Appendix F
Corrective Action:
Technologies and Other Alternatives
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F.1 TECHNICAL CONDITIONS DETERMINING THE APPLICABILITY
OF CORRECTIVE ACTION ALTERNATIVES®

Condition Contairment Withdraval Treatment In-situ Rehabilitation Management Options
Aquifer Type
Unconfined/perched  All contaiment nmeasures designed to lmit or halt Ef fectiveness of methods Indirect. Conditions de- Aquifer type may be major Umitirg factor Poses NO constraint

Partially confined
Conf ined

Homogenecus
Nornhomogeneaus

Saturation Conditions
Unsaturate zone
Saturated zone

the lateral nmigration of contaminants (e.g.,

slurry walls, sheet pile, ge anemembrane astof f, clay
autoff ) must be tied into a naturally occurring
horizontal stranm of lav perneability to be
effective, Eaae of construction/excavation will
deperd ON auifer type and geologic settirg.

Hydraulic tarriem are oot applicable i n unsaturated
zone, Cl ay cutoffs are not commwnly applied in satu-
rated zone because de-watering Woul d be required
during installation. Otherwise, saturation condi-
tions are not limiting for the use of contain

ment methods.

depends On degree of nom
hamogenelty, camplexity,
and in particular,

waradic CONtiguity of
the aufer.

Pumpirg and gravity draim | ndirect.
age are not applicable in temine applicability
the wnsatrated zone. Gas imsofar as before treat-
witing is not applicable ment can be applied,

in the satrated zone.

termine applicability
imsofar as before treat-
ment can be applied,
groundwater must be with-
dram and transported t o
a surface treatment wnit.
(see Withdrawal).

if not reconfined/ perched and homogeneous.
Effectiveness Of biological and chemical
degradation is dependent On ability to in-
ject, control, and withdrav resgents, which
may be difficult or impractical in nom
homogeneaus aqui f ers. Effectiveness of nat-
ural process restoration and inter table
adjustment i S constrained in confined, par-

tially confined, and nonhomogenaus aquifers.

Conditions de- Saturation conditions are unlikely t0 pose
major constraint on applicability of
methods. Ef f ect iveness of degradation
methods may be restricted to use in the

graundwater NMUSt be with- unsaturated zone (e.g. , if deperdent on

Ctherwi se, saturation con- drawn and transported t0 aerobic coalitions).

ditions are not limiting
for methods.

a surface treatment unit
(see Wthdrawal).
Although removal of un-
saturated zone water is
not practical by pumping
or gravity drainage,

soi | and unsaturated
zone water could be ex
cavated and treated by
techniques not requiring
the water to be entirely
in the liquid phaae
(e.g., air and steam
stripping, chemcal and
bological detoxification).

on applicability of
methods .

Poses NO constraint
on applicability of
methods.




Condi tion

Cont ai nnent

Wi thdrasal

Treat nent

I n-situ Rehabdlitation

Management Options

Flaw System

Recharge
Scorage
Discharge

Depth

up to 20m
Over 20m

P

up to 0.1
up to 10
Over 10

Nature of flew system is inportant in colice o

Fl ew system generally

technologies. Use of methods in recharge areas may poses no major technical

require some fom of surface water control
the contained area frcmfilling and overflowdng with
recharge Wat er. | n discharge areas, underdrainge
May be required below lners to dissipate uplift
uplift pressures.

Depth is maj or lmiting factor for methods, in |arge
part arising from equipment limitations. Practical
depthe for material tarriers will wary aworg indivi-
dual technologles tut are generally in the vicinity
of 20m. While technically feasible. generally little
experience has been @i at depths greater than 20m

t0 prevent corstraints On methods.

However , water-level
fluctuatims (e.g., due
t 0 seasonal variations)
that can carge the rate
or direction of flew,
ledkage amorg layers in
multi-layer flow system
and dowsard ni grating
flow system pose addi-
tional uncertainties.

Depth mses no major tedr

nical constraints unless
excavation is requlred
(e.g., gty Oralnage,
excavati on). Excavatl on
casts i ncrease rapidy at

Indirect. Condition &~ Flew systemis net a major comstraint. How-

termines applicability
insofar as before treat-
Uent can be applied,
groundwater must be with-
drawn and transported to
a surface t reatment wnit
(see withirawal).

Indirect. Condition de—
termnes applicability
imsofar as before treat-
ment can be applied,
graundwater must be with-
drawn and transported to

(one exception i s sheet piles which appear practical depths greater than abat a surface treatment u-lit
Sm and very rapidly great- (see wWithdraal).

to depths of 40m).

While areal extent in itself poses no technical

unitatims, the use of mterial barriers tends
,Fﬁically restricted t 0 arem I ess than

; exceptions include sl (up to

10 kn?)aniune:s (up o 0. 1“;3) Experience
Wi th onier methods tends to be limited t 0 upwards
of O IImt{ t for natural contaiment which
can exceed 10 dependirg ON S|t € conditions.

er than abat 20m. Appli-

cability of gravity drainage

is lmted t0 abaut 37 m

While areal extent i n it- Indirect.

sel f poses no tednical
limtation,

Condition &
termines applicability

little exper- imsofar as before treat-

fence has been gained with ment can be applied,

methods
as 1

areas as large graundwater must be withe 10

dram and transported to
a surface wnit (see
Withdrawal).

ever, in recharge areas, degradation
resgents may be difficult to control after
injection; this is of particular concern if
resgents are in themselves contawinants. | n
discharge areas, water table adjustment is
typically more difficult; natural processes
may bring contamnants to surface water
bodies.

Depth i s likely t0 constrain applicability
of degradation techniques; there is limited
experience Wi th degradation belaw abaut 5m
and it 1s not likely to be practical below
20n because of controllabdlity problem

Areal extent i S |ikely to constrain appli=
cability of all methods becasse of con
trollahility factors (except natural pro-
cess bilitaton) t0 areas less than
but [ittle experience available.

General |y poses no

constraint On appli-
cability of methods.
May be important for
monitorirg options.

Poses no constraint
on applcability of
methods.

Poses m technical

constraint on appli-

cability of methods

but Iarge ar eas

( eater than
Iclrl2 ) may practi-

cally restrict use.
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Condi tion

Contaiment

Withdraval

Treatment Imsitu Rehabilitation

Managgement Options

Vo
<35m

up to 1 w
e

While volume of contaminated groundwater i n itself
poses nNO technical |inmitations, the use of methods
is practically restricted to volumes | ess than

I3 becase Of COSt considerations. Exception
include slurry walls, gemembranes, and liners for
which experience has been gained upwards to 1P,
Volumes naturally contained will depend On site
conditions.

While vohme of contami-
nated gr oundwater in it
sel f poses N0 major tedr
nical |inmitations, little
experience has been gained
with methods for vols
greater than aat 1:2?.
An exception is withiraal
evhancarent which appears
practically applicable
for volumes only up to
abaut 1000w,

Indirect. Condition d- \While volme of contamnated groundwater
termines applicability initself should pose no major technical
imsofar as before treat 1imitations, there is |ittle experience
ment can be applied, deaugg,ith volumes | n excess of about
groundwater nust be with- | (except for natural process re
dram and transported t 0 storation), Higher volumes could | ead to
a surface treament wit controllability problems.

(see wWithdrawal). Feasi-

bility of methods is di-

rectly related to design

flow rates rather than

volumes.

Posea no technical
constraint On ap~
plicatlity of

met hods but | arge
velures (e.g. ,
greater than

1 ) may prac-
tically restrict
use.

%)




Condi tion

Withdrasal

Imrsitu Rehabilitation

Management Options

Predominant
Geologic Setting

Crystalline
Coarse-grained

Geology 18 major Hmitirg factor If rocks are sedi-
mentary Ol crystalline. The presence of rocks,
buldes, €1 C., POSES diffialt excavation @ ea
for most methods (exceptions include hydraulic
barriers and grautirg, the latter al so beirg
dependent on fracture ad/or adsorptive characteris-
tics of the rok). Coarse-grainad materials
generally pose no limitations, except for natural
contaiment. Finegrained materials restrict

use of grouting, hydraulic barriers, and sheet pilea.

Geology is a nmajor Mmit- Indirect. Condition de- Effectiveness of methods in general Wil |
ing factor for certain termines applicability depend On Site conditions. Fine-grained

Poses N0 constraint
on applicability of

methods. | n general, imsofar as bef ore treat- materials which comstrain flaw control and methods.

areas of high transms-  ment can be applied,

(1) only graity

drainage and gas Witing

are generally uncon

strained by the presence

of sedimentary or crystal-
|'ine rock; applicability

of other methods depends

on nature of fracture
system and other features

of the geologic formtion.
Excawation | a not gener—

al |y applicsble in sedi~
mentary or crystalline

rock. (ii) OCoarse~grained
materials generally pose no
lintations except for with
drawal ehancement, which
depends on features of the
geologic formation. (1ii) Um
consolidated, fine-grained
mterials of low permeability
restrict effectiveness of
puping and gravity drainage;
only excawtion can proceed
withoaut major constraint i n
fine-grained mterials.

areas of por drainage or heterogeneity may
sivity may render with- graundwater must be with- adversely affect Nomrhomogeneau
drawal options imprac— dran and tramsported to areas may not allow for sufficient contact
tical dve t0 high fluid a surface treatment unit between reagents and contaminated materials.
handling requirements. (see Withdrasal).
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Condi tion

Withdraval

Treatment Imrsitu Rehabilitation

Management Options

Climate

Air  temperature Methods requirirg comstruction/excavation camnot
Below freezing be performed efficiently during periods when the
0° to 20°C grand i S frazen.

Above 20°C

Rainfal |

Evapotrarspiration Methods requirirg comstruction ad/or excavation re

greater than pre-
cipitation
Predpitation
greater than evapo- wall.

quire surface water controls if precipitation
exceads evapotramspiration, Rumon and runof f

transpiration
speci al Emplacement of tarriers (e.g., membranes and liners)
Construction has risks assoclated with barrier demage durirg hard-
Considerations ling and installation. Specially designed equipment

i'S needed for slurry wall comstruction usirg a
vibrating bean. There i s difficulty i n obtaining
water-tight interloks with sheet pilea.

control s and surface seals are essential for slurry

Under frazen conditions,
purping and gravity drain-
age require special sur—
face hsl'riling procedures
for fluids in certain
cases* Excawtion is
often not practical.

Rairfall is general |y net
a major limting factor
for mettods. Excavation
my require surface water
controls if precipitation
exceeds evapotranspira—
tion.

Specially designed equip-
ment and mterials are
required for withdrawal
erhancement.

Al treatment facilities Temperatures below freezirg require special Poses NO constraint

mist be protected (i.e.,
heated) in temperatures
below freezing. | n
addition, low tempera-
tures (e.g., 0°-20°C)
sericusly impair air and
st em stripping (vola-
tility reduced) and bo-
logical transformtions
(rate reduced) if water
is also allowed t0 de-
crease i N temperature.

handling procedures f or injectants end for
the protection of pipirg; water table
adjustment may be feasible, depending on
aite conditions. Low temperatures reduce
rates Of chemcal and Hological trane

formation.

Indirect. Condition de= Rainfall i S probably not a comstraint in
termines applicability general but could be depending on site
imsofar as bhefore tree& conditions. Applicabtlity of natural. re
ment can be applied, habilitation may be lmited if natural re-
groundwater must be with- charge i S limited.

dram and transported t o

a surface treastment wnit

(see Withirawml).

Equipment size i s deter- Means to inject reagents into the soil
mined by flow rate and i required.

nature and amount of

contaminants to be re-

moved. Sophisticated

controls are reqdred for

ultrafiltration. Sem-

permanent equipment i S

required for air and

steam stripping.

on applicability of
methods.

Poges NO constraint

on applicability of
methods.

Construction cur
siderations vary de-
pending on such
factors as availabil-
ity of alternative
sources of tinter,
availability of
transportation/dis—
tribution/delivery
system, and nature

of the soaurce of
contamination.
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Cordition Cont ainment Withdrawal Treatment Imsitu Rehabilitation Management Options
Cont aminant
Type and
Castration Contaminant cat egory poses major comstraint On Limitations posed by oContaminant  category Limitatiors posed contaminant cat egor \Generally poses no
applicability of some methods. Contami tamd category vary poses major comstraint on vary amwng specific methods. All methodcopstraint 00

speci fic evaluations will be required t 0 assureamng specific methods.applicability Of mechods generally applicable to organics. applicabdlity of
campatibility of contamifemt hi gh concentra~ Geochemistry and other ~ any method tends ivegesof hinter table adjustment and namethods. Applica
tions) and physical barrder materials.

hydrocarborg and other wolatiles (e.g.,

halogers) are | east amenablecontainment
Generally, if contaminamtise of loconcentration, SOil, rock, and water |f mixtwes of contami- srste flui d phases). Degradation methodaboutethe natuwre and

the type of contaminant may not be critical.
Hydrodynamic control s & not deperd on contami-

nant type,assuming NO contacti S made. The

handling and disposal of excavated materials

caild influence the use of this Option.

Based on Woodward-Clyde Consultants, Inc. |,

Corversion factors:
.30S x feet to obtain metems (m
4047 X acres to obtaln squre meters (i)
2.S90 X square miles to otain squranitdm  (kof)
.02a x cublc feet to obtain cubic méters ( )

Source: Office of TechnologAssessment

1983.

Aramatassociated factors that t o address specific con- ural proeess rel axation is very chilitywof metiods
wlatile affect partitioning of taminant categories. specific and could be limited (e.g., if i sondependent on
methodcontaminants between thireatment S also limited tamipsresstrorgly adsorbed Or in sepubl i c perception

may affect efficiency nants are present and |f best sdted when siontaminants are severity of the
of both excavation concentrations ar e chang- resent. Bj ol 0ogi cal degradation appeaproblem.
ad pumping methods. irg rapidly (discontinapplicable only tO0 certain categories of
Handling and di sposal ofously) over time. No organics and typically is pet effident for
excavated materals amd metinds are available lov concentratioms. NO  degradation method
assoclated contaminants fOr some patiovlogicals appears spplicable to @@ No metlod

cauld corstrain the use (viruses) amd rzxMXU- 1s applicable to ratioruclides.

of this option. With- clides (little experience

drawal enhancement S W th treatment). Treat~

applicable only to or- ment costs are al so semr

ganics. Rel atively sitive t0 mass and volume

dilute  concentrations of material to be treated.

became increasingly Rate of process is lmited
less cnF fective tO0 by low concentrations.
pump.
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F.2 NON-TECHNICAL CONDITIONS DETERMINING THE
APPLICABILITY OF CORRECTIVE ACTION ALTERNATIVES®

Condition

Enviromental/social
side-effects

Labor
corsiderations

Containment

Maj or potential side-effects
are assoclated With the
continued presence and
passible leakage of
cortamnants. Charges t o
groundwater flow patterns
could also have disruptive
effets on the emviroment and
other users. Surface disor
tances would be caused by
methods requiring corstruc—
tion. Noise, air pollution,
traffic, etc., my ocar
during comstruction/opera—
tion. I n some cases, effects
assoclated with disposal of
excavated materlals may be
significant.

The construction/installation
o mterial tarriers tends to
require Skilled professionals;
operational requirements are
minimal (and would relate to
performance monitoring).
CGtter methods require minimal
| abor, and skill requirements
are variable. Only hydrody-
nanic barriers in this
category generally have | abor
requirements during operation
that are in addition t0 nomr

| abor intersive monitoring and
supervision.

Withdrawal

The Purpose of wicvrad | S
t0 reduce contaminant
concentrations | n the
subsurface but there could be
mjor potential aide-effects
assoclated Wi th the surface
di sposal of withiran com
taminants (Or treated resid-
vals). Additional impacts
possible fran pumping and
gravity drainage are related
to alteration of gromdwmter
flow patterms (e.q., lowering
of the water table and

sal twater intrusion). Noise,
air pollution, traffic, etc.,
may ocauwr during comstruction/
operation.

Mettods are general |y labor-
intersive and require skilled
professionals during construc
tion/installation; operational
requirements tend t O be nom
labor intensive but still
require skilled professionals.

Treatment

Possible side-effects are
related t 0 the tramsferral of
contaminants t O the atmo—
sphere. Di sposal of treatment
bypraducts ( including solu-
tions from regeneration) could
also have adwerse effects
depending on disposal methods
chosen.

Methods are generally labor-
intersive and require skilled
professionals during construc
tion/installation. Opera
tional requirements are
generally non-| abor intemsive,
tut skilled professionals are
still required. One exception
i s blolcgical detoxification
which has labor-intersive
operational requlrements.

Insitu Rehabilitation

Major side-effeas are asso-
dated with the potential for
reactions between reagents
used i N degradation methods
and the hydrogeologic ervirom
ment (e. §., resulting in
contamnant residues). For
water tabl e adjustment, side-
effects my result fran both
raising the water table (e.g.,
flooding of sewers, leach
fields, or basements) and
laerieg the water table
(e.g., kee flow alterations
ad effects on wells).

Nat ural processes are slow,
and the ride exists that
contamination Wil| spread
further.

Degradation methods are
generally nomrlabor intersive
but speclally trained techni~
cal persomel Al € required  OF
construction/installation.
Vater cae adljuscment I's
labor imemte [N IS
corstructfon/imstallation hut
norlabor intersiwe in | 1S
operation; skilled persomel
al € required.

Management Options

Mpj or potential enviroamental
and soclal side-effects
irclude di sruption of normal
use patterns, di sruption of
econamic activity, public
concern, continued presence of
and potential spreading Of
contamnants, and health risks
(e.g., if contamnants are not
removed ad/ or treated). Pos—
sible erwiromental ard social
disruption accompany source
removal.

Labor requirements vary by
method. Methods are generally
nar-labor intersive during
construct ion/irstal lation;
skilled persomel are often
net essential. Operational
requirements are often
minimal



Condition

Saf ety comsiderations
for workers

Time requirements

Containment

Processes requiring the
removal Of contaminated
material (e.g., construction
activities) require special
handling and safety pre—
cautions.

unforeseen geotechnical
conditions, complex hydro-
geology, and extent Of
contamnation are major

f actors in detemining tine
for comtruction/installe
tion. Time for design is
grerally less than two months
(grauting and hydraulic bar-
riers may require upéards of
Si X months). Time for comr
struction i S generally two tO
six months for tarrier methods
and under two wonths for otter
methods. There are minimal
time requirements during
operation.

Withdrawal

Drilling activities produce
contamnated materials and
require special handling
precautiors. The handling of
contaminated excavated
materials poses a serious
limitation on the use oOf
excavation. Labor require~
ments generally increasse as
the dangers posed by contami-
narts incresse.

Hydrogeology and extent and
nature Of contamination are
mjor factos. Tine for
design and comstruction/
installation are each
typleally less than six
monthe. Excavation may t ske
as long as one year depending
on areal extent amd depth of
excawation and existence of
structures, €.(., utilities.
operation of pumping may take
many years, depending on the
extent of contamination,
hydrogeology, and degree of
cleanup t 0 be achieved.

Treatiment

E:qm:.re. t 0 contaminants can
remt from residuals
handling, wolatization, and
other factors. For example,
in ar stripping, volatiles
could te introduced into the
atmsphere.

Time for design | a typically
less than six months. Tine
for comstruction/installation
is typically less than six
months. Design and vendor
delivery are @r time
corsideratioms. Ti ne
requireents f Or operating the
system depend ON contaminant
types, concentration levels,
and performance goals.

Imrsim Rehabilitation

Saf ety corsiderations could be
significant i f the handling of
materials that are potentially
reactive i S required.

Degradation wethods are
passible either t 0 design or
construct /install within about
one mwnth if contamnants are
fauliar; otherwise, time
requirements could be

lorger. Water table
adjustrent design and
construction/ingtallation are
each on the or& of six
months, but maintenance of the
system ower the longtem |a
required.

Management Optiors

Safety corsiderations vary
among options. FOr example,
they could be important for
mnitoring activities.
Concern about workers is
usual |y overshadowed by
concemn t0 protect the public
mre generally.

Time requirements vary by
option; they are generally
less than six wonths each for
design and comstruction/
imstallation. Lorg lead times
my be required in safe cases,
e.g., for developirg
alternative supplies and
implementing health
advisories. Termination/
limitation of aquifer use amd
purchase of altemative
supplies are often used for a
rapld emergency response.
Imstitutional comsiderations
could comstrain timely
implementation of memy
methods.
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Condition

Cost comsiderations

Performance vis—a—vis
the contirnued presence
O contamnants

Contairment.

Principal factors determining
costs include depth t 0 ground—
wat er contamination, areal
extent Of contamination tO be
contained, geotechnical comr
ditions, and type of contami~
nants. Containmert methods
are generally capital
intersive during construc-
tion/installation; operational
costs are general |y minimal
except for natural containment
(e.g., analysis) and hydraulic
tarrier options. Repl acement
costs are likely to be
inarred. The cost Of maim
taining surface seals used in
conjunction With slurry walls
is significant.

Containment results i n the
continued presence Of contami~
nants in the subsurface with
the potential for further
migration (€.g., via leakage).

Withdrawal

Principal factors determiming
costs include depth to ground
water contamination, volume of
contam nated groundwater to be
punped, geotechnical condi~
tions, availability of dispos=
al ard/or treatment
facilities, and

hydrogeology. Gererally,
these methods are capital
intersive during construc-
tion/irstallation. System

components my need to be
selectively replaced depending
on lemgth of time of system
operation; otherwise, opera~
tional costs are generally
minimal.

Withdrawal per se results in
the cotinued presence of
contaminants Which are
transferred to oter
emwiromental media; however,
withdrawal methods are
typically used in conjunction
With treatment.

Treatment

Principal factors determining
costs Include flew rates and
system capacity, concentration
and types of contaminants, and
plant design. Coats are
highly vari abl e amorg treat-
ment options; the most costly
methods include reverse
osmsis, lon excharge, and
electrodialysis. Home
treatment units (at point—of-
end use) are also costly.

Treatment haa t he potential to
result In the contimed
presence Of contaminants
through their pessible trans—
fer to other envirommental
media (e.g., air); alditional
contamnarts may al SO be
introduced (e.g., treatment
byproducts). Removal
efficlencles of methods are
variable.

I n-situ Rehabilitation

Principal factors determining
costs include: the size o
sites and type and concentra-
tion of contamnancs for
degradation methods, and the
extent Of the system and
duration Of operation for
water table adjustment.

These mettods result in the
presence of transformed
contaminants | N the subsurface
together Wi th (spent) trans-
fomation agents.

Management Options

cats vary amorg options; they
could include components
related t 0 enforcement, pro-
viding public information, and

emergency resporses.

These mettods often result in
the continued presence of
contamnants | N the subsurface
Wi th the petential for further
migration.
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Condition Contairment
Design |ife and
operational
requirements

Design |ife of material
harrier containment systems i S
f inite but as yet unknown.
Long records of experience are
general |y lacking tut design
life tends to be 2040 years
for applications not irwolvirg
contaminants. Replacement may
be eventually required unless
tarriers are cawpled With
withdrawal/treatment. Hydro-
- C techniques must
operate perpetually to isolate
contaminants, requiring
periodic V@l |/pul p replace-
ment. Techniques f Or managing
surface runoff can require
tore frequent maintenance than
undergrasd Structure.

Institutional
cons iderations

Institutional comsiderations
include the ease of land
across and the presence of
facilities and Structures at
the comstruction Site.

a
Based on Wodward-C yde Consultants, Inc. |,

Source: Offi ce of Technolegy Assessment.

Withdrawal

only excavation is permanent.
Design | ife of other methods
Will vary and a contimous
maintenance/replacement gghed—
ule wauld be required. Fluid
withdrawal methods could have
| ag operation and maintenance
periods (e.g., for highly
attemated contaminants).

Water @m issues may
restrict the use of pmping.
Other comsiderations include
the availability of disposal
alternatives fOr withdram
contamnarts and the ease of
lard access.

1983.

Treatment Imrsitn Rehabilitation
Typically, design life is
15-30 years for equipment
other than membranes (which |s
less than 5 years). Excep-
tions include filtration ard
ion exchange which hawe a
design life o 15 yearn but
which al so require mre
frequent filter regeneration.
Hare units are prone to
bacterial grosth and require
careful maintenance. Data are
not available to evaluate
ultrafiltration since this
method has been operational
only about 4-8 years. In
general, replacement j]] be
required at the end of design
life if contaminants remain.

Design |ife 18 nat typically a
Ymitation. (use of machinery
Or semi-permanent corstruction
materials are not gererally
required.)

A ngj or consideration i nvol ves
the availability of alterna—
tives for the disposal of
treatment residues.

Regulatory gpproval may be
required for the injection of
degradati on reagents.

Maregenent Optiors

Design |ife is not always a
limitation. Exceptions
include purchasirg of
alternative supplies and
point-of-end use treatment
vhich bath tend t0 k short—
term (less than 5 years). I n
addition, the performance of
point-of-end yse treatment
udts has teen known to shift
dramatically over time.
Developing alternative
supplies may have a design
life upsards of 50 years. ‘|’ he
design |ife of municipal
treatment facilities | a
generally on the order of
20-30 years.

A wide range of imstitutional
comsiderations may arise
depending on the option and
includesenforcenent, competing
uses, access t0 alternative
supplies (e.g., purchasing
alternative supplies), ard
public acceptance.
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F.3 APPLICATION OF CORRECTIVE ACTION ALTERNATIVES
TO SOURCES

Source
Category Containment Withdrawal Treatment Imrsitu Rehabilitation Management Options

Category | (Designed to discharge)

Most containment methods® are All withdrawal methods are applicabl e N.R.b While all in-situ rehabilitation Most management options® are
gmevally spplicable to al| Category tO almost al | Category I sources. methods ar e generally applicable to generally applicable to all
| sources except injection wells The exception 1s injection wells most Category I sources, site~ Category | sources. | n
becamse of their depth. Only natural which are typically too deep for specific factors (e. g., &olay, practice, corrective actions
containment appears applicable t o gravity drainage, gas venting, or hydrology, and contaminarts) must be are general |y limited to
injection wells. excavation methods; i n practice, evalated to determine method managenent optiors for sub-

mechanical integrity testing and feasibility, One exception may be surface percolation.

annular pressure tests are used to injection wells which are typically

detect problems fram injection wells too deep for degradation mettods.

in Heu of corrective actions.

Category 11 (Designed to swine, treat, and/or dispose)

Most cotaiment methods? are Al withdraml mettods are general |y N.R.° Applicahility of imrsitu Most management options® are
gererally applicsble to all Category applicable to al | Category || rehabilitation methods to mmst @rerally applicable t 0 all
|| sources. Contaminant—specific sources. Withdrawmal ephancement is Category 11 sources deperds on site- Category II sources.
evaluations are typically required to nOt generally applicable to specific factors. In particular,

assure compatibility of radiomiclides radioactive disposal sites. terdency for mettods to be

and any material tarrier. contaminant-specific may limit use

for multiple~cont aminant
situations. | n addition, in-situ
rehabilitation methods would
generally be |napplicable to
radioactive wastes; natural
restoration would be inapplicable to
sources containirg some typea of
hazardous wastes; and degradation
would be ingpplicable t 0 dredging
conditions.




Source
Categry

Container

Category III (Designed t O tramsport Of tramsmit)

Mast contalment methods® are
generally applicable to all Category
Il sources.

Most contaiment pethnds® are
tecnically applicable t0 au
Category IV sources. However,
experience t0 date la linited in
terns of the areal extent ard wolumes
handled; t hese factors could
effectively preclude metlods fram
addressing some Category | v sources.

Withdrawal

Al withdrawal methods are generally
applicable t0 al |l Category Il
SOUrces.

Category IV (Discharge as a comsequence of other activities)

A| withdrawal methods are tech—
nically applicable t 0 almst au Ca
tegory |V sources. Exceptions im
clude deicing salts application,
which is not amensble {0 withdrawal
erhancement methods, and mining and
mne drainage which, |f the mine is
too deep, Will not k amenable to
gravity drainage or excavation.
Volumes and areal extent could effec
tively preclude We of these methods,
howewer, f or practical reasons.

Treatment

NR.D

Imrsitu Rehabilitation

Degradation mettods are generally
applicable t 0 Category 111 sources,
especially i f the contaminants
inwlved are petrolemmrbased. | N
other cases, site—specific factors
mst be evaluated t 0 determine feasi—
bility of imsiwu rehabilitation
methods.

While imrsitu rehabilitation methods
are generally applicsble t 0 most
category IV sources, site-specific
factors mst be evaluated to
determine feasibility. Degradation
methods, however, are typically not
used for deicirg salts.

Manggement Options

Most managment options€ are
generally applicable to all
Category III sources.

Most managenent q)tmc are
gererally applicable to all
Category IV sources. Due t o
the dispersed nature of
contamnating activities, and
w the high volumes and large
areal extent of groundwater
affected, corrective actions
my be lmited t 0 management
options in practice.
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Source

Category

Containment

Withdrawal

Category V (Provide cordult Or induce discharge via altered flow patterts)

Category VI

The applicabdlity of most containment
mettods® t0 met category Vv sources
depends On well depth. For example,
oil wells, geothermal wells, erhanced
recowery Wells, and solution mining
are @lly too deep for amy of

t hese methods. Only natural com
taimment would not generally be re-
stricted by depth; limited experience
is avail abl e using hydraulic barriers
for these deep sources. | n general,
application of any corrective action
alternative t 0 Category V sources
depends on mechanical condition of
wells. Most methods are applicable
t 0 comstruction excavation.

(Naturally-occurt i ng)

Mcst methods? are general |y
applicable to all Category VI
sources.

The applicability of some withdrawal
methods (€. §., gravity drainage, ex-
cavation, and gas ventirg) t0 mst
Catepry V sarces depends on wel |
depth. For example, 0i | wells,
geothermal wel |'s, erhanced recovery
wells, and sol ution minirg are
typically t 00 deep for these meth
* . Withdrawal echancement i S not
applicable t 0 geothermal Or water
supply wells. only pumpirg is
general |y unconstrained in its appli-
cation to Category V sources. All
methods ar e applicable to
canstruction excavation.

Most methods generally are applicable
to all Category VI sources.
Corstraining factors include depth of
the source and areal extent and
volure of groundwater affected.

Treatment

N.R.D

N.R. °

Im-situ Rehahilitation

The applicability of different
in-situ rehabilitation methods varles
by source. Site-specific factors
mst be evaluated t 0 determine the
feasibility of natural process
restoration. Wth respect to
degradation methods, Oi | wells and
erhanced recovery wells are tYspl cally
too deep, and geochermal wel

an unfawrable temperature (hi gh) and
chemical mekeup (brine). Lowering of
the water table may be inappropriate
for water supply wells.

Water table adjustment i s likely to

k applicable to al | Category VI
sources. Natural process restoration
is unlikely to be applicable.
Degradation methods are typically nat
used for asks.

“Neither sheet piles nor cement grout cutof fs have generally perfommed well in practice for these sources. Performance of all

methods inwlving mte
The source, PEr

contamination |a generally not rel evant
indi cates shich specific contamnants may be present, cent amnant concentration,

&al tarriers are dependent on compatibility with contaminant s present and geologic conditions.
to the choice of treatment technologies except insofar as it
or the degree of contaminant removal desired.

“Source substitution Or source removal may not be econamically feasible or politically viable fOr some sources in this category.

Source: OFf ice of Tecnology Assessment

Managerent Options

Most management options® are
@nerally applicable to all
Category v sources.

Most  ~* tios® 8re
generally applicable to all
category VI sources.

Gbb o SOAIIBUIBYY 18YIO PUB S8160j0UYIa] (UOIIOY 8A1}081100—4 ‘ddy




