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If landfarming will be performed inside of an
enclosed structure, adequate ventilation must be
provided. A rate of 3 to 6 air changes per hour has
been recommended for composting facilities. Carbon
dioxide is generated and oxygen may become depleted
during landfarming. However, rates of oxygen
consumption for most landfarming applications will
be significantly lower than that of composting.
During material handling operations (e.g., tilling)
dust and engine exhaust fumes will accumulate. To
ensure that proper and consistent ventilation
requirements are specified, this section should be
coordinated with Section 15895 AIR SUPPLY,
DISTRIBUTION, VENTILATION, AND EXHAUST SYSTEM.
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Weather covers, or appropriate structures, shall be used to prevent
precipitation from coming into contact with soil in the treatment cell, and
shall be designed in accordance with Section [13120 PREENGINEERED METAL
BUILDINGS] [ 1. Covers shall allow for free exchange of gasses between
the atmosphere and the soil. Weather covers shall be sized to allow
unimpaired maneuvering of [front-end loaders,] [soil mixing equipment, ]
[and] [ 1; openings in weather covers shall be sized to allow for entry
and exit of [front-end loaders,] [soil mixing equipment,] [and] [ 1.
Ventilation of the covered facility shall be in accordance with Section
15895 AIR SUPPLY, DISTRIBUTION, VENTILATION, AND EXHAUST SYSTEM.

.4.6 Stockpiles
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NOTE: The requirements outlined in this paragraph
are the typical, minimum criteria the Contractor
should use to prepare the stockpile design.
However, in very arid climates, covers may not be
necessary. If operations will continue during
subfreezing conditions, it may be necessary to
ensure that the Contractor has included provisions
to prevent a portion of the contaminated soil
stockpile from freezing. This paragraph should be
edited based on site-specific factors and regulatory

requirements.
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Stockpiles shall be constructed for storing [contaminated material, ]
[oversize material,] [treated material] [and] [ 1. Stockpiles shall be
constructed to include:

a. An impermeable HDPE geomembrane liner with a minimum thickness
of 1.0 mm 40 mils. Subgrade preparation; and installation,
testing, inspection, and protection of the liner shall be in
accordance with Section 02372 WASTE CONTAINMENT GEOMEMBRANE.

b. An impermeable geomembrane cover with a minimum thickness of
[0.25] [ ] mm [10] [ ] mils to prevent precipitation from
entering the stockpile. Ancillary materials to keep the cover
anchored during windy conditions.

c. Berms surrounding stockpiles in accordance with paragraph
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Perimeter Berms.

1.4.7 Other Work Area Surfaces

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdhhdddhhhhhhhhhk

NOTE: This paragraph should be revised if paved
surfaces will not be required. It may be necessary
to require paving in areas designated for handling
contaminated material, and operation of heavy
equipment (e.g., front-end loaders). Concrete pads
are typically more expensive, though less permeable
than asphalt pads. Asphalt pads have been used for

hazardous waste composting projects.
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The soils pre-processing area shall be located [within the area designated
on the drawings] [ 1, and shall be constructed and paved in accordance
with Section [02741 HOT-MIX ASPHALT (HMA) FOR ROADS] [03300A CAST-IN-PLACE
STRUCTURAL CONCRETE] .

1.4.8 Accuracy of Measurement Equipment
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NOTE: This paragraph is primarily intended to
ensure that calibrated scales are being used to
weigh treated soil, when weight is being used as the

basis for measurement and payment.
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Measuring devices, such as scales, shall be accurate to at least [15]

[ ] percent of the unit used as the basis for measurement and payment.
A check of calibration of measuring equipment shall be performed prior to
initial use, and once every [7] [ ] calendar days. The requirements of
this paragraph do not apply to measurement of chemical data.

1.5 PERFORMANCE REQUIREMENTS

Sampling and analyses shall be performed in accordance with Section 01450A
CHEMICAL DATA QUALITY CONTROL.

1.5.1 Treatment Criteria and Criteria for Reuse of Treated Soil
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NOTE: Landfarming is primarily applicable to
nonvolatile and semi-volatile organic contaminants,
including: low-volatility components of fuels,
diesel fuel, kerosine-based fuels, fuel oils,
pentachlorophenol (PCP), some polycyclic aromatic
hydrocarbons (PAHs, as found in creosote), some
pesticides, and some herbicides. Biodegradation of
PAHs becomes more difficult as the number of rings
increases. Thus, landfarming is usually not
considered to be an efficient process for treating
PAHs that contain more than four aromatic rings.
Contaminated soil will be aerated during tilling and
material handling operations. Thus, the volatility
of contaminants of concern should be taken into
consideration to ensure that air emissions
requirements are not exceeded. Non-weathered, light
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fuels such as gasoline are not suitable for
landfarming since the most toxic components (i.e.,
BTEX) will readily volatilize.

Depending on regulatory requirements, both total
concentration and leachability concentrations for
some compounds may be required. Total
concentrations can be used to estimate worst case
leachate concentrations. If the contaminated
material is classified as characteristic waste,
leachability testing will usually be required, and
the appropriate leachability test (e.g., EPA
Synthetic Precipitation Leachate Procedure (SPLP) or
EPA Toxicity Characteristic Leachate Procedure
(TCLP)) must be selected. If the treated material
will not be disposed of in a landfill, SPLP testing
may be appropriate.

Although there are EPA Land Application regulations
for metals and pathogens (40 CFR 503 - Standards for
Use or Disposal of Sewage Sludge), these regulations
are not normally applicable to hazardous waste
landfarming.

For compounds whose partial breakdown products
(intermediates) have been defined, it may be
necessary to include testing for key intermediates.
However, it may not be practical to require testing
for intermediates if chemical standards are not
available. A compound should not be targeted for
analysis unless there is a defensible basis for
acquiring the data (e.g., if there is strong
probability of generating an intermediate with
higher toxicity than the parent compound). This
paragraph should be coordinated with Section 01450A
CHEMICAL DATA QUALITY CONTROL to ensure that
required analyses are included in the specified
analytical methods.

Treatment criteria, and criteria for disposal (or
reuse) should be in accordance with Federal, state
and local regulations. Prior approval by regulatory
representatives should be acquired for treatment

criteria values.
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1.5.1.1 Treatment Criteria for Soil
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NOTE: Paragraph Confirmation of Attainment of
Treatment Criteria for Contaminants of Concern
should be coordinated with this paragraph, and
reviewed for guidance on adding a separate set of
"ceiling values" for each contaminant of concern to
this paragraph.

It is possible for petroleum, oils and lubricants

(POLs) and other fluids from material handling
equipment to be spilled onto soil during process
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operations. Thus, testing for POLs should be
considered. The treatment criteria shown below are
only examples. This paragraph should be edited to

include site-specific criteria.
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The treated material shall meet the criteria shown in Table 1.

TABLE 1
TREATMENT CRITERIA FOR ORGANICS

ORGANIC CONTAMINANT MAXIMUM TOTAL CONCENTRATION IN SOIL
Pentachlorophenol [ ] mg/kg
Total Polynuclear Aromatic Hydrocarbons (PAHs) [ ] mg/kg
Total cPAHs (carcinogenic PAHS) [ 1 mg/kg
Total Petroleum Hydrocarbons (TPH) [ 1 mg/kg
0il and Grease [ 1 mg/kg
[ ] [ 1 mg/kg

1.5.1.2 Criteria for Reuse of Treated Soil

hhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhddhdddddhhhhhhhk

NOTE: For some projects this paragraph could be
combined with the above paragraph, Treatment
Criteria for Soil. For the purposes of this guide
specification, this paragraph has been separated to
emphasize that a separate set of regulatory criteria
may have to be met before treated soil can be
incorporated into top soil.

The land application or beneficial use of treated
soil will be largely controlled by existing land
disposal restrictions (40 CFR 268), specifically
toxicity characteristics for RCRA metals, volatiles,
and semi-volatiles and any triggered universal
treatment standards (40 CFR 268.48). While the
metals loading rates found in 40 CFR 503 (i.e., 40
CFR 503.13 - Pollutant limits) may be useful in
evaluating beneficial reuse alternatives, the
designer is cautioned that the scope of this
standard is for domestic sewage sludge. Soils
treated via landfarming may not meet this
definition, and therefore would not be excluded from
hazardous waste management regulations. The
application of ceiling values listed in 40 CFR
503.13 to treated soil not excluded from hazardous
waste regulations, is not allowed under regulation
(40 CFR 503.6).

Although reductions in concentrations of heavy
metals may occur due to mixing and dilution effects,
landfarming is usually not considered a treatment
process for inorganics. Depending on regulatory
requirements and intended end use, it may be
necessary to require testing for some inorganic
parameters. The treatment criteria shown below are
only examples. This paragraph should be edited to
include site-specific criteria.
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Prior to final disposition, the treated material shall meet the criteria
shown in Table 2.

TABLE 2
TREATMENT CRITERIA FOR INORGANICS

INORGANIC CONTAMINANT MAXIMUM TOTAL CONCENTRATION IN SOIL
Chromium [ 1 mg/kg
Copper [ 1 mg/kg
Arsenic [ 1 mg/kg
Lead [ ] mg/kg
Barium [ 1 mg/kg
[ ] [ ] mg/kg
1.5.1.3 Particle Size Criteria for Treated Soil
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NOTE: Oversized materials are typically separated
from contaminated soil during soil pre-processing.
Relatively impermeable oversize materials (e.g.,
rocks) are often treated by rinsing or pressure
washing. However, clods of contaminated soil or
other large particle-size materials that are not
broken-up during tilling cannot be assumed to be
adequately treated by landfarming. If attrition of
this chunk-material does not occur with repeated
tilling, it may be necessary to perform additional
sampling and analysis specifically to determine if
chunk-material is being treated.

Particle size criteria may be waived if sampling and
analysis of the large particle-size materials
demonstrates that treatment criteria is being
achieved. A sufficient quantity of large
particle-size material should be collected so that
samples will be representative of the
"chunk-fraction" throughout the treatment cell. The
large particle-size material must then be ground-up
so that subsamples can be submitted for testing.

If treatment of large particle-size materials can
not be adequately demonstrated, then an additiomnal
processing step may be necessary. Equipment such as
soil shredders will increase the cost of treatment,
but can be used to reduce the particle size and
thereby improve the degree of treatment achieved.
The goal should be to reduce the particle size of
treated soil to approximately 1.3 to 3.0 cm (0.5 to

1.5 inches).
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To achieve uniform treatment, clumps of soil shall be reduced in particle

size by tilling or other mechanical means. The maximum particle size in
the treated soil matrix shall be not greater than [30] [ ] mm [1.5]
[ ] inches.
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Treatment Criteria for Contact Water
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NOTE: Treatment and disposal options for contact
water include: onsite treatment and discharge;
offsite treatment and disposal; and storage and
reuse as irrigation water. The treatment criteria
shown below are only examples. This paragraph
should be edited to include site-specific criteria.
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Contact water shall meet the criteria shown in Table 3 at the time of

[discharge] [offsite disposal] [ 1.

TABLE 3

WATER DISPOSAL/DISCHARGE CRITERIA

minimum pH
maximum PH

PARAMETER MAXIMUM CONCENTRATION
Chromium [ ] mg/L
Copper [ ] mg/L
Arsenic [ ] mg/L
Lead [ ] mg/L
TPH [ ] mg/L
0il and Grease [ ] mg/L Nitrate
] mg/L

Total phosphates [ ] mg/L
Ammonia [ ] mg/L
Total Kjeldahl nitrogen [ ] mg/L
Total suspended solids [ ] mg/L
5 Day Biochemical Oxygen Demand (BOD) [ ] mg/L

[ ]

[ ]

[ ]

[ ]

1.5.3 Treatment Criteria for Other Waste
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NOTE: Other waste may include sludge or sediment

resulting from treatment of contact water,

and

oversize material. Treatment may not be required
for some wastes. Treatment criteria should be

provided if treatment will be conducted on-site.
treatment criteria already provided in the preceding

If

paragraphs do not adequately cover "Other Wastes",
it may be necessary to provide additional criteria,
specific to "Other Wastes". Oversize material is

often pressure-washed prior to disposal.

Sludge or

sediment may often be blended with contaminated soil

for processing in the treatment cell.
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The following materials shall be treated prior to disposal:
sediment resulting from treatment of contact water,

that has been separated from contaminated soil] [ 1.
be in accordance with regulatory requirements.
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1.6 SUBMITTALS
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NOTE: Review submittal description (SD) definitions
in Section 01330 SUBMITTAL PROCEDURES and edit the
following list to reflect only the submittals
required for the project. Submittals should be kept
to the minimum required for adequate quality control.

A “G” following a submittal item indicates that the
submittal requires Government approval. Some
submittals are already marked with a “G”. Only
delete an existing “G” if the submittal item is not
complex and can be reviewed through the Contractor’s
Quality Control system. Only add a “G” if the
submittal is sufficiently important or complex in
context of the project.

For submittals requiring Government approval on Army
projects, a code of up to three characters within
the submittal tags may be used following the "G"
designation to indicate the approving authority.
Codes for Army projects using the Resident
Management System (RMS) are: "AE" for
Architect-Engineer; "DO" for District Office
(Engineering Division or other organization in the
District Office); "AO" for Area Office; "RO" for
Resident Office; and "PO" for Project Office. Codes
following the "G" typically are not used for Navy,
Air Force, and NASA projects.

Choose the first bracketed item for Navy, Air Force
and NASA projects, or choose the second bracketed

item for Army projects.
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Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are [for Contractor Quality Control
approval.] [for information only. When used, a designation following the
"G" designation identifies the office that will review the submittal for
the Government.] The following shall be submitted in accordance with
Section 01330 SUBMITTAL PROCEDURES:

ER R R R R R R R R R R R R R R R R R R R R R R R kR R R Rk R R R R R R R R R R R R R R R R R R R R R R R R R R R Rk
NOTE:

Submittal scheduling should allow for an adequate
amount of time for:

1. Preparation and review of submittals.

2. The treatment period of the bench-scale test and
the field demonstration.

3. Receipt of analytical results from the
laboratory for samples collected on the last day of
the treatment period.

The time periods shown for completing submittals

have been sequenced to illustrate this point.
Ideally, the Bench-Scale Test Report should be
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completed before the Contractor is required to
submit the Field Demonstration Plan, and the Field
Demonstration Report should be completed before the
Contractor is required to submit the Landfarming

Work Plan.
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SD-03 Product Data
Bench-Scale Test[; Gl [; G, [ 11

The bench-scale test plan not more than [30] [ ] calendar
days after notice to proceed. A period of not less than [30]
[ ] calendar days shall be allowed for in the schedule for
Government review. This plan shall include: location of test
facility; minimum, initial levels of contaminants in the soil to
be used for the study; locations that will serve as the source of
soil for the study; test parameters and number of samples that
will be used to confirm that the soil meets criteria for the
study; rationale for use of each proposed amendment; and the
source of each amendment. For organic amendments, such as manure
or wood products, the plan shall state the intended freshness of
the amendment; and the length of the period of aging, prior to
incorporating the amendment into soil. For each test condition,
the amount of each amendment that will be added per unit volume of
soil; temperatures under which testing will be performed; the
number of replicate tests for each test condition; description of
containers that will be used; procedure for mixing soil; frequency
of mixing; testing and monitoring parameters; number of samples;
monitoring frequency; length of monitoring period; and laboratory
turn-around-time. Test methods, and other sampling and analysis
requirements for the bench-scale test shall be [covered by
submittals specified in Section 01450A CHEMICAL DATA QUALITY

CONTROL] [ 1.
Field Demonstration[; Gl [; G, [ 11
A field demonstration plan not more than [270] [ ] calendar

days after notice to proceed. A period of not less than [30]

[ ] calendar days shall be allowed for in the schedule for
Government review. This plan shall include: location for
performing the field demonstration; minimum, initial levels of
contaminants in the soil to be used for the demonstration;
locations that will serve as the source of soil for the
demonstration; test parameters and number of samples that will be
used to confirm that the soil meets criteria for the
demonstration; rationale for use of each proposed amendment; and
the source of each amendment. For organic amendments, such as
manure or wood products, the plan shall state the intended
freshness of the amendment; and the length of the period of aging,
prior to incorporating the amendment into soil. For each test
condition, the amount of each amendment that will be added to each
cubic m yard of contaminated soil; anticipated temperatures under
which the field demonstration will be performed; irrigation and
tilling equipment specifications; irrigation water source; plan
for operation, maintenance and process monitoring; and laboratory
turn-around-time. Test methods, and other sampling and analysis
requirements for the field demonstration test shall be [covered by
submittals specified in Section 01450A CHEMICAL DATA QUALITY
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CONTROL] [ 1.
Landfarming Work Plan([; Gl I[; G, I 11

Landfarming Work Plan not more than [480] [ ] calendar days
after notice to proceed. A period of not less than [30] [ ]
calendar days shall be allowed for in the schedule for Government
review.

Treatment Completion Records[; Gl [; G, [ 11

Copies of records for treated or processed materials which have
been disposed of not more than [45] [ ] calendar days after
disposal of each batch (or 1ift) of material. The following shall
be included for each batch (or 1ift) of treated material:
disposal location; date of transport to disposal location; volume
or weight of material; and chemical data reports.
Cross-references to submittals specified in Section 01450A
CHEMICAL DATA QUALITY CONTROL may be provided in leu of chemical
data reports. Cross-references to the submittal specified in
Section 02120 TRANSPORTATION AND DISPOSAL OF HAZARDOUS MATERIALS,
which includes the manifests, shall be provided for materials
disposed of offsite. For non-manifested materials disposed of
offsite, the following information shall also be provided:
address, phone number, and point of contact for each receiving
offsite disposal facility.

SD-06 Test Reports
Soil And Amendment Test Report[; Gl [; G, [ 1]

The soil and amendment test report not more than [120] [ ]
calendar days after notice to proceed. Report shall include: the
source of each amendment; characterization test results for each
amendment; the locations from where soil for the bench-scale test
was collected; the quantity of soil collected from each location;
and characterization test results for soil for the bench-scale

test.
Bench-Scale Test Report[; Gl [; G, [ 1]
The bench-scale test report not more than [60] [ ] calendar

days after completion of the bench-scale test. Report shall
include: characterization test results for each amendment; the
source of each amendment; for each condition tested, the amount of
each amendment that was added per unit volume of soil; the date
that the bench scale test was initiated; chronological table
showing all materials added, amount added, date of addition, and
each mixing, irrigation and sampling event. For organic
amendments, such as manure or wood products, the report shall
state the freshness of the amendment; and the length of the period
of aging, prior to incorporating the amendment into soil. The
report shall also include: physical and chemical monitoring data
from before, and during treatment; degradation rates; final
disposition of wastes and treated material; and conclusions.
Recommendations for the field demonstration shall also be provided
in the report.

Field Demonstration Report([; Gl [; G, [ 1]
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The field demonstration report not more than [60] [ ]
calendar days after completion of the field demonstration. The
report shall include: characterization test results for each
amendment; the source of each amendment; for each condition
tested, the amount of each amendment that was added per unit
volume of soil; chronological table showing all materials added,
amount added, date of addition, and each mixing, precipitation,
irrigation and sampling event. For organic amendments, such as
manure or wood products, the report shall state the freshness of
the amendment; and the length of the period of aging, prior to
incorporating the amendment into soil. The report shall also
include: physical and chemical monitoring data from before, and
during treatment; degradation rates; final disposition of wastes
and treated material; and conclusions. Recommendations for
full-scale operations shall also be provided in the report. In
addition, the day-to-day log of operations and adjustments shall
be included in an appendix.

Operations Reports

During the [field demonstration,] [and] [full-scale operations,]
reports shall be furnished weekly for the first [10] [ ]
weeks, and every [2] [ ] weeks thereafter. Copies of the

reports shall be kept at the facility. The following information
shall be recorded and maintained until closure of the facility:
description (including sources) of contaminated soil and
amendments on site; the dates of receipt, storage, treatment, and
disposal of contaminated soil and amendments; the location of all
amendments and contaminated soil on site, and the quantity at each
location. The location and quantity of each type of material
shall be recorded on a map or diagram of the site. This
information shall include cross-references to specific manifest
document numbers, if the waste was accompanied by a manifest.
Summary reports and details of all incidents that require
implementing contingency plans, or corrective action measures
shall also be provided. The reports shall also include: date and
time of each monitoring or testing event; results from each
monitoring or testing event; monitoring procedure, or test method
used; individual performing the monitoring or testing, and other
individuals present; and remarks. Cross-references to submittals
specified in other sections (e.g., Section 01450A CHEMICAL DATA
QUALITY CONTROL) may be provided to prevent duplicate information
in separate submittals.

SD-07 Certificates

Synthetic or Manufactured Additives[; Gl [; G, [ 11

Material safety data sheets (MSDSs), certificates of analysis,
and product performance data not more than [45] [ ] calendar
days after notice to proceed. MSDSs shall be in accordance with
29 CFR 1910 Section 1200 (g).

Landfarming Work Plan

Copies of the permits, permit equivalents and certifications
with the Landfarming Work Plan.
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1.7 LANDFARMING WORK PLAN
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NOTE: Correspondence from regulatory agencies, and
other relevant information, should be attached to
the specifications to indicate the level of effort
necessary for the Contractor to obtain finalized
permits, permit equivalents, certifications and to
meet substantive regulatory requirements.

Requirements for sampling and analysis for chemical
data may be provided as part of submittals described
in Section 01450A CHEMICAL DATA QUALITY CONTROL.
Sampling and analysis requirements for parameters
not covered under Section 01450A (i.e., non-chemical
data) should be included in the landfarming Work
Plan. To avoid duplications in submittal
requirements, submittals in this Section should be
coordinated with other sections of the contract
(e.g., 01450A CHEMICAL DATA QUALITY CONTROL, 01451A
CONTRACTOR QUALITY CONTROL, and 01320A PROJECT
SCHEDULE) .

If a request-for-proposal contract is being
prepared, this paragraph and the Submittals
paragraph should be edited and used to form the
basis for Contractor proposals. The sub-paragraph
titled, Contractor Experience, should be omitted if

the Contractor has been pre-selected.
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The landfarming work plan shall include, but shall not be limited to, the
following:

a. Permits and Certifications. The Contractor shall obtain the
permits, permit equivalents and certifications; and shall meet the
substantive regulatory requirements necessary for the
installation, operation and closure of the project. For any of
the above-listed items requiring a longer time frame, copies of
applications, and scheduled dates for receiving final approval,
shall be included.

b. Schedule. The schedule shall specify dates and durations for:
excavation, hauling, stockpiling, start and completion of
mobilization, treatment cell construction, separation of oversize
materials, field demonstration, full-scale treatment of
contaminated materials, storage of treated material, disposal of
treated material and other wastes, and demobilization. The
following details shall also be provided: intended days and hours
of operation; plans for operating, or scaling back operations
during winter conditions; routine maintenance down-time for
tilling equipment; anticipated time to reach cleanup goals for
each 1ift of soil; and laboratory turn-around time to receive data
from compliance samples.

c. Project Organization and Personnel. An organization chart,
including subcontractors, shall be provided; the chart shall
include the names, responsibilities, education, and resume of the
key project personnel. Key personnel shall include, but shall not
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be limited to: project managers, quality control personnel,
supervisory operators and technicians, and engineering staff.
Responsibilities of each individual in the organization shall be
clearly defined in terms of project activities including, but not
limited to: project management and coordination; scheduling;
quality control and quality assurance; sampling; measurement;
field and laboratory analysis; data management; operation and
maintenance; and health and safety management.

d. Selection of Amendments. Rationale for use of each proposed
amendment. Description of, and sources for, each amendment;
including at least one alternative source for each category of
amendment. Locations of each source, and distances from the site
shall be included. For amendments that are only available on a
seasonal basis, a plan for substituting alternative types of
amendments shall be provided. For organic amendments, such as
manure or wood products, the plan shall state the intended
freshness of the amendment; or the length of the planned period of
aging, prior to incorporating the amendment into soil. The
proposed amount of each amendment that will be added to each cubic
m yard of contaminated soil shall also be included.

e. Emissions, Dust and Odor Control. For each stage of
operations, the plan shall include: the sources of emissions,
dust and odors during each stage of operations, and proposed
control measures. The stages of operation shall include, but
shall not be limited to: construction of treatment cell; soil
pre-processing; treatment, transport, and disposal of oversize
material; material handling during landfarming operations,
including tilling; transport and storage of treated soil; disposal
of treated soil. If air monitoring will be required, the
following shall also be included: type and locations of
monitoring devices; and for each stage of operations, frequency of
sampling, number of samples from each location, the total number
of samples, and the parameters to be monitored.

f. Operations and Process Monitoring. A detailed description of
the proposed operation shall be provided. The description shall
include: plans for pre-processing of contaminated soils; plans
for stockpiling materials; plans and schedule for pick-up,
transport, delivery and storage of each amendment during
operations; plans for mixing amendments into soil; methods for
measuring quantities of soil, and amendments; treatment cell area
required for each lift; contact water management plans; parameters
that will be monitored during landfarming; frequency of
monitoring, tilling and irrigation during operations; locations of
each sampling station shown from plan view; sampling locations
shown on a diagram depicting a cross-section of the treatment
cell; the number of sampling stations per each 1lift of soil;
moisture and temperature monitoring locations shall also be shown;
and plans for storage and disposal of treated materials.

g. Protocol for Compliance Testing. A detailed, chronological
description of the sequence of procedures and tests that will be
used to determine whether the soil has met treatment criteria.

The locations of each sampling station shown from plan view; the
number of sampling stations per each 1lift of soil; sampling
locations shown on a diagram depicting a cross-section of the
treatment cell; the number of samples that will be tested for each
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type of test performed as a part of compliance testing; and
laboratory turn-around-time.

h. Protocol for Determining if Soil Meets Criteria for Disposal.
A detailed, chronological description of the sequence of
procedures and tests that will be used to determine whether the
soil has met criteria for disposal; including: the location of
each sampling station shown from plan view; the number of sampling
stations per each 1lift of soil; sampling locations shown on a
diagram depicting a cross-section of the treatment cell; and the
number of samples that will be tested for each type of test
performed.

i. ©Non-landfarming Treatment Processes. A detailed description
of the procedures for treatment of air, liquid, and solid wastes
that will be treated by a process other than landfarming,
including: treatment criteria for oversize material and other
wastes; testing parameters; sampling locations; number of samples;
monitoring frequency; and laboratory turn-around-time.

j. Equipment and Servicing. A detailed description of the
proposed treatment equipment shall be provided. For each proposed
piece of equipment, the description shall include: function,
design capacity, equipment specifications identifying manufacturer
and model number, material of construction, recommended operating
conditions, and the number of units that will be present on-site
during each stage of operations. Equipment described shall
include, but shall not be limited to: tilling devices; pumps;
irrigation equipment; sampling and testing devices for process
monitoring; and moisture and temperature monitoring devices.

Plans for servicing equipment shall also be provided, and shall
explain how material handling and tilling will be accomplished
during servicing of equipment, and during unanticipated breakdown
of machinery.

k. Drawings. Project drawings shall include: 1limits of planned
excavations; layout of the facility; dimensions of amendment
storage areas, pre-processing areas, and treatment cell; details
of treatment cell liner and sumps; dimensions and volumes of
stockpiles for contaminated soils, oversize materials, and treated
materials; locations, dimensions, and volume of collection sumps
and any ancillary water storage facilities; plan view and cross
sections of perimeter berms and collection sumps; ancillary water
storage facilities; size of contact water conveyance devices and
structures; piping and instrumentation diagrams; and process flow
diagrams.

1. Process Material Tracking Schedule. The proposed schedule
shall be used to record the quantities of the contaminated
materials treated. The dates and duration of the following
activities shall also be provided for each 1lift of contaminated
material: initiation of landfarming; completion of landfarming;
re-processing of any treated materials that failed to meet
treatment criteria; storage of treated material; disposal of
treated material.

m. Disposal and Reuse of Wastes. A detailed description of the

plans for disposal of solid and liquid wastes. For each type of
waste that will be generated, the following shall be provided:
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origin and description of waste; estimated total quantity of
waste; method of transport to disposal location; disposal
location; and schedule showing the anticipated quantities and
dates for generation, transport, and disposal of the wastes.
Waste types shall include: treated soil, oversize materials,
contact water, and other solid and liquid wastes generated during
the project.

n. Mobilization and Demobilization. A mobilization and
demobilization plan shall include: transport of personnel,
material, and equipment; decontamination and disposal of materials
and equipment brought to the site; decontamination and disposal of
the treatment cell and other paved surfaces. The demobilization
plan shall include a Post-Treatment Cleanup and Sampling Plan for
areas where there was contact with contaminated materials.

o. Contractor Experience. Description of the Contractor's
previous landfarming projects; and previous project requiring
handling and transport of soil contaminated with a RCRA hazardous
constituent, or CERCLA hazardous substance. For each project, the
following shall be provided: site name, location, the names of
the Contractor's key personnel; key points of contact and phone
numbers (including government representatives, and other parties
involved in the project); dates of mobilization/demobilization;
contaminants of concern; and the volume of contaminated soil
handled or treated. The following shall also be provided, if
available: dates for initiating and completing treatment; amount
of time required to treat each lift of contaminated soil; volume
of amendments added per unit volume of contaminated soil; initial
volume of soil, and final volume after treatment; concentrations
of contaminants of concern in soil (before treatment), during
treatment period, and after treatment.

1.8 QUALIFICATIONS
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NOTE: For sites with unusual, or difficult to
treat, contaminants of concern, the designer should
consider including a requirement that the Contractor
have completed a field demonstration or full-scale
project where the same type of contaminants were
successfully treated. However, including such a
requirement may limit the number of qualified
bidders, and drive up the price of the contract.

This paragraph should be omitted if the Contractor

has been pre-selected.
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The Contractor shall have successfully completed at least [1] [ ]
landfarming project that required processing of a volume of contaminated
soil comparable to the estimated volume that will require treatment during
this project. The Contractor shall also have successfully completed at
least [1] [ ] full-scale project, that required handling and transport
of soil contaminated with a [RCRA hazardous constituent, or CERCLA
hazardous substance] [ 1.

SECTION 02190 Page 29



1.9 PROJECT/SITE CONDITIONS
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NOTE: The pertinent site characterization data
should be placed in the appendices of the technical
specifications or on the drawings, and referenced
here. If the site contains a significant amount of
debris, the available information about its extent
and characterization should also be provided.
Indicate the detail to which site characterization
has been performed and indicate where data gaps
exist. The information should also include:
construction limits, property survey, access gates
and haul roads available to the Contractor,
locations of utilities, water sources, area
available for the field demonstration and treatment
cell, restricted areas adjacent to the project site,
chemical data, geotechnical data, sampling

locations, and boring logs.
khkkhkkkhkhkhkhkhkkhkhkhkkhkkkhkhkkkkhkkhkkhkhkhkhkhkkhkhkkhkhkkhkhkkkkkkkkkkkkkkhkhkkhkhkkkhkkkkhkkkkkkkkkkkk

The physical conditions indicated on the [drawings] [and] [specifications]
are the result of site investigations. The nature and extent of
contamination are [summarized in Table 4] [shown in an appendix to the
specifications] [ 1. The Contract