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intervention to reduce the mass, toxicity, mobility, volume, or concentration of
contaminants) (US EPA, 1999).
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intrinsic (bio) remediation 012}1 BEJT dl1, WEE ARAZAEE 22849
EQUIEOE HEE 49 LESEA 4FFQ Bal WA AP SY 23 HE

#&, ZRIsh= Aol £Q387 mEol “AAR Aol 801 %ol Monitored T
o}lZ 24l MNA (Monitored Natural Attenuation) 2+t FEE7|% il AP LS
83t E971¥ S RNA (Remediation by Natural Attenuation) 2t BE7]% St
IEAZE A AARZAE ol&% EFEd JEHE 1 BoEd FY
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olEgt Q&) thal US EPA(2001) 71&XIE R3] (Science Advisory Board) &
224E BZto] BAEYE olalchAl R diE 2l S BAISHHA, AIARZ7]
HT HAFG) oy daly xAlg ZHICE dhe e B EHAE
ERIIFTCE. O] {ABolA= AFAAHO] AFRE 712 tiet SE¢ A&
olsiet #F, diE W FTA Bl ZAcks A 2929 J1HY RIS
QIEBIAC

>

2. 33534 JISEMY HAMLE

njZolAE A2 S0 AXYA BHENEY FUE Aolo] RQRZH thsH
Qlalo]l A HalE A=, olEier Haldls B 7K EQ38F Qo] UKt
A=, US EPAS} US Geological SurveyE 402 7t FHEI =83 &Y
Wets AFEAZHE MEL X3IEA, nHESE ZHI) 4HET o] AR
Z 713t FRARCE TFHEA HATE 2P BEAGA] 2EEF Ao] UAH S
2 YUl USS BEAF A5l UEsHA B Aotk
EMle, Adkree Eg] @8 BEXoi AEXHE HEge
I

28]
7

g & Ue 71
AEE IAsh] fdl d& HEY EIIE S AAR tAE JIEEHo] ity
et olEst FZWHol TASKY B EPAdAE AMEAZ7IH thdt H& X
A (Guideline) & WI5HAl S ALt



AAE, US EPAY 27171 dslols Alexzhgol tidh S8 87t
2 423 NRC HIAE 2758 Aol o] BIAE Q@EE EQ- X5ied
9] BA7HO S R ZHO HAMA BSHHOT HHE UTH HES}
Ad

=

'_IL_.

3 S, OREIZMAl FEEAl 22 BEREED ACE XNLHFHLE dFEoojor &
|

HE 0!(' O}d iR

o Bl

thald @S AMAISIECT

=, SabllA] o] 71HE HEAIA B ARIS0] EAxEHA, AAA #F7}
FUE AAR 2ol thgt e1Alo] A L= Act.

AINFOZ Hr} B2 QPEX A AARNAEE AFHOE BEJVIEeE, ®
EA71H dAs B9 § AR BEATIE ARIZE S716HA =HA
} A A9 F& (LUSD E st Al - ELRY B HEF &
ol AIARZAHO] Kk 2g=AdME OF 45% (SF 16,000 BA), EY 2
B 9 10% (S} 6,800 BA) olgde ARKSIL A0l B HE ATt
(Cleary et al., 2001; BEo] EF #x). E3, 54 QESIEZ Q§ A5
e® 22 IHEE SuperFund Sited X|Gle LEEANMT F 749 7 BA
& 22%0l ol 16471 BEAolA AFdXAHE T‘d =, WXe OE S97iEs o

At A8t At (US EPA, 2001).

Ly
=

e

® e o
>
Ol

N
e 0t
2
X

Figure 19. Superfund Remedial Actions:
Groundwater Remedles (FY 1882 - FY 1999)
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) AERAS UAE Lokl U= $44oln (NA happens),

i) 2gd 22Xl doiutil A2H (in situ),

i) LEERS 25T shaldls 7120] 1 (a destruction technique),

iv) 298|8 SHolA] ZAFY 4 2™ (cost cffective),

v) ARIEOEE £2 BEQUHOE HRE 4 U (a good remedy),

vi) THE E71HIE JASK AHSE 4= AUk (a part of a treatment train)

ol AIHAAIIEE Aabel HFESP] AdiMe, 2EXNG FH SFdo tie
B A8 EQH Kol 22l/88E BEHe FE0] tHEolior oitt. 2=
A3 28A (plume) & 015EE BrI6] fdix, BA ARY FEAESE &Y
ol thgt st A4lo] RsiH, QAERX dFolA LEETY 2ot Xzl F
[ 9ge sk nIYEES YESHH B4 Yol vk Eot Al A T
g 8¢ ¥, HAHCE HEEXI Aol dojusA, I Fd AFEEIt
ol®@A WalEle=Al, I8l AldAZo] dojvie BE Bl EYH AskEF0l

WHFER, 1 HE7 AR ol 9ES RIX=N 558 BEGL B7)
7] 918 wT T2 2asi, ARzl g8l QERXL] Bl BYT Al
21, B9 LR BFENY SA S dE/Br A% #0518 PUE BQ
Sk,

2E8 B39 BWIBORA AANLES) NS oA LAY > YN 2
HAEOF o] 71Me MBS Zol T BALS HIF & ojok Fck. DHO

2 Q@B Aol Yol USS YFHor Bk, -@ eEEa(2EY)
A & goid F71sel =AY BrlisAL, tie =arlde
2 W Szol e Yisidol O A A8 Bl AAAYHE NE
4 Tk Uobh Q@A (plume) O ABELS B3] olHEIT YT o
Hge gz 2 + Uk
B, AGRZEY B87HsEE U] ANME dBIFAIE B9 ouE
g 523

o A N2 AB7IZ), ST (HZE), mass balance £ F23] &
Ssleior aim, The Al 7Hxlol W3t BAE AAIGKHOF SIH(EE Table 6 Z5)



) Xskrs FEEEY SIFRAA 2EsT d4
i) QLEEZA 2k Z}4A (loss of mass) & BOFE= X 56H, MESHH A&
i) QLERXA A mA (BEY, Xdlke, dubholx LEEZY 2o, AXE

ARG BB ESHH dEXta

ARARM LY HErhsd e Brishe WAE tes ZtH(E5Y Figure 4 #X).
1644 Review available site data
2ttA: Review/develop site conceptual model
3ttA : Screen data for evidence of NA
4%4A] . Identify additional data requirements
5t 1 Collect additional site data
6247 . Refine site conceptual model
TAA . Interpret data and test fit to conceptual model
84 : Conduct an exposure pathway analysis

ocyA: If accepted, integrate NA into long term site management strategy
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i) 2P A A71% (source-control measures) 3 HA x|ojof &t

iv) QERX O Xel& FA Qo] eFE 37} FHojof &

v) BAESE A1ZHE0E, 504, ...) udl BXE @8 & Jojof g

vi) LUEERY BIRIES EHI ASE F8d] olaishiL Uojor &

ol9} e odF] 7IA HAE JolE, AZUZE Ae|FA LUE B9 tip|
(contingency plan) & ER5IL, A7IEQl T=d WE QLELQIXNY F7|E 3]
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) A7l LERA7H Q3 IS W= FL

i) 28A (plume) 7} ERIEE B3P

i) XA ZO A5t LEERS il FEEIA A2 B2
iv) B1&3A1FQ SHalA G840l g 39

AS7A $6i7 AER Aol UL Y ZAECEE, WY AN &AF
JJr & AE Al YA EAEE E 4 Jrh LHAE] —u_—XﬂEQ.E, AR 2

HEF L/FEY Wl Uehts 712te 883k AOIEE, ol#et 713k
%“?)s}/ﬂﬂ EEX] JAZE S H8dle A BHISK). X 2EEXA w
2 BX|9 £EIXEsEE, X5atE gFo) tigh Btso] thEA UehiH, 3718
oF PR vkEo] FY=EE WP BX 9 gFo] Hild £ U= 7Hsdol
EX Ho}ﬂ olgigt W3yt FFHOE AR 713 AAol &g nlE £ U
T} gkl 2% R QLAEEZF) oY 2EEH0] opMEt o] ER7Y EE
Q%OI i%‘%‘ AejeiH, olEe 2PEIE0] &2 "9‘_ 71202 XAgchs BE0
gitt. Lol LEEZS HYPOZ QT ojXHH = (transform products) & 9
AN FEH2 dHg LEEF A= tEA 1/}5}%‘ ST Aok AE[AEe o
o g 2EAEE AA (source removal) E AAE St It HEHY]
AAZE BEXNEEQ 215-2i 88 g HakFIAY, LIEZTS
9] AN E MASHs 237t FriH, ol 2518 AKdA 7o
T JUCH(NRC, 2000; PE Table 3-2).

4, MA 49 EREE, AdADEHE QEFEXA9 O
0 EBEE WA WHOE MANE B%) Atd. o AENTHE B

Aot} ole} A2 F o=, HIEFMAEQ thde REEZD AAIe
g HBsjot ). E3, AAKNZWES QAR YT BAWHOE Q1415)0]
“All or Nothing” 7@ 22 AEAZHE HEdle 27 Aedl, olEs B2EH
= 7IEQ tUE FEU7IHA0 AAYE ZAESK] HE(treatment train) 3HE A0]
HiR I Bich.
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Table 13 Ztl

TABLE 1: ADVANTAGES AND DISADVANTAGES OF USING NATURAL ATTENUATION

Advantages

Disadvantages

In-sizu destruction - no wastes gencrated and no
cross-media transfer

Natural attenuation is already operating at most
sites

The most toxic and mobile comaminants usually

biodegrade most quickly and reliably

Non-intrusive

Costeetfective

Easily combined with other remedics

No down time due to equipment failures

Time frames may be as tong as remediation by
groundwater extraction and treatment

Long-term monitoring

Aquifer heterogeneity complicates site
characierization (not anique to satural attennation)

Intermediates of biodegradation may be more toxic
than the original contaminants

Oceasionally more expensive than other remedies,
especially pump and treat (due 1o monitoring
requiremenis)

EolE AAR Aol & Jist LEEEN A A
B2 (NRC, 2000; Table 3-6)0l &
22 Z2gERoH, AAE YAl
EZlol gt AlEXZ

AS7A ATZE AN ZRE]
ol AER A 717l st A8t olald =&
Bt o] E& 1999857 7HES AlaE 71
B3N e9 S453 IEE E oidFol] BAIGHEA, ¥
Hol HE7lsde 8E ¢ USE AT

QoZ QEEA BEAVIHOZA AN HEHo] tholAl, Wiedemeier and
Wilson 2 < 20% EEX oA AdAAEo] ¢ BV7|He s 888 ALE
&8 v Aok I, HER718mL HlA (arsenic), B4 B2 QEE B
Aol A E oAl &S R FESH 727 LA LUt IHdE 2
L, @ UE VA 2EEXY oF 50% BF EXOAME tlE 25 7]
Hy @ASKH AERA7IEo] BUleE 888 ALE JEEnH(US EPA,
2001).
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US EPA(2001) 7} AlAX 4 2
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Erd 3} (dechlorination) 12 Q9] TIE 71Z2H0] £Q A
i) Xt FA28 A (UST) 2of
- TIQFSH HARHOA] MTBES THE AMSIAIE9] M EFE B}
- MTBES} 71E} SEANE9 £ (dissolution rates) %t O|SE dIS7IHY
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i) F713ieHE 2oF (4]

20 F35)
Bl A9 &40 1174 3} (immobilization) 71&oll thdk HF

- A3 etEHE 185 QLUEERY Aol E4A (re-mobilization) o] ]
A= G By

- F7IEY F7180] EFE Ao 5249 AS (fate and behavior)
olaH

iv) 8Fd, &4, dleEd9 2¥¥ EJAE (contaminated sediments) &
- 5 B A ZoA] AFRAA S cause-and-effect 712 et &

HE29 AL o]5E HEESH7] YU monitoring EE 1Y
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ol 22 QEEZI EMY uFTHY LEEA et A7IHA @FE + sk
AT

eus | nog ﬁggs

Radloactive waste

+ mixed wastes Amargosa Desert, NV 1976
Sewage effiuent Cape Cod, MA 1979
Crude OIl Bemidji, MN 1983
Gasoline Galloway, NI 1987
MTBE Laurel Bay, SC 1997
Pinal Creek, AZ 1984

Metais (Mine drainage] Upper Arkansas River, CO

ZSIAMAIC Mirror Lake, NH (H| QS X]) 1990
88 o4 Naval Alr Warfare Center, Trenton, N (7120
Landfili leachate Norman, 0K 1995

H&d vl 22 26839 SAVHoEAS] AEAAH Bael /Mde n)
ZolA] AlEkEol Fa] KoM QAFI U Aotk T2k 7 AlAE A}
FARZHE S QlAalgh=dl 2RI XJolE BHolx Urh

FEoAME ANAAAHE ) A BrE A BEHQ oA, E= i)
7198 (a monitoring technique), & iii) IESZEY EA7IHOE QgL 9,10
L, AZA0 2ESA9 EQU|HOZE Q1™ = =7k 18] BA Rk

J[)!'
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ll

A, g=, vgds, 59u AEAAHe H87tsd 8
9] A7 (guideline) & AMAIGIL UM, o] eHE HE
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Agolct. A@AZ 7120l thalMe, 84 (dilution) ZEE
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OIA] 931 AAEL, FHFHoZE= LEEHY Xz FrloA sldd gt A o
g 717l ot [z 2216717 ofEnt

FEolMg A@AZ BE g@FE dF, s, FYo] FE52 o|F0 Y
I Yom, TE 713 iEsel dF TEIYE thadt 2th

- CLARINET - Contaminated Land Rehabilitation Network for Environmental
Technologies in Europe

* NICOLE - Network for Industrially Contaminated Land in Europe

- NATO-CCMS (Committee on the Challenges of Modern Society): Pilot
study

- UK Environmental Agency - SIREN (Sites for Innovative REsearch on
monitored Natural attenuation)

- NNAGS - Network on Natural Attenuation in Groundwater and Soil

« GPRG - Groundwater Protection and Restoration Group

SHIZZIASHEU) lAE 1998A ©o]F mlwd National Conference on Natural
Attenuation in Contaminated Land and GroundwaterE 71& &l R} X 2ol B3
AFEHES dA MY SHE Hal guer ZAF sleEsE 85kl Uttt

3.2 9

Aest HBolA AlAAZY oot HakA
I A Xl w0 fEoAe dEEE
%’%T—% FEH oz B wf, B 7IX9] SA4FQ) A}
HRXQ dF BAVIHOEA AEAZAHEE Lede wolE, BlE3 Al
(reasonable time) 9] E&17F 718 £33 AFgo] BT (EE Table 4 AHX). olgidh
ZHolA] 28 AA (source removal) 7} FAEH, T2 271110 @AM EO]
ZERCL Vot A71AQ! monitoring®l 718 R} technology® ZHESHA EHE
%, XZESt monitoring 7IHY BI71e 9 JiEo] QA Hoh dE &
EINOIHEQAAE 0|83 889 AHAZE monitoring € S 4 Ttk

715, Bl ozMY BN

21ers) Am I olzigh Ul
g gor tiew 2o
2
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SHEQ 729 AATHE ofF] plehd 9] JHoltt AAMAEES 2
23 MY B, 2EREA9 FEIAF-EH, XFEE gF, 289223 mA
FE - FNINSEE 45HHE0 BEY, SHRLAPEFAA v T Bk
712 Boll A FES BT wEid ol =3 @79 tigol HiA U= 7
soltt (o; @714 di8ol o9&l WH"E Ask: WY FAaEA] reductive
dechlorination §+219] ). olzist FHE HJEHCZE olXlL +H2 EFME

ol EEixol & SAE olthe Yu|ZE tVlE & ATH

i

2 Q17 Blgld HUFCZ F2 B olglg 7H U] dddlA 2
e Egul X5k 829 BAEAE on Y X7t olligt 289 ZAE
T7IA7) AlZC) 2dE 89 5ee WYY AuE g 2igol olal 2
58 dopla J= 2EIEA FAd Rolth. ME 8419 mAHgollA, B4 23
SolA, QIEQ EdhiolAl, QFRoA], AFAL.. Hols REL HOX &2
L AAishs 2471 88 BE Sl gle 8Z 28 A B olyd fele Al
EX %l A HIBCZE AUigl EFHE e E + U= ASHHA 24
=2 7lge dychedl, AFso] & Fo] E = UsE HAHUIHL
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data were obtained from Tulis et al. (1998).

_F1G.1 Technologies utilized to remediate groundwater at LUST sites (FY 1997

from Cleary et al. (2001) whose
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FIG.2 Technologies utilized to remediate soil at LUST sites (FY 1997, total
=69,248 sites). The figure was modified from Cleary et al. (2001) whose
data were obtained from Tulis et al. (1998).
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TABLE 3-6 Likelihood of Success of Natural Attenuation

Likelihood of
Dominant Current Success Given
Attenuation - Level of Current Level of
Chemical Class Processes Understanding? Understanding?
Organic
Hydrocarbons
BTEX Biotransformation High High
Gasoline, fuel oil Biotransformation Moderate Moderate
Nonvolatile aliphatic Biotransformation, Moderate Low
compounds immobilization
Polycyclic aromatic Biotransformation, Moderate Low
hydrocarbons immobilization
Creosote Biotransformation, Moderate Low
immobilization
Oxygenated hydrocarbons
Low-molecular-weight Biotransformation High High
alcohols, ketones,
esters
MTBE Biotransformation Moderate Low
Halogenated aliphatics
Tetrachloroethene, Biotransformation Moderate Low
trichloroethene,
carbon tetrachloride
Trichloroethane Biotransformation, Moderate Low
abiotic ’
transformation
Methylene chloride Biotransformation High High
Vinyl chloride Biotransformation Moderate Low
Dichloroethene Biotransformation Moderate Low
Halogenated aromatics
Highly chlorinated
PCBs, tetrachloro- Biotransformation, Moderate Low
dibenzofuran, immobilization
pentachloro-
phenol, multi-
chlorinated
benzenes
Less chlorinated
PCBs, dioxins Biotransformation Moderate Low
Monochlorobenzene Biotransformation Moderate Moderate
Nitroaromatics
TNT, RDX Biotransformation, Moderate Low
abiotic
transformation,
immobilization
continues
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TABLE 3-6 Continued

Likelihood of
Dominant Current Success Given
Attenuation Level of Current Level of
Chemical Class Processes Understanding® Understanding®
Inorganic
Metals
Ni Immobilization Moderate Moderate
Cu, Zn Immobilization Moderate Moderate
Cd Immobilization Moderate Low
Pb Immobilization Moderate Moderate
Cr Biotransformation, Moderate Low to
immobilization moderate
Hg Biotransformation, Moderate Low
immobilization
Nonmetals
As Biotransformation, Moderate Low
immobilization
Se Biotransformation, Moderate Low
immobilization
Oxyanions
Nitrate Biotransformation High . Low
Perchlorate Biotransformation Moderate Low
Radionuclides
(] Immobilization Moderate Moderate
137¢q Immobilization Moderate Moderate
3H Decay™ High Moderate
90gyr Immobilization High Moderate
99T¢ Biotransformation, Low Low
immobilization
238,239,240py Immobilization Moderate Low
235,238y Biotransformation, Moderate Low

immobilization

NOTE: Knowledge changes rapidly in the enivironmental sciences. Some contaminants not
rated as having high naturai attenuation potential could achieve this status in the future,
but this table represents the best understanding of natural attenuation potential at this time.

4 Levels of understanding: “high” means there is good scientific understanding of the
processes involved, and field evidence confirms attenuation processes can protect human
health and the environment. “"Moderate” means studies confirm that the dominant attenua-
tion process occurs, but the process is not well understood scientifically. “Low” means
scientific understanding is inadequate to judge if and when the dominant process will
occur and whether it will meet regulatory standards. . . .

b “Likelihood of success” relates to the probability that at any given site, natural attenua-
tion of a given contaminant is likely to protect human health and the environment. “High”
means scientific knowledge and field evidence are sufficient to expect that natural attenua-
tion will protect human health and the environment at more than 75% of contaminated
sites. “Moderate” means natural attenuation can be expected to meet regulatory standards
at about half of the sites. “Low” means natural attenuation is expected to be protective at
less than 25% of contaminated sites. A “low” rating can also result from a poor level of
scientific understanding.
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Figure 4: Flowchart to Evaluate and implement Natural Attenuation
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TABLE 3-2 Potential Effects of Other Remediation Activities on Natural

Attenuation
Natural Attenuation of Natural Attenuation of
Petroleum Hydrocarbons Chlorinated Solvents
Other
Remediation Possible Possible Possible Possible
Activities Benefits Detriments Benefits Detriments
Excavation and  Remove mass; Alter flow field; Mass Interfere with
backfilling enhance enhance removal anaerobic
oxygen input spreading degradation;
alter flow field;
enhance
DNAPL
spreading
Capping Reduce Enhance Enhance Enhance
contaminant  spreading of anaerobic spreading of
flux to vapors; reduce degradation  vapors; reduce
groundwater oxygen input fermentative
creation of
substrates;
reduce oxygen
input for vinyl
chloride
biodegradation
Pump and treat  Contain Reduce time Contain Reduce time for
(for plume plume available for plume natural
capture) atteruation attenuation;
reactions introduce
oxygen into
plume and
source area
Pump and treat  Control Reduce time Control Introduce
(for mass source; available for source; oxygen;
removal) enhance attenuation reduce interfere with
electron - reactions time for anaerobic
acceptor attenuation degradation
delivery reactions
Free-product Decrease None Reduce Remove
recovery source mass source electron donor
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TABLE 3-2 Continued

Natural Attenuation of Natural Attenuation of
Petroleum Hydrocarbons Chlorinated Solvents
Remediation Possible Possible Possible Possible
Activities Benefits Detriments Benefits Detriments
In-well Remove Interfere with Remove Interfere with
stripping and  mass; anaerobic mass; anaerobic
recirculation  enhance degradation enhance degradation
aerobic aerobic
degradation degradation
Soil vapor Remove Interfere with Remove Interfere with
extraction mass; anaerobic mass; anaerobic
enhance degradation enhance degradation;
aerobic aerobic remobilize
degradation degradation = DNAPL
Air sparging Remove Interfere with Remove Stop anaerobic
mass; anaerobic mass; degradation;
enhance degradation enhance remobilize
aerobic aerobic. DNAPL
degradation degradation
Bioslurping Control None Enhance Interfere with
source; aerobic anaerobic
enhance degradation  degradation
aerobic
degradation
Passive Oy Enhance Not applicable Enhance Interfere with
addition aerobic aerobic aerobic
degradation degradation  degradation
Carbon sources - Not Not Stimulate Result in
addition applicable applicable aerobic incomplete
cometabolism utilization of
or anaerobic  carbon source;
dechlorination form
byproducts
Cosolvent or Remove Cause spreading Remove Spread
surfacant mass of contaminant; mass contaminant;
flooding result in result in
incomplete incomplete
removal of removal of
cosolvent or cosolvent or
surfactant surfacant;

’ result in
removal of
electron donors

Thermal Remove Sterilize the Remove Sterilize the
treatment mass site for mass site for
indeterminate indeterminate
time; spread time; spread
contamination ) contamination
Chemical Remove Produce Destroy Produce toxic
oxidation mass explosive DNAPL byproducts and
vapors; mass explosive
sterilize the vapors; sterilize
site the site
Phyto- Remove Transfer Remove Transfer
remediation mass ’ contaminant mass contaminant
across media across media
Zero-valent Not Not Reduce Add dissolved
metal walls applicable applicable contaminant  iron
mass flux

SOURCE: Adapted and modified from Department of the Navy, 1998.
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Table 4: Cost Comparison of Natural Attenuation to other
Remedial Technologies

Present Cost estimates for natural attenuation of a typical
chlorinated solvent plume and of a typical pump and treat system
as an alternative remedy.

Assume:
- 20 monitoring wells
- RI completed
- Long term monitoring PC = 11.44 x recurring charges
- 3% inflation rate and 12% discount rate

Present Cost of a natural attenuation remedy

Up front costs - one time costs

- Monitoring, incl intrinsic parameters $20,000
- Groundwater modeling $50,000
- Intrinsic proposal report $15,000
- Negotiation support $10,000
- Report in response to Government $10,000
- 1Install three new sentinel wells @ $10,000 $30,000

Total $135,000

Yearly costs for lifetime of natural attenuation (based on 30-
years net present value)

- 2 sampling events per year - 20 wells - analyze
for VOC's and intrinsic parameters
2 mob's at $10M + $566/sample*40 samples
(8015[$125]1;8240[$2571;9060([$25];6010([%801];
353.2([$15]1;375.4[$20];325.3([$10];310.11[%171;

415.1[817)) $42,600

- Two summary reports per year, one long one short $15,000
- Well maintenance $10,000
Total $67,600

Present Cost Estimate

- One time costs $135,000
- Recurring charges $773, 300
Total $908, 300
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Present cost of a simple pump and treat system

Up front costs

- Monitoring for design parameters

- GW Modeling

- Design and install equipment ($10M/gpm) [50gpm]

- Design Report
- Negotiation Support

Yearly on-going P&T O&M Costs
Inclusive of sampling events

- ($5/1000 gallons) [25MM gallons/year)

- Reporting

Pump and treat Present Cost estimate

One time costs
PC of O&M costs

Total

Total

Total

$ 20,000
$ 50,000
$500, 000

$590,000

$125,000
$ 10,000

$135,000

$590,000
$1,544,000

Cost difference between remedies

PC of pump and treat remedy
PC of natural attenuation remedy

Difference =

$2,134,000
$ 908,300
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0004838

visitors since October 27, 1999

EPA Home | Privacy and Secuyrity Notice | Contact Us

Last updated on Tuesday, April 9th, 2002
URL: http://www .epa.gov/swerust1/oswermna/index.htm
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Natural Attenuation
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A unifying theme of Toxics Program investigations is the characterization
of the natural response of hydrologic systems to contamination. This
makes the sites where the investigations are conducted ideally suited to
assessing potential long-term impacts, evaluating the potential and the
limitations of remediation by natural attenuation, and designing systems
to monitor the performance of remediation where natural attenuation is

being relied upon.

Toxics Program Projects on Natural Attenuation

Hydrocarbons:

Bemidiji, MN (crude oil)

» Galloway, NJ (gasoline)

Laurel Bay, SC (oxygenated fuel)

Sewage Effluent:

Massachusetts Military Reservation,

Cape Cod, MA
Bacteria-Contaminant Interactions

Landfill Leachate:

« Norman Municipal Landfill, Norman, OK
o Geochemical Studies at the Norman

Landfill

Fractured Rock:

Mirror Lake, NH (uncontaminated)
Naval Air Warfare Center, Trenton, NJ
(solvents)

Radioactive and
Mixed Wastes:

Amargosa Desert Research Site, Beatty,
NV :

Metals:

Pinal Creek, AZ (a mined watershed)

watershed)

Organic Chemicals:

Fate of Organic Chemicals in Subsurface
Environments

Microbiology and Molecular Ecology of
biogeochemical cycles in aquatic
environments

Comparative Study of Organic
Degradation in Selected Hydrologic
Environments

Fate and Transport of Immiscible
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United States Office of Solid Waste and
Environmental Protection Emergency Response
Agency (5102G)

EPA 542-F-01-004

April 2001
www.epa.gov/superfund/sites
www.cluin.org

$EPA A Citizen’s Guide to
Monitored Natural Attenuation

The C'itizen"s Guide Series

EPA uses many methods to clean up pollution at Superfund and other sites. If you live, work, or go to school near
a Superfund site, you may want to learn more about cleanup methods. Perhaps they are being used or are pro-
posed for use at your site. How do they work? Are they safe? This Citizen’s Guide is one in a series to help

answer your questions.

How does it work?

1. Tiny bugs or microbes that live in soil and ground-
water use some chemicals for food. When they
completely digest the chemicals, they can change them
into water and harmless gases. (A Citizen's Guide to
Bioremediation [EPA 542-F-01-001] describes how
microbes work.)

chemical

soil

3. Aspollution moves through soil and groundwater, it
can mix with clean water. This reduces or dilutes the
pollution.
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What is monitored natural attenuation?

Natural attenuation relies on natural processes to clean up or aztenuate pollution in soil and
groundwater. Natural attenuation occurs at most polluted sites. However, the right conditions
must exist underground to clean sites properly. If not, cleanup will not be quick enough or
complete enough, Scientists monitor or test these conditions to make sure natural attenuation
is working. This is called monitored natural attenuation or MNA.

When the environment is polluited with chemicals, nature can work in four ways to clean it up:

2. Chemicals can stick or sorb to soil, which holds them in
place. This does not clean up the chemicals, but it can keep
them from polluting groundwater and leaving the site.

groundwater
flow

chemical




For more

information
write the Technology
Innovation Office at:

U.S.EPA (5102G)
1200 Pennsylvania Ave.,
NW

Washington, DC 20460

or call them at
(703) 603-9910.

Further information also
can be obtained at
www.cluin.org or
www.epa.gov/
superfund/sites.

4. Some chemicals, like oil and solvents, can evaporate, which
means they change from liquids to gases within the soil. If these
gases escape to the air at the ground surface, sunlight

may destroy them.

gaéé‘sv'-is.'é . ground surface
through soil

- chemical
evaporates

MNA works best where the source of pollution has been removed. For instance, buried waste
must be dug up and disposed of properly. Or it can be removed using other available cleanup
methods. After the source is removed, the natural processes get rid of the small amount of

pollution that remains in the soil and groundwater. The soil and groundwater are monitored
regularly to make sure they are cleaned up.

Is it safe?

MNA can be a safe process if used properly. No one has to dig up the pollution, and nothing
has to be added to the land or water to clean it up. But MNA is not a “do nothing” way to clean
up sites. Regular monitoring is needed to make sure pollution doesn’t leave the site. This
ensures that people and the environment are protected during cleanup.

1 How long will it take ?

The time it takes for MNA to clean up a site depends on
several factors:

+ type and amounts of chemicals present
* size and depth of the polluted area
= type of soil and conditions present

These factors vary from site to site, but cleanup usually takes years to decades. MNA -
is used when other methods will not work or are expected to take almostaslong. '_
Sometimes MNA is used as a final cleanup step after another method cleans up most . -

of the pollution. . v

Why use monitored natural attenuation?

Depending on the site, MNA may work just as well and almost as fast as other methods.
Because MNA takes place underground, digging and construction are not needed. As a result,
there is no waste to dispose of in landfills. This is less disruptive to the neighborhood and the
environment. Also, it allows cleanup workers to avoid contact with the pollution. MNA requires
less equipment and labor than most methods. Therefore, it can be cheaper. Monitoring for many
years can be costly, but it may cost less than other methods.

MNA is the only cleanup method being used at a few Superfund sites with groundwater pollu-
tion. Atover 60 other sites with polluted groundwater, MNA is just one of the cleanup methods
being used. MNA also is used for oil and gasoline spills from tanks.

NOTE: This fuct sheet is intended solely as general guidance and information to the public. It is not imtended, nor can it be relied

upon, 1o create any rights enforceable by any party in litigation with the United States, or to endorse the use of products or services
provided by specific vendors. The Agency also reserves the right 10 change this fact sheet at any time without public notice.
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