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Minnesota Pollution Control Agency

March 5, 1996

CERTIFIED MAIL
RETURN RECEIPT REQUESTED

Mr. David Cabiness, Code 1862
Commanding Officer
Southern Division
Naval Facilities'Engineering Command
P.O. Box 190010
North Charleston, South Carolina 29419-9010

RE: Naval Industrial Reserve Ordnance Plant

Dear Mr. Cabiness:

Please find enclosed copies of documents that may have an impact on the investigation and
cleanup of the Naval Industrial Reserve Ordnance Plant. They came to my attention as a
result of discussions between the U.S. Army and Minnesota Pollution Control Agency
(MPCA) staffwho oversee the Twin Cities Army Ammunition Plant (TCAAP) Superfund
Site regarding dense nonaqueous phase liquids (DNAPLs) and the concept of Technical
Impracticability.

The enclosed documents are:

1. A memorandum from Elliott Laws to the U.S. Environmental Protection
Agency (EPA) regional administrators, dated July 31, 1995, entitled,
"Superfund Groundwater RODs: Implementing Change This Fiscal Year."

2. A letter, dated February 21, 1996, from Tom Barounis, EPA Remedial
Project Manager for TCAAP to Dagmar Romano, MPCA TCAAP Project
Manager, enclosing the following documents:

a. "Estimating Potential for Occurrence ofDNAPL at Superfund
Sites," US EPA OSWER Publication 9355.4-07FS, January 1992;

520 Lafayette Rd. N.; 81. Paul, MN 55155-4194; (612) 296-6300 (voice); (612) 282-5332 (TTY)
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b. "Guidance for Evaluating the Technical Impracticability of Ground­
Water Restoration," US EPA OSWER Publication 9234.2-25; and

c. "Consistent Implementation of the FY 1993 Guidance on J:echnical
Impracticability of Ground-Water Restoration at Superfund Sites,"
US EPA OSWER Directive 9200.4-14.

If you have any questions regarding this letter, please contact me at (612) 296-7818.

cj:<C;\~-
David N: Douglas a~VV'J
Project Manager
Response Unit 1
Site Response Section
Ground Water and Solid Waste Division

DND:ch

Enclosures

cc: Sidney Allison, Navy, Southern Division
Scott Glass, Navy, Southern Division
Thomas Bloom, U.S. Environmental Protection Agency
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

REGION 5
77 WEST JACKSON BOULEVARD

CHICAGO, IL 60604-3590

REPLY TO THE ATIENTION OF;

February 21, 1996

Dagmar Romano, Project Manager
Ground Water and Solid Waste Division
Minnesota Pollution Control Agency
520 Lafayette Road
St. Paul, Minnesota 55155-4194

SR-6J

•

•

Dear Dagmar:

Per your request, I am enclosing the following:

• Estimating Potential for Occurence of DNAPL at Superfund
Sites, u.s. EPA OSWER Publication 9355.4-07FS, January 1992;

• Guidance for Evaluating the Technical Impracticability of
Ground-Water Restoration, U.S. EPA OSWER Publication 9234.2­
25;

• Consistent Implementation of the FY 1993 Guidance on
Technical Impracticability of Ground-Water Restoration at
Superfund Sites, U.S. EPA OSWER Directive 9200.4-14

Please call me at (3120 353-5577 if you have any questions or
need additional information.

Sincerely,

J emt A~·
Tom Barounis
Remedial Project Manager

Enclosures

i,
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United States R.S. Kerr Office of Solid Waste Publication: 9355.4-07FS

Environmental Environmental and Emergency January, 992

Protection Agency' ResearctiLaboratory Response

Estimating Potential for Occurrence
of DNAPL at Superfund Sites

Office ot ~ergen9' and Remedial Response

Hazardous Site Control Division (OS-220W)

GOALS

Quick Reference Fact Sheet

The presence of Dense Nonaqueous Phase Liquids (DNAPU in soils and aquifers can control the ultimate success or failure

of remediation at a hazardous waste site. Because of the complex nature of DNAPL transport and fate, however, DNAPL

may often be "undetected by direct methods, leading to incomplete site assessments. and inadequate remedial designs. Sites

affected by DNAPL may require a different "paradigm," or conceptual framework, to develop effective characterization and

remedial actions (2).
.

To help site personnel determine if DNAPL-based characterization strategies should be employed at a particular site, a

guide for estimating the potential for DNAPL occurrence was developed. The approach,. described in this fact sheet,

requires application of two types of existing site information:

• Historical Site Use Information • Site Characterization Data

By using available data, site decision makers can enter a system of two flowcharts and a classification matrix for estimating

the potential for· DNAPL occurrence at a site. If the potential for DNAPL occurrence is low, then conventional site

assessment and remedial actions may be sufficient. If the potential for DNAPL is moderate or high, however, a different

conceptual approach may be required to account for problems associated with DNAPL in the subsurface. .

BACKGROUND
DNAPLs are separate-phase hydrocarbon liquids that are denser than water, such as chlorinated solvents (either as a single I
component or as mixtures of solvents); wood preservative wastes, coal tar wastes, and pesticides. Until recently, standard

operating practice in a variety of industries resulted in the release of large quantities of DNAPL to the subsurface. Most

DNAPLs undergo only limited degradation in the subsurface, and persist for long periods while slowly releasing soluble

organic constituents to ground water through dissolution. Even with a moderate DNAPL release, dissolution may continue

for hundreds of years or longer under natural conditions before all the DNAPL is dissipated and concentrations of soluble

organics in ground water return to backgroundlevels.

DNAPL exists in the soilI aquifer matrix as free-phase DNAPL and residual DNAPL When released at the surface, free­

phase DNAPL moves downward through the soil matrix under the force of gravity or laterally along the surface of sloping

fine-grained stratigraphic units. As the free-phase DNAPL moves, blobs or ganglia are trapped in pores andlor fractures by

.capillary forces (7). The" amount of the trapped DNAPL, known as residual saturation, is a function of the physical

properties of the DNAPL and the hydrogeologic characteristics of the soil/aquifer medium and typically ranges from 5% to

50% of total pore volume. At many sites, however,DNAPL migrates preferentially through small-scale fractures and

heterogeneities in the soil, permitting the DNAPL to penetrate much deeper than would be predicted from application of

!:)'pical residual saturation values (6).

Once in the subsurface, it is difficult or impossible to recover all of the trapped residual DNAPL The conventional aquifer

remediation approach, ground water pump-and-treat, usually removes only a small fraction of trapped residual DNAPL

01, 21, 26). Although many DNAPL removal technologies are currently being tested, to date there have been no field

demonstrations where sufficient DNAPL has been successfully recovered from the subsurface to return the aquifer to

drinking water quality. The DNAPL that remains trapped in the soil/aquifer matrix acts as a continuing sourre of dissolved I
contaminants to ground water, preventing the restoration of DNAPL-affected aquifers for many years. !

@ Printed on Recycfed Paper



DNAPL TRANSPORT AND FATE - CONCEPTUAL APPROACHES------=-----e
The major factors controlling DNAPL migration in the subsurface include the following (5):

• the volume of DNAPL released;
• the area of infiltration at the DNAPL entry point to the subsurface;
• the duration of release;
• properties of the DNAPL, such as density, viscosity; and interfacial tension;
• properties of the soil/aquifer media, such as pore size and permeability;
• general stratigraphy, such as the location and topography of low-permeability units;-

"Y micro-stratigraphic features, such as root· holes, small fractures, and slickensides found in silt/clay layers.

- _ To describe the general transport an~ fate properties of DNAPL in the subsurface, a series of conceptual
._ models (24) are presented in the following fi~:

Case 1: DNAPL Release t~ Vad~e Zone Only

After release on the surface, ""DNAPL moves
vertically downward under the force of gravity
~d soil capillarity. Because only a small amount
orDNAPL was released, all of the mobile DNAPL
is eventually trapped in pores and fractures in the
unsaturated zone. Infiltration through the
DNAPL zone dissolves some of the soluble
organic constituents in the DNAPL, carrying
organics to the water table and forming a
dissolved organic plume in the aquifer. Migration
of ~seous vapors can also act as a source of
dissolved organics to ground water (13).

Vadose
Zone

Dissolved Contaminant Plume
From DNAPL Soil Vapor

Residual
Saturation of

/'DNAPLin
, Vadose Zone

Infiltration. Leaching
and Mobile DNAPL

VCllXlrs

Ground Water
- Flow

Dissolved Contaminant
Plume From DNAPL
Residual Saturation

Case 2: DNAPL Release to Unsaturated and
Saturated Zones

If enough DNAPL.is released at the surface, it can
migrate all the way through the unsaturated zone
and reach a water-bearing unit. Because the
specific gravity of DNAPL is greater than water, it
continues downward until the mobile DNAPL is
exhausted and is trapped as a residual
hydrocarbon in the porous media. Ground water
flowing past the trapped residual DNAPL
dissolves soluble components of the DNAI?~

forming a dissolved plume downgradient of the_
DNAPL zone. As with Case 1, water infiltrating
down from the source zone also carries dissolved
constituents to the aquifer and contributes further
to the dissolved plume.

Vadose
Zone

Dissolved
Contaminant Plume

2

Residual
SaturatiOn of

(
DNAPL In Soil

From SpIU---_Infiltration and
Leaching

Ground Water

f' - Row

Residual
Saturation in Saturated Zone
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CONCEPTUAL APPROACHES - CorlHnued
,.

·1

Clay

v

Residual
DNAPL

Low Permeable
E2-~~~~!!!!!!!!!~¥" Stratigraphic Unit

Sand
Ground Water

---Flow

-
~~~'@////////////////

Case 3: DNAPL Pools and Effect of Low­
Permeability Units

Mobile DNAPL will continue vertical mi~tion
until it is trapped as a residual hydrocarbon (Case
1 and Case 2) or until low-permeability
stratigraphic units are encountered which create
DNAPL "pools" in the sOil/aquifer matrix. In this
figure, a perched DNAPL pool fills up and then
spills over the lip of the low-permeability
stratigraphic unit The spill~verpoint (or points)
can be some distance away from the original
source, greatly complicating the process of
tracking the DNAPL migration.

:\

~
I.,

•

;-

I
Case 4: Composite Site

In this case. mobile DNAPL migrates vertically
downward through the unsaturated zone and the
first saturated zone, prodUcing a dissolved
constituent plume in the upper aquifer. Although
a DNAPL pool is formed on the fractured clay
unit, the fractures are large enough to permit
vertical migration downward to the deeper
aquifer (see Case S, below). DNAPL pools in a
topographic low in the underlying impermeable
unit and a second dissolved constituent plume is
formed.

Sand

Fractured
Clay

sand

Clay

Case 5: Fractured Rock or Fractured Oay System

DNAPL introduced into a fractured rock or
fractured clay system follows a complex pathway
based on the distribution of fractures in the

. original matrix. The number, density, size, and
direction of the fractures usually cannot be
determined due to the extreme heterogeneity of a
fractured system and the lack of economical
aqUifer characterization technologies. Relatively
small volumes of DNAPL can penetrate deeply
into fractured systems' due to the low retention
capacity of the fractures and the ability of some
DNAPLs to migrate through very small (<20
microns) fractures. Many clay units, once
considered to be relatively impermeable to
DNAPL migrati9n, often act as fractured media
with preferential pathways for vertical and
horizontalDNAPL migration. .

sand

Fractured
Rock or

_Fractured
Clay' _
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Non-tUlogemted
Semi·Volatiles

Miscellaneous

Coal Tar
Creosote

Note: Mslrry at thrse
cltemialls aTr found
mixed with otller chemiazls
or azrrier ails.

INSTRUCTIONS

1. Anstm' questions in FlowcJrArt I
(historiazl site ust info. - page 4).

2. Anstm' questions in FlorDdrmt 2
(si~ duzracteriZJZtitm dDta - page 5).

3. Use "Yes: "No." and "MJrybt"
anstDm from both fl~rts and enter
OccuTmlCt at DNAPL 1'l'IQtrU:
(page 6).

YES

Halogenated
Semi·Volatiles

1,4-Dichlorobenzene
1,2-Dichlorobenzene
Aroclor 1242. l~. 1260
Chlordane
Dieldrin
2,3,4,6-Tetrachlorophenol
Pentachlorophenol

Halogenated Voloatiles

YES

TABLE 3 DNAPL-Related Chemicals (20):

QIorobenzene
1,2-Dichloropropane 2-Methyl Napthalene
1,I-Dichloroethane o-Cresol
1,l-Dichloroethylene p-<:resol
1,2-Dichloroethane 2.4-Dimethylphenol
Trans-1.2-Dichloroethylene m-Cresol
Cis-l,2-Dichloroethylene Phenol
1,1,I-Trichloroethane Naphthalene
Methylene Chloride Benzo(a)Anthracene

1,1,2-Trichloroethane Fluorene
Trichloroethylene Acalaphthene
Chloroform Anthracene
Carbon Tetrachloride Dibenzo<a,hlAnthracene

1,1,2,2-Tetrachloroethane Fluoranthene
Tetrachloroethylene ?}'rene
Ethylene Dibromide Chrysene

2.4-Dinitrophenol

YES

MAYBE

TABLE 2
Industrial processes or waste
disposal practices with high
probability of historical DNAPL
release:

• Metal cleaning/degreasing

• Metal machining
• Tool-and-die operations
• Paint removing/stripping
• Storage of solvents in

underground storage tanks
• Storage of drummed solvents

in uncontained storage areas

• Solvent loading and unloading

• Disposal of mixed chemical
wastes in landfills

• Treatment of mixed chemical
wastes in lagoons or ponds

c N_O )

Does Historical Site Use Information Indicate Presence of DNAPL?

~

~

M
C'i3

..c
·U
~o.-rJ).-u
OJo

Note
The potential for DNAPL release increJZSes with the size

and active period of operation for a facility, industrial

proass. or waste disposal practice.

• Wood preservation (creosote)

• Old coal gas plants
(mid-l800s to mid-l900s)

• Electronics manufacturing
• Solvent production
• Pesticide manufacturing
• Herbicide manufacturing

• AirpiaIle maintenance
• Commercial dry cleaning
• Instrument manufacturing
• Transformer oil prod.uet'.m

• Transformer reprocessu:g

• Steel industry coking
operations (coal tar)

• Pipeline compressor stations

TABLE!
Industries with high probability
of historical DNAPL release:

4
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Do Site Characterization Da'ta Indicate:Presence of DNAPL?

Go To Nat Page

INSTRUCTIONS

1. Ar1stDeT questions in FlowcJum 1
(historical site ust info. - P"~ 4).

2. Answer questions in F1Dwc:hm't 2
(site characterizJztion dJZta • P"~5).

3. lLst "Yes," "No," lind "MJZybe"
a7tS'WeTS from both ftauxJuzrls tmd min
Occurrmc:e of DNAPL 7I'Uttrtz
(p"~ 6).

YES

YES

YES

YES

(Standard
Field

Program)

MAYBE)NO(

TABLE 4 TABLES
/

TABLE6 '

Characteristics of extensive field
programs that can help indicate the
presence or absence of DNAPL (if
several are present, select "'NO"):

• Numerous monitoring wells. with
wells screened in topographic lows
on the surface of fine-grained.
relatively impermeable units.

• Multi-level sampling capability.

• Numerous organic chemical analyses
of soil samples at different depths
Using GC or GC/MS methods.

• Well-defined site stratigraphy. using
numerous soil borings. a cone
penetrometer survey. or geophysics.

• Data from pilot tests or "early action"
projects that indicate the site
responds as predicted by
conventional solute transport
relationships. rather than responding
as if additional sources of dissolved
contaminants are present in the
aquifer (11.25).

Conditions that indicate potential for
DNAPL at site based on laboratory data:

Condition 1:
Concentrations of DNAPL-related chemicals
(see pg. 3) in ground water are > 1% of pure
phase solubility or effective solubility.
(defined in Wor~heet1. pg. n (25).

Condffion 2:
Concentrations of DNAPL-related chemicals
on soils are > 10,000 mg/kg (equal to 1% of
soil mass) (6).

Condition 3:
Concentrations of DNAPL-related chemicals
in ground water calculated from water / soil
partitioning relationships and soil samples
are > pure phase solubility or effective
solubility(see Worksheet 2. pg. n.
Condition 4:
Concentrations of DNAPL-related chemicals
in ground water increase with depth or
appear in anouWous upgradient/across
gra~nt locations (25).

Method. to confirm DNAPL in wells:

• NAPL/water interlace probes that signal a
change in conductivity of the borehole fluid

• Weighted cotton string lowered down well
• Pumping and inspecting recovered fluid
• Transparent bottom-loading bailers
,. Mech,anical discrete-depth samplers.

h\ general. the depth of DNAPL accumulation
does not provide quantitative information

.regarding the amount of DNAPL present (24).

~:.~;.
~:.::..

~~:;.,;:r.·, .~..
~.'..;"

·A~~~~

-r._:.\.·~.~.·.,:.r ~ethOd. to confirm DNAPL in soil samples:
....~- Vlalal examination of core! or cuttings may not
~'}~~" be~f£cctivefor confirming the preence of

.}·:.:·r DNAPL except in cases of gross DNAPL
.t .~~p: contamination. Methods for enhancing visual
~..~onof soil samples for DNAPL include:

:~-")'" • Shaking soil samples in a jar with water to
. ~arate the DNAPL from the soil (14),
~ Perfonning a paint filter test. in which soil is

f-...· l~' ht1a~ in a ~ter funnel. water is added. and the
?':'~:'. ter Is exammed for separate phases (20). .
'.::f.?ij' ..;,

:~~ ;~~ot·r.·Th-is·proc-·tti-ure-i!·tks-ign-tti-pn··7I'Ut-n-·lY-·for--hy-d-ro-g':to~[ogte-·-sett--in-gs-.cum-pristd-·-O-fgr-crot-[,-sa-rrd-.St-'[-t,-o-r

}~" ,~y.nd """ ne' be be "",;a.'I, I. om' "frocIumi rock"'I'.... 5



Potential for Occurrence 'of DNAPL .at Superfund Sites

DNAPL Category
Do Characterization Data Indicate

Presence of DNAPL? (Chart 2)

Maybe No
.......

ClI ....
-1::e rQ .

.- ..c; Yes- ~uc ......-5l:s-
:Jo..-
-<
.~ Z Maybe, 0 Cl--II> 0
:E ClI

U
II> C

=8 ~.
NoQ.,

Category

I Confirmed or
high potential
forDNAPL
at site.

Implications for Site Assessment

• The risk of spreading contaminants increases with the proximity to a potential DNAPL zone. Special
precautions should be taken to ensure that drilling does not create pathways for contin~edv' .
migration of free-phase DNAPLs. In DNAPL zones, drilling should be suspended when
permeability unit or DNAPL is first encountered. Wells should be iris~ed with short .
feet). If required, deeper drilling through known DNAPL zones should be conducted only by USlIlg
double or triple-cased wells to prevent downward migration of DNAPL As some DNAPLs can
penetrate fractures_as narrow.as 10 microns, special care must be taken during all grouting,
cementing, and welrsealing activities conducted in DNAPL zones.

• In some hydrogeologic settings" such as fractured crystalline rock. it is impossible to drill through
DNAPL with existing technology without causing vertical migration of the DNAPL down the
bo~ole, even when double or triple casing is employed (2).

• The subsurface DNAPL distribution is difficult to delineate accuratelv at some sites. 'DNAPL
migrates prei~tially through selected pathways (fractures, sand layei-s, etc.) and is affected by
small-scale changes in the stratigraphy of an aquifer. Therefore, the ultimate path taken by DNAPL
can be very difficult to characterize and predict. - -

• In most cases, fine-grained aquitards (such as clay or silt units) should be assumed to permit
downward migration of DNAPL through fractures unless proven otherwise in the field. At some
sites it can be exceptionally difficult to prove otherwise even with intensive site investigations (2).

• Drilling in areas known to be DNAPL-free should be performed before drilling in DNAPL zones in
. order to form a reliable conceptual model of sitehydrogeoiogy, stratigraphy, and potential DNAPL
pathways. In areas where it is difficult to form a reliable conceptual model, an "outside-in" strategy
may be appropriate: drilling in DNAPL zones is avoided or minimized in favor of delineating the
outside dissolved-phase-plume (2). Many fractured rock settings may require this approach to
avoid opening further pathways for DNAPL migration during site assessment.

II Moderate
potential for
DNAPL at site.

• Due to the potential risk for exacerbating ground-water contamination problems durin~'.
through DNAPL zones, the precautions described for Category I should be considered d .
assessment. Further work should focus on detennining if the site is a "DNAPL site."

III Low potential
forDNAPL
at site.

• DNAPL is not likely to be a problem during site characterization, and special DNAPL precautions
are probably not needed. Floating free-phase organics (LNAFLs), sorption, and other factors can'
complicate site assessment and remediation activities, however. '

6



Worksheet 1: Calculation 'of Effectiye Solubility (from Shiu, 1988; Feenstra. Mackay, & Cherry. 1991)
'. . ~ ~,:~~ '8 (.. ~ ~ :.~-' ,

For a single-component DNAPL, the pure..phaSesolubility of the organic constituent can be used to estimate the theoretical
upper-level concentration of organics in aquifers or for performing dissolution calculations. For DNAPLs comprised of a
mixture of chemicals. however, the effective solubility concept should be employed:

e
Si =the effective solubility (the theoretical upper-level dissolved-phase concentration

of a constituent in ~undwater in equilibrium with a mixed DNAPL; in mg/I) .

~ =the mole fraction of component i in the DNAPL mixture (obtained from a lab
. analysis of a DNAPL sample or estimated from waste characterization data)

5 i =the pure-phase solubility of compound i in mg/l (usually obtained from
literature sources)

For ~ple, if a laboratory analysis indicates that the mole fraction of trichloroethylene (TCE) in DNAPL is 0.10, then the
effective solubility would be 110 mg/l [pure phase solubility of TCE times mole fraction TeE: (1100 mg/U • (0.10) =110
m.,g/l]. Effective solubilities can be calculated for all compon~ts in a DNAPL mixture. Insoluble organics in the mixture
(such as long-ehained ailcimes) will reduce the mole fraction and effective solubility of more soluble organics but will not
contribute dissolved-phase organics to ground water. Please note that this relationship is approrimtzte and does not account for
non-ideal behauior of minures, such as co-solvency, etc: _ '..

•

.1)

•

Worksheet 2: Method for Assessing Residual NAPL Based on Organic Chemical
Concentrations in Soil Samples (from Feenstra, Mackay, and Cherry, 1991>

To estimate if NAPls are present, a partitioning calculation based on chemical and physical analyses of soil samples from
the saturated zone (£rom cores, excavations, etc.) can be applied. 11ti.s method tests the assumption that all of the urganies
in the subsurface are either dissolved in ground water or adsorbed to soil (assuming dissolved-phase sorption. Dot the
presence of NAPL). By using the concentration of organics on the soil and the partitioning calculation, a theoretical pore­
water concentration of organics in ground water is determined. If the theoretical pore-water concentration is greater than
the estimated solubility of the organic constituent of interest, then NAPL may be present at the site. A worksheet for
performing this calculation is presented below; see Feenstra. M~ckay, and Cherry (1991) for the complete methodology.

'.'.\
~
;.

Step 1: Calculate sf ' the effective solubility of organic constituent of interest , 'See Worksheet I, above. N

Step 2: Determine Koc,the organic carbon-water partition coefficient from one of the following:
A) Uterature sources (such as 22) or
B) From empirical relationships based on Kow. the octanol-water partition coefficient, which is also found in the
. literature (22). For example; Koc can be estimated from Kow using the following expression developed for

polyaromatic hydrocarbons (8): I I
Log Koc =1.0 • Log Kow _0.21 Other mrpirical relationS"hips bettDeen Koc

. , and Kaw are presented in refs. 4 and 15.

Step 3: Determine foe, the fraction of organic carbon on the soil. from a laboratory analysis of clean soils from the site.
Values for foe typically range from 0.03 to O.OOOl? mg/mg (4). Convert values reported in percent to mg/mg.

Step 4: Determine or estimate pb, the dry bulk density of the soil, from a soils analysis. Typical values range from 1.8 to 2.1
g/ml (kg/I). Determine or estimate <jlw, the water-filled porosity.

Cw> Sf suggests possible presence of DNAPL

Cw < Sf suggests possible absence of DNAPL

•
Step 5: Determine Kd, the partition (or distribution) coefficient between

the pore water (ground water) and the soil solids:

Step 6: Using Ct, the measured cone. of the organic compound in saturated soil in mg/kg,
calculate the theoretical pore water cone. assuming no DNAPL (i.e., Cw in mg/l):

e
Step 7: Compare Cwand Si (from Step 1):

(Ct· pb)

7



GLOSSARY (adapted from Cherry, 1991):

DNAPL: .A Dense Nonaqueous Phase liqUid. A DNAPL can be either a single-component DNAPL (comprised of 0

one chemical) or a mixed DNAPL (comprised of several chemicals). DNAPL exists in the subsurface as free.phase DNAPL
or as residual DNAPL (see following definitions). DNAPL does not refer to chemicals that are dissolved in groundwater.

DNAPL ENTRY LOCATION: The area where DNAPL has entered the subsurface, such as a spill location or waste pond..

DNAPL SITE: A site where DNAPL has beenrel~ and is nowp~t in the subsurface as an immiscible phase.

DNAPL Z.ONE: The portion of a site affected by free-phase or residual DNAPL in the subsurface (either the unsaturated
zone or saturated zone). The DNAPL zone has organics in the vapor phase (WlSaturated zone), dissolved phase (both
unsaturated and saturated zone), and DNAPL phase (both unsaturated and saturated zone).

DISSOLunON: The process by which soluble organic components iron:' DNAPL dissolve in ground water or dissolve in
infiltration water and form a groun.d-water contaminant plume. The duration of remediation measures (either clean-up or
long-term containment) is detemtined by 1) the rate of dissolution that can be achieved in the field, and 2) the mass of
soluble components in the residual DNAPL trapped. in the aquifer.

.". ..
EFFECTIVE SOLUBIU1i': The theoretical aqueous solubility of an organic constituent in ground water that is in
chemical equilibrium with a mixed DNAPL (a DNAPL_containing several organic chemicals). The effective solubility of a
particular organic chemical can be estimated by multiplying its mole fraction in the DNAPL mixture by its pure phase
solubility (see Wgrksheet 1, page 7).

FREE-PHASE DNAPL: Immiscible liquid existing in the subsurface with a positive pressure such that it can flow into a
.well. If not trapPed in a pool, free-phase DNAPL will flow vertically through an aquifer or laterally down sloping fine-
grained stratigraphic units. Also called mobile DNAPL or continuous-phase DNAPL .

PLUME: The zone of contamination containing organics in the' dissolved phase. The plume usually will originate
the DNAPL zone and extend downgradient for some distance depending on site hydrogeologic and chemiCal conditi
To avoid confusion, the term "DNAPL plume" should not be used to describe a DNAPL pool; "plume" should be used only
to refer to dissolved-phase organics.

,
POOL and LENS: A pool is a zone of free-phase DNAPL at the bottom of an aquifer. A lens is a pool that rests on a fine­
grained stratigraphic unit of limited areal extent. DNAPL can be recovered from a pool or lens if a well is placed in the
rightlocatio~ .

RESIDUAL DNAPL: .DNAPL held in soil pore spaces or fractures by caIillJ.arY forces (negative pressure on DNAPLl.
Residual will remain trapped within the pores of the porous media unless theViscous forces (caused by the dynamic force
of water against the DNAPL) are greater than the capillary forces holding thelJNAPL in 'the pore. At most sites the
hydraulic gradient required to mobilize all of the residual trapped in an aquifer is usually many times greater than the
gradient that can be produced by wells or trenches (26).

RESIDUAL SATURATION: The saturation (the fraction of total pore space containing DNAPU at which DNAPL
becomes discontinuous and is immobilized by capillary forces (14). In unsaturated soils, residual saturation typically
ranges from 5% to 20% of total pore volume, while in the saturated zone the residual saturation is higher, with typical
values ranging from 15% to 50% of total pore volume (14,17). At many sites, however, DNAPL migrates pIeferentially
through small-scale fractures and heterogeneities in the soil, permitting the DNAPL to penetrate much deeper than would
be predicted from application of typical residual saturation values (16).

Defined Areas at a DNAPL Site

DNAPL 9ITXY LOCATION
(such as a former waste pond)

DNAPL ZONE Diuolved-Phue PLUME
(contains~hase DNAPL in pools or

lenses and/or residual DNAPL)

Ground WattT FIenD Dirmitm
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Notice

•

The policies set out in this document are intended solely as guidance to U.S. Environmental Protection Agency
(EPA) personnel; they are not [mal EPA actions and do not constitute rulemaking. These policies are not intended.
nor can they be relied upon, to create any rights enforceable by any party in litigation with the United States. EPA
officials may decide to follow the guidance provided in this document, or to act at variance with the guidance. based
on an analysis of specific site circumstances. EPA also reserves the right to change this guidance at any time with­
out public notice.
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1.0 Introduction

1.1 Background

Restoration! of contaminated groWld waters is one of
che'primary objectives of boch che Superfund and
RCRA Corrective Action programs. GroWld-water
contamination problems are pervasive in boch pro­
grams; over 85 percent of SuperfWld Natiorial Priori­
ties List (NPL) sites and a substantial portion of
RCRA facilities have some degree of groWld-water
contamination. The Superfund and RCRA Corrective
Action programs share che common purposes of pro­
tecting human healch and che environment from con­
taminated ground waters and restoring chose waters
to a quality consistent with their current, or reason­
ably expected future, uses.

The National Contingency Plan (NCP), which pro­
vides che regulatory framework for the SuperfWld
program, states that:

"EPA expects to return usable groWld waters to
cheir beneficial uses wherever practicable,
wichin a timeframe that is reasonable given che
particular circumstances of che site"
(NCP §300.430(a)(1)(iii)(F).

Generally, restoration cleanup levels in the Superfund
program are established by applicable or relevant and
appropriate requirements (ARARs), such as the use of
Federal or State standards for drinking water quality.
Cleanup levels proteCtive of human healch and che en­
vironment are identified by EPA where no ARARs for
particular contaminants exist (see Section 4.1.1).

The RCRA Corrective Action program for releases
from solid waste management facilities (see 40 CFR
264.101)2 requires a facility owner/operator to:

"...institute corrective action as necessary to pro­
tect human health and the environment for all

releases of hazardous waste or constiwents from
any solid wa.>~ management unit..."

The goal of protectiveness is funher clarified in the
Preamble to the Proposed Subpart S to 40 CFR 264:

"Potentially drinkable groWld water would be
cleaned up to levels safe for drinking throughout
the contaminated plume, regardless of whether the
water was in fact being consumed... Alternative
levels proteCtive of the environment and safe for
other uses could be established for groWld water
that is not an actual or reasonably expected source
of drinking water."3

While both programs have had a great deal of success
reducing che immediate threats posed by contami­
nated ground waters, experience over the past decade
has shown that restoranon to drinking water quality
(or more stringent levels where required) may not al­
ways be achievable due to the limitations of available
remediation technologies (EPA 1989b, 1992d). EPA,
cherefore, must evaluate whether ground-water resto­
ration at Superfund and RCRA ground-water cleanup
sites is attainable from an engineering perspective.
This document outlines EPA's approach to evalu­
ating the technical impracticability or attaining re­
quired ground-water cleanup levels and establish- '
ing alternative, protective remedial strategies
where restoration is determined to be technically
impracticable.

Many factors can inhibit groWld-water restoration.
These factors may be grouped under wee general
categories:

• Hydrogeologic factors;
• Contaminant-related factors; and
• Remediation system design inadequacies.

Hydrogeologic limitations to aquifer remediation in­
clude conditions such as complex sedimentary depos­
its; aquifers of very low penneability; certain types of

.. t e·' S

•

•

For this guidance, "restoration" refers to the reduction of contaminant concenttations to levels required under the Superfund
or RCRA Corrective Action programs. For ground water currently or potentially used for drinking water purposes, these lev­
els may be Maximum Contaminant Levels (MCLs) or non-zero Maximum Contaminant Levels Goals (MCLGs) established
under the Safe Drinking Water Act; State MCLs or other cleanup requirements; or risk-based levels for compounds not cov­
ered by specific State or Federal MCLs or MCLGs. Other cleanup levels may be appropriate fot ground waters used for non­
drinking water purposes.

2 At this time, this guidance is not applicable to corrective actions for releases from Subpart Fregulated units that are subject to
corrective actions under 40 CFR 264.91-264.100. ,.

3 "Corrective Action for Solid Waste Management Units (SWMUs) at Hazardous Waste Management Facilities," 55 ER 30798­
30884. July 27,1990, Proposed Rules. is currently used as gui~ in the RCRA Corrective Action program. When final
regulations under Subpan S are promulgated. cenain aspects of this guidance penaining to the RCRA program may need to be
revised to reflect new regulatory requirements. • •
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fractured bedrock; and other conditions that presently
make extraction or in situ treaunent of contaminated
ground water extremely .difficult (Figure 1). ' ,,: ....;

Contaminant-related factors, while not independent
of hydrogeologic constraints, are more directly re­
lated to contaminant propenies that may limit the
success of an extraction or in silutreaunent process.
These properties include a contaminant's potential to
become either sorbed onto, or lodged within, the soil
or rock comprising the aquifer. Nonaqueous phase
liquids (NAPLs) are examples of contaminants that
may pose such teehnicallimitations to aquifer resto­
ration efforts. NAPLs that are denser than water
(DNAPLs) often are particularly difficult to locate
and remove from the subsurface; their ability to sink
through the water table and penetrate deeper ponions
of aquifers is one of the properties that makes them
very difficult to remediate (Figure 1).

The widespread use of DNAPLs in manufacturing'
and many other sectors of the economy prior to the
advent of safe waste-management practices has led to
their similarly widespread occurrence at ground-wa­
ter contamination sites. Most of the sites where EPA
already has detennined that ground-water restoration
is technically impracticable have DNAPLs present.
The potential impact of DNAPL contamination on at­
tainment of remediation goals is so significant that
EPA is developing specific recommendations for
DNAPL site management; the key elements of this
strategy are presented in Section 3.0 below.

The third factor that may limit ground-water restoration
is inadequate remediation system design andimple­
mentation. Examples of design inadequacies in a
ground-water extraction system include an insufficient
number of extraction points (e.g., ground water or va­
por extraction wells) or wells whose locations. .
screened intervals, or pumping rates lead to an inability
to capture the plume. Design inadequacies may result
from incomplete site charaeteriiation, such as inaccu­
rate measurement of hydraulic conductivity of the af­
fected aquifer or not considering the presence of NAPL
contamination. Poor remediation system operation,
such as excessive downtime or failure to modify or
enhance the system to improve perfonnance, also
may limit the effectiveness of restoration efforts.
Failure to achieve desired cleanup standards reo
suIting from inadequate system design or opera·
tion is not considered by EPA to be a sufficient
justification for a determination of technical im·
practicability of ground·water cleanup.

2
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1.2 Purpose of the Guidance

This guiqance clarifies how EPA will detennine
whether ground-water restoration is technically im­
practicable and what alternative measures or actions
must be undertaken to ensure that the fmal remedy is
protective of human health and the environment.
Topics covered include the types of technical data
and analyses needed to support EPA's evaluation of a
panicular site and the criteria used to make a determi­
nation. As technical impracticability (TI) decisions are
pan of the process of site investigation, remedy selec­
tion, remedial action, and evaluation of remedy perfor­
mance, the guidance also briefly discusses the overall
framework for decision making during these phases of
site cleanup.

This guidance does not signal a scaling back of
EPA's etTorts to restore contaminated ground wa·
ters at Superfund sites and RCRA facilities•.
Rather, EPA is promoting the careful and realistic as­
sessment of the technical capabilities at hand to man­
age risks posed by ground-water contamination. This
guidance provides consistent guidelines for evaluat­
ing technical impracticability and for maintaining
protectiveness at sites where ground water cannot be
restored within a reasonable timeframe. EPA will
continu~ to conduct, fund. and encourage research
and development in the fields of subsurface assess­
ment. remediation, and pollution prevention so that
an ever decreasing number of sites will require the
analysis described in this document.

2.0 Ground-Water Remedy
Decision Framework

2.1 Use of the Phased.Approach
- :.', ,".'

At sites with very' complex ground-water contamina­
tion problems, it may be difficult to determine
whether required cleanup levels are achievable at the
time a remedy selection decision must be made. This
is especially true when such decisions must be based
on site data collected prior to implementation and
monitoring of pilot or full-scale remediation systems.
EPA recognizes this limitation and has recommended
several approaches to reduce uncertainty during the
site characterization, remedy selection, and remedy
implementation processes (EPA 1989a, 1992a).

Determining the restoration potential of a site may be
aided by employing a phased approach to site char­
acterization and remediation. Each phase of site

"-.
) ~:.
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Figure 1. Examples of Factors Affecting Ground·Water Restoration

Certain site characteristics may limit the effectiveness of subsurface remediation. The examples listed below are

highly generalized. The particular factor or combination of factors that may critically limit restoration potential

will be site specific.

Generalized Remediation Difficulty Scale

Contaminant Increasing difficulty
~.

Characteristics

~ Small Volume Large Volume
:;, Nature of Release
.S! Short Duration ~ Long. Duration

en Slug Release Continual Release

Biotic/Abiotic Decay High ~ Low

en Potential
Ql

"f
Ql
C.

." ,. " ,

0 Volatility High ~ Low..c.
B

.
E Contaminant Low ~ High
Ql
.= Retardation (Sorption)
u Potential

c:
0
:::
:::I Contaminant Phase Aqueous, Gaseous --. Sorbed'-" LNAPLs ~ DNAPLs
JJ
i:-CIl

is Volume of- Contaminated Media Small ~ Large
c:
lU
.5
E Contaminant Depth Shallow ~ Deep,
III-c:
8

Hydrogeologic
Characteristics

"

Stratigraphy Simple Geology, ~ Complex Geology,
e.g., Planar Bedding e.g., Interbedded and Discontinuous Strata

>-g Texture of Sand ~ Clay

0 Unconsolidated Deposits
Ql
~

Degree of Heterogeneity Homogeneous ~ Heterogeneous (e.g., interbedded sand and

(e.g., well-sorted sand) silts, clays, fractured media, karst)

~
0 Hydraulic conductivity High (> 10.1 cm/sec) ~ Low « 1()-4 cm/sec)
it
Ui
~ Temporal Variation LittlefNone ~ High
:::I
lU...

Vertical Flow Large Downward Flow Component
"tl Little ..
>-
~
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4 See "Guidance on Conducting Non-Time Critical Removal Actions under CERCLA," OSWER Publication 9360.0-32.
August 1993 (EPA 1993b).

•

•

•

-:",-~

characterization should be designed to provide infor­
mation necessary for the next phase of characteriza·
tion. Likewise, site remediation activities can be 'con­
ducted in phases to achieve interim goals at the out­
set. while developing a more accurate understanding .
of the restoration potential of the contaminated aqui·
fer. An example of how this approach might be ap­
plied at a site is provided below in Section 4.4.3.

The timing of phased cleanup actions (early, interim,
flnal) should reflect the relative urgency of the action
and the degree to which the site has been character­
ized. Early actions should focus on reducing the risk
posed by site contamination (e.g., removal of con­
tamination sources) and may be carried out before de­
tailed site characterization studies have been com­
pleted. Interim remedial actions may abate the .
spread of comamination or limit exposure but do not
fully address the fmal cleanup levels for the site. In­
terim actions generally will require a greater degree.
of site characterization than early actions. However,
implementation of interim actions still may be appro­
priate prior to completion of site characterization
studies, such as the Remedial InvestigatioIl/Feasibil­
ity Study (RI/FS) or RCRA Facility Investigation
(RFI) and Corrective Me.asmes Study (CMS). Final
remedial actions must address the cleanup levels and
other remediation requirements for the site and, there­
fore, must be based on completed characterization re­
ports. Information from early and interim actions
also should be factored into these repons and fmal
remedy decisions.

Phasing of activities generally should not delay or
prolong site characterization or remediation. In fact,
such an approach may accelerate the implementation
of interim risk reduction actions and lead more
quickly to the development of achievable fmal reme­
diation levels and strategies. A phased approach
should be considered when there is uncertainty re­
garding the ultimate restoration potential of the site
but also a need to quickly control risk of exposure to,
or limit further migration of. the contamination.

It is critical that the performance of phased remedial
actions (e.g., control ofplwne migration) be monitored
carefully as part of the ongoing effon to characterize
the site and assess its restoration potential. Data collec­
tion activities during such actions not only should be
designed to evaluate performance with respect to the

action's specific objectives but also conaibute to the
overallun~erst.a.T}ding of the site. In this manner,
actions implemented early in the site remediation
process can achieve significant risk reduction and
lead to development of technically sound. final rem­
edy decisions.

2.2 Documenting Ground-Water Remedy
Decisions Under CERCLA

The phased approach to site characterization and
remediation can be employed using the existing deci­
sion document options within the Superfund program.

2.2.1 Removal Actions
Removal authority can be used for early actions as
pan of a phased approach to ground-water cleanup
and decision making and should be considered
where early response to gTound-water contamination
is advantageous or necessary. Within the context of
ground-water actions. removals are appropriate
where contamination poses an actual or potential
threat to drinking water supplies or threatens sensi­
tive ecosystems. Examples of actions that might
qualify for use of removal authority include removal
of surface sources (e.g.• drums or highly contami­
nated soils), removal of subsurface sources (e.g.,
NAPL accumulations, highly contaminated soils, or
other buried waste), and containment of migrating
ground-water contamination "hot spots" (zones of
high contaminant concentration) or plumes to protect
current or potential drinking water supplies.

Removals of subsurface sources most likely will be
non-time-critical actions, although time-critical ac­
tions may be appropriate for removal of NAPL ac­
cumulations or other soUrces, depending on the ur­
gency of the threat. Documentation requirements
for removal actions include a Removal Action
Memorandum and, for non-time critical actions, an
Engineering Evaluation/Cost Analysis repon.4

Removal actions must attain ARARs to the extent
practicable, considering the exigencies of the
situation. The urgency of the situation and the scope
of the removal·action may be considered when
determining the practicability of attaining ARARs
(NCP §300.415(i)). Standards or regulations typically
used to establish ground-water cleanup levels for fmal
actions (e.g., MCLs/MCLGs) may not be ARARs.
depending on the scope of the removal. Further

4
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5 At sites where a 11 ARAR waiver is invoked in the ROD, preparation of the pre-referral negotiation package ("mini.lit" pack­
age) must include analysis of the model Consent Degree language to ensure that appropriate consideration of the waiver's im·
pact is incorporated.

information on removal actions may be found in
other EPA guidances (EPA 1990b. 1991d).

2.2.2 Interim RODs
Interim RODs may be appropriate where there is a
moderate to high degree of uncertainty regarding at­
tainment of ARARs or other proteCtive cleanup lev­
els. As mentioned before, an interim action may be
used to minimize further contaminant migration and
reduce the risk of exposure to contaminated ground
water. Interim actions include containment of the
leading edge of a plume to prevent funher contiuni­
nation of unaffected portions of an aquifer. removal
of source material. remediation of ground-water hot
spots. and in some cases, installation of physical
barriers or caps to contain releases from source ma­
terials. Interim actions should be monitored care­
fully to collect detailed iriformation regarding aqui­
fer response to remediation, which should be used to
augment and update previous'site characterization
efforts. This information then can be used at a later
date to develop fmal remediation goals and cleanup
levels that more accurately reflect the particular con­
ditions of the site. .

It is important to note that for interim actions,
ARARs must be attained only if they are within the
scope of that action. For example, where an interim
action will manage or contain migration of an aque­
ous contaminant plume, MCLs and MCLGs would
not be ARARs, since the objective of the action is
containment, not cleanup (although requirements
such as those related to discharge of the treated water
still would be ARARs, since they address the disposi­
tion of treated waste).

Furthermore, a requirement that is an ARAR for an
interim action may be waived under certain circum­
stances. An "interim action" ARAR waiver may be
invoked where an interim action that does not attain
an ARAR is part of, or will be followed by, a fmal
action that does (NCP §300.430(f)(1)(ii)(C). For ex­
ample, where an interim action seeks to reduce con­
tamination levels in a ground-water hot spot" MCLs/
MCLGs may be ARARs sin"~, the action is cleaning
up a portion of the contamir'.:d ground water. If,

, however, this interim action l~ ~xpected to be fol­
lowed by a final, ARAR-eompliant action that ad­
dresses the entire contaminated ground-water zone,
an interim action ARAR waiver may be invoked.

2.2.3 Final RODs
Where site characterization is very thorough and
there is a modera~ to high degree of certainty that
cleanup levels can be achieved, a fmal decision docu­
ment should be developed that adopts those levels.
Conversely, in cases where there is a high degree of '
certainty that cleanup levels cannot be achieved, a final ~­
ROD that invokes a 11 ARAR waiver and establishes
an alternative remedial strategy may be the most appro­
priate option.s 'Note that for ROO-stage waivers, site
characterization generally should be sufficiently de-
tailed to address the data and analysis requirements for
TI determinations set forth in this guidance.

2.2,4 ROD Contingency Remedies and
Contingency Language
Where a moderate degree of un~ertainty exists re­
garding the ability to achieve cleanup levels, a final __'
ARAR·compliant ROD genenilly still is appropriate.
However, the ROD may include contingency lan-
guage that addresses actions to be taken in the event ';~

the selected remedy is unable to achieve the required
cleanup levels (EPA 1990a, 1991a). The contingency·
language may include requirements to enhance or
augment the planned remediation system as well as
an alternative remedial technology to be employed if
modifications to the planned system fail to signifi-
cantly improve its performance. Use of language in
final remedy decision documents that addresses the
uncertainty in achieving required cleanup levels also
is appropriate in certain cases. However, language
that identifies a TI decision (e.g., an ARAR -
~aiver) as a future contingency of the remedy'
should be avoided. Such language is not necessary,
as a 11 evaluation may be'performed (and a decision
made) by EPA at any site regardless of whether such
a contingency is provided in· the decision document

Note that in cases of existing RODs that already
include a contingency for invoking a TI ARAR
waiver, the conditions under which the ARAR
may be waived should be consistent with, and as
stringent as, those presented in this guidance or a
future update.

Furthermore, the fact that such contingency lan­
guage has been included in an existing ROD does
not alter the need to enhance or augment a rem­
edy to improve its ability to attain ARARs before
concluding that a waiver can be granted. It also

~

•

•

•
5
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should be noted that remediation must be conducted_._._------ .. - . ._- ,--- . '.~._.. --~...
JQL~__~.l!fficient period of time before its abilill' to .re- .

•

s~_~ontamlnated ground water can be evaluated.'" "'~'-~'
This minimum UIne period will be detennined by
~A on a site-specific basis.

2.3 Documenting Ground-Water Remedy
Decisions under RCRA

to document the 11 detennination and to specify. as
approp~te. alternative cleanup levels and alternative
remediiiJ.'measures that have been determined to be
technically practicable and protective of human health
and the environment. .

3.0 Remedial Strategy for
DNAPL Sites

•

•

The instruments used for implementing the RCRA
Corrective Action program (pennits and orders) also
are amenable to a phased apProach to remedy selec­
tion and facility remediation. The RCRA program
can use permits or orders to compel both interim
measmes and final remedies.

2.3.1. Permits/Orders Addressing Stabilization
RCRA permits or orders can req~ the stabilization
of releases from solid waste management units
(SWMUs) at the facility. The Stabilization Initiative
focuses on taking interim actions to prevent the fur­
ther spread of existing contamination and reduce
risks. Examples of measures used for stabilization
include capping, excavation, and plume containment
Since the long-tenn or final cleanup of the facility is
not the objective of stabilization (although stabiliza­
tion should be consistent with the final remedy), 11
decisions are not applicable at this early stage. Infor­
mation gained during stabilization should be used. to
help determine the restoration potential of the facility
and the objectives of the final remedy.

2.3.2. PermiJslOrders AddressingFinal Remedres
Where achieving ground-water cleanup standards is
detennined by EPA to be technically impracticable,
the pennit or order addressing final remedies should
include practicable and protective alternative reme­
dial measmes. EPA's decision to make a 11 detenni­
nation will be based on clear and convincing infor­
mation provided by the owner/operatOr. EPA gener­
ally will seek public comment on 11 detenninations
prior to implementation. EPA's preliminary 11 deter­
minations and justificationfor these detenninations
should be documented in a Statement of Basis. As
discussed above, uncertainty in the ability to restore
an aquifer should be reduced through phased charac­
terization and the use of interim remedial measures,
where appropriate.

Permits and orders that address "final" remedies should
specify the remediation cleanup levels selected by the
implementing Agerx:y. Such permits and orders, how­
ever, generally should not incorporate contingency 11
language. The pennit or order will need to be modified

6

Many of the subsurface contaminants present at Su­
perfund sites and RCRA facilities are organic com­
pounds that are either lighter-than-water NAPLs
(LNAPLs) or DNAPLs. As mentioned in Section 1.1,
the presence of NAPL contamination, and in particu­
lar DNAPL contamination, may have a significant
impact on site investigations and the ability to restore'
contaminated portions of the subsurface to required
cleanup levels. Furthennore, DNAPL contamination
may' be a relatively widespread problem. A recent-
EPA study (EPA 1993a) concluded that up to 60 per- ,__,
cent of National Priorities List (NPL) sites may have
DNAPL contamination in the subsurface; a signifi-
cant percentage of RCRA Corrective Action facilities
also are thought to be affected by DNAPLs. As

P~~':'~~_Q.Y.!iLof c~~I!. t~
o!-~APL conrarruna~n d? n~ eXist,2'e~, DNAPL
SiteS are mor~ likely to requIre I evaluauons than
sites with other types of contamination. Although
this guidance pertains to 11 evaluations at all site
types. EPA believes the significance of the DNAPL
contamination problem warrants the following brief
discussion of DNAPL contamination and recom-
mended site management strategies.

DNAPLs comprise a broad class of compounds, in­
cluding creosote and coal tars. polychlorinated biphe­
nyls (PCBs), certain pesticides. and chlorinated or­
ganic solvents such as trichloroethylene (TCE) and
tetrachloroethylene (PCE). The term "DNAPL" re­
fers only to liquids immiscible in. and denser than,
water and Dot to chemicals that are dissolved in water
that originally may have been derived from a DNAPL
source. DNAPLs may occur as "free-phase" or "re­
sidual" contamination. Free-phase DNAPL is an im­
miscible liquid in the subsurface that is under positive
pressure; that is, the DNAPL is capable of flowing
into a well or migrating laterally or vertically through
an aquifer. Where vertically migrating free-phase
DNAPL encounters a rock or soil layer of relatively
low permeability (e.g., clay or other fme-grained layer),
a DNAPL accumulation or "pool" may form. Residual
DNAPL is immiscible liquid held by capillary forces
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within the pores or fractures in soil or rock layers:

residual DNAPL, therefore, generally is not capable

of migrating or being displaced by normal ground­

water flow. Both free-phase and residual DNAPL,

however, can slowly dissolve in ground water and

produce "plumes" of aqueous-phase contamination.

DNAPLs also can produce subsurface vapors capable

of migrating through the unsaturated zone and con­

taminating ground water (EPA 1992c). Figure 2 de­

picts the various types of contamination that may be

encountered at a DNAPL site.

The three areas that should be delirieated at a

DNAPL site are the DNAPL entry location, the

DNAPL zone, and the aqueous conraminant plume.

The entry locations are those areas where DNAPL

was released and liicely is present in the subsurface.

Entry locations include waste disposal lagoons, drum

burial sites, or any other area where DNAPL was al­

lowed to infiltrate into the subsurface. The DNAPL

zone is deftned by that portion of the subsurface con­

taining free-phase or residual DNAPL. Thus, the

DNAPL zone includes all portions of the subsurface

where'the immiscible-phase contamination has come

to be located. The DNAPL zone may occur within

both the saturated zone (below the water table) and

the unsaturated zone (above the water table). The

DNAPL zone also may contain vapor and aqueous­

phase contamination derived from the DNAPL. The

DNAPL zone may include areas at relatively great

depths and lateral distances from the entry locations,

depending on the subsurface geology and the volume

of DNAPL released. The aqueous contaminant

plume contains organic chemicals in the dissolved

phase. The plume originates from the DNAPL zone

and may extend hundreds or thousands of feet

downgradiem (in the direction of ground-water flow).

Figure 3 illustrates the various components of a

DNAPL site.

Since each DNAPL site component may require a

different remediation strategy, it is important to char­

acterize these components to the extent practicable.

'Thus, the properties and behavior of DNAPL con­

tamination require consideration when planning and

conducting both site investigation and remediation.

The potential for DNAPL occurrence at the site

should be evaluated as early as possible in the site in­

vestigation. Recent publications such as "Estimating

Potential for DNAPL Occurrence at Superfund Sites"

(EPA 1992c) and "DNAPLSite,Evaluation" (Cohen

and'Mercer, 1993) provide detailed guidance on

these topics. At sites where DNAPL disposal is

known or suspected to have occurred, likely DNAPL

entry locations should be identifted from available

historical waste-management information and sub­

surface chemistry data. This information can assist

in the delineation of the DNAPL zone.

CharacteriZation and delineation of the DNAPL zone

is critical for remedy design and evaluation of the

restoration potential of the site. At many sites, a sub­

surface investigation strategy that begins outside of

the suspected DNAPL zone may be appropriate

("outside-in" strategy), in part to minimize the possi­

bility of inadvenent mobilization of DNAPLsto

•

Figure 2. Types of Contamination and Contaminant Zones at

DNAPL Shes (Cross-sectional view)
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FIgure 3. Components of .O~APL Sites
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6 DNAPL mass removal also must satisfy the Superfund or RCRA Corrective Action remedy selection criteria. as appropriate.
7 As DNAPu may be remobilized during chilling or ground-water pumping, caution should be exercised where such activities

are proposed for DNAPL zone characterization, remediation, or containment.

•

•

lower aquifers. Delineation of the extent of the
DNAPL zone may be difficult at certain sites due to
complex geology or waste disposal practices. In such
cases, the extent of the DNAPL zone may need to be
inferred from geologic information (e.g., thickness,
extent, structure, and permeability of soil or rock
units) or from interpretation of the aqueous c:oncen­
tration of contaminants derived from DNAPL
sources. At some sites, however, geologic complex­
ity and inadequate information on waste disposal may
make the delineation of the DNAPL zone difficult

A phased approach, as discussed in Section 2.1, is
recommended for DNAPL sites; such an approach
may facilitate identification of appropriate shon- and
long-term site remediation objeCtives. Note also that
technical approaches appropriate for the DNAPL
zone (e.g., free-phase DNAPL removal, vapor extrac­
tion, excavation, and slurry walls aided by limited
pwnp-and-treat) may differ significantly from those
appropriate for the aqueous contaminant plwne (typi­
cally pwnp-and-treat).

Shon-term remediation objectives generally should
include prevention of exposure to contaminated
ground water and containment of the aqueous con­
taminant plume. Where sufficient information is
available, early removal of DNAPL sources also is
recommended. Information gathered during these

actions should be used to help characterize the site and
identify prac·ticable options for funher remediation.

(

The long-term-remediation objectives for a DNAPL )
zone should be to remove the free-phase, residual,
and vapor phase DNAPL to the extent practicable and
contain DNAPL sources that cannot be removed. "
EPA recognizes that it may be difficult to locate and
remove all of the subsurface DNAPL within a
DNAPL zone. Removal of DNAPL mass should be
pursued wherever practicable and, in general, where
significant reduction of current or future risk will re­
sult6 Where it istechnic~y' impracticable .torem.ove
subsurface DNAPLs, EPA expects to contain the.. _
DNAPL zone to.IDin~lea:saof contami­
nants to the-surrooaEliag-groolld watel, wherevet

_practicable} _""

Where it is technically practicable to contain the
long-term sources of contamination, such as the
DNAPL zone, EPA expects to restore the aqueous
contaminant plume outside the DNAPL zone to re­
quired cleanup levels. Effective coritaiiunent of the
DNAPLzone generally will be required to achieve
this long-term objective because ground-water ex­
traction remedies (e.g., pump-and-treat) or in situ
treatment technologies are effective for plwne resto­
ration only where source areas have been contained·
or removed.

8
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8 NCP §300.430(f)(l)(i). For a detailed discussion of the Superfund remedy selection process, see also EPA 1988a and 1988b.

Monitoring and assessing the perfonnance of

DNAPL zone containment and aquifer restoration

systems, therefore, are critical to maintaining remedy

proteCtiveness and evaluating the need for remedy

enhancements or application of new technologies.

EPA recognizes, however, that there are technical

limitations to ground-water remediation teChnologies

unrelated to the presence of a DNAPL source zone.

These limitations, which include contaminant-related

factors (e.g., slow desorption of conwmnams from

aquifer materials) and hydrogeologic factors (e.g., •

heterogeneity of soil or rock properties), should be

considered when evaluating the teChnical practicabil­

ity of restoring the aqueous plume.

EPA encourages consideration of innovative technolo­

gies at DNAPL sites, particularly where contairunent "

of,a DNAPL zone may require costly periodic mainte­

nance,(and perllaps~placement). Innovative technolo­

gies, therefore, should be considered where DNAPL

zone containmentcould be enhanced or where such a

technology could clean up the DNAPL zone.

4.0 TI Decisions and Supporting
Information

4.1 Regulatory Framework for Tl Decisions

The bases for 11 decisions discussed in this guidance

are provided in CERCLA and the NCP for the Super­

fund program and in the Proposed Subpart S rule for

the RCRA program. While the piocesses the two pr0­

grams use to establish cleanup l~vels differ (e.g., the

ARAR concept is not used in RCRA), the primary con~

siderations for determining the technical impracticabil­

ity of achieving those levels are identical:

• Engineering feasibility; and
~. Reliability.

A brief SW1UI18ry of the regulatory basis for establish­

ing cleanup levels and making 11 determinations at

Superfund and RCRA sites is provided below.

4.1.1 Superfund
Remedial alternatives at Superfund sites must satisfy

two "threshold" criteria specified in the NCP to be

eligible for selection: 1) the remedy must be proteC­

tive of human health and the environment; and 2) the

remedy must meet (or provide the basis for waiving)

the ARARs identified for the action.S There generally

are several different types of ARARs associated with

ground-water remedies at Superfund sites, such as re­

quirements for discharge of treated water to surface

water bodies or other receptors, limitations on rein­

jection of treated water into the subsurface, an-d

cleanup levels for contaminants in the ground water.

ARARs used to establish cleanup levels for current or

potentially drinkable ground water typically are

MCLs or non-zero MCLGs established under the

Federal Safe Drinking Water Act, or in some cases,

more stringent State requirements. For compounds

for which there are no ARARs, cleanup levels gener­

ally are chosen to protect users or receptors from un­

acceptable cancer and non-cancer health risks or ad­

verse environmental effects. Such levels generally

are established to fall within the range of 1Q-4 to 1~

lifetime cancer risk or below a hazard index of one

for non-<:arcinogens, as appropriate.

ARARs may be waived by EPA for any of the six

reasons specified by CERCLA and the NCP (High­

light 1), including technical impracticability from

3n engineering perspective. 11 waivers generally

will be applicable only for ARARs that are used to_

establish cleanup perfonnance standards or levels,

such as chemical-specific MCLs or State ground-wa­

ter quality criteria.

Highlight 1.
CERCLA ARAR Waivers

The six ARAR waivers provided by CERCLA

§121(dX4} are:

1. Interim Action Waiver;

2. Equivalent Standard of Perfonnance Waiver;

3. Greater Risk to Health and the Environment

Waiver;

4. Technical Impracticability Waiver;

5. Inconsistent Application of State Standard

Waiver; and

6. Fund Balancing Waiver.

e

e-

e
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9 See NCP Preamble, 55 ER. 8748, March 8. 1990. '
10 Technical impracticability is discussed in Sections 264.525(d)(2) and 264.531 of the Proposed Subpart S rule.
11 Proposed Subpart S; 55 ER. 30830. July 27. 1990. '
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Use of the tenn "engineering perspective" implies that
a 11 detennination should primarily focus on the tec!'!..,
nieal capability of achieving the'cleanup level. with
cost playing a subordinate role. The NCP Preamble
states that 11 detenninations should be based on:

" ...engineering feasibility and reliability, with
cost generally not a major factor unless compli­
ance would be inordinately costly.''9

4.1.2 RCRA
The Proposed Subpart S rule specifies that the correc­
tive action for contaminated ground water include at­
tairunent of "media cleanup standards," which gener­
ally are Federal or State MCLs, contaminant levels
within the range of 10-4 to l(J4lifetime cancer risk. or
hazard index of less than one for non-carcinogens. as
appropriate. The proposed rule also specifies three '
cenditions under which attainment of media cleanup
standards may not be required: 1) remediation of the re­
lease would provide no significant reduction in risks to
acwal or potential receptors; 2) the release does not oc­
cur in. or threaten, ground waters that are current or po­
tential sources of drinking water; and 3) remediation
of the release to media cleanup standards is tech­
nically impracticable,lo

Further clarification of 11 determinations is provided
in the preamble to the proposed rule. The determina­
tion involves a consideration of the "engineering
feasibility and ,reliability" of attaining media
cleanup standards. as well as situations where reme­
diation may be "technically possible," but the "scale
of the operations required might be of such a magni­
tude and complexity that the alternative would be
impracticable" (emphasis added).11

The basis for a RCRA Subpan S11 decision (engineer­
ing feasibility, reliability, and the magnitude and com~

plexity of the action) therefore is consistent with that
provided for the Superfund program in the NCP. In the
context of remedy selection, both programs consider
the notion of technical feasibility along with reliability
and economic considerations; however, the role of cost
(or scale) of the action is subordinate to the goal of
remedy protectiveness.

4.2 Timing of TI Decisions

11 decisions may be made either when a [mal site,
decision document is being developed (e.g., RCRA

Statement of Basis and Response LO Comments or
Supert;und ROD) or after the remedy has been
implemented and monitored for a period of time.
EPA believes thal, in many cases. 11 decisions should
be made only after interim or full-scale aquifer
remediation systems are implemented because often it
is difficult LO predict the effectiveness of remedies
based on limited site characterization data alone.
However. in some cases. 11 decisions may be made
prior to remedy implementation. These pre-
implementation or "front-end" 11 decisions must be ./
supported adequately by detailed site characterization
and data analysis. Front-end 11 evaluations should
focus on those data and analyses that define the most
critical limitations to ground-water resLOraOon.

Data and analysis requirements for front-end deci­
sions should be considered carefully. Generally, in­
formation regarding the nature and extent of contami­
nation sources is more critical to assessing restoration
potential than are other types of characterization data.
This often is the case, as currently available technolo­
gies,generally are more effective for remediating and
restoring contaminatedaquifers affected only by dis­
solved, or aqueous, contamination. However, certain
types of source contamination are resistant to extraction
by these technologies and can continue to dissolve
slowly inLO ground water for indefinite periods of time.
Examples of this type of source constraint include cer­
tain occurrences of.NAPLs, such as where the quantity.
distribution, or properties of the NAPL render its re­
moval from, or destruction within, the subsurface infea­
sible or inordinately costly (See Section 3.0).

Geologic constraints, such as aquifer heterogeneity
(e.g.• interlayering of coarse and fme-grained strata),
also may critically limit the ability LO restore an aquifer.
However. it'generally is more difficult LO accurately de­
tennine the impact of such constraints prior to imple­
mentation and moniLOring of partial or full-scale aqui­
fer remediation efforts. Some geologic constraints,
however, may be defined sufflciently during site
characterization so that their impacts on restoration
potential are known with a relatively high degree of
certainty. An example of this type of constraint in­
cludes complex fracturing of bedrock aquifers.
which makes recovery of contaminated ground wa­
ter or DNAPLs extremely difficult.

, It should be noied. however, that the presence of .)'
known remediation constraints, such as DNAPL.

10
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fractured_~(>,C~.9~_other"COndition;'are:norobY\\
themselves-sufficiennojustify a 11 detennination.
Adeqwlte'sire 'CnaracreriZation data must be presented,,·
to demonstrate;-not -only·that the constraint exists. Oi.lf
that the"effect of the 'Co"nstrairiton'conlairiinant distri­
bli"tibn and recovery porentiarposesiCiiiiCallirriita-
tion to the erfec'tiveness of avw.lilble technologies. /

4.3 TI Evaluation COmponents12

Detenninations of technical impracticability will be
made by EPA based on site-specific characterization
and. where appropriate, remedy perfonnance data.
These data should be collected, analyzed, and pre­
sented so that the engineering f~:;ibility and reliabil­
ity of ground-water restoration are fully addressed in
a concise and logical manner.

c. Predictive analyses of the timefrarnes to attain
required cleanup levels using available tech­

.._ nologies; and
!_d. A demonstration that no other remedial tech­

nologies (conventional or innovative) could
reliably, logically, or feasibly attain the
cleanup levels at the site within a reasonable
timeframe.

5. Estimates of the cost of the existing or pro­
posed remedy options, including construction,
operation, and maintenance costs (See Section
4.4.5).

6. Any additi~nal infonnation or analyses that
EPA deems necessary for the 11 evaluation.

•

12 For this guidance a 'TI evaluation" comprises the data and analyses necessary to make a 11 determination. The 11 evaluation
may be perfonned by PRPs at enforcement-lead Superfund sites. or by State or other Federal agencies, where appropriate.
Similarly, owner/operators at RCRA facilities may perfonn 11 evaluations. However. the actual 11 "detennination," or "deci­
sion," will be made by EPA (or other lead agency, as appropriate).

The 11 evaluation may be prepared by the owner/op­
erator of a RCRA facility, by a PRP at an enforce­
ment-lead Superfund site, or by EPA or the State at
Fund- or State-lead sites, as appropriate~ The evalu­
ation generally should include the following com­
ponents, based on site-specific information and
analyses:

LSpecific ARARs or media cleanup standards for
which TI determinations are sought (See Section
4.4.1).

2. Spatial area over which the 11 decision will apply
(See Section 4.4.2).

3. Conceptual model that describes site geology. hy­
drology, ground-water contamination sources,
tranSpOrt, and fate (See Section 4.4.3).

4. An evaluation of the restoration potential of the site,
including data and analyses that support any
assertion that attainment of ARARs or media
cleanup standards is technically impracticable from
an engineering perspective (See Section 4.4.4). At a
minimum, this generally should include:

a. A demonstration that contamination sources
have been identified and have been, or will be,
removed and contained to the extent practicable;

b. An analysis of the performance of any ongo­
ing or completed remedial actions;

The data"and analyses needed-to address each of
these components of a TI evaluation should be de­
termined on a site-specific basis. Where outside
parties are preparing the TI evaluation, its contents
generally should be identified and discussed prior to
submittal of the evaluation to EPA. Early agreement
between EPA and PRPs or owner/qperators on the type

and quantity of data and analyses required for 11 deci­
sions will promote efficient review of11 evaluations..

References to other documems in the administrative
record, such as the RI/FS and RFI, likely will be nec- .
essary to produce a concise evaluation; however,
these references should be as explicit as possible
(e.g., cite specific page or table numbers). Technical
discussions and conclusions should be supported by
data compilations, statistical analyses. or other types
of data reduction. ~cluded in the evaluation.

4.4 Supporting Infonnatlon for TI Evaluations

Most. if Dot all, of the information needed to evaluate
11 could be obtained during a thorough site investiga­
tion and. where appropriate, remedy performance
monitoring efforts. At some sites, however, addi­
tional analysis of existing data or new information
may be ~uired before EPA can determine accu­
rately the technical practicability of the restoration
goals. Not all of the data or analyses outlined in this
guidaJ:lce will be required at all sites; specific infor­
mation needs will depend on site conditions and any
ongoing remediation efforts.

•

•
11
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The data and analyses identified and discussed below
address the 11 evaluation components provided in
Section 4.3. . ,

4.4.1. Specific ARARs or Media Cleanup
Standards
The TI evaluation should identify the specific
ARARs or media cleanup standards (Le., the specific
contaminants) for which the determination is sought
Such contaminants generally should include only
those for which attainment of the required cleanup
levels is technically impracticable. Factors EPA
will consider when evaluating contaminants that
may be included in the 11 decision include: 1) the
technical feasibility of restoring some of the COn­
taminants present in the ground water; and 2) the
potential advantages of attaining cleanup levels for
some of the contaminants.

For example, consider a Superfund site with a DNAPL
contamination problem (e.g., TCE), including a wide-.
spread subsurface DNAPL source area for which con­
tainment or restoration are technically impracticable.
The aqueous plume also contains inorganic contamina­
tion (e.g., chromium) from on-site sources. Although it
would be feasible to reduce chromium concentrations
to the required cleanup level within a reasonable time·
frame, TCE concentrations would remain above
cleanup levels much longer due to the continued pres­
ence of the DNAPL or slow desorption of TCE from
aquifer materials. However, in such cases, EPA may
choose to limit the 11 ARAR waiver to TCE alone, .
while req~g cleanup of the chromium.13

Two situations would favor use of this approach.
The fIrst would be where attaining chromium cleanup
levels in the ground water will make future ex SilU
treaunent of the (TCE-contaminated) ground water
less complex and less expensive. This may be advan­
tageous where a community wishes to extract the
TCE-contaminated water, perform exsilU treaunent,
and put the treated water to beneficial use. A related
consideration is whether removal of the chromium
will facilitate future subsurface remediation using a
newly developed technology. The second situation
favoring this approach is where one of the contami­
nants (e.g., TCE) is being naturally biodegraded and
the other (e.g., chromium) is not Therefore, cleanup
of the chromium may result in more rapid auainment
of the long-term cleanup goals at the site.

Where the balance of conditions at such a site do not
indicate that it is practicable to attain the cleanup
levels Tor only some of the contaminants present,
EPA may conclude that cleanup levels for the re­
maining contaminants need not be attained, depend­
ing on the circumstances of the site. As discussed
fwther in Section 5.0, however, this decision does
not preclude EPA from selecting (or continuing op­
eration of) a remedy that includes active measures
(e.g., pump-and-treat) along with measures to pre·
vent exposure (e.g., institutional controls) needed to
address site risks.

4.4.2 Spatial Extent ofTI Decisions
The 11 evaluation should specify the horizontal and
vertical extent of the area for which the 11 detennina­
tion is sought. Where EPA determines that ground­
water restoration is technically impracticable, the
area over which the decision applies (the "TI zone'')
generally will include all portions of the contami­
nated ground water that do not meet the required
cleanup levels (contaminated ground-water zone), un­
less the 11 zone is otherwise defined by EPA.

In cenain cases, EPA may restrict the extent of the
11 zone to a portion or subarea within the contami­
nated groun~-water zone. For example, consider a
DNAPL site where it is technically impracticable to
remove the residual DNAPLs from the subsurface
but it is feasible and practicable to: I) limit further
migration of contaminated ground-water using a
containment system; and 1) restore that portion of
the aqueous plume outside of the containment area.
The 11 zone in this case should be restricted to that
portion of the site that lies within the containment
area. Outside of the 11 zone, ARARs or media
cleanup standards still would apply. The potential
to spatially restrict the 11 zone, therefore, will de­
pend on the ability to delineate and contain non-re­
movable subsurface contaniination sources and re­
store those portions of the aqueous plume outside of
the containment area. The spatial extent of the 11
zone should be limited to as small an area as pos­
sible, given the circumstances of the site.

A TI zone should be delineated spatially, both in area
and depth. Depth of a TI zone may be defmed in ab­
solute terms (e.g., feet above mean sea level) or in
relative terms (e.g., with respect to various aquifers
within multi-aquifer systems), as appropriate. Where

12



---------- -----

the TI zone will be restricted to a portion of the con­
taminated ground-water zone, the limits of the TI
zone should be delineated clearly on site maps and
geologic cross-sections. Delineation of the TI zone
based on the location of a particular mapped contami­
nant concentration contour interval (e.g., the 200 part .
per billion isoconcemration line) generally should be
avoided. This is because the location of such mapped
contours often is highly interpretive, and their posi­
tion may change with time. While concentration data
may be appropriate to consider when determining the
size of a containment area or the extent of a TI zone,
the limits of that 11 zone should be fIxed in space,
both horizontally and vertically.

4.4.3 Development and Purpose ofthe Site
Conceptual Model
Decisions regarding the technical practicability of
ground-water restoration must be based on a thor­
ough characterization of the physical and chemical
aspects of the site. Characterization data should de­
scribe site geology and hydrology; contamination
sources, properties, and distribution; release mecha­
nisms and rates; fate and transport processes; current
or potential receptors; and other elements that define
the contamination problem and facilitate analysis of
site restoration potential. While the elements of such
a model may vary from site to site, some generaliza­
tions can be made about what such a model would
contain. Examples of these elements are provided in
Figure 4. The site conceptual model synthesizes data
acquired from historical research, site characteriza·
tion, and remediation system operation.

The site conceptual model typically is presented as a
summary or specific component of a site investigation
report. The model is based on, and should be sup­
ported by, interpretive graphics, reduced and analyzed
data. subsurface investigation logs, and other pertinent
characterization information. The site conceptual
model is not a mathematical or computer model, al­
though these may be used to assist in developing and
testing the validity of a conceptual model or evaluating
the restoration potential of the site. Theconceptual
model,like any theory or hypothesis, is a dynamic tool
that should be tested and refined throughout the life of
the project. As illustrated in Figure 5, the model should
evolve in stages as information is gathered during the
various phases of site remediation. This iterative pro­
cess allows data collection efforts to be designed so
that key model hypotheses may be tested and revised to
reflect new information.

The conceptual model serves as the foundation for
evaluating the restoration potential of the site and,

13
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thereby, technical impracticability as well. The TI
determination must consider how site conditions im­
pact the potential for achieving remediation goals and
whether remediation performance. cost-effectiveness,
and timeframe meet EPA requirements or expecta­
tions. As these determinations rely on professional
judgment, the clarity of the conceptual model (and
supporting information) is critical to the decision­
making process.

4.4.4 Evaluation ofRestoration Potentilll

4.4.4.1 Source Control Measures. Remediation of
contamination sources is critical to the success of
aquifer restoration efforts. Continued releases of
contamination from source materials to ground water
can greatly reduce the effectiveness of aquifer resto­
ration technologies. such as pump-and-treat, which
generally are effective only for removing dissolved
contaminants (EPA 1989b; 1992d). EPA considers
subsurface NAPLs to be source materials because
they are capable of releasing significant quantities·of
dissolved contamination to ground water over long
periods of time.

. -

A demonstration that ground-water restoration is
technically impracticable generally should be accom­
panied by a demonstration that contamination sources
have been, or will be. identified and removed or
treated to the extent practicable. EPA recognizes that·
locating and remediating subsurface sources can be
diffIcult. For example, locating DNAPLs in certain
complex geologic environments may be impracti­
cable. EPA expects, however, that all reasonable ef­
forts will be made to. identify the location of source
areas through historical information searches and site
characterization efforts.

Source removal and remediation may be difficult.
even where source locations are known. The appro­
priate level of effon for source removal and remedia­
tion must be evaluated on a site-specifIc basis, con­
sidering the degree of risk reduction and any other
potential benefits that would result from such an ac­
tion. Even partial removal of contamination sources
can greatly reduce the long-term reliance on both ac­
tive and passive ground-water remediation.

Where complete source removal or treaunent is im­
practicable, use of migration control or containment
measures should be considered. Physical and hy­
draulic barriers are proven technologies that are ca­
pable of limiting or preventing further contaminant

c , ..

•
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Figure 4. Elements of Site COnceptual Model

The data and analysis required for TI evaluations will be detennined by EPA on a site-specific basis. This infor­
mation should be presented in fonnats conducive to analysis and in sufficient detail to define the key site condi­
tions and mechanisms that limit restoration potential. Types of infonnation and analysis that may be needed for
conceptual model development are illustrated below.

•
'.,;" r ••

Background Information

o Location of water supply wells.
o Ground-water Classification.
o Nearby wellhead protection areas or sole~source aquffers.
• Location of potential environmental receptors.

Geologic and Hydrologic Information

• Description of regional and site geology.
Physical properties of subsurface materials
(e.g., texture, porosity, bulk density).

• Stratigraphy, including thickness, lateral extent, contin­
uity of units, and presence of depositional features,
such as channel deposits, that may provide preferential
pathways for, or barriers to, contaminant transport.

o Geologic structures that may form preferential pathways
for NAPL migration or zones of accumulation.

o Depth to ground water.
o Hydraulic gradients (horizontal and vertical).
o Hydraulic properties of subsurface materials (e.g.,

hydraulic conductivity, storage coefficient, effective
porosity) and their directional variability (anisotropy).

•. Spatial distribution of soil or bedrock physicaVhydraulic
properties (degree of heterogeneity).

o Characterization of secondary porosity features
(e.g., fractures, karst features) to the extent practicable.

• Temporal variability in hydrologic conditions.
o Ground-water recharge and discharge information.
• Ground-water/surface water interactions.

Contaminant Source and Release Information

• Location, nature, and history of previous
contaminant releases or sources:

o Locations and characterizations of cOntinuing
releases or sources.

o Locations of subsurface sources (e.g., NAPLs).

Contaminant Distribution, Transport, and Fate Parameters

• Phase distribution of each contaminant (gaseous, aqueous, sorbed, free-phase NAPL, or residual NAPL)
in the unsaturated and saturated zones.

• Spatial distributlon of subsurface contaminants in each phase in the unsaturated and saturated zones.
• Estimates of subsurface contaminant mass. .
o Temporal trends in contaminant concentrations in each phase.
• Sorption information, inclUding contaminant retardation factors.
• Contaminant transformation processes and rate estimates.
o Contaminant migration rates.
o Assessment of facilitated transport mechanisms (e,g., colloidal transport).
• Properties of NAPLs that affect transport (e.g., composition, effective constituent solubilities, density, viscosity).
o Geochemical characteristics of subsurface media that affect contaminant transport and fate.
o Other characteristics that affect distribution, transport, and fate (e.g., vapor transport properties).

14
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Figure 5. Evolution of the Site Conceptual Model
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• Site Background and History
• Preliminary Site Investigations

Installation of
Subsurface

___...Monitoring Syste~s

Excavation and
Capping of Lagoon

Conceptual Model
Provides Basis for:

Conceptual Model
Provides Basis for:

Conceptual Model
Provides Basis for:

• Early Action/Removal of
Near-Surface Materials

• Site Characterization Studies
(RI/FS, RFI)
Removal of Subsurface Sources
(e.g., free-phase NAPLs)

• Evaluation of Restoration Potential
(or 11)

• Full-Scale Treaunent System
Design and Implementation

• Performance Monitoring and
. Evaluations

• Enhancement or Augmentation of
Remediation System, if Required

• Future Evaluation of 11 , if
Required (See Figure 6)

• Pilot Studies
Interim Ground-Water Actions
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14 Further guidance on design of performance monitoring for remedial actions at ground-water sites is provided ~ "?eneral
Methods for Remedial Operations Perfonnance Evaluations," EPA Office of Research and Development Pubhcauon EPN
pOOIR-92/002, January 1992 (EPA 1992e).

•

•
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mi~tion from a source area under the right circum~1
stances. While these containment measUres are not
capable of restoring source areas to required cleariup
levels (Le., a TI decision may be necessary for the I
source area), they may enable restoration of portion~
of the aquifer outside the containment zone.

4.4.4.2 Remedial Action Performance Analysis. ,
The suitability and performance of any completed o~

ongoing ground-water remedial actions should be :
evaluated with respect to the objectives of those ac- :
tions. Examples of remedy performance data are pr9­
vided in Figure 6. The performance analysis should;

. i
,

1. Demonstrate that the ground-water monitoring proi
gram within and outside of the aqueous contaminailt
plume is of sufficient quality and detail to fully .
evaluate remedial action performance (e.g., to ana- ':
lyze plume migration or containment and identify !

concentration trends within the remediation wne).l~

- I

2. Demonstrate that the existing remedy has been ef-
fectively operated and adequately maintained. '

3. Describe and evaluate the effectiveness of any
remedy modifications (whether variations in op- !
emtion, physical changes, or augmentations to the
system) designed to enhance its performance. .

I

4. Evaluate trends in subsurface contaminant concen-
trations. Consider such factors as whether the aqueL
ous plume has been contained, whether the areal exr
tent of the plume is being reduced, and the rates of '
contaminant concentration decline and contaminan~

mass removal. Further considerations include
whether aqueous-phase concentrations rebound i
when the system is shut down, whether dilution or :
other natural attenuation processes.are responsible !

for observed trends, and whether contaminated soili
on site are contaminating the ground water. I

i
Analysis of aqueous-phase concentration data shQuld:
be performed with caution. Contaminant concentra- i
lions plotted as a function of time, pore volumes of i
flushed fluids, or other appropriate variables may be I

useful in evaluating dominant contaminant fate and i
transpon processes, evaluating remedial system design~

and predicting future remedial system performance. .
Sampling methodologies, locations, and strategies,

however. should be analyzed to determine the impact
they may have had on observed concentration trends.
For example, studies of ground-water extraction sys­
tems indicate that some systems show rapid initial
decreases in aquifer concentration, followed by less
dramatic decreases that eventually approach an as­
ymptotic concentration level (EPA 1989b, 1992d).
This "leveling off' effect may represent either a
physical limitation to further remediation (e.g., con­
taminant diffusion from low permeability units) or an
anifact of the system design or monitoring program.
Professional judgment must be applied carefully
when drawing conclusions concerning restoration po­
tential from this information.

In certain cases, EPA may determine that lack of
progress in achieving the required cleanup levels has
resulted from system design inadequacies, poor sys­
tem operation, or unsuitability of the technology for
site conditions. Such system-related constraints are
not sufficient grounds for determining that ground­
water restoration is technically impracticable. In
such instances, EPA generally will require that the
existing remedy be enhanced, augmented, or replaced
by a different technology. Furthermore, EPA may re­
quire modification or replacement of an existing rem­
edy to ensure protectiveness, regardless of whether or
not attainment of required cleanup levels is techni­
cally impracticable.

4.4.4.3 Restoration Timeframe Analysis. Estimates
of the timefraIDe required to achieve ground-water
restoration may be considered in TI evaluations.
While restoration timeframes may be an important
consideration in remedy selection, no single
timeframe can be specified during which restoration
must be achieved to be considered technically practi­
cable. However, very long restoration timeframes
(e.g., longer than 100 years) may be indicative of
hydrogeologic or contaminant-related constraints to
remediation. While predictions of restoration
timeframes may be useful in illustrating the effects of
such constraints, EPA will base TI decisions on an
overall demonstration of the extent of such physical
constraints at a site, not on restoration timeframe
analyses alone. Such demonstrations should be based
on detailed and accurate site conceptual models that
also can provide the bases for meaningful predictions
of restoration timeframes.

16
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Figure 6. Remedy Perfonnance Analysis

Remedy design and perfonnance data requirements should be specific to technologies employed and site conditions.
The categories of required infonnation nonnally necessary to evaluate perfonnance are provided below with some
examples of specific data elements. These data should be reponed to EPA in fonnats conducive to analysis and in­
terpretation. Simple data compilations are insufficient for this purpose.

•

Remedy Design and Operational Information

• Design and as-built construction information,
induding locations of extraction or in situ treat­
ment points with respect to the contamination.

• Supporting design calculations (e.g., calculation of
well spacing).

• Operating information pertinent to remedy (e.g.,
records of the quantity and quality of extracted or
injected fluids).

• Percent downtime and other maintenance
problems. .

Ground-water
Extraction/Injection
and Performance

Monitoring Systems

Source Removal or Control

• Source removal information (e.g., results of soil
excavations, removal of lagoon sediments, NAPL
removal activities).

• Source control information (e.g., results of NAPL
containment, capping of former waste manage­
ment units).

17

Enhancements to OrigInal Remedial Design

• Information concerning operational modifications,
such as variations in pumping, inje~ion rates, or
locations.

• Rationale, design, and as-built construction
information for system enhancements.

• Monitoring data and analyses that illustrate the
effect these modifications have had on system
performance.

Hydraulic
Containment and

Performance
Monitoring Systems

DNAPL
Recovery
System

Performance Monitoring Information

• Design and as-built construction information for
performance monitoring systems.

• Hydraulic gradients and other information
demonstrating plume containment or changes in
areal extent or volume.

• Trends in subsurface contaminant concentrations
determined at severaVinany appropriate locations
in the subsurface. Trends should be displayed as
a function of time, a function of pore volumes of
flushed fluids, or other appropriate measures•

• Information on types and quantities of
contaminant mass removed and removal rates.

•

•
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15 See discussions in lhe NCP (55 ER 8748. March 8, 1990) and Subpan S (55 ER 30838, July 27, 1990).

, I

achieve the required cleanup standards. Analysis of
the potentially applicable technologies generally can
be performed as a "paper study." EPA. however, may
reserve the right to require treatability or pilot testing
demonstrations to determine the actual effectiveness
of a technology at a particular site. "

Contaminant Mass Removal Estimates. Evaluation of
contaminant mass removal may be useful at some sites

Treatability and pilouesting should be conducted
with rigorous contiuls and mass balance constraints.
Information required by EPA for evaluation of pilot
tests will be similar to that required for evaluation of
existing remediation systems (e.g., detailed design .
and performance data).

Ground-water Flow and Contaminant TfansporttFate
Modeling. Simulation of subsurface systems through
mathematical modeling can be useful for designing
remediation systems or predicting design perfor­
mance. However, the limitations of predictive mod­
eling must be considered when evaluating site resto­
ration potential. As discussed in Section 4.4.4.3,
ground-water models are sensitive to initial assump­
tions and the choice of parameters, such as contami­
nant source locations. leachability, and hydraulic con­
ductivity. Predictions such as the magnimde and dis·
tribution of subsurface contaminant concentrations,
therefore, will involve uncertainty. The source and
degree of this uncertainty should be described, quanti­
fied. and evaluated wherever possible so the reviewer
understands the level of confidence that should be
placed in the predicted concentration values or other
outputs. Predictive modeling may be most valuable in
providing insight into processes that dominate contami­
nant transport and fate at the site and evaluating the
relative effectiveness of different remedial alternatives.
Further guidance and information on the use of
ground-water models is provided in Anderson and
Woessner (1992), EPA (1992t), and EPA (1992g).

4.4.4.5 Additional Considerations. Techniques
used for evaluation of ground-water restoration
potential are still evolving. The results of such
evaluations generally will have some level of

" uncertainty associated with them. Interpretation of
the results of restoration potential evaluations.
therefore, will require the use of professional
judgment The use of mathematical models and
calculations of mass removal rates are two examples of
techniques that require particular caution.

I,,
Restoration timeframe analyses, therefore, generally
are well suited for comparing two or more remedia­
tion design alternatives to detennine the most appro­
priate strategy for a particular site. Where em­
ployed for such'purposes. restoration timeframe.
analyses should be accompanied by a thorough dis-;
cussion of all assumptions, including a list of mea- ;
sured or assumed parameters and a quantitative '
analysis, where appropriate, of the degree of uncer-;
tainty in those parameters and in the resulting time-;
frame predictions. The uncertainty in the predic­
tions should be factored into the weight they are
given in the remedy dedsion process.

A funher consideration regarding the usefulness of i
restoration timeframe predictions in TI evaluations is
the uncertainty inherent in such analyses. Restora- I
tion timeframes generally are estimated using matht
ematical models that simulate the behavior of subsur­
face hydrologic processes. Models range from tho~
with relatively limited input data requirements that:
perfonn basic simulations of ground-water flow only,
to those with extensive data requirements that are ca­
pable of simulating multi-phase flow (e.g., water, '.
NAPL, vapor) or other processes such as contaminant
adsorption to, and desorPtion from, aquifer materials.
Model input parameters generally are a combinatioq
of values measured dw:ing site characterization studr
ies and values assumed based on scientific literature:
or professional.judgment. The input parameter seleC­
tion process, as well as the simplifying assumptions'
of the mathematical model itself, result in uncertainty

. of the accuracy of the output. Restoration timeframes
predicted using even the most sophisticated modeling
tools and data, therefore, will have some degree of !
uncertainty associated with them.

4.4.4.4 Other Applicable Tec"hno)ogies. The TI
evaluation should include a demonstration that no
other remedial technologies or strategies would be ,
capable of achieving ground-water restoration at the :
site-.1S The type of demonstration required will de- I
pend on the circumstances of the site and the state of I
ground-water remediation science at the time such ani
evaluation is made. In general, EPA expects that ;

. such a demonstration should consist of: 1) a review i
of the technical literature to identify candidate tech-,

I
nologies; 2) a screening of the candidate technologies'
based on general site conditions to identify poten- I

tially applicable technologies; and 3) an analysis, us- I,

ing site hydrogeologic and chemical data. of the ca- '
pability of any of the applicable technologies to

•

•

•
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16 A Fund-Balancing ARAR waiver may be invoked at Fund-lead Superfund sites where meeting an~ would ~tail su,ch
cost in relation to the added degree of protection or reduction of risk that remedial actions at other sHes would be Jeopardized
(EPA 1989c). .

17 These recommendations are consistent with those made in Section 3.0 concerning DNAPL sites, but are applicable for any
site where restoration is technically impracticable. ..

18 PRPs or owner/operators may propose and analyze alternative remedial strategies. However, only EPA (or deSIgnated lead
agency, where appropriate) has remedy selection authority.

with existing remediation systems. These measures
may include evaluation of mass removal rates,
comparison of removal rates to in situ mass esti­
mates, changes in the size of the contaminated area,
comparison of mass removal rates with pumping rates,
and comparison of such measures with associated
costs. Mass removal and balance estimates should be
used with caution, as there often is a high degree of
uncertainty associated with estimates of the initial mass
released and the mass remaining in situ. This uncer­
tainty results from inaccuracy of historical site was~
management records, subsurface heterogeneities, and
the difficulty in delineating the severity and extent of
subsurface contamination.

4.4.5 Cost Estimate
Estimates of the cost of remedy alternatives should
be provided in the TI evaluation. The estimates
should include the present worth of construction, op­
eration, and maintenance costs. Estimates should be
provided for the continued operation of the existing
remedy (if the evaluation is conducted following
implementation of the remedy) or for any proposed
alternative remedial strategies.

As discussed in Section 4.4.1, a Superfund remedy
alternative may be detennined to be technically im­
practicable if the cost of attaining ARARs would be
inordinately high. The role of cost, however, is sub­
ordinate to that of ensuring protectiveness. The point
at which the cost of ARAR compliance becomes in­
ordinate must be detennined based on the particular
circumstances of the site. As with long restoration
timeframes, relatively high restoration costs may be
appropriate in certain cases, depending on the nature
of the contaminauon problem and considerations
such as the current and likely future use of the ground
water. Compliance with ARARs is not subject to a
cost-benefit analysis, however. 16

5.0 Alternative Remedial Strategies

5.1 Options and ObjectIves for Alternative
Strategles17

EPA's goal of restoring contaminated ground water
within a reasonable timeframe at Superfund or RCRA

sites will be modified where complete restoration is
found to be technically impracticable. In such cases,
EPA will select an alternative remedial strategy that
is technically practicable, protective of human health
and the environment, and satisfies the statutory and
regulatory requirements of the Superfund or RCRA
programs, as appropriate. IS .

Where a TI decision is made at the "front end" of the
site remediation process (before a fmal remedy has
been identified and implemented), the alternative
strategy should be incorporated into a fmal remedy
decision document, such as a Superfund ROD or
RCRA pennit or enforcement order. Where the TI
decision is made arter the final decision document
has been signed (i.e., after a remedy has been imple­
mented and its perfonnance evaluated), the alterna­
tive remedial strategy should be incorporated in a
modified final remedy decision document, such as a
ROD amendment or RCRA pennit/order modifica­
tion (see Section 6.0).

Alternative remedial strategies typically will address
three types of problems at contaminated ground-wa­
ter sites: prevention of exposure to contaminated
ground water, remediation of contamination sources;
and remediation of aqueous contaminant plumes.
Recommended objectives and options for addressing
these three problems are discussed below. Note that
combinations of twO or more options may be appro­
priate at any given site, depending on the size and
complexity of the contamination problem or other
site circumstances.

5.1.1 Exposure Control
Since the primary objective of any remedial strategy
is overall protectiveness, exposure prevention may
playa significant role in an alternative remedial strat­
egy. Exposure control may be provided using institu­
tional controls, such as deed notifications and restric­
tions on water-supply well construction and use. The
remedy should provide assurance that these measures
are enforceable and consistent with State or local
laws and ordinances.

5.1.2 Source Control
Source remediation and control should be considered
when developing an alternative remedial strategy.

•

•

•
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19 Technical impracticability of restoration is not a precondition for the use of natural attenuation in a ground-water remedy, however.
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Sources should be located and treated or removed
where feasible and where significant risk reduction will
result, regardless of whemer EPA has determined !hat- ,
ground-water restoration is technically 'impracticable.

In some cases, however, the inability to remove or
treat sources will be a major factor in a 11 decision.
Where sources cannot be completely treated or re­
moved, effective source containment may be critical
to me long-tenn effectiveness and reliability of an al­
ternative ground-water remedy. Options currently
available for source containment usually involve ei·
mer a physical barrier system (such as a slurry wall)
or a hydraulic containment system (typically a pump­
and-treat system) (EPA 1992b),

Applicability and effectiveness of containment sys­
tems are influenced by several hydrogeologic factors,
however. For example, the effectiveness of a slurry
wall generally depends on whether a continuous, low
penneability layer exists at a relatively shallow depth
beneath the site.

Source containment has several benefits. First,
source containment will contribute to me long-tenn
management of contaminant migration by limiting
the further contamination of ground water and spread
of potentially mobile sources, such as NAPLs. Sec­
ond, effective source containment may permit restO:
ration of mat portion of me aqueous plume mat lies
outside of me containment area. Third, effective
containment may facilitate me future use of new
source removal technologies, as some of these tech­
nologies (e.g., surfactants, steam injection, radio fre­
quency heating) may increase the mobility of residual
and free-phase NAPLs. Remob~on of NAPLs,
particularly DNAPLs, often presents a significant risk
unless the source area can be reliably contairied.·-

5.1.3 Aqueous Plume Remediation
Remediation of the aqueous plume is me third major
technical concern of an alternative remedial strategy.
Where'the technical constraints to restoration include
me inability to remove contamination sources, the
ability to effectively contain those sources will be
critical to establishing the objectives of plume
remediation. Where sources can be effectively con­
tained, me portion of the aqueous plume outside of
the containment area generally should be restored to
the required cleanup levels.

",
Inability to contain me sources, or omer technical
constraints, may render plume restoration technically
impracticable. There are several options ior alterna­
tive remedial strategies in such cases. These include
hydraulic containment of me leading edge of the
aqueous plume, establishing a less-stringent cleanup
level that would be actively sought throughout me
plume (at Superfund sites), and natural attenuation or
natural gradient flushing of me plume.

Containment of me aqueous plume usually requires
the pumping and treating of contaminated ground wa­
ter, but usually involves fewer wells and smaller
quantities of water man does a full plume restoration
effort. Plume containment offers me potential advan- .
tages of preventing further spreading of me contami­
nated ground water, mereby limiting the size of the
plume, and preventing me plume from encroaching
on water-supply wells or discharging to ecologically
sensitive areas.

At certain Superfund sites, it may be feasible to re­
store the contaminated plume (outside of any source
containment area) to a site-specific cleanup level that
is less stringent than mat originally identified. EPA
may establish such a level as me cleanup level within
me TI zone, where appropriate. The site-specific
level may consider the targeted risk level for site
cleanup and omer factors. Site-specific cleanup lev­
els offer me advantage of providing a clear goal
against which to measure me progress of me alterna­
tive remedial strategy. However, where site-specific
cleanup levels exceed me acceptable risk range for
human or environmental exposure, the remedy gener­
ally must include omer measures (e.g., institutional
controls) to ensure protectiveness.

At some Superfund sites, a less-stringent ARAR than
me one detennined to be unattainable may have to be
complied with. For example, it may be technically
impracticable to attain me most stringent ARAR at a
site (e.g., a State requirement to restore ground water
to background concentration levels). However, me
next most stringent ARAR (e.g., Federal MCL) for me
same compound may be attainable. In such cases, me
next most stringent ARAR generally must be attained.

In certain situations where restoration is technically
impracticable. EPA may choose natural attenuation
as a component of me remedy for the aqueous
plume.19 Natural attenuation generally will result in
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attainment of the desired cleanup levels, but may Lake
longer to meet them than active remediation. This
approach is most likely to be appropriate where the
affected ground water is not a current or reasonably
expected future source of drinking water. and ground­
water discharge does not significantly impact surface
water or ecologic resources. Sufficient technical in­
formation and supporting data must be presented to
demonstrate the effectiveness of this strategy, along
with assurances that any institutional controls re­
quired to prevent exposure will be reliable and en­
forceable. Contingencies for additional or more ac­
tive remediation also should be incorporated into the
remedy, to be triggered by specific contaminant con­
centration levels in the site ground-water monitoring
network. or other criteria as appropriate.

5.2 Alternative Remedy Selection

general expectations are to prevent further migration
of the contaminated ground-water plume, prevent ex­
posure to the contaminated ground water. and evalu­
ate further risk reduction measures as appropriate.
(NCP §300.430(a)(1)(iii)(F). These expectations
should be evaluated along with the nine remedy se­
lection criteria to determine the most appropriate re­
medial strategy for the site.

Highlight 2.
Superfund Remedy Selection Criteria

Threshold CriterIa
• Overall protection of human health and

the environment
Compliance with (or justification for.a waiver
of) ARARs
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The alternative remedial strategy options discussed
above represent a range of responses for addressing the
various aspects of a ground-water contamination site.
Selection of the options appropriate for a particular site
must not only consider the desired remediation objec­
tives, as discussed above, but also th.e statutory and
regulatory requirements applicable to the program un­
der which the action is being taken. These require­
ments are discussed briefly below. Further information
and guidance on these requirements can be obtained
from publications referenced in this section.

Balancing CrIteria
Long-term eff~tiveness and permanence

• Reduction of mobility. toxicity, or volume
• Shon-term effectiveness
• Implementability
• Cost

Modifying Criteria
• State acceptance
• Community acceptance

!

I

.1
I

•

Criteria for establishing an alternative remedial strat­
egy under RCRA are presented in Highlight 3. In ad­
dition to satisfying the general standards for rem­
edies, the alternative remedial strategy at a RCRA fa­
cility also should provide the best balance of trade-offs
among the five remedy selection decision factors.22

5.2.2 RCRA
At RCRA facilities where ground~water restoration is
technically impracticable. the permit or order sched­
ule of compliance may be modified by establishing:
1) further measures that may be required of the per­
mittee to control exposure to residual contamination.
as necessary to protect human health and the environ­
ment; and 2) alternate levels or measures for cleaning
up contaminated media.21

Where ground-water ARARs are waived at a Super­
fund site due to technical impracticability, EPA's

20 For further guidance on the Superfund remedy selection process. see NCP §300.430(t) and "Guidance for Conducting Reme­
dial Investigations and Feasibility Studies \D1dcr CERCLA," (EPA 1988a).

21 Proposed Subpart S Rule, §264j31(b).
22 Further guidance on remedy selection at RCRA facilities is provided in the proposed Subpan S Rule (55 ER 30823-30824.

July 27. 1990).

5.2.1. Superfund
The selection of an alternative remedy at a Superfund
site should follow the remedy selection process pro­
vided in NCP §300.430(f). Regardless of whether
ARARs are waived at the site. the alternative remedy
still must satisfy the two threshold remedy selection
criteria (protect human health and the environment
and comply with all ARARs that have not been
waived); be cost effective; and utilize permanent so­
lutions and treatment to the maximum extent practi­
cable. This last finqing is satisfied by identifying the
alternative that best balances the trade-offs with re­
spect to the remaining balancing and modifying crite­
ria, taking into account the demqnstrated technical
limitations (see. Highlight 2).20
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23 The long-tenn reliability of a remedy also is an important consideration for alternative remedial strategy selection. In this ex­
ample. long-tenn reliability is primarily a function of the design and integrity of the source containment system.
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Highlight 3•
RCRA Remedy Standards and

Selection Factors

General Standards for Remedies
1. Overall protection of human health and the

environment
2. Attainment of media cleanup standards
3. Source control
4. Compliance with waste management standards

Remedy Selection Decision Factors
1. Long-term effectiveness
2. Reduction of waste toxicity, mobility, or volume
3. Short-tenn effectiveness
4. Implememability
5. Cost

5.2J Additional Remedy Selection
Considerations
The choice among available remedial strategy options
may involve a consideration of the aggressiveness of
the remedy, a concept that includes both the choice of
remedial technologies as well as the relative intensity
of how that technology is applied at the site. For ex­
ample. consider a site where source area restoration is
technically impracticable but source containment is
both feasible and practicable. With the contaminant
source contained, restoration of the portion of the
plume outside of the containment area may be fea­
sible. However, as discussed earlier, there are several
options for attaining cleanup levels within the aque­
ous plume: active pump-and-treat throughout the
aqueous plume; natural gradient flushing of the
plume towards a pump-and-treat capture system lo­
cated at the leading edge of the plume; and natural at­
tenuation (dilution, dispersion, and any natural degra­
dation processes active within the affected aquifer).
Each alternative will attain the required cleanup lev­
els, but the choice involves a trade-off among several
factors. including: 1) remediation timeframe (longer
with less aggressive strategies); 2) cost (lower with less
aggressive strategies); and 3) potential risk of exposure
(may increase with less aggressive strategies).23

Conditions favoring more aggressive strategies (i.e.,
active pump-and-treat throughout the aqueous plume)
include the following:

1) The aggressive strategy clearly will result in a
significantly shorter restoration timeframe than
other available options. This will depend on site
hydrogeologic and contaminant-related factors. in­
cluding the complexity of the aquifer system, natural
rate of ground-water flow, quantity of sorbed con­
taminant mass in the aquifer (and its rate of desorp~
tion), and other factors.

2) A shorter remediation timeframe is desired to
reduce the potential for human exposure. This
generally is the case where there is current or reason­
ably expected near·tenn fuwre use of the ground wa­
ter. Factors that may be useful in evaluating the like­
lihood of exposure include the State (or Federal, as
appropriate) classification of the ground water, avail­
ability of alternate supplies, such as municipal hook­
ups or orner water supply aquifers; interconnections
of the contaminated aquifer with other surface or
ground waters; and the ability of institutional controls
to limit exposure.

3) A shorter remediation timeframe is desired to
reduce ongoing or potential impacts to environ­
mental receptors. Such impacts may be caused by
discharges to surface waters, sensitive ecologic areas
(e.g., wetlands), or sole-source aquifers.

EPA will evaluate and detennine the objectives and
relative aggressiveness of the alternative remedy on a
site-specific basis. based on the applicable regulatory
requirements and considering rne factors discussed
throughout this section. Where conditions favoring
more aggressive strategies do not exist, EPA is more
likely to choose a less aggressive strategy to achieve
the desired remediation objectives. EPA recognizes
that, at some sites, remedies may need to be in opera­
tion for very long time periods. Adequate monitoring
and periodic evaluation of remedy perfonnance .
should be conducted to ensure protectiveness and to
evaluate the need for remedy enhancements or the
use of new or different remediation technologies.

5.2.4 Relation to Alternate Concentration
Limits
Site-specifiC cleanup levels established as pan of an al­
ternative remedial strategy at a Superfund site should
not be confused with CERCLA Alternate Concentra­
tion Limits (ACLs). To qualify for use of a CERCLA
ACL, the site must meet the following three require­
ments: 1) there are known points of entry of the con­
taminated ground water into surface water; 2) there
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24 The types of Superfund site remedy decisions that require consultation with headquarters program management are identified
in the periodically updated OERR Remedy Delegation Memorandum. The most recent version available at the time of publi­
cation of this guidance was the "rwenty Fourth Remedy Delegation Report - FY 1993," dated February 18. 1993.

will be no statistically significant increases of the
contaminant concentrations in the surface water or·
contaminant accumulations in downstream sedi­
ments; and 3) enforceable measures can be put into
place to prevent exposure to the contaminated ground
water (see CERCLA §12l(d)(2)(B)(ii». In addition,
EPA generally considers ACLs appropriate only
where cleanup to ARARs is impracticable, based on
an analysis using the Superfund remedy selection
"balancing" and "modifying" criteria shown in High­
light 2. Where an ACL is established, an ARAR
waiver is not necessary. Conversely, where an
ARAR is waived due to technical impracticability,
there is no need to establish a CERCLA ACL. For
further guidance on CERCLA ACLs, refer to the
NCP Preamble (55 Eli 8754, March 1990).

Site-specific cleanup levels established in response to
a TI determination at a RCRA facility also should not
be confused with ACLs established as part of the
ground-water monitoring program for regulated units
under 40 CFR 264.94. ACLs established under
§264.94(a)(3) represent concentrations that EPA de­
termines will not pose a substantial hazard to human
or environmental receptors. (If the ACL is exceeded,
then corrective action responsibilities for the regulated
unit are triggered.) A TI determination generally will
not satisfy the criteria for an ACL under this authority.

6.0 Administrative Issues

6.1 TI Review and Decision Process

A TI decision must be incorporated into a site deci­
sion document (Superfund ROD or RCRA permit or
enforcement order) or be incorporated into a modifi­
cation or amendment to an original document. In­
formation and analyses supporting the TI decision
must be incorporated into the site administrative
record, either as part of a Feasibility Study or Cor­
rective Measures Study (for a "front-end" TI determi­
nation) or remedy performance evaluation or other
technical repon or evaluation (for a post-remedy imple­
mentation determination).

The fIrst step in EPA's review process for a TI determi­
nation will be to assess the completeness and adequacy
of the 11 evaluation. 11 evaluations that do not ad­
equately address the considerations identifled in this

guidance likely will have to be revised or augmented to
address the inadequacies identified by EPA or the re­
sponsible agency. Early consultation with EPA by
PRPs or owner/operators is encouraged to help identify
appropriate data and analysis for the evaluation. While
a TI evaluation is underway, remediation efforts under­
way at a site shall continue until the State or FedenlI
offlcial responsible for the decision determines that the
existing remedy should be altered. Requirements spe­
cifIc to the Superfund and RCRA programs are dis­
cussed further below.

6.1.1 Superfund
As discussed in Section 4.2, 11 decisions may be
made either in the ROD (front-end decisions) or after
the remedy has been implemented and monitored
(post-implementation decisions), depe~ding on the

~ ~.~

circumstances of the site. .

TI decisions at Superfund sites generally will be
made by the EPA Regional Administrator who, upon
review of a TI evaluation, will determine whether
ground-water restoration is technically'impracticable
and will identify further remedial actions [0 be taken
at the site. TI determinations at Superfund sites may
require consultation with headquarters program man­
agement Regional personnel should refer to the
most recent OERR Remedy Delegation Memoran­
dum for current consultation requirements.24

Where a Superfund ROD will invoke aTI ARAR
waiver (front-end decision), EPA (or the lead
agency) must provide notice of its intent to waive the

.ARAR in the Proposed, Plan for the site and respond
to any State (or Federal) agency or public comments
concerning the waiver. The reqwrements for State
and community involvement are provided in NCP
§300.500-5l5 and §300,430, respectively. In gen­
eral, State and community involvement in the deci­
sion to waive an ARAR based on technical impracti­
cability will be the same as for other site remedy de­
cisions. Since TI decisions may affect the potential
future uses of ground water, interest in 11 ARAR
waivers may be high. Therefore. it is EPA's intent to
coordinate and consult with States and the public re­
garding TI ARAR waiver issues as early as possible
in the remedy decision process.

•

•

•
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25 Public notice and opportunity for comment should be provided before an ARAR waiver is granted, regardless of whether an
Explanation of Significant Differences (ESD) or ROD amendment is used to invoke the waiver.
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State concurrence should be sought, but is not re­
quired, for all remedy decisions in which EPA in­
vokes an ARAR waiver. Where the ARAR to be
waived is a State ARAR, EPA must notify the State
of this when submitting the RI/FS to the State or
when responding to a State-lead RIIFS (NCP
§300.515(d)(3». EPA must provide the State with an
explanation of any waiver of a State standard
(CERCLA §121(f)(I)(G».

For remedial actions under CERCLA §106 that will
waive an ARAR, the State must be notified at least
30 days prior to the date on which any Consent De­
cree will be entered. 'If the State wishes the action to

, conform to (and not waive) those standards, the State
may intervene in the action before the Consent De­
cree is entered (see §121(f)(2) and (f)(3».

At certain State-lead sites, the State may make the fi·
nal remedy,decision, including a decision ~o invoke

, an ARAR waiver. This situation is restricted to sites
where the State has been assigned the lead role for
the response action, the action is Q.eing taken under
State law, and the State is not receiving funding for
the action from the Trust Fund. In such situations,
the State may seek, but is not required to obtain, EPA
concurrence on the remedy decision. For further
guidance on this and other issues regarding the State
role in remedy selection, see "Questions and Answers
About the State Role in Remedy Selection at Non­
Fund-Fmanced Enforcement Sites" (EPA 1991c).

Post-remedy-implementation TI decisions may be
made in cases where an outside party or agency sub­
mits comments requesting a TI determination or EPA
detennines on its own initiative that a waiver is war- .
ranted. The information considered in making such
decisions should include the same types of informa­
tion and analyses discussed for front-end determina- ,
tions, except that remedy performance data and
analysis also should be provided. This information
must be entered into the site administrative record be­
fore the TI decision can be made and an ARAR
waiver invoked. There are limitations, however, to
the requirement th8t EPA open the administrative
record to new comments, such as an outside party I S

request for a TI determination. EPA is not required
to consider comments on the selected remedy unless
the comments contain "significant information not
contained elsewhere in the administrative record file

• . .,.· ..t1~·4

which substantially supports the need to significantly
aller the response action" (see NCP §300.825). The
type and amount of information necessary to meet
this requirement (e.g., the length of time a remedy
must be operated prior to a TI evaluation) will be de­
termined by EPA on a site-specific basis.

A modification to a signed ROD invoking a TI
ARAR waiver generally will require a ROD amend­
ment, since a waiver usually will constitute a funda­
mental change in the remedy. A public comment pe­
riod of 30 days is required for an amendment to a
ROD; this period may be extended to 60 days upon
request.25 A public meeting also should be granted
if requested. In the exceptional case where an ESD
is used to invoke a TI ARAR waiver, public notice
and opponunity for comment also should be pro­
vided. Further guidance on ROD amendments is
provided in "Guide to Addressing Pre-ROD and
Post-ROD Changes" (EPA 1991b) and upcoming re­
visions to "Guidance on Preparing Superfund Deci­
sion Documents" (expected Fall 1993).

6.1.2 RCRA
TI decisions at RCRA Corrective Action facilities
will be made either by the EPA Regional Administra­
tor or by the appropriate State agency, depending on
the RCRA program authorization status of the State.
EPA's goal in the RCRA corrective action program is
to work cooperatively with individual States, regard­
less of their authorization status, to promote consis­
tent TI decisions. As in the Superfund program, it is
recommended that the State and EPA notify and con­
sult each other as early as possible regarding sites
where TI determinations may be made. This notifica­
tion and consultation process may be outlined in the
StatelEPA Memorandum of Understanding.

For Statesautho,rlzed for Hazardous and Solid Waste
Amendments (HSWA) Corrective Action, the State
will have primary authority for remedy decisions, in·
cluding TI decisions. EPA will retain authority for
TI determinations in States that are not authorized for
HSWA corrective action.

At RCRA permitted facilities, implementation of a TI
determination generally would require a Class 3 permit
modification for the purpose of specifying (alternative)
corrective measwes. This process requires a 45-day
notice and comment period, response to comments, and
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public hearing, if requested. At RCRA facilities
conducting corrective action under an order, TI de­
terminations generally are implemented through the
negotiation of a new order or an amendment to an
existing order. This process generally includes a
30- to 45-day pubic comment period and public
hearing, if requested.

6.1.3 Technical Review and Support
Technical support for the TI evaluation should be
sought as early in the process as possible, preferably
during the initial scoping of the content of the TI
evaluation. TI determinations usually will require
expertise from several disciplines, including hydro­
geology, engineering, and risk assessment

. Technical staff within the Regions representing these
disciplines should be pan of the TI review· team.
EPA's Office of Research and Development (ORD)
technical liaisons and scientists based in the Regions
also may provide assistance to program staff. Further
assistance and review may be obtained from the ORD
laboratories involved in the Technical Support
Project, inclucllilg the R.S. Kerr Environmental
Research Laboratory (Ada, OK), the Risk Reduction
and Engineering Laboratory (Cincinnati, OH), the
Environmental Research Laboratory (Athens, GA),
and the Environmental Monitoring Systems
Laboratory (Las Vegas, NY). The directory of ORD
technical services may be consulted for further
information (EPA 1993c).

General assistance and site-specific consultation on
technical impracticability issues also is available
from EPA headquarterS staff. Inquiries should be di­
rected to the appropriate OSWER program office.

6.2 Duration of TI Decisions

A determination that ground-water restoration is tech­
nically impracticable and the subsequent selection of
an alternative remedial strategy will be subject to fu­
ture review by EPA.

what additional remedial actions mus·t be imple­
mented to enhance or augment the existing remedy.
EPA shall conduct a full assessment of the protective­
ness of the alternative remedy at least every five
years at any site where contamination remains above
levels that allow for unrestricted use, as required un­
der NCP §300.430(f)(4)(ii).

RCRA TI decisions will be incorporated into facility
permits or enforcement orders and therefore will be
subject to continual oversight and review. Condi­
tions of the permit or order involving the TI decision
or the alternative strategy may be revisited on a peri­
odic basis to ensure protectiveness. It may be neces­
sary to modify permits or orders to reflect new infor­
mation that becomes available during the remedy
implementation and monitoring period.26 Additional
measures may be required by EPA to ensure the on­
going protectiveness and reliability of the remedy.
Further, owner/operatoq of RCRA facilities may be
required by EPA to undertake additional remedial
measures in the future if subsequent advances in re­
mediation technology make attainment of media
cleanup standards technically practicable.

The protectiveness of an alternative remedial strategy
at a Superfund site or RCRA facility must be ensured
through a monitoring program designed to detect re­
leases from containment areas, migration of contami­
nants to water supply wells, or other releases that
would indicate a possible failure of one of the remedy
components. EPA may decide to take any furtherre­
sponse actions necessary to ensure protectiveness at
any time based upon.whether the alternative remedy
is achieving its required performance standards.
Monitoring data, therefore; must be provided to EPA
on a regular basis to ensure adequate performance of
the alternative remedy. The format. content. and reo
porting schedule of the monitoring program will be
determined by EPA as pan of the TI determination
and alternative remedy selection process.

.~¥ty ",',:-. :- • .:i.I
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At Superfund sites, an alternative remedial strategy
implemented under a CERCLA TI waiver remains in
effect so long as that strategy remains protective of
human health and the enviionment Protectiveness in
this context encompasses long-term reliability of the
remedy. If the conditions of protectiveness or reliabil­
ity conditions cease to be met. EPA will determine

26 RCRA Corrective Action Orders that incorporate 11 decisions should contain language that retains EPA's authority to review
these decisions and complete additional site remediation, as necessary.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

WASHINGTON, D.C. 20460

JA,' I 9 1995

OSWER Directive 9200;4-14

MEMORANDUM

SUBJECT: Consistent Implementation of the FY 1993 Guidance on
Technical Impracticability of Ground-Water Restoration

_ at Superfund sites

FROM: Stephen D. LUftig, Acting Di~e~torS-iev.A,. Lfi::....(,
Office of Emergency and Remedial Respc~se . 0

TO: Director, Waste Maryagement Division
Regions I, IV,. V, VII .

Director, Emergency and Remedial Response Division
Region II

Director, Hazardous waste Management Division
Regions III, VI, VIII, IX

Director, Hazardous Waste Division
Region X

Di·rector, Environmental Services Division
Regions I, VI, VII

Purpose

This memor~ndum addresses implementation of the OSWER
guidance entitled "Guidance· for Evaluating the Technical
Impracticability of Ground-Water Restoration,1I dated
September, 1993. As you recall, the purpose of the guidance is
to clarify how to determine when ARAR-based cleanup levels may be
waived for reasons of technical impracticability.

The purpose of this memorandum is to: .

- Promote national consistencj in technical impracticabi1ity
(TI) decision making;

- Facilitate transfer o£ information pertinent to TI decisions
between Headquarters and the Regions;

- Identify the appropriate persons to conduct reviews of TI­
related documents; and
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- clarify the role of Headquarters consultation.

Background

Ground-water contamination,confirmed at 85 percent of
National Priorities List sites, continues to be of critical
importance to the Superfund program. The remediation of the most
highly contaminated sites, howev~r, such as those with DNAPLs,
presents both. technical·and·policy challenges. While EPA remains
firmly committed to restoring contaminated ground water to
beneficial uses at Superfund sites, it is also important to
recognize that technical limitations to achieving this goal may
exist.

The goal of ground-water-~leanupat Superfund sites
continues to be restoration of contaminated ground water to ARAR­
based cleanup levels wherever technically practicable. Howev~r,

evaluations of "pump and treat"· remedies pUblished by EPA in 1989
and 1992 indicated that complete restoration of many ground-water
contamination sites in the Superfund program mis,ht not be
technically practicable with available remediat~on technologies
due to the presence of non-recoverable DNAPLs, or for other
reasons related to complex site hydrogeology or contaminant
~haracteristics. Where such factors constrain ground-water
restoration, the Superfund program's approach is to emphasize
removal or treatment of source materials; containment of non­
restorable source areas; and restoration of aqueous contaminant
plumes.

The National Research Council's recently released report
"Alternatives for Ground Water Cleanup" independently confirmed
EPA's findings that available ground-water remediation .
technologies are limited in their ability to restore all portions
of contaminated ground~water sites. However, the NRC report also
pointed out that, "despite theie constraints: l).Non-restorable
areas at complex sites generally constitute relatively small
.portions of the overall ground-water contamination problem; and
2) Pump and treat and other technologies are capable of restoring
large portions of such sites, and of providing significant
environmental benefits. The NRC report is therefore consistent
with the current Superfund approach to ground-water remediation.

The close scrutiny of EPA's approach to ground-water
cleanup, evidenced during the Superfund reauthorization debate
and in the NRC report, illustrates the importance of sound
implementation of ground-water cleanup. Therefore, there is a
great deal of attention being placed on how EPA implements the
technical impracticability guidance. The TI guidance clarifies
Superfund ground-water policy, and provides direction for
COllecting, analyzing, and presenting the information needed to
determine whether restoration of contaminated ground water is
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technically impracticable.

A typical TI "evaluation" 'should consist of a .concise stand­
alone report, or ~ section in a site characterization document
such as an RI/FS. Reviews of TI evaluations will require site­
specific decisions regarding data sUfficiency, the methods of
data analysis, and the selection of appropriate alternative
remedial strategies where total restoration is technically
impracticable. Each of these facets of a TI decision is
potentia~ly complex and resource intensive.

Technical impracticability decisions may be' made as soon'as
sufficient information is available to demonstrate that such a
finding is appropriate. From a practical perspective, ·this
generally will be at one of three points in the remediation
decision process:

A "front-end" decision made at the time of the ROD, based on
site characterization and feasibility study data alone;
A decision made at the time of the ROD, but based in part on
pilot test or early remedial action performance; or.
A post-ROD decision based on a pilot test or a ground-water
restoration remedy's performance.

Note that front-end TI decisions will require very thorough
site characterization and feasibility study analyses, and
generally will be appropriate at sites with severe contamination
problems (e.g., non-recoverable NAPL contamination in complex
geologic environments such as heterogeneous soil deposits or
fractured bedrock). The TI guidance provides recommendations for
the types of site data and data analyses generally needed for
front-end TI evaluations.

The guidance also highlights the usefulness of a phased
approach to ground-water remediation that employs early actions
(e.g., source removal, source cODtainment, or plume containment)
because such actions not only' reduce site risks, but may also be
used to provide more accurate data on which to base SUbsequent
decisions concerning the restoration potential of the site.

Objective

The objective of this memo is to promote technically sound,
nationally consistent implementation of the technical
impracticability guidance. Specifically, this memo: '1) Estab­
lishes points of contact in Headquarters for transfer of TI­
related information and for document reviews; 2) Requests that
the Regions identify a person or persons as points of contact on
TI issues and reviews; and 3) Outlines a basic process for
evaluating TI decision documents.

3



Implementation

communications and Points of Contact

Regional managers, in consultation with Headquarters, may
make a significant number of TI decisions during the remainder of
FY 95 and beyond. Reviews may be resource intensive, and require
input from several different sources. To help facilitate these
revie~3, to assist the involved offices in planning for their
respective resource' commitments, and to help monit:-or the progre.ss
of guidance imp~~mentation, we are promoting regular"periodic
communication among points of cohtact to be established in the
Regions, Headquarters, and ORD.

•

Regional Point of Contact. A point of contact (either 'a
person or small team of individuals) should be identified within
each Region to serve as a source of'information on the TI
guidance to regional staff. Where appropriate, ,the contacts will
assist RPMs, ORC attorneys, and other staff by referring them to
support personnel (e.g., in-house or ORO technical specialists)
for additional assistance. This person or team would also
provide a valuable communication link between Headquarters, ORO,
and the Region to facilitate the transfer of information
regarding TI decisions.

The regional contact person (or team) may'be a member(s) of •
the technical support staff or other person(s) knowledgeable in
both the technical and pOlicy aspects of ground-water
remediation. For example, several members of the regional Ground
Water Forum have expressed an interest in being the point of
contact, as the Forum was actively involved in the development of
the TI guidance. The names of the Ground Water Forum members in
the Superfund program are provided at the end of this memorandum.

Please provide tha,name or names of the regional contact
persons to me through-Peter Feldman of the Hazardous Site Control
Divisi(~mby February 24, 1995.

Headq-..:~rters Contact,: The current OERR point of contact
for TI-related issues and consultations is Peter Feldman of the
Hazardous site Control Division (703-603-8768). The OERR contact
will assist in the review of TI evaluations, provide a national
perspective on similar decisions, and coordinate Headquarters
consultations. The OERR point of contact may also be reached
through other Headquarters Regional Coordinators, who will be
assisting in the implementation of this guidance.

The current OGC point of contact is George Wyeth (202-260­
7726). The OGC may be consulted on an as-needed basis to
evaluate any statutory or regulatory concerns.

ORO Contacts. ORO laboratories can provide specialized,
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site-specific technical support in a number of areas related to
TI evaluations. The laboratories, through the Technical Support
Project, offer the Regions consultation services by scientists

"with experience in site characterization and remediation. Review
of technical impracticability evaluations may require skills in
such special.ized areas as computer modeling and pioremediation:
the support services offered by ORD may prove crucial in
determining the technical merits of such TI evaluations. The
approp:late general contact for ~I issues and site-specific
consultations is Don Draper, Director of the Technical Support
Program at the R.S. Kerr'Laborator~inAda, OK (405-436~8603).

Conference Calls. Regular communication between the points
of contact will be established to share information and
experience related to implementing the TI guidance, and to assist
ORD and Headquarters to plan for the volume of TI reviews that
may be required. This will be implemented through a bimonthly or
quarterly conference call in which all the Regional, ORD, and .
Headqu~rters points of contact will participate, with limited
space for other interested parties. The precise format of this
communication system will"be determined in an initial conference
call, once the points of contact have been identified. OERR will
coordinate the conference call; the initial call will be
conducted in early March, 1995.

TI Decision Review Process

Decisions regarding TI ARAR waivers will be made by the
Regional Admini~trator or Division Director, .as appropriate,
based on recommendations 'provided by ORD, Regional, and
Headquarters "reviewers.

The TI review team. TI decisions generally will require a
significant amount of review, particularly from a technical
perspective, but also from legal and policy perspectives .. A
Regionally-led team should be established to review TI waiver
eyaluations from PRPs, as well as.those developed by EPA or the
State. Based on experience gained on reviews of TI evaluations
by Regional staff to date, the review team generally includes the
following:

RPM and first line supervisor:
ORC site attorney: "
Ground-water specialist (ORD and/or a Regional scientist):
State representative (as appropriate)
Regional ROD peer reviewer (Where available):
HQ OERR representative:
HQ OGC representative (on an as-needed basis): and
Human health and" ecological risk assessors (as appropriate) .

Representatives from ORD, OERR, and. OGC will either be the
points of contact discussed above, or other individuals who will
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be designated on a site-specific basis. The ORO reviewer will
assi?t the Region in assessing the technical merits of specific
TI evaluations; the Headquarters lcviewers will provide the
Region with the national perspective on TI decisions and provide
assistance on legal or programmatic issues ..

Review Process. The review process generally will consist
of .the following steps:

1. Technical review by the review team members to' determine
whether the TI evaluation is SUfficiently complete, and
whether it provides a technically ~ound justification for
invoking the TI waiver. The evaluation should be revised
based on review team comments until it meets these criteria.

2. Consultation with the Director of the Hazardous site Control
Division of Headquarters OERR.

3. Regional d~cision on the waiver, which is then generally
incorporated into a ROD or ROD amendment. The Tlevaluation
should also be entered into the Administrative Record.

•

'scheduling Reviews. As TI reviews may require detailed
evaluation of technical materials, a sufficient amount 0: time
(four to eight weeks) should be built into the project schedule •
to permit Regional, ORO, and Headquarters participants to conduct
thorough reviews.

Headquarters Consultation. The ROD consultation process,
begun in 1985, fosters communication between the Regions and
Headquarters on implementation of key aspects of the Superfund
program. Consultation on.TI ARAR waivers in RODs, which was
identified in the Twenty Fifth Remedy Delegation Report (October
1993), will continue to be OERR policy. The consultation will be
for RODs, .ROD amendments, and ESDs invoking a ~I ARAR waiver.

Consultation on TI ARAR waivers is intended to. provide the
Re~ions with ~ national perspective on similar decisions, and to
identify any potentially significant precedent-setti~g issues at
particular sites. This input should prove useful to Regional
decision makers because relatively few sites have been through
the TI review process; in addition, there are a number of
technical and. enforcement concerns that are likely to factor into
site-speci=ic decisions that also will be of interest to the
national ~~ogram.

Where an appropriate team ~!as been involved thrc~ghout the
review process leading up to the consultation, it is anticipated
that the consultation will be relatively brief. The Headquarters
contact within OERR (Peter Feldman) or the OERR Regional •
Coordinator should therefore be notified as early as possible of
any impending TI waiver decision so as to expedite the review and .
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consultation process.

For further information regarding the technical
impracticability guidance and review process, please'contact
Peter Feldman Jf my staff at (703) 603-8768.

cc: Elliott P. Laws, Assistant Administrator
Timothy Fields, Jr., Deputy Ass: '·~nt Administrator
~egional Superfund section ~ndBranch Chi~fs

OSWER Office Directors
Elliott P'. Laws
Clint Hall, ORD/RSKERL
Lisa Friedman, OGC
Bruce Diamond, OSRE
Regional Ground Water Forum' (Superfund):

Region I: Yoon-Jean Choi, Dick Willey
Region II: Alison Hess, Ruth Izraeli, Kevin willis
Region III: Nancy Cichowicz, Kathy Davies, Dave Kargbo
Region IV: Tony Best, Ralph Howard; Diane Guthrie

(ESD) , l:ay Wischkae~:- (GWP)
Region V: Luanne Vanderpool, D~~ Yeskis; Steve

Mangion (ORD)
Region VI: Bert Gorrod
Region VII: Bill Pedicino
Region VIII: Darcy Campbell, Paul Osborne
Region IX: Richard Freitas, Herb Levine
Region X: Howard Orlean; Rene Fuente~ (ESD), Bernard

Zavala (ESD)
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