Improving the Quality: of
Science/Engineering in Superfund Site
Investigation: &t Remediation: Il

G. Fred Lee, PhD, PE, DEE

G. Ered Lee & Associates
El Macero, CA 95618
Www.gfredleercom

AG Advisor

DOE/UCD LEHR Superfund Site, Davis; CA
|"aval Capr Mine Superfund Site, Nevada City, CA



Constraints

Regulatory: Agency. Stafi* Constraints in
SUperiiund Site Investigation/Remediation

= \Workiead/Funding
s Interpretation ol Minimum: Guidance

= Academic Background & EXperience; in
AllFRelevanti Areas

s Politicall Pressure

Constraints Lead! torlless-Than-Optimum
Site Investigation & Remediation



Participation In First
National TAG Meeting

At the NashvillerNational TAG Meeting, Discussed:
. Inadequacies in Definition’ of: Constituents off Concern
. Inadequacies in Censideration of “Non-Hazardous™ Chemicals
. Deficiencies in Stermwater Runeff: Menitoring

Failure to Address Translocation off Pollutants from Subsurface
Soils to Surface through Vegetation

Unreliability off Vadese: Zone Modeling
. Inadequacies in Evaluation’ off Extent off Groundwater Pollution
. Inadequacies in Leng-Tierm Groundwater Monitering
. Problems with: Reliability: of Data Reports
. Site;Remediation; by On-Site LLandfilling

Expand on Discussion off Problems with On-Site Landfilling as' a Site
Remediation Approach



G. Fredl [.ee’s Background
for Discussion ofi Problems of Using On-Site
[Landfills asi Superfund: Site; Remediation Approach

BA, San Jose State College, Envirenmental Health Sciences, 1955
Miaster: of Science; ini Publici Health, University: off North: Caroelina), 1957
PhD;, Harvard University, Environmental' Engineering) 1960

Expertise in Aguatic Chemistry, Water Quality, Public Health,
Environmental Engineering

30! Years of University: Graduate-Levell Environmental Engineering
Tieaching & Research at Several US Universities

s Conducted >$5million: in Research; on Landfill Liners

= Published 850 Profiessional Papers & Reports
Eull-Time Consultant for >13 yrs

s [nvestigated >20 Superfund/Hazardous Chemical Sites
s Investigated Impacts of >75 Landfills



Single-Composite-Lined Lanafill
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Issue
Inability’ off Minimun Subtitie D Landfills to
Proetect Public Health 8 Environment: for as; .ong
as l.andiilled Wastes Are;al lireat

Liner Integrity
Key to Waste Contaimment Is Ability: of HDPE Liner to Prevent
.eachate Migration| threugh It fier asiLong as the Wastes in; Landiill
Are Threat

US EPA Stated, as Part of Developing Subtitle D Regulations
(Federal Register, August 1988)

st evern ther Dest liHer and. Iegaciiate! Collection: Syster Wil
Ultimately: Jails due: tor rhatrEl. deteroration,  and. recent
Jmprovements: Jak MSWLE (municpal. sold: waste: ardlil)
COnLEINMERL LECHINOIOGIES SUGGESL LIaL Ie/EaSES gy, e delayed.
Dy [miany, decades: at: some. 1anamis.



Liner Integrity

US EPA Criteria for Municipal SeliaiWaste Landfills (US' EPA, 1988)
Stated:

‘Oncer the unit s closed, the: bottom Iayer: of: trerlanani: will
deteriorate) over tmer anad, consequentiy, wWill- ot prevernt
jegcriglte. tiaisport OUL orthe dmit: -

US EPA (2002) Propadandas:
Municipal Selid Waste Will Only: Be a| Tihreat fior 200! Years
Highi Density: Polyethylene Liners, Effective for 10001 yrs
US EPA Analysis ofi Duration of Threat in Error
Some Waste Components Will' Be a Threat Forever

Assessment, of Effectiveness of HDPE Liners Based on
Inappropriate Extrapolation Using Arrhenius Equation



Bottom Line:

A Single Composite Liner Will
Eventually Eail, Leading to
Groundwater Pollution

Duration of Effective Protection
Provided by Liner Depends on

Quality: of' Design and, Especially,
Constriuction



Geosynthetic Liners as Substitute
for' 2 fit of Clay

Clay’ Liner: Thin Layer of Bentonite Clay
Sandwiched! between: Matting Material

s Low Advective Permeability
s Low Structlral Strength

Subject to Failure i Not Proeperly
Constructed

s Diffusion threugh Bentonite Layer'Is Rapid



HDPE Permeation

SolventsiPass through HDPE Rapidly

x Dilute Solvent Solutions Dissolve Into
HIDPE and Pass threugh It infarFew: Days

s Well-Decumented But Regulatory.
Agencies Ignere Permeation: of Selvents
threugh HDPE Liners



ISsue:
Reliability: of Groundwater Monitering

While US EPA Recognizes Eventual Failure of the Liner, It
Assumes That Failure Will" Be' Detected with: High Degree of:
Reliability’ at Point off Compliance for Groundwater Monitoring

= Point oft Compliance Must Be <! 150 m from Edge ofi Waste
Dispesal

Typical Landfill™ Moniteringl Approach: Place Monitoring Wells
Hundreds of Feet Apart along Line at Point off Compliance —
BUT:

= Each WellfCaptures Water Only: from within ~d fit of Well

s Initiall Liner Failure. Will® Produce; Finger-Like; Plumes; ofi
Groundwater Pollution, Which, at Poeint off Compliance, Could
Be @ 10— 20 ft Wide



Pattern off Landfill Leakage — Greundwater

Contamination from Lined Landfills
(after Cherry, 1990)

LANDFILL

EARLY WARNING

MONITORING WELLS

CAPTURE

ZONE FOR
CONVENTIONAL
SAMPLING




Reliability’ off Groundwater Monitoring

Initial Liner Leakage Would Not Likely: Be Detected by Typical
Groundwater Menitoring Approach

s, Current Groundwater Menitoring Largely: Cosmetic & Fundamentally
Flawed

s Groundwater Pollution Wil Be' “Detected™ by Ofi-Site” Preduction
WE S

As Part off Permitting, Landfill Advocates Should Be Required to

PDemonstrate Capability: ofi Preposed Groundwater Monitoring

System to) Detect Groundwater Pollution: by Landiill-Derived

Waste Constituents When Pollution: First Reaches Point of

Compliance for Groundwater Monitoring

Groundwater' Pollution: Monitoring Should Be Based on Use of
Double Compesite Liner

= Withi Leak Detection System between the Two Composite: Liners

= Approach Used by State off Michigan & 8 Other States



Single Composite Liner

Proponents ofi Sihgle Composite Liners
Claim; Nor Evidence: Tihat Single-Composite-
Lined lLanafills Have Failed

= Misleading & Distorted
s [ime 106 Short

Can Tiake 25 yrs for LLeachate tor Get
threugh' Clay: Layer

Groundwater Monitoring: Unreliable: fior
Detecting Failure



Issue:
|_.eachate Removal

Keep the Head! (Depth ofi Leachate) above the
Liner’as Low as Possible

s Reduces Rate ofi Leakage
Leachate Removal Systems Tend to Plug
s [ncreasesfHead on the Liner

Leachate Treatment and Disposall Must Be Done
iInn Manner to Protect Public Health &
Environment

= [ypical Appreach — Dispoesal in Publicly: Owned
Treatment Works (POIW)

Often| "Disposal by’ Dilution™
May: Not Be Protective



Example of an Interior Gas
Collection/Recovery: System

Source: Emcon, 1981




Issue:
Landfill Gas Releases

IVpical’ Approach fior Collection off ILandfill
Gasi Collects Only: Part: ofi the Gas

LLong-Tierm: Problemsiwithr Operation &
Maintenamnce ofi Gas' Collection; Systems



Classification of Wastes
“Hazardous” vs. “"Non-Hazardous”

Current US'H EPA & State Waste Classification System
Allows! lLarge Amounts ofi Hazardous) Chemicals in: “INon-
Hazardous: Waste [.andfills

Classification Approach Based on: Limiting Magnitude, off
IHazardeus, Waste; Stream’ lihat Has to’ Be, Managed as
“Hazardous/ Waste~

|Lleaching Tests, Such as TCLP, Not Reliable for Waste
Classification

Must Also Consider Impact off So-Called *Non-Hazardous™
Chemicals en\Water Quality

s e.d., Ietal Salts, Tiaste; & Odor Compounds Can Cause
Abandoenment: of Water Supply: Well



Issue:

Landfill Cover

Purpose off Landiill Cover — Keep\Wastes Dry,

=« [ No Water Infiltration intor Waste, No Leachate
Generation: & No Pollttion of Grounadwater:

Subtitle € & D lLandfills Covers (Ifi Preperly: Designed: &
Constructed) Can Keep: Initial Infiltration: Close ter Zero

s Over Time, Covers Low Permeability Properties
DEeteriorate

s Cannot: Inspect Low-Permeability: Layerinr Cover
Use [Leak-Detectable Covers
= Not Used Because No Regulatory: Support

sl Reguire Operation & Maintenance oft L.eak Detection
System Ferever



Issue:
Lanafill Siting

US EPAAllows Siting (LLocating)) Landiiills at:Geologically.
Unsuitable Sites

s Underlying Geological Strata Do Not Previde Natural
Protection

Sand & Gravel — Highr Permeability.

Fractured Roeck, Clay Layers, Limestone —
Impoessible; to: Meniter

Sandy: Lenses — Pathways for Rapid Migration
s Areas Having High Greundwater lable



Inadeguate Funding; for
Closure & Post-Closure Care

Key to Providing Leng-Tierm| Protection: off PUblic Health &
Envirenment Is Adeguate Funding for Operation &
Maintenance; of Closed [Landfill fioras -ong) as the \Wastes
Are lihreat

s 30-yr Post-Clesure Care, Funding Inadequate; for
Proper Maintenance during Mandatory, Poest-Closure
Care; Period

s No Assurance; lihat Funding Will Be Available; after
ihat Period

s Needl Pest-Closure Care Funding| Forever

= Whe Will"Fund Moeniteringl & Maintenance, & Provide
Groundwater Remediation| for as Long as the Wastes
in the LLandfill Are Threat?



Inadeguate Funding fior
Closure & Post-Closure Care

x Should Reguire

Plausible Worst=Case Eailure Evaluation; as Part
of Landfill" Permitting

Establishment of Dedicated Trust Fund Tihat: Will
Be Availlable for as Long as the; Wastes Are
Tihreat

Dedicated Tirust Fund off Sufficient Magnitude to
Address. All Plausibler  Worst-Case  Eailure
Scenarios at Landfill



Effectiveness of US EPA’s
PEriodic S-Yi Review

This Review: WilllE Not' Be Effective In
Detecting Incipient Failure of LLandiill
Liner or Cover in Subtitier D Landfills



Double-Composite-Lined LLandfill

Top Soil -
(o Sl . e Lot

ﬂ‘
i |
:

)
Eﬁﬁ%ﬁﬁﬁﬁéﬂ£ﬁ=ﬁ=ﬂ=ﬁ:?*Q:EKJT R

“
Leachate
Collection Layer
Leachate
Collection Pipe S p—
o g m
Detection Layer

FMLEZ Clay Liner 2
HDP

Native Strata
Monitoring Well




What Can Be Done; to) Improve
Superiund Site Landfill \Waste; Disposal?

Understand & Act on Deficiencies in: Landfill \Waste
Containment: Systems

. Siting — Natural Pretection
. Design — Double; Composite Liner with' Leak Detection
. Closure — |.eak-Detectable Cover:
. Monitering — Deuble;Compeosite Liner
. Maintenance off Cover
n Leak-Detectable Cover

s Require Adeguate Funding for Operation &
Malntenance

. Funding — Provide for Plausible Worst-Case Failure for
as L.ong| as Wastes Are Threat



Wihat Can Be Done to Improve Superfund
Site lLandfill \Waste Disposal?

Restirict [land-Use within Sphere of [nfluence: of Landfill
Keep, People Out of the Area

s At lLeast 3-mi Bufifer between| Waste Dispesal Areas &
Adjacent Properties

Buiifer [Land Sheulal Be Owned & Maintained by,
[Lanafill-OwnRer

Prevent Water Supply: Wells:

For Landfills;ing No Production Wells within:

Homoegeneous, Well-Defined | 3 miles of Landfilled Wastes
Aquifer System

Fractured Rock or Cavernous |5 miles of Landfilled Wastes
Limestone




What Can Be Done; to) Improve
Superiund Site Landfill \Waste; Disposal?

For Existingl Preduction Wellstwithin Sphere of
Infitence of Landfill

s Provide Highly Reliable, Quarterly: Moenitoring
off Groundwater Quality: ad /afiniturm

= Moenitering Funded by Landiilll©Owner

s Moenitering Conductedand Reviewed by
Independent, Third Party



[ssue:
Professional Ethics

Problems with Subtitie: D’ Landfillsi\Well-
Known In Landiill-Community.

x Not: Discussed by: Professionals \Who
Depend on Euture LandfillFfDevelopment
Work fior Income

x Need tor Change the Permitting off Landfills
fromi Current Adversarial Approach to
Public Interactive, Peer Review' Approach



Landfill and! Related Publications ofi
G. Fred Lee and Anne Jones-Lee

Llee, G. F., and Jones-Lee, A., “Evaluation of the Adeguacy of Hazardous Chemical Site
Remediation by Landfilling,” IN:  Remediation Engineering of Contaminated Soils, Marcel
Dekker, Inc., New. York, pp. 193-215 (2000).

Lee, G. F., andl Jones-Lee, A., “Improved Public' Healthr and Envirenmental Protection; Resulting
firom Superfund! Site Investigation/Remediation,” Presented at US EPA Technical Assistance
Grant Workshop, Nashville, TN, Sept (2000).

Lee, G. E., "Solid Waste, Management: USA Lined Landfilling Reliability,” Invited Submission| for
Publication| ini Natural Resources Forum, a United Nationsi Journal, New: York, NY, Dec (2002).

Lee, G. ., and! Jones-Lee, A., “Assessing the Potential of Minimum: Subtitle D Lined Landfills to
Pollute: Alternative Landfilling Approaches,” Proc. Air & Waste Mgt. Assn. 915t Annual Meeting,
San Diego, CA (Availableron CDrROM asi paper 98-WA71.04(A46), 40/ pp. June (1998).

Lee, G. E., and Jones-Lee, A., “Deficiencies in Subtitle D’ Landfill: Liner Failure and Groundwater
Pollution Monitering,” Presented at NWQOMC National  Conference, “Monitoring: Critical
Foundations to Protect Our Waters,” US EPA, Washington, DC, July (1998).

lee, G. F., and Jones-Lee, A., "Deficiencies in US EPA Subtitle D Landfills in Protecting
Groundwater Quality for as Long as MSW. Is al Tihreat: Recommended Alternative Approaches;”
Report of G. Fredl Lee & Associates, EllMacero, CA (1997).

Lee, G. F., and Jones-L.ee, A., "Doesi Meeting Cleanup: Standards Mean Protection off Public Health

and the Environment?” IN: Superfund XV Conference Proceedings, Hazardous Materials Control
Resources Institute, Rockville, MD, pp. 531-540 (1994).



Eurther Information

Consult Website of
Drs. G. Fred Lee and Anne Jones-Lee

[_]

http://www.gfredlee.com
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