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WOC Natural Attenuation Analysis

Chlorinated hydrocarbons can degrade under a variety of environmental conditions. However, the
most important process for the natural biodegradation of the highly chlorinated solvents, such as
PCE and TCE, is reductive dechlorination. During this process, the chlorinated hydrocarbon 1s used
as an electron acceptor, not as a source of carbon, and a chlorine atom 1s removed and replaced with
a hydrogen atom. The following process illustrates the transformation of chlorinated ethenes via
reductive dechlorination:

PCE = TCE = DCE = V(C = Ethene = Ethane
or
PCE = TCE = DCE = V(C = Carbon Dioxide

In general, reductive dechlorination occurs by sequential dechlorination from PCE to TCE to DCE
to vinyl chloride (VC) to ethene. Depending upon environmental conditions, this sequence may be
interrupted, with other processes then acting upon the products. During reductive dechlorination,
all three isomers of DCE can theoretically be produced. However, Bouwer (1994) reports that under
the influence of biodegradation, ¢is-1,2-DCE is a more common intermediate than #rans-1,2-DCE,
and that 1,1-DCE is the least prevalent of the three DCE isomers when they are present as daughter
products. Reductive dechlorination of chlorinated solvent compounds is associated with the
accumulation of daughter products and an increase in the concentration of chloride ions. Reductive
dechlorination affects each of the chlorinated ethenes differently. Of these compounds, PCE 1s the
most susceptible to reductive dechlorination, because it is the most oxidized. Conversely, VCisthe
least susceptible to reductive dechlorination, because it is the least oxidized of these compounds. As
a result, the rate of reductive dechiorination decreases as the degree of chlorination decreases.

For the WOC site, to determine the occurrence of natural attenuation under the site-specific
conditions, a total of four rounds of natural attenuation groundwater sampling were conducted on
selected wells in November 1996, June 2001, June 2003, and January 2004. The groundwater
samples were analyzed for the presence of the primary contaminants, as well as their daughter
products, such as DCE and VC. The samples were also analyzed for other geochemical parameters,
such as dissolved oxygen (DQ), ferrous iron, nitrate, nitrite, sulfate, sulfide, methane, chloride, total
organic carbon (TOC), pH, oxidation/reduction potential (ORP), temperature, and alkalinity. The
analytical results are summarized in Table J-1. The results from June 2003 and January 2004 are
also presented on Figures J-1 and J-2, respectively. The laboratory reports are contained in
Appendix H.

To determine if biodegradation is occurring under the site-specific conditions, a systematic
evaluation is conducted of the chemical and geochemical data collected during the natural
attenuation sampling. The values of all chemical and geochemical parameters are compared to a
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critical value, and a score value is awarded based on the likelthood that biodegradation is occurring.
This evaluation method is based on the fact that biodegradation will cause predictable changes in
groundwater chemistry. For example, if the DO concentration in the area is less than 0.5 mg/l.,
which indicates that reductive dechlorination is likely, three points are awarded; if the DO
concentration is greater than 5 mg/L, which prohibits the anaerobic reductive dechlorination,
negative (-) 3 points are awarded. The score awarded to a well is a sum of the points awarded for
each chemical or geochemical parameter. The likelithood that the biodegradation is occurring is
interpreted based on the scoring system as follows:

Biodegradation Evaluation Criteria

SCORE INTERPRETATION

0to5 Inadequate evidence for anaerobic reductive dechlorination of chlorinated
compounds.

6to 14 Limited evidence for anaerobic reductive dechlorination of chlorinated
compounds.

15 to 20 Adequate evidence for anaerobic reductive dechlorination of chlorinated
compounds.

>20 Strong evidence for anaerobic reductive dechlorination of chlorinated
compounds.

An evaluation of January 2004 sampling results is shown in Table J-2.

As shown in Table J-2, the scores from all the LSGS wells are less than 1, indicating inadequate
evidence in support of anaerobic biodegradation of chlorinated compounds. Evaluation of the
parameters from shallow well MW-2018 resulted in a score of 5, indicating a possibility for slight
biological activities in the shallow aquifer. This is believed to possibly be occurring due to the
presence of the petroleum impacted site(s) to the east.

In summary, although chlorinated hydrocarbon concentrations are generally decreasing, preliminary
natural attenuation screening for this site suggests that anaerobic biodegradation through reductive
dechlorination is not the primary cause. The decrease in contaminant concentrations observed within
the LSGS unit, and the current plume definition, is the result of attenuation mechanisms such as
sorption, dilution, evaporation, dispersion, or abiotic degradation.
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Table J-1
Analytical Results for Natural Attenuation Parameters

Natural Attenuation Parameters
Date

Well 1D | o plea| D.O. | Nitrate | Fe? | Sulfate | Suifide | Alkalinity | Chioride | TOC H ORP
{mg/l) | (mgil} | (mgil} { {mall) | (mgiL) {mg/L} {mg/L} {mg/L) P mv

MW-1S 11/18/96 NT NT NT 57 NT 170 160 4.6 7.40 NT
MWW-2S 11/19/96 NT NT NT 72 NT 190 170 4.5 7.60 NT
MW-35 11/19/98 NT NA NT 94 NA 150 230 3.8 7.40 NT
06/12/01 NT .81 NA 210 0.5 555 520 NT NA NA

MW-48 11/18/96 NT NT NT 69 NT 200 150 5.0 7.40 NT
0606701 NT 0.77 NA 58 0.5 152 140 NT NA NA

MW-53 11/18/96 NT NT NT a7 NT 220 140 3.9 7.30 NT
06/08/01 NT .29 NA 16 < 0.50 218 160 NT NA NA

MW-65 11/20/96 NT NT NT 76 NT 230 120 37 7.40 NT
MW-75 11/19/96 NT NT NT 118 NT 94 180 5.6 7.80 NT
MW-100S8 | 06/18/03 | 6.14 1.5 NT 84 NT 190 180 <10 7.70 85
09/19/03 510 1.4 0.0 83 0.0 210 180 1.53 7.01 208

Mw-102S | 06/11/01 INA 2.0 NA 91 NA 238 95 NT NA NA
06/17/03 5.90 4.2 0.4 a¢ ND 390 28 <20 777 160

MW-1035 | 06/07/01 NA 2.1 NA a7 <05 242 220 NT NA NA
MW-10438 | 06/11/01 NA 0.48 NA 93 NA 211 140 NT NA NA
06/17/03 6.43 1.2 NT 100 NT 290 140 <20 7.83 183

09/19/03 5.98 1.3 0 97 0.0 410 160 < 1.0 6.97 414

MW-201S | 06/18/03 5.04 71 0.1 130 ND 340 340 <5.0 7.32 148
09/18/03 5.20 7 0.2 130 0.0 370 130 1.25 6.81 320

01412104 4.52 3 <0.1 130 <0.1 300 260 <5.0 7.32 180

ARCO Mw-2! 06/18/03 1.60 <0.2 <01 100 ND 580 460 1.1 6.67 164
09/19/03 2.42 <0.20 0.1 100 0.0 560 a7 <1.00 8.35 190

MW-2iM 12/05/26 NT NT NT 88 NT 180 240 3.2 7.90 NT

’ 06/14/1 NA NT NA 130 NA 360 260 NT NA NA
06/13/03 5.28 8.6 3.0 120 ND 160 290 <1.0 7.78 33

04/12/04 5.92 7.7 <01 120 <0.1 180 300 <1.0 7.85 121

MW-3M 12/03/96 NT NT NT a7 NT 180 240 NT 7.40 NT
(6/16/03 5.12 NT NT NT NT NT NT NT 7.53 85

MW-4M 12/02/96 NT NT NT 72 NT 4160 200 3.4 7.70 NT
06/14/01 NA NT NA 100 NA 188 280 NT NA NA

06/16/03 5.88 NT NT NT NT NT NT NT 7.80 58

MW-BM | 12/06/26 NT NT NT 130 NT 260 270 4.6 6.80 NT
06/14/01 NA NT NA 400 NA 279 320 NT NA NA

06/13/03 | 7.45 NT NT NT NT NT NT NT 7.55 55

Table J-1 MNA Parameters.xis
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Table J-1
Analytical Results for Natural Attenuation Parameters

Natural Attenuation Parameters
Date

WellID | o mpled| DO. | Nitrate | Fe™ | Sulfate | Sulfide | Abkafinity | Chloride | TOC H ORP
(mgil) | (mgi) | (mgi) | (mgi) | (mo/L) | (mgi) | (mgi) | (mgn) | P mv

MW-7M 12/05/96 NT NT NT 71 NT 170 170 3.8 7.50 NT

06/17/03 3.90 NT NT NT NT NT NT NT 7.64 86

MW-105M | 06/04/01 NA NT NA 103 NA 175 250 NT NA NA
06/12/03 4.92 6.5 <0.1 96 ND 180 270 <1.0 7.36 122

01/12/04 { 5.75 7.8 <0.1 110 <C.1 180 280 <t.0 7.78 104

MW-107M | 06/04/01 NA NT NA 120 NA 182 320 NT NA NA
068/13/03 | 5.95 6.5 1.5 110 ND 190 290 1.2 7.27 139

08/19/03 4.89 5.9 0.0 100 0.0 200 110 <1.00 6.75 222

01/12/04 6.73 6.5 <0.1 110 <0.1 180 290 1.2 7.29 158

Mw-108M | 06/16/03 0.46 6.0 1.0 120 ND 100 280 <1.0 7.05 187
09/22/03 8.06 4.7 0.0 97 0.0 250 270 <1.0 6.76 258

01/12/04 7.84 4.8 <0.1 110 <0.1 250 270 <1.0 7.57 216

MW-100M | 06/16/03 5.04 9.2 1.0 110 ND 260 410 <1.0 7.28 174
09/22/03 4.70 7.6 G.0 84 0.0 160 420 <1.0 6.74 354

01/12/04 5.47 8.4 <0.1 o7 <0.1 170 470 <1.0 7.25 166

MW-110M | 06/17/03 3.01 1.6 <0.1 91 ND 180 170 3.5 7.69 114
09/22/03 3.29 1.4 0.1 80 0.0 17G 170 <1.0 7.10 293

01/12/04 3.40 1.8 <0.1 o7 <01 180 190 3.5 7.57 145

* Notes: CaCQ, = Calcium Carbonate

mg/L = mitigrams per liter

D.0. = Dissolved Oxygen

ORF = Oxidation-Reduction Potential
TOC = Total Qrganic Carbon

DOC = Dissclved Organic Carbon

For the June 2003 sampling event, field test kits were used to determine Ferrous iron (Fe ) and Sulfide concentrations.

NA = Data collected by thers, but not available to GeoTrans
NT = Not tested or analyzed
ND = Not deiected at or above method reporting lmit

Table J-1 MNA Parameters.xis
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For the Sampling Event of January 2004

Table J-2
Analytical Parameters and Weighting for Preliminary Screening for Anerobic Biodegradation Process

Criterium #1 Criterium #2 Wells at center of the plume ‘Welis at down gradient of the plume

MW-2M MW-201S MW-105M MW-107M MW-108M MW-109M MW-110M
Parameters Unit | Conc. Score | Conc. Score Conc. | Score | Conc. | Score | Conc. | Score | Conc. | Score | Conc. | Score | Conc. | Score | Conc. | Score
Dissolved Oxygen' | mg/L <0.5 3 >5 -3 5.92 -3 4.52 0 5.75 -3 6.73 -3 7.84 | -3 5.47 -3 3.40 0
Nitrate mg/L <1 2 >1 0 7.7 0 3 0 7.8 0 6.5 0 4.6 0 9.4 0 1.6 0
Ferrous iron mg/L <1 0 >1 3 <0.1 0 <0.1 0 <0.1 0 <0.1 0 <0.1 0 <0.1 0 <0.1 0
Sulfate mg/L <20 2 >20 0 120 0 130. 0 110 0 110 0 110 0 97 0 97 0
Sulfide mg/L <1 0 >1 3 <0.1 0 <0.1 0 <0.1 0 <0.1 0 <0.1 0 <0.1 0 <0.1 0
Methane mg/L <0.5 0 >0.5 3 - - 0.00067 0 0.0012 0 0.029 0 0.0008 0 0.015 0 0.0064 0
ORP? mv <-100 2 <50 1 121 0 180 0 104 0 158 0 216 0 166 0 145 0
pH - 5<pH<9 0 <5, or >0 -2 8.00 0 7.79 0 7.78 0 7.29 0 7.51 0 7.25 0 7.57 0
TOC mg/l. <20 0 >20 2 <1.0 0 <5.0 0 <1.0 0 1.2 0 <1.0 0 <1.0 0 <1.0 0
Temperature F <20 0 >20 1 22.84 1 22.01 1 24.51 1 25.81 1 24.38 1 25.72 1 23.57 1
CO2 mg/L | <2x bg 0 > 2X bg. 1 -~ - - - - - - -- -- -- -~ -~ -~
Alkalinity mg/L | <2x bg 0 > 2x bg. 1 180 0 300 0 180 0 190 0 250 0 170 0 180 0
Chioride mg/L | <2x bg 0 > 2x bg. 1 300 0 260 0 280 0 290 0 270 0 470 0 190 0
hydrogen ng/L <1 0 >1 3 - - -- - - - - -~ -- - -- -- -
BTEX mg/l. <0.1 0 >0.1 2 <0.001 0 <0.001 0 <0.001 0 <0.001 0 <0.001 0 <0.001 0 <1.0 0
DCE?® ug/L <ND 0 >ND 2 <1.0 0 1.5 2 1.5 2 1.5 2 <1.0 0 <1.0 0 <1.0 0
vC? ug/L <ND 0 >ND 2 <1.0 0 <1.0 0 <1.0 0 <1.0 0 <1.0 0 <1.0 0 <1.0 0
DCA® ug/L <ND 0 >ND 2 <1.0 0 <1.0 0 <1.0 0 <1.0 0 <1.0 0 <1.0 0 <1.0 0
Chloroethane® ug/L <ND 0 >ND 2 <1.0 0 <1.0 0 <1.0 0 <1.0 0 <1.0 0 <1.0 0 <1.0 0
Ethene+Ethane ug/L >10 2 >100 3 0 0.021 0 0.034 0 0.9 0 0.049 0 <(.005 0 0.036 0
Chloroform ug/L <ND 0 >ND 2 <1.0 0 10 2 <1.0 0 <1.0 0 <1.0 0 <1.0 0 <1.0 0
Total Score -2 5 0 0 -2 -2 1
Note:

1: If oxygen concentration is between 0.5 to 5 mg/L, score is 0
2: If ORP is greater than 50, score is 0

3. Points awarded only when the compound is a doughter product, not material released

-- Not measured or not avaifable

Source: -EPA, Technical Protocal for Evaluating Natural Attenuation of Chlorinated Solvent in Groundwater. EPA/G00/R-98/128
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Well 15 MW-108M

weill iD: MW-110M

Compound Conc.
Sulfate 91 {mg/L) .
Methane | .11 (ug/L) : .
TGC 3.5 {mg/l) '%SRP&;E:_Z‘?{V .
Alkalinity | 180 (mg/L)
Nitrate 1.6 (mg/L) |
Chloride 170 (ma/k.)
Fe?* NA
E/E 0.071 (ug/L)
Dis. Oxygeni 3.01 (mg/L}
ORP gy 1 MWTT0M

Compound cong.
Sulfate 120 (mg/L) §.
Methane 82 {ug/L)
TOC <1.0 (mo/l}
Alkalinity | 100 (mg/L)
Nitrate 6.0 {mg/L)
Chioride 280 {mg/l)
Fe?* NA
E/E <0.005
Dis. Oxygen| 2.46 {mg/L)|
ORP 187 (mV)
Explanation

& Deep Groundwoter Moniloring Wells

# Intermediote Groundwater Monitering Wells

# Sheollow Groundwater Monitering Wells

o MLIOBM.
I L ]
= WelliD: MW-100M
\ Compound Conc.
) Sulfate 110 {mg/L)
s Methane 1.0 {ug/L)
TOC <1.0 (mglL)
Alkalinity 260 (mg/L)
Nitrate 9.2 (mg/L)
Chloride 410 (mg/L)
Fe'' NA
E/E 0.093 (ug/L)
Dis. Oxygen| 5.04 (mg/L)
ORP 174 (mV)

@ WCP Wells
#  ARCO Wwall

<+ Production Well

SRE WELL
G5E-7. 7PN
Well ID7 MW-105M
Compound Conc.
Sulfate 96 {mg/L)
Methane 1.1 {ug/l)
JGC <1.0 {(mg/L)
Alkalinity | 180 (mg/L)
Nitrate 6.5 (mg/t}
Chioride | 270 (mg/L)
Fel” NA
E/E 0.037 {ug/l}
Dis. Oxygen| 4.92 {mg/t}
122 (mV)

Well ID; MW-107%

Compound Canc. R
Sulfate 110 {mg/L} e
Methane | 72 (ug/l} i~
TOC 1.2 {(mg/L)
Alkalinity 190 (mg/t)
Nitrate 6.5 (mg/L)
Chloride 290 {mg/l)
Fe?* NA
N E/E 051 fugll) | -
Dis. Oxygeni 5 95 (mg/L)
QRP 139 {mV}
0 1000

Well 1) MW-2M
: Compound Cone.
'g " Sutfate 120 {mg/L)
n Methane | 65 (ug/l)
TOC <1.0 (mg/L)
Alkalinity | 160 {mg/L)
P = Nitrate 8.6 (mgiL) 3
B - Chionde | 280 {mg/L)
Fe* NA
E/E 026 {ug/L)
Dis. Oxygen| 5.28 (mg/L)
ORP 33 ({mv

+SHP WELL
10567 7N
Well ID: MW-100S5
Compound Conc.
Sulfate 84 (ma/l)
Methane | 0.57 (ugil)
TOC <10 (mg/L)
Alkatinity | 190 (mgiL})
Nitrate 1.5 (mg/l.)
b Chloride | 180 (mg/L})
MT038 Fe? NA
@ E/E 0.095 (ug/L)
Dis. Oxygen| 6.14 {ma/L)
QRP B85 (mV)

4 DANONE WATER OF N, AMERICA

APPROXIMATE SCALE IN FEET

Weli ID: ARCO MW-2

Well [ MW-201S
Compound Conc, Compound Cong.
Suifate 130 (rmg/L) N, Suifate 100 (mg/L)
Methane 0.38 {ug/L) Methane 1.1 {ug/L)
TGC <5.0 (mg/L) TGC 1.1 (mg/L)
Alkaiinity | 340 {mg/L) Alkalinity | 560 (mg/L)
Nitrate 7.1 {mg/L) Nitrate | <0.2 {mg/L)
Chloride 340 (mg/l.) Chioride | 480 (mg/L)
Fe’' NA Fe” NA
E/E o.0059 (ugiL) __E/E 289 (ug/L)
Dis. Oxygen | 5.04 (mg/L) Dis. Oxygen| 1.60 {mg/L)
ORP 148 (mv) ORP | 164(mv)
4 COPGE
e UIC GROUNDWATER MONITORING
NATURAL ATTENUATION PARAMETERS JUNE 2003
LOCATION:
2000 UNITED INDUSTRIAL CORPORATION
CHECKED|SB FIGURE
DRAFTED {.JLB
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Welt 10 MW-110M
Compound Conc.
Sulfate 97 (mg/l) :
Methane | 6.4 (ugflL) " oo g L
TOC 3.5 {mg/L} + 5 ME 7N
Alkalinity | 180 {mg/L)
Nitrate 1.6 {mg/L)
Chloride 190 {mg/L) .
Fe'* <0.1 (mg/L)
E/E 0.036 (ugiL) o
Dis. Oxygen| 3.40 (mg/L)
R ORP 145 (mV) MIA-110H
Well 1ID:  MW-108M )
Compound Canc.
Sulfate 110 (mg/i)
Methane 0.8 {ug/Lt)
TOC <1.0 (mg/Ly |~
Alkalinity 250 (mg/L)
Nitrate 4.6 {mg/L)
Chloride 270 (mg/L}
Fe™ <0.1 (mg/L)
E/E 0.049 {ug/L} |
Dis. Oxygen | 7.84 {mg/L) ) .
CRP 216 (mv) i Vi
; : AW T084
oMo
h ’ S Well ID: MW-108M
Campound Conc.
. _ Sulfate 97 (mg/L}
o Methane 15 (ugfl)
TOC <1.0 {mg/L)
Alkalinity 170 {mg/L)
Nitrate 9.4 (mgiL) |
Chloride 470 {mg/L}
Fe® <0.1 (mg/L} |
E/E <0.01 {ug/L)
| Bis. Oxygen| 5.47 (mg/L)
ORP 166 (mV)
Explanation

# Deep Groundwater Monitoring Walls

@ Intermediate Groundwater Monitoring Wells

# Shallow Groundwater Menitoring Wells

# WCP Wells

& ARCO Well

- Production Welt

Wel I, MW-107M

WE&?’S’ e

Wedt 1D MW-2M
Compound Conc.
Suffate 120 {mgfL)
Methane NA
TOC <1.0 (mg/L)
Alkalinity | 180 (mg/L)
o Nitrate 7.7 (mglt}
B i Chloride 300 {mg/L)
WO Fe’* <0.1 {mgiL)
E/E NA
Dis. Oxygen i 5.92 (mg/L)
' ORP 121 (mV)
SRPWELL T
GHELIN A
. V1068
Well ID: MW-105M M35 g e
Compound |- Cong. SALI b g A
AN
Sulfate 110 (mg/L) MIA7S € g 45_%‘;:;/!%’-4{,
Methane 1.2 (Ug/L} LI o R LA +
ToC <1.0 (mgfl} - : e AW TE i SREWELL
Alkalinity | 180 (maf) ' R o 2 ‘ o By 1055770
Nitrate | 7.8 (mgil} : _ M2 ngsmwmfs . E
Chioride | 280 (mg/L} R : : A MW-1005
Fel' | <01 (mgiL) | - ~ & MW 1054
E/E 0.034 (ug/L) _ S A yWiUZM@Mmmgs
. | Dis, Oxygen i 5.75 (mg/l) : : AT o .
ORP 104 (mV)
' o S WIS .
MW?G?M___ ) CMWSEA R o8 : - MWL1035
. . - MWRES "i;MW—é){_ &
CORR0 Copr
e DANDONE WATER OF N, AMERICA
BARCOMNZ

Compeound Conc. Well ID: MW-2018

Sulfate 110 {mg/L) Compound Conc.

Methane 29 {ug/l) . Sulfate 130 (mg/L.)

J0C 1.2 {mgft) | Methane | 0.67 {ug/L)

Alkatinity | 190 (mg/) |- TOC <5.0 {(ma/t)

Nitrate 6.5 (mg/L) Alkalinity 300 (mgiL)

Chleride | 290 (mg/t) Nitrate 3.0 (mg/L)

Fe®' <0.1 {mg/L) Chloride | 260 {mg/L)

; E/E 0.848 (ugi)i Fe* <0.1 (mg/L}

* | Dis. Oxygen| 6.73 (ma/L) E/E 0.021 tugt) | -
) QRP 158 (mV) Dis. Oxygen | 4.52 (mg/i) |- . .
o ORF 180 (mv)
+L0P65
T UIC GROUNDWATER MONITORING
NATURAL ATTENUATION PARAMETERS JAN, 2004
0 100 LOCATION:
. o0 2000 UNITED INDUSTRIAL CORPORATION
APPROXIMATE SCALE N FEET CHECKED, 58 FIGURE
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