
Appendix F
Corrective Action:

Technologies and Other Alternatives



F.1 TECHNICAL CONDITIONS DETERMINING THE APPLICABILITY
OF CORRECTIVE ACTION ALTERNATIVESa

(kxxiition Containmmt Wittdrawtl T-tnent In-situ Rehabilitation Fklqylmnt  optiors

Af@fer ~
Unconfind/per&ed
Partially amfined
Confid
H~
Notinmgemms

Saturation Conditiom
Unsaturate zom
Saturated zone

AH cuntalament  measures desigmd  to limdt or halt
the lateral migration of cmtanimnts (e.g.,
slur~ balls, sheet pile, ge onemrnhram  amof f, clay
atoff  ) mat be tied into a naturally occurri~
horizontal straam  of 1- permeability to be
effectiw. Eaae of construction/excavation will
deperd  on quifer ~pe ad @ol@c aettitg.

Hydradfc brrie~ are ml qkkable in tmaahwatd
zme. Clay cutdfs are not comumly spplid in satu-
ratd zow &case &wateritg would he rquird
dutlrg  imtallation.  Otherdse, saturation cOndi-
tior6  are - limiti~ for t~ use & ctialrr
OEnt mthoda.

Ef feuivemas & rmstbds
depm& on degree of norr
-~9’, Calpldty,
ad in psrtiadar,
hydnulic contiguity of
the ~utfer.

Indlr-. CotxiiciorE de-
termine applicability
imofar  as before t~t-
llent  can be applied,
grmrrihater mat be with-
drtwn and tramported  to
a surface treatmnt tnit.
(see ldttrlr~).

~i~ ad grari~ dr.ruim  Indirect. Carxlitiom  de
age are not applicable in tetndne applicability
the msaturatd zone. Gas imofar as before trea~
writing is not appli~le nent can be applied,
in the Ssturatd zone. gro.uxiwater  must be wftlr
Otherwise, saturation con- dram ad tramported  to
ditiom  are W I_imitirg a smfao2 tmtmnt tnit
for nettmds. (see Wlthdr=il).

Althcugh  renrwal of un-
saturated zone bater is
not ~actical by pmping
or gravity drainage,
soil ad umaturated
zone ~ter ccmld be -
Cawited  ad tl-@Mted try
techniqws  not requiring
the wter to be entirely
in the liquid phaae
(e.g., air and stean
stripping, c+wndcal and

Aquifer type may be mjor lindti~  factor PcaEs no comtraint
if not reconfined/perched and ~. on appli-bifity  of
Effectivemss of Mologld ad clmnical lletlmck.
degradation is depencknt  on abillty to in-
ject, control, ad wittdra r~ents, tthi~
may be difficult or iqractid in non-
kIV@EOM  aquifers. Effectlvemss  of na~
ural prmceas  restoration and inter table
trljustmmt  is constrained in cmfined, pr
tially  confined, ad ~S ~~fe~.

Saturation corditiom am mlikely to pose Pc6es no comtraint
major comtraint  on applicability of on applicability of
metbck.  Effect fvemas  of degrdatlon nettmck.
nethcds  may be restricted to use in the
Urtaatmratd zone (e.g. , if deperdent on
aeroMc coalitions).

Mological  &toxlfiatioo).
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FIw System
Hsture  d flew systan  is important in dmice d Flew systcm ~nerally

scow tectmlogles. U9e of =tlxxk in recharge ~
Mschqe

~ - no fmjOr teclniml
require axre foun & turface  water control to prewent Coc6trairts  on metbck.

Dqth
o+
up to 20M
&r 2thI

-7-<1O(XI

J

up to 0.1
up m 10
Over 10

the cmtaind area frcm filling ad cnerfloulrg  with
rdarge water. In diti~ atws, mdetdrainge
may be rquired lxilow Iimm to dissipate uplift
uplift paslres.

Depth k major Ut@ factor for cretbcb, in large
part SIi13ing  frcfn equiplent  liJdtations.  Practid
&ptt6 fir material tarriers till ~ry aroqg imiivi-
dual teclmlogies  tut are ~ally in the vicinity
of 2Qu. kidle tedmidly  fezwible. ge-ly little

H~r, Wet-lewd
fluctmtiom  (e.g., due
to !Xmsmal ‘a5.ations)
that can d-mrge the rate
or direction of flew,
lakage arotg layem in
nulti-lapr  flcu system,
ad dwllalrd  migrating
flw system p aidi-
tionsl lmertainties.

Depth IDSeS no rmjor tedr
nid cO@Xaints Ulless
exczwation  ia rquird
(e.g., gratity drainage,
excavation). Excavation

exprience  has been @&i at deptis-greater-  than 2Ckn co3ts  increase rapidly at
(one Ome@on is sket piles uhicil qpear praical
to dqtha of a).

Wile areal  exterc in itaelf ~es no technical
lindtations,  the use of aaterial lnrriem  tends
to be w~~~ reatrictd to a= less than
Id; Sxceptiolw iml.lrie  S1

2
tzllls  (up to

10 d) d Iimls (up tD 0.1 ). Experieme
with oth =tbds tends to be li.mtted to U-ds

Jof O.l , ex
2

t hr natural cmainnmt which
can exceed 10 m% on site corxlitiona.

deptl-s greater than abmt
5m ad wry rapidly grea~
er * sbcut 2QD. Armli-

Irxiirect. Corriition  * Flew system is net a major constrsirt. H-
termlnes appliubility ever, in recharge ~, CIegrsdatim
imofar =“ &fore tr&&
Uent can be applied,
grmndwater raJst be with
drwn ad trsnspotied  to
a s@- tredllErE U’lit
(see Uithdrwal).

ability  of gravity &ainzge
is linited  to abwt 37 m.

Irdirect. Cxndition &
terndm  applicability
imofar & before tres&
nent can be applied,
gmndklster mat be with
draal  and tratqmrted to
a surface t~nt u-lit
(see WLttlir==l).

Mile areal extert in ie Indirect. &xdition &-
self pea no tedmical termLnea  applicability
limitation, little expe~ in30far tm before trea&
ience has &n gained vzlth  -t can be applied,

Jnettods n ~ a9 laLge
as 10 .

gmrrkater U1.lat  be with-
dram ad tramp-ted  to
a surface tnit (see
Wlttxlrti).

r~ents may be difficult to -rol after
injectiorq this is of partiailar  concern if
r~ents are in themelws cortxmtinsnta.  In
discharge areas, =ter table aljustmnt is
typically uore difficult; natural prommea
nay britqg amtanimnts to surface tier
bode%

Oepth is likely to cca’Btrain  q@WXbility
of degradation tedniques; there is limited
experience  with degmdation Mm &t 5m
ml it ia not likely to be practid belcw
2Ch temse & cortrollabili~  problem.

Ard -ent is likely to comtrain  mpli-
dKlity of all uethmia tie of con-
trollabi.li~  factors (except natural pro-

3
-s bilitaton)  to areas lms th’1
10 tut little experience tmilable.

Generally paes no
comtraint on appli-
ahility of mttlxk.
May be inportant  for
utXlitoriIg Optiom.

Poses no constraint
on ~limbility of
nlXtrXk.

Poses m tedmical
comtraint on appli-
cability of mettmkl
tut large areas
(e.g., greater than
0.1 h?) my pacti-
dly restrict use.
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‘g’5
~3

Wile voluue d cmtaninstd grmndwater  in itaelf
up to 1

Y
pea no tedm.ical  limitations, the use of netbdg

up
$

lln3 is ~
a

idly reatricttd to WJlums  less than
>1 n? 1 k2mae of cost ccmiderations.  Exception

include slurry MIS, geownbranea,  am! limxs for
vhich  expxience  has ken @ned .pwrds to IC#a?.
Volmes mabrally  corcaird  will &peml on site
OJnditiotml.

Wile volum d contd-
nsted grcarxkater  in Ip
self pses no rmjor tedr
nical limitations, little
expel’lf%lce  has been $&Id
with nethock  for vol
greater than sbmt 1n.
All exception is WMxlriwal
eriuumment  which sppeaxE
practically applicable
for voluma only up to
abaJt ld.

Indirect. Corxiition  &-
ternlnes applicability
imofar ~ before trea&
Irent  can te applied,
grmndwater nust be with-
&am and trsmported  to
a surface treatmnt tnit
(see Withdr*). Feasi-
bility of netltxk iS di-
rectly relatd  to design
flow rates rather than
Wtis.

While vob d contmhated gramduater
in itself should pme no tmjor teclnical
lindtatiom, ttrme  is little experience
deali with wlures in
d

excess of Sbalt
1 (except for natural proo2sa =
storstion).  Righer wl.wes cculd  lead to
cmtrollatlili~  probh.

Posea m teduliml
comtraint on v
plic!+bili~  of
methods bt large
velures (e.g. ,
great r than
,&) T pr-
tid.ly restrict
use.



Coalition contairm?nt Withiraml ‘rreament Itraiti RehaMlitati.on Mal’@&rent optiot6

Predcndn9nt
&ologic Settbg
Se!diaemary Geo43y is mjor Mmltirg factor If rocks are sdi-
Cryatalline -ry or ctyatalline. ‘lhe ~ of tip
casme-grained ti&Is, etc., poses diffimlt  excavation @Area

for m3t nettxxfa  (excqtiom  include hylralic
barriem ad grmtirg, the latter also belrg
depxrknt on fracture ad/or adsorptive daracterir
tiia of tb rcxk). Coan3egralnd  mteriala
~rally pme no I.lndtationa,  except for nsttml
contalmmt. Flregraind mterfda restrid
use of gmticg,  I@rdic taniem,  and sheet pilea.

Gecd43y is a major li.nrLt-
ing factor for certain
m?tlrxk. In gmeral,
areas d hl@ transml=
sivfq my reder with-
Ctmml qtiom Iqce
tid (be to hfgh fluid
hadlitg rqriremmts.
(i) only gradv
drainage ad ~ Writing
are @nerdly  mcm-
Straind by the ~

Imiired. @riltion  ~ Effectivemas  d metlm& in ~mral will Pc8es no ccmtrti
temlma  applicatdlf~  &ptrl on site comiitiom.  Firm=gm&d on qpllcabf.lity  of
fmofar a before trea& msteriala  kMctl Ccmtrain fllw Ccrtml  ad netlxxb.
Ilent  can be qplied, == of poor ~ or he~Q w
gmnlklter  nuat be Witk Sdwsdy affect metbko Nm-hauEmms
dram ad muEqxmed  to areas may not all- for sufficient cont4mX
a mx-face  treatmm mit betweem reagents ad Ccrtmil’metl rmteriala.
(see Wkhdr-).

of Sedbnutry or crystal-
line Llx3q  applklbility
of other nethoda *
on nature of fracture
system and other femmea
of the I#oglc fonmtion.
DUxwtion la not f&neP
ally appliable  in sedi-
mentary or crystalline
rock. (ii) (kla~
llateIiala  g$!nerally  pse no
lidtations  except for uith-
Clrd mhmcemnt,  which
depelmk on features d the
gsologLc forlmtion. (iii) un-
Cumolfdateil,  film?grained
aateriala  of lat7 pelmaalxility
rw3trict effectiwsna s of
P4@3 ~ li?tity Chinage;
only exmwation can proceed
ulthmt  omjor cfxstrdnt  in
fi~ ~tefi~.



Carriiticm Contailuent Wftl-draml ‘n-eahrent Irr@m Retmbilitatim Mamgale* Optiolt?

Clinate
Air tarfx3rature
Be.lcu freds
0° to 200c
Above Zo”c

Rainfall
Evapotrampiration
greater than pre
Clpitetinn

Predpitation
graXer than cmpo-
trampiration

special
Comtruction
OXBideratimls

MetM rqdri~ ccmtructiodexmation canml
be perfomd  efficiently dutirg pride khen the
gramd is frazen.

Metlrxis re@rl~ ccmtmction ad/or excavation ~
quire surface kmter  controls if peclpltation
emeeck evapotransptratiorb  Ibnron ad runcff
controls ad stiace seals are essential for slurry
UaL1.

Bmkf3mnt of tarriers (e.g.. nenhmes d Iimrs)

Urxler  frmen comiitiom,
P@% ~ gravity draiw
~e rquire spdal sw
face hsl’riling procedlms
for fluids in m-tain
cases* DZmWltion  is
&ten not pactid.

Rairfall is generally net
a @or lidting  factor
for nethxk.  Excavation
my require surface vater
cortrols if ~ecipitation
exceed evapotrampirir
tiol%

sp.xially da3i@ed equi~-.
hm rida asmdatd  with barrier dsmge rkirg hard- nmt ad nateriala are
I.lrg  and imtallation. Specially designed quipmnt rtquired for wlttdraal
is mfxied for ahny ~11 com3truction  uslxg a erhncanent.
vibrati~  bean. T&re is dffficul~  in ottaini~
ntefifght Irterlo&s  with sheet pilea.

All treatrmt fad.litiea
mat be protected (i.e.,
heated) in tenpraties
bela freedrg. In
Sddltiw IW talper&
turea (e.g., 0°-200C)
serlcusly  Iape.ir  air ad
stem Stlippiw (wda-
tl.lity redwed)  and bio-
logld trelx!forlmtima
(rate ~) if hnter
is alao aud to *
craxtw  in taqerature.

Imifrect.  Ccn’ditbl’l *
ternd.nea  appllcaixility
imofar  as before tree&
Uent can be applied,

Teqeraturts  bekw freezitg rcqdre qecial Pcaes no comtralnt
hsdling POCedues  for @@Xanta end for on qpllcabillty  of
tte pctectlon d pipirg;  Wter table Iretllxk.
aijustaent  may be fmibla, depnciirg  on
aite comtltiom. I.uJ tenpereturea race
rates of *cal am! Holo@cal  t~
fonmt~on.

I&Mall is ~otably  not a ccmtreint  in Pcaes no ccmtrai.nt
gereral tut cculd be dependi~  on site on epplldility  of
corkl.ltlom.  Applicahll.iV  of natural. re- llBtl’KXk.
habll.ltation  may be Mmtted if natural re

grmndmter mat he wittr huge is Mmitfd.
dram and tremprted to
a surface treaatnmt  uiit
(see $tMdmal).

B@pmmt  aire is detez- - to inject
mind @ flm rate ad is rqllmd.
nature atxl -t of
Contaldna’lts  b be m
Wved. Scptd.sticated
controls are rtqsired  for
ultrafiltration. SemL-
peruanent  equipuent  is
required for air and
St- Strippf%.

re@J?nts  into the soil Comtruction  cur
Silk~titXB  vary de-
pel’xtilvg  on such
factors as availabil-
ity of akernative
acur-  d tinter,
avallabilfQ  of
transportation/dla-
tritutionldelivery
systan, and nature
of the acurce of
Caltadnation.



cacaIdnsrK
Typesd
Castration bmd.oam  category pmea mjor cuBuaint  on

@icaMliq of Sam Iletklds. antaldmne
specific evshtiom will te rquired to amm’e
Cmnpatibility  of maldlMnt(at high ccmO?nUs-
tiors) ad ptyaica.1 tarder mmxlals.  Armmtlc

w~ ad otkr datllfs (e.g., datlle
hskgem) are least aumsble mcoltdmelx Uettnda.
C&uxally,  if -dnsntsare of I.cwconomttatfm,
tk ~ d @ntdlMm my lb% be critical.
N@cdynantc controls & na depeni cm mald-
nsrK type,Ssamd%  no ~is e. “k
tmrril.ing ard dlspasl & anyexmwltd UEterials
Calld ititino? tl’x? use d this Option.

Based on Woodward-Clyde  Consultants, Inc. , 1983.

Conwtsion fa2tom:
.30S x feet to ohsin oetern (m)
4047 x ares to okdn sqtnre aeters (~)
2.S90 X SqUIKe miles to oksin =P=re Ml

3
tam (km?)

.02a x ctlblc feet m Okain cubic Ueters ( )

%x=:  Office d TedmdcgyAs32asmrK .

Llmltatlm-a  plx?d ty oJn-

taldnmt ate$pry ‘Jay

J=rq specific m?tti.
GeO&mdstry  ad tikr
tiated factors that
affeti ptitiml~ &
CmtdnWX  belween th?
soil, e srd tater
Ilsy affect efficiency
of bcth ~ti
ad pq)irg IMklda.
HalrUlng d disposal &
~ted rmtedala ad
=lDclated -~
cculd corstrain  tk we
of this Optkcb Witlr
&aml  erhnc6mt is
q?plidle  only to or-
gsnirs. Relatively
dllme ~tratiom?
- ~mi@Y
less cm= ferfive to
W*

Cawdnam Czm3@ty LimLtatiom  posed LyCultaldnarc  category~Y P-= ~
PO- -tir c-maim on vary aung specific metimk Au mdmds are
@kablllty of netlnd3 genemlly applicable m Otganics. Effect-
~  a n y  Iretlmd tenk i~s of hinter tble dj~tmt arri nse
to addre3a  spxlflc con- ural promas relaxation is vev mtadnam
~ -fi- speclfic  ad cmld k Llmltesl (e.g., if car
TTeameIK is also llmlted taDinamXare smcxgly adsortd  or in sep-
if UdJmra of ~- srste fluid phsae8). Dqyarktion  -lmds are
US&S are preaea  ad If test suitd when sirgleCotXadnmta are
conmttratiom  are ~ F=. Biological ~s&ulm ~rn
@ wf.dly (discod’lU-applimble  ally to certain Catqgorks  &
asly) wer tine. No ‘ti~a ~ 9’Pi~Y  ti net effid.e=  for
IKetlDds  are avalbble ccmxUxatlon3. No &grdatti =ttod
for scxE @ml@cals qp= w~~k KO @m@= No ExImd
(viruses) S!d rzxMXU- 1s @i@Me to Kaiionlclides.
Clilks (Iittk exp?rkno?
with treatment). Treat-
m?.nt coma are also sen-
Sitiw to -S al’d UJ1.uue
of Imterial to te treated.
Rate d process is Mmked
tylou ~iom.

Commairc  00

Sp@cabd.llty  of
mthxb. Appwa-
tility d ID?ttmb
is depimk!lt  on
public prqtlon
sbmt tb nstu-e and
severity of tk!
~bltm



F.2 NON-TECHNICAL CONDITIONS DETERMINING THE
APPLICABILITY OF CORRECTIVE ACTION ALTERNATIVESa

CaI-ditlal Cmtalmert

Envlrome=al/mclal Major pot-ial side-effects
side-effeas are axmztated  with the

CcrKiru!d preeem d
pa@ble k- of
CaXand-s. Cku’gea to
gr~ter flm ptterna
cad also hale diaruptiw
effeas on tk envirometi  and
otkr users. Surface dis-
trlncea wall-d te Calaei ty
uetti rcquirirg coratrue
ticm.  Noise, air pllution,
ttific, etc., my ocmr
dmirg comtrual.on/ogertr
tion. In aans cases, effects
awxxiatcxi  uLth dlapceal  of
exalvatxd  rmterlala  q be
sl@ficant.

Labor
ca13i&ratlorE

T1-e ccostructtiiratallation
d Imterial  tarriers terria to
rquire skilled profeaaioda;
qerational requirem-  are
miniml (ad wmLd relate to
perfonmnte IlulitoKllVg).
Otter ruXbda rquire miniml
labor, ad aklll rtqutrentwts
are variable. Only t@rai~
nad.c lxmiers in this
-V -*1Y hSW labor
re@reumts  duriqg operation
tbt are in ddition to mm-
labor Imensive unnitmlng and
SUpetvistio

Witktrad

T~ ww= of Withdrwal is
to redute  commdnant
~ntratiom In tk
SUtSUti&=  bt th?re cculd be
rmjor potercial  aide-effects
.ZKXtated with tte SUrfSU?
disposal d Wittdralm CY3rr
tadnarcs (or Uw3td rdd-
uala). Additional *S
psible  fran pmping ad
-V drm are related
to alteration of grctnxkater
fkw ptterm  (e.g., Iur@
of the wmer table ani
saltwater intrusion). Noise,
air @.utlon, traffic, etc.,
my ocaIr dJrirg tulstructti
operation.

Metbda  are generally labol-
imemive ad rqulre skilled
prc&eaaionala  duriqg wnstrue
tion/ln9tallatlolX  op!national
rqulremnts Gem.1 to k mn-
latmr intetr3iw tat stffl
rquire &llled pmfeasionala.

‘rreatm?m

Pcsaible si&-effects  are
relatd to tk trarsferral of
-antmuts  to tk atm-
Sptwe. Disposal d Uw@lent
bypraiucts  ( lntludi~ solu-
ticm frcm rqperation) cculd
also have dwtae effects
depti~ on diapmal netti
dnaen.

Metlmda are genendly labox-
i-miw ad require aldlled
prr&ssionala  durlrg cm3trw7
ticm/im3tallatione  Oper-
ational  rqulremnts are
~rally non-labor inttmi=,
tut tilled prufeaaionals  are
still rqulred. @w acqtion
is Molcglcal &roxification
*& has Ulotimmiw
operational nqukesnxts.

h-aim RehaMIitx.ion

Major side-effeas are a3ao-
dated with the paertial  for
r~ttim kween ~s
used in degahtion  nakcb
ad tl’l? hydrqgeolq@c  elNirul-
fnent (e. g., resulti~  in
catauL~ reald@a). For
=ter table aiju9txent, aide-
effects uay result fran both
raising the tater table (e.g.,
flcxxtirtg d eaels, M
fields, or basenetis) and
berirg  th water table
(e.g., kee flm altmaticns
ad effects on Ala).
Natural P-sea are ala,
ad * ride exists tkt
corcaninattin  will qxead
furtkr.

Degdation  nettrxia are
~rally non-~r imemiw
ht *clally trti t--
Calpermnnel are r~tied for
mtructiodlllltallath.
Water t~~ sdjwmm Is
labor inten3ive  In Its
Comtl’uuladimtalktti  talt
norrlakr  inten3iw in its
~ratti% Sidlkd ~rsonnel
are ~tir~.

Major potertial  envirotmrxlal
aml mdal side-effecta
imlwi? disruption of rrXIQil
e ptterm, disruption of
ecmmdc activlq, public
con- cofiirued ~esmce &
ad potelxlal  Spedim of
co~~s, ad kslth rika
(e.g., if cmtzmdnams  are na
renoved ad/or -ted). Pa7
slble emrirornvxtal ad aodal
dlsrqxion  ~canpmy  earo?
rawval.

Labor rquiremlt aqby
mttcd.  Mettoda are gnerally
ncmlabor imemiw?  during
Coltm-uctiodimtallatm
skilled peraolmel are often
net esimxial. Oprathsl
rcqui~ s are often
ndnlnal.



Comntlon

Safety twml.ckratima Pr~~ rquiritg  tk
for wotkers remval of comaninated

u8terial (e.g., amtruction
auivitiea) xqdre speckl
hdlirg ad safe~ pre-
CaJtlom.

Tim requir~ unforeseen geotechnlcal
CodMDna, Ccnplex tydro-
geobgy, ad extert  of
cortamhntion  are mjor
f ~ozs in &tenninlrg  time
for cmn5tmzion/im3taHa-
tiow Tiae for &a@ is
~rally kss than um mrtha
(gralcilg  SrKi hydrallic tat-
riera my req.dre qmrda oi
six rumth).  ~ for con-
struction  is ~rally am to
six uo~ha  for tarrier mXlmia
srxi unkr W mntha for otter
netlxxk.  Tkre are miniual
* rquireuxcs  chulmg
operd.on.

Withimal

Drill.lrg Sctivltia?  prcduce
axwminatcd  nmedala d
rqdre special hsndlil’g
--” The haldlil’g of
Caltmdnated excavati
uateriala pma a aericua
MJuLtation  m tk E of
excavation. LaLmr rqd.re-
mXKs gelwllly  i~ s
th? du#Xa pcsd ty conttmd-
nsms increax?.

Hydr~lc# ad 6cte ad
nsture of tomdnation  are
tmjor facto=.  Time for
dEsign  d Commldord
installation are earh
typirdly lels than six
=k. Excavatim  uziy tske
as long as me ~ depnding
on meal extent ad depth of
~tlon ad ~tence &
strucau=,  e.g., utilltie3.
operation of pllqlirg UEy take
w Y-* %=~% ~ t~
extent of Comantnatlcm,
W-w, d ckgree d
c-p to te tievdo

TTeaUlel-c

-e to comadnarcs  m
remit frau reahiuals
hariling, Volatization, ad
titer factors. For ewmple,
in ah s~s ‘Jo~@=
cmld k introduced htO tk
atmqi-ere.

Tlm for &al@ la t@cally
bs than six mxths. Tine
for ccmtruction/lmtaUaUon
is typically lms than six
mxzk. Design ad udor
delivsry are @or tine
aideratiom.  Tine
rquiremxts  for operati~  the
Syamn &peld on Cutaldnam
VPf% Cono?ntratlon  lew?la,
SId perforuame w.

11’mitu -Iltation

Safety comidx-atlcm cad.d b
Sisific-  if tb tal’dli~  of
mterfala tit are potemlally
reactive  is rqd.red.

Degraistion  mtbds are
po3aitde elthm to &a@ or
construu/instaLl  within Sbait
one mxth if carumdnams  are
faaili-, akwhe, th
rqrlmmts  cadd be
l~r. Water table
djuatnent ~~ and
cusUuctlon/in3tallatlm  are
ea~ on th or&r of six
mrchs, bt Lmh@mmedth
system ouer the lo-m la
rqdrd.

%fe~ cuwideratiom  vary
~ opticm. For exiqde,
ttey CaJld be Iqorte for
Iuxllmtiqg  activities.
CUUxXll  aLxXU WJrlcels la
usually wel13hlK&ed b
clxmern to protect tlx! @Uc
nrme ~rally.

Tlm rqui~ ‘=Yb
o@o~ ttmry are ~rally
less than six mntk b for
de3~ ami comKrudon/
imtallation.  Lug led UllE?a
q be required in safe ~,
e.g., for deA.q~
altermtive Supplills and
iqlemmt~  Wth
tisorles. Termlmtion/
limitation  of quffer use ad
purlllaae  of Sltem9tiwe
sqd.lea are often used for a
rqdd =- reaprs2.
Imltitutional  cnlEi&ratiom
cculd cOmK&n thdy
inplemaltamn dmnly
llerlnds.
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Condltlon

C@t comickrationa

CaKaiment

Principal factors &terndrdqg
C03tS til.u& &@h to grti
water wotandnation,  areal
excent of mntaldnaticln  to be
-aid, geadmkal  car
ditiom, ad type of cotiallL-
Mrus. GntairnmK Ueti
are ~rally @tal
ircel-6ilR2  during mtrur
tion/imtallatiom  Opsxaticmal
C@ta are generally Udnilml
except for natural ~trumt
(e.g., analysis) ad hydrtic
brrier  opticm. Replacement
ccsta  are likely to k
incllrmd.  * Cox of f.min-
tainillg  surface seals used In
conjtmtion with slurry walls
is Si$yificant.

Perfonmnce Vlra-vls Ccatalnrent r=ults in tk
tte contimed  pr=nm Contiti ~em of colXald-
Of Contandruults -S ti tk SUtY3UtfaCe  with

th paential for furt~r
ndgratfon (e.g., via -).

Witkhwa.1
pn~~ f~tO~ deterndrdrg

ats include depth to grami-
wXer cauandnation,  voluue  of
contaminated grodwater  to be
-d, .gwxtid di-
tiom, Svailatdliv  of dispc6
al amilor treatnent
facilities, arsl
hydrcgeolcgy. GerrXally,
these mXtmda are capital
Ilml!miw durirg mtrue
tidiIT3tallation. Sptm
q~~s UEy @ ~ &
selectively replaced dqendlng
on le~th of tim d system
opmati~ dwawiae, op2ra-
tfonal co3ts are gewratly
Odnilmal.

Wittdrwal per se results in
the comlrmd preaenre of
ccntauinaKKs  which are
transferred to ctter
enviroammtal  nedi~ -r,
w.ithdrwal  netkda are
typically used in conjtmction
with treatuent.

Traarent

Ptinc@I  factors &ternd~
co3ts  tilu& flew rates ad
aystml capacity, comentration
ad tyfea of contimdnams,  and
plant dealgn. Coats are
WY variable EnuX$g treat-
nent qXion9; tk met cQ3tly
msttcds incluck rewme
~i% ion ~, ~
electcodialyais.  HcaE
treatnent  tits (at point-of-
erxi use) are also catly.

Treammt haa the potetiial to
result In the cortiti
preaem of contauinarm
thrcugh tkir ~ible tram
fer to ottrx ewframmtal
Ma (e.g., air); aidltimal
Caltaldnalts  my also k
introduced (e.g., treament
typrcducts). I@mval
efficLenctea  of =ttmda are
variable.

In-situ ReMdlitation

Prhclpal factom &temdnitg
cmts inclu&:  the size d
sites SXli * arx.i o2rrerKra-
tbn of commdnams for
~adatlon msttmds,  ad tk
-nt of tk aysten  ami
d-mation of cpxatlon  for
wXer table adju3tumt.

TtEse Iu3ttrlda result in ttl?
~fsm~ d tramfbrud
cortauinarcs  in tk sutmrfae
to@tkr with (spnt) tra-
fomtion agents.

OPticm

cats vary - qtlom; th?y
cculd imti& ~~S
reLated to etior~ , pro-
Vidirg @d.ic infonmtion,  and
-rgerq  reqomes.

Th?se  m@’oda often result in
the cotiinued  ~esena of
Ccmtaldnaas In tk Subaurfe
with tk pttertial for futtter
ndgration.



Gn-untlon

DEsi.gn  life ad
CQeratiorlal
rqxiremnts

Ilmitutimal
mideratiom

DeaigI  life d mterial
harrier cxxxainlsm aystera is
f Mite kc a yet lxialmal.
Lor4g remrKk d expXkKe  are
generally lackirg hlt design
life terrkl to be 2040 years
for tpplbttlora m Involvirg
~~s. Replacaent w
be ~mmlly rqdred mleas
brriera are cmpled with
Wittrirdltreatue m. uydro-
- C  =11’llques  Ilu3t
operate perpetually to isolate
comahmm, raquiri~
pefiodic Well/pulp replace-
mmt. Tect@~ for mmqging
surface rtsX&f  can IEqldre
ml-e frequmt lml~ tkn
Imdergrod  Structure.

IrEtiLutioKMll  all’BlderatioI-6
IXlu& the - of lard
across d tte preaew of
facllltiea  ad structures at
tk cxlmtruaion  site.

Wltl-dralza.l

only exavatim is penrawft.
DesisI  life d ahr uettmds
will vaxy ad a ccarimma
ti~/=@=== *
ule wculd be rqutrd. Fluid
ulthirzwal mttnda ctuld have
lag CQeration d Imintenam.x!
perifnk (e.g., for highly
attemated  -ardnarts).

Water @ma ~ my
restrict the use of ~rg.
Otkr com~r~ irm21u&
tlw avdlabll.ily of dlaposal
alternati~ for wittxlra
mmadmma Srd ttx? eae d
lad x-s.

a
Based on Woodward-Clyde Consultants, Inc. , 1983.

%uroe: Office d Tedmolcgy  ASSSSSae=.

‘rre3meIK

Typically, &a@ life is
15-30 -IS for equipent
otkr than mmbrama  (@ Is
kas thsn 5 pm). Excep-
tions iochk filtration ard
~=@@Ql% khirh hme a
d6s* life & 15 yearn tut
vhich also require nore
frq~~ filter regemration.
Hare Ulits are plxle to
&terial grmth ad rqulre
careful =i~. Ikta are
na avallkble m eva2uate
ultrafiltration sine this
lletbd & ken cperatiollal
only Aalt 4-8 yvmi. In
-, w~ Ml ~
reqired at th etrl of da3ign
life if commtm+rts  resmin.

A major cmsl.deration  involves
tk avaihbillty of altermr
tivea for th diapcaal of
fxeatnent rcd.duea.

h-situ Rehabilitation

De@q life is nfX typically a
Mldtatlon.  (use of madlineq
or twisni~tmaneft mttuctlon
ntKeriala  are not ~rally
rqdrcd.)

R4@~rY awrwal w k
rquired for tk injedon &
degradation qlxs.

&* life is - alwys a
llnitath.  %cE@olm
ildulk  purdl&31rg d
alternative !llPplia and
pointXd+eml  use ~
thich bah teti to k StK)~
term (Ie3s thm 5 y2ara). In
addl.tion,  tb perfonmnm d
poi~ U@ tr~
udts has &en Ianmm to shift
drauatltally cwer tinw
Develo@rg al@trntiw
su@iEs my have a &a@
We U- CE 50 pm. ‘l’he
dess life & ~pal
tmaauXK facllitiea la
~y on tk oxler d
20-30 pars.

A witk ra@e d imtitutional
comi&mtions  my arlae
depemll~ m th? C@Dn ard
id.u&senhu3m& cunpting
uses, acmas to alternatiw
mpplk (e.g., pmdwi~
akernatlwe  au@ks), ad
public axqtame.



F.3 APPLICATION OF CORRECTIVE ACTION ALTERNATIVES

stare
Catesxy comalmI?lK

Cstemy I (Designed to d.lsdlsw)

Most Caualmert ln?ttodsa are
~ral.ly qplible to all Cst~ty
I sour- ex~t Injecil.on  Ala
bxxuse of tkir depth. my natural
caXafraEnt *peats qpltcable to
injection wells.

(DeQqed to swine, mt, snd/or di.spcae)

ht Catairrlent  l@Ddsa  are
&T==~Y *P~*le ~ S1-1 Q+te@rY
II m=. timulnstx-s~cific
evabtiom are typically rO@rad to
~ CaQstibi.liv of rdioluclib
ad any aaterial  tarrier.

TO SOURCES

Wittkiradal ‘rramnmt

All wittdrad n8Mtnk  are applicable
to SIImt all catefJxy  I Salre.
‘lh exusption is injection w2Lla
ddch are typkally  tm ckp for
-v drw, F3= U=*9 or
exmvation  mstlxxis; in practie,
l=dlmh@ In@@ty testil’g  Srri
anti ~esam teits are used to
&tect poh frao injection hells
in lieJ of Correuiw actl.omh

All withirad nethnis are generally
@plicable  m all Cstefpy II
Salr-. withiradal  ~nt is
not gemsmlly  qd.kable to
rdosctiw disposal sites.

N.R. b

Inn3itu Rebbilitstlon

While all in-situ tehahilitation
mttuda are prslly qplicable  to
Ukx3t Cm!goty  I 9Jurm,  Siw
specific factocs (e. g., @lw,
hydrolcgy, ad COmmdnsms) mst be
evalmted to &termLne fcetlmd
f~ibfflty.  One aaspttin  my be
injeutin *Is +Ich are typially
too &q for &grdation retbds.

Optlom

~t u-s=-  w~mc -
~rslly qplicsble  to all
Cs~oty I sour-. In
pradti,  corrective actions
are generally I.indtd to
uansgermnt cpticm for sub-
surface ~rcolation.

N.R. b Appllcahility  of him tit ~m qt~~c  are
rehabilitation mettuda to umt ~rally q+~le to all
(kegor’y 11 sOW- deperda on Si~ ti~Oty II sour=.
spectfic factxm. In particular,
tedency  for mtlrxk to be
aXCmhsn=peclflc  my limit u3e
for nu.ltiple-caxauham
sitmtiotr3. In dditian,  in-situ
rehabilitation netids wmld
gemrally  be Inapplicable to
railosctim wastes; natural
r~torsticm  wculd be Inqplkable  to
Salras  Contalllilg w typea of
~ wates; ad &gKdatlon
tid k ill@p~Qlb& to drdgi~
axlditiom.



Sowm
Catekm-y CrxCaimr Withiraia.1

Cat.SOry HI (DfE@M4 to tra-apxt or tramrit)

Max antailllmlt aettDd#  are All Witmrad uetlmda are &nerally
~rally applicable to all Wegory qpll(xbl.e  to all Cat~ty III
III mm. amr-.

tit ~ ~tbka ~
tedrlmdly  ,@kible to au
-V ~ amm?a. Ik3wer,
~- to date la limited in
terns of th? areal extelx d Wllllm?a
hatxild; these factma ctuld
efkuiwly preclb nettoda fron
ddrasaing auu2 (htqp’y  Iv .scmRCea.

All witMrzIm.1 nettda are tech-
Olrxiuy qi@iG3ble to alllmt au ca-
t6gory Iv Wurlxla.  Emeptlm h-
CllL& d?ictw aalta @pllcation,
%hich i8 m alenable  to Wltklr%al
edmcment  uetlmda,  ad adntrg ad
ndm drainage which, If tk IDim IS
too &ep, will not k ammAle to
-V dralm13e  or excavation.
Vohnea ad ared eX.ent  ccmld eff-
tively peclude  we d & mtbda,
twwmer, for ~aaical reaaom3.

‘rTemu?m

N.R. b

N&.b

In-aitu ReMdlitatlon

kgudation mtttxb  are generally
qplkble to Catqry 111 amrma,
eapedally if tb maldtis
indved  are pXrolamrtaafxL  In
otbr Caaea, Site-qrxific  factcm
alw b evalmted  to daMmdne fea3i-
bili~ of In-aim rehabilitation
mxhxb.

mile In-aim rebbilitation  aetbda
are -rally qplicable  to -t
category N aalrw,  SItmpxific
facmra mE3t b Wallsitd to
&termLrm2  feaaibili~.  Degradaticm
mMrxla,  -r, are typidly not
d for Mc@ aalts.

Mana3emnt Optlom

-t ~ Wt*c -
pral.ly  i@k3ble to all
Cm3gory xv Wurms.  r.b to
th? disp?rad nature of
Caw811Lnatirg activltks,  ad
w tk M@ I.TIhaea ad law
areal extent d gmxkimter
affected, cmrectiw adcma
my be Iind.ted to ~nt
o@lcm3 in ~aulte.



Scure
Catemry

Category V (Prwide  comiuit  or

CorrMnmmt Wittdrd

irduoe diachage vla alterd  flw ~tterm)

TIE qlplidrllity of OxEt Coaair=mt
IIE!ttDdaa  to met category v 9JU(X3
&pen& on d depth. For @mple,
oil Ala, gwtknml wells, erharxd
recou2~  wells, and fdution  minltg
are @ally too &ep for amy of
these umbda.  Only natural cm-
taimem wculd na genetally te re-
striaed ty &ptlw I.imLtd ex@mce
is available -l% hy&tic bartiera
for these &ep acurcea. In ppneral,
appli~tion of any correcti=  =tl.on
alternatiw  to Cat~ry  V acurcea
deperLia  al udlanid axrlition of
WdJs. &t mttmda are qlidle
to ccxwruction exmvation.

cate#Xy VI (Naturall~ ring)

Mcst nrxkdaa  are generally
*1.idle  m all Cat.egxy  VI
Sour-.

‘k qplitility of = wittxiraw+d
mtlmcb (e. g., gravity ~, -
cavation,  * gas wmtirg) to mat
Cate@ry V amrces &pmla on well
depth For ~le, oil wells,
gxxhemal wells, eticed rem.ery
w211s, ad solution mlnirg  are
typidly  too &ep for these neth-
*. Wittxiriual enhXfwEnt is na
~plicable  to pctknmal or wxer
supply ala. only puuping is
generally uwomtraind in its q@i-
cation to Category V auure. All
mtlxxia are Zqlplialble  to
CIXEltruction  excavatim.

Mu3t rtwlmda  genedly  are applicable
to all C.ate@ry  VI me.
Con3trdnirg factors inckk ckpth of
tk saRIX d steal extent arKl
Vob d grcundna ter affecttd.

‘rraaml’lt

N.R. b

In-aiw Rehshil.itation

‘k applicability of differert *t _euent cptiomc am
in-situ rehabilitation netlmda varka ~rally qplicable  to all
by aalrce.  Siwapcific facto= Category v Salrm.
mat k evahted to &terndne  the
f~ibil.1~ of natural promas
restoration. With respect to
dtgrdstion uettods,  oil wdla ad
erkwwed  recouxy  wells are typically
tm Aq, ad &akmtil ~k ~~
an unfauxable umpersture (high) and
ctemtcal IEk31p (brine). lmeri~ of
the water table may k inq~oprlate
for water supply wella.

N.R. b Water table aijustmnt  is llkely to ~t ~ *  w~~c am
k qplicable  m all Cste@ry VI ~rally qplicable  to all
sources. Natural promas restmatlon category VI 9mrCx53.
is UIMIGely to te qlplicable.
&gradation mttods are typically na
used for asks.

a Neitkr steet piles nor cenent  grmt mtof fs have @nerally ~tioured wll in pra2tice  for tteae acur~. Petionmrce d all
netbda inwlvl~ a8terial tarriers are &pen&m on cmqetibili~ with contaminant s present ani @logic  conditions.

b ~ ~=, per se, ~ contautnatim la generally not relevant m tk choice of treatnent  technol@es  exaipt  *far  as it
indicates idllch  specific cinltaldn9nt s my be paent, cent 81dnant concentration, or tte degree of cortauimnt renwit  &sired.

c Smre sutstitutlon  or same rtmoval mgy na be ecotxntldly  feaalble or politically vkble for ~ gmrca in this categoq.

Source: Off ice d Teckdcgy Assessmnt


