EXHIBIT 7
LETTER FROM JEFF SHEPHERD AND PAUL BURNS OF CEC REGARDING APPLICABLE OREGON
DEQ PERMITS




February 26, 2024

Mr. lan Macnab
Environmental Manager
Republic Services, Inc.
28972 Coffin Butte Rd
Corvallis, OR 97330

Subject: Oregon Department of Environmental Quality
Required Landfill Permits

Dear Mr. Macnab;

CEC has compiled the following information to provide an overview of the Oregon Department of
Environmental Quality (ODEQ) permits required for the expansion of the Coffin Butte Landfill. The Coffin
Butte Landfill holds permits for the existing facility and operation, but will need to obtain permit
modifications from the ODEQ for approval to expand the landfill.

Modifications to the existing permits will be required for the ODEQ Solid Waste Facility Permit, the ODEQ
1200-Z stormwater Permit and the ODEQ title V (Air) Operating Permit. Following is a brief overview of
each permit. The information in the overview is from the ODEQ Solid Waste Landfill Guidance Document,
Department of State Lands website and ODEQ Air Quality and Water Quality websites.

As noted in the bulleted list below, a Land Use Compatibility Statement (LUCS) must accompany the
application for the ODEQ permit modification application. Upon completion of the land use process by
Benton County (Republic Services Conditional Use Permit Application), the County planning office
completes Section 2 of the LUCS to indicate the use is compatible with the land use regulations and
attaches written findings supporting the decision of compatibility. The LUCS will be included in the ODEQ
Solid Waste Facility permit modification application.

ODEQ Solid Waste Permit:

The following documentation and information must be included with the permit application:

e Aland Use Compatibility Statement

e A recommendation from the local solid waste planning authority

e Demonstration of the need for a new, modified or expanded facility
e A Certificate of Business Registry

e Identifying any other known or anticipated permits

e Application fee and compliance fees (if required)

e Any other information DEQ deems necessary
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Solid Waste facility Permit applications must include the following information:

Section 1: Location Restrictions

The location restrictions address the following:
e Airport safety
e Flood plains
e Wetlands
e Fault areas
e Seismic impact zones
e Unstable areas
e Critical habitat
e Sensitive hydrogeologic environments

Section 2: Phase | Site Characterization

e Phase | Site Characterization, the initial stage of data collection, establishes a
preliminary framework for understanding the soils, geology and hydrogeology
and plans the Phase Il Site Characterization

Section 3: Phase Il Site Characterization

e Phase Il Site Characterization evaluates subsurface conditions in greater detail
including the depth and extent of the uppermost (water bearing) geologic units
and hydraulically interconnected units, the lithologic and hydraulic properties of
these units, groundwater flow patterns, and other factors

Section 4: Geotechnical Investigations

e Phase | Geotechnical Investigation - Conduct a preliminary geotechnical
investigation designed to accomplish the following objectives:
*= Characterize the variability, depth, aerial extent and engineering
properties of on-site soils and other overburden deposits

= |Inventory soils and other overburden deposits suitable for use in
construction, and identify the proposed use for these materials

*= |dentify geotechnical considerations (such as settlement and slope
stability) which must be addressed in the engineering design and/or
further characterized by a Phase Il Geotechnical assessment, and

= Develop a work plan for conducting a Phase |l Geotechnical investigation,
as necessary, to adequately characterize on-site soils and other
geotechnical considerations

e Phase Il Geotechnical Investigation
= Perform additional geotechnical investigations as required in the Phase
Il work plan and for design calculations and analyses.


https://www.oregon.gov/deq/FilterDocs/SWGuidance01.pdf
https://www.oregon.gov/deq/FilterDocs/SWGuidance02.pdf
https://www.oregon.gov/deq/FilterDocs/SWGuidance03.pdf
https://www.oregon.gov/deq/FilterDocs/SWGuidance04.pdf
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Section 5: Conceptual Design of Landfill Facilities

e This section describes the elements of a Site Development Plan, including:
=  Facility operation
*=  Conceptual design of landfill facilities
* Leachate management
= Surface water management
= Landfill gas management
=  Environmental monitoring
= Closure and end use
= Supporting information

Section 6: Leachate Treatment and Disposal Feasibility Study

e Available leachate treatment alternatives should be evaluated. Methods that
reflect site-specific conditions, and a full consideration of cross-media impacts
should be selected for the facility

Section 7: Detailed Design

This section provides guidance on preparing detailed design plans and specifications
for the following environmental control systems:

e Liner system

e Soil liner component

e Geomembrane component

e Primary leachate collection and removal system
e Secondary leachate collection and removal system
e Leachate treatment and storage impoundments
e Leachate holding tanks and conveyance pipelines
e Leachate treatment process

e Final cover system

e Surface water control system, and

e Landfill gas control system

Section 8: Facility Construction Program

The facility construction program should include the following elements:

e Anorganized, qualified construction project team

e Department-approved design drawings and specifications for each phase of
landfill development

e A Construction Quality Control (CQC) program

e A Construction Quality Assurance (CQA) program, and

e Construction Certification Reports based on an evaluation of CQC and CQA
documentation which certify that construction was completed in accordance
with Department-approved plans and specifications


https://www.oregon.gov/deq/FilterDocs/SWGuidance05.pdf
https://www.oregon.gov/deq/FilterDocs/SWGuidance06.pdf
https://www.oregon.gov/deq/FilterDocs/SWGuidance07.pdf
https://www.oregon.gov/deq/FilterDocs/SWGuidance08.pdf
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Section 9: Landfill Operations

e During the design phase of the project, prepare an operations plan that integrates the
site development plan, the facility design elements, and the operational elements
described in this subsection. Submit the plan to DEQ for review and approval.

e Once the landfill unit and related facilities are constructed and activated, prepare the
O&M manual. Incorporate the operations plan elements, construction documents,
and equipment manufacturers and suppliers data. Prepare separate O&M manuals
for complex systems, such as leachate treatment systems, landfill gas control
systems. Make the O&M manual available to operating personnel and place a copy of
the manual(s) in the facility operating record.

Section 10: Environmental Monitoring

Prepare and submit an Environmental Monitoring Plan (EMP) report to the
Department for review and approval. Upon approval, all environmental
monitoring must be conducted in accordance with the EMP, including any
conditions of the approval. The plan should be stamped by an Oregon Registered
Geologist with experience in environmental monitoring.

The following regulations govern environmental monitoring:
= 40 CFR Part 258, Solid Waste Disposal Facility Criteria
=  OAR 340 Division 94, Solid Waste Management
= OAR 340 Division 40, Groundwater Quality Protection

Section 11: Closure and Post-Closure

Minimum requirements for closure plans and post-closure plans for MSW landfills
are specified in the Department's Financial Assurance Rule, OAR 340-94-100
through 145. The closure and post-closure requirements for Subtitle D landfills
differ from those of non-Subtitle D MSW landfills (i.e., closing facilities).

There are two separate categories of closure and post-closure plans:
= Subtitle D ("worst case") Closure and Post-closure Plans are based on a
hypothetical "worst case" scenario for closure and post-closure costs.
This scenario establishes a conservative basis for estimating financial
assurance funding requirements.

The Final Engineered Site Closure and Post-closure Plans are linked to the Closure Permit which must be
obtained at least 5 years prior to anticipated final closure. The Final Engineered plans reflect the
intended closure design. The Final Engineered plans contain all the elements of and replaces the Subtitle

D plans.

Section 12: Financial Assurance

=  Proper financial planning early in the development of landfill facilities is
required to ensure that adequate funding will be available to cover the
cost of closure(s), post-closure care, and any corrective action activities


https://www.oregon.gov/deq/FilterDocs/SWGuidance09.pdf
https://www.oregon.gov/deq/FilterDocs/SWGuidance10.pdf
https://www.oregon.gov/deq/FilterDocs/SWGuidance11.pdf
https://www.oregon.gov/deq/FilterDocs/SWGuidance12.pdf
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* Maintain financial assurance to cover the costs of:
*=  Closure of the landfill
= Post-closure monitoring and maintenance of the landfill facilities,
and
= Any corrective action required by the Department

Two other Oregon Department of Environmental Quality Permits that are required for the landfill include:
Stormwater 1200-Z Industrial Stormwater General Permit —

e This permit regulates stormwater discharges from industrial facilities that may reach Oregon
waterways, directly or through conveyance system such as ditches or storm drains.

The 1200-Z Permit modification is prepared and submitted to ODEQ concurrently with the ODEQ
Solid Waste Facility permit modification process.

Oregon Title V (Air) Operating Permit -

e Air quality permits include enforceable conditions with which the owner or operator of a
facility must comply. Some permit conditions are general to all types of emission units, and
some permit conditions are specific to the source. The permit establishes limits on the types
and amounts of air pollution allowed, operating requirements for pollution control devices or
pollution prevention activities, and monitoring and reporting requirements

The Title V (Air) Operating Permit modification is prepared and submitted once the ODEQ Solid
Waste Facility permit is issued.

A new permit which will be required for the project includes a Removal-Fill Permit for activity associated
with fill required to construct an access road in a small area of wetland in the northeast corner of the
development area (south side of Coffin Butte Road).

Oregon Department of State Lands Removal-Fill Permit
e Oregon's Removal-Fill Law (ORS 196.795-990) requires people who plan to remove or fill
material in wetlands or waterways to obtain a permit from the Department of State Lands.
This permit is broadly referred to as the “Removal-Fill Permit.” The law applies to all
landowners, whether private individuals or public agencies

Please let us know if you have any questions.

Sincerely;
Civil & Environmental Consultants, Inc.

—

Jeffery A. Shepherd, P.E. Paul F. Burns
Principal Principal

Attachment — ODEQ, Solid Waste Landfill Guidance Document


https://www.oregonlegislature.gov/bills_laws/ors/ors196.html
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Section 1: Location Restrictions

1.1 Introduction

Regulatory
reference

L ocation
restrictions

In this section

How to
respond

Inadequate
demonstrations

Related
information

OAR 340-94-030 and 40 CFR Part 258 include location restrictions for new
landfills or laterd expangons of exiding landfills.

The location restrictions address the following:
- arport safety

- flood plains

- wetlands

- fault aress

- sAgmic impact zones

- ungtable areas

- criticd habitat

- sengitive hydrogeol ogic environments

This section provides guidance on

- how to determineif the proposed new or laterd expansion of an existing
municipa solid waste landfill islocated in aredtricted areq, and

- how to make the associated |ocation restriction demongtrations

Complete the appropriate location restriction demongtrations and place the
associated documentation in the facility operating record. Notify the Department
when the demongtration has been placed in the operating record. Cite al sources
used in making each of the anadlyses and demondirations.

If an existing landfill unit cannot successfully meet the location redtrictions, then the
unit must be closed in accordance with OAR 340-94-120 and post-closure
activities must be conducted in accordance with OAR 340-94-130.

Site Characterization Reports, Site Geotechnicd Investigations, and the facility
conceptud design should provide relevant information for making location
restriction demongtrations.



1.2 Airport Safety

Notificationto  Determine if the proposed new or laterd expansion of an existing municipd solid

FAA waste landfill islocated within a five-mile (eight kilometer) radius of any airport
runway end used by turbojet or piston-type aircraft. If so, notify the affected
arport and the Federd Aviation Adminigtration (FAA).

Need for Determineif the proposed new or laterd expansion of an existing municipa solid
demonstration  wagte landfill iswithin
- 10,000 feet (3,048 meters) of any airport runway end used by turbojet aircraft,
or
- 5,000 feet (1,524 meters) of any airport runway end used by only piston-type
arcraft
If s0, demondtrate that the landfill is designed and operated so that the landfill does
not pose abird hazard to aircraft. Include a copy of the natifications, and any
responses received from the FAA or affected airport.

Thehazard of  Birds may be attracted to landfill unitsto satisfy aneed for water, food, nesting, or

birds roosting. Scavenger birds such as starlings, crows, blackbirds, and gulls are most
commonly associated with active landfill units. Where bird/aircraft collisions occur,
these types of birds are often involved due to their flocking, feeding, roosting, and
flight behaviors.

Bird hazard A demongration that alandfill unit does not pose abird hazard to aircraft within
demonstration  gpecified distances of an airport runway end should address at least the following
dements.
- regulated distance
- public use
- colligon risk
- landfill operation and desgn

Solid Waste Landfill Guidance Section 1 Page 1-2



Demonstration
of regulated
distance

Demonstration
of public use

Demonstration
of collision risk

Demonstration
of landfill
operation and
design

The distance measurement can be made using existing maps showing the
relationship of existing runways a the airport to the existing or proposed new unit
or laterd expanson. The measurement can be made by drawing a circle of
gppropriate radius from the centerline of each runway end. The measurement only
should be made between the end of the runway and the nearest landfill unit
perimeter, not between any other boundaries.

Maps: Topographic maps (USGS 15-minute series) or State, regiond, or loca
government agency maps providing Smilar or better accuracy would alow direct
scaing, or measurement, of the closest distance from the end of arunway to the
nearest landfill unit

The demondtration of whether the runway is part of apublic use airport and
whether al applicable public airports have been identified can be made by
contacting the airport adminigtration or the regiond FAA office,

Note: The demondration is not required for private airfields

The demondration should address the likelihood that the landfill unit may increase
bird/aircraft collisons. One approach is to determine whether birds are attracted to
the landfill unit and whether this increased populaion may result in more in
bird/aircraft collisons. The evauation of bird attraction can be based on field
observations at exigting facilities that have smilar geographic location, design
features, and operationa procedures.

The landfill unit design festures and operationd practices sgnificantly effect the
potentia for bird/arcraft collisons. The demongtration should include a discussion
of techniques to reduce collision risk. The following landfill design and operation
techniques may be employed to reduce the bird hazard to aircraft:

- waste management

- bird control

- landfill design

Solid Waste Landfill Guidance Section 1 Page 1-3



Waste
management
techniques

Frequent
covering

Shredding,
milling, or
baling

Bird control
techniques

Waste management techniques to reduce the supply of food to these birds include:

- frequent covering of wastes

- shredding, milling, or baing wastes, and

. diverting wastes that represent afood source for birds by source separation,
composting, waste minimization, or other methods

Freguent covering of wastes effectively reduces the availability of the food supply.
Depending on site operations, cover may need to be applied severd times aday to
minimize the working face.

Milling or shredding municipa solid waste bresks up food waste into smaller
particle Szes and digtributes the particles throughout non-food wastes, which dilutes
food wastes and reduces the materids’ attractivenessto birds.

The use of varying bird control techniques may prevent the birds from adjugting to a
sngle method. The table below provides examples of various techniques. Many of
these methods have limited long-term effects on controlling bird populations at
landfills, as the birds adapt to the environment in which they find food.

Bird control technique Example

visud deterrents redistic models (still or animated) of the bird's natura
predators (e.g., humans, owls, hawks, falcons)

sounds cannons, distress calls of the scavenger birds, and
sounds of its naturd predators

physica barriers fine wires strung across or near the working face

other more labor intensive | falconry and firearms

methods

Solid Waste Landfill Guidance Section 1 Page 1-4



Landfill design  Proper design and operation can aso reduce bird habitat. For example, good
sormwater management can prevent surface water ponding, which limits a source
of water for the birds.

Birds may aso be dtracted to alandfill unit as anesting area. Closed landfill cells
may provide aroosting habitat due to €levated ground temperatures and freedom
from disturbance. Nesting can be minimized by examining the nesting patterns and
requirements of undesirable birds and designing appropriate controls. For example,
nesting by certain species can be controlled through the mowing and maintenance
schedule a the landfill.

Solid Waste Landfill Guidance Section 1 Page 1-5



1.3 Floodplains

Need for
demonstration

I dentification
of floodplains

Demonstration
of temporary
storage

Demonstration
of washout

Determineif the proposed new or laterd expangon of an existing solid waste landfill

islocated in a 100-year floodplain. If so, demondtrate that the landfill will not:

- restrict the flow of the 100-year flood

- reduce the temporary water storage capacity of the floodplain, or

- result in washout of solid waste that poses a hazard to human hedth, the
environment, wildlife, or land or water resources

Identify floodplains using:
- flood insurance rate maps (FIRM) and flood boundary and floodway maps
published by the Federal Emergency Management Agency (FEMA), or

- floodplain maps available through other agencies such asthe U.S. Army Corps of
Engineers; the U.S. Geologic Survey, the U.S. Soil Conservation Service, the
Bureau of Land Management and state and local agencies

Maps not available: If floodplain maps are not available, and the facility is located
within afloodplain, then afied study to delineste the 100-year floodplain may be
required

To demondtrate that the facility does not Sgnificantly reduce the temporary storage
capacity of the floodplain during the base flood, estimate the

- floodplain storage capecity that would likely exist in absence of the facility

- floodplain storage capecity available in the vidnity of the fadlity, and

- change in Storage capacity and base flood eevation due to facility congtruction

Thelocation of facilities relative to the velocity ditribution of floodwaters will
greatly influence the susceptibility to washout. To demondrate that the facility will
not result in washout of solid wastes, provide a conservative estimate of the shear
sress of the landfill components caused by the depth, velocity, and duration of
impinging river weters during a 100-year slorm event.

Solid Waste Landfill Guidance Section 1 Page 1-6



1.4 Wetlands

Need for
demonstration

Other required
per mits

I nvolvement of
other agencies

Mitigation

Wetlands
identification

Solid Waste Landfill Guidance Section 1

Determine and describe whether the proposed new or laterd expansion of an
exiging municipa solid waste landfill islocated in wetlands. If so, demondirate that
the unit will not cause or contribute to significant degradation of the wetland.

If the municipa solid waste landfill unit isto be Stuated or Sgnificantly expanded in
wetlands, then consult with and obtain a permit from the Corps of Engineers
(COE). Include acopy of the permit or permit gpplication in the demongration, if
gpplicable.

Reference: Section 404(b)(2) of the Clean Water Act

During the permitting process, the Department and the State Divison of Lands will
need to be contacted to schedule a dite vigt. In generd, the COE will require
natification and/or consultation on any proposed impact on any wetland regardless
of the actud degree of the impact. Other agencies such as the Fish and Wildlife
Service and the SCS may aso need to be contacted.

Mitigation plans must be gpproved by the appropriate regulatory agencies and must
achieve an agreed-upon measure of success. Examples of mitigation include
restoration of degraded wetlands or crestion of wetland acreage from existing
uplands.

Wetlands are identified based on the presence of hydric soils, hydrophytic

vegetation, and the wetland hydrology. These characteristics affect the functiond

vaue of awetland interms of itsrolein:

- supporting fish and wildlife habitats

- providing aesthetic, scenic, and recregtiond value

. accommodating flood storage

. sudaning aquatic diversty, and

- its rdaionships to surrounding naturd areas through nutrient retention and
productivity exportation (e.g., releasing nutrients to downstream aress, providing
transportable food sources)

Page 1-7



Examples of
wetlands

Wetlands
assessment

Delineation
methods

Evaluation of
wetland value

M ethods for
evaluating
wetland value

The term "wetlands' includes siwvamps, marshes, bogs, and any areasthat are
inundated or saturated by ground water or surface water at a frequency and
duration to support, and that under normal circumstances do support, a prevalence
of vegetation adapted for life in saturated soil conditions.

A wetland assessment will need to be conducted by a quaified and experienced
multi-disciplinary team. The assessment should identify:

- thelimits of the wetland boundary based on hydrology, soil types and plant types
- the type and relaive abundance of vegetation, including trees, and

- rare, endangered, or otherwise protected species and their habitats (if any)

The current methods used to delineste wetlands are presented in "COE Wetlands
Ddineation Manud," 1987, per a January 1993, EPA and COE agreement. The
Federd manud for “Identifying and Dedlineating Jurisdictiond Wetlands’ (COE,
1989) contains an extensive reference list of available wetland literature. For
example, ligs of references for the identification of plant species characterigtic of
wetlands throughout the United States, hydric soils classfications, and rel ated
wetland topics are presented. USGS topographic maps, National Wetland
Inventory (NWI) maps, Soil Conservation Service (SCS) soil maps, wetland
inventory maps, and aeria photographs prepared locally aso may provide useful
information.

Evauation of ecologica resource protection may include assessment of the value of
the affected wetland.

Avallable methods include:

- andydsof functiond vadue

- the Wetland Evauation Technique (WET), and

- the Habitat Evaluation Procedure (HEP)

The most appropriate technique for a specific site should be selected in conjunction
with the Department and other applicable regulatory agencies.
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Analysis of
functional
value

WET

HEP

Locatingin a
wetlands

Minimizing
impacts

The functiond vaue of agiven wetland is dependent on its sail, plant, and
hydrologic characterigtics, particularly the diversity, prevaence, and extent of
wetland plant species. The relationship between the wetland and surrounding areas
(nutrient sinks and sources) and the ability of the wetland to support animal habitats,
or rare or endangered species, contributes to the evauation of functional vaue.

Wetland Evduation Technique (WET) alows comparison of the values and
functions of wetlands before and after congtruction of afacility, thereby projecting
the impact afacility may have on awetland. WET was developed by the Federa
Highway Adminigtration and revised by the COE (Adamuset al., 1987).

Habitat Evauation Procedure (HEP) was developed by the Fish and Wildlife
Service to determine the qudity and quantity of available habitat for sdlected
species. HEP and WET may be used in conjunction with each other to provide an
integrated assessment.

Erosion potentia and stability of wetland soils and any dredged or fill materia used
to support the landfill unit should be identified as part of the wetlands evauation.
Any adverse stability or erosion problems that could affect the landfill or
contaminant effects that could be caused by the landfill unit should be resolved.

All practicable steps are to be taken to minimize potentia impacts of the landfill unit
to wetlands. A number of measures that can ad in minimization of impacts are
avalable. Appropriate measure are Site-specific and should be incorporated into
the design and operation of the landfill unit. For example, placement of ground
water barriers may be required if soil and shalow ground water conditions would
cause dewatering of the wetland due to the existence of underdrain pipe systems at
the fadility.

It is possible thet the landfill unit/facility will not directly digolace wetlands, but thet
adverse effects may be caused by leachate or run-off. Engineered containment
systems for both leachate and run-off should mitigate the potentid for discharge to
wetlands.

Solid Waste Landfill Guidance Section 1 Page 1-9



Unavoidable
impacts

Upgrading
existing
wetlands

Replacement
of wetlands

Monitoring the
mitigation

All unavoidable impacts must be "offset” or compensated for to ensure that the
facility has not caused, to the extent practicable, any net loss of wetland acreage.
Wetland offset studies require review and development on a Site-specific basis. This
compensatory mitigation may take the form of

- upgrading existing margind or lower-qudity wetlands, or

- replacement of wetlands

To identify exigting wetlands that may be proposed for upgrade, a cursory
assessment of surrounding wetlands and uplands should be conducted. The
asessment may include a study to define the functiona characterigtics and inter-
relationships of these potentia wetland mitigation areas. An upgrade of an existing
wetland may consist of trangplanting gppropriate vegetation and importing low-
permegbility soil materials that would be conducive to forming saturated soil
conditions. Excavation to form open water bodies or gradud restoration of salt
water marshes by culvert expansons to promote seawater influx are other
examples of compensatory mitigetion.

The Divison of State Lands (DSL) has established offset ratios to determine how
much acreage of agiven functiona vaue is required to replace the wetlands that
werelost or impacted. Preservation of lands, such as through perpetud
conservation easements, may be considered as a viable offset option. DSL offset
ratios require for wetlands of an equivaent functiond value, that alarger acreage be
created than was displaced.

Due to the experimenta nature of cresting or enhancing wetlands, a monitoring
program to evauate the progress of the effort should be considered and may be
required as awetland permit condition. The purpose of the monitoring program is
to verify that the created/upgraded wetland is successfully established and that the
intended function of the wetland becomes sdlf-sugtaining over time.

Solid Waste Landfill Guidance Section 1 Page 1-10



1.5 Critical Habitat

Need for
demonstration

Other permits
required

Information on
threatened and
endangered
species

Determine if the municipa solid waste landfill unit islocated where landfill activities
could cause or contribute to the reduction of the likelihood of surviva and recovery
of athreatened or endangered species. If s0, demonstrate the measures that will be
taken to protect the species.

Reference: OAR 340-94-030(3)

If the municipa solid waste landfill unit isto be Stuated or Sgnificantly expanded in
acritica habitat, obtain a permit from the Secretary of Interior.

The Oregon Department of Fish and Wildlife maintains an up to date database of
information on threatened and endangered species.

The database coordinator can be reached at (503) 229-5454.

Solid Waste Landfill Guidance Section 1 Page 1-11



1.6 Fault Areas

Need for Determineif faults, having displacement in Holocene time, are likely or have been
demonstration  jdentified in the vicinity of the proposed new or latera expansion of an existing
munlclpd solid wagte landfill unit. If so, demondrate thet the landfill:
is more than 200 feet (60 meters) of afault that has had displacement in
Holocene time, or
- that an dternative setback distance of |ess than 200 feet (60 meters) will prevent
dameage to the structurd integrity of the landfill unit and protect human hedth and
the environment

Fault danger Proximity to afault can cause damage through:
- movement aong the fault which can cause displacement of facility structures
- seigmic activity associated with faulting which can cause damage to fecility
structures through vibratory action, and
- earth shaking which can cause ground failures such as dope fallures

Locating fault ~ U.S. Geologica Survey (USGS) mapping can be used to determine if a proposed

areas landfill unit islocated in aHolocenefault area. A series of maps known asthe
"Priminary Y oung Fault Maps, Miscdlaneous Fidd Investigation (MF) 916" was
published by the USGSin 1978. For information, cal the USGS at 1-800-USA-
MAPS (USGS Nationd Center in Reston, Virginia) or by caling (303) 236-7477
(USGS Map Sales Center in Denver, Colorado). The Oregon Divison of Geology
and Minerd Industries (DGAMI) isagood loca source of data on Holocene faults.
They can be reached at (503) 731-4444 (Nature of Oregon Information Center).

Loceating a fault zone that has moved since the USGS maps and other sources were
published may require a geologic reconnaissance of the Site and surrounding areas
to identify and map these features.
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1.7 Seismic Impact Zones

Need for
demonstration

Definition:
seismic impact
zone

Determining
horizontal
acceleration

Determineif the proposed new or laterd expanson of an existing municipd solid

wadte landfill islocated in aseismic impact zone. If so, demondrate that al

containment structures are designed to resst the maximum horizontal accderation in

lithified earth materid for the Ste. To make the demondiration:

- determine the expected peak ground acceeration from a maximum strength
earthquake that could occur in the area

- determine the ste-gpecific seismic hazards such as soil settlement, and

- design the facility to withstand the expected peak ground acceleration

Note: containment structures include liners, leachate collection and storage systems,
and surface water control systems

A Seismic Impact Zone is an areawith aten percent or greater probability that the
maximum horizontal accderation in lithified earth materid expressed asa
percentage of the earth's gravitationd pull (g), will exceed 0.10g in 250 years.

The determination of the maximum horizontal acceleration of the lithified earth
materid for the Site (see Figure 1-1) can be made by reviewing the seismic 250-
year interva mapsin U.S. Geologica Survey Miscellaneous Field Study Map MF-
2120, entitled "Probabilistic Earthquake Accdleration and Ve ocity Mapsfor the
United States and Puerto Rico" (Altermissin et al., 1991). To view the origina of
the map that is shown in Figure 1-1 (reduced in size), contact the USGS officein
your area. The origina map (Horizontal Accderation - Base modified from
U.S.G.S. Nationd Atlas, 1970, Miscellaneous Field Studies, Map MF 2120)
shows county lines within each state. For areas not covered by the aforementioned
map, USGS State seismic maps may be used to estimate the maximum horizontal
acceleration. The Nationad Earthquake Information Center, located at the
Colorado School of Minesin Golden, Colorado, can provide seismic maps of dl
50 states.
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Other sources TheNationd Earthquake Information Center maintains a database of known

of information  earthquakes and fault zones. Information on the location of earthouake epicenters
and intengties may be available through DGAMI or the Earthquake Information
Center. For information concerning potentid earthquakesin specific aress, the
Geologic Risk Assessment Branch of USGS may be of assstance. Other
organizations that study the effects of earthquakes on engineered structures include
the Nationa Information Service for Earthquake Engineering, the Building Seismic
Safety Council, the Nationa Indtitute of Science and Technology, and the American

Indtitute of Architects.
Impact of Studies indicate that earthquakes produce superficia (shallow) didesand
seismic activity  differential displacement, rather than massive slope failures (U.S. Navy 1983).
on landfills Stresses created by superficial failures can affect the liner system, final cover

systems, and leachate and gas collection and remova systems. Tensiond stresses
within the liner sysem can result in fracturing of the soil liner and/or tearing of the
flexible membrane liner.

Design The design of the facility dopes, leachate collection system, and other structura

considerations  components should have built-in conservative design factors. Additionally,
redundant precautionary measures should be designed and built into the various
landfill systems. Establish precautions using the table below.

If the maximum and thefacility is then
horizontal
accdleration in the
areais
gregter than0.lg | - complete an engineering evauation of
saigmic effects when preparing the
landfill design
lessthan 0.1g Stuated in an areawith low strength | complete an engineering evauation of
foundation soils or soilswith seigmic effects when preparing the
potentid for liquefaction landfill desgn
lessthan 0.1g not Stuated in an area with low asess the facility for the effects of
drength foundation soils or soilswith | seismic activity, and design the landfill
potentia for liquefaction accordingly
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Engineering
evaluation of
seismic effects

Design
implications

Materialsto
use

Vulnerable
landforms and
materials

The engineering evauation should examine soil behavior with respect to earthquake
intengty, including an evauation of seismic effects on foundation soil sability and
wadte gability under seiamic loading. When evaduating soil characteridics, it is
necessary to know the soil strength aswell as the magnitude or intensity of the
earthquake in terms of pesk acceleration. Other soil characteridtics, including
degree of compaction, sorting (organization of the soil particles), and degree of
saturation, may need to be consdered because of their potentia influence on Ste
conditions.

Example: deposits of loose granular soils may be compacted by the ground
vibrations induced by an earthquake resulting in large uniform or differentia
settlements of the ground surface

Design modifications to accommodate an earthquake may include shallower waste
Sidedopes, more conservative design of dikes and run-off controls, and additiona
contingencies for leachate collection in case primary systems are disrupted.
Strengths of the landfill component should be able to withstand these additiond
forces with an acceptable factor of safety. The design should be based on the
evauation of seismic effects.

Well-compacted cohes onless embankments or reasonably flat dopesin insenstive
clay arelesslikely to fail under moderate seismic shocks (up to 0.15g and 0.20g
acceleration). Embankments made of insengtive, cohesive soils founded on
cohesive soils or rock may withstand even greater seismic shocks. For earthen
embankments in seismic regions, designs with internd drainage and core materid
most resistant to fracturing should be considered.

Sope materids vulnerable to earthquake shocks include:
- very steep sopes of week, fractured and brittle rocks or unsaturated loess are
vulnerable to trangent shocks caused by tensond faulting

- loess and saturated sand may be liquefied by seismic shocks causing the sudden
collapse of structures and flow dides

- dmiler effects are possible in sengtive cohesive soils when naturd moisture
exceeds the soil's liquid limit, and

- dry cohesionless materia on adope at an angle of repose will respond to seismic
shock by shdlow doughing and dight flattening of the dope

In generd, loess, ddtaic soils, floodplain soils, and loose fills are highly susceptible

to liquefaction under saturated conditions (USEPA, 1992).
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Computer
modeling

Saffing

Geotechnicad dahility investigations frequently incorporate the use of computer
modds to reduce the computationd time of well-established andlytical methods.
Severd computer software packages are available that approximate the antici pated
dynamic forces of the design earthquake by resolving the forces into a static
andysis of loading on design cross sections. A conservative approach would
incorporate both vertical and horizonta forces caused by bedrock accderetion if it
can be shown that the types of materia of interest are susceptible to the vertica
force component. Typicaly, the horizontal force caused by bedrock acceleration is
the mgjor force to be considered in the seigmic stability andyss.

Examples of computer models: PC-Slope by Geodope Programming (1986),
FLUSH by the Universty of Cdifornia

The use of professionds experienced in seismic analyssis strongly recommended
for design of facilities located in areas of high seismic risk.
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1.8 Unstable Areas

Need for Determine if the Steislocated in an unstable area. If so, demondtrate that
demonstration  engineering measures have been incorporated into the appropriate landfill design to
protect the structurd integrity of the landfill.

Note: The results of the Ste stability investigation (see section 4) should be assessed
in making this determination

Geotechnical Congder the following factors when determining whether an areais ungtable:
factors - ongteor locd soil conditions that may result in Sgnificant differentia settling
- on-gteor local geologic or geomorphologic features, and

. on-gte or loca man-made features or events (both surface and subsurface)

Natural Natura unstable areas include those areas that have poor soils for foundations or
unstableareas  are susceptible to mass movement. Examples are described below:

- Areas with compressible or expansve soils.

- Expansve soils usudly are clay-rich soils that, because of their molecular
sructure, tend to swell and shrink by taking up and releasing water and thus are
sengtive to avariable hydrologic regime. Bentontite is a commonly used
example.

- Soilsthat are subject to rapid settlement (subsidence) include saturated Sits,
unconsolidated clays, and wetland soilsin generd.

- Soped areas subject to mass movement such as avalanches, landdides, debris
dides and flows, and rock dides. Such areas can be situated on steep or gradual

dopes.
Human- Examples of human-induced unstable areas are described below:
induced . The presence of cut and/or fill dopes during landfill congtruction causing dippage

unstableareas  of existing soil or rock.

- Excessve drawdown of ground water increases the effective overburden on the
foundation soils underneeth the unit causing excessive settlement or bearing
capacity fallure of the foundation soils.

- A dosed landfill asthe foundation for anew landfill (*piggy-backing") becoming
unstable if the foundation wastes have not undergone complete settlement.
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Unstable area
demonstration
contents

Stability
assessment

Sour ce of
infor mation on
natural
features

Finding human-
induced
instability

Types of soil
and rock
failures

Common
landfill failures

Assess the ability of the soils and/or rock to serve as afoundation and the ability of
Ste embankments and dopes to maintain a stable condition. Develop a design that
will address these types of concerns and prevent possible associated damage to
structura components.

In designing anew unit or laterad expanson or re-evauating an exigting unit, conduct
a gability assessment to identify stability problems and preventive measures.

- Nature of Oregon Information Center, Oregon Department of Geology and
Minera Industries at 731-4444

- Regiond or loca U.S. Soil Conservation Service soil maps

. Aeid photographs, and

- Ste-gpedific investigations

To evauate possible sources of human-induced ground ingtability, the Ste and
surrounding area should be examined for activities related to extensive withdrawal
of ail, gas, or water from subsurface geologic units. Evauate construction or other
operations that may result in ground maotion (e.g., blagting).

Principad modes of failurein soil or rock include:

- rotation (change of orientation) of an earthen mass on a curved dip surface
approximated by acircular arc

- trandation (change of position) of an earthen mass on a planar surface whose
length is large compared to depth below ground

- digplacement of awedge-shaped mass adong one or more plans of weakness,

- earth and mud flows in loose clayey and sty soils, and

- debrisflowsin coarse-grained soils

Two common types of falures can occur a alandfill unit:
. sdttlement
- loss of bearing srength
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Settlement Settlement benesth alandfill unit, both total and differentia, should be assessed and
compared to the eongation strength and flexure properties of the liner and leachate
collection pipe system. Smdl amounts of settlement can damage leachate collection
piping and sumps.

Allowable settlement is typicaly expressed as afunction of total settlement because
differentid settlement is more difficult to predict. However, differentid settlement is
amore serious threat to the integrity of the Structure than total settlement.
Differentid settlement generaly occurs beneath alandfill in response to
consolidation and dewatering of the foundation soils during and following waste
loading.

Loss of bearing Loss of bearing strength is a failure mode that can occur in aress that have

strength expansive, compressible, or liquefaction-prone soils. Loss of bearing strength has
occurred at Stes where excavations for new landfill units near exigting filled areas
reduced the mass of the soil at the toe of the dope and the overdl strength (resisting
force) of the foundation soil.
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1.9 Sensitive Hydrogeologic Environments

Need for
demonstration

Definition:
sensitive

hydr ogeologic
environments

Definition:
sensitive
aquifer

L ocation
prohibition

Deermineif the landfill unit is located in a sengtive hydrogeol ogic environment.

Sengtive hydrogeologic environments are defined as

. gravel pits excavated into or above awater table aquifer

- areas underlain by a sole source aquifer or other sengtive aquifer, and
- designated wellhead protection areas

Reference: OAR 340-90-030(4)

A sengitive aguifer isdefined as ™. . . any unconfined or semi-confined aquifer which
is hydraulicaly connected to a water table aquifer, and where flow could occur
between the aquifers due to ether natural gradients or induced gradients resulting
from pumpage. . . ."

OAR 340-94-030(4) does not dlow landfill units to be located in sengitive

hydrogeol ogic environments where the Department has determined that:

- groundwater must be protected from pollution because it has existing or potential
beneficid uses, or

- exiding neturd protection isinsufficient or inadequate to minimize the risk of
polluting groundwater
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1.10 Additional Resources

References U.S. EPA's Solid Waste Disposd Fecility Criteria, Technical Manud (EPA 530-R-
93-017)

40 CFR Part 230 (Guiddines for Specification of Digposd Sites for Dredged or Fill
Materids)
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Section 2: Phase | Landfill Site Characterization

2.1 Introduction

Characterizing
the site

Regulatory
reference

Objectives of
Phase |

How to
respond

Report content

Phase | Site Characterization, the initial stage of data collection, establishesa
preliminary framework for understanding the soils, geology and hydrogeology and
plans the Phase Il Site Characterization.

Phase |l Site Characterization (see Section 3) will evaluate Site-specific subsurface
conditionsin greater detail including the depth and extent of the uppermost (water
bearing) geologic units and hydraulicaly interconnected units, the lithologic and
hydraulic properties of these units, groundwater flow patterns, and other factors.

OAR 340-93-130(4) requires asoils, geology and hydrogeology report and a
feadbility study report for a new landfill or an expansion of an exidting landfill. OAR
340-94-080, OAR 340-40 and 40 CFR Part 258 address groundwater
hydrology, qudity and groundwater monitoring.

The main objectives of the Phase | Site characterization study are to

- describe exigting Ste conditions

- determine if the Steis suitable for landfill congtruction

- provide sufficient base-line information for developing the facility design,
congtruction program, operations plan and environmental monitoring program.

Prepare and submit to the Department a report describing the work performed in
the Phase | Site Characterization. Geologic and hydrogeol ogic tasks should be
performed by or under the direct supervison of an Oregon Registered Geologist
with experience in conducting hydrogeologic investigations.

The Phase | Ste Characterization report should address, a a minimum, completion
of the tasks described in this subsection and the location restrictions defined in
Section 1. Following the organizationd formeat of this guidance will expedite
Department review of the report. The report should be stamped by the Registered
Geologist who performed or supervised the investigation.
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In thissection  This Section describes the recommended tasks that should be completed in
preparation of Phase | Site Characterization study report. The following topics are
addressed:

- exiding conditions
- climate/meteorology
- hydrology
- water balance
- water use inventory
- geology and hydrogeology investigation, and
- phase Il workplan
This guidance identifies the scope of investigations necessary to comply with the
Solid Waste rules and provide the Department with sufficient data to evaluate the
permit application or other submittals.

Related This Section focuses on technica guidance and format for the Phase | Site

references Characterization Report. Groundwater Monitoring requirements are addressed in
more detail in Section 10 (Environmental Monitoring). Monitoring well congtruction
standards are contained in a separate document (' Guidelines for Monitoring Well
Drilling, Congtruction and Decommissoning,” August 24, 1992).
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2.2 Existing conditions

Site
characterizatio
n task

Site location

L egal
description

Vicinity map

Describe exigting Site conditions by providing the information in this subsection.

Describe the Site location with respect to known or easlly identifiable landmarks.
Describe the gte location in terms of the section, township, and range location for
the site. Describe access to the Site from the nearest U.S. or State Highway.

Provide alega description of the tract or tracts of land which have been or are
proposed to be used for waste disposa activities.

Prepare amap or series of maps showing the facility Ste and the areawithin a least

afive-mileradius of the Ste boundary. The map(s) should clearly show the

following:

- thegtelocation

- the existing and proposed zoning and land uses

- resdentia aress

- public and private water supply wells

- surface waters and surface water intakes

- boundary of any municipa water supply service areas

. access roads, bridges, railroads, and airports

- higoric Stes

- other exigting and proposed man-made or naturd fegtures relating to the facility,
and

- the drawing date, a North arrow, and a bar scale

Map format: The map should be on aU.S. Geologica Survey (USGS) 7 1/2
minute quadrangle base or, if such amap is not available, a subgtitute base such as
an enlargement of a USGS 15 minute quadrangle map, an Oregon Department of
Trangportation county map or city map a asmilar scae.
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Aerial Prepare a stereo pair of standard size (9 inches by 9 inches) recent verticd aerid

photographs photographs with a scale up to 1:40,000 which show the site and the areawithin at
least a one-mile radius of the Site boundary. Mark the site boundaries and actud fill
areas on one of the photographs. Oblique aeria photographs or surface level
photographs from various points around the Ste perimeter may aso be submitted in
support of the application. Photocopied reproductions of aerid photographs will
not be accepted as fulfillment of this requirement.

Information concerning public agency sources for agriad photographs may be
obtained by contacting:

Nature of Northwest

Oregon Dept. of Geology & Minerd Industries

800 NE Oregon Street #5, Suite 177

Portland, OR 97232

Phone: (503) 731-4444

Adjacent Show on alocation map or on County Tax Lot map(s), the names and mailing

landowners addresses of dl landowners within one quarter mile of the property and any other
landowners identified as being affected by the proposed facility. Summarize this
information on a separate list cross-referenced to the location map or the County
Tax Lot map(s). Cite the source for obtaining the names and mailing addresses of
persons identified as affected parties.
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Site map Prepare a detailed site map scaled at not more than one inch equals 200 feet (or

other scale gpproved by the Department) that shows the following:
- the geographica location and boundaries of the disposd ste

- the topography of the site and areawithin at least 1/4 mile of the Ste with contour
intervals not to exceed five feet for dopes greater than five percent, or two feet if
dopes are less than five percent

- natura features of the land including seeps, sorings, streams, ponds and wetlands

- man-made features, including buildings, excavations, pipelines, utilities, recycling
facilities, fences, roads, parking aress, drainage culverts, ditches, ponds, berms
and dikes

- boundaries of dl proposed, active, and closed waste disposd aress, and
boundaries of dl existing and proposed soil borrow areas

- locations of dl existing and proposed borings, piezometers, monitoring wells, test
pits, water supply wels, and any other facility monitoring or sampling points or
devices

- benchmarks and permanent survey markers, and

- the drawing date, anorth arrow, abar scale, and an explanation of al map
symboals

Use the National Geodetic Vertica Datum of 1929 as the vertical evation datum,

and the Oregon State Plane Coordinate System (ORS 93.330) as the horizontal

control.

Map preparation: The map(s) should be prepared and stamped by aregistered land

surveyor or civil engineer. Surveyed wdl locations should:
- provide ahorizontal accuracy of 0.2 feet (0.06 meters)

- provide the devation of the land surface with a vertica accuracy of 0.1 feet (0.03
meters)

- provide the marked leve at the top of the well casing with avertical accuracy of
0.01 feet (0.003 meters)

- use Nationad Geodetic Vertica Datum of 1929 as the vertical €evation control,
and the Oregon State Plane Coordinate System (ORS 93.330) as the horizontal
control

- describe the location in either |atitude and longitude coordinates accurate to 0.1
secondsin latitude and longitude or UTM coordinates
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2.3 Climate/Meteorology

Site Provide current information based on or extrapolated from data collected at the
characterizatio  closest reporting westher station or stations including:
n task . average annud precipitation and monthly distribution of precipitation

- average annud evaporation and monthly distribution of evaporation

- average annud prevailing wind direction and monthly variation in wind direction

- average and maximum wind ve ocities and monthly variationsin wind velocity,
and

- average annud temperature and monthly variations in temperature

Obtaining This information can be obtained from the Nationa Oceanic and Atmaospheric
information Administration (NOAA), or other federal or state agencies reporting meteorological
data.

On-site station A Ste-gpecific Station may need to be created if data from the nearest established
meteorological station is not representative of Site conditions.
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2.4 Hydrology

Site Evduate and describe the surface water drainage of the site and of the surrounding
characterizatio  greawithin at least a one-mile radius of the site. Thisinformation should include a
n task map or maps at ascae of 1:24,000 showing magjor perennid, ephemera and inter-

mittent drainage channels, and their tributaries.

Map content The maps should identify dl existing wetlands and estuaries, and show the
boundaries of the 100-year floodplain, based on data collected by the Federa
Emergency Management Agency or other federa or state agencies reporting flood
management data. Provide the minimum, maximum and average annud flow rates
including monthly variations for al mgor streams. Vaues should be based on
stream gauging data collected by the U.S. Geologica Survey or other federa or
State agencies reporting stream gauging data.

2.5 Water balance

Site Anayze the average annud dte water budget including precipitation, runoff,
characterizatio  infiltration and evapotranspiration. Determine the monthly variations of each of these
n task parameters for a one-year period.

Methods Acceptable water balance methods include Thornthwaite-Mather (1957), the EPA

Water Balance (1975), the EPA Help Model (1984), and/or other methods
approved in advance by the Department.
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2.6 Water Use Inventory

Site
characterizatio
n task

Well inventory

Survey

Inventory and identify dl water wells and water usage on-site and within aone-mile
radius of the Site boundary. Prepare awater well inventory report.

| dertify dl active and inactive water wells, irrigation wells, and surface water usage
points within the targeted radius. Identify and field check dl water usages within this
radiuswhich are listed in the drillers log files or other records of the Oregon Water
Resources Department (OWRD). Areas within the radius of investigation that are
served by amunicipa water supply should be included in the OWRD well records
search.

Conduct a door-to-door field survey to identify wells not accounted for in OWRD

files. For dl welsidentified in the OWRD files and the door-to-door survey, record

the following information:

- name and address of the well owner

- name and address of the driller

- date of drilling

- well location

- aquifer screened

- approximate land surface elevation

- depth of wdll

- materids and congtruction (including casing, screen and annular sedl depths and
intervals)

- reported yidd

- use of the water

- reported or measured dtatic and pumping water levels (or well drawdown) and
dates of measurement, and

- any available water qudity data
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Alternativeto  Inlieu of the door-to-door survey, provide the following information for areas
survey served by amunicipd supply:
amap scaed at 1:24,000 or larger showing the boundary of the service area and
the raw water intake location
- arecord search for any other water usage within the radius of investigation
- adescription of surface water supplies including the intake location, average daily
and yearly withdrawa rates, and monthly distribution of withdrawals, and
- adescription of groundwater supplies including their location, geologic logs and
congtruction, average daily and yearly pumpage, monthly distribution of pumpage,
and gtatic and pumping water levels by well and aquifer

Report content  The water well inventory report should include a map at a scae of 1:24,000 or
larger showing the location and use of each well/surface water use point, and a
table presenting the required information for each point. The report should include a
copy of each available drillers log, and cross-reference the logs to the well
inventory maps and forms.

Soild Waste Landfill Guidance Section 2 Page 2-9



2.7 Geology and Hydrogeology Investigation

Site
characterizatio
n task

Investigation
report

Geologic
hazards

Conduct a preliminary geology and hydrogeology investigation. Evauate the
regiona geology and hydrogeology based on geologica reconnaissance fied
mapping and exigting published or unpublished reports and data from state and
federd agencies, universities, consultants or other sources.

In the Phase | Site Characterization report:
- describe the regiona geology including the age, ared and subsurface ditribution,

thickness, physical properties and genesis of mgor gtratigraphic units, and the
age, occurrence, orientation and physical description of mgor structura festures

- describe the regiond hydrogeology including the depth, thickness, physica

characteristics and laterd perdistence of mgor and minor aquifers and aguitards,
rates and directions of groundwater flow, areas of recharge and discharge
(including water wells), hydrologic boundaries, seasond variations in groundwater
levels and flow, and chemica qudity of the groundwater

- describe the thickness, lateral extent, hydraulic conductivity and attenuative

capacity of al in-stu geologic materias between the proposed base excavation
for the landfill and the uppermost aquifer

. evduate and explain the degree of protection afforded by the properties and

extent of geologic materias described above

- prepare a hydrogeologic map of the Site and the area within at least a one-mile

radius of the Ste scaled a not more than one inch equas 2,000 feet that shows
the surficid geology, the elevation of the water table or potentiometric surface and
the regiona groundwater flow direction (from published sources or fidd
measurements), and the locations of known discharging wells

- prepare two cross-sections oriented at approximeately right angles to each other,

which illustrate the regiona geology and hydrogeology of the Ste and vicinity, and

- list sources used to prepare descriptions

Geologic hazards may include seismic impacts, mass movement (e.g., landdides),
ungtable soils, flood inundation, shalow groundwater levels, tsunami, and volcanic
eruptions. Location restrictions under OAR 340-94-030 address considerations
such as Holocene fault zones, seismic impact areas and unstable areas.
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Earthquake Evduate the earthquake safety of the Ste. The anadlyss should include
safety - adescription of the seismo-tectonic setting and seismic history of the ares,
including Sze, frequency, and location of historic earthquakes
- potentid for areato be affected by surface rupture, including sense and amount of
displacement, and width of surface deformation zone
- probable response of steto likely earthquakes, including estimated ground
motion, maximum ground acceleration, velocity and digplacement
- potentid for areato be affected by earthquake-induced landdides or soil
liquefection, and
. potentid for areato be affected by regiona tectonic deformation (subsidence or
uplift)
To the extent possible, identify and evauate al other known or suspected geologic
hazards which may affect the design, congtruction, and operation of the facility.
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2.8 Phase Il Workplan

Propose Prepare a proposed work plan and schedule for conducting the Phase |l Site
workplan Characterization Study and preparing afina report.

Workplan Thiswork plan should receive Department approval prior to the actua onset of Site
approval work. Section 3 of this guidance describes Phase || Site Characterizations.
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2.9 Additional Resources

Reference “Location Information Needed for the Groundwater Database,” March 8, 1992
(DEQ)
Contacts Oregon Maps and Aeria Photography, Oregon Department of Geology and

Minerd Resources

Driller’slog files, Oregon Water Resources Department

Methods to Thornthwaite-Mather (1957)
determine U.S. EPA Water Baance (1975)
water balance .5 EPA “Hydrologic Evaluation of Landfill Performance (HELP) Model” (1984)
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Section 3: Phase Il Landfill Site Characterization

3.1 Introduction

Characterizing
the site

Basis for
investigation

Objective of
Phase |l

Definition:
upper most
aquifer

Phase | Site Characterization (see Section 2), the initid stage of data collection,
edtablished a priminary framework for understanding the soils, geology and
hydrogeology and for planning the Phase Il Site Characterization.

Phase |l Site Characterization evaluates subsurface conditionsin greater detall
including the depth and extent of the uppermost (water bearing) geologic units and
hydraulicaly interconnected units, the lithologic and hydraulic properties of these
units, groundwater flow patterns, and other factors.

The scope of the investigations for Phase |1 Site characterization should be based on
the Phase | study results and the work plan developed as part of the Phase | study.
If the proposed project involves alaterdl expanson of an exigting landfill unit,
portions of the Phase |1 work may have previoudy been completed. If so, the
appropriate documents should be referenced in the Phase |1 report.

Phase || Site Characterizations are frequently negotiated with the Department and
may include direct Department involvement.

The main objective of the Phase || Ste characterization study is to describe and
evauate the Ste geology and hydrogeology, including al sratigraphic units
encountered, the uppermost aquifer or waterbearing zone, and al other potential
zones of contaminant transport.

U.S. EPA has defined the “ uppermost aquifer” as the geologic formation nearest
the natural ground surface that is an aquifer, as well as lower aguifersthat are
hydraulicaly interconnected with this aquifer within the facilities boundary. U.S.
EPA guidance refersto any saturated strata capable of producing representative
groundwater samples as an aquifer.
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How to
respond

Report content

Report

illustrations

In this section

Related
r efer ences

Prepare and submit to the Department a report describing the work performed in
the Phase Il Ste characterization. Geologic and hydrogeologic tasks must be
performed by or under the direct supervison of a Registered Geologist with current
Oregon regidration and with experience in conducting hydrogeologic investigations,
In accordance with OAR 340-93-130.

The Phase |1 Site Characterization report should address, at a minimum, completion
of the tasks described in this subsection. Following the organizationd format of this
guidance will expedite Department review of the report. The report should bear the
stamp of the Registered Geologist who performed or supervised the investigation.

The report should contain illugtrations, including the following:

- maps showing the as-built location of al borings, monitoring wells and other
sampling locations

- boring logs

- as-built well condruction detalls

- geologic maps and cross sections

- water table or potentiometric surface maps for dl mgor aquifers or water-bearing
zones, and

- geologic-structure contour maps depicting the soil-bedrock interface or other
important subsurface features

This Section describes the recommended tasks that should be completed in
preparation of the Phase |1 Site Characterization Report. The following topics are
addressed:

- surface investigation

- subsurface exploration

- environmentd testing

. groundwater quality testing

This Section focuses on technica guidance and format for the Phase Il Site
Characterization Report. Groundwater Monitoring requirements are addressed in
more detall in Section 10 (Environmental Monitoring). Monitoring well congtruction
sandards are contained in a separate document (' Guidelines for Monitoring Well
Drilling, Congtruction and Decommissioning,” August 24, 1992).
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3.2 Surface Investigations

Site Conduct gppropriate surface mapping and surface geophysica logging to generate
characterizatio  surface geology information, provide a basis for subsurface exploration, and

n task delineate areas of previous waste disposal activities.

Surface Map the Ste in sufficient detail to determine the ared distribution of dl surficid and
geological bedrock units exposed across the entire site.

mapping

Standards Practices and techniques used to obtain site-specific geologic and hydrogeologic

data should be up-to-date, and consistent with industry-wide standards. All work
should conform to gpplicable American Society for Testing and Materias (ASTM)
standards, and/or appropriate U.S. Environmenta Protection Agency (U.S. EPA)
or Department guiddines.

Geophysical Geophysica techniques for performing surface investigations may include, but are
techniques not limited to, surface seismic, residtivity, gravity, radar, or magnetic surveys.
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3.3 Subsurface Explorations

Site
characterizatio
n task

Depth of
investigation

M ethods

Boring density

Standards

Determine the geology and hydrogeology beneeth the site through subsurface
exploratory methods. Select the appropriate method(s) of subsurface exploration
for the ste that will alow collection of representative samples of subsurface media.
A sufficient number of borings or other exploratory holes must be completed to
adequatdly characterize the stratigraphy, and groundwater dynamics benegth the
entire gte.

The depth of investigation should be 100 feet below the landfill unit's proposed
base excavation, or until the first encountered saturated zone is fully penetrated,
whichever is deeper.

Borings, core drilling, test holes, test pits, cone penetration tests or other methods
should be used.

At least one boring should be continuoudy cored to obtain precise dtratigraphic
data and to obtain relatively undisturbed samples for laboratory testing and andysis.
If agteisgeologicaly complex or larger than five acres, additiond continuoudy
cored holes may be required to interpret stratigraphic and structurd variations.

All borings should be constructed in accordance with applicable standards and

guiddines, induding:

- "Guiddinesfor Groundwater Monitoring Wl Drilling, Condruction and
Decommissoning,” August 24, 1992

- standards developed by ASTM [such as D-5092-90]

- OAR 690-240

Sampling methods should conform to ASTM D-1587, ASTM D-1586 or ASTM

D-2113, as gpplicable.
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Describe soil Classify soil and overburden deposits according to ASTM D-2488 and describein

and detail according to their texture, color, mineralogy, moisture content, degree of
overburden weathering, geologic origin, and other relevant characteristics. The ASTM D-2488
deposits visud method should be supplemented by appropriate ASTM D-2487 |aboratory

tests (i.e., mechanica and/or hydrometer grain Size and Atterberg Limit tests) on
representative samples from each dratigraphic unit.

Rock Classfy rock according to its lithology, minerdogy, color, grain size, degree of

classification  cementation, degree of westhering, density and orientation of fractures, other
primary and secondary features, physica characteristics, and rock quality
designation.

Documentation Prepare a detailed geological log of each boring incorporating al information.
Prepare a clear, labeled, photographic record of representative rock cores

Reference: Section 8.0 of the Department’'s August 24, 1992 guidance entitled
"Groundwater Monitoring Well Drilling, Construction and Decommissoning”

L og content The geologica log should include, but is not limited to:

- thelocation of the hole

- the date drilled, driller's name and affiliation

. the dte geologist's name and ffiliation

- the devation of the land surface surveyed to the nearest 0.01 foot

. the 9ze (diameter) and total depth of the hole

- thetype of drilling rig and method of drilling

- thetype and volume of drilling fluids or additives used

- the penetration rate or standard penetration resistance

. the sampled intervas and the percent recovery

- the gratigraphic and lithologic information

- any aquifers, water-bearing zones and high permesbility or fracture zones
encountered

- any contamination observed

. any other drilling observations, including logt circulation zones or other difficulties
encountered during drilling

- depogt classfications and descriptions

- the dasdfication system used for deposit classfication, and

- rock classfications
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Geophysical Perform gppropriate downhole geophysica logging techniques to supplement data
collected in the surface investigations.

Geophysical Geophysica techniques for subsurface explorations may include, but are not limited
techniques to, downhole caliper, SP, resistivity, induction, natural gamma, gamma-gamma,
neutron dengity, sonic, digectric, or other logging techniques.

Related Subsurface exploration activities should be planned to maximize data transfer
activities between geologic/hydrogeol ogic and geotechnical invegtigations.
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3.4 Hydrogeologic Testing

Site
characterizatio
n task

Unsaturated
zone testing

Saturated zone
testing

Aquifer
parameters

Conduct appropriate hydrogeol ogic testing to characterize the rate and directions of

groundwater movemen.

Determine the saturated and unsaturated hydraulic conductivity and the vacuum
pressure of unsaturated soils through fidd testing. Determine the porosity and
moisture content of unsaturated soils through laboratory testing or geophysica
techniques. Evauate the spatid and tempord variability of these properties.

Determine the hydraulic conductivity of al saturated water-bearing zones and
aquifersidentified in the subsurface investigation through field testing, as outlined in
the Department’ s August 24, 1992 guidance, "Groundwater Monitoring Well
Drilling, Congruction and Decommissioning.”

If the estimated hydraulic Then...
conductivity is...
greater than 10° crm/sec an aquifer pumping test should be

performed

less than 10° cm/sec

risng or faling head dug tests should be
performed

Determine the following:

- water table or potentiometric surface gradient

- rate and direction of groundwater flow for each aquifer or water-bearing zone

- vertical gradient between water bearing zones

- porosity for dl aquifers and water-bearing zones identified during subsurface
exploration, usng laboratory or geophysica techniques, and

- hydraulic conductivity of dl aguitards through |aboratory and/or field testing
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3.5 Environmental Testing

Site Conduct gppropriate environmentd testing to assess background environmenta
characterizatio  quality prior to waste placement or to identify impacts from prior waste disposal
n task practices.
Groundwater  Collect groundweater samples that are representative of formation water. Andyze
quality testing  these samples for the congtituents and parameters listed in the table below.
Group Parameters Notes
Hed Elevation of water leve These parameters must be measured in thefidd at the
indicators | Specific Conductance time samples are collected, either down-holein Sty ina
pH flow-through well, or immediately following sample
Dissolved Oxygen recovery, with insruments cdibrated to relevant
Temperature standards
Eh
Laboratory | Hardness (as CaCOs) Sample handling, preservation, and andyss are
indicators | Total Dissolved Solids determined by requirements for each individua anayte:
Totd Alkdinity (assCaCO;) | EPA or AWWA Standard M ethods techniques must
Total Suspended Solids be followed.
Specific Conductance (1ab)
Chemica Oxygen Demand
pH (lab)
Tota Organic Carbon
Common | Cacium (Ca) Dissolved concentrations must be measured. Samples
anionsand | Manganese (Mn) must be field-filtered and field-preserved according to
cations Sulfate (SO4) standard DEQ and/or EPA guiddines and analyzed by
Magnesium (Mg) appropriate EPA or AWWA Standard Methods
Ammonia (NH;,) techniques. Results must be reported in mg/L and
Chloride (Cl) megy/L.
Sodium (Na)
Carbonate (CO3)
Nitrate (NOg)
Potassium (K)
Bicarbonate (HCOs)
Slica(S0y)
Iron (Fe)
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Trace Antimony (Sb)
metds Chromium (Cr) If the Total then analyzefor...
Sdenium (Se) Suspended Solids
Arsenic (A9 concentration is...
Cobalt (Co) less than or equd to total concentrations
Siver (Ag) 100 mg/L in the sample | (unfiltered)
Barium (Ba)
Copper (Cu) greater than 100 mg/L | both totd (unfiltered)
Thdladium (T1) in the sample and dissolved (field-
Beyllium (Be) filtered)
Lead (Pb)
Vanadium (V) Samples must be field-preserved according to standard
Cadmium (Cd) DEQ and/or EPA guiddines and andlyzed by EPA
Nicke (Ni) Method 6010 or Department-approved equivalent.
Zinc (Zn) Results must be reported in mg/L.
Voldile Andyssfor dl compounds | Method 8260 comprises the volatile organic
organics detectable by EPA Method | condtituents parameter group. Facilities that want to use
8260 or EPA Method Methods 8010 and 8020 as an dternative must obtain
524.2, including alibrary gpproval by the Department prior to use.
search to identify any
unknown compounds
present.
Surfacewater  Collect surface water samples as needed to characterize surface water quality up-
quality testing  and down-stream of the fadility.
Other Conduct appropriate landfill gas testing, air quality test, or other environmentd test
environmental  asrequired to establish background environmental quality or to identify impacts
testing from previous waste disposal practices.
Methods Sample collection, handling, preservetion, shipment, analysis and QA/QC should

Solid Waste Landfi

conform to procedures described in the approved work plan and in U.S. EPA
SW-846, Test Methods for Evaluating Solid Waste, and Chapter 4 of the RCRA
Technica Enforcement Guidance Document (TEGD), or other Department-

approved methods.
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3.6 Additional Resources

References "Guiddines for Monitoring Well Drilling, Congtruction and Decommissoning,”
August 24, 1992 (DEQ)
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Section 4: Geotechnical Investigations

4.1 Introduction

Investigation As part of the Phase | Site Characterization, or other efforts to characterize the Site,
aPhase | Geotechnicdl Investigation may be performed.

How to Prepare and submit a Geotechnica Report to support the Site Characterization

respond Report. Geotechnica tasks must be performed by or under the direct supervision of
a certified engineering geologist or professond civil engineer with current Oregon
registration and experience in conducting engineering geology or geotechnica
investigations.

Relation to Phase | and Il Geotechnica Studies should produce sufficient Site data to perform
engineering dl rdevant enginearing andyses

In thissection  This section describes the tasks that should be performed as part of Phase | and
Phase || Geotechnica Investigations.
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4.2 Phase | Geotechnical Investigation

Objective of
investigation

Tasksto be
addr essed

Describe
surficial soils

Conduct a preliminary geotechnicd investigation designed to accomplish the

following objectives:
- characterize the variahility, depth, aerid extent and engineering properties of on-
ste soils and other overburden deposits

- inventory soils and other overburden deposits suitable for use in congtruction, and
identify the proposed use for these materias

- identify geotechnical congderations (such as settlement and dope gability) which
must be addressed in the engineering design and/or further characterized by a
Phase || Geotechnical assessment, and

- develop awork plan for conducting a Phase I1 Geotechnical investigation, as
necessary, to adequately characterize on-dte soils and other geotechnical
condderdtions

The Phase | Geotechnicd Investigation should address, at a minimum, the tasks
described in this subsection.

Evauate agriculturd soil types and their distribution ste-wide and within at least a
one-mileradius of the gte. At aminimum, prepare a oils map and describe the
soilsinthe area. Basic data should be obtained from the U.S. Department of
Agriculture Soil Conservation Service (SCS), and supplemented by additiond Ste-
specific reconnaissance or tedts, as necessary, to confirm the accuracy and
reliability of the SCS data
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Describe
subsoils

Supplemental
tests

Evaluate
engineering
properties of
on-site
materials

Excavate backhoe test pitsin a grid pattern across the Ste to characterize the

depth, areal extent and uniformity of subsoils (overburden deposts). Collect

representative soil samplesfor testing. Plot dl test pits on asite map and log each

test pit to include

- thelocation of the excavation

- adescription of surface features before excavation

- the date excavated, excavator's name and affiliation

- the Ste geotechnica engineer's or engineering geologist's name and affiliation

- the devation of the land surface surveyed to the nearest 0.01 foot

- depth of the excavation

. adetalled description of each dratigraphic unit, its depth, texture, color,
mineraogy, grain properties, congstency or relative dendty, moisture content,
degree of wesathering, geologic origin, macroscopic features (e.g., root holes,
dickendgds), and other relevant or distinguishing characterigtics

- each draigraphic units Unified Soil Classfication, usng ASTM D-2488 visud
method, and

- aclear, labeled, photographic record of al test pits

Supplement ASTM-D2488 with gppropriate grain size and Atterberg limit testson
arepresentative number of samples of each gratigraphic unit.

Andyze representative s0il samplesto evauate their engineering properties as

follows

- determine the gability of on-ste materids for foundation and sdewall
construction

- determine the suitability of on-dte materids facility congtruction, and

- inventory usable soils
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Test soils Perform the following tests:
- grength and compressibility (e.g., triaxid compression tests, consolidation tests)
of foundation materids
- thefollowing properites of low-permeshility liner layer materids:
- natural moisture content
- in-gtu dengty
- compaction curves
- Atterberg Limits
- percent fines passing a#200 Seve
. percent clay size content
. percent coarse materid retained on a#4 seve, and
- |aboratory hydraulic conductivity
- grain sze distribution and representative laboratory hydraulic conductivity of
proposed drainage layer materids, correlate grain size distribution conductivity
data

Investigate Evauate the site to identify and characterize any ungtable conditions that could

site stability adversdly impact facility structures, and to obtain sufficient datato plan more
detailed Phase |1 studies. Stability analyses should be based on the investigator's
professond judgment, published literature, field investigation, and data obtained
from representative field and laboratory tests.

Stability factors  To determineif an areaiis sable, evauate the following factors:

- week and ungtable foundation materidsincluding soils, overburden, existing solid
waste, peat deposits or other materials subject to excessve settlement

- activedopefalure

- soilsthat may fal with asmall increase in pore pressure or shear stress, or asmall
decrease in shear strength

- dgnsof pre-exiding dopefailure or dope falure in geologicaly smilar materid
near the Site
- any other features that indicate the site is susceptible to ingtability

Design Deve op engineering measures to protect the integrity of the landfill structures.
considerations

References OAR 340-94-030 and 40 CFR Part 258.15
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Evaluation Based on the results of the Phase | Geotechnical Investigation and Site

Characterization, evauate the following scenarios:

- Potentidly ungtable natural dopes and other on-dite areas that could be
destabilized by construction activities such as excavation, regrading or other Ste
modifications;

- Stahility of the landfill foundation congdering Site-gpecific topographic and
geologic conditions, static and dynamic loads, pore-water pressures a the
subgrade-liner interface, and any other relevant factors, and

- Compressihility of underlying geologic units and potentia settlement of the landfill
unit. Estimate total and differentia settlement based on appropriate field and
laboratory methods and design parameters.

Workplan Prepare aworkplan for the Phase |1 Geotechnical Investigation.
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4.3 Phase Il Geotechnical Investigations

Phase |l study  Perform additiona geotechnicd investigations as required in the Phase 11 work plan
and for design cdculations and analyses.

Report Document the results of the geotechnicd investigetions and present the findingsin
the Phase Il Site Characterization report. 1dentify any geotechnical considerations
that require additiond investigation or analysis prior to detailed design and
congtruction of landfill Sructures. As needed, confirm the engineering properties of
on-gte soil and rock materias that will be impacted by or used for landfill
construction and operation activities.
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4.4 Additional Resources

References Sowers, G.F. (1979). “Soil Mechanics and Foundations. Geotechnica
Engineering,” The MacMillan Company, New Y ork.

U.S. Navy (1986). “Design Manud - Soil Mechanics, Foundations, and Earth
Structures,” NAVFAC DM-7; Department of the Navy, Washington, D.C.

Winterhorn, H.F. and Fang, H.Y ., (1975). “ Foundation Engineering Handbook,”
Van Nogtrard Reinhold, 1975.

U.S. EPA, (1993) “ Solid Waste Disposal Facility Criteria Technica Manua” EPA
530-R-93-017.
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Section 5: Conceptual Design of Landfill Facilities

5.1 Introduction

Conceptual
design phase

How to
respond

Plan content

In this section

The Site Development Plan provides the framework for establishing overal gods
for facility design, congtruction, operation, and environmental monitoring. This
section describes the methods and procedures for establishing appropriate design
criteria and sdecting technologies that will satisfy regulatory requirements and
performance objectives.

Prepare a comprehensive Site Development Plan that presents the conceptual
design of landfill facilities and environmenta control systems and documents the
analysis used to select the proposed technologies. The plan should be prepared by
or under the direct supervision of a professiona engineer with current Oregon
regigration.

The Site Development Plan should describe the eementsin this subsection. The
plan should be sslamped by the professiona engineer responsible for its preparation.
Following the organizationa formet of this guidance will expedite Department
review of the plan.

This section describes the dements of a Site Development Plan, including:
- facility operation

- conceptud design of landfill fadilities

- leachate management

- surface water management

- landfill gas management

- environmental monitoring

- closureand end use

- supporting information
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5.2 Facility Operation

Facility
oper ation

Capacity and
projected life

Population to
be served

Industry to be
served

Rate of waste

disposal

Overall
description of
oper ation

Site economic
viability

Site screening

Solid Waste Landfill Guidance Section 5

Describe the existing and proposed facilities, anticipated waste stream
characterigtics, and operationd procedures, including the items in this subsection.

Specify the proposed capacity and projected life of the Site.

Identify and list the communities expected to be served by the facility, and estimate
their corresponding current populations. Describe how the listing was compiled.
Cite dl sources used to estimate population.

Identify and list mgor industries to be served by the [andfill, and describe how the
listing was compiled.

Edimate the future flow of waste to the facility from communities and industries
served and from any other projected sources. Include estimates for maximum
daily, maximum monthly and average annud volume and weight of wagte to be
received. Cite al sources used to caculate volume and weight estimates.

Describe the operation including on-gte equipment on site (i.e., compactors,
dozers, grinders or chippers), anticipated hours of operation, and mode of delivery
of solid wagte to the Site.

Provide key assumptions used to caculae the economic viability of the proposed
fadlity.

Describe how the active landfill area(s) will be screened from public view.

Reference: OAR 340-94-040(11)(f)
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Planned future
use

Waste stream
types

Acceptance of
industrial
waste

Regional
facility

Describe the planned future use of the disposa Site after closure.

List and estimate the quantity of each type of waste stream projected to be
disposed of at the facility.

Examples domestic wastes, commercid and inditutional wastes, industria wastes,
congtruction and demolition wagtes, agriculturd wastes, sawage dudge and grit,
contaminated cleanup materias, other wastes requiring specid handling [see OAR
340-94-040(11)(b)(J)]

If proposing to accept industria wastes for disposd, report the mgjor industria
waste stream(s). For each weight or volume calculation, treat as one waste stream
al industrid waste generated from industries identified by the same firgt three digits
in their Standard Industrid Classification (SIC) code.

Example: Spent casting sand from an auminum foundry and spent casting sand from
anonferrous foundry should be tregted as one waste stream since they are
generated from indudtries having the same first three digitsin their SIC code.

Definitiont a"mgor" industria waste stream comprises greater than one-quarter
percent, by weight or volume, of the totd estimated waste flow.

If the facility isaregiond disposal Ste, discuss the following:
- plansfrom the loca board of county commissioners for establishing aloca
citizens advisory committee

- how the information necessary for the Department to review and gpprove a
Waste Reduction Program for any person who will send more than 75,000 tons
of solid waste a year to the Site will be submitted, and

- how the county, state and country of origin of the waste will be tracked
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5.3 Phased Development of Landfill Facilities

Phased Describe the phased development of the landfill. Establish a systematic blueprint of
development the congtruction, operation, and closure of each mgor phase of devel opment.

Contents Address the following eementsin the design:

- desggn criteria used to determine the landfill's Sze, configuration, capacity,
location, and environmenta protection features

- design, condruction, and operation considerations for initid cell development

- individud cdl congruction and the fill sequence

- dope gahility in relation to congruction, fill sequence, and Sde-dope liner design

. fadility development drawings

- utility requirements including dectrica power, water supply, and wastewater
treatment and disposal

- earthwork materids for Site congtruction and devel opment, and

- environmenta control technologies

Design criteria  Define the basis and any assumptions used to establish the landfill's footprint
boundaries, overal configuration, capacity, and location consdering at least the
following factors
- regulatory standards for location, design, and operation
- Waste stream characteristics
- waste processing (e.g., incineration, composting, shredding)

- buffer zone requirements

- surface drainage patterns and physical characterigtics of the Site
- dope limitations on the landfill base and find cover profile

- land use and zoning redtrictions

- location of utilities and support facilities

- transportation and access patterns

- environmentaly sendtive areas

- geotechnical and hydrogeologic condraints, and

- end use dternatives
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Facility Prepare a series of scaled drawings showing the phased development of the Site.

development  Show each phase of landfill cell(s) development and site status when new cells are

drawings ready to be placed into service. The drawings should include a least one scaled
plan-view and two perpendicular cross-sectiond drawings of the excavation plan,
fill sequence plan, and find grading plan.

Content of Identlfy the following information on the drawings
drawings environmental monitoring components including groundwater monitoring wells,

and gas monitoring probes, and surface water monitoring stations

- layout of landfill components including support facilities (e.g., public receiving and
recycling areas)

. entrance and on-gite roads, gates and fencing

- dte drainage and surface water control structures (e.g., berms, dikes, ditches,
culverts)

- surface impoundments

- s0il stockpiles (i.e, the extent, available volume, and intended use of each sail,
sub-soil, or rock unit identified as a borrow source)

- leachate collection, storage, treatment and disposd facilities

- gpecid waste management aress (e.g., tires, bulky wastes, ashestos)

- planned tota landfill footprint induding buffer zones, landscaping, and ste
screening festures

- planned excavations and base grades for each mgjor phase of site development,
relaionship to hydrogeologic features (e.g., watertable profile, water bearing
formations)

- configuration of the completed landfill and find grading plan

- thefind landfill surface profile and itsinternal components, exigting topography,
and underlying geology/hydrogeology (in landfill cross-section views)

- exiging landfill cdls, including their operationd status and configuration (eg.,
exposed waste, intermediate cover, final cover, leachate drainage layer), and

. gas control system components

Earthwork Inventory on-Ste borrow materials and characterize their intended use as follows:
materials for . analyze the results of the Phase | and Phase |1 geotechnical investigations and
COSS”UC“O” identify the intended uses of borrow materials

an

- quantify the available borrow materids

development  desrribe the management and storage of soils and other construction materils
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5.4 Leachate Management

L eachate Describe the proposed leachate management Strategies for the landfill's active
management operation, closure and post-closure stages.

Strategies The leachate management strategy should be based on a systematic andysis of
design, condtruction, and operation techniques, and the following objectives:
. accurately predict leachate qudity and quantity
- select leachate control methods that are technicaly and economicaly sound
- maximize leachate containment and collection efficiencies (through liner system
and collection and remova system design)
- maximize the rdiability of leachate containment systems
- monitor the effectiveness of leachate control systems
- treat and dispose of leachate in an environmentaly sound manner, and
- minimize leachate generation

L eachate Perform a conceptual design analysis to eva uate background data, establish a
management rationd basisfor design, and to evauate the performance and cost effectiveness of
analyss dternative technologies. This andysis should complete the following tasks:

- BEvduate leachate quantity and quaity usng methods described in Section 6
- |dentify key assumptions and design criteria

- BEvduate dternative leachate control technologies

- Prepare conceptua design drawings of mgor components

Liner system:  Prepare conceptua design drawings showing typical cross-sections of the

leachate proposed liner system including layer types and thicknesses, minimum slopes, and

containment hydraulic conductivities of each soil layer. Describe the liner system components,
including the soil and geosynthetic materids, potentia sources of these materials,
and the overdl design basis.
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Standard liner  The standard composite-liner design incorporates the following components:
design . atwo-foot thick soil layer with a maximum permesbility of 1 x 107 crm/sec
- ageomembrane layer with a minimum thickness of 60 mil for HDPE or 30 mil for
other materids

The Department may require an enhanced liner design if Ste specific conditions
suggest asgnificant potentid for adverse groundwater quaity impacts (see OAR
340-94-060(6)).

Alternative If an dternative liner system design is proposed, a demonstration must be made to

liner design the Director of the Department that the proposed design will:

demonstration . megt the performance standard in 40 CFR 258.40(3)(1), "the design must ensure
that the concentration valueslisted in Table 1 ... will not be exceeded in the
uppermost aquifer at the relevant point of compliance”, and

- comply with the policies and specific performance requirements of Oregon's

Groundwater Quality Protection Rules (i.e., prevent aleachate rel ease exceeding
the statistical background concentrations at the relevant point of compliance)

Workplan for  To facilitate Department review and approva of such ademonstration, submit a
alternative workplan describing methods to predict potentia water quality impects. The
design workplan must specify how the permittee intends to:
- Characterize leachate quaity and estimate leachate quantity
- edimate liner leekage using a hydrologic modd such asthe latest version of
EPA's HELP modd, and
- evauate groundwater quality impacts due to forecasted leakage, using an
appropriate groundwater flow and solute transport model, which demonstrates
that the dternative liner design would adequately protect groundwater and surface

water quality
L eachate Describe the basis for the design, including key assumptions and design criteriaon
collectionand  how the Leachate Collection and Remova System (LCRS) will maintain leschate
removal depths of less than 30 cm. Prepare a conceptual design of the LCRS that includes
system drawings showing typical cross-sections and a plan-view of system layout,

manholes, cleanouts, sumps.
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LCRSdesign
criteria

L eachate
storage

L eachate
treatment and
disposal

The Department's recommended design criteria are as follows:

- Drainage layer dopes should be at least 2% (after settlement)

- Collection pipes should:
- have dopes of a least 1%
- meet the recommendations of (not minimums) of OAR 340-52-030, and
- have enough dope to maintain scouring velocity

- Manhole spacings should not exceed the capatiilities of available cleanout
equipment and should meet recommendations (not minimums) of OAR 340-52-
030 for sewer pipdines. At aminimum, cleanouts should be provided at both
ends of dl leachate collection pipes with sweep ends used to alow smooth
access to cleanout equipment

- Leachate pipe should have aminimum diameter of 6 inches and should be
schedule 80 or equivaent strength pipe

- Granular drainage layers should consist of competent, non-angular rock or
rounded gravel and have aminimum in-place hydraulic conductivity of at least 1 x
10 crv/sec

Secondary LCRS: Under certain circumstances (see OAR 340-94-060(6)), the
Department may require a secondary leachate collection system. Suggested design
criteriafor the secondary LCRS and other pertinent design-related information are
provided in Section 7 (Detailed Design).

Prepare a conceptud design of the storage system including cross-section and plan-
view drawings and describe the design basis. Leachate storage impoundments
should be located, designed, constructed, and monitored to at least the same
standards as landfills. Leachate storage impoundments should be equipped with a
leak detection system benegth the entire liner system, creeting a double liner system
to protect againgt the high hydraulic head typically impinging on the liner system.

Perform aleachate treatment feasibility study as outlined in Section 6 of this
guidance. The results of this study should be used to develop conceptua design
drawings and preliminary equipment specifications for the proposed trestment and
digposal methods. The Department recommends treatment methods that reduce
leachate contaminants, not methods that transfer the environmenta problem to
another medium.
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L eachate Describe the design, congtruction, and operation techniques that will be used to
minimization  minimize leachate production during the landfill's active and post-closure periods.

The |leachate minimization program should include the following dements:

- phasad development and closure to minimize the active area footprint

- temporary geosynthetic coversto minimize infiltration in active cdls

- run-on and runoff control systems for active and closed areas

- subsurface drainage systems to control groundwater seepage

- low permesbility find cover systems to minimize infiltration during post-closure,

and
- cdl congruction techniques that promote surface runoff rather than infiltration
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5.5 Surface Water Management

Surfacewater  Describe the proposed methods for managing surface water run-on and runoff
during the landfill’ s active operation and post-closure stages.

Surfacewater  Describe the surface water control measures and facilities that will be implemented
control during  and maintained during active landfill operations and how the system will
activelandfill . jntercept and divert run-on away from active and closed landfill cdlls (Subaress)
operations . promote runoff from landfill areas capped with interim or fina cover
- minimize Ste eroson
- temporarily store excess pesk runoff flow until it can be discharged at a lower
controlled rate
- control sediment transport by removing suspended solids from surface water
runoff as necessary to comply with the facility's NPDES stormwater discharge
permit, and
- collect and contain leachate-contaminated stormwater that accumulates in active
landfill aress

Surfacewater  Describe the surface water control measures and facilities that will be implemented
c_ontrol _after and maintained after find closure of the facility and how the system will
final facility . protect the integrity and effectiveness of the landfill cover system, and

closure - minimize long-term maintenance requirements after closure
Conceptual Prepare conceptua design drawings showing the complete surface weter control
design systems that will be in place during active landfill operations and after cell closure.
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5.6 Landfill Gas Management

Landfill gas Describe the methods and technologies that will be used to control landfill gas.

Content Evauate the following design and congtruction condderations:

. dte characterigtics including topography, soils, geology, hydrogeology, climate

- fluctuations in groundweter levels, soil moisture, barometric pressure, and other
environmental parameters

- locations of on-gte structures, utilities, etc.

- adjacent land use and devel opment

- dze and age of the landfill and quantity of in-place refuse

- regulatory standards including federd air emission standards for landfills

- thelandfill's operationd hitory

- landfill gas monitoring results

- permitting requirements for flare units and other air emisson sources

- operationd datus of the landfill unit (closed/full, active/partidly full, new/empty,
etc.)

. dte development sequence

- suitable space for mechanica equipment (motor blowers, flares, eectrical panels,
etc.)

- moigture conditions within the landfill (saturated zones can impede gas flow)

- landfill gas qudity (chemistry) and potentia effects on leachate and groundwater
quality

- design of exiging and future landfill cells and potentia influences on landfill gas
flow paths

- current and future landfill gas production rates

- depth of in-place refuse below grade (interface between refuse and subsurface
strata)

- avallable options for containing and managing landfill gas condensate

. capital costs and operation and maintenance codts of dternative designs

Types of There are two generd types of landfill gas control systems. active systems and
control passive sysems. Active control systems are recommended by the Department for
systems most gpplications because of their superior flexibility and performance. However,

active systems are usudly substantially more expengive to construct and operate.
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Conceptual Prepare preiminary engineering drawings showing the following landfill gas control
design plans system features:

- extraction well and/or horizonta collection trench locations and spacings

. configuration of collection latera and header piping

- condensate drains, storage and treatment methods, and

- mechanica equipment complex (motor-blower, flare, and associated equipment)

Design criteria  The Department’ s recommended design criteria for landfill gas control sysems are

asfollows

- The landfill gas control system should be operationdly flexible to accommodate
changing gas production rates, migration patterns, gas chemistry, and other
vaiables.

- Active control systems should be designed to provide 100 percent blower
standby (backup) capability.

- The landfill gas control system should be designed for phased construction and
expangon potentid.

- Flame arresters should be incorporated into flare systems to prevent accidental
ignition in the discharge piping system.

- Hare units should be equipped with automatic ignition sysems and darms.

- Header piping systems should have minimum (post-settlement) dopes of 3
percent for condensate drainage and collection.

Methane limits  The concentration of methane gas must not exceed
- 25 percent of the lower explosve limit for methane in facility structures, excluding
gas control or recovery system components, or
- thelower explosve limit (LEL) a the facility property boundary

Reference: OAR 340-94-060(4) and 40 CFR Part 258.23(a)

Monitoring Facilities must conduct routine monitoring, with a minimum frequency of once per
quarter, to verify compliance with the alowable concentration limits.

Solid Waste Landfill Guidance Section 5 Page 5-12



5.7 Environmental Monitoring

Establishing In mogt ingtances, detailed environmenta monitoring programs will not be

monitoring established until Phase 1 site characterization and detailed facilities design are
completed.
Conceptual Describe the overal monitoring strategies and objectives for
monitoring . groundwata'
plan . surface water
- leachate
- landfill ges
- air (if applicable)
Guidance Guidance for preparing an environmental monitoring plan is provided in Section 10.
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5.8 Closure and End Use

Closureand Describe the genera procedures for find facility closure and the end use plan for

post-closure the facility property. Closure of modern landfills is accomplished in phases when
discrete cdlls or subareas reach final capacity. Closed areas must be maintained
and monitored while active operations continue in other cells. For financia
assurance purposes, these activities should be considered as interim closures. The

30-year post-closure care period does not officidly begin until fina facility closure
iscomplete.

References OAR 340-130

Reference Minimum regulatory requirements for find facility closure are prescribed in OAR
340-94-100 and 40 CFR Part 258.1. Detailed closure provisions should be
incorporated into the closure plan (see Section 11 for further ingtructions).

Solid Waste Landfill Guidance Section 5 Page 5-14



5.9 Supporting Information

L ocal
gover nment
endor sement

Compatibility
with solid
waste plans

Waste
reduction

Other permits

Submit written recommendations of the local government unit(s) having jurisdiction
to establish anew disposa Site or to substantialy ater, expand, or improve a
disposd gite or to make a change in the method or type of disposal. Such
recommendations should include, but are not limited to, a Statement of compatibility
with:

. the acknowledged local comprehensive land use plan and zoning requirements or
the Land Conservation and Development Commission's Statewide Planning
God's (using the Department’ s Land Use Compatibility Statement form), and

- the adopted loca solid waste management plan

Reference: OAR 340-93-070(3)(b) requires submittal of loca government
information to document that the proposed new landfill or expansion of an existing
landfill has been reviewed and approved by the loca host community

Explain how the proposed facility or facility expanson is compatible with al
elements of the loca solid waste management plan, and the state integrated solid
waste management plan.

If any local government or other person will send more than 75,000 tons of solid
waste per year to the disposa Site, submit a copy of the person’s plans for
implementing a waste reduction program.

Identify any locd, state, or federal permits, in addition to the Solid Waste Disposdl
Site Permit, that will be required for the proposed facility or expanson. If the
permit has been granted, include a copy of the permit. If the permit has been
previoudy applied for but not yet granted, include a copy of the permit application.

Examples: Corps of Engineers Section 404 permit; NPDES permit
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Statement of Submit a statement clearly demonstrating the need for the new or expanded facility.
need For the renewd of a permit for an existing facility, the satement should reate to the
continuing need for the facility. The statement of need should address the following
criteria
- the avallability and capacity of aternative disposa Sites or resource recovery
sysems and facilities
- the rlaionship of the permit application to current or proposed state and local
solid waste management plans for the affected area
- the existence of contracts for disposa of waste at the proposed site
- the potentia codts of shifting to available dternative sites and the proximity of
such gtes, and
- the ability of the proposed site to comply with statutory and regulatory
requirements
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5.10 Additional Resources

Refer ences U.S. EPA Solid Waste Disposa Facility Criteria Technica Manua. November
1993

Washington D.O.E. Solid Wadte Landfill Desgn Manual. June 1987.
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Section 6: Leachate Treatment and Disposal Feasibility Study

6.1 Introduction

Evaluate Avallable leachate trestment dternatives should be evauated. Methods that reflect
treatment ste-gpecific conditions, and afull consideration of cross-mediaimpacts should be
alternatives  ggerted for the fadility.

Preferred Preferred treatment methods are those that reduce the leachate contaminants rather

methods than smply transferring the environmental problem to another medium. New
landfills, and municipd solid waste landfills with significant expansons built after
October 9, 1993, may need to complete a supplementa information form to help
identify and prevent the transfer of pollutants from one medium to ancther.

How to Submit a Feasibility Study Report that documents the andlysis of trestment and
respond disposd dternatives, including any assumptions. The Report should be stamped by
the Profession Engineer who conducted the study.
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Analysis of Evduate |eachate trestment and disposd dternatives asfollows:
treatment . edtimate leachate generation rates based on the latest Help Model analyses
options and/or actud leachate volume measurements from exigting landfill cdlls
- determine the chemica and physicd characteristics of the leachate and predict
variationsin leachate characteristics over time. For laterd expansion of exigting
facilities, sample and anayze leachate from an adjacent cdll. For new facilities,
obtain data from the nearest existing facility with a comparable physo-climatic
Setting and incoming waste stream
- identify find disposd dterndtives and evaduate their feasbility in terms of cost
effectiveness, environmental impact, technologica condraints, regulatory
requirements, and compatibility with other eements of the landfill design and
operation
- define leachate treatment (effluent) requirements for the disposal dternatives and
overdl design criteria
- select atreatment process or processes which will achieve desired treatment
performance for each disposd dternative
- edtimate the capita and operation and maintenance cogts of each dternative
treatment and disposal method
- select the best dternative trestment and disposa system with regard to cog,
reliability, flexibility and any other gppropriate consderations
The study should be conducted by a Professona Engineer with current Oregon
regigtration.

Selection of Leachate characterigtics and treatability may be affected by landfill expansion and

method by partia or fina closure. Therefore, the proposed trestment methods should be
highly adaptable to accommodate variable chemica and hydraulic loading. The
proposed system should consist of one or acombination of trestment options.
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Treatability If possible, selection of a processto treat leachate should be based upon treatability
studies sudies (laboratory or pilot scale) using the actud leachate. Thisis recommended
for several reasons:

- Published leachate treatment performance data are rare. In the absence of
treatability studies, inferences must be drawn from laboratory experimenta
sudies, and industrid and municipa water and wastewater treatment experience.

- Lacking previous experience or treatability data, there is no guarantee that high
levels of trestment can be achieved.

- Itislikely that acombination of severd unit processes will be needed to ded with
the leachate. Arriving a the optimum system is unlikely without treetability
studies.

- The complex leachate may not behave like other wastewaters, thus affecting
design and operating criteria (e.g., chemica dosage requirements), and
invalidating extrapol ations from other experiences. Leachate compaosition dso
varies with age of the landfill.

- Capitd investment, and especidly operation and maintenance codts, are likely to
be greater per unit volume treated than for municipa or industrid wastewater.
However, cogtswill be difficult to estimate without treatment experience.
Investment in a costly, unproven system that may not meet the required trestment
objectivesisimprudent.

Alternative In spite of these consderations, treatability studies may not be possible at al stes.

evaluation Representative leachate samples may be unavailable at new landfill sites or arid area
sites. In such cases, use amore theoretica approach that relies on published data
or data from another smilar facility.

In thissection  This section describes dternative trestment methods for landfill leachate, including:
- discharge to privately or publicly-owned treatment works
- land application
- on-gte treatment with discharge to surface water
- re-gpplication or re-injection to lined cell
. evaporation or impoundment, and
- other dternatives
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6.2 Discharge to Privately or Publicly-Owned Treatment
Works

The option Thisdternative is subject to any pretreatment and/or wastewater connection
requirements of the authority operating the treetment works. Dischargesto
publicly-owned treatment works (POTW) are not directly regulated by the
Department.

Reference: "Management Plan Requirements for Leachate Disposd to Publicly-
Owned Treatment Works," March 19, 1993

Examples of Thismethod is currently practiced by severd landfill in the Northwest, including:
use - St. Johns Landfill, Portland, Oregon. Contact: Metro Solid Waste
- Cedar Hills Landfill, King County, Washington. Contact: King County Solid
Waste Department
- Cathcart Landfill, Shohomish County, Washington. Contact: Snohomish County
Solid Waste Department
- Kent Highlands Landfill, Kent, Washington. Contact: City of Seettle
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6.3 Land Application

The option This dternative is subject to possible pretreatment requirements.

Reference "Standards for Leachate Spray |rrigation Management,”" October 28,
1992

Examples of This method is currently practiced by severd landfillsin Oregon, including:
use . Coffin Butte Landfill, Benton County. Contact: Vdley Landfills, Corvalis,
Oregon
- Riverbend Landfill, Yamhill County. Contact: Sanifill of Oregon
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6.4 On-site Treatment with Discharge to Surface Water

The option

Treatment
processes

Examples of
use

This dternative is subject to effluent limitations as defined in aNationa Pollutant
Discharge Elimination System (NPDES) permit. Application for a permit should be
completed and submitted to the Department's Water Qudlity Divison. If Totd
Maximum Daily Loads have been established or proposed for the recelving waters,
additional requirements may be mandated above and beyond the NPDES permit.

Generdly, there are eight unit treatment processes applicable to leachate trestment:
- biologicd trestment
. aerobic
. anaerobic
- chemical precipitation
- ion exchange
- reverse 0SMoS's
- carbon absorption
- dripping
- chemicd oxidetion
- wet oxidation

The applicability of each of these processes depends largely on the age of the
leachate and the location and design of the landfill.

Thismethod is currently practiced by Raseburg Landfill in Douglas County.
Contact: Douglas County of Public Works
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6.5 Re-application or Re-injection to Lined Cell

The option Thisdternative is permissible under the conditions of U.S. EPA's Solid Waste
Disposd Facility Criteria 40 CFR Part 258. Only those cells where the composite
liner and leachate collection system are equivaent to the minimum standards as
described in 40 CFR 258.40(a)(2) can thisform of |eachate treatment be

employed.
Minimum Re-gpplication of leachate is prohibited unless the landfill cdll has &t least the
standards equivalent of each of the following three dements:

- upper component:  acomposite liner with 30-mil FML [60-mil HDPE],
indaled in direct and uniform contact with the compacted soil component

- lower component:  atwo-foot or thicker layer of compacted soil with a
hydraulic conductivity no greater than 107 crm/sec

- |leachate collection  acollection system capable of mantaining lessthan a 12
inch [30-cm] depth of leachate head

Considerations  The following considerations should be addressed:

- hydrogeology of the landfill site and the surrounding area within a 1/4-mile radius
of the gte

- climaic/meteorologica data

- dedgn details of the recirculation system

- monitoring of leechate levesin the landfill

- detailed contingency plans for leachate control, in the event that the leachate heaed
levels cannot be maintained at less than a 12 inch [30-cm| depth

- metas accumulation in cover soils (if leachate is surface gpplied), and

- surface runoff and erosion control (if leachate is surface gpplied)

Examples of Thismethod is practiced in limited use & Finley Buittes Landfill in Morrow County,
use Oregon.
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6.6 Evaporation/Impoundment

The option

Inclusion in
other
documents

Examples of
use

This dternative is subject to the same requirements as an gpplication for a Water
Pollution Control Facility (WPCF) permit. A lagoon, impoundment structure, or
evaporation pond with a discharge to surface water is subject to a NPDES permit.

The Site Development Plan and detailed design plans and specifications should
include:

- therationde for sdecting the proposed evaporation/impoundment technique
- water balance cdculations

- pilot and bench tests, as appropriate, and

. dternative methods for resduas handling

This method is currently practiced at Columbia Ridge Landfill and Recydling Center
in Gilliam County, Oregon.

6.7 Other Alternatives

Options

The Department will consider other treatment options, such as incineration,
moisture source for composting if supporting information demonstrates consistency
with DEQ regulations and water qudity criteria.

6.8 Additional Resources

References

“Management Plan Requirements for Leachate Disposa to Publicly-Owned
Treatment Works,” DEQ, March 19, 1993

“Standards for Leachate Spray Irrigation Management,” DEQ, October 28, 1992
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Section 7: Detailed Design

7.1 Introduction

Detailed
design phase

Regulatory
references

How to
respond

Design plans
and
specifications

Design report

Fundamental design assumptions and criteria established during conceptua design
should be reevauated and refined at the outset of the detailed design stage. At this
point, additiona Ste characterization data, materids testing results, input from the
Department and other reviewing agencies, permit requirements, and other available
information should be incorporated into the design.

Mandatory design standards and performance criteria are specified in 40 CFR 258
and OAR 340 Division 94. The design gpproach should aso reflect current
technologies, and conventional engineering principas and practices. Requirements
for detailed design plans and specifications are described in OAR 340-93-140.

Submit the following design documents to the Department for gpproval prior to

condruction, conggting of:

- detalled plans and specifications, samped by a qudified professona engineer
with current regidtration in Oregon

- adesgn report that describe the technol ogies and engineering analyses associated
with the proposed design

Base design plans and specifications on the results of Phase | and Phase |l Ste
characterization, geotechnical studies, and conceptua design andyses and

reporting.

Prepare adesign report that includes the following information:
- executive summary, conclusions, recommendations
- dedgn basi's, main assumptions, design criteria, and Ste congraints
- descriptions of key landfill components and their design functions
- awritten explanation of the detailed design drawings and specifications
- ademondration that landfill components will function as designed
- results of desgn-related materias testing
- preliminary specifications for congruction materids, and
- engineering andyses and cdculations used to develop the desgn
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Format To facilitate the Department's review, design reports, design plans and
Specifications and other related documents should have the same organizationd
format used in this guidance document. Design documents should be sufficiently
detailed to enable the Department to determine whether mandatory standards and
performance criteria have been achieved. Specifications should follow the standard
format adopted by the Congtruction Specifications Indtitute.

In thissection  This section provides guidance on preparing detailed design plans and specifications
for the following environmenta control sysems:
- liner system
- 0il liner component
- geomembrane component
- primary leachate collection and removd system
- secondary leachate collection and remova system
- leachate trestment and storage impoundments
- leachate holding tanks and conveyance pipdines
- leachate treatment process
- find cover system
- surface water control system, and
- landfill gas control system

Solid Waste Landfill Guidance Section 7 Page 7-2



7.2 Liner System

Performance Landfill liners are designed to protect the environment by preventing the release of
criteria leachate and landfill gas. New municipa solid waste landfill units and lateral
expangons of exiging landfill units must be equipped with ether a composte liner,
or agte-specific dternative design that meets the environmenta performance
criteria. Unless the Department gpproves an dternative design, liner systems must
include:
- asoil liner component and
- ageomembrane liner component
These components are discussed in the following sections.

Reference: Minimum design standards for liner systems are specified in 40 CFR
258.2, 40 CFR 258.40(b), and 258.40(a)(1). Associated performance criteriaare
contained in the Department's groundwater protection rules[OAR 340-40-
020(1),(2),(3)]-

Proposing an An dternative design proposa should be discussed with Department staff, before

alternative the development of formal design details. At this point, the Department will

design consider, from atechnica and environmenta standpoint, whether the proposd is
viable. The Department will not approve dterndtive liner desgnsunlessa
convincing demondration is made that the alternative design meets both the
environmental performance requirements and the no-groundwater-degradation
policy. Alternative design proposals will be subject to the opportunity for public
comment.

Reference: See the Alternative Design discussion in Section 5: Conceptud Design
of Landfill Fedilities

Design The design documents should address technical considerations such as
document - performance criteria
content . condruction details (anchoring, penetrations)

- materid properties

- dimensons

- bottom and sidewall dopes

- gte operaions (particularly the cdll filling sequence and configuration),
- interface friction properties of liner syslem components, and

- subgrade conditions such as groundwater levels and soil properties
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7.3 Liner System -- Soil Liner Component

Soil
characteristics

Soils have awide range of physicd characterigtics thet are relevant to liner
congtruction. These characterigtics, described below, effect the soil’ s potentid to
meet the specified permesbility of 1 x 107,

Characteristic

Description

Soil plasticity

The soil plagticity index (P1) should be grester than 10 percent. However,
soils with very high PI (above 30 percent), are cohesive, sticky and difficult to
work with in the fidld. When high Pl soils are too dry, they may form clods
that are difficult to break down during compaction. Perferentid flow paths
may form around the clods, increasing the liner's permesbility. Large soil
particles or rock fragments can also form perferentia flow paths.

Soil density and
moisture

A s0il’s maximum dengity corresponds to the optimum moisture content, the
minimum permesbility to a moisture content wet of optimum. Wet soils,
however, have less shear strength and more potentia for desiccation cracking.
When specifying moisture content, consider shear strength and other
engineering properties. Typicdly, the permegbility criterion can be achieved at
moisture values of 1 to 7 percent above optimum.

Liner
construction

Soil liners should be condructed in a series of compacted lifts. To specify lift
thickness condder soil characteristics, compaction equipment, foundation
characterigtics, compaction requirements and liner permesbility. The compactor
must reach the lower portions of the lift to establish good, homogeneous bonding
between lifts.

Soil test
methods

Use the following test methods to characterize prospective liner soils:

- gran gzedidribution (ASTM D-422)

- Atterberg limits (ASTM D-4318), and

- moisture/dengity relationships by standard or modified Proctors (ASTM D-698
or ASTM D-1557), whichever is appropriate for the compaction equipment the
foundation characteristics
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Design Desgn the soil liner to meet the following criteria
criteria: soil . maximum saturated hydraulic conductivity (permesbility) -- 1 x 107 cm/sec
liner . minimum compacted thickness -- least two feet

- Atterberg limits -- plagticity index 3 10%;

- percent fines -- 3 50% passing a#200 seve,

- percent coarse materia -- 10% retained on a#4 Seve;

- maximum particle Sze including clods -- 1 - 2 inches.

Recommended Design the soil liner component by following the procedures below.

design
procedures

Step

Action

1

Specify performance objectives and materia properties

2

Specify Unified Soil Classfication, percent clay content (by hydrometer
andysisto the 2 micron particle Sze) and the additiona soil properties
in the desgn criteria

w

Egtablish liner dimensions including thickness and surface area

Prepare gppropriate design details, including details of connections
between existing and new sections of the liner

For bentonite amended soils, specify the bentonite application rate asa
percentage of the origind dry weight of the soil, and mixing techniques

Specify congtruction requirements for the soil test pad the full-scae liner
and associated earthwork

Specify Congtruction Quality Control (CQC) and Construction Quality
Assurance (CQA) requirements

Reference: Also refer to the construction requirementsin Sections 8.3, 8.4, and

8.5.
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7.4 Liner System -- Geomembrane Liner Component

Design
criteria:
geomembrane
liner

Design
approach

Recommended
design
procedures

Desgn the geomembrane component of the landfill liner to meet the following
criteria
- HDPE geomembranes of at least 60 milsthick (or at least 30 mil thick for other

meaterids) should beingaled in direct and uniform contact with the underlying soil
liner

- the geomembrane should be chemicaly compatible with leachate, landfill gas, and

other expected environmenta conditions within the landfill

- the geomembrane should be physically compatible with the proposed subgrade

and backfill properties

- the geomembrane should be capable of withstanding the anticipated short-term

and long-term stresses due to facility congtruction and operation.

- the number of pipe penetrations through the geomembrane should be minimized

to the extent possble

- the geomembrané's friction properties should be compatible with other

components of the liner syslem to minimize mechanica dresses on any
component

A systematic gpproach to design will enhance the geomembrane's performance,
reliability and compatibility with other landfill components.

Design the geomembrane liner component by following the procedures bel ow.
Where ligted, refer to the pages in Section 7.13 (Appendix of Engineering Anayses
and Cdculations) for additiona details.

Step Action Ref. pg.

1 Specify performance criteriaand materia properties for
geomembranes and associated geosynthetics

2 Perform a geomembrane design analysis to determine 7-25
acceptable geomembrane properties

3 Anayze the liner system’s Sability in Sde-dope areas 7-26

4 Andyze geomembrane runout or anchor trench requirements
and prepare design details

5 Prepare design details for sumps, pipe penetrations,
mechanica attachments to structures, etc.
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Step

Action

6 Specify Congtruction Quaity Control (CQC) and
Congtruction Quality Assurance (CQA) requirements

Ref. pg.

Geomembrane  Identify the geomembrane s function and specify desired properties for:
specifications . the geomembrane to perform its intended function
- congruction survivability, and

- in-service durability (i.e., resstance to temperature variations, UV radiations,

leachate, mechanicd dtress)

Testing and Etablish minimum requirements for testing and acceptance of geomembrane

acceptance conformance, including:
- sampling frequency
- samplesize
- sampling technique
- conformance testing procedures
. acceptance criteria, and
- regjection procedures
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7.5 Primary Leachate Collection and Removal System

Performance The primary leachate collection and removd system (LCRS) must be designed to

criteria function automatically, continuously, and as efficiently as possible within practical
limits. The LCRS should maintain aleachate depth of less than 30-cm above the
liner.

Reference: 40 CFR 258.40(8)(2)

Design criteria  Design the primary leachate collection and remova system to meet the following
criteria

- granular drainage layer percent fines -- < 5% passing No. 200 Seve.

. granular drainage layer hydraulic conductivity - 1 x 102 cnm/sec.

- granular drainage materid should consist of carbonate-free, rounded gravel or
non-angular rock.

- leachate collection pipe -- minimum 6-inch diameter, schedule 80 or equivaent
strength pipe.

- minimum dopes for collection pipes -- 1% after predicted settlement; comply
with OAR 340-52-030 for sewer pipelines (enough dope to maintain scouring
velocity).

- minimum dopes for leachate drainage layer -- 2% after foundation settlement.

- manhole/cleanout spacing -- Should be competible with available cleanout
equipment and meet recommendations (not minimums) of OAR 340-52-030 for
sewer pipes. At aminimum, provide cleanouts at both ends of al leachate
collection pipes and sweep bends to accommodate cleanout equipment.

Recommended Design the leachate collection and remova system (LCRS) by following the
design procedure below. Where listed, refer to the pages in Section 7.13 (Appendix of
procedures Engineering Anayses and Caculaions) for additiona details.

Step Action Ref. pg.

1 Prepare scaled drawings of the leachate collection system
layout and congtruction details
2 Specify properties, characteristics and performance criteria
of granular drainage layers, induding Unified Sail
Classfication, grain Sze digtribution, maximum particle Sze,
maximum percent passing No. 200 seve, thickness, and
hydraulic conductivity at anticipated fidld dendty

Solid Waste Landfill Guidance Section 7 Page 7-8



Step

Action

Ref. pg.

Specify properties, characteristics and performance criteria
of geosynthetic drainage layers, including polymer type,
trangmissvity and evidence of chemica compatibility.
Andyze requirements for geosynthetic drainage materid to
determine dlowable properties

7-25,
7-26,
7-28

Specify properties and characteristics of any granular filter
layers, indluding Unified Soil Classfication, grain Sze
digribution and thickness

Specify properties and characteristics of any geosynthetic
layers used for filtration or for liner protection. By anaysis,
determine dlowable properties for protection or filtration
layers

7-26,
7-28

Describe leachate collection pipe configuration, dimensions
and properties, and andyze pipe loading and structura
strength

7-31

Identify minimum dope specifications for drainage layers and
collection pipes

Prepare leachate collection sump capacity and design details

Prepare manhole/cleanout design details, describe cleanout
equipment capability and procedures, and andyze manhole-
foundation design requirements

10

Identify the location and minimum spacing of
manhole/cleanouts

11

Conduct afiltration analyss to evauate the primary LCRSs
dogging potentiad

7-31

12

Conduct an analyss of primary LCRS performance

7-30
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7.6 Secondary Leachate Collection and Removal System

Need for Under certain circumstances (see OAR 340-94-060(6)), the Department may
secondary require a secondary leachate collection and remova system (LCRS) to provide for
system additional groundwater protection and/or enhanced monitoring.

Design criteria  Design the secondary LCRS to detect and collect leachate at locations of maximum
leak probahility (e.g., liner penetrations, leachate collection sumps and leachate
drain lines). Condder the following criteria
- locate the secondary LCRS

- beneeth areas of maximum lesk probatility;

- directly below and pardld to the liner system; and

- above or hydraulically isolated from the seasond-high water table to prevent
groundwater intrusion into the secondary LCRS and potentialy erroneous
monitoring results.

- granular drainage layer percent fines -- < 5% passing No. 200 Seve.

- granular drainage layer hydraulic conductivity -- 1 cm/sec (at field dengty).

- granular drainage layer physical properties -- non-angular rock or rounded gravel
free of carbonate materia

. geosynthetic drainage layer tranamissivity -- 5 x 10 né/s.

- minimum dope specifications for drainage layer and collection pipes -- pipes
should meet recommendations (not minimums) of OAR 340-52-030 for sewer
pipdines. Drainage layer should dope & least 2% (after settlement)

- manhole/cleanout location and spacing should not exceed capabilities of avallable

equipment

Recommended Design the secondary leachate collection and remova system (LCRS) by following
design the procedure below. Where listed, refer to the pages in Section 7.13 (Appendix of
procedures Engineering Analyses and Cdculaions) for additiond details.

Step Action Ref. pg.
1 Prepare scaled drawings of the secondary leachate collection ---
and remova system layout and congruction detalls
2 Describe the secondary LCRS lining system, including its
physica properties and dimensions
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Step

Action

Specify granular drainage layer properties and performance
criteria, induding Unified Soil Classification, grain Sze
digtribution, maximum particle Size, maximum percent passing
No. 200 seve, thickness, and hydraulic conductivity at
anticipated fidd dengity

Ref. pg.

Specify geosynthetic drainage layer properties, and
performance criteria, including polymer type and
transmissvity. Determine alowable properties for
geosynthetic drainage materia should be determined by
andyss

7-25,
7-26

Specify granular filter layer properties and performance
criteria, induding Unified Soil Classfication, grain Sze
digtribution and thickness. Granular filter materia must be
free of carbonate materia

Specify geosynthetic protective or filter layer properties.
Determine dlowable properties for geosynthetic by analyss

7-25

Describe leachate collection pipe configuration, dimensions
and properties. Determine dlowable propertiesby a
dructurd gability andyss

7-31

[dentify minimum dope specifications for drainage layers and
collection pipes

Prepare leachate collection sump capacity and design details

10

Prepare manhole/cleanout design and operation detalls,
including cleanout equipment capabilities and operating
procedures. Anayze foundation requirements for manholes.

11

Identify manhole/cleanout configuration and spacing

12

Andyze the clogging potentid within secondary LCRS
components

13

Anayze the collection efficiency of the secondary LCRS

Solid Waste Landfill Guidance Section 7

Page 7-11



7.7 Leachate Treatment and Storage Impoundments

Performance Environmenta safeguards for leachate treatment and storage impoundments should

criteria be comparable to or more extensive than what is required for a Subtitle D landfill
cdl. For minimum standards on location, design, construction, and monitoring see
OAR 340-94-060(3).

Design Criteria Design leachate trestment and storage impoundments to meet the following criteria
- impoundment liners equa or exceed the landfill liner design

- thelesk detection system underlies the impoundment liner to account for the

subgtantid liquid depths within such impoundments

- impoundments have sufficient freeboard to contain and prevent overflow dueto

the 24-hour, 25-year storm

- available storage capacity reflects adopted |eachate management practices and

Seasond operating restrictions

Recommended Design the leachate trestment and storage system by following the procedures
design below. Where listed, refer to the pagesin Section 7.13 (Appendix of Engineering
procedures Andyses and Cdculations) for additiond detals.

Step

Action

Ref. pg.

1

Calculate required storage capacity, account for leachate
flow projections and the impoundment's internal water
budget

7-31

Incorporate landfill cell design procedures

Design the legk detection system, incorporate dl gpplicable
steps outlined in Subsection 7.6 for secondary leachate
collection and removd sysems

Design leachate impoundments using landfill-cdl equivadent
detal and engineering andysis

Use gpplicable information previoudy developed for landfill
cdl design andyses
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7.8 Leachate Holding Tanks and Conveyance Pipelines

Design Design leachate holding tanks to be:
criteria: . watertight
holding tanks . composed of landfill-leachate compatible materials

- located on aflat, stable foundation, and

- gzed to support the LCRS and |eachate management practices

Design Design conveyance pipelinesto be:

criteria: . composed of landfill-leachate compatible materias
conveyance . condstent with the Departments guidelines for sewer pipelines
pipelines . watertight and

- capable of withstanding in-service conditions, physical loads, stresses

Recommended Design leachate holding tanks to meet the same operationd considerations as
design impoundments. Design conveyance pipdines according to the guidelines for sewer
procedures pipdines.

References: OAR 340-060(3); OAR 340-52-020, Appendix A
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7.9 Leachate Treatment Process

Performance
criteria

Designing the
system

Selecting a
design

Treatability
studies

Design criteria

Design the leachate treestment and disposal system to achieve effluent qudity
(leachate strength) objectives as appropriate for direct discharge or for
pretrestment followed by discharge to another trestment facility.

The design of aleachate trestment and digposal system should include the following
main stages.

Stage Description

A feashility sudy Evauate trestment and disposd dternatives and identify
preferred method

Conceptua design Prepare Conceptuad Design (Engineering) Report
including conceptua design plans and specifications for
the selected dternative

Detalled design Prepare detailed design plans and specifications and the

Design Report

L eachate composition and flow rates are highly variable and subject to numerous,
ste-gpecific physica and environmentd influences. Select trestment technologies
which can be easly modified to accommodate subgtantia changesin hydraulic
loading and leachate strength.

If possible, conduct treatability studies on Ste-specific leachate before committing
to a particular leachate treetment process or technology. Treatment process staging
may be necessary to accommodate variations in leachate chemistry and flow rates.
Staging involves adding or deleting treatment processes or changing capacity of
existing processes as future conditions warrant.

Egtablish leachate trestment goa's and design criteria (e.g., effluent qudity,
treastment efficiency) consstent with final disposa requirements and raw |leachate
characterigtics.
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Recommended Design the leachate trestment process based on the results of the site
design characterization studies, afeasibility study, and the conceptual design report. Re-
procedures evauate the following critical design parameters established during conceptual

desgn:

Design parameter

Evaluation criteria

Leachate characterigics

additiond testing may be needed to assess
the leachate's variability and treetability

Site geotechnicd conditions

additiond, localized geotechnicd testing
may be required to augment site-wide
investigations

Leachate flow projections (hydraulic | accuracy

loading)

Storage capacity and detention times | accuracy

Treatment efficiency forecadts accuracy

The adaptability of proposed leachate | ability to accommodate short-term and
trestment technologies long-term variations in leschate

characteristics and treatment requirements
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7.10 Final Cover System

Performance
criteria

Alternative
designs

Thefina cover sysem should minimize water infiltration and eroson. Other
important design issues include landfill gas containment and control, settlement,
eroson, long-term maintenance requirements, and dope sability. Landfills that
undergo remedid action to dleviate groundwater contamination, may be required to
meet more gringent design criteriafor the find cover.

References: 40 CFR 258.60(a) and OAR 340-94-120

EPA dlows approved state permitting programs, like Oregon's, flexibility in
interpreting Subtitle D cover design requirements. Accordingly, the Department
may consider aternative designs provided that critical performance criteria (e.g.,
minimd infiltration) are met. In the State's arid regions, for example, a properly
designed soil cover may perform as well as a geomembrane.

Design criteria  Dedign thefind cover system to meet the following criteria

Design
procedures

- minimum dopes of 2% and maximum dopes of 30%

- accommodate anticipated settlements

- contain landfill gas and enhance gas collection and recovery efforts
- minimize ercson

- minimize surface water infiltration

- promote efficient surface water drainage and runoff

- maintain stability on side dopes, and

- enhance Ste aesthetics

Design the fina cover system by following the procedure below. Where listed, refer
to the pagesin Section 7.13 (Appendix of Engineering Analyses and Caculations)
for additiond detalls.

Step Action Ref. pg.
1 Prepare typical cross-sections of the cover syssem designfor | ----
top and side dope
2 Usethe HELP Modd to predict infiltration 7-25
3 Andyze dope sability 7-26,
7-27
4 | Andlyze potentia settlement 7-28
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Foundation
layer

Low
Permeability
Layer

Drainage layer

Design
procedur es:
drainage layer

5 Describe each layer of the cover system, including:
- foundation layer

- low permeghility layer

- drainage layer

- protective layer

- topsoil layer

- vegetative layer

The foundation layer will serve as a base for ether alow-permesbility soil layer, or
ageomembrane layer. The foundation layer must support and protect the cover
during and after the congtruction phase.

Specify appropriate materid properties, thickness, and configuration.

Design the low permestiility layer to minimize moisture infiltration, to enhance landfill
gas containment and control, and to accommodate Site specific physica and
environmenta conditions.

Reference: Section 6.2 of this guidance provides detailed information on designing
geomembrane and low-permeability soil layers

Desgn the drainage layer to minimize infiltration, leachate generation, dope stability
problems, erasion, and to enhance access for maintenance equipment.

Design the drainage layer of thefina cover system by following the procedures
below. Where listed, refer to the pagesin Section 7.13 (Appendix of Engineering
Andyses and Cdculations) for additiond details.

Step Action Ref. pg.

1 Specify properties, and performance criteria of granular
drainage layers, induding Unified Soil Classfication, grain
gze digribution, maximum particle Sze, maximum percent
passing No. 200 seve, thickness and hydraulic conductivity

2 Specify properties, and performance criteria of geosynthetic 7-25
drainage layers, including polymer type and transmissivity

3 Identify properties of granular filter layers, including Unified

Soil Classification, grain size didtribution and thickness,
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Protective
layer

Design of
protective
layer

Topsoil layer

Design
criteria: topsoil
layer

4 Specify properties of geosynthetics used for protective or 7-28
filter layers. Determine dlowable properties by analyss

5 Andyzefilter layer performance 7-31

6 Specify configuration, dimensions and properties of the 7-31
collection pipe sysem. Andlyze structural parameters.

7 Develop exit drain design detalls

8 Andyze drainage layer performance 7-30

An additiond soil layer may be used to protect low-permesbility layers from
physica or environmental damage.

Specify the protective layer's properties and dimensions, including Unified Soil

Classfication, grain Sze digtribution, thickness, hydraulic conductivity and maximum

particle size (if placed directly on a geomembrane layer). Design the protective

layer to:

. provide adequate rooting depth and soil moisture storage for selected vegetation

- protect the low-permeahility layer against root penetration, freezing, drying and
desiccation, and

- protect geosynthetic layers from puncture and other physical damage

The primary function of the topsoil layer isto provide an optima growing medium
for desirable vegetation. Topsoil may be amended with woodwaste, sewage dudge,
or compost if gpplied appropriately at agronomic rates. Soil amendments should
not cause odors, air-born contaminants or surface water quaity problems,

Specify top soil characteristics based on athorough anayss of vegetation
dternatives and fertilizer requirements, such as:
- thickness
- U.SD.A. texturd classfication
- Soil Taxonomy
. pH
- organic content
- <dinity
- nutrient content, and
- carbon to nitrogen ratio
If the topsoil layer will function as the protective layer, follow procedures for the
design of the protective layer
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Vegetative
layer

Design
criteria:
vegetative
layer

Alternativeto
vegetative
layer

Typical cover

Note: For additiona information on soil properties and enhancement techniques,
contact the County Agent of the Oregon State University Extenson Service

The vegetdive layer's main functions are to:
- minimize eroson and long-term maintenance, and
- maximize evapotranoiration

The vegetative layer should be compatible with other cover-system components

and easy to maintain. Plant shallow-rooted, locally adapted perennid plants thet:
- resst drought and temperature extremes

- thrivein low nutrient soil with minimum nutrient addition

- egtablish dense growth to minimize cover soil eroson (limit is no more than 2
tons/acrelyear), and

- survive and function with little or no maintenance

Reference: Refer to the Page 7-33 in Section 7.13 (Appendix of Engineering
Andyses and Cdculations) for additiond details.

A vegetdive layer may be incompatible with Ste climatic conditions or end use
plan. If an dternative layer is planned, assess soil erosion, long-term maintenance
requirements, and compatibility with other cover syssem components. The specified
materid should:

- accommodate settlement without compromising function

- maintain positive dopes to promote surface drainage off the cover

- be stable and eroson resistant during extreme precipitation and/or wind, and

- limit soil erosion to no more than 2 tong/acrelyear

Reference: Refer to the Page 7-33 in Section 7.13 (Appendix of Engineering
Andyses and Cdculations) for additiond details.

A typicd find cover system design meets the thickness, dope, and specifications

system design  |isted in the table below.
Layer Construction Thickness | Sope Specifications
material
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Layer Congtruction Thickness | Sope Specifications
material
Top layer vegetation persstent, drought resistant,
adapted to local conditions,
shallow-rooted
on soil > 12 inches > 2% | erosion rate < 2 tong/acrelyear
Dranagelayer | Soil (sand and > 12 inches >2% | SP(USCS) soil, K > 102 crm/sec
grave mixes)
geosynthetic vaigble > 2% | performance equivaent to soil,
hydraulic transmissivity > 3x10°
nr/s
Low- geomembrane > 60 mils >2% | other types of FMLs should be at
permesbility (HDPE) least 20 mils in thickness
layer on low- >24inches |[>2% |inplaceK <10° cm/sec
permeshility soil
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7.11 Surface Water Control System

Precipitation
data

Select gppropriate precipitation data for design andyses.

Reference: Refer to the Page 7-32 in Section 7.13 (Appendix of Engineering
Anadyses and Cdculaions) for additiond detalls.

Design criteria  Design the surface water control system to meet the following criteria

Design
Procedures

- prevent run-on flow onto active or inactive portions of the landfill (assuming pesk

discharge from the 25-year storm)

- collect and control run-off from active and inactive portions of the landfill

(assuming a 24-hour, 25-year storm)

- comply with the provisons of the sorm water discharge (NPDES) permit and the

Clean Water Act

. control sediment transport and remove suspended solids as necessary to comply

with the NPDES permit conditions

. collect and contain leachate contaminated stormwater that accumulates in active

fill aress

- temporarily store excess run-off from peak flows until it can be discharged a a

lower, controlled rate

- minimize Ste eroson
- protect the integrity and effectiveness of the landfill cover system, and
- minimize post-closure maintenance requirements

Design the surface water control system for both the active landfill operation and
post-closure phases by following the procedure below.

Step Action

1 Define drainage basin boundaries

2 Identify potentidly sengtive festures, such as wetlands, fish migratory
dreams

3 Deveop ste grading plans for active and closed landfill scenarios

4 Develop design storm hydrographs and calculate peak flow volumes
and velocities

5 Sdlect and size gppropriate control-system components, including
ditches, culverts, and detention basins to safely pass peak flows

6 Specify permanent and temporary erosion control measures
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Step Action
7 Specify permanent and temporary sltation control measures, and
8 Perform gpplicable andlyses and caculations

Reference: Refer to the Page 7-32 in Section 7.13 (Appendix of
Engineering Andyses and Cdculations) for additiond detalls.
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7.12 Landfill Gas Control System

Designingthe  Design the landfill gas control system to accommodate a wide range of operationa
system and environmenta variables, withstand harsh physical/ environmenta conditions,

and function as long as needed.

Appropriate landfill gas control system technologies are:

- flexible operationdly

- easy to congtruct and modify

- durable (physcaly and chemicdly)

- easy to monitor, and

- easy to maintain and repair

Design criteria  Design the landfill gas control system to:
- handle the maximum gas flow rate predicted for the landfill
- accommodate variability in gas generation, composition, and other operational
parameters
- expand as needed to collect gas from future cells, and
. meet the gpplicable criteriain the table below

If designing... then meet thefollowing criteria:

an active - extraction well boreholes should be @ least 24 inches in diameter

control system | - congtruct extraction well casngs and collection lateras and headers of
PVC, HDPE or gtainless stedl

- provide 100% blower standby (backup) capability

- equip flare sysems with flame arresters to prevent accidentd ignition in
the discharge piping system

- equip flare units with automatic ignition sysems and darms

- & gteswith ahigh risk of off-Ste gas migration, indal darm sysems with
auto-dia-phone capabilities to contact response personnd 24-hours-a-
day, 7-days-a-week

. desgn perimeter extraction wells should be designed to provide 100-
percent overlap of influence between adjacent wells (i.e, radii of
influence of adjacent wells should completely overlap)

apassve use only in combination with geomembrane cover and liner systems

control system

Solid Waste Landfill Guidance Section 7 Page 7-23



Recommended Egablish the overadl design basis by re-eva uating conceptud design criteria, landfill
design ges test data, and site characterization data. Incorporate the latest available
procedures engineering data and gas test data and following the design procedure below.

Step

Action

1

Determine the landfill's gas generation potentia. Various moddling
techniques may be used to predict approximate pesk and totd landfill
gas production

Define the main operating functions of the landfill gas control sysem
(i.e, landfill gas migration control, odor or air-emissions control, energy
recovery, or multi-use)

Establish performance criteria, congtruction materias properties,
equipment layout, and equipment types and characterigtics. Design
congtruction details (e.g., well or collection-trench depths and spacings
and perimeter setbacks, header pipe szes and configuration) to
accommodate Ste-specific conditions

Prepare afacilities plan that depicts the following system components:

- extraction well and/or collection trench locations and spacings

- locations of adjustment vaves and sampling ports

- configuration of collection header piping

- condensate drain locations

- layout of mechanica equipment complex (i.e., blowers, flares,
electrica panels)
- locations of gas monitoring probes

Prepare design detail s that describe proposed materials and equipment

for the mgjor control system components (i.e., well casings, collection

piping, granular materias, valves, blowers, flares) and typical design

details for the following:

- extraction wells

- vaves and sampling ports

- condensate drains, sumps, pumps, storage tanks and associated
equipment

- mechanica equipment complex ( blowers, flares, condensers,
eectrica pands, darms, etc.), and

- well or piping penetrations through the cover or liner sysems
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7.13 Appendix of Engineering Analyses and Calculations

Design report
supporting
information

Soil balance
calculations

Water balance
analysis (HELP
model)

Use of
geosynthetics

As gpplicable, describe the assumptions, technical rationde, references, and factors
of safety used for each engineering analysis or calculation. Incorporate relevant
andyses and cdculationsinto the Design Report.

Cdculate quantities of specidized and genera-purpose soils.

- to congtruct and operate each phase of landfill development
- for phased closure and find closure congtruction

. available at the identified borrow source, and

- to beimported over the life of the site

Usethelatest verson of U.S. EPA's Hydrologic Evauation of Landfill Performance
(HELP) Modd to estimate:

. water percolation through each barrier layer

- |laterd drainage from each drainage layer, and

- hydraulic head build-up in each drainage layer

Modd input should congst of dte-specific climatologicd data, if available, and Ste-
gpecific geotechnica and design data. Assume landfill operational status ?
development plan and engineering design plans. Provide dl input assumptions and
the complete mode output in the Design Report.

Geosynthetics such as geomembranes, geotextiles, geonets, geogrids and
geocomposites have many possible applications in landfill design and construction.
Non-gtructura materia's such as geomembranes and geonets should not be
subjected to sgnificant physical stresses. Other liner or cover components must be
designed to protect non-structural materials from physical stresses.

Note: For methods to evauate interface friction and shear stresses of layered
geosynthetic components see Stahility Analyses on page 7-26.
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Selecting a Sdect geosynthetics by matching intended functions with compatible physica
geosynthetic  properties. Manufacturers specifications are usually derived from laboratory tests
which do not account or field conditions. Adjust for differences between
laboratory and in-situ conditions by ether:
- cugomizing laboratory and field tests to modd field conditions, or
- uging partid factors of safety to account for differences between laboratory tests
and fidd conditions
Perform a“design by function” analysis to sdect the gppropriate geosynthetic
materid, or establish materid properties by following the procedure below.

Step Action

1 Evauate the geosynthetic layer and the materids above and below

2 Specify adesgn factor of safety that reflects the potentia consequences
of the geosynthetic’ sfalure
3 Describe the geosynthetic's primary function(s) and other critical
functions
4 Cdculate the numerical vaue for each geosynthetic property in question
(as gppropriate for the geosynthetic's intended function)
5 Specify testing requirements for selecting a geosynthetic product
6 Determine the partid factors of safety needed to compensate for
differences between |aboratory testing and the field conditions
7 Specify the minimum alowable properties for a product in a particular
application

Reference: The suggested "design by function” gpproach to designing with
geosynthetics is summarized in pages 61-62 of R. M. Koerner's Designing With
Geosynthetics, 2nd Edition, Prentice-Hal Publ. Co., Englewood Cliffs, NJ, 1990,

652 pgs
Stability Anayze the gability of dl waste containment structures. Congder facilities design,
analyses: congtruction and operation, and Site characterigtics (e.g., naturdly unstable or

parameters seismically affected areas). Seismic impact zones, as defined in 40 CFR 258.14,
exist a most locationsin Oregon. Use gppropriate testing and andysis to
determine the following parameters:

- drength of soils and solid waste materids

- effective angles of internd friction for soils and solid waste
- friction angles of adjoining layer interfaces

. dengty of soilsand solid waste, and

. porewater pressurein soils
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Stability Anayze the following scenarios using gppropriate factors of safety:

analyses:
scenarios

- Potentid rotationd failure of the soil mass beneeth the liner system
- Potentia rotationa failure of any containment dike, or other engineered structures

- Potentid diding falure of the liner sysem dong the plane of the sde dope
- The generd dope gability and liner sysem gtability dong the plane of the liner
system (assume active landfill operations and worst-case site devel opment

conditions

- Potentid diding failure or the cover system Sde dopes, assuming maximum pore
water pressure in the drainage layer or cover soils over a geomembrane

Factors of

Suggested factor of safety (FS) vaues are shown in the table beow. Actud values

safety reflect engineering andyses Site geotechnica and environmenta characteritics,
congtruction materias, operational procedures and risk factors.

Consequences of Slope Failure Uncertainty of Strength M easurements
Smal* Large’
No imminent danger to human life or mgor 1.25 15
environmentd impeact if dopefals (1.2 (1.3
Imminent danger to human life or mgor 15 2.0 or greater
environmenta impact if dopefalls (1.3) (1.7 or greater)

dataare available

saismic conditions.

! Strength messurements are most reliable when the soil conditions are uniform and high quality test

2 Strength measurements are most uncertain when the soil conditions are complex and test data are
inconggtent and incomplete

" Numbers without parentheses apply for tatic conditions and those within parentheses apply to

Modified fromx U.S. EPA, (1993), "Technica Manud for Solid Waste Disposa Fecility Criteria- 40
CFR Part 258," November 1993.
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Settlement Settlement may involve alandfill cdll, geologic units beneeth the cdll, or bath. The
amount of settlement depends on the characteristics of the solid waste and the
underlying geologicd units.

Settlement Cdculate for each landfill cdll:
analysis . the total consolidation of underlying geological units
- the totd waste settlement
- differential settlement benegth the flattest sections of the liner system and
maximum differentia settlement benesth the liner footprint
- maximum differentid settlement of the cover system
- dope alowance required to compensate for differentid settlement of leachate
drainage layers and collection pipes, and
- fina cover dope alowances required to compensate for estimated differentia

Seitlement
Settlement Post-settlement dopes for leachate collection systems and cover systems should
tolerances meet origind design criteria
Geotextile A geotextile filter should provide adequate cross-plane permeability and soil

filter analysis  retention. Therefore, the geotextile's void spaces need to be compatible with
adjoining materias. Andyze geotextile filters following the table below.

Step Action
1 Specify adesign factor of safety and cadculate:
- therequired flow rate through the geotextile filter, and
- the gpparent opening Size of the geotextile from the soil gradation
2 Specify appropriate geotextile testing (e.g., apparent opening Size,
permittivity)
3 Determine alowable flow rate. Use partid factors of safety to account
for soil clogging, creep reduction of void spaces, and biologica
dogging
4 Condder other criticd propertiesincluding:
- chemicd compatibility with landfill contaminants
- survivahility (during packaging, trangportation, handling, and
ingdlation), and
- Ultraviolet-light resstance
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Step Action
5 Specify aparticular geotextile product, or specify the required
properties (e.g., gpparent opening size and permittivity)

Geomembrane  The geomembrane must have appropriate physical properties to withstand physica
liner system and environmental stresses during construction and long-term use. Andlyze the
critica design parameters following the procedure below

Step Action
1 Cdculate and specify adesign factor of safety for construction and
operation related Stresses (i.e., tensile, shear, impact, and puncture
stresses). Stress sources include anchorage, geomembrane weight,
waste-weight, foundation subsidence, waste settlement, congtruction
equipment operation, and contact subgrade and backfill materids (e.g.,
drainage layers)
2 Specify geomembrane testing procedures for critical properties (e.g.,
tensile strength, seam strength, tear resistance, puncture resistance,
Impact resstance, geomembrane friction, etc.). Use partia factors of
safety to account for discrepancies between laboratory tests and field
conditions
3 Congder other criticd propertiesincluding:
- chemica compatibility with leachate and gas
- survivability during packaging, trangportetion, handling, and
ingalation
- ultraviolet light resstance, and
- coefficient of therma expansion (required dack in the geomembrane
and acceptable temperature ranges for ingtallation)
4 Specify a particular geomembrane product, or the minimum alowable
geomembrane properties
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Primary LCRS  Design the primary leachate collection and remova system (LCRS) using redundant
per for mance features and conservative factors of safety to enhance its reliability. Evauate critica
evaluation design parameters using the following assumptions and anaysis:
- Precipitation impinging directly on the drainage layer; the drainage layer is
saturated; precipitation equas the wettest month’s average rainfdl. Caculate the
hydraulic head for these conditions. The hydraulic head should not exceed 12
inches [30-cm] or the thickness of the drainage layer a any point in the LCRS,
and
- All leachate collection pipesfail with thefina cover isin place; surface water
infiltration enters the drainage layer at arate equa to the HELP Modd estimate;
the drainage layer is saturated; precipitation equals the wettest monthly total.
Cdculate hydraulic head for these conditions. The hydraulic head should not
exceed 12 inches [30-cm] or the thickness of the drainage layer at any point in

the LCRS.
Secondary Evauate the performance of the proposed secondary LCRS design by caculating

LCRS the following:
performance . Leakage detection sengitivity: . . . the smallest primary liner leakage rate which
evaluation can be detected.”
- Leskage collection efficiency. theratio of the leakage collected at the secondary
LCRS sump divided by the leakage entering the secondary LCRS and
- Lesk detection time: the time required for leachate to travel from the point of
entering the secondary LCRS to a collection sump

References: Background Document: Bottom Liner Performance in Double-Lined
Landfills and Surface Impoundments, EPA/530-SW-87-013, U.S.EPA, 1987,
301 pgs.

Background Document: Proposed Liner and Leak Detection Rule, EPA 530-SW-
87-015, U.S.EPA, 1987, 526 pgs.

Cover system  Evduate drainage layer performance and rdiability by using the HELP Modd or
drainagelayer  gther gppropriate method(s) to calculate the maximum hydraulic head buildup
performance  jthin thislayer.
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LCRSfiltration Demongtrate that the conveyance systems for the primary, and secondary LCRSs
analysis and the fina cover drainage system are designed to prevent clogging. Use analysis
and cdculations to show that:
- geotextilefilter layers will adequately retain solids and pass liquids (see page 7-
28), ad
- granular filter layers will adequately retain solids and pass liquids (use andyticd
methods on pages 19 - 20 of Technical Guidance Document: Find Coverson
Hazardous Wadte Landfills and Surface Impoundments, U.S. EPA, EPA/530-
SW-89-047, July 1989, and page 7-68 of Lining of Waste Containment and
Other Impoundment Fadilities, U.S. EPA, EPA/600/2-88/052, September 1989,
or other appropriate techniques.

Structural Generate structura caculations to show that leachate collection pipes will
stability of withsand:
leachate pipes . gatic and dynamic loading from construction equipment;

- maximum potentid loading from vehicular traffic;

- maximum gatic loading from the completed landfill; and

- dresses from long-term differentia consolidation of the landfill foundation.

Manhole Cdculate the bearing capacity of manhole foundations. Demondirate that the
foundation bearing capacity will support anticipated loads without damaging the liner system.
bearing Consider differential-settlement induced down-drag forces that may occur where
capacity compressible waste and rigid manholes mest.

L eachate Cdculate the storage capacity of the leachate impoundment, accounting for dl in
storage puts and outputs. Demonstrate that |eachate storage impoundments or holding tanks
capacity will provide

- adequate storage capacity for the maximum leachate flows, assume the leechate
collection system maintains less than 12 inches [30-cm] of leachate depth

- adequate storage capacity to manage leachate as planned and to satisfy any
seasond limitations, and

- aufficient freeboard to contain leachate and prevent overflows, assuming a 24-
hour, 25-year storm
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L eachate

treatment and

disposal

Surface water
control
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Cdculate the efficiency of the proposed trestment system considering the following

factors.

- dedgn criterig, including regulatory requirements,

- avalability of representative leachate for testing;

- untreated (influent) leachate characteridtics, (i.e., quantity and qudlity);

- tempord and spatid variability of leachate characteridtics,

- method(s) of leachate disposd;

- periodic design modifications (certain trestment processes may be phased in to
accommodate variable leachate qudity and hydraulic loading);

- proposed unit treatment processes and associated technologies,

- potentid temperature variaions in leachate and ambient air;

- nutrient addition requirements (e.g., phosphorous and/or nitrogen addition may be
required to enhance biologica treatment.

Evauate the effectiveness of the surface water control system for conditions
throughout the landfill's development and operation. Use a 24-hour, 25-year or
more severe sorm if extreme impacts could result from control system failure,

Obtain storm recurrence information from the Westher Bureau's Technical Paper
40, Rainfdl Frequency Atlas of the United States for Durations for 30 Minutes to
100 Years. Alternatively, andyze locad meteorologica data to estimate slorm
intengity. Use the Rationd Method, the Soil Conservation Service (SCS) method
(i.e., Urban Hydrology for Small Watersheds, SCS Technical Release #55, June
1986 (TR-55)) or other recognized methods to estimate design-storm-related peak
flows.

Demondtrate by andyss, that:

- Diversion and conveyance structures (e.g., berms and channels) are designed to
divert dl sormwater run-on away from the landfill footprint (assume pesk
discharge from the 25-year sorm). Use standard andytical methods
recommended by the US Dept. of Transportation (Federal Highway
Adminigration), the US Army Corps of Engineers, the US Dept. of Agriculture
(Soil Conservation Services) or other appropriate engineering methods.

- Sedimentation and detention facilities will retain pesk runoff flows from the 25-
year gorm , trap sediment effectively, and comply with the facility's NPDES
permit. Use the SCS methods (TR-55) to develop inflow hydrographs for
sedimentation/detention structures.

- Active landfill cells have adequate capacity to contain sormwater and leachate
during a 24-hour, 25-year storm.
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Post-closure
surface water
control

Cover soil
erosion

Landfill gas
control system

Anayze requirements for post-closure surface water runoff control. Assuming 24-

hour, 25-year storm conditions, demonstrate that:

- culvert and drainage channel cross-sections and dopes will pass design-storm-
generated flow volumes

- surface water control facilities will minimize runoff veocities and rdaed energy,
and erosion of the landfill cover and drainage channels

- dl drainage channelswill convey flow a or below the maximum permissible
(mean) velocities. Sdect the proper channel section for the appropriate hydraulic
condition, and

- dte maintenance will be minimized.

Note: Use standard engineering methods and procedures such as described in the
Enginesring Field Manua for Consarvation Practice, U.S. Soil Conservation
Service, 1984; SCS Engineering Handbook #5; Open Channd Hydraulics, V. T.
Chow, 1959; Handbook of Hydraulics, 3d. edition, King, 1939; or other published
references and specifications.

Usethe U.SD.A. Universd Soil Loss Equation to estimate the erosion loss from
the proposed final cover system. U.S. EPA guidance recommends a maximum soil
loss of < 2 tong/acre/day. Vduesfor the Universa Soil Loss Equation parameters
can be obtained from the U.S. Soil Conservation Service's (SCS) Technica
Guidance Document available at local SCS offices.

Cdculate or estimate the following design parameters.

- landfill gas production (pesk and tota production over the life of the landfill)

- gaswdl spacings and depths

- individud extraction-wdl flow rates

- sysem-wide collection efficiency

- maximum alowable headloss criterion

- minimum alowable vacuum pressure a the remotest extraction well.

- headloss from wells to the blower

- total accumulative flow rate within the collection pipes and heeders

- required sizes for collection pipes and vacuum-motor-blowers, and flare units (if
applicable)

- requirements for blower backup capabilities, and phased expansion of the
mechanical equipment complex (i.e., blowers, flares, etc.) disposa or recovery
systems and the collection system.
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7.14 Additional Resources

L andfill
technologies,
design, and
construction
practices

Designing with
geosynthetics

Landfill cover
systems

Draft Technica Manud for Solid Waste Disposa Facility Criteria - 40 CFR Part
258, U.SEPA, April 1992.

Saminars - Reguirements for Hazardous Waste Landfill Design, Construction and
Closure, CERI-88-33; U.S.EPA: Center for Environmental Research Information,
Cincinnati, OH 45268, 1988.

Lining of Waste Containment and Other Impoundment Facilities, EPA/600/2-
88/052, U.S.EPA, Risk Reduction Engineering Laboratory, Cincinnati, OH 45268,
September 1988.

Design, Condruction, and Evduation of Clay Liners for Waste Management
Fadilities, EPA/530/SW-86/007F, U.S.EPA, Office of Solid Waste and
Emergency Response, Washington, DC 20460, November 1988.

Koerner, Robert M., Desgning With Geosynthetics, 2nd Edition, Prentice-Hall
Publ. Co., Englewood Cliffs, NJ, 1990, 652 pgs.

Seminars-Design and Congruction of RCRA/CERCLA Find Covers, CERI 90-
50, U.S.EPA, Office of Research and Development, Washington, DC 20460,
1990.

Technicd Guidance Document: Find Covers on Hazardous Waste Landfills and
Surface Impoundments, EPA/530-SW-89-047, U.S.EPA, Office of Solid Waste
and Emergency Response, Washington, DC 20460, July 1989.

Proceedings of the 4th GRI Seminar on the topic of Landfill Closures:
Geosynthetics, Interface Friction and New Developments, Geosynthetic Research
Institute, Philadelphia, PA 19104, December 1990, 260 pgs.
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L eachate Thornton, Richard J., and Blanc, Fredrick C., Leachate Treatment by Coagulation
treatment and Precipitation, proceedings of the American Society of Civil Engineers, Val. 99,
No. EE4, August 1973.

Chian, E. S. K., and De Walle, F. B., 1976, Sanitary Landfill Leachates and their
Treatment, ASCE Environmental Engineering Divison, No. EE2.

Chian, E. S. K., and DeWadlle, F. B., 1977, Evduation of Leachate Treatment,
Voals. | and Il, Washington, DC: U.S. EPA, EPA-600/2-77-186.

Boyle, W. C., and Ham, R. K., 1974, Treatability of L eachate from Sanitary
Landfills, Journal of Water Poll. Control Federation, VVal. 46, No. 5.

DeWale, F. B., and Chian E. S. K., 1977, Leachae Treatment by Biologica and
Physica-Chemical Methods, Proceedings of the Third Annud Solid Waste
Research Symposium, U.S. EPA, March 14-16, 1977.

Robinson, H. D., and Maris, P. J., 1985, The Treatment of L eachates from
Domegtic Wadgte in Landfill Sites, Journa of Water Poll. Control Federation,
January 1985, pp. 30-38.

Nelson, P. O., and Storhaug, R., 1985, Treatment of Leachate in Aerated
Lagoons, Lab-Scae Study, Odo, Norway, Norwegian Ingtitute for Water
Research, Report No. 0-84022.

Landfill gas EMCON Associates, 1980, Methane Generation and Recovery from Landfills,
control Ann Arbor Science, Ann Arbor, Michigan, p. 139.

Ham, R. K., et a., 1979, Recovery, Processing, and Utilization of Gas from
Sanitary Landfills, Cincinnati, OH: U.S. EPA 600/2-79-001.
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Section 8: Facility Construction Program

8.1 Introduction

Objective The objective of the congtruction program isto trand ate the Department-agpproved
engineering design into a completed facility that meets or exceeds the design plan
specifications and performance objectives.

Elements Thefacility congtruction program should include the following dements:

- an organized, qudified congtruction project team

- Department-approved design drawings and specifications for each phase of
landfill development

- aCongtruction Quality Control (CQC) program

- aCongruction Quality Assurance (CQA) program, and

- Congtruction Certification Reports based on an evauation of CQC and CQA
documentation which certify that construction was completed in accordance with
Department-gpproved plans and specifications

How to Submit the information below to the Department for each phase of landfill
respond development (i.e., congtruction of new cdls, cdl closure, or environmenta control
fadilities).
Document When to submit
CQA plan prior to initiating congruction
soil liner test pad evauation report prior to beginning congtruction of the
soil liner
congtruction certification report after completing each phase of
congtruction

Reference: OAR 340-93-140 and OAR 340-93-150 provide information on
congtruction documents
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In thissection  This section describes the mgjor congtruction project eements, including:
- congtruction project team
- condtruction guidelines
- soil test pad
- soil liner
- excavation and subgrade preparation
- geogynthetic liners
. |leachate and gas collection systems
- quality control program
- quality assurance plan
- condtruction certification reports

Differencesin  The physica properties of naturd earth materids are generdly more varidble than

materials the properties of manufactured materias (e.g., geomembranes) which are produced
under factory controlled conditions. Accordingly, these guidelines concentrate more
on methods for earth-materias construction.
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8.2 Construction Project Team

Proj ect team
organization

Establishing
the team

Team roles

Organize the project team in terms of “Owner”, “Designer”, and “ Constructor” or
other equivadent divisions of responsbility. Regardless of the contractua
arrangement used, the Owner, Designer, and Congtructor functions are discrete,
independent respongbilities.

Establish and document the construction project team organization, including:

- alist of key project team members and their roles and responsibilities

- the minimum required experience for each project team member

- key project team members, their qualifications, and phone numbers and
addresses

- anorganizationd flow chart identifying members of the project team, lines of
authority, and lines of communication between the various team members

The table below shows atypica construction project team.

Team Member Role

Project Manager Individua who represents the owner and is responsible for
the overd| coordination and management of the project
activities

Owner Party who initiates the project and is responsible for
establishing and directing the project to completion

Owner’s Team Persons who advise and assist the owner in pecidized
areas and, if applicable, person(s) to whom the owner
delegates authority to act on the owner's behdf

Congtruction Party(s), who is part of the Owner's Team, and independent
Quadlity Assurance | from the Project Manager, Constructor and Manufacture.
(CQA) Consultant | The CQA Consultant isresponsble for observing,
conducting and documenting activities reated to the qudity
assurance of materids and congruction on behdf of the
Owner

Dedgner Party whose primary role isto conceive, plan and provide
qudity design solutions in response to the owner's stated
requirements

Design Team Experienced staff and subcontractors who are responsible
for various aspects of the design
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Team Member Role
Congtructor May be a contractor. Party responsible for planning,
managing, and accomplishing the condtruction activities
Condruction Team | Congruction gaff, materid and equipment suppliers,
speciaty sub-contractors assembled by the Constructor

Note: For smdler projects, multiple functions can be accomplished by asingle
individua

Basis for "Successful congtruction projects are conceived, planned, designed, and built by a

organization project team congisting of an owner, design professional, and congtructor. Quality
is achieved when each team member's obligations are fulfilled competently and in a
timely fashion, in cooperation with the other members.” (ASCE Manud No. 73.)
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8.3 Construction Guidelines - Soil Test Pad

Purpose of soil  The purpose of atest pad(s) isto modd the congtruction of the full-scae liner to

test pad verify that proposed construction materials and methods will produce the desired
compaction and in-situ hydraulic conductivity. The assessment will endble the
Project Team to establish fina requirements for soil processing, placement and
compaction.

Requiring a The design specifications should require the Constructor to complete a successful

test pad test pad evauation before congtructing the full-scale soil liner. An additiond test
pad should be prepared and evauated for each significant change in congtruction
materias, equipment, or methodology.

Construction Construct soil test pads according to the table below.
procedures

Step Action

1 Use the same soil materia, CQC program, and congtruction equipment
and methods that will be used for the full-scae liner
2 Classfy representative soil samples according to the Unified Soil
Classfication System (ASTM D2487)
3 Evauate soil samplesto define an acceptable range of water content
and dry unit weight. Use careful judgment in interpreting |aboratory
hydraulic conductivity vaues, (i.e., there may be up to 1 order-of-
magnitude difference between laboratory and field values)

Reference: Danidl, D. E., and Benson, C. H. (1990), "Water Content -
Dengty Criteriafor Compacted Soil Liners," Journal of Geotechnical
Engineering, Vol. 116, No. 12, pp. 1811 -1830.

4 Congtruct the test pad at least four times the width of the widest piece

of equipment to be used

5 Condtruct the test pad long enough to alow the compaction equipment
to attain normal operating speed before reaching the test area

6 Condiruct &t least four compacted lifts
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Achievinglow  The mogt important factors in achieving hydraulic conductivity criteriaare:
hydraulic - using suiteble soil materials
conductivity . using appropriate construction equipment

- placing the soil a the correct water content

- properly preparing the surface between lifts

- achieving dengity specifications by using gppropriate compaction equipment and

procedures, and
- protecting completed lifts from damage

Dutiesof CQA  Suggested duties of the Congtruction Quality Assurance (CQA) consultant include:
consultant . Observe, approve and document the suitability of the prepared subgrade

- Observe, approve and document soil material sdlected for congtruction

- Observe and record during soil placement and compaction:

- westher conditions

- the condtruction equipment and methods used (e.g., equipment type and
specifications, lift thickness before and after compaction, number of compactor
passes, compactor speed), and

- the CQC program

- Ted the physicd properties that will be used to evaluate construction of the full-
scade soil barrier, including at least four water content (ASTM D2216) and four
density (ASTM D1556) tests per compacted lift

- Collect at least four undisturbed samples from each compacted lift immediately
adjacent to where physical properties are tested, and from those samples obtain
at least four undisturbed test specimens from varying depths in the compacted lift.
Test the specimens in the laboratory for hydraulic conductivity (ASTM D5084)
to determine any correlation between laboratory hydraulic conductivity, tested
physica properties, and in-Stu hydraulic conductivity

- Repair or observe the repair of dl holes left by density testing and soil sample
collection

- Conduct fidld tests to determine in-situ hydraulic conductivity. The Department
recommends at least one sealed double ring infiltrometer test (ASTM D5093 or
equivaent method)

- Dig at leadt four (4) test pitsin the test area, ingpect for evidence of voids, large
pores between remnant clods, signs of poor bonding between lifts, and other
vigble problems, and

- Prepare areport documenting the test pad(s) evaluation
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Test pad
evaluation
report

Report review
procedures

Alternativeto
test pad
assessment

Demonstration
content

The CQA consultant should prepare and submit to the Department a soil liner test

pad evaluation report that includes:
- asummary of test data

. dataandyds

- conclusons and recommendations regarding test pad performance and full-scde
soil barrier congtruction.

- adetailed description of the congtruction materias, equipment and methods to be
employed for full-scale liner congtruction

The Project Manager and Designer should evauate the CQA Consultant's report
and the test pad's conformance to the design specifications.

If the test pad’s performance then
conformsto design specifications | congruct the full-scae soil liner using the same
congtruction methods, equipment, and
materias
falls desgn spedifications require the Congtructor to construct and
evauate another test barrier usng modified
congruction materid, equipment, and
methods

The project schedule may not allow time to complete the test pad evauation before
the soil liner is congtructed. If this Situation arises, demongtrate to the Department
that afull evauation of the test pad is not needed to verify that the liner will meet the
specifications.

The demongtration should:

- show, with laboratory testing, that the proposed soil-liner materid easily meets
the specified hydraulic conductivity

- permit Department representatives to observe congiruction of the test pad and
excavation of test pits

- show that the lifts are adequately bonded together and that soil clods are
adequately remolded (few inter-clod voids or macro-pores should be visible)

- usethe same materials, methods, and equipment to construct the soil liner, and

- recognize that completed liner segments may need re-congtruction or
modifications if the soil test pad fails to meet the design specifications
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8.4 Construction Guidelines -- Soil Liner

Test pad The Project Manager and Designer should use the test pad modeling results to
results edtablish find requirements for liner construction and performance (pecified
compaction and hydraulic conductivity criteria).

Factorsin In establishing fina congruction requirements, the Project Manager and Designer
establishing should carefully consider the following construction varigbles:
final - properties of the low-permesbility soils to be used for liner construction

construction

) - method of excavating and processing the soil prior to placement
requirements

- pre-compaction thickness and conditioning methods (e.g., disking, pulverizing,
moisture adjustment)

- compaction equipment type, weight and length of feet (for footed rollers)

- compactor operations (number of compactor passes and maximum compactor
speed)

- protection of compacted lifts that may be exposed to the eements

- scarification and moisture control between lifts

- mixing of bentonite and other soil additives

Key Edtablish a congtruction program that has the following dements.
construction . systematic condtruction qudity control (CQC) such that the resulting liner meets
elements or exceeds the test pad’s performance

- aCQA Consultant to monitor the construction and ensure that completed ol
liners meet or exceed specifications, and

- provisonsto protect completed soil liners from the effects of westher and other
condruction activities
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Modifications  Asthe Congtructor and CQA Consultant gain congtruction experience and "get a
to construction  fed" for the soils, it may become desirable to modiify certain construction criteria
specifications  gch adjustments should be made as described in the table below.

If the then Examples
modification is
“functiondly obtain modifications including less compactive effort,
inferior” Department reduced qudity control, and increased lift
authorization thicknesses that potentialy result in diminished
prior to hydraulic and strength properties
implementation
“functiondly continue with modifications, such as increased compactive
superior” construction effort, increased qudity control, thinner lift
thicknesses, that potentialy reduce the
hydraulic conductivity and enhance strength
properties
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8.5 Construction Guidelines -- Excavation and Subgrade
Preparation

Excavation, Perform earthwork activities in accordance with the table below.
stockpiling,
and processing

Step | Action

1 Segregate excavated soils according to their properties

2 Process excavated soils as necessary to meet required material
specifications (e.g., pulverizing the soil to bresk down clods or
screening the soil to remove large particles)
3 Place excavated/processed soils into competible stockpiles of uniform
materia
4 Provide eroson control measures for excavation and stockpiling
activities
5 Adjust the moisture content as necessary before using excavated or
stockpiled soils (i.e., water needs to penetrate clods so they can be
remol ded)

Subgrade Congtruction procedures for liner or cover system subgrades should address the
preparation following factors:

- control of differentia settlement

- remova of soft spots

- quality control testing (dendity, moisture content, soil classfication, soil gradation)
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8.6 Construction Guidelines -- Geosynthetic Materials

Typical
geosynthetic
materials

Installation
specifications

Testing and
acceptance
procedures

Damage
prevention

Landfill congruction typicaly involves many gpplications for geosynthetic materids,
induding:

- geomembranesin liners and covers

- geotextiles asfilters, cushions, and soil separators

- geogrids for dope and foundation support, and

- drain-netsfor drainage

Ingtal geosynthetic materids in conformance with the specifications for:
- function and desired properties

- minimum testing and acceptance

- testing and acceptance procedures

. damage prevention, and

- ingalation procedures

Establish conformance testing and acceptance requirements that include the

following procedures.

- The Congtructor or Manufacturer should provide the Project Manager the
Manufacturer's qudlity control certification (i.e., verification that the geosynthetic
materiad meets project specifications)

- The Congtructor or Manufacturer of a geomembrane should provide quaity
control certificatesissued by the resin supplier, quaity control certificates for each
roll produced and certification that the supplied geomembrane and extrudate have
the same materia properties, and

- The Congtructor or CQA Consultant should conduct sampling and conformance
testing in accordance with ASTM D4759 " Standard Practice for Determining the
Specification Conformance of Geosynthetics' to verify the manufecturer's
certification

Prevent damage to the geosynthetic materia by using gppropriate techniques for
delivery packaging, labding, trangportation, handling and storage.
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Installation Ingtdl the geosynthetic materid as the specifications prescribe for:
procedure - dte preparation prior to placement of geosynthetic
- geosynthetics handling, placing, anchoring, seam overlaps, and post-ingdlation
ingpection
- geomembrane seam welding (including preparation of geomembrane sheets and
seaming equipment), weather and temperature congraints for seaming
- geomembrane wrinkles, folds, and bridging
- seam qudity control testing and inspection
- repairing inadequate seams and damaged geomembranes, and
. covering or otherwise protecting geomembranes after ingtalation to prevent
damage
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8.7 Construction Guidelines -- Leachate and Gas Systems

L eachate Congtruct the primary and secondary leachate collection and remova system(s)
system (LCRSs) according to specified requirements for:
construction . the performance objectives for each sysem component (i.e., for granular

drainage materid the hydraulic conductivity to be achieved)

- dedred materid properties (e.g., hydraulic conductivity, grain Sze distribution,
non-carbonate rock for granular drainage materid or insde diameter for LCRS
piping)

- therequired thickness for granular drainage and filter layers, and

- congructor requirements for LCRS work execution including:

- dopes dlowances to compensate for projected differential settlement

- protection of liners during placement of overlying granular drainage materids

- pre-operationd cleaning and maintenance of the LCRS, and

. demongtrating LCRS pipe continuity (e.g., pull abal or other uniform object
through the pipes)

Gas system Congtruct the landfill gas control system according to the specified requirements for:
construction . congtruction staging and coordination with landfill operation and development
. connection of system components to and penetrations through geomembrane
covers and other geosynthetics
. safety precautions for the Congtructor's field crews and others who may be
exposed (directly or indirectly) to landfill gas
. gas production and control system performance, and
- operational objectives
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8.8 Quality Control Program

CQC defined  Congtruction qudity control (CQC) refers to those actions taken by Manufacturers,
Fabricators, or the Congtructor to confirm that products and work quality meet the
requirements of the contract. CQC includes ingpections and testing of dl furnished,
congructed, and ingtalled components. These activities are independent of
congruction quality assurance (CQA) activities.

CQC program  Establish detailed congtruction quadity control (CQC) requirements for materids
and workmanship, to show the Congtructor how to furnish products and execute
work. CQC should include systematic inspections and measures to control the
qudlity of congtruction and to ensure conformance with the project specifications
and contract requirements.
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8.9 Quality Assurance Plan

CQA plan Prepare a detalled congtruction quality assurance (CQA) plan that verifies and
documents proper congtruction of facility components. The CQA plan should
describe the proposed measures for monitoring the quality of materials and work
performance. CQA plan ements pertaining to foundations, subgrades,
embankments, soil barriers, geosynthetics, LCRSs, and landfill gas control systems
should be developed and administered by a Professona Engineer with current
Oregon regigtration and experience in the technicd area.

CQA defined  CQA isan overview and inspection program consisting of systematic observations
and tests to ensure that the final product meets design specifications. CQA plans,
design plans and specifications, observations, and tests are used to provide
quantitative criteriafor evauating find product acceptaility.

Plan contents ~ The CQA plan should include site-specific information on the following topics:
- gaff roles, responghility, authority and communication
- qudifications of CQA consultant
- qudifications of congruction team
- Ingpection activities
- geosynthetic congtruction
- earthwork construction
- documentation

Roles and The CQA plan should describe the role, responsibility, and authority of each party

responsibilities  jnvolved in executing the CQA plan. The plan should include an organizational flow
diagram outlining the management gtructure, lines of communication, chain-of-
command, and implementation procedures.

Qualifications ~ The CQA plan should describe the technica expertise of the CQA consultant. The

of CQA CQA consultant should represent the Owner's interests as an independent, qualified
consultant party and is responsible for observing, evaluating, and documenting quality of
materials and congtruction.
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Quialifications
of construction
team

I nspection
activities

Geosynthetic
construction

Earthwork
construction

The CQA plan should establish minimum qudifications for earthwork contractors,
geosynthetic inddlers and geosynthetic material manufacturers.

The CQA plan should outline the observations and tests that will be used to
evauate conformance with al design criteria, plans, and specifications for each
project component.

The CQA plan should describe the responsihilities of the CQA consultant.

Suggested dutiesinclude:
- monitoring geosynthetic materia delivery, unloading and on-ste storage and
transport

- sdecting geosynthetic materid (destructive samples) for conformance testing

- determining the acceptability of geosynthetics according to ASTM D4759
"Standard Practice for Determining the Specification Conformance of
Geogynthetics'

- monitoring the deployment of geosynthetics

- monitoring geosynthetic seaming operations

- monitoring and documenting CQC testing procedures (i.e., non-destructive seam
tedting, field tensometer testing)

- monitoring and documenting geomembrane CQA testing (i.e., destructive seam
sampling and testing, repair operaions, sample |abeling)

- documenting any on-site activities that could result in damage to the geosynthetics

- maintaining appropriate lines of communication with other project team members
as specified in the CQA plan

The CQA plan should describe procedures associated with earthwork, including:
- grading

- foundations

. embankments

- 0l liners and covers

. granular drainage and filter layers

- excavations and backfill

- top soil (vegetetive) layers

- road building, and

- S0l processing (e.g., mixing with bentonite)
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CQA of
earthwork

Earthwork
monitoring

Earthwork
sampling and
testing

Evaluating
prospective
liner materials

CQA activities should include:

- earthwork monitoring

- earthwork sampling and testing

- evauating progpective liner materids, and
- evauating condructed soil liners

The CQA consultant should oversee dl key phases of earthwork to monitor and

document that materials and procedures meet the design specifications. The CQA

consultant’ s oversight should include;

- borrow soils properties and performance

- test pad congtruction and performance

- borrow soils stockpiling methods

- raw materia processing

- foundation and sub-grade preparation

- 0il layer thickness and protection of underlying layers

- repair of any holes (eg., from grade stakes) or other construction-related damage

- s0il-liner condruction (soil dengty, moisture content, permesbility, equivaency to
test pad congtruction)

- identification and repair of penetrations of the soil liner (e.g., penetrations resulting
from CQC/CQA testing)

- protection of completed soil liner sections

- dl other earthwork components (i.e., granular drainage or gas venting layers,
operations layer, protective layers and topsoil layer)

- identification and modification of activities that could damage liners or drainage
layers

The CQA plan should describe sampling parameters and procedures for each
discrete earthwork activity including testing frequency, rationale for sdecting test
locations, and acceptance and rejection criteria

The QA Consultant should observe al aspects of earthwork, and personally
perform the soil sampling and testing to develop a“fed” for the materid. This
hands-on involvement may improve the QA Consultant's observationd skills and
judgment, ultimately trandating into better quality assurance.

The CQA plan should specify parameters and testing frequencies for evaluating
soilsintended for liner congtruction. Test samples obtained from the borrow areg,
processing area, stockpile area or find placement area, provided:

- the samples meet |ow-permesbility specifications, and

- the soil is suitable for or can be conditioned for compaction
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Liner soil The table beow lists recommended parameters and testing frequencies for
testing evauating prospective soil liner materid.
Parameter being Test method Testing frequency Recommended
tested reference performance
Percent fines (passing | ASTM D1140 1 per 1000 cy and > 50%

aNo. 200 sieve)

1 test each day s0il is
excavated or placed

Percent grave (dry- ASTM D422

1 per 1000 cy and <10%

weight retained on the 1 test each day soil is
No. 4 Seve) excavated or placed
Atterberg limits ASTM D4318 1 per 1000 cy and Padticity Index > 10%
1 test each day oil is
excavated or placed
Water content ASTM D3017 lper1000cyand  |-----
ASTM D4643 1 test eech day s0il is
ASTM D2216 (at least | excavated or placed
every 5th sample)
Moigure/Dengty/ ASTM D698 1 per materid type
Permesbility ASTM D1557
relaionships ASTM D5084

Note: Other equivaent tests may be used

Reference: Use relationships to define an acceptable range of Water Content and
Dry Dendty Unit Weight, in accordance with procedures described by Danid, and
Benson, C. H. (1990), "Water Content - Dengty Criteriafor Compacted Soil
Liners" Journd of Geotechnicd Enginegring, Vol. 116, No. 12, pp. 1811 - 1830.

Evaluating the

The CQA plan should specify parameters and testing frequencies for evaluating

constr ucted compacted soil liners. The plan should alow testing frequencies to be increased at
soil liner the discretion of the CQA consultant.
Recommended The table below lists recommended parameters and testing frequencies for
parametersand  evauating constructed soil liners.
frequencies
Parameter Test method Testing frequency | Recommended performance
being tested reference
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Water content | ASTM D3017 S/acre/compacted lift
ASTM D4643
ASTM D2216(at least
every 5th sample)

Densty ASTM D2922 S/acre/lcompacted lift | Nuclear dendity test should
ASTM D1556(at least measure oil dendty near the
every tenth sample) bottom of each compacted lift;

cdibrate nuclear gaugesto a
known density each day of use

Thickness Elevation monitoring 50 feet center to

center or minimum 6
points per grade at top
of first compacted lift
and top of completed
soil liner

Note: Other equivaent tests may be used

Documentation The CQA plan should specify detailed reporting requirements for the CQA

activities, induding:

- daily record keeping (observation and test data sheets)
- problem reporting and corrective measures data sheets
- project Manager and Designer acceptance reports (for errors, inconsistencies,

and other problems)

- find documentation including as-built drawings, and
- the dgnature or initids of the person maintaining the records and generating the

reports
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8.10 Construction Certification Reports

Submittal Congtruction Certification Reports must be submitted to the Department each time
alandfill development phase is completed and/or before a newly constructed waste
management unit (alandfill cell or leachate impoundment) is activated. The report
should document and certify that al required components and structures have been
congructed in compliance with the permit requirements and gpproved desgn
Specifications.

Reference: OAR 340-93-150

Report content  Construction certification reports should include the following dements:

- an executive summary describing how well the project went and mgjor problems
encountered

- asummary of dl condruction and CQA activities

- asummary of al CQA obsarvations, daily ingpection/photo/video logs, and test
data sheets

- problem identification/corrective measures

- designer's acceptance reports for errors and inconsistencies

- deviations from design and materiad specifications, including justifying
documentation, and copies of change orders and recorded field adjustments

- certificates of acceptance (e.g., acceptance of subgrade for geomembrane liner
ingalaion)

- asbuilt drawings and photographs, including record surveys of soil liner and
granular drainage layer thicknesses

- acertification statement(s) and signatures legaly representing the CQA
Conaultant, Designer and Owner, one of the which isthat of a professona
engineer registered in Oregon, and

- acopy of the notation on the deed to the facility property for dl closed cdlls, as
required by 40 CFR 258.60(i)
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8.11 Additional Resources

L ow- Danid, D. E. (1987), "Earthen Liners For Land Disposa Fecilities" Geotechnical
permeability  Practice for Waste Disposal ‘87 Proceedings, ASCE, Geotechnical Special
soil liner Publication No. 13., pp. 21-39;

Danid, D. E., and Benson, C. H. (1990), "Water Content - Density Criteriafor
Compacted Soil Liners" Journd of Geotechnical Enginegring, Vol. 116, No. 12,
pp. 1811 - 1830;

U.S. EPA (1988), Design, Congruction, and Evduation of Clay Linersfor Waste
Management Fecilities, EPA/530/SW-86/007F;

U.S. EPA (1988), Lining of Waste Containment and Other Impoundment Fadilities,
EPA/600/2-88/052, Chapter 9; and

U.S. EPA (1989), Seminar Publication: Requirements for Hazardous Waste
Landfill Design, Congruction, and Closure, EPA/625/4-89/022, Chapter 6.

Geosynthetics  U.S. EPA (1988), Lining of Waste Containment and Other Impoundment Facilities,

-- construction  EPA/600/2-88/052, Chapter 9; and.
quality control

U.S. EPA (1989), Seminar Publication: Requirements for Hazardous Waste
Landfill Design, Congtruction, and Clasure, EPA/625/4-89/022, Chapter 6.

For guidance on seaming geomembranes. U.S. EPA (1991), Technicd Guidance
Document: Inspection Techniques for the Fabrication of Geomembrane Field
Seams, EPA/530/SW-91/051.

L eachate U.S. EPA (1988), Lining of Waste Containment and Other Impoundment Facilities,
Collection and  EPA/600/2-88/052, Chapter 9.
Removal
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Construction U.S. EPA (1988), Lining of Wadste Containment and Other Impoundment Facilities,

Quality EPA/600/2-88/052, Chapter 10;
Assurance

U.S. EPA (1985), Congtruction Quality Assurance for Hazardous Waste Land
Disposa Fadilities, Public Comment Draft, EPA/530-SW-85-021,

Danid, D. E., "Summary Review of Congtruction Quality Control for Compacted
Soil Liners™ Waste Containment Systems. Congtruction, Regulation, and
Performance, R. Bonaparte (ed.), ASCE, New Y ork, pp. 175 - 189; and

Chemica Waste Management, Inc. (June 15, 1990), Qudlity Assurance Manud
For The Ingdlation Of Geosynthetic Lining Systems.

General For further information on congtruction principles and procedures, and project
reference organization see ASCE (1990), Qudlity in the Congtructed Project, ASCE Manual
No. 73.

Solid Waste Landfill Guidance Section 8 Page 8-23



Section 9: Landfill Operations

9.1 Introduction

Operations
plan

Operations and
maintenance
manual

How to
respond

O&M manual
content

Develop an operations plan that describes the facility’ s operation and maintenance
and incorporates the facility's planned development and specific design eements.

Reference: OAR 340-94-040(11)(b)

Once new landfill units or related facilities are constructed and activated, prepare a
detailed operations and maintenance (O& M) manua. The O&M manud should
incorporate pertinent information from the following sources:

. operations plan

- final design documents

- post-congtruction documents

- hands-on operating experience, and

- eguipment manufacturers

During the design phase of the project, prepare an operations plan that integrates
the site development plan, the facility design elements, and the operationa ements
described in this subsection. Submit the plan to DEQ for review and approvd.

Once the landfill unit and related facilities are constructed and activated, prepare the
O&M manual. Incorporate the operations plan dements, construction documents,
and equipment manufacturers and suppliers data. Prepare separate O& M manuals
for complex systems, such as leachate treatment systems, landfill gas control
sysems. Make the O&M manua available to operating personnd and place a
copy of the manual(s) in the facility operating record.

The O&M manual should be apractica document intended for day-to-day use by
on-site operations personnd that:

- reflects the scope and content of field operations

- provides clear and detailed direction to landfill operating personnel

. addresses dl topicsidentified in the operations plan

- includes a detailed table of contents

- indudes definitions of dl technica terminology, and

- iIsassembled as aloose-leaf binder to facilitate periodic revisons
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Updating Update the operations plan and the O&M manua as necessary to reflect significant

oper ations fecility expangons or changesin Site operations and equipment.
documents

Inthissection  This section describes the operationa dements that should be addressed in the
operations plan, including:
- genera operations
. disposal operations -- waste handling
- disposal operations -- management of working area
. gpecid waste management
- ancllary operations
- ingpection and maintenance
- operating record
. contingency
- incrementa post-closure operations, and
- personnel
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9.2 General Operations

Security Establish security measures to prevent unauthorized entry, waste disposd, and
unsafe scavenging practices.

Signs For public-use landfills, post Sgns bearing the following information:

- fadlity name

- business address and telephone number of the facility owner/operator (person or
munidpality)

- an emergency telephone number

- hours of operation

- current permit number, and

- aligt of generd types of materids which will be accepted or not accepted

Accesshours  Egablish operating hours and man-made or naturd barriers to:

and controls . discourage entry by unauthorized persons
- limit access to the Site to times when an attendant is on duty
- prevent unauthorized vehicular traffic and illegal dumping of wadtes, and
- protect human hedth and the environmen.

Reference: OAR 340-94-040(9) and 340-94-040(11)(h)

Aesthetics Screen the active landfill areafrom public view.

Accessroads  Congruct and maintain on-site access roads to minimize traffic hazards, dust and
mud and to provide reasonable adl-wegther access. Specify the maximum sustained
grade of an access road. Congtruct stream crossings using culverts or other
dructures that do not increase the potentid for flooding or excessive soil erosion.
Incorporate roadway design in the detailed engineering drawings and specifications
(Section 7).

Open burning  Prevent uncontrolled and/or unauthorized open burning.
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Endangered
species

Floodplain
integrity

Sewage
disposal

Egtablish operating procedures to prevent the harming, killing, capturing or
collecting of any endangered or threatened species, or to the direct or indirect
dteration of critical habitat for those species. Protect any such species.

Determineif facilities are located in the 100-year floodplain. The facility must not
restrict the flow of a 100-year flood, reduce the temporary water storage capacity
of the floodplain, or result in washout of solid waste.

Manage on-site sawage in accordance with Department-approved plans.
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9.3 Disposal Operations -- Waste Handling

Weighing Ingtdl equipment for weighing incoming loads or establish procedures for estimating
weight by volume of waste loads. Account for the amount of incoming waste.

Scavenging Prevent uncontrolled and unauthorized remova of solid waste. Materia recovery
controls activities must not create adverse health or environmenta impacts.
Waste Establish waste acceptance procedures that include the following dements:
acceptability . A random ingpection program a the facility for detecting and preventing the
procedures disposal of regulated hazardous wastes, polychlorinated biphenyl wastes or any
other unacceptable wastes as specified in the permit or determined by the
Department.
- Waste screening to control prohibited waste and specid wastes which require
prior Department approval.

- Procedures used wherever prohibited or special wastes could enter the facility,
including the working face, transfer sations, direct haulers, and landfill scae
houses.

- Procedures for managing prohibited wastes detected in landfilled waste.

- Measures to handle unusua pesk waste loads which may exceed the facility's
capacity.

References: 40 CFR 258.20 describes the requirements for a random ingpection

program; OAR 340-93-040 defines prohibited wastes

Liquid wastes  Prevent the digposd of bulk or non-containerized liquid waste and meet the
requirements of 40 CFR 258.28(b).

Out of state For imported wastes, establish procedures to follow prohibitions or restrictions.
wastes

Salvage Recover salvage materiasin a planned and controlled manner.

Reference: OAR 340-94-040(11)(k)
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Litter control  Control litter by establishing good waste compaction practices, a small working
face, and physica controls (e.g., permanent and portable fences), and cleanup
procedures to prevent on and off-site windblown litter accumulations.

Reference: OAR 340-94-040(11)(1)

Vector and bird  Control or prevent on-site populations of flies, rodents, other disease vectors, and

control birds.

References: OAR 340-94-040(10); 40 CFR 258.10

Inclement Develop procedures for inclement weether operation, including provisions for:
Weath?r - al-wesather roads, wet-westher, and aternate disposa areas
operations . operaing in extreme dry westher conditions or when dust emissions are excessive

- operating during other severe climatic conditions such as severe winds or snow,

and

- notifying customers when severe climatic conditions require closure of disposa

fadlities

Reference: OAR 340-94-040(11)(b)(D)

L eachate Establish operation and maintenance procedures for the leachate management

system system and if gpplicable, the dternative leachate digposa system, scheduling of key
activities during landfill development. Prepare a separate, detailed O& M manud for
complex leachate treetment systems. Address the topics in the table below, as

gpplicable.

System component

Topicsto be addressed

Leachate Collection

Leachate collection system operation and performance
Leachate level measurement techniques, frequency,
location, for norma and wet weather operations
Measures to prevent clogging and physica damage of
collection systern components

Leachate Storage

Odor control

Leechate level monitoring

Prevention of leachate releases to the environment (such
as overflows or legks)

Liner sysem maintenance
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Landfill gas
control

Surface water
control

Groundwater
control

System component Topicsto be addressed

Leachate Treatment/ | Influent and effluent testing
Disposd Treatment efficiencies
Trestment process adjustments and monitoring

Manage landfill gasto prevent subsurface migration of methane.

Describe detailed operation and maintenance procedures for the landfill gas control
system in the facility O&M manua. Prepare a separate O& M manua for complex
gas control systems.

References OAR 340-94-040(5) and 40 CFR 258.23

Establish measures to prevent ssormwater run-on onto active portions of the landfill
and to control runoff. Incorporate a copy of the storm water pollution control plan
into the operations plan.

Reference: Clean Water Act Sections 208, 319, and 402 involving wetlands,
NPDES requirementsin 40 CFR 258.26 and 258.27

Operate and maintain the groundwater control system and associated equipment.
Groundwater control measures may include dewatering systems (e.g., under drains
and wells) and barrier systems (e.g., durry wals, geomembrane walls)
accompanied by pumps, manholes, buried piping, catch basins, outlets, and other
equipment requiring operation and maintenance.
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9.4 Disposal Operations -- Management of Working Area

Compatibility

Waste
unloading

First layer of
fill

L eachate
minimization

Landfill disposa operations should be compatible with engineered structures and
environmenta control and monitoring systems, and should be consstent with the
Site Development Plan and other aspects of facility operations.

Develop waste unloading procedures for incoming vehicles and ingpection
procedures to identify and isolate prohibited or unacceptable wastes. Establish the
gze of the refuse unloading area from the following:

incoming wadte quantities
: number, Sze, and type of delivery vehicles
. compacting equipment requirements, and
- litter control and other environmental considerations

Establish precautions to protect the geomembrane liner when thefirst layer of waste
Is placed and compacted in lined disposd areas. The first operations layer should
be "select waste’. Consider the following factors in establishing appropriate
safeguards.
- thethickness and physical characteridics of the initid waste layer
- the availability of desrable "sdect waste' materids
- thethickness and physical characteristics of the drainage and operations layers
- whether the landfill cell design incorporates specid-purpose geosynthetic
materials (e.g., geotextiles) for added protection of the liner, and
- the type of equipment used to place and compact the initid waste layer

Definitiort “Select waste” includes household waste but not demolition or land-
clearing debris or other materids that may damage the liner system

Minimize |eachate generation with gppropriate landfill development and operations
techniques.
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Active face

Compaction

Benefits of
compaction

Daily cover

Specify the nomind sze of the active working face, and establish compatible waste

unloading and filling procedures. Congder the following in determining the size of

the working face:

- The width of the working face should only be wide enough to accommodate
waste unloading and compaction equipment operation

- The cdl height and length should be sdlected based on the daily volume of refuse
recelved, and

- Cell end dopes should be kept as steep as possible (20 to 30 degrees)

Establish procedures for waste spreading and compaction including layer thickness,
maximum lift height, daily cell configuration and dopes, compaction equipment and
compactive effort (i.e., minimum number of compactor passes over each layer of
waste), and the intended density of solid waste.

Recommendation: The Department recommends that waste be spread in thin (about
1-foot-thick) layers and compacted with 3 to 5 passes of the compactor on dopes
of about 3 horizontd to 1 vertical. The most effective compaction occurs with the
compeactor operating on aleve surface.

Proper compaction of solid waste at landfills can provide severd important benefits

induding:

. conserving landfill space

- minimizing and controlling litter

- reducing daily cover efforts and cost

- reducing total and differentid settlement of the waste and associated closure and
post-closure costs, and

- creating a more aesthetic operation

Place "dally cover" on al exposed solid waste at the end of each operating day, or
more often if necessary to control problems such as fly propagetion, blowing litter,
vectors, and fires. Place at |least Six inches of earthen materia on exposed solid
wadte a the end of each working day, unless aternative cover designs or
procedures are approved by the Department.

Reference: 40 CFR 258.21 describes requirements for daily cover
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Alternative
daily cover

Intermediate
cover

Interim cover

Alternative cover materials must provide the same level of control as earthen
materid. Example dternative covers include the following materids:

- Geosynthetic tarps (e.g., geotextiles and geomembranes)

- Spray-on foams

- Surry products

- Inert waste materids (e.g., shredded tires, foundry sands)

Specifications should be established for cover materid type, minimum thickness and
frequency of application. Cover materia sources and stockpile requirements
should be identified.

Reference: 40 CFR 258.21(b) or (c), and OAR 340-94-040(8) describe the
requirements for obtaining approva of dternate daily cover

Place "intermediate cover” on the top and Sde dopes of an advancing lift which will
not receive additional waste for at least two months. Design the intermediate cover
to control surface water infiltration, disease vectors, fires, odors, blowing litter and
scavenging. Intermediate cover should consist of at least one foot of compacted
low-permesbility soil. A geomembrane cover may aso be required in areas where
average annud rainfal exceeds 25 inches.

Place “interim cover” on segments of the landfill that reach find devations before
fina cover inddlation. During the rainy season, place interim cover immediately
after acdl reachesfind devations. Design the interim cover to minimize surface
water infiltration, and potentidly to serve as part of the foundation for the final cover
sysem. Develop specifications for the interim cover's configuration, materia
properties (e.g. permesbility), thickness, ingtdlation schedule and techniques, and
raw-meaterial sources.
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9.5 Special Waste Management

Special waste  Develop a Specid Waste Management Plan including procedures for specia waste

management acceptance, characterization, handling, storage, recordkeeping and disposal.
plan

Contents Theplan should include the following dements:

an anadyss of specid waste management dternatives

- araionde for the proposed disposa dternative

- the physical and chemicd characteristics of each waste

- the proposed (EPA and DEQ-approved) procedures for waste sampling, testing,
and andyss

- an evauation of whether the weste is compatible with the landfill (or other
impoundment) liner and leachate management systems

- procedures to document and record daily and annua waste quantities (weight or
volume), and waste sources and generating processes

Potential The table below descries the potential hazards associated with some wastes that
hazards may require specia handling for disposdl.
Potential hazard Example waste

personnd safety hazards asbestos

odor and vector problems large dead animals

excessve leachate generation sewage dudge

excessve settlement in the landfill yard debris

puncturing or tearing the landfill liner condruction and demoalition debris

fire hazards tire chips

increesing the toxicity of landfill leachete | cleanup materias contaminated with

hazardous substances

Reference: OAR 340-94-040(11)(b)(J)
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Examples: Specid wastes include but are not limited to, the following specific items:
special wastes . aghestos

- treated infectious waste

- large anima carcasses

- hazardous-substance contaminated cleanup materids

- septage

- sawage dudges and grit

- indudtrid waste dudges

- Indudtrid solid wastes

- ash

- congdtruction and demoalition waste, and

- over 25 gdlons of petroleum-bearing wastes such as used ail filters, oil-absorbent

materids, tank bottoms or oil dudges
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9.6 Ancillary Operations

Recycling Provide a place and opportunity for collecting source separated recyclable materidl.
Specify the procedures to be followed in accepting recyclable materids at the
fadlity.

References OAR 340-93-160

Truck washing  Design truck washing facilities to reuse or recycle the waste water, or to discharge
It to a sanitary sawer or leachate treatment system. Describe the following:
- truck washing facilities and the circumstances for their use, and
- methods for managing wash water

Required permits: Discharges to the land or to waters of the state require a Nationa
Pollutant Discharge Elimination System (NPDES) or a Water Pollution Control
Facilities (WPCF) permit. The type of permit will be determined on a Site-specific
basis by the Department’ s Water Quality staff.

Operations Acquire and maintain adequate operations equipment. Select equipment for itstype,

equipment important physical and mechanica specifications (i.e., ground pressure, length of
compactor whed cleats),. identify any operating restrictions (e.g., preventing
compacting equipment contact with the liner), quantity and purpose. Maintain
standby equipment for usein the event of breakdown or maintenance of primary
equipment.

Note: The equipment types should be consstent with facility design, condtruction,
and operationd criteria

Electrical Maintain the dectrica digtribution system at the facility to ensure proper function of
distribution metering points, transformers, disconnects, breskers, connections, and other
system power-system appurtenances.
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9.7 Inspection and Maintenance

Schedule Deveop detailed ingpection and maintenance procedures and a schedule for dl
facility components and items which require periodic inspection. Describe the
activities to be conducted on aregularly scheduled basis.

I nspection Develop a standard ingpection form to guide implementation and reporting. Form
form use should help maintain procedura and informationa congstency.
Preventive Egtablish a preventative ingpection and maintenance program schedule for dl
program equipment and fadilities including those in the table below.
Equipment/facility Examples
personnd safety equipment fire extinguishers
operdting equipment scrapers, dozers, compactors, loaders
support fecilities scde house, scaes, public receiving
area, adminidrative buildings
environmentd control sysems landfill gas collection system, leachate
collection and trestment systems
sedimentation basins, cover system,
liner system
environmenta monitoring sysems groundwater monitoring wells, landfill
gas monitoring probes, leachate
monitoring SUmps
trangportation system access roads, directiona signs
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9.8 Operating Record

Regulatory
reference

L ocation

Content

Establish and maintain an operating record. Develop procedures to describe how

the operating record will be established and maintained.

Reference: 40 CFR 258.29

Retain the operating record near the facility or in an aternative location gpproved
by the Department. Specify the location in the operations plan.

Include the following information in the Operating Record:

Content Regulatory sour ce

Any required location redtriction demondirations (airport | 40 CFR Part 258

safety, floodplains, seismic impact zones or ungtable areas) | Subpart B

Ingpection records, training procedures and notification 40 CFR Part 258.20

procedures included in the facility's hazardous waste

screening program

Gas monitoring results and any required gas remediation | 40 CFR Part 258.23

plans

Documentation that the landfill meets design criteriaif 40 CFR Part

leachate or gas condensate is placed in the facility 258.40(a)(2)

Any demongration, certification, finding, monitoring, 40 CFR Part 258

testing, or anaytical data (groundwater monitoring Subpart E

including detection and assessment monitoring, sdection of

aremedy and implementation of a corrective action

program)

Closure and post-closure care plans and any monitoring, | 40 CFR Part 258

testing or anaytica data Subpart F

Any cost estimates and financid assurance documentation | 40 CFR Part 258
Subpart G; OAR
340-94-140

For alandfill daiming the smdl community exemption, any | 40 CFR Part

information required by that paragraph to demonstrate 258.1(f)(2)

compliance with the smal community exemption
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9.9 Contingency

Contingency Develop a contingency plan that includes procedures for responding to the
plan scenarios  following scenarios:

. on-dte persond injuries

- |leachate releases

- surface water or groundwater contamination

- landfill gas migration and associated fire and explosion hazards

- liquid saills

- fires (e.g., equipment fires, "hot load" fires, digposal Ste fires, building fires)

. explosions, accidents, and other emergencies

. detection of leachate in any secondary leachate collection and remova system

. leachate storage facility a or above capacity

- tank and surface impoundment spills or leakage, and

- gorms and inclement wesather

Notification list Create an emergency natification list in the contingency plan (e.g., contact person,
address, telephone number) and procedures for:
- emergency assessment
- communication
- identification of emergency response organization
- identification of community, civil authorities and regulatory personnd, and
- reporting.

Layout map Prepare a Ste layout map showing:
- fedlities
- fire hydrant locations
- individud building floor plans showing locations of fire extinguishers, firg ad kits
and gations, exits and communication equipment, and
- other relevant Site features

Fire Establish comprehensive procedures for fire prevention and control of equipment
prevention and  and solid waste fires,
control
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Equipment fire
prevention

Solid waste fire
prevention

Equipment fires generdly are started by an dectricd failure or fluid lesk and oil and
grease that spreads on the machine and on nearby refuse. Preventative

mai ntenance on the machines will reduce the potentia for leskage of flanmable
fluids. Routine deaning of equipment will further contribute to fire prevention.
Furnish afire extinguisher with each piece of equipment. Condder autométic fire
control systems for dozers and compactors.

Landfillsfires can be started by "hot loads," spontaneous combustion, unknown
combustible materias subjected to sparks, and by equipment fires. On-site
personnd must dways be on the lookout for "hot loads' and flammable materids.
Subsurface fires resulting from spontaneous combustion can be difficult to locate
and extinguish. Extinguish near-surface fires by covering the areawith dirt. If the
fireis deep, excavating the burning materid may be necessary. Follow gppropriate
personne safety precautionsin al of these Stuations. Inaccessible fires require a
different strategy. Extinguish these fires by cooling the burning mass in-place, or
reduce available oxygen by closing cracks and fissures, or by adjusting the gas
control system operations.
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9.10 Incremental Post-Closure Operations

Continuous
closure

Relation to
other plans

Beginning of
post-closure

I nspection and
maintenance

I nspection and
repair
components

Solid Waste Landfill Guidance Section 9

Landfill development is a continuous construction and operations activity. Asareas
are prepared to receive future waste, active aress are being filled and completed
aessareclosed. At large landfills this cycle may be repeated many times prior to
find facility closure,

The site development plan provides for phased construction, operations, and
closure. Fina facility closure and post-closure are addressed in the closure, post-
closure, and financid assurance plans.

The 30-year post-closure care period starts after find facility closure, not after each
incrementa closure. Incrementa closure may involve one or more landfill modules.
Find facility closure and the "worgt-case closure’ scenario (Subtitle D closure)
involve the cessation of landfill operations.

Reference: OAR 340-94-130; Section 11 of this guidance

Establish routine ingpection and maintenance procedures for completed landfill
modules and activities to protect the integrity of the find cover system and other
closure-related facilities.

Establish procedures and a schedule for ingpection, repair, and closed modules.
The following critica components should be addressed:

- find cover

- surface water drainage system

- eroson and sedimentation control system

- landfill gas monitoring and control system

- leachate collection and removal system

- access control (e.g., security fence, gates, locks), and

- access roads (for ingpection and maintenance)
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9.11 Personnel

Operations Egtablish an adequate operations staff and systematic qudifications, respongbilities
staff and duties, and lines of authority.

Training topics  Train operations personnd in landfill development, construction and operation, as

goplicable. Training should emphasize the following:
- how to inspect waste loads and identify hazardous waste or PCB waste
containers and labels

- hazardous waste handling procedures

. safety precautions, employee protective clothing and equipment, hedlth

- first ad, 40 hour OSHA, and emergency procedures

- landfill operationa practices

- record keeping, and

- permit requirements and regulatory compliance

Documentation  Place training documentation in the operating record.

Reference: 40 CFR Part 258.29
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9.12 Additional Resources

References U.S. EPA “Solid Waste Disposal Facility Criteria- Technica Manua”, October 9,
1993
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Section 10: Environmental Monitoring

10.1 Introduction

Purpose Environmental monitoring is required to eval uate the performance of engineered
environmenta control systems (e.g., liners, leachate and gas control systems) and to
asess potentid environmenta impacts and public hedth and safety risks from any
contaminant releases.

How to Prepare and submit an Environmental Monitoring Plan (EMP) report to the

respond Department for review and approva. Upon gpprovd, dl environmental monitoring
must be conducted in accordance with the EMP, including any conditions of the
approva.

The plan should be stamped by an Oregon Registered Geologist with experiencein
environmental monitoring.

Regulatory The fallowing regulations govern environmental monitoring:
framework - 40 CFR Part 258, Solid Waste Disposal Facility Criteria
OAR 340 Divison 94, Solid Waste Management
OAR 340 Divison 40, Groundwater Quality Protection.

Monitoring The progression of activities and submittals related to the environmental monitoring
overview indude the following:

Stage Activity Guidance section
1 Site characterization 2and 3
2 Engineering design 7
3 Interim monitoring 10.1
4 Environmental monitoring plan 10
monitoring
5 Egtablishing permit specific 10.15
concentretion limits
6 L ong-term monitoring 10.15

Complete the Site characterization and engineering design stages prior to
development of the EMP. Use the information on facility hydrology, geology, and

hydrogeology in preparing the plan.
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Interim Interim monitoring may be required by the permit. Interim monitoring is conducted
monitoring after Site characterization until an approved EMP isimplemented. Any interim
monitoring requirements will be specified in the permit.

Plan updates The monitoring program extends through the post-closure period of the landfill.

Updates to the monitoring plan may be required for:
- fadlity deveopment

- landfill expanson

- the addition of anew cdll

- changes in the groundwater flow

- magor changes in operations

- additiond sampled media, or

- anytime the Department requires changes or additions to the program, such as
ingdlation of new wells or changes in sampling parameters

In thissection  This section describes the d ements that should be addressed in the Environmental
Monitoring Plan, indluding:
- Environmental Monitoring Network Design
- Groundwater
- Surface Water
- Leachate
- Vadose Zone
- Landfill Gas
- Air Quality
- Groundwater Monitoring Network Construction
. Sampling and Andysis
- Data Andysis and Evduation
. Sdtting Permit Specific Concentration Limits
- Reporting
- Action Requirements, Assessment and Corrective Action
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10.2 Environmental Monitoring Network Design

Monitoring The environmental monitoring network consists of severd components designed to

network detect and characterize facility impacts through groundwater, surface water, vadose
zone, leachate, and gas monitoring. The network’ s individua monitoring
components should be compatible with each other and with Site characterigtics, the
landfill design, and other facility operaions.

Design Site characterization, engineering design, and the environmenta monitoring network

considerations  gre interdependent eements of landfill development. Conceptua modds of site
hydrology, geology, and groundwater should be developed to define the physical
and environmenta criteria needed for designing the monitoring system.

EMP contents  The network system design section of the EMP should:

- describe how the monitoring network will characterize facility impacts through the
monitoring of:
- groundwater
- surface water
- leachate
- vadose zone
- landfill ges
- privatewdls, and
- any other gppropriate environmenta monitoring

- ldentify new and existing wells and piezometers intended for the monitoring
network. Judtify the number of wells and well location, depths, and horizontal
and verticd spacing

- |dentify dl sampling locations on alocation map that shows:
- the unique identification number of al sample locations
- surrounding fesatures, including manmeade, natural feetures, and contours
- the location and boundary of the facility
- dl landowners within one-helf mile radius of the solid waste boundary
- aNorth arrow
. any USGS benchmarks

Map sze: The location map should be at ascde of not morethan 17 =200 and
contour intervals not to exceed 5'.
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Professional The map should be prepared and stamped by aregistered land surveyor or civil
surveying engineer. Surveyed well locations should:
- provide ahorizonta accuracy of 0.2 feet (0.06 meters)

- provide the elevation of the land surface with avertica accuracy of 0.1 feet (0.03
meters)

- provide the marked level at the top of the well casing with a vertical accuracy of
0.01 feet (0.003 meters)

- use Nationd Geodetic Vertica Datum of 1929 as the vertica eevation control,
and the Oregon State Plane Coordinate System (ORS 93.330) as the horizonta
control, and

- describe the location in latitude and longitude coordinates accurate to 0.1
seconds of latitude and longitude
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10.3 Monitoring Network Design -- Groundwater

Objective of Monitor groundwater to provide reliable and representative information on:
groundwater . aquifer characteristics
monitoring . groundwater flow directions, and

- chemicd and physica characteristics of groundwater being monitored

Networ k Describe the groundwater monitoring network, including:
design . the number, location, spacing, depth, and screen interva of monitoring wells for
each potentidly impacted aquifer
- methods to provide background data and/or to intercept potential contaminant
flow paths
- dte-gpecific geology/hydrogeology as defined by Site characterization
. thelaterd and verticd extent of any exigting contaminant plumes and their
expected transport
- landfill configuration and Sze
- purpose of each well (detection, background, characterization)
- aguifer(s) monitored
- relationship to facility operations and other monitoring components (i.e., potentia
for landfill gas migration)

Well network  The network should adequately characterize each monitored aguifer or water
bearing zone. The groundwater monitoring network should include a sufficient
number of the following types of wells.

- background wells

- detection wells

- compliance wells, and

- piezometers (as appropriate)
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Typesof wells  The table below discusses the types of groundwater monitoring wells that may be
part of the monitoring program.

Well type

Description

Characterization
wdls

Designed to collect information to characterize the geology,
hydrogeology and groundweter chemistry used for designing the
facility and along term monitoring program. Usudly ingtaled during
the Ste characterization phases of the project. If located in
desirable locations, may later be proposed for the long term
monitoring program.

Background wells

Designed to characterize background water quality at the facility.
Typicdly located upgradient from the waste disposal facility, but
other configurations (i.e., cross gradient) may be approved by the
Department if geologic, hydrogeologic or other conditions do not
alow for asatisfactory upgradient location. Should be screened in
the same water bearing zone(s) as the downgradient detection and
compliance wdlls.

Detection wdls

Designed to intercept pathways of contaminant migration from the
facility. Usudly indaled at the downgradient edge of the solid
waste disposa boundary to immediate detect any releases of
contamination. Always located insde the compliance boundary.
May coincide with the point of compliance.

Compliance wells

Designed to monitor the quality of groundwater downgradient from
the landfill passng through the facility's compliance boundary. The
compliance boundary is the point where groundwater must be at or
below the permit specific concentration limits established for that
facility. The default compliance boundary is the waste management
boundary unless otherwise gpproved by the Department.

Piezometers

Used to measure groundwater eevations for determining hydraulic
gradients and/or flow directions across the facility. Should be
screened in the appropriate intervals to determine the vertica and
horizontal groundweter gradients in the monitored aguifers.

Note: At new facilities, characterization of background water quaity may be
required before waste is accepted a the facility or new unit of landfill cell.
Groundwater collected at both background and downgradient prior to accepting
waste may be used to establish pre-operation background groundwater quality.
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10.4 Monitoring Network Design -- Surface Water

Objective of
surface water
monitoring

Related
requirements

Networ k
design

Sample
location
considerations

Potential
discharge
sour ces

Monitor surface water potentidly impacted by leachate rel eases, contaminated
groundwater seepage, or surface water run-off.

Surface water monitoring may be required by the Department's Water Quaity
program through Nationd Pollutant Discharge Elimination System (NPDES) or
Water Pollution Control Facility (WPCF) permits and/or through the solid waste

permit.

Describe the surface water monitoring network, including:

- proposed upstream, downstream, and potential point of discharge locations for
surface water monitoring

- provisons for minimum monitoring and reporting requirements of any facility
NPDES or WPCF permit

- judtification for the number and location of sampling points

- provisonsto provide a permanent marker a each sampling station (i.e., survey
marker) to establish re-usable sampling locations

- adescription of any flow measuring devices, recording equipment, or staff gauges
that may be ingaled at the sampling Ste

The proposed sampling locations should consider:
- potentid or exiging contaminant migration pathways
- overland flow paths defined by topographic maps and visud observation
- dte drainage patterns and surface water management controls
- potentia groundwater discharge points to surface water, and
- dreamflow, contaminant dilution, and chemica behavior

Landfills may produce the following surface water discharges.
- leachate seeps or other drainage

- contaminated groundwaeter, including springs, seeps, or underflow to surface
water

- overflow of lagoons

- mafunction of leachate conveyance system
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10.5 Monitoring Network Design -- Leachate

Objective of
leachate
monitoring

Network
design

Sampling
locations

Design
precautions

Monitor the landfill leachat€ s exising characteristics and changes in quality during
landfill development. Monitor the primary leachate collection systen’s effectiveness
(e.g., head leved). Monitor the secondary leachate collection system for primary
liner failure and the presence of liquid.

The EMP should describe the leachate monitoring network, including:
- aproposa and justification for the number, location, depths, spacing, and type(s)
of leachate monitoring points to monitoring leechate qudity, quantity, and the
presence of liquid in the secondary leachate collection system

- proposed congruction details, materias, and methods of ingtalation for any new
monitoring devices

- documentation/description of the congtruction and design of existing monitoring
points

- scaled congtruction diagram of each device or typical device, and

- sampling or testing methods proposed during construction

Leachate sampling locations could include:
- sumps, manholes, or other access points to the leachate collection system, if the
Steis equipped with such a system

- sampling points within the waste a locations that will yied representative samples,
and account for the heterogeneities of the waste materiad and leachate

- sampling from landfill gas wells that penetrate leachate saturated waste zones, or

- vertica or horizontal wells specificaly ingaled within the waste for sampling
leachate

Congder the following precautions in the design of the leachate monitoring network:

- Leachate lagoons and holding ponds are not good monitoring points for
characterizing raw leachate quality. The leachate can be diluted by rainfall and/or
undergo chemical/quality changes during removal, exposure to the aimosphere,
storage, and intentional trestment processes.

- Groundwater and surface water may infiltrate into the leachate collection system
and dilute the leachate. These influences usudly occur seasondly.

- Vaiaionsin the waste and leachate. Leachate quaity can vary temporally and
spatialy due to differences in the composition, age, and disposal method.
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10.6 Monitoring Network Design -- Vadose Zone

Objective of
vadose zone
monitoring

Networ k
design

Basis for
design

L ocation

considerations

Monitoring
methods

Detect |leachate releases by monitoring the moisture content and quality of the pore
water benegth the facility.

Describe the vadose zone monitoring network, including:

- the type of device, function, and Site monitoring gpplication

- the proposed number, location, depths, spacing, and type(s) of vadose zone
monitoring devices

- proposed condruction details, materids, and methods of ingtalation

- scaed congruction diagram of each device or typica device, and

- sampling or testing methods proposed during construction

Desgn the vadose zone monitoring network to reflect the following:

- landfill cell and leachate collection and conveyance system design

- gte-gpecific unsaturated zone characteristics (soils, lithology, hydrology) as
determined during the Site characterization phases

- 0il types, layers (dratigraphy), and characteristics including permeshility,
saturated and unsaturated hydraulic conductivity, particle Sze and distribution,
and other chemical and physica characterigtics, and

- water flow in the vadose zone benesath the landfill liner

Ingal monitoring devices beneath those areas where the liner is most likely to lesk,
such as sumps, collection laterds, or mgjor liner seams. Other sendtive areas
include low spots where water accumulates and locations where low permeable
meaterids were removed during construction.

Example vadose zone monitoring methods are discussed in the table below.

M ethod Description
collection - Lined basin ingdled benegth the landfill liner smilar to a
lysmeters localized leachate collection system

- Direct method of collecting soil water for chemica andyss
. Collection of quantity and qudity datafrom adiscrete area
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suction
lysmeters

- Perform poorly in arid regions
. Limited to extract samples from soils at tensons no greater than
1 or 2 atmospheres

other
examples

- vapor probes - monitor/extract the soil gas for chemica andyss

- on probes - measure the ion concentrations

. conductivity probes - measure the conductivity

- tendometers - measure the moisture content in the unsaturated
zone

- TDRs

These methods monitor the soil water qudity indirectly, by

measuring other mediums (soil gas) or parameters, such as

moisture content or conductivity, that can be used to predict water

chemidry.

Note: These may not be the only available methods. Other methods may be
proposed to mest the Site's monitoring needs.

Solid Waste Landfill Guidance Section 10
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10.7 Monitoring Network Design -- Landfill Gas

Objective of
landfill gas
monitoring

Network
design

Probe
construction

Design
considerations

Monitor for landfill gas migration a the facility boundary and within on-gte

gructures. Design the landfill gas monitoring network to meet the following

objectives.

- evauate the performance of landfill gas control measures

. provide accurate, representative field measurements of methane and oxygen
concentrations and Static pressure

- monitor the efficiency of landfill gas recovery and control systems, and

- monitor the effectiveness of gas migration control wells

Describe the landfill gas monitoring network, including:

- proposed perimeter landfill gas monitoring probes to at least the same depth as
the landfill's base eevation

- @ least one proposed shallow probe between the landfill and each on-site
structure with a maximum depth of 20 feet (6.1 meters)

- dte-plan drawings showing proposed landfill gas monitoring probe locations

- design drawings showing proposed landfill gas monitoring probe depths, screened
intervals and congtruction details

- therationde for proposed monitoring probe locations, depths, and designs

- procedures for integrating gas monitoring system instalation and operation with
landfill development, and

- proposed operation and maintenance procedures

Probes should have maximum screened intervals of 30 feet (9.15 meters). For
monitoring intervals greater than 30 feet, multiple-completion probes or probe
clugters are required. Separate monitoring capabilities should be provided for each
successive 30-foot interval.

The number and location of landfill gas probes is dependent on:
- subsurface conditions a the Site

- hazards to surrounding land use

- public safety risks

- location and design of facility structures

- other underground structures or conduits

- landfill gas generation rates and migration potential, and

- the 9ze and configuration of the landfill
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Landfill gas Landfill gasis composed of:
composition . gpproximately 50-60 percent methane
- approximately 40-50 percent carbon dioxide, and
- trace amount of VOC and other organic and inorganic gases

Hazar ds of Methane is combustible and explosive a concentrations of 5 - 15 percent by
landfill gas volume in air. Some of the trace gases, including VOCS, are toxic. Other hazards
associated with landfill gasinclude the:
- accumulation of explosive concentrations of methane in on-gte or off-ste
sructures
- exposure of workers on or near landfills to high concentrations of toxic gasses
- exposure of workers to atmospheres lacking sufficient oxygen dueto its
digolacement by landfill gas
- potentia source of air emissions and water pollution, and
- potentid impacts to groundwater from gas-born VOCs that can dissolve into
solution under wet soil conditions
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10.8 Monitoring Network Design -- Air Quality

Objective of air Monitor point sources and diffuse area-wide sources for potentia ar contaminants.
quality Point sources may include gas combustion flares. Diffuse area-wide sources may
monitoring include raw landfill gas or fugitive dust from construction.

Contaminants  Potentid air contaminants may include methane, odorous compounds, particul ates,
and voldtile organic compounds.

NSPS New source performance standards (NSPS) for municipa solid waste landfills have
been issued to control emissions of non-methane organic compounds from large
landfills. Landfills with a design capacity of 2.5 Mg (2.75 million tons) and
emissions of non-methane organic compounds in excess of 50 Mg (55 tons per
year) are subject to NSPS and may be required to implement control technologies.

Requirements  Contact the Department's Air Qudity Program for monitoring and permit
requirements.
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10.9 Groundwater Monitoring Network Construction

EMP contents

Construction
standards

Evaluation of
monitoring
networ k

Evaluation of
monitoring
points

Describe how wdls will be congtructed and evduated to continualy meet
construction requirements and ensure accurate, representative samples are
obtained, indluding:

- evaudion of monitoring network

- evduaion of monitoring points

- procedures for ingtalation of new monitoring points

- plansfor routindy evauating monitoring points

New and existing monitoring wells proposed for the monitoring program should:
- be congtructed to meet the congtruction criteria defined in
- OAR 690 Divison 240, and
- the Department's August 24, 1992, Groundwater Monitoring Well Drilling,
Condruction and Decommissoning Guiddines
- be compatible with site-gpecific hydrogeologic conditionsincluding physicd,
chemicd, and hydraulic properties of the monitored zones
. use congtruction techniques that are protective of groundwater resources by
preventing:
- the introduction of surface contaminants, and
- the vertical migration of contaminants between water bearing zones
- be desgned for maximum wdl efficiency and minimum turbidity when sampling
- designed to last throughout the landfill's active life and post-closure period

Note: Multiple wdll screens or depth completions in asingle borehole are not
acceptable, unless approved by the department. Wells may only be screened ina
sngle aguifer and zone.

Describe and evauate the current status and integrity of the monitoring network as
awhole.

Describe the current status and integrity of each monitoring point within the
network. Evauate monitoring wells to determine whether each is capable of
obtaining representative samples. An Oregon Registered Geologist must certify this
evauation. Wellsnot cgpable of obtaining representative samples must be
recommended to be decommissioned, and, if required by the Department,
replaced. Provide records of the ingtdlation of existing monitoring wellsincluding
congruction details and lithologic logs
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Proceduresfor  Ingal new monitoring points in accordance with the congtruction standards.
installing new  Describe intallation procedures, including:
monitoring - drilling methods, type of drilling equipment, drilling fluids, and methods to isolate
points surface soils and/or shallow water zones during borehole drilling and construction
- handling and decontamination of well materid and equipment
- methods for subsurface sampling, including sampling intervas and provisions for
collecting samples and describing color, texture, composition, moisture content,
evidence of contamination and other relevant characteristics
. dorage, tegting, and disposd of drilling fluids and drill cuttings
- dze (diameter) and depth of the borehole
- condtruction methods and materids, induding the size and type of casing and
screen, screened interval, and type and placement of filter pack and annular sedl
- well development methods and procedures
- borehole geophysical methods to log the monitoring well, and
- fidd testing methods for aquifer characterigtics

Note: Prepare a scaed construction diagram of each monitoring well

Plansfor Describe procedures for routingly evaluating each monitoring point within the
evaluating network to ensure that each point is capable of providing representative samples

mC_)ni[tOF ing throughout the active and post-closure periods of the landfill.
points
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10.10

EMP contents

Training
provisions

Identification
of devices

Sample point
inspection

Sampling and Analysis

Propose a sampling and andysis plan for collecting valid and representative
groundwater, surface water, vadose zone, leachate, and landfill gas samples that
will produce reliable and credible andyticd results. The EMP should include:
- traning provisons
- identification of devices
- sample point ingpection procedures
- sampling procedures, and
- monitoring parameters and schedule

Describe how sampling personnd will be trained to use the sampling and andys's
procedures.

Provide the location, depth, and congtruction details of dl environmenta monitoring
devices. Provide al monitoring point locations on a scaed, accurate map by
monitoring type and identification numbers

Describe procedures for ingpecting and reporting on each monitoring point and the
immediate surrounding area during sampling. Ingpect each environmental monitoring
point for:
- dructure
- security features such as locks, cap, protective casing
- unusud conditions
- identification, and
- anything that could influence the collection of representative deta or Sgnify
changing conditions.
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Sampling
procedures

Monitoring

Describe ste-specific field sampling procedures for each monitoring type:

- fidd recordkeeping procedures

- field meter operation and cdibration

- sampling order

- water level measurements

- sample equipment and collection methods

- purging equipment and method (include well volume calculation, fidd parameter

monitoring, pump intake placement, disposa of purge water);

- sample containers and labeling

- samplefiltration and preservation

- sample presarvation and holding times
- sample trangport/shipment

- equipment decontamination

- chain of custody

- proposed field and reporting forms

Prepare a summary of sample parameters, frequency, and schedule, including the

parametersand  following;

schedule

- monitoring parameters
- approved anaytical methods
- detection limits (for parameters that have afederd or state standards, the

detection limit should be no more than 10% of the standard, or the rationale for
Seting such a detection limit should be explained)

. container type and volume

- presarveive

- halding time

- sampling frequency and schedule

Typicad monitoring parameters and sampling schedule for each type of
environmental monitoring is discussed below.
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Parameters
and frequency

The following table discusses typica parameters and frequency that could be
required for each type of monitoring. Thisisintended for generd guidance
purposes only. Parameters and frequency will be determined on a Ste-specific
basis.

Media

Discussion and consider ations

Groundwater

- Appropriate monitoring parameters will be based on site-specific hydrogeologic
characterigtics, leachate and landfill gas characteristics, regulatory requirements,
anticipated contaminant mobility and persistence and contaminant concentrations
relative to ambient groundwater conditions.

- Quarterly monitoring of groundwater will usudly be required until nine vaid data
points have been collected for background determination, statistical andlyss, and
establishment of permit-gpecific concentration limits.

Surface water

- Minimum monitoring and reporting requirements are specified in the Stormwater
Discharge (NPDES) permit issued by the Department's Water Quality Program.

- Sampling parameters should be good indicators of potentid leachate discharge

- Monitoring of groundwater discharges to surface water (i.e., seeps, drainages,
sorings) will usudly require routine quarterly sampling. The monitoring parameters
and schedule will be based on site-specific hydrogeology, surface hydrology and
other environmentd factors.

Vadose

V adose zone monitoring parameters and sampling frequencies will vary depending on
the type of monitoring devices used, Ste specific environmenta and hydrogeologic
conditions

Leachate

L eachate monitoring and frequency will be smilar to the groundwater monitoring
program, described above. Leachate quantity (flow rates) should be measured on a
daily basis when leachate generation is occurring.

Secondary
LCS

The secondary |eachate collection system should be monitored on aroutine basis for
the presence of any liquids. If liquids are present, samples should be taken
immediately and andyzed for leachate congtituents.

Landfill gas

The monitoring schedule should be based on the following Ste specific factors:

- S0l conditions

- hydrogeologic conditions

- facility desgn and development history

- location of facility structures and property boundaries

- surrounding land use and location of off-Ste structures

- changing ste conditions which may affect gas generation and migration (eg.,
barometric pressure, temperature, soil moisture, Snow cover etc.)

Minimum sampling frequency is quarterly. If possible monitoring should be

conducted during periods when strong barometric lows are anticipated.

Air

Contact the Department's Air Quality Divison
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Groupsdefined Monitoring group parameters are defined in the table below.

Solid Waste Landfill Guidance Section 10

Group Parameters Notes
la- Fed Elevation of water leve These parameters must be measured in thefidd a the
indicators Specific Conductance time samples are collected, either down-holein Situ, in
pH aflow-through well, or immediady following sample
Dissolved Oxygen recovery, with ingruments cdibrated to relevant
Temperature standards
Eh
1b- Hardness (as CaCOy) Sample handling, preservation, and anayss are
Leachate Totd Dissolved Solids determined by requirements for each individua anayte:
indicators | Totd Alkdinity (as CaCO;) | EPA or AWWA Standard Methods techniques must
Tota Suspended Solids be followed.
Specific Conductance (lab)
Chemica Oxygen Demand
pH (lab)
Tota Organic Carbon
2a- Cdcium (Ca) Groundwater samples: Dissolved concentrations must
Common Manganese (Mn) be measured. Samples must be field-filtered and fid d-
anionsand | Sulfate (SO,) preserved according to standard DEQ and/or EPA
caions Magnesium (Mg) guidelines and andlyzed by appropriate EPA or
Ammonia (NH,) AWWA Standard Methods techniques. Results must
Chloride (Cl) be reported in mg/L and meg/L.
Sodium (Na)
Carbonate (CO3)
Nitrate (N 03)
Potassium (K)
Bicarbonate (HCOs)
Slica(S0Oy)
Iron (Fe)
Groundwater samples:
2b - Trace | Antimony (Sb)
metds Chromium (Cr) If the Total then analyzefor...
Sdenium (Se) Suspended Solids
Arsenic (As) concentration is...
Cobalt (Co) lessthan or equd to total concentrations
Siver (Ag) 100 mg/L in the sample | (unfiltered)
Barium (Ba)
Copper (Cu) greater than 100 mg/L | both total (unfiltered)
Thdlium (T1) inthe sample and dissolved (fidd-
Beryllium (Be) filtered)
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Tota Haogenated Organics

Group Parameters Notes
Lead (Pb)
Vanadium (V) Samples must be field-preserved according to standard
Cadmium (Cd) DEQ and/or EPA guiddines and andyzed by EPA
Nickel (Ni) Method 6010 or Department-approved equivalent.
Zinc (Zn) Results must be reported in mg/L.
3-Volaile |Andyssforadl compounds | Method 8260 comprisesthe volatile organic
organic detectable by EPA Method | condtituents parameter group. Facilities that want to
compounds | 8260 or EPA Method use Methods 8010 and 8020 as an dternative must
524.2, including alibrary obtain approva by the Department prior to use.
search to identify any
unknown compounds
present.
4 - Andyssfor al compounds | All Method 8270 analyses must include alibrary
Assessment | detectable by thefollowing | search to identify any unknown compounds present
monitoring | EPA methods:
parameters | Semi-volatile Organic
Congtituents, according to
EPA Method 8270
Mercury, according to EPA
Method 7470
Cyanide, according to EPA
Method 9010
Nitrite
5- Totd Kjeldahl Nitrogen In addition to Group 5, surface water samples should
additiona Totd Coliform Bacteria also be collected for Groups 1a, 1b, 2a (tota
surface Totd Phosphorus concentrations) and 2b (total concentrations).
water and Fecal Coliform Bacteria
leachate Orthophosphate In addition to Group 5, leachate samples should aso
parameters | E. Cali be collected for Groups 1a, 1b, 2a (total
Biologica Oxygen Demand | concentrations), 2b (total concentrations) 3 and semi-

voldtile organics (EPA 8270).

Solid Waste Landfill Guidance Section 10
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10.11

Field QA/QC

EMP contents  Describe Field QA/QC procedures, including provisonsfor:

documentation

- sample blanks and duplicates

- fidd blanks

- trip blanks

- equipment blanks
- duplicates

Documentation  Describe procedures to document sample collection, storage, including:

Sample blanks
and duplicates

Field blanks

Trip blanks

- maintenance of adequate field records and chain of custody

- recording sample collection data on field data sheets

- documenting sampling activities (collection, equipment cdibration,
decontamination) on field data sheets

- documenting any unusud conditions that may effect samples or any deviations
from the norma sampling protocol

. proper labeling, storage and shipment

Describe how sample blanks and duplicates will be used to detect contamination
coming from sample containers, preservation, equipment, storage, transport, and
dte conditions.

Describe procedures for managing field blanks. Field blanks should be collected
and handled in the same manner as the sample group for which it is collected. Feld
blanks should be collected once per sampling day or once for every ten samples,
whichever is more frequent.

Describe procedures to ensure tat trip blanks are completed if volatile organic
compounds (VOCs) areto be analyzed. Trip blanks are prepared by the
laboratory a the same time and location for the sampling event. Trip blanks
accompany the sample containers to and from the sample event. One trip blank for
VOCs should be prepared for each sample shipment container.
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Equipment Describe how equipment blanks will be used for non-dedicated sampling equipment

blanks requiring decontamination. De-ionized water is passed through the sampling
equipment to the appropriate sample container. Equipment blanks are required for
every sample parameter, once per sampling day or once for every ten samples,
whichever is more frequent.

Duplicates Describe procedures to collect duplicates under the same conditions asthe origina
sample and treated the same as the sample parameter group. A duplicate for al
analytes should be collected once per sample day or once every ten samples,
whichever is more frequent.
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10.12  Lab QA/QC

EMP contents  Describe laboratory QA/QC procedures, including:

- awritten laboratory QA/QC plan from the laboratory conducting the andysis,
each time the laboratory is changed, or anew lab is contracted, a new QA/QC
plan is required

- routine equipment calibration to standards of known concentration on a schedule
appropriate for the andytes of concern and andytica methods used

- andysis of laboratory method blanks, laboratory duplicates and matrix spikes for
dl analytes a afrequency of once per sampling event or once per day of anayss,
whichever is more frequent

- anadlyss and reporting of the percent recovery of surrogate spikes in each sample
andyzed for organic andytes

Reference: Contact the Department's laboratory (503-229-5983) for additiona or
updated laboratory QA/QC requirements.
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10.13 Data Evaluation

EMP contents  describe Site specific procedures for
- comparing groundwater sampling results to gpplicable sandards
- performing datigticd anadyses, and
- identifying and addressing any field of lab data that did not meet lab quality

objectives
Review of Review the groundwater andytica results after each groundwater sampling event:
results
If data show results... Then...
above permit-gpecific concentration limits (if | 1. notify the Department within 10 days of
established) receipt of laboratory results, and

2. perform resampling within 15 days and
evaluate results as described below

Note: If thisisa known release, previousy
confirmed to the Department in writing,

resampling is not required

indicating a Sgnificant changein water qudity | 1. notify the Department within 10 days of

a any monitoring point receipt of laboratory results, and

2. perform resampling within 15 days and
Examples of significant changes: evaluate results as described below
Detection of aVVOC or other hazardous Note If thisisa known release, previously
condtituent not previoudy detected in confirmed to the Department in writing,
background resampling is not required

Exceedance of aTable 1 or 3vaueligedin
OAR 340-40, unless the background water
quality is above these numericd limits
Exceedance of a Safe Drinking Water
Standard

Exceedance of an Action Limit

Detection of a compound in an order of
meagnitude higher than background

neither of the above continue groundwater monitoring with next
scheduled sampling event
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Resampling Upon receipt of datafrom resampling, the results should be reviewed according to

results the fallowing teble

If resampling data show results

Then

that confirm the exceedance of a
permit-specific concentration limit

1. notify the Department within 10 days of receipt of
laboratory data, or within 60 days of the sample date
(whichever comes sooner)

2. begin assessment monitoring

3. submit a Remedid Investigation workplan for
Department approva within 90 days of the date of
resampling; the plan must pecify how the objectives of
OAR 340-40-040(3) will be met by the proposed
investigation

that confirm the sgnificant changein
water quality results noted in the
routine sampling event

1. notify the Department within 10 days of receipt of
laboratory data, or within 60 days of the sample date
(whichever comes sooner)

2. ubmit a plan within 30 days (unless another time
period is authorized) for developing an assessment
program with the Department; this may include the
monitoring of Group 4 parameters, in addition to
routine detection monitoring

that do not confirm the results noted
in the routine sampling event

1. continue with routine monitoring

2. discuss the data from the routine sampling event and
the resampling results in the next annud environmental
monitoring report
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10.14 Reporting

Objective Present the environmenta monitoring data to the Department in an organized and
clear format. Evduate and interpret data to
- determine regulatory and permit compliance
- determine if leachate impacts have occurred
- asess the effectiveness of any corrective actions
- monitor potentid hedlth and environmentd effects, and
- prepare and submit an annua monitoring report

EMP content  Propose an the annua environmenta report that will:

- discussthe results of dl environmenta monitoring performed during the year

- discuss the results of the previous year’s Data Anadlyss and Evauation

- itemize any activities resulting from the exceedance of arelevant standard or
sgnificant change in water quality, such as resampling, submitta of a Preliminary
Assessment, or Assessment Monitoring

- discuss any preventative measures and the results of such actions, if applicable

- assess the current Satus of the environmental monitoring network

- provide updated information for each sampling event and monitored unit,
depicting groundwater flow rates and directions, and piezometric water contours

- summarize Sampling and Analysis, Fidd QA/QC, and Lab QA/QC techniques
implemented during the year

- provide copies of gpplicable information, including field deta, laboratory anaytical
reports and chain-of-custody reports; al data must be cross-referenced and
labeled with the designated field sampling location

- provide summary tables of the year’s monitoring data by location and parameter

- provide updated time series and box plots for appropriate parameters

. provide results of amagjor anion- cation baance for each groundwater monitoring
well sampled for mgjor anions and cetions

- provide an executive summary
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Statement of A one-page cover |etter must accompany the Annua Environmenta Monitoring
compliance Report that:

- compares the analytica results with the relevant monitoring standards (see
Section 10.13)

. states whether or not federal or state sandards were exceeded for the relevant

media
- gtates whether or not a sgnificant change in water qudity occurred

The cover letter must be signed and stamped by an Oregon Registered Geologist
with experience in hydrogeologica investigations.

Data Bdow are some suggested formats for presenting the environmental monitoring
presentation data. Specific requirements may be discussed in the solid waste permiit:

Presentation
Type

Description

Tables

Data tables work well for summarizing andytica dataand Satistica
parameters.
For andytica and water level data:

- arrange table by monitoring point identification number, parameter, and/or
sampling event

. present each type of monitoring data separately (i.e.; leachate, groundwater,
surface water)

- group groundwater data according to well desgnation (upgradient,
downgradient)

For datigtica data:

- arangein individud tables by parameter and location
- arrange sampling points on one axis and sample date on the other axis.
Report datigtica resultsin table body.

Time s=ries
charts

Useful for illugtrating seasond variations and changes in data over time.
Prepare asfollows:

- plot aseparate chart for each parameter of interest

- plot dl monitoring points for comparison on one graph

- plot concentration on vertica axis using a consstent scale and equa spacing

- plot time on the horizontal axis usng a consstent scale and equa pacing

- represent PSCL value as aline on graph

- identify parameter, sample location, and other pertinent features on the graph
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Presentation
Type

Description

Box plots

Evduate spatid variability of a parameter. Useful for illustrating data disperson

or variability of adata set or between data sets about the median value.

Prepare asfollows:

. congruct individua plots for each well and each parameter

- plot boxes from multiple wedls for asingle condituent on asingle grid for
comparison

- plots should include median, interquartile range, and maximum and minimum
vaues

- represent PSCL value as aline on the grid
. clearly identify parameter and sample location

See the statistical references and guidelinesin Section 10.12 below for

details on the preparation, use, and inter pretation of box plots.

Potentiometric
contour maps

Useful for plotting and contouring water level datato illudtrate eevations, flow
directions and gradients. Maps should include:

- measuring point

- date and season

- eevation

- contour interval

- cde

Plot different aquifers of interest on different maps and maps for each season or
sample event.  Incorporate surface water eevations with shalow aquifer
elevations, if gppropriate, and include leachate eevation levels. Do not include
measurements of shallow and deep portions of the an aquifer on the same
potentiometric map unless complete hydraulic communication has previoudy
been established and there is no discernible vertica gradient

Other graphica
methods

Other useful graphica methods for presenting and interpreting data include:
- hydrographs
. scatter plots
. Cross sections
- higograms
- trilinear diagrams
- ion-concentration diagrams, and
- contour maps
Consult the Department hydrogeologist for the appropriate methods to use for
individud fadilities

Note: Electronic copy of data should be provided. Acceptable eectronic formats
include Excd, Lotus 123, and Quatro Pro.
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Water quality ~ Water quality concentrations should be reported in milligram per liter (mg/L) for

reporting _ maost organic and inorganic parameters; both mg/L and milliequivaents per liter

concentrations  (meg/L) for common anions and cations; micro-ohms per centimeter (uohms/cm)
for specific conductance; s.u. for pH; degrees centigrade for temperature; and
nephelometric turbidity units (NTU) for turbidity.

Typical annual A typical annud report includes the following information:

report
Section Content
Background - gte background information
Information and - presentation of water/leachate level data and groundwater flow rates
Data Reporting using contour maps, tables, and graphs
- summary of dl fied data, laboratory andyticd reports, chain of custody
reports, dl cross-referenced with the field sampling locations
- datavdidation (i.e.; cation/anion balance, comparison of blanks and
duplicates, identify data problems or discrepancies, review of detection
limits and holding times)
- time series graphs
- summary tables of the year’ s monitoring data by |location and parameter
Water Quality Box plots for the purpose of:
Satidica Andyss |- establishing background water quality and proposing permit-specific

concentretion limits

- comparing monitoring results to compliance concentrations to determine
if arelease has occurred

: ng whether any corrective/preventative actions have been effective
in reducing contaminant concentrations or controlling leachate releases to
the environment

Data Interpretation
and Evauation

- evauation of data quality trends in each monitoring point for each
parameter, and a determination if any sgnificant changes have occurred

. review of gatigtical methods for background water quaity and identifying
potential impacts

- acomparison of water qudity in the downgradient monitoring points to
upgradient/background monitoring points

- comparison of data quality to any PSCL s that have been established

- comparison of groundwater quality data to existing federd and state
groundwater standards

- assessment of whether any corrective or preventive actions have been
effective in reducing or controlling releases

- assessment of the effectiveness of any closure measures undertaken

- ligt of any activities resulting for an identified exceedance
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Section

Content

Conclusons and
Recommendations

- summary of the data collection, evauation, and results of dl

environmental monitoring performed during the year

. discussion of any impacts, trendsin data, and violations of PSCLs,

exceedences of a standard, or significant changes

- any recommendations for the monitoring program

- identify any impacts and action requirements

. discussion of the current status of the environmental monitoring network
- executive summary
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10.15

Contents

Definition:
PSCL

Objective

Regulatory
reference

Data
requirements

Setting PSCL s

Establishing Permit-Specific Concentration
Limits (PSCLSs)

This section of the guidance discusses PSCLs and how to establish them. The
requirement for proposing PSCLs will be included in the permit. References and
guidelines on how to go about determining PSCL s are provided below. A
proposal to establish PSCL s does not need to be included in the EMP, only
provisonsthat it will be done in accordance with the permit requirements.

OAR 340-40-010(3) defines a concentration limit as the maximum acceptable
concentration of a contaminant alowed in groundwater at a Department specified
compliance point.

To establish regulatory compliance concentration limits for pollutants of concern at
the facility’s compliance boundary. An exceedence of these limits would trigger
concern and require some type of regulatory, assessment, preventive and/or
corrective actions.

OAR 340-40-030(3) requires that PSCL s be specified in the permit for new and
exiging fadilities

Data requirements for establishing PSCLs are:

- aminimum of nine acceptable and vaid data points for each parameter from the
gpproved background well or wellsisrequired for setting PSCLs.

- PSCLsare required for selected parameters that will be included in the long-term
monitoring program at the Ste. These parameters will ether be specified in the
permit or should be discussed with the Department's hydrogeol ogist.

- ddigtica methods and cdculations for determining PSCL s and background are
provided in the references discussed below.

Different methods are dlowed for setting PSCLs a new and exigting facilities.
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PSCLsfor
existing
facilities

PSCLsat new
facilities

PSCL
calculations

PSCL
r efer ences

Reduction in
monitoring or
parameters

Long-term
monitoring
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PSCLs may be established anywhere between background water quality (as
caculated below) and the reference/guidance levelsin Tables 1, 2, and 3 of OAR
340-40. For parametersnot in Tables 1, 2, or 3, background must be used for the
PSCL.

PSCLs must be established at the background water quality.

Cdculations must follow one of the five methods listed in 40 CFR Part 258.53.

Available references for datistical guideines and setting PSCL s include:

- Desslier, Bruce, January 12, 1993, Draft Memorandum to Solid Waste Permits
and Compliance, Subject: Statistical Guidance Memo for dl RCRA Sites,
Oregon Department of Environmental Qudity

- USEPA, June 1992, Statidicd Analyss of Groundwater Monitoring Data at
RCRA Facilities, Addendum to Interim Find Guidance

Quarterly groundwater monitoring istypicaly required until nine vaid data points
are collected for each parameter. Once PSCL s are established, the permittee may
request areduction in the sampling frequency or parameter list. Thisrequest must
be made, in writing, to the Department.

Once PSCL s are established, the permittee may be required to propose an
updated monitoring program for the wells to be monitored, the list of indicator
parameters, new sampling frequency, and schedule.  This should be discussed with
the Department's hydrogeologist. Other limits, such as Action Limits, may be
edtablished in the permit. If warranted, Action Limits may be established for Table
3 (OAR 340-40) or other non-table, non-hazardous parameters depending upon
site specific background concentrations.
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10.16 Action Requirements, Assessment, and
Corrective Action

Objective Follow and implement the necessary notification, reporting, assessment and
corrective actions required by 40 CFR Part 258 and OAR 340-40 when a
contaminant release isidentified at a facility during routine monitoring.

Assessment Assessment monitoring is required if routine groundwater monitoring indicates a

monitoring datigticaly sgnificant increase above background in one or more of the congtituents
in Appendix | of the 40 CFR 258, or from an approved adternate list (40 CFR
258.54 (a)(2)) asisthe casein Oregon. Individua permits may specify assessment
monitoring requirements. Assessment monitoring should be discussed with the

Department’ s hydrogeologist.

Preliminary The Department's Groundwater Qudity Protection Rules require submittal of aplan

assessment for developing a preliminary assessment within 30 days after a confirmed

plan exceedance of aPSCL, an Action Limit, or asignificant change in water qudlity (as
defined above), unless the Department gpproves another time schedule. The
as=ssment should eva uate the source, extent, and potentid migration of the

contaminants.
Corrective Corrective action is required if an assessment monitoring parameter is detected at a
action concentration in excess of the PSCL or if the preliminary assessment determines

that remedia action is hecessary to maintain groundwater quaity. Corrective action

could const of the following steps:

- perform aremedia investigation to determine the need for remedid action
including a characterization of the contamination, characterization of the facility,
and an endangerment assessment

- conduct afeasibility sudy that includes but is not limited to the development and
evauation of remedid action options
- sdect and implement the most appropriate remedia action

The specifics of the remedid investigation/feasibility study should be discussed with

and approved by the Department prior to implementation.
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Gas monitoring Review gas monitoring results after each monitoring event for exceedences of
limits methane limits. If methane levels exceed the specified limits the owner or operator
mudt:
- immediately take necessary steps to protect human hedlth and safety and notify
the Department
- within 7 days of detection (unless the Department approves an dternative
schedule), enter the methane levels in the operating record and describe the steps
taken to protect human health and safety
Within 60 days of detection ( unless the Department gpproves an dternative
schedule) implement aremediation plan for the methane releases, incorporate the
plan into the operating record, and notify the department that the plan has been
implemented. The plan should describe the nature and extent of the problem and
the proposed remedy.

Air quality and  Follow specific air qudity, water quality, and solid waste permit reguirements.
surface water
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10.17 Additional Resources

References Oregon Department of Environmental Qudity, October 27, 1989. Oregon
Adminigrative Rules, Chapter 340, Divison 40, Groundwater Quality Protection.

Oregon Department of Environmental Quality, August 24, 1992. Groundwater
Monitoring Wl Drilling, Congruction, and Decommissioning.

Oregon Water Resources Department, July 1995. Adminidrative Rules, Chapter
690, Divison 240, Congruction, Maintenance and Abandonment of Monitoring
Widls, Geotechnica Holes, and Other Holesin Oregon.

U.S. EPA, October 9, 1991. 40 CFR Parts 257 and 258, Solid Waste Disposal
Fecility Criterig; Find Rule.

U.S. EPA, November 1993. Technica Manuad for Solid Waste Fecility Criteria -
40 CFR part 258.

Oregon DEQ, March 1994, Water Quality Divison. Draft Groundwater
Monitoring Plan - Part B: Guiddines.

Washington Department of Ecology, June 1987, Solid Waste Landfill Design
Manudl.

Desslier, Bruce, August 3, 1992, Draft Memorandum to Solid Waste Permits and
Compliance, Subject: Statistical Guidance Memo For dl RCRA Sites, Part 1.
Oregon Department of Environmenta Qudity.

U.SEEPA, 1992, Statisticd Analysisto Groundwater Monitoring Data a RCRA
Facilities - Addendum to Interim Guidance.
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Section 11: Closure and Post-Closure

11.1 Introduction

Regulatory
reference

Types of plans

How to
respond:
Subtitle D
facilities

Minimum requirements for closure plans and post-closure plans for MSW landfills
are specified in the Department's Financia Assurance Rule, OAR 340-94-100
through 145. The closure and post-closure requirements for Subtitle D landfills
differ from those of non-Subtitle D MSW landfills (i.e,, dlosing facilities).

There are two separate categories of closure and post-closure plans:

Subtitle D ("worgt case”") Closure and Post-closure Plans are based on a
hypothetical "worst case" scenario for closure and post-closure cogts. This scenario
edtablishes a consarvative basis for estimating financia assurance funding
requirements.

The Find Engineered Site Closure and Pogt-closure Plans are linked to the Closure
Permit which must be obtained at least 5 years prior to anticipated fina closure,
The Find Engineered plans reflect the intended closure design. The Find
Engineered plans contain dl the eements of and replace the Subtitle D plans.

Landfills subject to Subtitle D should:

- prepare a"Worst-case" (Subtitle D) Closure Plan and a“Wordt-case” (Subtitle
D) Pogt-closure Plan for determining appropriate cogts for financid assurance
planning. Place the plans in the facility operating record and notify the Director of
that action

- prepare aFina Engineered Closure Plan and a Fina Engineered Post-closure
Pan and submit them to the Department five years before the anticipated fina
closure date

- revise financia assurance cost estimates based on the fina engineered plans

Solid Waste Landfill Guidance Section 11 Page 11-1



How to
respond:
Closing
facilities

Approval

In this section

Non-Subtitle D facilities (closing facilities) are within the five-year find closure

window and therefore should:

- prepare aFind Engineered Closure Plan and a Find Engineered Post-closure
Plan and submit the plans to the Department at the date specified in the
permittee's closure permit

- determine closure and post-closure costs for financial assurance planning, based
on the Find Engineered Closure and Post-closure Plans

The Fina Engineered Site Closure Plan and Final Engineered Site Post-Closure
Plan must be submitted to the Department for review and written gpprova.

This section describes the contents of the closure and post-closure plans.
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11.2 Closure Plans

Subtitle D The Subtitle D “Worg-Casg’ Closure Plan should include dl dements specified in
“Worst-Case” 40 CFR 258.60:
Closure Plan . adescription of the steps necessary to close dl landfill cdlls at any point during
their active life
- adescription of the finad cover system
. an edimate of the largest area of the landfill ever requiring afind cover
- an esimate of the maximum inventory of wastes ever on Ste over the active life of

the landfill
- aschedule for completing dl activities necessary to satisfy the closure criteriain
40 CFR 258.60
Final The Fina Engineered Site Closure Plan should supplement dl the dements of the
Engineer ed "Worst Case" Closure Plan by adding the following:
Site Closure . detailed design plans and specifications for the closure improvements, including
Plan find cover system, gas control system, runoff/run-on control system, leachate
treatment and disposal system
- an updated find grading (topographic) plan for the Ste
- anend useplan
- alandscaping plan
. an assessment of long-term settlement and its potentid effects on the integrity of
the closure
- adetailed decription of the design, function, and operation of al environmenta
control systems
- adescription (plan) of how and when the facility will be closed (i.e, the
procedures that will be used to ensure that facility operations are compatible with
closure objectives and requirements)
- adetalled description of the environmenta monitoring system;
- aschedule for implementing the closure plan
- adetailed closure cogt estimate, and
- other information requested in the closure permit or otherwise required to comply
with &l applicable DEQ and federd regulations
Previously If some of the required information has been previoudy submitted, review and
submitted updated it to reflect current conditions and any proposed changesin the closure
information program.
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11.3 Post-Closure Plans

" Subtitle D"
Post-closure
Plans

Final
Engineered
Post-closure
Plan

Previously
submitted
information

The "Subtitle D" Post-closure Plan should identify and describe the post-closure

activities required to properly monitor and maintain the closed landfill Ste. This

post-closure plan should address dl eements specified in 40 CFR 258.61 and

include procedures for the following:

- mantaining the integrity and effectiveness of the find cover sysem

- maintaining and operating the leachate collection, treatment, and disposa systems

- mantaining and operaing the environmenta monitoring systems

- conducting Environmenta quality monitoring (groundwater, surface water, landfill
gas, leachate, air, etc.)

- maintaining and operating the landfill gas control system

- maintaining and operating the surface water runoff/run-on control systems

- providing overal, ste-wide monitoring and security, and

- establishing appropriate uses of the property during the post-closure care period

Incorporate in the Final Engineered Pogst-closure plan dl eements of the " Subtitle

D" pogt-closure plan, dong with detailed closure design information. Include the

following:

. adetalled schedule for post-closure monitoring, ingpection, and maintenance and
repairs

- detailed operation and maintenance procedures for al environmenta monitoring
and control systems that will bein active use during the post-closure period, and

- any other information required to comply with DEQ and federa regulations

Review and update any previoudy submitted post-closure informaiton to reflect
current conditions and any proposed changesin closure or post-closure activities.
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11.4 Additional Resources

Refer ences Technica Manua for Solid Waste Disposal Criteria - 40 CFR Part 258, Subpart
F (Chapter 6). U.S. EPA, November 1993.
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Section 12: Financial Assurance

12.1 Introduction

Purpose of Proper financial planning early in the development of landfill facilities is
financial required to ensure that adequate funding will be available to cover the cost of
assurance closure(s), post-closure care, and any corrective action activities.

Coverage Maintain financial assurance to cover the costs of:

e closure of the landfill
e post-closure monitoring and maintenance of the landfill facilities, and
e any corrective action required by the Department

Exemptions Exempt landfills must satisfy the exemption criteria in OAR 340-94-140(2)
and meet the waste acceptance and final cover deadlines below:
Landfill type that stopped and completed
receiving waste installation of final
by... cover by...
any landfill October 9, 1993 October 9, 1994
“small landfill” [40 CFR | April 9, 1994 October 9, 1994

258.1(e)(2)]

“very small landfill serving | October 9, 1997 October 9, 1998
certain small
communities” [40 CFR
Part 258.1(f)(1)]




How to respond  Respond to applicable financial assurance requirements, as determined by the
table below.

If the facility is... Then...
subject to Subtitle D | place a financial assurance plan in the facility
operating record and submit to the Department a
copy of the mechanism and certification that the
plan meets requirements
seeking an exemption |demonstrate to the Department that the facility
meets the exemption criteria

Updating Review and update the cost estimates and the financial assurance annually
financial during the operating life and post-closure care period, or until the corrective
assurance action is completed, as applicable. Place annual adjustments to the financial

assurance plan in the facility operating record. Submit a certification to the
Department that the annual update has been completed.

Review date: The annual review should occur on the anniversary of the date
when the financial assurance plan was placed in the facility operating record
and the certification was submitted to the Department, or at the end of the
corporation’s fiscal year if the mechanism is the corporate guarantee.

Schedule The appropriate schedule for providing financial assurance will depend on
each facility's operating status, size, anticipated closure date, and need for
corrective action. Refer to OAR 340-94-140(3) for detailed schedule
requirements associated with "worst case " closure plans, "Subtitle D" post-
closure plans, Final Engineered Site Closure and Post-closure Plans and
corrective action.
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Cost For permittees meeting the criteria in 40 CFR Part 258.75 (a) through (c), the

calculations current value of future costs should be calculated using a discount rate no
greater than the Department’s current reference rate. The Department will
determine the reference rate annually during the month of June. It shall be in
effect for the fiscal year beginning the first day of July immediately following
the determination date and ending on June 30 of the following calendar year.
Refer to OAR 340-94-140 (4)(a) for detailed information.

Permittees can use discounting to determine costs only if they:

o certify that the closure date is certain and there are no foreseeable
circumstances that will change the estimate of site life

e comply with all applicable permit requirements

e submit a statement from a registered engineer certifying that cost
estimates are complete and accurate.

Contact: Department of Environmental Quality (503) 229-5378
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12.2 Financial Assurance Plan

Contents of The financial assurance plan should contain the following elements:
financial e cost estimates for third-party closure, post-closure, corrective action (if
assurance plan required) and any other requirements the Department may impose as a

condition of issuing a closure permit, closing the site, implementing post-
closure care activities, or implementing corrective action

e the source of the cost estimates

e a detailed description of the form of the financial assurance and a copy of
the financial assurance mechanism

o a method and schedule for acquiring and managing the required financial
assurance funds

« a proposal for disposing of any excess moneys received or interest earned on
moneys received for financial assurance

« adequate accounting procedures to insure that funds are collected in the
correct amounts and used only for authorized purposes

e certification to the Director of DEQ that the financial assurance mechanism
meets all state and federal requirements (at the time a financial assurance
mechanism is submitted to the Department and when a financial assurance
plan is placed in the facility operating record)

e annual updates of the cost estimates and financial assurance

Cost estimate The financial assurance plan should include written cost estimates for the
Final Engineered Site Closure Plan and Final Engineered Post-closure Plan, or
the "worst case" closure and Subtitle D post-closure scenarios, as applicable.

Basis for Estimate costs based on detailed engineering analyses or construction
estimate contractor bids and itemize costs for expenses such as the following:

» mobilization of equipment

e construction materials

e construction activities

e overhead

« engineering and other consulting services

« operation and maintenance of environmental monitoring and control

systems

« environmental monitoring and associated laboratory analyses

« general site maintenance activities

 miscellaneous expenses, contingencies, etc.
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Considerations: Estimate closure costs based on the Final Engineered Site Closure Plan with
closure consideration of the following factors:
estimate « amount and type of solid waste deposited in the site

« the effectiveness of any buffer zones designed to protect adjacent land and
drinking water sources
the cost of the site's engineered closure improvements (i.e., final cover
system, run-on/runoff control systems, other environmental control and
monitoring systems, etc.)
planned future use of the disposal site property
the extent of site area closed prior to final closure of the entire site
any other closure conditions imposed by the Department

Considerations:  Estimate post-closure costs based on the Final Engineered Post-closure Plan.
post-closure Consider the following factors:
estimate  a minimum post-closure care period of 30 years after the date of final
facility closure
« annual costs associated with the operation and maintenance of any required
environmental control and monitoring systems
e any other conditions imposed by the Department relating to post-closure
care of the site

Considerations:  Estimate costs based on site-specific corrective action activities outlined in a

corrective Corrective Action Report (see 40 CFR Part 258.73). Estimate in current

action dollars and account for the cost of hiring a third party to perform the
corrective action. Account for the total costs of corrective action activities for
the entire corrective action period.

Form of Describe in detail the form of the financial assurance, using one of the
financial allowable mechanisms. Include a copy of the mechanism in the plan.
assurance

Mechanisms Use any of the following forms of financial assurance for closure and post-

for closure and  closure activities:
post closure

Form of financial assurance Requirements specified in...
trust fund OAR 340-94-145(5)(a)
surety bond OAR 340-94-145(5)(b) or OAR 340-94-
145(5)(c)
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Mechanisms
for corrective
action

Method of
acquiring and
managing
funds

Excess moneys

irrevocable letter of credit

OAR 340-94-145(5)(d)

closure or post-closure insurance
policy

OAR 340-94-145(5)(e)

corporate guarantee from a
private corporation

OAR 340-94-145(5)(f)

local government financial test

OAR 340-94-145(5)(2)

local government guarantee

OAR 340-94-145(5)(h)

alternative form

OAR 340-94-145(5)(1); third party
certification and prior approval of the
form by the Department is required

Use any of the following forms of financial assurance for corrective action:

Form of financial assurance

Requirements specified in...

trust fund

OAR 340-94-145(5)(a)

performance surety bond

OAR 340-94-145(5)(c)

irrevocable letter of credit

OAR 340-94-145(5)(d)

corporate guarantee from a private
corporation

OAR 340-94-145(5)(f)

local government financial test

OAR 340-94-145(5)(2)

local government guarantee

OAR 340-94-145(5)(h)

alternative form

OAR 340-940145(5)(1); third party
certification and prior approval of
the form by the Department is
required

Describe in detail the method and schedule for providing for or accumulating
the appropriate amount of funds to ensure proper closure and post-closure
care or implementation of corrective action, as applicable. The financial
assurance mechanisms for closure, post-closure care and corrective action
must ensure the funds will be available in a timely fashion when needed.

Include a proposal for disposing of any excess moneys received or interest
earned on moneys received for financial assurance. [OAR 340-94-140(4)(e)]
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Collection of Establish adequate accounting procedures to ensure that the disposal site
funds operator does not:
« collect funds in excess of the amount specified in the financial assurance
plan, or
e use the funds for any purpose other than required by OAR 340-94-140(1)
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12.3 Additional Resources

Reference Federal Reserve Statistical Release H.15 (519) Selected Interest Rates.
Department of Commerce, Bureau of Economic Analysis, Survey of Current
Business.

Contact Department of Commerce Bulletin Board: (202) 482-1986.
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