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1. INTRODUCTION

This document was prepared under Contract NTP No. 18-8036-02-006B by ERM Alaska,
Inc. (ERM) on behalf of the Alaska Department of Environmental Conservation (ADEC).
This groundwater monitoring report serves to summarize a groundwater monitoring
event conducted in April 2014 at the River Terrace Recreational Vehicle Park (RTRVP)
site in Soldotna, Alaska. The monitoring was performed in compliance with the 31
August 2000 RTRVP Record of Decision (ROD).

Soil and groundwater at the RTRVP has been impacted by the dry cleaning solvent
tetrachloroethene (PCE) and its degradation products. RTRVP is located adjacent to the
Kenai River (Figure 1).

1.1. Monitoring Objectives and Scope

The primary purpose of work conducted from 2013-2014 was continued annual
groundwater monitoring for compliance purposes and to evaluate the performance of
HRC injections in the chlorinated solvent plume at the RTRVP.

The scope of work for FY2014 included the following activities:

¢ Measure dissolved oxygen (DO) in the Kenai River at 3 locations approximately 3 to
5 feet from the riverbank adjacent to the RTRVP site.

e Collect 3 water column samples from the Kenai River for compliance monitoring
purposes.

e Collect groundwater samples from approximately 22 groundwater monitoring wells
and 6 injection points for compliance and/or performance monitoring.

e Collect biological samples from 5 monitoring wells and 2 injection points for
quantitative polymerase chain reaction (qPCR) analysis.

e Resurvey top of casing elevations for all monitoring wells included in the FY2014
monitoring program at RTRVP.

e Providing ADEC technical assistance on continued remedial actions and as needed.

1.2. Site Background

The RTRVP site comprises three parcels on approximately 10 acres adjacent to the Kenai
River in Soldotna (Figure 1). The eastern portion of the site is a residential trailer court.
The western portion is used as a recreational vehicle camping site, and it contains a
building housing a coin-operated laundry and fish packing service for recreational
fishermen. A dry cleaning business operated in this existing laundromat building from
the 1960s until about 1988.

Environmental studies began at the site with the discovery of 22 drums and indications
of stained soils in 1992. Several soil and groundwater investigations occurred between
1995 and 1999 and a detailed remedial investigation/feasibility study (RI/FS) was
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performed in 1999-2000 (OASIS/ Bristol, 2000a). The current monitoring program
continues to provide information regarding the fate and transport of contamination
present at the site.

The drycleaning solvent, PCE, and its degradation compounds trichloroethene (TCE);
trans-1,2-dichloroethene (trans-1,2-DCE); cis-1,2-dichloroethene (cis-1,2-DCE); 1,1-
dichloroethene (1,1-DCE), and vinyl chloride have been documented in RTRVP soil.
PCE and its degradation compounds have also been detected in groundwater on the
RTRVP property and adjacent Alaska Department of Transportation and Public
Facilities (ADOT&PF) Sterling Highway Right-of-Way. Appendix A contains a
summary of historical PCE, TCE, DCE, and vinyl chloride concentrations detected in
RTRVP monitoring wells. During sediment and water quality investigations and a
stormwater system investigation, PCE and its degradation compounds were detected in
water discharging from the stormwater system outfall (Kenai River Bridge Outfall
[KRBOY]) located beneath the Kenai River Sterling Highway Bridge, in the Kenai River
itself, and in river sediments adjacent to the site. The following groundwater
contaminant plumes have been identified at the site:

e The upper contaminant plume located near the former dry cleaners building and
migrating toward the Sterling Highway,

e The lower contaminant plume located south of the former dry cleaners building and
migrating toward the Kenai River, and

¢ The semi-confined water-bearing zones located below the lower contaminant plume
in the vicinity of MW-44 and MW-47 (note that the semi-confined water-bearing
zones are believed to be a series of disconnected or partially connected sand
stringers within the till).

Since 2000, multiple reports documenting the history of the RTRVDP site and detailed
explanations of remediation operations have been submitted to ADEC. To expedite
review of this document and prevent excessive redundancy, relevant documentation
will be referenced as appropriate.

1.2.1. Record of Decision

The August 31, 2000 RTRVP ROD (ADEC 2000) outlines the cleanup levels applicable to
the RTRVP site. The site cleanup levels are provided in Table 1-1. Guidance for the
application of the surface water cleanup levels provided in the ROD is summarized
below.

e Some or all of the current line of monitoring wells adjacent to the Kenai River (MW-
27A1, MW-20, MW-13, MW-12, MW-8, MW-7, MW-6A, MW-5, and MW-35) will be
designated as sentry wells to be used to determine compliance with surface water
cleanup levels (Table 1-1).

! Monitoring wells MW-27A and MW-13 were subsequently decommissioned.
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e Modeling was used to determine that a concentration of 15 micrograms per liter
(ug/L) PCE in the sentry wells should achieve the 5 pg/L surface water cleanup
level at the groundwater/surface water interface. Based on the modeling, a value of
3 times the water quality criteria are used as cleanup levels for the sentry wells
(referred to as modeled cleanup levels in this document).

In addition to cleanup levels, the ROD presents action levels for treatment. Action levels
are contaminant concentrations that trigger the need for additional treatment after Phase
I of active remediation. For groundwater, the action levels are the same as the cleanup
levels (e.g., exceedances of on-RTRVP cleanup levels in groundwater on-RTRVP or
exceedances of off-RTRVP cleanup levels in groundwater off-RTRVP trigger the need for
additional treatment). For surface water, the ROD states that “further treatment may not
be needed if ADEC determines that the three-times the water quality criteria (WQC)
levels will be achieved in a reasonable timeframe after contaminant levels in the sentry
wells have decreased below the aquatic organisms screening levels (as cited in “Ecotox
Thresholds; Eco Update 3(2;1-12)” by EPA OSWER (1996)). The Ecotox threshold level
for RTRVP chemicals of concern (COCs) are 120 ng/L PCE and 350 pg/L TCE. The
other PCE degradation products do not have Ecotox values; therefore the action levels
for DCE and vinyl chloride are three times the water quality criteria level (e.g., 210 pg/L
for cis-1,2-DCE, 300 pg/L for trans-1,2-DCE, 21 pg/L for 1,1-DCE, and 6 pg/L for vinyl
chloride).

The ROD further states that actual monitoring data from the Kenai River surface water,
surface water/ groundwater interface, groundwater, sediments, and the sentry wells will
all be evaluated together for cleanup decisions. The ROD stipulates that groundwater
sampling events initially will occur on a quarterly basis and may be determined by
ADEC to be required less frequently, based upon review of the data. The ROD also
stipulates monitoring requirements for site closure.

The ROD also outlines ADEC’s approach to site remediation and monitoring. ADEC
selected a phased approach to site remediation using HRC to enhance biological
treatment of the groundwater contaminant plumes.

1.2.2. Remediation Implemented To-Date

The Phase I remediation system was installed between October 12 and October 20, 2000
by an ADEC remediation contractor (Shannon & Wilson, Inc.). Details of the Phase I
remediation system installation are provided in (Shannon & Wilson, 2001a). Phase I
used HRC™ treatment barriers to intercept the most highly contaminated areas in both
the upper contaminant plume and the lower contaminant plume (Figure 1). The HRC™
barriers were designed to treat groundwater to applicable cleanup levels prior to the
contamination migrating off the RTRVP property.

Phase II of HRC™ remediation was designed and implemented in May and June 2001
after reviewing the results of the Phase I treatment system. Details regarding the Phase
IT remediation system are provided in (Shannon & Wilson, 2001b). Between June 19 and
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25,2001, additional HRC™ borings were installed in “hot spots” in both the upper and
lower plumes to reduce the overall timeframe necessary to complete remediation.
HRC™ was injected into the Phase II injection points on June 26, 2001. HRC™ was
reinjected into most of the Phase I injection points on July 5 and 6, 2001. Figure 1 depicts
both the Phase I and Phase II HRC™ injection point locations. A comprehensive report
discussing the effectiveness of the Phase I and Phase II remediation efforts and
recommendations for future phases of remediation was produced by OASIS/Bristol in
June 2002 (OASIS/ Bristol, 2002b).

On October 25, 2002, a bioaugmentation pilot test was initiated in the Lower Plume at
RTRVP. During the pilot test, a consortium of microorganisms that are known to
degrade DCE (KB-1 Dechlorinator [KB-1]) were injected into selected HRC™ injection
points near MW-9 in the lower plume of RTRVP. The goal of the pilot test was to
evaluate whether bioaugmentation could facilitate degradation of cis-1,2-DCE at the
RTRVP site. Prior to implementing the pilot test, site remediation using HRC™ had
mediated the dechlorination of PCE and TCE to cis-1,2-DCE, but cis-1,2-DCE
bioremediation was apparently stalled as there were no indications of further reduction
to vinyl chloride or ethene.

Between November 17 and November 20, 2003, Phase III of HRC™ injection was
implemented. Details regarding the Phase III remediation are provided in an OASIS
letter report dated January 6, 2004 (OASIS, 2004a). The overall objective of the Phase IIT
treatment was to continue mediating reductive dechlorination in the RTRVP lower
plume groundwater. Performance monitoring results indicated insufficient quantities of
HRC™ in the lower plume but that the HRC™ remaining in the upper plume was likely
to be adequate until spring or summer 2004. To meet the Phase III objective, HRC™ was
injected into most of the lower plume Phase I and Phase II injection points.

Between August 25 and 28, 2005, Phase IV of HRC™ injection was implemented. Details
regarding the Phase IV remediation are provided in an OASIS letter report dated 10
February, 2006 (OASIS, 2006a). The overall objective of the Phase IV treatment was to
continue mediating reductive dechlorination in the RTRVP upper and lower
groundwater plumes and to begin treatment of known remaining source (soil)
contamination in the till near MW-44. To help guide treatment of the source
contamination, seven exploratory soil borings (L67 through L73) were driven into the till
near MW-44 and assessed for chlorinated ethenes using a Membrane Interface Probe
(MIP). Based on the MIP responses, HRC™ was injected into six new deep (temporary)
Phase IV injection points near MW-44 (L67D-HRC, L68D-HRC, L70D-HRC, L71D-HRC,
L72D-HRC-E, and L72-HRC-W). Because monitoring data showed that the HRC™ was
nearly depleted within the unconfined aquifer, HRC™ was also injected into all of the
upper plume Phase I and Phase II injection points and selected Phase I and Phase II
lower plume injection points (injection points L42 through L51 north of MW-39/44; L2,
L4, and L6 south of MW-39/44, 1.24 through L28 south of MW-19, and L52 through L58
near MW-10). The injection points near MW-4A could not be injected during Phase IV,
because the temporary Kenai River Bridge obstructed access to this area.
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On October 4 and 5, 2006, Phase V of HRC™ injection was implemented. Details
regarding the Phase V remediation are provided in an OASIS letter report dated
December 4, 2007 (OASIS, 2007a). The objective of the Phase V treatment was to better
assess and treat known remaining source (soil) contamination in the areas of known
historical PCE contamination (in the till) and to continue mediating reductive
dechlorination in the RTRVP lower plume groundwater. To help guide treatment of the
source contamination, four exploratory soil borings (L74 through L77) were driven into
the till and assessed for chlorinated ethenes using MIP and soil sampling, and one new
monitoring well (MW-47) was installed near location L72 (Figure 1). Based on the MIP
responses, HRC™ was injected into four permanent deep injection points (L78 to L81)
and ten new deep (temporary) Phase V HRC™ injection points (L82 to L91). During
Phase V, HRC™ was also reinjected into ten of the existing Phase I and II lower plume
injection points (L7 to L16 and L30 to L35) where monitoring data indicated that HRC
was nearly depleted.

During August 2009, Phase VI of HRC™ injection was implemented. Details regarding
the Phase VI remediation are provided in an OASIS letter report (OASIS, 2010b). The
overall objective of the Phase VI treatment was to further characterize and treat
remaining source contamination in the areas of historical PCE contamination and to
continue mediating reductive dechlorination in the RTRVP unconfined groundwater
lower plume. To guide treatment of the source contamination, five exploratory soil
borings (L92 through L96) were driven into the till and assessed for chlorinated ethenes
using a MIP and soil sampling, and three new monitoring wells (MW-48, MW-49, and
MW-50) were installed. Based on the MIP responses, HRC™ was injected into five
permanent deep injection points (L97 to L101) and eight new deep (temporary) injection
points (L102 to L109). HRC™ was also reinjected into five of the existing Phase II lower
plume injection points (L42 to L46).

During June 2010, Phase VI also included reinjecting HRC™ into 6 of the 38 pre-existing
Upper Plume injection points and 4 of the 9 pre-existing Deep Lower Plume Phase V
and Phase VI permanent injection points.

During October 2010, additional soil and groundwater characterization activities were
performed to further delineate any remaining source contamination in the till. Four soil
borings were installed to maximum depths between 32 feet bgs and 37 feet bgs (L-112, L-
113, L-114, and L-115), and three new monitoring wells were installed (i.e., MW-6A as a
replacement for MW-6, MW-51 and MW-52). Analytical results from MW-51 and MW-
52 showed additional areas of source contamination (e.g., MW-51 contained 59,000 pg/L
of PCE).

On September 28, 2011, 600 pounds of HRC PRIMER™ was injected into four of the
deep lower plume injection points (L-79, L-99, L-100, and L-101) in an attempt to
promote further reductive dechlorination bioremediation within the till materials. HRC
PRIMER™ was chosen due to its lower viscosity and ability to more easily migrate in
tight soils.
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On October 9-11, 2012, three additional HRC injection points (L-80A, L-102, and L-103)
were installed in the vicinity of MW-50, MW-51, and MW-48, respectively. A total of 300
pounds of HRC PRIMER™ was injected into five injection points in the upper plume
area to replenish HRC in areas where it had been depleted. A total of 1,200 pounds of
HRC PRIMER™ was injected into seven of the deep lower plume injection points (L-
80A, L-81, L-97, L-98, L-100, L-102, and L-103) in an attempt to promote further
reductive dechlorination bioremediation within the till materials. HRC PRIMER™ was
chosen due to its lower viscosity and ability to more easily migrate in tight soils.

1.2.3. Joint USGS/ADEC Project Evaluating Biodegradation Potential

In fall of 2003, the USGS and ADEC initiated a joint project to evaluate the
biodegradation potential at RTRVP. The goal of the project was to determine the best
way to accelerate bioremediation (specifically of cis-1,2-dichloroethene (DCE)) at the
RTRVP site. The USGS measured in situ hydrogen concentrations and other
geochemical parameters in selected RTRVP monitoring wells and constructed
microcosms using RTRVP soil and Kenai River sediments. Results of the geochemical
parameter measurements and soil and sediment sample collection are provided in the
Final Interim Status Report Alternatives to Accelerate Bioremediation at River Terrace
RV Park, Soldotna, Alaska, dated March 15, 2004 (OASIS, 2004b).

The final report of the microcosm study results, Chloroethene Biodegradation Potential
in the “Lower” Contaminant Plume, River Terrace RV Park, Soldotna, Alaska (Bradley
and Chapelle, 2005) was received by ADEC on February 14, 2005.

In the report, USGS reached the following conclusions:

e The RTRVP background sediments were predominantly oxic. Within the lower
contaminant plume, sediment redox conditions were dominated by manganese (Mn
[IV])-reduction and iron (Fe [III])-reduction with significant methanogenic
conditions observed only in HRC™:-treated areas.

e The addition of HRC™ or another suitable electron donor appears to be necessary to
stimulate reductive dechlorination of PCE and TCE at RTRVP. However, adding
electron donor to microcosm samples with a history of electron donor addition in the
field did not enhance reductive dechlorination.

¢ Due to interspecies hydrogen competition, only limited respiratory reductive
dechlorination of cis-1,2,-DCE and vinyl chloride is occurring at RTRVP. However,
aerobic and anaerobic oxidation of cis-1,2-DCE and vinyl chloride to carbon dioxide
occurs in both RTRVP aquifer soils and Kenai River sediments. Therefore, a
remediation assessment based only on the presence of reduced daughter products
(vinyl chloride and ethene) may underestimate the potential for DCE and vinyl
chloride degradation at RTRVP and the total chlorinated ethene concentration
should also be monitored to determine if it is declining.
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The effectiveness of KB-1 at increasing reductive dechlorination of cis-1,2-DCE was

inconclusive.

Future electron donor addition should be restricted to upgradient, predominantly
PCE/TCE contaminated areas (including source areas), allowing the cis-1,2-DCE and
vinyl chloride to mineralize to carbon dioxide in the downgradient areas of the site.

1.3. Long-Term Monitoring Scope

The initial post-ROD RTRVP monitoring work plan (OASIS/ Bristol, 2000b) more
extensively details the overall long-term monitoring requirements for the RTRVP site.
In summary, two types of monitoring programs have been selected for the site.

Long-term compliance monitoring, which is foreseen for the duration of the RTRVP
remediation program, will be used to evaluate compliance with cleanup levels and
the long-term performance of the remedial system (or natural attenuation, after
active remediation has ceased). Beginning with the 2008-2009 fiscal year, compliance
monitoring has been performed on an annual basis.

Long -term performance monitoring has been used to determine the efficacy of the
HRC injections as a remediation option at RTRVDP.

(0]

During the 2000-2003 fiscal years, short-term remedial system performance
monitoring was used to evaluate the effectiveness of the Phase I and later on
Phase II remedial injections. The performance monitoring was also used to
evaluate the timing for reinjecting HRC™ at the site (i.e., Phase III of
remediation).

Under a separate Notice to Proceed during the 2002-2003 fiscal year,
performance monitoring was revised to include microbial analysis testing for
evaluation of the bioaugmentation pilot test. Results of the bioaugmentation
pilot test performance monitoring were reported in the quarterly
performance/compliance monitoring reports.

In the 2005-2006 fiscal year, performance monitoring was used to evaluate the
continued performance of the historical Phase I, II, III, and IV remedial injections
and the bioaugmentation pilot test but now also included monitoring of the deep
HRC™ injections performed as part of Phase IV.

During the 2006-2007, through 2010-2011 fiscal years, the performance
monitoring was changed from quarterly monitoring to semi-annual monitoring
that was generally performed in May and September/October of each year. The
larger monitoring program that included compliance and performance
monitoring was performed during the September/October event.

For the most recent fiscal years; 2011-2012, 2012-2013, and 2013-2014; the
frequency for performance monitoring was reduced to annually and is being
performed in the spring timeframe (April/May). This report details the results
of the April 2014 groundwater monitoring event.

ERM

7 5/28/2015



River Terrace RV Park, Soldotna
FINAL April 2014 Groundwater Monitoring Report ADEC

Parameters included in the performance monitoring analytical suite are listed and
described in Table 1-2. Since a baseline has been established for some of the
geochemical parameters listed in Table 1-2 (i.e., nitrate/nitrite and sulfate), and
historical data has shown little variability or usefulness for these parameters in
evaluating the remediation progress, regular analysis for these parameters has been
discontinued. Other performance monitoring parameters of sulfide, alkalinity, chloride,
total Kjeldahl nitrogen, ammonia, and phosphorus were also discontinued after the
initial (2000-2001) performance monitoring results showed them to be unnecessary for
evaluating bioremediation at RTRVP.
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TABLE 1-1: CLEANUP LEVELS FOR RTRVP
Media Contaminant Maximum Maximum Cleanup Levels
Concentration Detected C . f -
Detected in June Concentration oncen- Pom.t 0 el
2000 1999-2014 tration Compliance
On-RTRVP Property Soil PCE NA *20 115 Throughout ACL for chlorinated
(mg/kg) RTRVP Property | com pounds, 18 AAC
TCE NA *0.21 300 75 by application of
- N the 10 times rule (18
trans-DCE NA ND 87.3 for benzene
1,1 DCE NA ND 7.1
Vinyl Chloride NA ND 21
Benzene NA 0.2
Off-RTRVP Property Soil PCE NA 0.19 0.3 Anywhere off- 18 AAC 75 by
(mg/kg) RTRVP Property | application of the 10
TCE NA 0.009 0.27 times rule (18 AAC
cis-DCE NA 0.006 2 75.75.345(b)(2)
trans-DCE NA ND 4
1,1 DCE NA ND 0.3
Vinyl Chloride NA ND 0.09
Benzene NA ND 0.2
On-RTRVP Property Shallow PCE 1,300 MW-16 - 5,500 840 Throughout ACL for chlorinated
(Unconfined) RTRVP Property | com pounds, 18 AAC
Aquifer TCE 540 MW-36 — 1,710 21,900 75 by application of
(ng/L) - the 10 times rule (18
cis-DCE 3,000 MW-20 - 4,600 11,600 AAC 75.75.345(b)(2)
trans-DCE 26 MW-36 - 87.5 11,600 for benzene
1,1 DCE 2.6 MW-9 - 5.41 7
Vinyl Chloride 45 MW-39 - 651 2
Benzene 3.9 MW-20 — 55.5 50
ERM 5/28/2015
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Media Contaminant Maximum Maximum Cleanup Levels
Concentration Detected Poi ¢ Basi
Detected in June Concentration Con(_:en- ollis © asis
2000 1999-2014 tration Compliance
Off-RTRVP Property Shallow PCE 280 MW-38 — 1,210 50 RTRVP Property | 18 AAC 75 by
(Unconfined) Aquifer boundary application of the 10
(ug/L) s 83 Mw-12 - 180 =0 times rule (18 AAC
Cis-DCE 480 MW-12 - 1,500 700 75.75.345(b)(2)
Trans-DCE ND MW-12 - 24 1,000
1,1 DCE ND MW-25 — 1.59 70
Vinyl Chloride ND MW-25 - 48.5 20
Benzene ND MW-25 - 1.3 50
Confined Aquifer PCE ND MW-48 - 120,000 5 Throughout MCL
(/L) TCE ND MW-50 - 26,900 5 property
Cis-DCE ND MW-49 — 92,900 70
Trans-DCE ND MW-47 — 1,330 100
1,1 DCE ND MW-50 - 261 7
Vinyl Chloride ND MW-51 - 11,400 2
Benzene ND MW-47 — 86.6 5
Surface Water PCE 2.5 2.5 5 Surface- WQC
(ng/L) Water/Ground-
(Note that TAH and TAqH TCE 0.6 1.9 5 Water Interface
concentrations of 10 and 15 Cis-DCE 0.18 15 70
Mg/L respectively must also be
met in the water column Trans-DCE ND 0.081 100
1,1 DCE ND ND 7
Vinyl Chloride ND ND 2
Benzene ND ND 5

* Areas of highest soil contamination have been removed and treated. The maximum detections remaining in RTRVP property soil are listed in this table.
ACL: Alternative cleanup levels established for the site in an August 1997 letter from the DEC

18 AAC 75: Alaska Oil and Hazardous Substance Pollution Control Regulations

MCL: Maximum contaminant level; from Alaska Drinking Water Regulations (18 AAC 80)
WQC: Water Quality Criteria (18 AAC 70)

ERM
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TABLE 1-2: PERFORMANCE MONITORING PARAMETER SUMMARY
Parameter Description Threshold Level Significance of Threshold Level
(Wiedemeier et al.,
1996)
Geochemical Indicators of Natural Attenuation
pH pH is a measure of the acidity or alkalinity of the groundwater. 5<pH<9 Optimal range for reductive pathway
Temperature Groundwater temperature affects the metabolic rate of bacteria. > 20°C Biochemical process accelerated
Groundwater temperatures less than 5°C tend to inhibit
biodegradation. Biodegradation rates typically double for every
10°C increase in water temperature.
DO Depressed DO levels indicate that the reductive pathway is < 0.5 mg/L Reductive pathway is not suppressed.
possible
ORP ORP is an indicator of oxidation potential (aerobic) or reductive <50 mV Reductive pathway possible
potential (anaerobic) of the groundwater system. <-100 mV Reductive pathway likely
Nitrate After DO has been depleted, nitrate may be used as an electron At higher concentrations nitrate may
acceptor for anaerobic biodegradation. <1 mg/L compete with reductive pathway
Sulfate After DO and nitrate have been depleted in the treatment zone,
sulfate may be used as an electron acceptor for anaerobic <20 mg/L At higher concentrations may compete with
biodegradation (sulfate reduction). reductive pathway
Ferrous iron (iron I1) is produced when ferric iron (iron Ill) is used Indicative that reductive pathway is
Dissolved iron as an electron acceptor during anaerobic biodegradation. >1 mg/L possible
(ferrous iron)
The presence of methane in groundwater is indicative of strongly
Methane reducing conditions. Methanogenesis generally occurs after the > 0.5 mg/L Indicative that reductive pathway is likely
oxygen, nitrate, and sulfate have been depleted in the treatment but may also compete with reductive
zone. dechlorination process
Ethane, ethene Produced during reductive dechlorination > 0.01 mg/L Indicative that reductive pathway is likely
TOC Carbon is the energy source that drives reductive dechlorination. > 20 mg/L Energy source needed to drive reductive

dechlorination

Volatile Organic Acids

Lactic acid

Nutrient and hydrogen ion source for dechlorinating microbes.
Lactic acid is released during biodegradation of HRC™.

Not applicable

Presence indicates biodegradation of
HRC™

ERM
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Parameter Description Threshold Level Significance of Threshold Level
(Wiedemeier et al.,
1996)

Pyruvic acid As lactic acid is metabolized by anaerobic microbes, it is Not applicable Presence indicates presence and
degraded to pyruvic acid. degradation of lactic acid

Acetic acid As pyruvic acid is metabolized by microbes, it is degraded to Not applicable Presence indicates presence and
acetic acid. degradation of pyruvic acid

Butyric acid In a secondary reaction, lactic acid also degrades to butyric acid Not applicable Presence indicates presence and

and propionic acid.

degradation of lactic acid

Propionic acid

In a secondary reaction, lactic acid also degrades to butyric acid
and propionic acid.

Not applicable

Presence indicates presence and
degradation of lactic acid

Contaminants/Degradation Products (VOCs)

PCE Primary contaminant Not applicable Compare levels among upgradient/
downgradient wells over time

TCE PCE daughter product; presence indicates PCE degradation has Not applicable Compare levels among upgradient/
occurred downgradient wells over time

Cis-1,2-DCE TCE daughter product; presence indicates TCE degradation has Not applicable Compare levels among upgradient/

occurred

downgradient wells over time

Trans-1,2-DCE

TCE daughter product; presence indicates TCE degradation has
occurred

Not applicable

Compare levels among upgradient/
downgradient wells over time

1,2-DCA A possible (although uncommon) cis-1,2-DCE daughter product. Not applicable Compare levels among upgradient/
1,2-DCA is a less common daughter product than vinyl chloride. downgradient wells over time
Vinyl chloride DCE daughter product; presence indicates DCE degradation has Not applicable Compare levels among upgradient/
occurred downgradient wells over time
Notes: TCE - trichloroethene

DO - dissolved oxygen

ORP - oxidation/reduction potential
TOC - total organic carbon

PCE — tetrachloroethene

DCE - dichloroethene
DCA - dichloroethane

VOC - volatile organic compound

ERM
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2. SUMMARY OF FIELD PROCEDURES

2.1. Summary of Field Procedures - Groundwater Monitoring

In April of 2014 a groundwater monitoring event was performed in accordance with the
work plan (OASIS 2012). Work was performed April 21-24, 2014.

2.1.1. Site Access

One week prior to conducting the following field activities, ERM notified ADEC (Mr.
Robert Weimer - 269-7525) and Mr. Gary Hinkle (RTRVP owner 262-5593 or 283-9231) to
coordinate site access and ensure that no work conflicts existed.

2.1.2. Condition of Monitoring Wells

ERM located all proposed monitoring wells and injection points to be sampled. All
monitoring wells and injection points were found to be in good condition and suitable
for sampling with the exception of MW-5 and MW-20 which purged dry and did not
recover sufficiently to collect a sample from.

Two monitoring well casings (MW-40 and MW-49) had jacked so that could no longer
properly close well monument. Approximately one inch of PVC casing was trimmed off
the top of well casing at these two well locations. Work was completed after water
levels and elevation survey completed so no impact to current water level data.

2.1.3. Water Level Measurements

During the April 2014 groundwater sampling event, water levels were measured in the
monitoring wells scheduled for sampling. Table 2-2 provides a summary of April 2014
groundwater depths and the 2006 through 2014 groundwater elevations. The
information provided in Table 2-2 is discussed in Section 3.0.

2.1.4. Groundwater Sampling and Analysis

Groundwater samples were collected from 26 monitoring wells and injection points in
the upper plume and lower plume areas Figures 1, 3, and 4. Samples could not be
collected from MW-5 and MW-20 due to insufficient water - monitoring wells purged
dry and did not recover. All of the samples collected were analyzed for Volatile Organic
Compounds (VOCs). Selected groundwater samples from 20 of the monitoring wells or
injection points were also analyzed for permanent gases (ethene, ethane, and methane),
metabolic acids (pyruvic acid, lactic acid, acetic acid, propionic acid, and butyric acid),
total organic carbon (TOC), total and dissolved iron and manganese. Seven of the
monitoring well samples were also analyzed for the microbial characterization
parameters of dehalococcoides (Dhc) microorganisms and a class of enzymes referred to as
vinyl chloride reductase (vcrA) using Gene-Trac testing by SIREM. An analytical
program summary is presented in Table 2-1.
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Analytical laboratory services were provided by an ADEC-approved laboratory, SGS, of
Anchorage, Alaska with the exception of the biological samples which were analyzed by
SiREM Laboratories of Ontario, Canada. Groundwater samples were collected in
accordance with the monitoring work plan (ERM 2013) using a low-flow sample
technique. Sample procedures are summarized below.

e Water was purged from the wells using a low-flow technique. A peristaltic pump
was used to slowly purge the water while measuring water quality parameters (see
below). When the parameters had stabilized to within the criteria outlined in the
work plan (ERM 2013), the sample was collected.

e A YSI 556 water quality meter with a flow-through cell was used to measure pH,
conductivity, temperature, ORP, and dissolved oxygen in the groundwater after
every purge volume. Once the parameters were stable, the final measurements were
recorded on the sample data sheets available in Appendix B. The instruments and
field screening methods were calibrated and operated in accordance with the
manufacturer’s recommendations.

¢  When transferring water from the pump tubing to sample containers, a purge water
bucket (5-gallon capacity) was positioned beneath the transfer point to catch any
incidental spillage of water. The incidental spillage was transferred to the purge
water containers.

¢ Groundwater samples were placed in an iced cooler immediately upon collection.

e All observable physical characteristics of the groundwater (e.g., color, turbidity)
were recorded on the sample data sheets or field logbook.

e Weather conditions at the time of sampling were recorded (e.g., air temperature,
wind direction, recent heavy rainfall, drought condition) in a field logbook
(provided in Appendix B2).

e The samples were submitted to the project laboratory (SGS or SIREM) under
standard chain-of-custody procedures for analysis.

The analytical results for the April 2014 monitoring event are presented in the following
sections of this report. Analytical results are discussed in Section 4 with respect to
compliance aspects and in Section 5 with respect to bioremediation progress at the site.
Analytical results for the RTRVP contaminants of concern (COC) (benzene, PCE, TCE,
DCE, and vinyl chloride) are summarized in Table 2-3, and Appendix A provides a
summary of historical analytical results for the RTRVP COCs.
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TABLE 2-1:

ANALYTICAL PROGRAM SUMMARY

Well ID

VOCs Methane

Metabolic
Acids

Total/Diss.
Fe/Mn

TOC

Dhc vcr

EPA

8260B RSK-175

AM21G

EPA 200.8

SM-5310B

qPCR
Analysis

April 2014

Upper Plume

MW-23

MW-25

MW-16

MW-36

MW-38

MW-42

[ (U U (U UG UV

1

Lower Plume

MW-5

MW-6

MW-9

MW-12

| =

MW-20

Z
@)

MW-26

MW-35

MW-39

MW-40

MW-44

MW-47

MW-48

MW-49

MW-50

MW-51

RlR(R|R|~

MW-52

L-78

L-80A

L-100

L-101

L-102

L-103

U [UE [UE) [N [NUENY (U [RUEN) [FUINY [UEN [RUEQ) JUEN [JUIN UG U e

RlRrlRrR|R|R[R|IR|R|R[R|R|R|R|[~

RliRrlRrlRr|R|R[R|R|R|R[R|R|R|R|[~

U [UE [UE) [N [NUENY (U [RUEN) [FUINY [UEN [RUEQ) JUEN [JUIN UG U e

River MW-5

River MW-6

River MW-8

RlRrlRrlRIR|IR|IR|R|R|R|R|R[R|R|R|R[R|R|R]|~

QA/QC

Duplicate

3 1

1

MS/MSD

2 1

1

Notes: MS/MSD - Matrix Spike/Matrix Spike Duplicate

NS: Not Sampled
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2.1.5. Surface Water Sampling and Analysis

On April 23, 2014, the field team measured DO, redox potential (ORP), temperature, pH,
and conductivity and collected water column samples from the Kenai River out from
MW-5, out from MW-6, and out from MW-8 in accordance with the work plan. A YSI
556 water quality meter with a flow-through cell was used to collect the field
measurements. Field measurements were recorded on the sample data sheets in
Appendix B.

Water column samples were collected from the Kenai River using a peristaltic pump
with the inlet tubing placed approximately five feet from the edge of the river and
approximately one inch above the river bed. The surface water samples were analyzed
for VOCs using EPA Method 8260B (Table 2-1) by SGS in Anchorage. Surface water
results are presented in Table 2-3 and discussed in Section 4.5. Historical Kenai River
water column monitoring results are presented in Appendix A.

2.1.6. Deviation from the Work Plan
Deviations from the work plan are described below:

e No samples were collected from two of the planned sampling locations. Due to
inadequate water levels MW-5 and MW-20 purged dry and did not recover
sufficiently to collect a sample.

2.1.7. Waste Management

Investigation-derived waste (IDW) waste from RTRVP having any detectable
concentration of PCE (or PCE degradation products) is considered F002 listed waste. In
addition, waste having a PCE concentration greater than 500 pug/L is considered toxic
characteristic hazardous waste D039, waste with a TCE concentration greater than 500
ng/L is considered toxic characteristic hazardous waste D040, waste with a DCE
concentration greater than 700 pg/L is considered toxic characteristic hazardous waste
D029, and waste with vinyl chloride concentrations above 200 pg/L is considered toxic
characteristic hazardous waste D043.

The IDW generated from monitoring activities at the RTRVP site included the following
waste streams:

e Water used in the decontamination process,

e Purge water from well sampling, and

e PPE, disposable sampling supplies (filters and tubing), and general debris.
Purge water from groundwater sampling activities was contained in a 55-gallon drum.
Purge water was staged at the northwest corner of the former dry cleaner building. A

hazardous waste label was placed on the drum pending transport by Emerald Alaska,
Inc. to their approved TSD facility.
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PPE, filters, tubing and other disposable sampling wastes were managed as hazardous
solid wastes. These wastes were collected in a plastic garbage bag and placed in an
open-top drum. This drum was also labeled with a hazardous waste label and staged at
the northwest corner of the former dry cleaner building similar to the purge water
drum.

Weekly inspections were performed until such time that waste was transported by
Emerald Alaska Inc., and taken to their approved TSD for disposal. Waste manifests
and inspection forms have been included in Appendix D.
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Table 2-2: Groundwater Elevation Data (5/06-4/14)
River Terrace RV Park, Soldotna, Alaska

Water- Elev. At SN 19 Water Water Water Watgr Water Water Water Water Water Water Water Watgr Watgr
. Water : : : Elevation . . : : : : : Elevation Elevation
. . bearing Zone Top of Elevation Elevation Elevation Elevation Elevation Elevation Elevation Elevation Elevation Elevation

Well ID Northing  Easting . (feet) (feet) (feet) (feet)
Well Casing i (feet) (feet) (feet) 5/12- (feet) (feet) (feet) (feet) (feet) (feet) (feet) April Ayl

Screened In  (April 2014) 2014 9/11/06  5/29/07  9/17/07 13/08 9/16/08 5/5/09 10/5/09  5/11/10 10/18/10 5/17/11 5/7/12 2013 2014
MW-4A  4967.98 5033.67 Unconfined 58.39 NM 51.51 49.3 51.08 51.15 51.78 NM 50.29 NM 50.60 NM 51.44 52.99 NM
MW-05  4852.12 5065.04 Unconfined 47.51 4.71 44.93 42.6 44.1 NM 45.58 NM 42.72 NM 42.93 NM 42.69 42.87 42.80
MW-06  4879.44  5023.52 Unconfined NS NM 44.9 42.33 44.21 41.43 45.54 41.27 42.67 41.66 dec dec dec NM NM
MW-06A 4877.88  5025.13 Unconfined 47.42 6.03 42.59 NM 41.60 43.22 41.39
MW-07  4865.63 5044.1 Unconfined 47.73 NM 44,91 NM 44.17 NM 45.58 NM 42.69 NM 42.86 NM 41.71 NM NM
MW-08 4917.93 4984.69 Unconfined NS NM 44,95 NM 44.34 NM 45.85 NM 43.11 NM 43.15 NM 41.86 NM NM
MW-09  4908.14  5056.35 Unconfined 59.18 16.90 45.64 43.12 44.67 43.05 46.09 42.75 43.97 43 43.86 NM 43.28 43.98 42.28
MW-10 4936.99 5002.44 Unconfined NS NM 45.47 NM 44.93 NM 47.11 NM 43.87 NM 43.72 NM 42.79 NM NM
MW-12  4928.98 4975.81 Unconfined 48.12 6.22 NM NM NM NM 45.91 NM 43.11 NM 43.21 NM 42 43.91 41.90
MW-16  5089.26 5176.11 Unconfined 74.79 17.48 57.65 58 57.92 57.98 57.91 58.05 57.85 58.19 57.91 58.11 58.38 57.8 57.31
MW-19 494584  5039.04 Unconfined NS NM 51.85 NM NM NM 50.59 NM NM NM 51.07 NM 52.16 NM NM
MW-20  4898.66  5004.25 Unconfined 47.04 5.25 44.92 ice 44.36 41.84 45.75 41.63 42.83 42.26 43.08 NM 42.03 43.57 41.79
Mw-21  5074.04 5133.12 Unconfined 72.37 NM 57.84 NM 58.02 NM 57.91 NM NM NM 57.93 NM 58.46 NM NM
MW-23 5083.65 5259.97 Unconfined 75.32 17.16 57.88 NM 57.95 NM 57.91 NM NM 58.08 NM NM 58.41 58.07 58.16
MW-24 5034.89 5157.88 Perched NS NM 60.02 NM NM NM 60.2 NM NM NM 59.84 NM 50.17 NM NM
MW-25 5141.08 5159.59 Unconfined 70.96 12.86 57.29 57.81 57.87 57.96 57.85 57.97 57.83 58.06 57.9 NM 58.34 58.04 58.10
MW-26  4959.26  5128.52 Unconfined 59.52 6.12 54.48 NM 53.52 NM 53.17 NM NM NM 53.38 NM 54.41 51.2 53.40
MwW-29  5030.81 5240.38 Perched NS NM 59.4 NM NM NM 58.93 NM NM 59.57 NM NM 59.55 NM NM
MW-35  4824.43  5105.73 Unconfined 47.78 6.35 45.08 42.52 43.37 NM 45.59 NM 42.69 42.69 42.87 NM 41.54 43.15 41.43
MW-36 5069.4 5183.1 Unconfined 75.37 17.21 57.89 57.9 57.97 58.04 57.9 58.05 57.84 58.1 57.94 NM 58.45 58.13 58.16
MW-37 5084.4 5177.1 Unconfined 75.10 NM 57.75 NM 57.96 NM 57.9 NM NM NM NM NM NM NM NM
MW-38 5102.2 5172.3 Unconfined 74.18 16.04 57.62 57.82 57.73 NM 57.87 NM 57.85 NM 57.91 NM 58.36 57.99 58.14
MW-39 4922.6 5070.5 Unconfined 59.28 16.06 46.45 43.68 45.35 44.48 46.73 43.79 44.69 44,43 44.47 43.60 44.84 44,59 43.22
MW-40 4903.3 5048.9 Unconfined 59.12 16.91 45,58 43.09 44.58 43.08 46.03 42.69 43.88 42.91 43.82 NM 43.14 43.62 42.21
Mw-41  5,016.83 5,204.10 Perched NS NM 60.9 NM NM NM 60.53 NM NM NM NM NM 60.6 NM NM
MW-42  5,074.86 5,221.50  Unconfined 75.65 17.48 57.88 57.89 57.97 58 57.89 58.02 57.86 58.11 57.95 NM 58.43 58.07 58.17
MW-43  5097.27 5147.62 Unconfined 73.21 NM 57.48 NM 57.94 NM 57.86 NM NM NM NM NM 58.38 NM NM
MW-44  4918.79 5073.1 Semi-Confined 59.11 15.30 47.5 45.12 45.92 44.35 47.32 43.83 45.24 44.7 45.91 44,11 44.69 45.21 43.81
MW-45 4905.6 5059.71 Semi-Confined 59.22 NM 46.63 NM 45.22 NM 46.73 NM 44.86 NM NM NM 43.66 45.27 NM
MW-46 4893.51 5088.11 Semi-Confined NS NM 45.92 NM 44.85 NM 46.14 NM NM NM NM NM 43.86 NM NM
MW-47  4935.983 5086.1429 Semi-Confined 58.71 6.95 ni 50.75 51.45 52.48 51.43 51.51 51.09 52.94 52.63 52.07 53.35 50.73 51.76
MW-48 4947.75 5090.77 Semi-Confined 58.79 7.00 ni ni ni ni ni ni 51.68 52.64 51.57 52.09 53.44 46.15 51.79
MW-49  4937.13 5072.73 Semi-Confined 58.50 8.96 ni ni ni ni ni ni 49.4 50.36 50.28 50.06 51.92 49.23 49.54
MW-50  4929.93 5094.23 Semi-Confined 58.67 8.68 ni ni ni ni ni ni 49.95 50.91 50.39 50.18 51.3 53.02 49.99
MW-51  4940.15 5097.93 Semi-Confined 58.74 7.01 ni ni ni ni ni ni ni ni 47.71 51.32 52.69 51.85 51.73
MW-52  4921.69 5092.02 Semi-Confined 58.68 10.57 ni ni ni ni ni ni ni ni 45.63 48.44 49.3 48.22 48.11
L-78 Semi-Confined 58.15 15.69 ni ni ni ni ni ni ni ni ni ni ni NM NM
L-80A 4930.246 5091.345 Semi-Confined 58.77 10.69 ni ni ni ni ni ni ni ni ni ni ni NM 48.08
L-100 4956.42  5095.63 Semi-Confined 59.00 6.30 ni ni ni ni ni ni 51.66 54.01 NM 54.65 53.97 51.71 52.70
L-101 4922.07 5099.1 Semi-Confined 58.66 7.80 ni ni ni ni ni ni 49.01 NM NM 49.51 48.09 46.05 50.86
L-102 4944.353 5098.878 Semi-Confined 58.30 8.59 ni ni ni ni ni ni ni ni ni ni ni NM 49.71
L-103 4945.044 5088.265 Semi-Confined 58.62 6.39 ni ni ni ni ni ni ni ni ni ni ni NM 52.23

Notes: NM = Not Measured

Horizontal survey coordinates based on local grid system.

All vertical survey elevation referenced to benchmark "Soldotna" on North side Kenai River Bridge; elevation is relative to mean sea level.

' The groundwater depth for MW-4A (6.6' bgs) was measured at 1545 on 9-17-08. The depth measured on 9-16-08 (10.78' bgs) appears to be in error .

2 The depth for MW-16 (16.76' bgs) was measured at 1845 on 5-5-09. The depth measured at 1030 on 5-5 (16.6' bgs) appears in error, because it does not correlate with datalogger elev.
3 Elevations for all monitoring wells except MW-23, MW-29, MW-37, MW-41, MW-43, and MW-45 were surveyed on 11/10/10 where historical survey elevations were used.




Table 2-3: April 2014 Groundwater VOC Analytical Data (ug/L)
River Terrace RV Park, Soldotna, Alaska

Date
Location Sample ID Sample Type Sampled
Upper Plume
MW-36 14-RT-001-GW Project Sample 22-Apr-14
MW-16 14-RT-002-GW Project Sample 22-Apr-14
MW-23 14-RT-021-GW Project Sample 22-Apr-14
MW-25 14-RT-022-GW Project Sample 24-Apr-14
MW-38 14-RT-023-GW Project Sample 22-Apr-14
MW-38 14-RT-033-GW  QC Duplicate 22-Apr-14
MW-42 14-RT-003-GW Project Sample 22-Apr-14
MW-42 14-RT-032-GW  QC Duplicate 22-Apr-14
Lower Plume
MW-5 14-RT-025-GW  Project Sample
MW-6A 14-RT-004-GW Project Sample 24-Apr-14
MW-9 14-RT-005-GW Project Sample 23-Apr-14
MW-12 14-RT-026-GW Project Sample 24-Apr-14
MW-20 14-RT-027-GW Project Sample
MW-26 14-RT-024-GW Project Sample 22-Apr-14
MW-26 14-RT-034-GW  QC Duplicate 22-Apr-14
|MW-35 14-RT-028-GW Project Sample 24-Apr-14
MW-39 14-RT-006-GW Project Sample 23-Apr-14
MW-40 14-RT-007-GW Project Sample 23-Apr-14
Lower Plume - Semi-Confined Water-Bearing Zones Within the Till
MW-44 14-RT-008-GW Project Sample 23-Apr-14
MW-47 14-RT-009-GW Project Sample 23-Apr-14
MW-48 14-RT-010-GW Project Sample 22-Apr-14
MW-49 14-RT-011-GW Project Sample 23-Apr-14
MW-50 14-RT-012-GW Project Sample 22-Apr-14
MW-51 14-RT-013-GW Project Sample 22-Apr-14
MW-52 14-RT-014-GW Project Sample 23-Apr-14
L-78 14-RT-015-GW Project Sample 23-Apr-14
L-100 14-RT-016-GW Project Sample 22-Apr-14
L-101 14-RT-017-GW Project Sample 23-Apr-14
L-80A 14-RT-018-GW Project Sample 23-Apr-14
L-102 14-RT-019-GW Project Sample 22-Apr-14
L-103 14-RT-020-GW Project Sample 23-Apr-14
Kenai River
River-MW-5 14-RT-029-GW Project Sample 23-Apr-14
River-MW-6 14-RT-030-GW Project Sample 23-Apr-14
River-MW-8 14-RT-031-GW Project Sample 23-Apr-14

PCE
MCL =5

on-RTRVP= 840
off-RTRVP =50
modeled level =15
eco action level = 120

7.09
6.61
4.12
3.73
0.37F
<50
7.0
<50

NS
<0.5
2.96
2.17
NS
134
141
0.70 F
<0.5
0.61F

1.78
2,500
<50
148 F
128
5.81
15.2
4,350
475F
644
63,500
61,500
8,340 VH

<0.5
<0.5
<0.5

TCE
MCL=5
on-RTRVP= 21,900
off-RTRVP = 50
modeled level=15
eco action level = 350

64.1
5.02
<0.5
13.7
0.99F
<50
4.8
<50

NS
<05
<05
1.91
NS
26
<50
0.70 F
<0.5
<05

091F
790
<50
<10
81.8
0.75F
0.78 F
2,560
88.6 F
337
3,670
6,600
3,050 VH

<0.5
<0.5
<0.5

cis-1,2-DCE
MCL =70
on-RTRVP= 11,600
off-RTRVP = 700
modeled level=210
eco action level = 210

355
26.5
<05

44

29
616 F
58.5
75.7F

NS
9.61
7.47
28.2

NS

175

180
73.3
13.1
3.99

41.9
6,170
25,400
37,800
7,440
34.6
11.7
19,900
1,610
29,800
20,000
36,700
24,600 VH

0.32F
0.61F
<0.5

trans-1,2-DCE
MCL =100
on-RTRVP= 11,600
off-RTRVP = 1000
modeled level=300
eco action level = 300

<0.5
0.83F
<05
091F
2.32
<50
1.66
<50

NS
5.21
8.52

0.36 F

NS
3.51
<50
1.53
27.6
15.4

5.78
62.2
70.7F
182
28.6
0.66 F
1.02
38.6 F
<50
98 F
416 F
62.4 F
185 VH

<05
<0.5
<05

1,1-DCE
MCL=7
on-RTRVP= 70
off-RTRVP = 70
modeled level=21
eco action level = 21

<05
<05
<0.5
<0.5
<0.5
<50
<05
<50

NS
<0.5
<05
<05

NS
<05
<50
<0.5
<0.5
<0.5

<05
<10
61.7F
31.2
9.94 F
<0.5
<0.5
<50
<50
<50
66.2 F
884 F

<50 VH

<0.5
<0.5
<0.5

Vinyl Chloride
MCL =2
on-RTRVP= 2
off-RTRVP = 20
modeled level = 6
eco action level = 6

10.8"
8.03"
<05
32"
16.5%
<50
7.95%
<50

NS
2.19%
2.05"
1.72
NS
<0.5
<50
<05
4.55"
1.99

52.7%
112%
< 50"
8,390"
1,680"
12.5%
2.74%
1,070%
<50"
1,470%
284"
3754
317" VH

<0.5
<0.5
<0.5

Benzene
MCL=5
on-RTRVP= 50
off-RTRVP = 50

0.19F
035F
<0.2
0.27F
0.19F
<20
<0.2
<20

NS
0.89
2.53
<0.2

NS
<0.2
<20
<0.2
2.56
1.72

<0.2
11.5
<20
414 F
<4.0
<0.2
<0.2
<20
<20
<20
<20
<20
30.1 FVH

<0.2
<0.2
<0.2

Ethene

MCL =
none

5.8
7.4

6.5
6.6

11
19

15
16

1,900
8.2
9.1
510
110
13
310
110
15
79
45
28
14
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Table 2-3: April 2014 Groundwater VOC Analytical Data (ug/L)
River Terrace RV Park, Soldotna, Alaska

Cleanup level exceedences are shaded to match highest cleanup criteria exceeded. Cleanup level exceedences are coded as follows:

A: on-RTRVP property cleanup level;

B: off-RTRVP property cleanup level (Note: B is only applicable to wells near RTRVP property boundary)

C: modeled cleanup level (3 times water quality criteria) for groundwater connected to surface water

D: ecological screening action level for groundwater connected to surface water; this is one component of action levels stated in the ROD (exceedences of A, B, and C also require active treatment)

(Note: C and D are only applicable to sentry wells which have been color coded with a green background color)
Wells located off-RTRVP property or within approximately 10 feet of the property boundary are shown in blue font. MW-4A is located approximately 18 feet from the property boundary.
All analytical results where the reporting limit exceeds the cleanup level are shown in red text. Reporting limit is elevated due to sample dilution

Data Qualifiers:J - Estimated value F - Analyte detected below laboratory reporting limit
H - Sample analyzed paste recommended holding time V - Data qualifier assigned by ERM during data review

M - Matrix affect present --- Sample was not analyzed for this analyte
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3. SITE HYDROLOGY

This section of the report presents a summary of the hydrogeological conditions
observed at RTRVP based on over ten years of hydrogeology data (1997 through 2012)
that has been collected at the site. The tables, maps, and graphs representing site
hydrogeology based on manual water level measurements and piezometer/datalogger
data plus detailed written descriptions of the hydrogeology interpretations can be found
in previous reports up through the May 2012 groundwater monitoring report (OASIS,
2013). The RI/FS report (OASIS/ Bristol, 2000) presents the first detailed hydrogeology
interpretation; the interpretation was updated in every subsequent monitoring report.
Monitoring reports with the most significant updates are listed below.

e The September 2000 quarterly monitoring report (OASIS/ Bristol, 2001a) and the first
performance monitoring letter report (OASIS/ Bristol, 2001b) incorporate datalogger
information, monitoring well groundwater levels, and boring log and drilling
information from Shannon & Wilson, Inc.’s installation of five new monitoring wells
and 56 HRC™ injection borings in September and October 2000 (Shannon & Wilson,
2001a).

e The March 2003 quarterly monitoring report (OASIS, 2003b) includes three cross-
sections (Figures 5, 6, and 7) that provide the most updated, detailed illustration
available for the upper contaminant plume hydrogeology.

e The Phase IV HRC™ injection report (OASIS, 2006a) includes three updated cross-
sections (Figures 5, 6, and 7) through the lower plume (focusing on the deeper
contamination in the vicinity of MW-44).

e The October 2005 monitoring report (OASIS, 2006b) contains an updated, detailed
discussion about groundwater flow patterns in the upper contaminant plume,
including an elevation map of the top of the till surface (Figure 5).

The current and recent historical site groundwater conditions are provided in Table 2-4
and April 2013 groundwater contours illustrated on Figure 2. Since the groundwater
contours and flow patterns have remained consistent over several annual groundwater
monitoring events the contours were not recreated for the 2014 data.

3.1. Historical Datalogger Water Level Measurements

In November 1999, dataloggers were installed in five RTRVP monitoring wells (MW-15,
MW-16, MW-19, MW-20, and MW-24) to record the water level twice per day (at 8 am
and 8 pm). Since then, the dataloggers have been moved several times, and new
dataloggers have been added. Table 3-1 shows the most recent and past datalogger
locations at RTRVP.

In consultation with the ADEC project manager it was agreed that sufficient data had
been collected to adequately characterize the hydrogeological conditions at RTRVD;
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thereby agreeing to terminate collection of water level elevations using dataloggers.
ERM removed all the dataloggers from the site in October 2012.

TABLE3-1: = DATALOGGER LOCATIONS

11/99 - | 10/01- | 01/02 | 09/02- | 11/02- | 12/02- | 10/03 - | 09/06 - | 10/09 - | 10/10 -

10/01 | 01/02 | -9/02 | 11/02 | 12/02 | 10/03 | 09/06 | 10/09 | 10/10 | 10/12
Datalogger1 | mw-15 MW-36 MW-48
Datalogger 2 MW-16
Datalogger 3 | Mw-19 ‘ ‘ MW- | Not used!
Datalogger 4 MW-20 ‘ MW- ‘ MW-20 MW-
Datalogger 5 | Mw-244 ‘ MW-25 Not used!
Datalogger 6 Purchased 9/02 MW-38 Removed
BaroLogger™ Purchased 9/02 MW-38 MW-44
Datalogger 72 Purchased 9/02 MW-40 | MW-39 | MW- | MW-39 MW-47
Datalogger 8 Purchased 11/02 MW-42 MW-50
Datalogger 9 Purchased 12/02 ‘ MW-443 ‘ MW- | MW- MW-44
Datalogger 10 Purchased 6/08 MW-47 MW-39
Notes:

! Dataloggers belonged to Bristol Environmental and Engineering Setrvices, Inc. (BEESC) and were returned to them.
% Datalogger measures water level and dissolved oxygen (DO) content.

3.
2/27/03).

. Datalogger measurements recorded from February 27, 2003 to present (datalogger was positioned incorrectly prior to

“ Historical data from dataloggers in MW-15, MW-19, and MW-24 can be found in the October 2001 quarterly monitoring
report (OASIS/Bristol, 2002a); data from these dataloggers are not presented or discussed in subsequent reports.

% After the May 2008 monitoring event, it was determined that the datalogger in MW-44 was malfunctioning. In June
2008, this datalogger was replaced with a new “gold” series datalogger. Note that the gold series dataloggers require a
different downloading device (Leveloader gold) than all of the other dataloggers at the site.

3.2. Hydrogeologic Conditions

Most of the groundwater on the Kenai Peninsula is located within unconsolidated

deposits of glacial outwash, fluvial, and eolian (wind-blown) sediments. At the RTRVP

site three aquifers (water-bearing) zones are present: 1) upper aquifer, which is
unconfined and the shallowest hydrogeologic unit, 2) semi-confined water-bearing
zones lying below the upper aquifer; and 3) lower confined aquifer.

The upper confined aquifer at the RTRVP site is separated from the lower confined

aquifer by a dense silty till that acts as a confining unit. The semi-confined water-
bearing zone consists of glaciofluvial sand lens within the silty till unit. The upper
aquifer consists of fill or alluvium (consisting of silty sand and gravel material)
overlying the till unit. The upper aquifer is recharged during precipitation events and
snowmelt where it then discharges to the Kenai River. The confined aquifer also
provides a component of recharge through flow of groundwater up through the
confining unit. An elevated ridge in the top of the till surface runs east-west across the
site passing through the former Dry Cleaner Building and divides the unconfined
aquifer into two separate units.

The confining unit underlies the upper aquifer at varying depths across the site from
less than 5 feet bgs to greater than 20 feet bgs. ADOT Kenai River bridge foundation

ERM
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investigations adjacent to the RTRVP site indicate that this confining layer extends to
depths ranging from 81 feet bgs (ADOT, 1997) to 95 feet bgs (ADOT, 1963) where the
lower confined aquifer is encountered.

The lower confined aquifer serves as a drinking water source for the RTRVP property’s
water wells as well as other private entities. Two test wells drilled at the site of the
Kenai River Bridge by ADOT in 1963 tapped into the confined aquifer exhibiting
flowing artesian groundwater at a rate of approximately 50 gpm out of a three inch pipe
and a static hydraulic head of 18 feet above ground surface (ADOT, 1963). This data
demonstrates an upward vertical hydraulic gradient between the confined aquifer and
the shallow upper unconfined aquifer. Communication between the lower confined
aquifer and shallower aquifers has not been evaluated due to insufficient data.

3.3. Upper Contaminant Plume

Groundwater flow patterns in the upper contaminant plume area are complex; being
controlled by the contours of the underlying till formation. As previously mentioned
this till formation creates a groundwater divide between the upper and lower
contaminant plumes.

The till surface undulations create a bowl at the northwest corner of the former Dry
Cleaner Building (Figure 5 in OASIS, 2006b) and during periods of recharge
groundwater flows north-northwest toward the Sterling Highway but during dryer
periods a gradient reversal is sometimes observed with the groundwater flowing back
toward the building.

Flow direction in the upper contaminant plume water table aquifer is generally toward
the north-northwest, with a very flat gradient near the former dry cleaner building and
an increased gradient closer to the Sterling Highway. Once groundwater reaches the
Sterling Highway it is intercepted by a storm drain system that diverts the flow back in a
southerly direction toward the Kenai River where it then discharges to the Kenai River
at the Kenai River Bridge Outfall.

During typical groundwater conditions (recharge and north-northwest groundwater
flow) the groundwater flow rate in the upper plume is estimated to be between 0.1 and
0.2 feet per day (ft/day).

Upper plume water table elevation data collected historically from the datalogger in
monitoring well MW-16 revealed that the groundwater elevation increased by
approximately one foot between September and December 2006 and has remained
elevated relative to the historical record from October 2002 through September 2006.
Telephone conversations with DOT personnel have suggested that there was a possible
water line break at RTRVP (not caused by DOT activities during the bridge upgrade of
the Sterling Highway). However, in the fall 2009 the property owner tested this water
line for leaks and found none, so it appears that the water source is somewhere else.
One possibility is a leak from the onsite artesian water supply well and/or connected

ERM 23 5/28/2015



River Terrace RV Park, Soldotna
FINAL April 2014 Groundwater Monitoring Report ADEC

distribution piping located near the northwest corner of the Former Dry Cleaner
Building.

3.4. Unconfined Lower Contaminant Plume

Groundwater flow direction in the lower contaminant plume is generally southerly
toward the Kenai River, although periodic groundwater flow reversals occur close to the
river.

In general, the lowest groundwater gradient between MW-39 and the Kenai River occurs
when the Kenai River level is relatively high (e.g., during the summer months (June or
July to September) and during fall seasonal high precipitation period before winter
freeze up. Conversely, the highest groundwater gradient between MW-39 and the Kenai
River occurs when the Kenai River level is relatively low, which occurs during the
winter and early spring months before breakup. The groundwater flow rate in the lower
plume is estimated between 4 and 6 ft/day.

3.5. Semi-Confined Water Bearing Zones

Several monitoring wells (MW-44 through MW-52) were completed at depths greater
than 20 feet bgs and all are located within the silty till unit (confining layer); except MW-
48 which is located within the 1997 soil excavation removal area and is thus completed
in the backfilled material (Figure 4, Appendix E). This confining layer (also referred to
as a semi-confined water-bearing zone) includes glaciofluvial sand lenses within the
silty till unit.

Static groundwater elevations vary between these monitoring wells with the monitoring
wells (MW-47, MW-48, MW-51, L-100, and L-103) completed in or near the 1997 soil
excavation removal area (Figure 4 shows excavation contours) having static elevations
approximately 8 feet higher (Table 2-2) than monitoring wells completed farther away
from the excavation area within the till unit (MW-44, MW-45, and MW-46). This data
indicates that the 1997 soil excavation removal has weakened the confining unit layer;
creating an area of increased upward flow from the underlying confined aquifer.
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4. ANALYTICAL RESULTS

4.1. Quality Assurance Review Summary

A quality assurance review (QAR) of the groundwater analytical results is presented in
Appendix H. The QAR discusses the data quality assurance/quality control (QA/QC)
procedures and presents the results of the QA /QC analysis. This data quality assurance
review conforms to the requirements of the ADEC Technical Memo -06-2002, dated
March 2009. ADEC Laboratory Data Review Checklists have been completed for each
laboratory work order that is a part of this project and they are provided in Appendix H.
The laboratory analytical data reports for this project are contained electronically in the
CD-ROM that accompanies this report.

The QA/QC data evaluated during this review process indicate that the sample results
are acceptable for their intended project use. Unless otherwise indicated, the analytical
results meet the precision and accuracy requirements for the associated analytical
methods. The QA/QC data indicate that the quality control mechanisms were generally
effective in ensuring measurement data reliability within the expected limits of sampling
and analytical error. Data qualified by the review process have been appropriately
flagged before being presented in the report. The overall calculated completeness of the
April 2014 groundwater sampling data set is 100%.

4.1.1. VOC and Performance Groundwater Analysis (SGS)

Groundwater samples collected from twenty-eight groundwater monitoring wells, and
three field duplicate samples (MW-26, MW-38, and MW-42) were analyzed for VOCs by
SGS Environmental Services, using EPA method SW8260B. Twenty of the groundwater
monitoring wells and one field duplicate (MW-42) sample were analyzed for Total
organic carbon using SM 5310B, and dissolved/total iron and manganese using EPA
method 200.8. The SGS results, provided in one work order 1141548, were reviewed and
only the following minor anomalies were noted in the data.

The samples were received in good condition and with the proper preservation, with the
following exceptions:

e The sample pH was greater than two for the following TOC sample bottles: 14-
RT-005-GW (MW-9), 14-RT-006-GW (MW-39), 14-RT-009-GW (MW-47), 14-RT-
010-GW (MW-48), 14-RT-011-GW (MW-49), 14-RT-015-GW (L-78),14-RT-017-GW
(L-101), 14-RT-018-GW (L-80A), 14-RT-019-GW (L-102), and 14-RT-020-GW (L-
103). The sample pH appears to have been impacted by high levels of HRC. No
data qualification was performed on these results since they were not likely
impacted and the data is being used for performance monitoring purposes only.

e The sample pH was greater than two for the following metals sample bottles: 14-
RT-009-GW (MW-47), 14-RT-011-GW (MW-49), 14-RT-015-GW (L-78), 14-RT-017-
GW (L-101), 14-RT-018-GW (L-80A), 14-RT-019-GW (L-102), and 14-RT-020-GW
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(L-103). No data qualification was performed on these results since they were
not likely impacted and the data is being used for performance monitoring
purposes only.

e Several samples had one or more VOC vials with headspace. The VOC analyses
were performed using the containers without headspace, with the exception of
14-RT-020-GW (L-103). The analytical results for this sample have been qualified
(VH-flag) to indicate a potential low bias due to improper sample preservation.

The analyses were performed within the recommended hold times.

All associated field and laboratory QA /QC results met established criteria with the
following exceptions:
e The project required reporting limit was not met for vinyl chloride in five
samples due to a dilution. The affected samples include 14-RT -010-GW, -016-
GW, -032-GW, -033-GW, and -034-GW. The usability of the vinyl chloride results
for these samples may be limited for this project.

Three field duplicate samples were collected from MW-38, MW-42, and MW-26, to
evaluate intra-laboratory precision. Relative percent difference (RPD) values were
calculated for all analytes with concentrations above the analytical reporting limit. The
analytical results above the reporting limit were agreeable, with no exceptions.

e  Where comparable all of the RPD values for the duplicate pairs were within
acceptable criteria. However, it should be noted that most of the duplicate
sample results had elevated reporting limits due to sample dilution and therefore
only two pairs of VOC analyte results were available for comparison.

The total overall calculated completeness of the April 2013 compliance monitoring data
set is 100%, which meets the established 85% completeness data quality objective.

41.2. ALS

Groundwater samples collected from twenty groundwater monitoring wells plus one
tield duplicate (MW-42) sample were subcontracted by SGS to ALS for the Permanent
gases (ethylene, ethane, and methane) using RSK175.

The samples were received in good condition and with the proper preservation, with the
following exception:

e Several samples had one or more VOA vials with headspace and/or had a
sample pH that was greater than two for the RSK175 samples. No data
qualification was performed on these results since they were not likely impacted
and the data is being used for performance monitoring purposes only.

The ALS results, provided in service request P1401715, were reviewed and no anomalies
were noted in the data.
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One field duplicate sample was collected from MW-42 to evaluate intra-laboratory
precision. Relative percent difference (RPD) values were calculated for all analytes with
concentrations above the analytical reporting limit. All RPD values for duplicate
samples were within the 30% RPD precision criteria.

The total overall calculated completeness of the April 2014 Permanent Gas data set is
100%, which meets the established 85% completeness data quality objective.

4.1.3. Microseeps, Inc.

Groundwater samples collected from twenty groundwater monitoring wells plus one
field duplicate (MW-42) sample were analyzed by Microseeps, Inc. for the Volatile Fatty
Acids (VFAs) using Microseeps method AM21G.

The Microseeps results, provided in one work order 12031, were reviewed and no
anomalies were noted in the data.

One duplicate sample was collected from MW-42 to evaluate intra-laboratory precision.
Relative percent difference (RPD) values were calculated for all analytes with
concentrations above the analytical reporting limit. All RPD values for duplicate
samples were within the 30% RPD precision criteria.

The total overall calculated completeness of the April 2014 VFAs data set is 100%, which
meets the established 85% completeness data quality objective.

41.4. SiREM

Seven groundwater samples (MW-47, MW-48, MW-49, MW-50, MW-51, L-78 and L-103)
and one field duplicate (MW-48) were analyzed by SIREM Laboratories for the presence
of Dehalococcoides bacteria (Dhc) using a Quantitative Gene-Trac Dehalococcoides Assay
and a Gene-Trac Vinyl Choride Reductase Assay (vcrA).

The SiREM results, provided in one work order S-3185, were reviewed and no anomalies
were noted in the data. Genomic DNA was extracted from the samples and the
suitability of extracted DNA for testing using universal PCR primers was confirmed.
The Quantitative Dehalococcoides and Vinyl Chloride Reductase analysis was
performed on 6 and 7 May 2014; positive, negative, and DNA extraction blank controls
were all within laboratory control limits.

One duplicate sample was collected from MW-48 to evaluate intra-laboratory precision.
Relative percent difference (RPD) values were calculated for all results with
concentrations above the method reporting limit. The RPD value for duplicate Dhc
sample results was 50% RPD and is considered acceptable for microbiological data.

4.2. Groundwater Sample Results for Target Analytes

All 28 sample locations were analyzed for VOC analysis using method EPA 8260B. The
April 2014 groundwater sampling results (provided in Table 2-3) show that PCE, cis-1,2-
DCE, and vinyl chloride are present at concentrations above applicable cleanup levels in
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one or more RTRVP monitoring wells/injection points. The following sub-sections
summarize cleanup level exceedances from the April 2014 monitoring event.

4.2.1. PCE

Upper Plume

PCE concentrations were below the 840 ng/L on-RTRVP property cleanup level in all
upper plume samples.

PCE concentrations were below the 50 ng/L off-RTRVP property cleanup level in all
samples from upper plume monitoring wells located off-RTRVP property or within
approximately 10 feet of the property boundary (MW-12, MW-16, MW-25, and MW-38).

Lower Plume

PCE concentrations were below the 840 pug/L on-RTRVP property cleanup level in all
lower plume samples.

Semi-Confined Water-Bearing Zones within the Till

PCE concentrations exceeded the 840 pg/L on-RTRVP property cleanup level in the
lower plume semi-confined water-bearing zones within the till at 5 locations. The
location and detected concentration of PCE are listed below:

e 2,500 ng/L at MW-47
e 4350 nug/LatL-78

e 63,500 ng/L at L-80A
e 61,500 pg/L at L-102
e 8340 ng/L at L-103

422. TCE

Upper Plume

TCE concentrations were below the 21,900pg/L on-RTRVP property cleanup level in all
upper plume samples.

TCE concentrations were below the 50pg/L off-property cleanup level in all samples
from the upper plume monitoring wells located off-RTRVP property or within
approximately 10 feet of the property boundary (MW-12, MW-16, MW-25, and MW-38).

Lower Plume and Semi-Confined Water-Bearing Zone within the Till

TCE concentrations were below the 21,900 ng/L on-RTRVP property cleanup level in all
lower plume and semi-confined till monitoring well samples.
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4.2.3. Cis-1,2-DCE

Upper Plume

Cis-1,2-DCE concentrations were below the 11,600 pg/L on-RTRVP property cleanup
level in all upper plume samples.

Cis-1,2-DCE concentrations were below the 700 pg/L off-RTRVP property cleanup level
in all samples from upper plume monitoring wells located off-RTRVP property or
within approximately 10 feet of the property boundary (MW-12, MW-16, MW-25, and
MW-38).

Lower Plume

Cis-1,2-DCE concentrations were below the 11,600 ng/L on-RTRVP property cleanup
level in all lower plume samples.

Semi-Confined Water-Bearing Zone within the Till

Cis-1,2-DCE concentrations exceeded the 11,600 pg/L on-RTRVP property cleanup level
in the lower plume semi-confined water-bearing zones within the till at seven locations.
Detected Cis-1,2-DCE concentrations and associated locations are listed below:

e 25,400pg/L at MW-48
e 37,800ng/L at MW-49
e 19900pg/L at L-78

e 20,000pg/L at L-80A
e 29,800ng/L at L-101

e 36,700pg/L at L-102

e 24,600ug/L at L-103.

4.2.4. Trans-1,2-DCE and 1,1-DCE

Trans-1,2-DCE and 1,1-DCE concentrations were below the 11,600 or 70 pg/L on-RTRVP
property cleanup levels in all upper plume samples. Trans-1,2-DCE and 1,1-DCE
concentrations were below the 1,000 or 70 ng/L off-RTRVP property cleanup level in all
samples from upper plume monitoring wells located off-RTRVP property or within
approximately 10 feet of the property boundary (MW-12, MW-16, MW-25, and MW-38).

Lower Plumes and Semi-Confined Water-Bearing Zone within the Till

Trans-1,2-DCE and 1,1-DCE concentrations were below the 11,600 or 70 ug/L,
respectively, on-RTRVP property cleanup level in all lower plume samples except for
one location. Injection point L-102 had a 1,1-DCE concentration of 88.4 F pg/L.
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4.2.5. Vinyl Chloride

Upper Plume

Concentrations for vinyl chloride exceeded the on-RTRVP property cleanup level of
2 pug/Lin five of six upper plume locations. Reportable concentrations ranged from 3.2
to 16.5 ug/L.

Lower Plume

Concentrations for vinyl chloride exceeded the on-RTRVP property cleanup level (2
ng/L) in three of nine lower-plume locations with concentrations ranging from 2.05 to
455 pg/L.

Semi-Confined Water-Bearing Zone within the Till

Concentrations for vinyl chloride exceeded the on-RTRVP property cleanup level in all
thirteen locations from the semi-confined water-bearing zone within the till. Note that
the reporting limit for MW-48 and L-100 of 50 pg/L was above the cleanup level and
therefore included in the wells that exceeded. Concentrations ranged from 2.74 pg/L in
MW-52 to 8,390 pg/L in MW-49.

4.2.6. Benzene

Upper and Lower Plumes

Concentrations for benzene were reported below the on-RTRVP property cleanup level
of 50 ug/L for all samples.

4.3. Contaminant Plumes Discussion

Figure 5 shows the PCE concentrations in the April 2014 groundwater samples and
depicts the inferred extend of groundwater exceeding PCE cleanup levels. The plume
show on Figure 5 is encompassing five monitoring wells (L-78, L-80A, L-102, L-103, and
MW-47) in the semi-confined water-bearing zones that exceeded the on-RTRP cleanup
level (840png/L).

Figure 6 shows the cis-1,2-DCE concentrations in the April 2014 groundwater samples
and depicts the inferred extent of groundwater exceeding cis-1,2-DCE cleanup levels.
The groundwater plume shown on Figure 6 encompasses seven out of thirteen of the
semi-confined monitoring wells (Table 2-5) where concentrations exceeded the on-
RTRVP cleanup level (11,600 ug/L).

Figure 7 shows the vinyl chloride concentrations in the April 2014 groundwater samples
and depicts the inferred extent of the groundwater plumes that exceed vinyl chloride
cleanup levels. The upper plume encompasses MW-25 on the west, MW-42 on the east,
and MW-36 on the south - this includes all sampled monitoring wells with the exception
of MW-23 that is located outside the area of contamination. The lower plume is inferred
to encompass an area north of L-100 down-gradient to the Kenai River. Note however
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that this area does include a few small pockets or individual monitoring wells that are
below the vinyl chloride cleanup level.

4.4. Groundwater Results for Non-Target Analysis

In addition to the target analytes discussed in the previous section, non-target analytes
were detected in many of the April 2014 samples. It should be noted that all September
2008 through April 2014 samples were analyzed for the full suite of VOCs (target
analytes plus non-target analytes), whereas in previous sampling events, many samples
were analyzed for target analytes only. Therefore, there are many more detections of
non-target analytes during the more recent sample events as compared to historical
sample events.

Appendix F summarizes the non-target analyte detections for the December 1999
through April 2014 monitoring events (27 events). Per ADEC cumulative risk guidance,
only analytes detected above 1/10 of risk-based cleanup levels are considered chemicals
of potential concern and are therefore shown in Appendix F.

The April 2014 non-target analyte results are discussed below with respect to ADEC
cleanup levels (18 AAC 75, Table C, or for analytes not listed on Table C, calculated
cleanup levels).

e 1,2-dichloropropane was detected above its 5 ng/L 18 AAC 75.345 cleanup level in
eight of the groundwater samples from the source area within the semi-confined
aquifer (i.e., monitoring wells MW-47, MW-49, MW-50, MW-51, L-78, L-80A, L-101,
and L-102), where the concentrations ranged from 6.84 pug/L in MW-50 and MW-51
to 257 pg/L in L-80A. Historically, 1,2-dichloropropane has regularly been detected
above its cleanup level in samples from the source area within the semi-confined
aquifer. The 1,2-dichloropropane was probably originally present as a contaminant
in the tetrachloroethene (PCE or dry cleaning fluid), since it is used during
preparation of the dry cleaning solvent.

e 1,1-dichloroethene was detected above its 7 pg/L 18 AAC 75.345 cleanup level in
eight of the groundwater samples from the source area within the semi-confined
aquifer (i.e., monitoring wells MW-47, MW-48, MW-49, MW-50, MW-51, L-80A, L-
102, and L-103), where the concentrations ranged from 7.24 pg/L in MW-47 to 88.4
ng/Lin L-102. Historically, 1,1-dichloroethene has regularly been detected above its
cleanup level in samples from the source area within the semi-confined aquifer. The
1,1-dichloroethene is one of the three possible forms of dichloroethene (DCE)
resulting from reductive dechlorination of trichloroethene (TCE), the other two being
cis-1,2-DCE and trans-1,2-DCE.

e No other non-target analytes were detected at concentrations above 1/10 of their
ADEC cleanup levels.
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4.5. Contaminant Migration to Kenai River

The RTRVP ROD provides guidance for the application of the surface water cleanup
levels provided in the ROD. This guidance includes the use of sentry wells located
adjacent to the Kenai River to be used to determine compliance with surface water
cleanup levels. The list of sentry wells includes MW-12, MW-20, MW-8, MW-6A, MW-7,
MW-5, and MW-35. Based on modeling a value of three times the water quality criteria
is used as the cleanup level for the sentry well (see Table 2-3).

The remainder of this section discusses the current monitoring results in comparison to
the cleanup levels defined in the ROD.

4.5.1. Kenai River Sentry Monitoring Wells

The sentry well monitoring results for 2014 showed, for the first time, that no target
analytes were detected above the ROD cleanup levels for contaminant migration to the
Kenai River in any of the sentry well samples collected (Table 2-3).

Historically the sentry well monitoring results from 2008 through 2013 show that vinyl
chloride was the only target analyte detected above its ROD cleanup level of 6 ug/L in
the sentry monitoring wells. During the September 2008 monitoring event cis-1,2-DCE
was also above its modeled cleanup level of 210 pg/L in MW-35.

4.5.2.  Surface Water Column Sample Results

Consistent with all historical sample events from 2003 through 2014, except for October
2009, no target analytes were detected in the surface water column samples collected
downslope of MW-5, MW-6, and MW-8 (Appendix A). Based on recent analytical
results it appears that the October 2009 surface water analyte detections were due to
anomalous site conditions at that time.

Prior to 2003, surface water column samples were collected in May 1997 and May 1999
(Appendix A). PCE, TCE, and cis-1,2-DCE were detected in two of the May 1999
samples. Downslope of MW-8 PCE, TCE, and cis-1,2-DCE were detected at 0.81 pg/L,
0.26 pg/L, and 2.8 ug/L, respectively. Downslope of MW-6 PCE, TCE, and cis-1,2-DCE
were detected at 2.5 ug/L, 1.9 ng/L, and 15 pg/L, respectively. Groundwater remedial
actions were initiated in 2000 and since that time no contaminants have been detected in
the Kenai River water column samples except as discussed above.
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5. PERFORMANCE MONITORING (BIOREMEDIATION
ANALYSIS)

This section discusses the April 2014 analytical results for natural attenuation
parameters, target analytes, and volatile acids for the fourteen monitoring wells and
three injection points sampled.

5.1. Dhc Results

Periodically since the initiation of the bioaugmentation pilot test on October 25, 2002,
groundwater samples have been collected from selected monitoring wells to monitor the
progress of Dehalococcoides Ethenogenes DHE growth across the site. Dehalococcoides
(Dhc) are the only known group of microbes capable of complete reductive
dechlorination past cis-1,2-DCE to vinyl choride and ethene. The bioaugmentation pilot
test consisted of injecting KB-1, a microbial consortium containing Dhc microorganisms,
into five injection points near MW-9. KB-1 is a methanogenic and acetogenic anaerobic
microbial consortium containing five strains of Dhc type organisms; it is marketed
specifically for bioaugmentation of chlorinated solvents. The Final Initial Status Report
on Bioaugmentation at River Terrace RV Park dated January 22, 2003 (OASIS, 2003a)
contains details about the bioaugmentation pilot test.

Prior to June 2004, the Dhc samples were analyzed using a Gene-Trac Semi-Quantitative

“ou

Dhc test, and the results were reported as an intensity score (where “-“ indicated an
absence of Dhc organisms, “+” indicated a low intensity of Dhc organisms, and so on up
to “++++” indicating high numbers of DHE organisms). Beginning with the June 2004
analyses, the Dhc samples have been analyzed using the Gene-Trac Quantitative Dhc
test, and the results are reported as numbers of gene copies per liter. As part of the
quantitative test, the percent of Dhc in the microbial population is also reported. The

Dhc sample results are shown in Table 5-1 and discussed below.

e In 2014, 5X104 Dhc gene copies per liter were detected in MW-47, compared to 3X105
and 2X10¢ Dhc gene copies per liter detected in 2013 and 2012, respectively. In 2014,
Dhc comprised 0.0007 to 0.002 percent of the microbial population, as compared to
0.006 to 0.02 percent in 2013. Overall, the 2014, 2013, 2012, 2010, and 2009 results
have shown a moderate Dhc population that should be adequate to mediate
complete reductive dechlorination. The Dhc population peaked during the 2009 to
2012 sampling events but has since declined during the last two monitoring events.

e In 2014, 5X10* Dhc gene copies per liter were detected in MW-49, whereas Dhc was
not detected in MW-49 in 2013. However, the previous three sampling results
showed an increase in Dhc organisms in MW-49 to a high Dhc population that is
adequate to mediate complete reductive dechlorination. The reasons for the recent
decline and slight rebound in Dhc populations are not known for certain but may be
related to changes in the total chlorinated ethene concentrations and relative
percentages of daughter products as shown on Chart G-12b.
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e In 2014 and 2013, 2X107 and 3X107 Dhc gene copies per liter, respectively, were
detected in MW-50, which is approximately two orders of magnitude lower than the
2X10° gene copies per liter detected in 2012. In 2014 and 2013, Dhc comprised 0.4 to
1.0 percent of the microbial population, as compared to 46 to 90 percent in 2012.
Overall, the results show a moderate to high Dhc population at MW-50 that is
adequate to mediate complete reductive dechlorination. The Dhc population decline
observed in 2013 and 2014 may be the result of a large decline in the total chlorinated
ethene concentrations that went from about 1,600 umol/L in 2011 to 200 umol/L
during 2012, 2013, and 2014.

e In 2014, 8X10¢ Dhc gene copies per liter were detected in MW-51, as compared to
2X108 Dhc gene copies per liter detected in 2013, or approximately two orders of
magnitude lower. In 2014, Dhc comprised 0.2 to 0.6 percent of the microbial
population, as compared to 3 to 8 percent in 2013. Overall, the MW-51 analytical
results have shown a moderate to high Dhc population that is adequate to mediate
complete reductive dechlorination.

¢ DHE was not sampled at MW-52 in 2014. However, in 2013, 2X10° Dhc gene copies
per liter were detected in MW-52, which is approximately one order of magnitude
higher than the 6X108 gene copies per liter detected in 2012. In 2013, Dhc comprised
16 to 40 percent of the microbial population, as compared to 9 to 25 percent in 2012.
Overall, the Dhc analytical results have shown a continued increase in Dhc
organisms in MW-52 from moderate to high Dhc populations that are adequate to
mediate complete reductive dechlorination.

e In 2014, 6x105Dhc gene copies per liter were detected in L-78, as compared to 3x105
Dhc gene copies per liter in 2013. Dhc comprised 0.01 to 0.04 percent of the
microbial population, as compared to 0.007 to 0.02percent in 2013. These results
indicate a moderate concentration of Dhc which may or may not be associated with
observable dechlorination activity.

e In 2014, 1x104Dhc gene copies per liter were detected in L-103. Dhc comprised
0.0003 to 0.0008 percent of the microbial population. This result indicates a low
concentration of Dhc which may indicate that site conditions are suboptimal for high
rates of dechlorination activity.

e In 2014, 3x10% Dhc gene copies per liter were detected in MW-48. Dhc was not
detected in MW-48 in 2013, 2012, 2010, or 2009, suggesting that there is a low
population of Dhc organisms (detection limit is 1X10* Dhc gene copies per liter) in
the vicinity of MW-48. Samples with low concentrations of Dhc may indicate that
site conditions are suboptimal for high rates of reductive dechlorination. The reason
for the continued low Dhc population at MW-48 is presently not known.

e In 2013 and 2014, MW-44 was not analyzed for DHE. Overall, the 2006, 2007, 2008,
and 2012 results have all shown a high Dhc populations that should be adequate to
mediate complete reductive dechlorination.

The Dhc and VOC analytical results suggest the following conclusions:
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e Moderate to high concentrations of Dhc organisms are present in the vicinity of MW-
44, MW-47, MW-50, MW-51, and MW-52. The Dhc populations should be adequate
to mediate reductive dechlorination as long as geochemical conditions are
sufficiently reducing.

e The Dhc population in L-78 is only moderate which may explain why the VOC
concentrations of PCE, TCE, and cis-DCE have remained elevated (i.e., dominant
forms of chlorinated ethenes) since 2008 with only a minor percentage (less than
10%) being vinyl chloride and ethene. The differences between L-78 and M-44
(located approximately 4 feet away and showing excellent reductive dechlorination
progress) demonstrate the heterogeneities present in the semi-confined till materials
at this site.

e Strangely there is no detectable Dhc population in MW-48, although vinyl chloride
and ethene were both detected in samples from MW-48. It is thought that the vinyl
chloride and ethene detections in MW-48 may be migrating from nearby areas of the
site where Dhc organisms are present. The newly installed injection point L-103,
located in the vicinity of MW-48, also indicates low levels of Dhc organisms in this
vicinity.

e The low to absent level of Dhc organisms in MW-49 during the 2014 and 2013
sampling events represent a decline from the high Dhc concentrations that were
detected previously and indicate a change in the reductive dechlorination rate at this
location because VOC results now show increased PCE and cis-DCE levels and a
decline in the vinyl chloride levels and ethene concentrations. However, this
location had the second highest ethene concentration for the site even with this
decline in reductive dechlorination rates.

e There are presently moderate to high Dhc populations in the vicinity of all lower
plume semi-confined monitoring wells within the source area (MW-44, MW-47,
MW-50, MW-51, MW-52, and L-78) with the exception of MW-48, MW-49, and L-103.

Table 5-1 includes the pH results during monitoring to evaluate its potential impact on
the Dhc organism population. The 2014 pH results were between pH 5.1 and 6.8.
Bacteria that are active in reductive dechlorination such as Dhc are very sensitive to low
pH. The optimal pH range for Dhc is at pH 6 to 8.5. The significant points of interest on
the relationship between pH and Dhc populations are discussed below.

e Opverall there is not always a consistent relationship between pH and Dhc
populations at the River Terrace site. For instance MW-9, MW-39, and MW-40 all
have pH values that are generally near or below 6 with Dhc populations consistently
above 3x10¢ Dhc gene copies per liter.

e However, the data also show that when the pH is 7 or above the Dhc populations are
ranging from 2x105 (one instance) to 2x10° Dhc gene copies per liter - indicating that
concentrations of Dhc are in the moderate to highest observed range and are often
associated with observable dechlorination activity.
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In conclusion while overall we do not observe a consistent relationship between pH and
Dhc populations it does appear that when the pH is 7 or above the Dhc populations are
greater with the data showing 3x10¢ Dhc gene copies per liter or greater. This suggests
that it may be beneficial (i.e., promote higher levels of reductive dechlorination activity)
to evaluate the potential to adjust the aquifer pH through chemical additions.
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Table 5-1: DHE Sample Results; June 2002 through April 2014; RTRVP

lreported is the number of Dehalococcoides 16SRNA gene copies per liter of sample. Percent Dhc is only available for the quantitative tests.

9 Ueﬁutococco-zae‘s. Chloride
Dehalococcoides Intensity (% Positive . Reductase in | Vinyl Chloride
Bacterial in Microbial Control) Intensity Score Microbial Reductase Gene
Monitoring DNA Population Dehalococcoides 165 rRnA Gene Copies Population Copies per Liter
Well ID Sample ID Sample Date| pH | Detected (% Dhc) per Liter* (% vcrA) (VCinug/L) Test Result
02-RT-045-GW 6/18/02' 5.1 Yes NA 18 e+ Positive (2 of 3 primer sets)
MW-36 06-RT-029-GW 9/12/2006 6.1 Yes 0.02-0.07% 2x10°® Positive (one primer used®)
07-RT-021-GW 9/20/2007 6.3 Yes 0.5-1% 4x10°@ Positive (one primer used”)
02-RT-049-GW 6/18/02" 7.0 Yes NA 0.12 + Positive (2 of 3 primer sets)
MW-25 06-RT-031-GW 9/12/2006 | 64 Yes 0.1-0.3% 4x10°® Positive (one primer used”)
07-RT-023-GW 9/18/2007 6.3 Yes > 4% 7x10°@ Positive (one primer used”)
MW-26 02-RT-061-GW 6/18 /021 Yes NA 0.19 + Positive (2 of 3 primer sets)
04-RT-036-GW 6/18/2004 | 5.8 No NA <7,500 Negative
MW-4A 06-RT-044-GW 9/12/2006 5.7 Yes 0.0003-0.001% 7x10°® Positive (one primer used?)
08-RT-030-GW 9/17/2008 6.3 Yes 0.04-0.1% 9x10°@

] Inconclusive (1.24 . .
02-RT-040-GW 6/19/02 59 Yes NA 016 + ug/L VC) Positive (2 of 3 primer sets)
03-RT-004-GW 2/4/2003 6.3 No NA 0 - Negative

MW-6 03-RT-032-GW 6/17/2003 6.5 Yes NA 9 + Positive (2 of 3 primer sets)
6
MW-6-05-RT-049-Gw | 10/11/2005 ¢4 Yes 2.7% 3x10°% (25. 431;}% vy | Positive (one primer used")
07-RT-031-GW 9/19/2007 6.3 Yes 0.1-0.3% 5x10°@ Positive (one primer used”)
02-RT-041-GW 6/19/02" 5.3 Yes NA 0 - Negative
02-RT-102.GW 12/18/2002 | 54 | ves NA 10 ++ (42.51‘;1/(;6 vey | Posttive (2 of 3 primer sets)
MW-9 03-RT-036-GW 6/17/2003 | 6.2 Yes NA 85 +4+ Positive (3 of 3 primer sets)
04-RT-027-GW 6/18/2004 | 5.6 Yes 4-13% 5.04 x 10" ¥ Positive (one primer used®)
MW-9-05-RT-050-GW | 10/11/2005 | 5.6 Yes 2-6% 5x107® Positive (one primer used®)
08-RT-031-GW 9/16/2008 | 51 Yes 0.09-0.3% 7x10°® Positive (one primer used?)
09-RT-066-GW 10/5/2009 | 7.5 Yes 0.2-0.7% 2x10°? 0.2-0.6% 2x10 Positive (one primer used®)
04-RT-028-GW 6/18/2004 6.2 Yes 1-3% 6.52x 10°® Positive (one primer used”)
06-RT-035-GW 9/11/2006 | 5.8 Yes 1-4% 5x107® Positive (one primer used®)
MW-39 07-RT-033-GW 9/18/2007 | 5.7 Yes 1-2% 4x10°® Positive (one primer used”)
08-RT-032-GW 9/17/2008 6.0 Yes 0.05-0.2% 3x10°® Positive (one primer used?)
09-RT-067-GW 10/6/2009 - Yes 1-4% 4x10"® 1-4% 4x10° Positive (one primer used”)
02-RT-103-GW 12/18/2002 | 6.0 Yes NA 18 + Positive (2 of 3 primer sets)
MW-40 03-RT-002-GW 2/4/2003 6.4 Yes NA 39 ++ Positive (3 of 3 primer sets)
08-RT-033-GW 9/17/2008 6.1 Yes 0.2-0.5% 1x10°® Positive (one primer used?)
MW-44-05-RT-053-Gw | 10/11/2005) 7 ¢ Yes 0.01-0.03% 2x10°% 1X10 Positive (one pri 4
_44-05-RT-053- . .01-0.03% (14.7 ug/L VC) primer used")
06-RT-037-GW 9/12/2006 74 Yes 1-3% 2x107@ Positive (one primer used”)
MW-44 07-RT-035-GW 9/18/2007 73 Yes 7-20% 5x107@ Positive (one primer used”)
08-RT-034-GW 9/17/2008 7.6 Yes 8-21% 9x10°® Positive (one primer used4)
12-RT-008-GW 5/8/2012 7.2 Yes 4-10% 1x108@ 7-18% 3x10° Positive (one primer used”)
06-RT-038-GW 10/4/2006 | 6.4 Yes 0.007-0.02% 5x10°® Positive (one primer used?)
07-RT-036-GW 9/19/2007 6.2 Yes 0.03-0.1% 9x10*® Positive (one primer used®)
08-RT-035-GW 9/17/2008 | 6.1 Yes 0.0001-0.0004% 5x10*® Positive (one primer used®)
MW7 09-RT-070-GW 10/6/2009 | - Yes 0.03-0.1% 3x10°® 0.05-0.1% 3x10° Positive (one primer used®)
10-RT-089-GW 10/19/2010 | 54 Yes 0.04-0.1% 2x10°® 0.06-0.2% 3x10° Positive (one primer used®)
12-RT-009-GW 5/8/2012 5.8 Yes 0.05-0.2% 2x10°% 0.08-0.2% 3x10° Positive (one primer used®)
13-RT-025-GW 4/10/2013 | 5.6 Yes 0.006-0.02% 3x10°% 0.01-0.04% 6x10° Positive (one primer used®)
14-RT-009-GW 4/23/2014 | 65 Yes 0.0007-0.002% 5x10*® 0.0008-0.002% 6 x 10* Positive (one primer used®)
09-RT-071-GW 10/6/2009 - No NA ND NA ND Negative
10-RT-090-GW 10/19/2010 | 6.3 No NA ND NA NA Negative
M8 12-RT-010-GW 5/8/2012 | 5.6 No NA <3x10°® NA NA Negative
13-RT-026-GW 4/10/2013 | 5.7 Yes NA <1x10*® NA NA Negative
14-RT-010-GW 4/22/2014 | 6.0 Yes 0.00009-0.0003 % 3x10°® NA <3x10°(ND) | Positive (one primer used®)
14-RT-032-GW 4/22/2014 | 6.0 Yes 0.0001-0.0003 % 5x10*% NA <4x10°(ND) | Positive (one primer used®)
09-RT-072-GW 10/6/2009 [ - Yes 0.001-0.004% 2x10'® NA <7x10’(ND) [ Positive (one primer used")
10-RT-091-GW 10/19/2010 | 6.4 Yes 0.1-0.4% 5x10°® 0.02-0.06% 7x10° Positive (one primer used4)
MW-49 12-RT-011-GW 5/9/2012 | 85 Yes 11-30% 5x10°® 10-26% 4x10° Positive (one primer used")
13-RT-027-GW 4/10/2013 6.4 No NA <3x10°® NA NA Positive (one primer used4)
14-RT-011-GW 4/23/2014 6.8 Yes 0.004-0.01% 5x10*® 0.005-0.02% 7 x 10* Positive (one primer used4)
09-RT-073-GW 10/6/2009 - Yes 0.02-0.07% 6x10°% NA <1x10*(ND) | Positive (one primer used®)
10-RT-092-GW 10/20/2010 [ 6.6 Yes 0.04-0.1% 4x10°® 0.001-0.003% 1x10° Positive (one primer used®)
MW-50 12-RT-012-GW 5/8/2012 9.1 Yes 46-90% 2x10°® 46-90% 2x10° Positive (one primer used®)
13-RT-028-GW 4/10/2013 | 7.0 Yes 0.4-1% 3x10"% 0.6-2% 4x10° Positive (one primer used®)
14-RT-012-GW 4/22/2014 6.3 Yes 0.4-1% 2x10”® 0.1-0.4% 6 x 10° Positive (one primer used”)
10-RT-093-GW 10/19/2010 7.0 Yes 0.4-1% 4x1079W 0.01-0.04% 1x10° Positive (one primer used4)
MW.51 12-RT-013-GW 5/9/2012 | 52 Yes 42-84% 3x10°® 53-97% 4x10° Positive (one primer used")
13-RT-029-GW 4/10/2013 | 7.0 Yes 3-8% 2x10°® 5-15% 3x10° Positive (one primer used")
14-RT-013-GW 4/22/2014 | 6.4 Yes 0.2-0.6% 8x10°% 0.2-0.5% 7 x 10° Positive (one primer used”)
10-RT-094-GW 10/19/2010 | 7.6 Yes 0.02-0.06% 3x10°% NA ND Positive (one primer used®)
MW-52 12-RT-014-GW 5/9/2012 | 10.9 Yes 9-25% 6x10°® 12-31% 7x10° Positive (one primer used®)
13-RT-030-GW 4/10/2013 8.1 Yes 16-40% 2x10°® 43-93% 9 x10° Positive (one primer used®)
L-9 L-9 10/25/022 Yes NA 84 +++ Positive (2 of 2 primer sets)
L-17 L-17 10/25/022 Yes NA 77 +++ Positive (2 of 2 primer sets)
L13 L-13 11/2/02° Yes NA 41 ++ Positive (2 of 2 primer sets)
03-RT-005-GW 2/4/2003 Yes NA 118 e+ Positive(3 of 3 primer sets)
178 13-RT-031-GW 4/9/2013 6.1 Yes 0.007-0.02% 3x10°% 0.02-0.05% 7x10° Positive (one primer used®)
14-RT-015-GW 4/23/2014 | 6.1 Yes 0.01-0.04% 6x10°? 0.01-0.04% 6x10° Positive (one primer used?)
L-80 08-RT-037-GW 9/18,/2008 No NA ND Negative
L-103 14-RT-020-GW 4/23/2014 5.1 Yes 0.0003-0.0008% 1x10*® 0.0004-0.001% | <4 x10>(ND) | Positive (one primer used*)
[Notes:  Newly-presented results are highlighted.
The results for samples collected prior to June 2004 refer to the portion of sample tested with Gene-Trac assay. The test is a semi-quantitative test based on PCR with three primer sets specific to DNA sequences in the 16S rRNA gene
of Dehalococcoides. A positive (+ to ++++) result in this assay indicates that a member of the Dehalococcoides group was detected in the water sample.
"Intensity (% of positive control)" = Quantitative assessment of electrophoresis gel band intensity of most abundant PCR Product test result as a percentage of corresponding positive control reaction. This value provides a semi-
quantitative assessment of the number of Dehalococcoides organisms present in the sample.
"Intensity Score", categorizes PCR product quantity based on the "intensity (%of positive control)". ++++ = Very high band intensity (greater than 100% of positive control); +++ = high band intensity (67-100%); ++ = moderate band
fintensity (34-66%); and + = low band intensity (4-33%); -/+ = inconclusive (1-3%); and - = no band (0%).
[Approximate correlation between the semi-quantitative (pre-June 2004) test and the quantitative (June 2004 to present) tests are:
+=10°-10° gene copies per liter; ++ = 10*-10° gene copies per liter; +++ = 10°-10’ gene copies per liter; ++++ = 10°-10° gene copies per liter.
" Samples collected before the 10/25/02 DHE injection 2 Samples collected immediately after the DHE injection. >: Samples collected one week after the DHE injection.
. June 2004, Oct 2005, Sept 2006, Sept 2007, Sept 2008, Oct 2009, Oct 2010, May 2012, April 2013, and April 2014 samples were assessed using a quantitative Dehalococcoides testing method with only one primer set. The value
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5.2. Field Screening Results

Field screening results are presented on the groundwater sample data sheets (Appendix
B1) and in Appendix C, Table C-1. Groundwater in the monitoring wells was field-
screened for pH, temperature, conductivity, DO, and ORP. The significance of the field
screening parameters is summarized in Table 1-2, and points of interest are discussed
below.

e The April 2014 pH readings ranged from 5.0 to 5.1 pH units (L-102 and L-103) to 7.2
pH units (MW-38). Most pH results were between pH 5 and pH 6.5.

e The April 2014 shallow groundwater temperatures ranged from 2.7°C in MW-6A
(near the Kenai River) to 5.9°C in MW-36. The deeper wells from the semi-confined
water bearing zone had groundwater temperatures that ranged from 4.1°C in MW-
44 to 7.4°C in L-100.

e The April 2014 DO concentrations ranged from 0.15 mg/L (MW-38 and L-78) to 7.2
mg/L (MW-23). The DO was below 2 mg/L in all monitoring wells except for MW-
12, MW-23, and MW-26, which are all outside the primary area of HRC treatment.
MW-50 and MW-51 had DO concentrations of 2.1 and 3.1, respectively, which
correlated with HRC depletion at these locations. The ORP concentrations were
fairly consistent with the DO concentrations, although a few inconsistencies are often
observed. The highest ORP of 88.8 mV was measured in MW-12, which exhibited a
DO concentration of 4.6 mg/L and the lowest ORP of -335.6 mV was measured in L-
103, which exhibited a low to moderate DO concentration of 1.2 mg/L.

5.3. Laboratory Natural Attenuation Parameter Results

The April 2014 groundwater samples were analyzed by SGS Laboratories for the
following natural attenuation indicator parameters: TOC, dissolved and total iron and
manganese, and ethane, ethene, methane. Groundwater natural attenuation
(geochemical) parameter results are presented in Appendix C in Table C-2. The
significance of the natural attenuation parameters is summarized in Table 1-2, and
points of interest are discussed below.

5.3.1. Total Organic Carbon

The April 2014 TOC levels in monitoring wells ranged from 2.64 mg/L in MW-51 to
5,050 mg/L in MW-47. In injection wells TOC levels ranged from 12.8 mg/L in L-100 to
30,700 mg/L in L-102. The TOC concentration in nine of fourteen monitoring wells
sampled was above the 20 mg/L threshold level considered conducive for reductive
dechlorination. The TOC concentrations in MW-36, MW-42, MW-6A, MW-50, and MW-
51 were below 20 mg/L. The TOC concentration in injection well L-100 was also below
20 mg/L.
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5.3.2. Dissolved and Total Iron

The April 2014 iron levels ranged from 1.91 mg/L in MW-51 to 10,100 mg/L in MW-47.
In injection wells the total iron concentration ranged from 16.1 mg/L in L-100 to 5,500
mg/L in L-78. The total iron levels in all monitoring locations were above the 1 mg/L
threshold for reductive dechlorination.

Dissolved iron concentrations were generally similar to total iron concentrations,
indicating that most of the iron is present in the dissolved, reduced phase. The primary
exception being MW-47 with dissolved vs total iron concentrations of 1,680 mg/L vs
10,100 mg/L, respectively. This is likely attributed to sediment being present in the
sample matrix.

Consistent with most historical results, the iron concentrations in MW-47, MW-48, MW-
49, and L-78 (greater than 60 mg/L) are much higher than those in MW-44, MW-50,
MW-51, and MW-52. However, L-100, which previously was in the higher iron
concentration group, saw the iron concentration suddenly decrease in April 2014 to 16.1
mg/L. These sudden geochemical changes in the iron concentration appear to coincide
with sudden changes in the reductive dechlorination process. For example in April 2013
the MW-49 Chart G-12a shows a sudden decline in the total chlorinated ethene
concentration (862 to 5.7 uMol/L) and transformation from predominantly cis-DCE to
predominantly VC+ethene, whereas MW-52 Chart G-15a shows a sudden increase in the
total chlorinated ethene concentration (20.3 to 491 uMol/L) and transformation from
predominantly VC+ethene to predominantly cis-DCE.

Please refer to Section 5.4 for additional discussion of the geochemical parameter results
within the semi-confined water bearing zone.

5.3.3. Dissolved and Total Manganese

The April 2014 total manganese levels in monitoring wells ranged from 0.092 mg/L in
MW-51 to 81.9 mg/L in MW-47. In injection wells the total manganese concentration
ranged from 2.93 mg/L in L-100 to 293 mg/L in L-103.

The dissolved manganese concentrations were similar to the total manganese
concentrations, indicating that most of the manganese is present in the dissolved,
reduced phase. Overall the manganese concentration trends tend to mimic the iron
concentration trends but at much lower concentration levels.

5.3.4. Methane, Ethane, and Ethene

In April 2014, methane levels in monitoring wells ranged from 0.0022 mg/L in MW-51
to 6 mg/L in MW-44. Methane concentrations in injection wells ranged from 0.09 mg/L
in L-101 to 4.6 mg/L in L-100. The methane results suggest significant methanogenesis
is occurring in the vicinity of all source area monitoring wells (MW-44, MW-47, MW-48,
MW-49, MW-50, MW-52, L-78, and L-103), with the exception of MW-51 and low levels
of methanogenesis are occurring in the vicinity L-80A, L-101, and L-102.
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In April 2014, ethane was detected in most of the monitoring wells sampled at
concentrations between 0.00013 mg/L (MW-9) and 0.0012 mg/L (MW-48). Ethane was
detected in injection points L-78, L-80A, L-100, L-101, L-102, and L-103 with
concentrations between 0.00016 mg/L and 0.019 mg/L.

In April 2014, ethene was detected in all monitoring wells sampled ranging in
concentration from 0.0013 mg/L in MW-51 to 1.9 mg/L in MW-44. In injection points
ethene concentrations ranged from 0.0015 mg/L in L-100 to 0.11 mg/L in L-78.

The data now show consistent ethene generation in MW-44 through MW-52. Thus,
indicating that most of the semi-confined water-bearing zones are strongly reducing and
capable of complete reductive dechlorination.

5.4. Geochemistry Conclusions

This section provides an overall view of the geochemical conditions observed within the
different groundwater plume areas at RTRVP. This overview focuses on the
geochemistry as it relates to bioremediation by reductive dechlorination.

5.4.1. Upper Plume

In general the upper plume HRC treatment area geochemistry is indicative of an
anaerobic environment exhibiting methanogenic conditions (methane 0.3 to 3.7 mg/L)
that are supportive of reductive dechlorination. The exception being monitoring well
MW-23 that is located outside of the HRC treatment area is exhibiting aerobic conditions
(i.e., DO over 2 mg/L). No other geochemical data was collected at these locations.

5.4.2. Lower Plume Unconfined

In general the unconfined lower plume HRC treatment area geochemistry is indicative
of an anaerobic environment (DO readings generally below 2 mg/L) and exhibiting iron
reducing (iron levels of 81 to 207 mg/L) and methanogenic conditions (methane 1.4 to
3.2mg/L). These geochemical conditions are all conducive for reductive dechlorination.
The bioremediation effectiveness charts discussed in Section 5.7 support these
observations, as MW-39, MW-40, MW-9, and MW-6 all indicate significant vinyl chloride
+ ethene production. The DO reading for MW-12 and MW-26 were above the 2 mg/L
threshold because these monitoring wells are outside of the current treatment zone.

5.4.3. Semi-Confined Water Bearing Zones

As the first two wells completed in semi-confined water-bearing zones in the deep
source area, the differences in MW-44 and MW-47 geochemistry have been discussed in
previous monitoring reports. MW-44 has consistently exhibited low dissolved iron and
manganese, moderate methane, and high ethene, while MW-47 has historically exhibited
very high dissolved iron and manganese, high methane concentrations and very low to
no ethene generation. The April 2014 results for MW-44 and MW-47 were consistent
with historical results.
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MW-48 (completed in the fill from the 1997 excavation) and L-103 exhibit much of the
same characteristics as MW-47, while MW-50, MW-51, and MW-52 exhibit
characteristics more similar to MW-44. The MW-49 geochemistry is somewhere between
that observed at MW-44 and MW-47 with moderate levels of iron, high methane
concentrations like MW-47, and high ethene concentrations like MW-44.

Overall the geochemical conditions and their impact on biologically mediated reductive
dechlorination within the semi-confined water bearing unit (till) appear to be highly
variable and often changing over time. Therefore it would appear that each monitoring
well location needs to be evaluated on its own merits without attempting to generalize
information for this zone.

5.5. Attenuation Parameter Graphs

Appendix G contains several charts of natural attenuation parameter results over time
for MW-9, as a representative well from the lower plume (unconfined aquifer) and for
MW-44, MW-47, and MW-50 as representative wells from the semi-confined water-
bearing zones.

Conclusions from the MW-9 charts are presented below.

e Chart G-20 shows a strong correlation between TOC and the volatile acid
results, indicating that the HRC is the primary source of TOC in the treatment
zone. Note that the various volatile acids are the fermentation breakdown
products of HRC.

e Chart G-21 displays TOC, methane, ferrous iron, pH, DO, and temperature
results. Overall the April 2014 results were similar to or within the previously
observed ranged of values.

0 Groundwater temperature fluctuates seasonally between approximately
4 and 7 degrees Celsius.

0 Groundwater pH was above 6 pH units prior to any HRC injections. The
pH dropped to between 5 and 6 pH units in response to the HRC
injections and has generally remained between 5 and 6 pH units since
then with a few exceptions.

0 Groundwater DO fluctuated between 1 mg/L and 8 mg/L before Phase I
of HRC injections but has generally remained at or below 1 mg/L since
then.

0 Ferrous iron increased from approximately 7 mg/L to 94 mg/L after
Phase I of HRC injection. After Phase II of HRC injection, ferrous iron
increased to 665 mg/L. Ferrous iron gradually decreased after Phase II
and has generally fluctuated between 100 mg/L and 400 mg/L since
then. Ferrous iron previously increased temporarily after each injection
event but has shown no apparent change after the last three HRC
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injection events; this may suggest that most of the bioavailable iron has
been utilized or removed from the environment.

0 Methane was detected in MW-9 before Phase I of HRC injection, at
concentrations between approximately 2 mg/L and 4 mg/L, indicating
some methanogenesis was occurring naturally. Methane levels did not
respond significantly to Phase I and II of HRC injections, presumably the
methanogen population was acclimating during that time. Beginning in
September 2002, methane levels increased sharply and have generally
remained high (between 5 mg/L and 14 mg/L). The last couple of
monitoring events (2013 and 2014) have shown decreases in the methane
concentrations.

Conclusions from the MW-44, MW-47, MW-48, MW-49, MW-50, MW-51, and MW-52
charts are presented below. This series of chart was constructed to provide a visual
display of the significant geochemical differences and progression of reductive
dechlorination between the monitoring wells constructed within the semi-confined till
materials.

e Chart G-22 displays TOC, ferrous iron, methane, and ethene results for MW-44 and
MW-47. Note that TOC (mg/L), ferrous iron (mg/L), and ethene (ug/L) are
displayed on a logarithmic scale on the left y-axis. Methane (mg/L) is displayed on
the right y-axis.

0 TOC concentrations have consistently been one to two orders of magnitude
lower in MW-44 as compared to MW-47. This is attributed to the fewer
number of HRC injection locations near MW-44 and the upward
groundwater gradient through the till.

0 Ferrous iron has consistently been two orders of magnitude lower in MW-44
than in MW-47. The ferrous iron levels in MW-47 have ranged between 100
mg/L to 1,000 mg/L. The higher ferrous iron levels in MW-47 may partially
be attributed to the higher TOC concentrations as compared to MW-44.

0 Methane levels were initially low (around 1 mg/L) in MW-44, while they
were initially high (above 10 mg/L) in MW-47. Over time, the methane
concentrations have generally increased in MW-44 while they have
decreased in MW-47. Since May 2010, the methane concentrations in MW-44
have been higher than the methane concentrations in MW-47.

0 Ethene production (i.e., an indication of complete reductive dechlorination
of PCE) was initially absent at both locations. Starting in May 2007 ethene
production was observed at MW-44 and has continued at concentrations
above 100 ng/L ever since. Starting in May 2010 ethene production was
observed at MW-47 and has continued at concentrations around tens of
ng/L ever since.

e Chart G-22b displays TOC, ferrous iron, methane, and ethene results for MW-48 and
MW-49.
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0 TOC concentrations have fairly consistently been on the order of 1,000 mg/L
at both MW-48 and MW-49, which is comparable to the levels seen at MW-
47.

0 Ferrous iron levels have remained around 100 mg/L at MW-48 and varied
from 1 mg/L to over 100 mg/L at MW-49 both of which are below the
ferrous iron levels at MW-47 of between 100 mg/L to 1,000 mg/L. The
ferrous iron levels at MW-49 have generally been increasing except for April
2013 when a sudden drop occurred that coincided with an increased ethene
production. In April 2014 the MW-49 ferrous iron level has rebounded but
only a slight decline in the production of ethene was observed.

0 Methane concentrations ranged from 1 to 4 mg/L at MW-48 and from 3 to 12
mg/L at MW-49.

0 MW-48 has consistently exhibited ethene concentrations near 10 ng/L.
Whereas MW-49 has exhibited ethene concentrations of approximately 100
pg/L and later increasing to 1,000 pg/L.

Chart G-22c displays TOC, ferrous iron, methane, and ethene results for MW-50 and
MW-51.

0 TOC concentrations have consistently been on the order of tens of mg/L at
MW-50 whereas the MW-51 TOC concentration started at 400 mg/L and has
since declined to less than 3 mg/L.

0 Ferrous iron levels increased from initial levels of less than 1 mg/L to near
10 mg/L at both MW-50 and MW-51 and then began to decline to levels
below 1 mg/L.

0 Methane concentrations ranged from less than 1 to 4 mg/L at MW-50 and
from1 to 9 mg/L at MW-51.

0 MW-50 has consistently exhibited ethene concentrations near 100 pg/L.
Whereas MW-51 has exhibited ethene concentrations ranging from 1 ug/L to
1,000 pg/L.
Chart G-22d displays TOC, ferrous iron, methane, and ethene results for MW-52
and L-101.

0 TOC concentrations have ranged between 10 mg/L and 1,000 mg/L at MW-
52 whereas the L-101 TOC concentration has consistently been above 10,000
mg/L.

0 Ferrous iron levels increased from initial levels of less than 1 mg/L to near
100 mg/L at MW-52 and then declined to levels just above 1 mg/L during
the April 2014 sampling event. Ferrous iron levels at L-101 have consistently
been above 1,000 mg/L.

0 Methane levels increased from initial levels of less than 1 mg/L to near 9
mg/L at MW-52 and then declined to levels just above 3 mg/L during the
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April 2014 sampling event. Methane levels at L-101 have consistently been
below 1 mg/L.

0 MW-52 has exhibited generally increasing ethene concentrations ranging
from 4 pg/L to 1,000 pg/L. L-101 initially had ethene concentration below
the detection limit before the ethene concentrations increased to near 80
pg/L during the last two sampling events.

e Opverall the level of reductive dechlorination does appear to be affected by the
geochemical conditions (i.e., high ferrous iron levels) present at MW-47 (see
Chart G-10b) as compared to low ferrous iron levels (e.g., less than 10 mg/L) at
MW-44, MW-50, and MW-51 (see Charts G-9b, G-13b, and G-14b). The
production of vinyl chloride plus ethene has remained below 10 percent of Total
Chlorinated Ethenes for MW-47 whereas MW-44 is above 90 percent and MW-50
and MW-51 have been above 20 percent. This may suggest that the bioavailable
iron present in the oxidative backfill materials is somewhat inhibiting of the
reductive dechlorination process in this area and that once the bioavailable iron
is utilized, improvement of the reductive dechlorination process should occur.
Similarly, the level of reductive dechlorination has also been relatively high at
the MW-49 location with the vinyl chloride plus ethene percentage increasing to
90 percent coinciding with a sudden drop in the ferrous iron levels to below 10
mg/L whereas the normally were near 100 mg/L.

0 However, there are also exceptions that indicate reductive dechlorination
will still occur even though high ferrous iron levels are present. Monitoring
well L-101 has consistently had ferrous iron levels over 1,000 mg/L but
during the two latest sampling events ethene concentrations have increased
to near 80 pg/L.

5.6. Volatile Acid Results

Groundwater samples were analyzed for the following volatile organic acids: lactic acid,
pyruvic acid, acetic acid, butyric acid, and propionic acid. The significance of these
parameters is summarized in Table 1-2.

Volatile organic acid results are presented in Table C-3 of Appendix C. The sums of all
of the volatile organic acid concentrations in the upper and lower plume monitoring
wells from September 2000 through April 2014 are presented as total molar
concentrations in Table 5-2. The volatile acid results are discussed below with respect to
the total amount of volatile acids present in the semi-confined water-bearing zone wells
sampled in April 2014.

5.6.1. Upper Plume

In April 2014, volatile acids were not detected in MW-36 and MW-42. Volatile acids
were detected at MW-16 at total molar concentrations of 3,661 uMol/L as compared to
37,631 uMol/L in April 2013.
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The April 2014 volatile acid concentrations in MW-36, MW-16, and MW-42 were lower
than the April 2013 concentrations, reflecting the consumption of the HRC material that
was injected during October 2012, in the Upper Plume area.

5.6.2. Lower Plume Unconfined

In April 2014, volatile acids were detected in MW-39, MW-9, and MW-40 at total molar
concentrations of 629 uMol/L (MW-39), 2,269 uMol/L (MW-9), and 120 pMol/L (MW-
40). Volatile acids were not detected in MW-6.

The April 2014 volatile acid concentration in MW-39 and MW-6 were lower but MW-9
and MW-40 were higher than in April 2013.

5.6.3. Semi-Confined Water-Bearing Zones

In April 2014, volatile acids were detected in all semi-confined water-bearing zone wells
sampled. The total molar concentrations ranged from 18 uMol/L (MW-51) and 105,868
uMol/L (MW-47) and HRC injection points L-78 (359,055 pMol/L) and L-101 (358,402
uMol/L).

A comparison of the April 2014 semi-confined water-bearing zone volatile acid results

with the previous results is highly variable since HRC injections were performed during
October 2012 in the vicinity of some of the monitoring points as discussed in Section 2.1.
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Table 5-2: Molar Concentrations of Total Volatile Acids (Sept. 2000 through April 2014)

RTRVP Lower Plume Wells

Molar
Concentration

Location Date (uMol/L) of Total
Number |Sample ID Sampled Volatile Acids*
MW-9 00-RT-107GW 27-Sep-00 ND
00-RT-133-GW 28-Nov-00 13,901
01-RT-003-GW 11-Jan-01 12,320
01-RT-033-GW 08-Mar-01 15,242
01-RT-068-GW 22-May-01 3,654
Phase Il HRC Injection
01-RT-091-GW 16-Oct-01 39,597
01-RT-129-GW 16-Jan-02 28,442
02-RT-041-GW 19-Jun-02 21,789
02-RT-062-GW 27-Sep-02 9,585
02-RT-102-GW 18-Dec-02 7,053
03-RT-001-GW 04-Feb-03 3,733
03-RT-007-GW 10-Mar-03 5,660
03-RT-036-GW 17-Jun-03 4,474
03-RT-095-GW 08-Oct-03 5,432
Phase 11l HRC Injection
04-RT-007-GW 21-Jan-04 12,516
04-RT-018-GW 31-Mar-04 11,743
04-RT-027-GW 08-Jun-04 12,841
04-RT-054-GW 29-Oct-04 12,463
05-RT-008-GW 24-Feb-05 9,168
05-RT-022-GW 02-Jun-05 5,074
Phase IV HRC Injection
05-RT-050-GW 11-Oct-05 5,074
06-RT-002-GW 08-Mar-06 4,156**
06-RT-013-GW 08-Mar-06 1,715
06-RT-034-GW 11-Sep-06 3,010
Phase V HRC Injection
07-RT-005-GW 30-May-07 32,507
07-RT-032-GW 19-Sep-07 8,224
08-RT-005-GW 12-May-08 17,954
08-RT-031-GW 12-May-08 14,607
09-RT-007-GW 06-May-09 6,873
09-RT-018-GW 06-May-09 7,796
Phase VI HRC Injection
09-RT-066-GW 05-Oct-09 5,131
09-RT-075-GW 05-Oct-09 4,648
10-RT-041-GW 11-May-10 6,528
10-RT-085-GW 20-Oct-10 6,280
10-RT-098-GW 20-Oct-10 16,980
12-RT-005-GW 08-May-12 732
12-RT-018-GW 08-May-12 646
13-RT-019-GW 09-Apr-13 1,413
14-RT-005-GW 23-Apr-14 2,269
MW-7 06-RT-032-GW 11-Sep-06 ND
06-RT-029-GW 19-Sep-07 4,185

Molar
Concentration
Location Date (uMol/L) of Total
Number |Sample ID Sampled Volatile Acids*
MW-39 00-RT-106GW 27-Sep-00 ND
00-RT-134-GW 28-Nov-00 ND
01-RT-005-GW 11-Jan-01 ND
01-RT-034-GW 08-Mar-01 8
01-RT-074-GW 22-May-01 ND
Phase Il HRC Injection
01-RT-092-GW 16-Oct-01 12,584
01-RT-131-GW 16-Jan-02 3,488
02-RT-063-GW 27-Sep-02 1,229
02-RT-104-GW 18-Dec-02 1,360
03-RT-003-GW 04-Feb-03 3,672
03-RT-039-GW 17-Jun-03 ND
Phase Il HRC Injection
04-RT-008-GW 21-Jan-04 ND
04-RT-019-GW 31-Mar-04 2,496
04-RT-028-GW 08-Jun-04 1,224
04-RT-055-GW 29-Oct-04 2,841
05-RT-009-GW 24-Feb-05 768
05-RT-023-GW 02-Jun-05 1,272
Phase IV HRC Injection
05-RT-051-GW 11-Oct-05 2,552
06-RT-003-GW 08-Mar-06 ND
06-RT-014-GW 24-May-06 7,080
06-RT-036-GW 11-Sep-06 2,173
Phase V HRC Injection
07-RT-006-GW 30-May-07 12,427
07-RT-033-GW 18-Sep-07 23,968
08-RT-006-GW 12-May-08 4,524
08-RT-032-GW 17-Sep-08 1,274
09-RT-008-GW 06-May-09 ND
Phase VI HRC Injection
09-RT-067-GW 06-Oct-09 4,677
10-RT-042-GW 12-May-10 28,159
10-RT-086-GW 20-Oct-10 19,056
12-RT-006-GW 08-May-12 2,140
13-RT-020-GW 09-Apr-13 1,973
14-RT-006-GW 23-Apr-14 629
MW-20 03-RT-033-GW 17-Jun-03 ND
Phase Il HRC Injection
04-RT-006-GW 20-Jan-04 ND
04-RT-022-GW 30-Mar-04 ND
04-RT-026-GW 08-Jun-04 1,135
04-RT-053-GW 29-Oct-04 ND
05-RT-007-GW 24-Feb-05 ND
05-RT-021-GW 02-Jun-05 ND
Phase IV HRC Injection
06-RT-016-GW 26-May-06 599
Phase V HRC Injection
07-RT-039-GW 19-Sep-07 ND
09-RT-006-GW 06-May-09 ND
10-RT-053-GW 13-May-10 ND

*Total volatile acids = sum of molar concentrations of lactic, pyruvic, acetic, butyric, and propionic acids
uMol/L = micromoles per liter

**Note that reporting limits are variable and that "no detection" was considered a "zero" value. Therefore, precise comparisons
between data points is inadvisable.
***Monitoring wells MW-26, MW-5, MW-8, MW-12, and MW-35 were each sampled for volatile acids once (10/04 for MW-26 and

8/07 for the other 4 wells); volatile acids were not detected (ND).




Table 5-2 (page 2): Molar Concentrations of Total Volatile Acids (Sept. 2000 - April 2014)

RTRVP Lower Plume Wells

Molar
Concentration

Molar
Concentration
Location Date (uMol/L) of Total
Number [Sample ID Sampled Volatile Acids*
MW-40 00-RT-108GW 27-Sep-00 ND
00-RT-132-GW 28-Nov-00 9,190
01-RT-002-GW 11-Jan-01 13,079
01-RT-032-GW 08-Mar-01 10,399
01-RT-032-GW 22-May-01 3,875
Phase Il HRC Injection
01-RT-090-GW 16-Oct-01 24,124
01-RT-130-GW 16-Jan-02 27,610
02-RT-042-GW 19-Jun-02 34,392
02-RT-064-GW 27-Sep-02 5,200
02-RT-103-GW 18-Dec-02 15,429
03-RT-002-GW 04-Feb-03 9,534
03-RT-035-GW 17-Jun-03 10,855
Phase Il HRC Injection
04-RT-009-GW 21-Jan-04 4,324
04-RT-020-GW 30-Mar-04 7,923
04-RT-029-GW 08-Jun-04 8,941
04-RT-056-GW 29-Oct-04 6,937
05-RT-010-GW 24-Feb-05 4,016
05-RT-024-GW 02-Jun-05 5,142
Phase IV HRC Injection
05-RT-052-GW 12-Oct-05 3,514
06-RT-004-GW 08-Mar-06 ND
06-RT-015-GW 25-May-06 833
06-RT-042-GW 12-Sep-06 1,462
Phase V HRC Injection
07-RT-007-GW 30-May-07 2,625
07-RT-034-GW 19-Sep-07 ND
08-RT-007-GW 12-May-08 92,600
08-RT-033-GW 17-Sep-08 465
09-RT-009-GW 06-May-09 2,293
Phase VI HRC Injection
09-RT-068-GW 07-Oct-09 1,992
10-RT-043-GW 13-May-10 626
10-RT-087-GW 20-Oct-10 1,915
12-RT-007-GW 07-May-12 1,012
13-RT-021-GW 09-Apr-13 ND
14-RT-007-GW 23-Apr-14 120
MW-10 01-RT-100-GW 16-Oct-01 22,216
01-RT-140-GW 15-Jan-02 32,848
Phase Il HRC Injection
04-RT-005-GW 20-Jan-04 318
04-RT-039-GW 08-Jun-04 ND
04-RT-016-GW 30-Mar-04 1,232
04-RT-039-GW 08-Jun-04 ND
04-RT-050-GW 29-Oct-04 925
05-RT-004-GW 24-Feb-05 ND
Phase IV HRC Injection
05-RT-047-GW 11-Oct-05 1,763
06-RT-010-GW 25-May-06 7,529
Phase V HRC Injection
[o7-RT-037-Gw |  18-Sep-07] ND

Location Date (uMol/L) of Total
Number [Sample ID Sampled Volatile Acids*
MW-6 00-RT-109-GW 27-Sep-00 ND
00-RT-030-GW 28-Nov-00 6,066
01-RT-001-GW 11-Jan-01 15,423
01-RT-030-GW 08-Mar-01 9,555
01-RT-076-GW 22-May-01 3,207
Phase Il HRC Injection
01-RT-089-GW 16-Oct-01 39,581
01-RT-128-GW 16-Jan-02 23,555
02-RT-040-GW 19-Jun-02 12,556
02-RT-061-GW 27-Sep-02 16,241
03-RT-004-GW 04-Feb-03 6,896
03-RT-032b-GW 17-Jun-03 3,097
Phase Il HRC Injection
04-RT-010-GW 20-Jan-04 ND
04-RT-025-GW 07-Jun-04 ND
04-RT-021-GW 29-Mar-04 1,055
04-RT-025-GW 07-Jun-04 ND
04-RT-052-GW 30-Oct-04 ND
05-RT-006-GW 24-Feb-05 1,156
05-RT-020-GW 02-Jun-05 ND
Phase IV HRC Injection
05-RT-049-GW 11-Oct-05 1,603
06-RT-012-GW 25-May-06 ND
06-RT-033-GW 11-Sep-06 ND
Phase V HRC Injection
07-RT-004-GW 30-May-07 5,493
07-RT-031-GW 19-Sep-07 593
09-RT-005-GW 06-May-09 ND
Phase VI HRC Injection
09-RT-065-GW 07-Oct-09 ND
10-RT-040-GW 14-May-10 ND
10-RT-084-GW 20-Oct-10 ND
12-RT-004-GW 08-May-12 ND
13-RT-022-GW 11-Apr-13 92
14-RT-004-GW 24-Apr-14 ND
MW-4A 01-RT-097-GW 15-Oct-01 2,450
01-RT-139-GW 15-Jan-02 1,387
02-RT-048-GW 19-Jun-02 132
02-RT-065-GW 27-Sep-02 789
03-RT-034-GW 17-Jun-03 ND
Phase Il HRC Injection
04-RT-004-GW 20-Jan-04 538
04-RT-015-GW 31-Mar-04 11,935
04-RT-036-GW 08-Jun-04 6,080
04-RT-051-GW 29-Oct-04 6,888
05-RT-005-GW 23-Feb-05 43
05-RT-011-GW 23-Feb-05 131
Phase IV HRC Injection
05-RT-048-GW 11-Oct-05 ND
06-RT-011-GW 25-May-06 ND
Phase V HRC Injection
07-RT-027-GW 18-Sep-07 ND
08-RT-030-GW 17-Sep-08 ND

*Total volatile acids = sum of molar concentrations of lactic, pyruvic, acetic, butyric, and propionic acids
uMol/L = micromoles per liter
**Note that reporting limits are variable and that "no detection" was considered a "zero" value. Therefore, precise comparisons
between data points is inadvisable.
***Monitoring wells MW-26, MW-5, MW-8, MW-12, and MW-35 were each sampled for volatile acids once (10/04 for MW-26 and

8/07 for the other 4 wells); volatile acids were not detected (ND).




Table 5-2 (page 3): Molar Concentrations of Total Volatile Acids (Sept. 2000 - April 2014)
RTRVP Semi-Confined Aquifer Wells

Molar
Concentration
Location Date (uMol/L) of Total
Number |Sample ID Sampled Volatile Acids*
MW-44 02-RT-100-GW 02-Nov-02 569
02-RT-105-GW 18-Dec-02 325
00-RT-096-GW 08-Oct-03 ND
04-RT-058-GW 29-Oct-04 ND
Phase IV HRC Injection
05-RT-053-GW 11-Oct-05 417
06-RT-005-GW 07-Mar-06 317
06-RT-017-GW 24-May-06 153
06-RT-037-GW 12-Sep-06 ND
Phase V HRC Injection
07-RT-009-GW 30-May-07 868
07-RT-035-GW 18-Sep-07 1,034
08-RT-008-GW 12-May-08 48
08-RT-034-GW 17-Sep-08 1,980
09-RT-010-GW 06-May-09 750
Phase VI HRC Injection
09-RT-069-GW 06-Oct-09 557
10-RT-044-GW 12-May-10 413
10-RT-088-GW 20-Oct-10 1,432
12-RT-008-GW 08-May-12 2,291
13-RT-018-GW 09-Apr-13 ND
14-RT-008-GW 23-Apr-14 879
MW-47 06-RT-038-GW 04-Oct-06 1,675
Phase V HRC Injection
07-RT-010-GW 30-May-07 13,160
07-RT-036-GW 19-Sep-07 15,773
08-RT-009-GW 12-May-08 16,456
08-RT-035-GW 17-Sep-08 19,804
09-RT-011-GW 06-May-09 31,158
Phase VI HRC Injection
09-RT-070-GW 06-Oct-09 18,188
10-RT-045-GW 11-May-10 58,060
10-RT-089-GW 19-Oct-10 74,425
11-RT-001-GW 17-May-11 94,040
12-RT-009-GW 08-May-12 183,991
13-RT-025-GW 10-Apr-13 66,917
14-RT-009-GW 23-Apr-14 105,868
MW-48 09-RT-071-GW 06-Oct-09 50,327
10-RT-046-GW 12-May-10 11,134
10-RT-090-GW 19-Oct-10 11,375
11-RT-002-GW 18-May-11 12,803
12-RT-010-GW 08-May-12 14,221
13-RT-026-GW 10-Apr-13 5,996
14-RT-010-GW 22-Apr-14 35,625
MW-46 03-RT-094-GW 09-Oct-03 ND
04-RT-060-GW 29-Oct-04 ND

Molar
Concentration
Location Date (uMol/L) of Total
Number |Sample ID Sampled Volatile Acids*
MW-49 09-RT-072-GW 06-Oct-09 8,407
10-RT-047-GW 13-May-10 14,241
10-RT-091-GW 19-Oct-10 18,139
11-RT-003-GW 18-May-11 21,616
12-RT-011-GW 09-May-12 32,653
13-RT-027-GW 10-Apr-13 5,066
14-RT-011-GW 23-Apr-14 31,434
MW-50 09-RT-073-GW 06-Oct-09 510
10-RT-048-GW 12-May-10 714
10-RT-092-GW 20-Oct-10 423
11-RT-004-GW 17-May-11 153
11-RT-008-GW 17-May-11 162
12-RT-012-GW 08-May-12 494
13-RT-028-GW 10-Apr-13 ND
14-RT-012-GW 22-Apr-14 220
MW-51 10-RT-093-GW 19-Oct-10 11,759
11-RT-005-GW 18-May-11 1,628
12-RT-013-GW 09-May-12 3,029
13-RT-029-GW 10-Apr-13 1,111
14-RT-013-GW 22-Apr-14 18
MW-52 10-RT-094-GW 19-Oct-10 1,567
11-RT-006-GW 17-May-11 723
12-RT-014-GW 17-May-11 2,986
13-RT-029-GW 10-Apr-13 24,739
14-RT-014-GW 23-Apr-14 1,190
L-13 03-RT-008-GW 10-Mar-03 3,864
08-RT-036-GW 18-Sep-08 266,091
L-78 09-RT-074-GW 07-Oct-09 76,973
10-RT-095-GW 20-Oct-10 802,624
12-RT-015-GW 09-May-12 1,659,777
13-RT-031-GW 09-Apr-13 324,820
14-RT-015-GW 23-Apr-14 359,055
L-79 08-RT-011-GW 13-May-08 1,827,170
L-80 08-RT-012-GW 13-May-08 1,396,385
08-RT-037-GW 18-Sep-08 385,405
L-81 08-RT-038-GW 18-Sep-08 103,834
L-100 10-RT-054-GW 12-May-10 204,198
10-RT-096-GW 20-Oct-10 648,297
11-RT-007-GW 17-May-11 545,719
12-RT-016-GW 09-May-12 9,715
13-RT-035-GW 10-Apr-13 12,520
14-RT-016-GW 22-Apr-14 164
L-101 10-RT-055-GW 12-May-10 863,182
10-RT-097-GW 20-Oct-10 10,035
12-RT-017-GW 08-May-12 682,658
13-RT-024-GW 10-Apr-13 630,141
14-RT-017-GW 23-Apr-14 358,402
MW-45 03-RT-093-GW 09-Oct-03 ND
04-RT-059-GW 29-Oct-04 ND

*Total volatile acids = sum of molar concentrations of lactic, pyruvic, acetic, butyric, and propionic acids
uMol/L = micromoles per liter
**Note that reporting limits are variable and that "no detection" was considered a "zero" value. Therefore, precise comparisons
between data points is inadvisable.




Table 5-2 (page 4): Molar Concentrations of Total Volatile Acids (Sept. 2000 - April 2014)

RTRVP Upper Plume Wells

Molar
Concentration

Molar
Concentration

Location Date (uMol/L) of Total
Number |Sample ID Sampled Volatile Acids*
Upper Plume
MW-36 00-RT-103GW 27-Sep-00 ND
00-RT-138-GW 28-Nov-00 1,569
01-RT-009-GW 11-Jan-01 17,250
01-RT-035-GW 08-Mar-01 14,743
01-RT-073-GW 22-May-01 1,600
Phase Il HRC Injection
01-RT-096-GW 16-Oct-01 82,485
01-RT-136-GW 16-Jan-02 12,570
02-RT-045-GW 18-Jun-02 7,184
02-RT-068-GW 27-Sep-02 6,627
03-RT-012-GW 10-Mar-03 2,293
03-RT-040-GW 17-Jun-03 3,884
03-RT-092-GW 07-Oct-03 3,153
04-RT-001-GW 21-Jan-04 3,492
04-RT-012-GW 31-Mar-04 447
04-RT-023-GW 08-Jun-04 30
04-RT-047-GW 30-Oct-04 1,070
05-RT-001-GW 23-Feb-05 ND
Phase IV HRC Injection
05-RT-044-GW 11-Oct-05 2,975
06-RT-007-GW 24-May-06 194
06-RT-029-GW 12-Sep-06 97
07-RT-001-GW 30-May-07 1,267
07-RT-021-GW 20-Sep-07 1,694
08-RT-001-GW 13-May-08 1,623
09-RT-001-GW 05-May-09 244
10-RT-049-GW 14-May-10 70
10-RT-080-GW 20-Oct-10 905
12-RT-001-GW 09-May-12 156
13-RT-016-GW 11-Apr-13 268
14-RT-001-GW 22-Apr-14 ND
MW-38 00-RT-100-GW 27-Sep-00 ND
00-RT-135-GW 28-Nov-00 ND
01-RT-006-GW 11-Jan-01 ND
01-RT-038-GW 08-Mar-01 ND
01-RT-070-GW 22-May-01 470
Phase Il HRC Injection
01-RT-095-GW 16-Oct-01 1,174
01-RT-132-GW 16-Jan-02 575
02-RT-043-GW 18-Jun-02 5,548
02-RT-066-GW 27-Sep-02 736
Phase IV HRC Injection
07-RT-025-GW 20-Sep-07 473
MW-42 02-RT-099-GW 02-Nov-02 2,273
07-RT-026-GW 20-Sep-07 381
08-RT-004-GW 13-May-08 294
08-RT-004-GW 05-May-09 1,181
10-RT-052-GW 14-May-10 ND
10-RT-083-GW 18-Oct-10 342
12-RT-003-GW 09-May-12 ND
13-RT-017-GW 11-Apr-13 233
14-RT-003-GW 22-Apr-14 ND

Location Date (uMol/L) of Total
Number |Sample ID Sampled Volatile Acids*
MW-16 00-RT-101GW 27-Sep-00 ND
00-RT-136-GW 28-Nov-00 10,698
01-RT-008-GW 11-Jan-01 2,668
01-RT-037-GW 08-Mar-01 3,289
01-RT-071-GW 22-May-01 20,385
Phase Il HRC Injection
01-RT-095-GW 16-Oct-01 7,147
01-RT-135-GW 16-Jan-02 3,589
02-RT-044-GW 18-Jun-02 19,609
02-RT-067-GW 27-Sep-02 8,392
03-RT-011-GW 10-Mar-03 5,870
03-RT-041-GW 18-Jun-03 8,164
04-RT-002-GW 21-Jan-04 790
04-RT-013-GW 31-Mar-04 1,239
04-RT-024-GW 08-Jun-04 9,612
04-RT-048-GW 30-Oct-04 3,672
Not Sampled 23-Feb-05 NS
Phase IV HRC Injection
05-RT-045-GW 12-Oct-05 749
06-RT-008-GW 24-May-06 5,046
06-RT-030-GW 12-Sep-06 7,507
07-RT-002-GW 29-May-07 14,754
07-RT-022-GW 20-Sep-07 5,694
08-RT-002-GW 13-May-08 3,121
09-RT-002-GW 05-May-09 2,256
10-RT-050-GW 14-May-10 452
10-RT-081-GW 21-Oct-10 16,968
12-RT-002-GW 09-May-12 2,993
13-RT-015-GW 11-Apr-13 37,631
14-RT-002-GW 22-Apr-14 3,661
MW-25 01-RT-133-GW 16-Jan-02 3,136
02-RT-049-GW 18-Jun-02 1,468
02-RT-066-GW 27-Sep-02 2,075
03-RT-042-GW 18-Jun-03 1,152
04-RT-003-GW 21-Jan-04 35
04-RT-014-GW 31-Mar-04 423
04-RT-049-GW 30-Oct-04 ND
05-RT-003-GW 23-Feb-05 ND
Phase IV HRC Injection
05-RT-046-GW 12-Oct-05 ND
06-RT-009-GW 24-May-06 113
06-RT-031-GW 12-Sep-06 187
07-RT-003-GW 29-May-07 229
07-RT-023-GW 18-Sep-07 ND
08-RT-003-GW 13-May-08 ND
09-RT-003-GW 05-May-09 ND
10-RT-051-GW 14-May-10 ND
10-RT-082-GW 21-Oct-10 ND
MW-21 07-RT-024-GW 20-Sep-07 85
MW-41 01-RT-106-GW 18-Dec-02 ND
MW-43 02-RT-101-GW 02-Nov-02 86

*Total volatile acids = sum of molar concentrations of lactic, pyruvic, acetic, butyric, and propionic acids

uMol/L = micromoles per liter
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5.7. VOC Results

April 2014 VOC results are presented in a variety of tables and graphs in this report,
summarized below. This section of the report primarily references the Appendix G
graphs to present a comprehensive discussion of VOC results with respect to the
progress of bioremediation at the RTRVP site.

e Table 2-3 presents current VOC results, and Figures 5, 6, and 7 display current VOC
results that exceed various site cleanup levels. Section 4.2 discusses the current VOC
concentrations with respect to site cleanup levels.

e Table C-4 (Appendix C) presents current and historical VOC results for selected
performance monitoring wells.

e Figure 8 is a compilation of groundwater monitoring results for all wells completed
in semi-confined water-bearing zones in and around the inferred area where PCE,
TCE, or DCE exceeds on-site groundwater cleanup levels. Figure 8 shows the
groundwater plume where PCE and/or cis-1,2-DCE exceed their on-site cleanup
levels.

e Appendix G contains two series of charts constructed to help evaluate the
biodegradation progress. Charts G-2a, G-3a, G-4a, and G-5a, etc. show VOC
concentrations measured in MW-16, MW-36, MW-39, and MW-9, respectively.
Charts G-2b, G-3b, G-4b, and G-5b etc. show molar percentages of PCE plus TCE,
cis-1,2-DCE, and vinyl chloride plus ethene in the same monitoring wells.

5.7.1. Upper Plume

5.71.1. Relationship between Groundwater Flow and Contamination Levels

As discussed in previous monitoring reports, the upper plume groundwater flow
direction appears to strongly affect the contaminant concentrations detected in the
upper plume monitoring wells. However, a sustained rise in the upper plume
groundwater elevation that began in December 2006/ January 2007 has affected the
historical relationships between groundwater elevation and contaminant concentrations
in specific monitoring wells (e.g., historically there was a correlation between high
groundwater elevations and relatively high contamination levels in MW-36; this
relationship does not appear to hold true under the new groundwater conditions). At
the time of the April 2013 and April 2014 sampling, the groundwater gradient was
atypical, with groundwater flowing opposite of the typical northwest direction with an
April 2014 groundwater gradient between MW-16 and MW-25 of -0.0146 ft/ft. However
the groundwater flow direction and gradient between MW-36 and MW-38 of 0.0006 ft/ft
towards the northwest direction are more typical. The negative gradient observed
between MW-16 and MW-25 may be due to the seasonal low water table conditions at
the time of measurement (i.e., before breakup when groundwater levels at MW-16 are at
their lowest).
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Chart G-1 shows total chlorinated ethene concentrations in upper plume monitoring
wells MW-36, MW-42, MW-16, MW-38, and MW-25 over time. In April 2014, the total
chlorinated ethene concentration was highest in MW-16 (4.37 umole/L) with fairly
similar contamination levels in the other upper plume wells (0.49 umole/L to 0.83
umole/L).

5.71.2. Bioremediation Progress

The Appendix G Charts G-2a and G-3a, which show VOC concentrations measured in
MW-16 and MW-36, and Charts G-2b and G-3b, which show molar percentages in MW-
16 and MW-36, are useful to illustrate the progress of bioremediation over time in the
upper plume.

Both MW-16 and MW-36 have demonstrated a decreasing trend for total chloroethene
concentrations and all individual chloroethene (i.e., PCE, TCE, cis-DCE, and VC)
concentrations in MW-16 have been less than 100 pg/L since 2008 with a couple of
exceptions. The decreasing contaminant concentrations coupled with consistent ethene
detections suggest that groundwater contamination is being biologically remediated by
reductive dechlorination of the cis-1,2-DCE and vinyl chloride to ethene. The
concentration spike in May 2010 at MW-16 is believed to be the result of additional
flushing of soil contaminants during a groundwater recharge event and higher water
levels. The concentration spike in April 2013 is believed to be the result of additional
dissolution of soil contaminant as a result of the October 2012 HRC injection.

Chart G-2b (MW-16) illustrates that VC+ethene has been the predominant form of
chloroethenes at this location since May 2009 with a couple of exceptions whereas Chart
G-3b (MW-36) illustrates that cis-DCE still remains the predominant form of
chloroethenes at this location (i.e., adjacent to the former Dry Cleaner building where
treatment is more difficult).

Overall, the 2007-2014 data suggest that measurable complete reductive dechlorination
(bioremediation) is occurring in the upper plume area.

5.7.2. Lower Plume Unconfined

Shallow lower plume monitoring wells (i.e., total depth less than 20 feet bgs) are
completed in an unconfined (water table) aquifer. The monitoring wells included in this
classification are MW-4A, MW-5, MW-6A, MW-7, MW-8, MW-9, MW-10, MW-12, MW-
19, MW-20, MW-26, MW-35, MW-39, and MW-40 (Figure 1).

5.7.21. Bioremediation Progress

Beginning in approximately 2003 or 2004 (the exact time varies by monitoring well), the
concentrations of total chlorinated ethenes in the lower plume monitoring wells shown
on Chart G-1b began to decline. The Chart G-1b contamination levels reflect the
monitoring well position, with the highest levels of contamination detected in MW-39
(first well encountered downgradient of the source area) and the lowest levels of
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contamination detected in the farthest downgradient sentry wells (MW-6 and MW-20).
Total chlorinated ethene concentrations in the sentry wells have been near zero for the
past ten monitoring events (May 2007 through April 2014). Contamination levels in
MW-9 (located downgradient of MW-39) reached their lowest level in May 2006 before
rebounding to a higher but slowly declining level between September 2006 and April
2014. Contamination levels in MW-39 have been generally declining since May 2005.
The April 2014 monitoring event represents the lowest total chlorinated ethene
concentrations ever observed for monitoring wells MW-39, MW-40, and MW-9.

Charts G-4a, G-5a, G-6a, G-7a, and G-8a show VOC concentrations measured in MW-39,
MW-9, MW-40, MW-6, and MW-4A. Charts G-4b, G-5b, G-6b, G-7b, G-7c, and G-8b
show molar percentages of PCE plus TCE, cis-1,2-DCE, and vinyl chloride plus ethene in
the same monitoring wells. These charts are useful to illustrate the progress of
bioremediation over time in the lower plume.

5.7.2.2. Bioaugmentation Pilot Test Area (i.e., MW-9 vicinity)

e HRC™ injection (September 2000 and June 2001) rapidly (within months) reduced
PCE and TCE to cis-1,2-DCE, at which point the reductive dechlorination process
stalled for over a year. Note that cis-1,2-DCE stall occurred at monitoring wells all
across the site.

e On October 25, 2002, a bioaugmentation pilot test was performed in the vicinity of
MW-9 in an attempt to mediate reductive dechlorination of the cis-1,2-DCE that
appeared to be stalled due to a lack of significant quantities of Dhc bacteria. In
December 2002, vinyl chloride was first detected above 10 pg/L in MW-9.
Subsequently, vinyl chloride concentrations increased throughout the pilot test area
(i.e., in MW-6, MW-7, MW-9, MW-20, MW-35, and MW-40), reaching maximum
values in 2004 or 2005 before declining again. The highest vinyl chloride
concentration detected in the unconfined lower plume was 651 pg/L measured in
MW-39 in February 2005. These vinyl chloride results suggest that bioaugmentation
was successful at mediating the reduction of cis-1,2-DCE to vinyl chloride or at least
helped to speed up cis-1,2-DCE reduction in this area. In either case, beginning
approximately two years after bioaugmentation, cis-1,2-DCE reduction to vinyl
chloride became widespread in the bioaugmentation pilot test area.

e Ethene was first detected in the lower plume monitoring wells in September 2003
(100 pg/L in MW-9); since then the ethene detections have been gradually
expanding (first detected in MW-40 in January 2004, in MW-39 in March 2004, in
MW-6 in October 2004, in MW-20 in February 2005, and first sampled and detected
in MW-7 in September 2006). These consistent ethene detections indicate that
complete reductive dechlorination is occurring in a swath downgradient from MW-
39 between MW-7 and MW-20. Ethene concentrations appear to have peaked in
2006 and have since declined somewhat but remained generally stable through 2007,
2008, and 2009. This decline in ethene concentrations may correlate with the decline
in vinyl chloride concentrations discussed below.

ERM 53 5/28/2015



River Terrace RV Park, Soldotna
FINAL April 2014 Groundwater Monitoring Report ADEC

e Vinyl chloride concentrations peaked around 2004 or 2005 in the unconfined lower
plume bioaugmentation pilot test area and has since declined to lower, fairly stable
concentrations. In MW-6, the vinyl chloride concentration declined to pre-
bioaugmentation levels (less than 10 pg/L) from 2007 through 2009 and then spiked
up in May 2010 after the August 2009 HRC injection and has since dropped back
down to less than 5 pg/L. The declining concentration suggests that vinyl chloride
is being reduced to ethene (and/or oxidized to carbon dioxide) faster than it is being
generated from the reduction of cis-1,2-DCE. This decline is also attributable to the
overall decline in total chlorinated ethene concentrations as a result of contaminant
mass reduction.

e The downgradient locations (i.e., MW-6, MW-20, and MW-40) show a greater degree
of complete reductive dechlorination (and decreasing molar concentrations of total
chlorinated ethenes) than the upgradient locations (i.e., MW-9 and MW-39) that are
closer to the source area (see Chart G-1b).

e As of April 2014 the total chlorinated ethene concentrations have declined to the
following values 0.493 umole/L (MW-39), 0.216 pmole/L (MW-9), 0.236 umole/L
(MW-40), and 0.188 umole/L (MW-6A).

5.7.23. MW-4A

No bioaugmentation has been performed in the area around MW-4A, and Dhc
organisms and vinyl chloride were not detected in significant concentrations in MW-4A
until approximately 2008. The 2008 to 2010 monitoring events showed vinyl chloride
concentrations in the range of 3 to 5 pg/L before dropping below 1 pg/L in 2012. The
molar concentrations of total chlorinated ethenes in MW-4A have remained fairly steady
since about 2006 where previous to 2006 they had followed a long term declining trend.
As of April 2013 the only chlorinated ethene detected at MW-4A is PCE (1.68 pg/L) or a
total chlorinated ethene concentration of 0.01 umole/L. MW-4A was not scheduled for
sampling during the April 2014 monitoring event.

5.7.3. Semi-Confined Water-Bearing Zones

Figure 8 is a compilation of groundwater monitoring results for all wells completed in
semi-confined water-bearing zones in and around the inferred area where PCE, TCE, or
DCE exceeds on-site groundwater cleanup levels.

Chart G-1c shows total chlorinated ethene concentrations in lower plume monitoring
wells MW-9 and MW-6A and semi-confined source area wells MW-44, MW-47, MW-48,
MW-49, and MW-50 over time. The most striking observation from Chart G-1c is that
the contamination levels in the source area of the semi-confined aquifer are at least an
order of magnitude higher than in the overlying unconfined aquifer contaminant plume.
Chart G-1c also shows that the total chlorinated ethene concentrations in the semi-
confined monitoring wells appear to be showing an overall declining trend.
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5.7.3.1. Bioremediation Progress

Bioremediation progress in the locations sampled in April 2014 (MW-44, MW-47, MW-
48, MW-49, MW-50, MW-51, MW-52, L-78, L-100, and L-101) is discussed below. The
following discussion is primarily based on the Appendix G graphs.

In MW-44, most of the contamination was present as PCE prior to March 2006
(Charts G-9a and G-9b). Beginning in March 2006 and continuing through May
2009, the «cis-1,2-DCE concentration increased above the PCE and TCE
concentrations, indicating reductive dechlorination of the PCE and TCE to cis-1,2-
DCE. Between September 2008 and May 2009, the concentration of total chlorinated
ethenes decreased dramatically. The total chlorinated ethene concentration has
remained below the ethene concentrations since then, suggesting that complete
reductive dechlorination to ethene has become a dominant process at this location.

In the first MW-47 sampling event (October 2006), high and nearly equal
concentrations of PCE and cis-1,2-DCE were detected (Charts G-10a and G-10b).
Immediately following the first sampling event, the PCE concentration dropped and
cis-1,2-DCE concentration increased. Cis-1,2-DCE became the dominant chlorinated
ethene and has remained generally above 90% of total chlorinated ethenes (Chart G-
10b) since then, indicating significant reductive dechlorination of PCE and TCE to
cis-1,2-DCE but little dechlorination of the cis-1,2-DCE. Starting in 2010 there has
been some reversal in the transformation of PCE and TCE to cis-1,2-DCE. Since that
time the percentage of PCE+TCE has gone from 0% to 24.5% in April 2013, and cis-
1,2-DCE percentages have declined from over 95% to 70.9%. Vinyl chloride
production began to increase in October 2009, and low concentrations of ethene have
been detected consistently since May 2010, suggesting some possible complete
reductive dechlorination to ethene in the vicinity of MW-47. However, the total
molar percentage of end products (vinyl chloride plus ethene) remains below 10
percent. To date there has been no significant overall decrease in total chlorinated
ethenes in MW-47. Complete reductive dechlorination of cis-1,2-DCE to ethene has
not yet become a dominant process at MW-47 and instead there has been some
reversal in the transformation of PCE and TCE to cis-1,2-DCE. There has also been a
decline in the Dhc population during the 2013 and 2014 sampling events.

In the initial sampling event in MW-48 (August 2009), PCE + TCE comprised
approximately 88% of the total chlorinated ethenes, with cis-1,2-DCE comprising the
remaining 12% (Chart G-11b). However, between August and October 2009, the
PCE and TCE concentrations dropped and cis-1,2-DCE concentration increased. Cis-
1,2-DCE became the dominant chlorinated ethene with molar percentages
consistently increasing to the current level of approximately 99% (Chart G-11b).
Vinyl chloride and ethene have been consistently detected in MW-48 but at total
molar percentages less than 5%. The molar concentration of total chlorinated
ethenes decreased by over an order of magnitude between August 2009 and October
2010, before increasing during the May 2011, May 2012, and April 2014 monitoring
events. The molar concentration of total chlorinated ethenes decreased during the
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April 2013 monitoring event. Complete reductive dechlorination of cis-1,2-DCE to
ethene has not yet become a dominant process at MW-48.

o In MW-49, relatively low concentrations of PCE and relatively high concentrations of
cis-1,2-DCE have been detected since its installation in August 2009 (Chart G-12a).
These data suggest that most of the PCE in this area has been reduced to cis-1,2-DCE.
As molar percentages, PCE + TCE has decreased from 10% to 0%, while cis-1,2-DCE
has increased from 90% to about 98% before starting to decline in 2010. Then
suddenly in April 2013 a dramatic change occurred where cis-1,2-DCE percentage
dropped and vinyl choride+ethene increased, corresponding to a dramatic drop in
total chlorinated ethene concentration. The vinyl chloride plus ethene percentage
increased from 5.2% in May 2012 to 91% in April 2013 and then dropped to 28% in
April 2014 which also corresponded to a large increase in the total chlorinated ethene
concentration. Complete reductive dechlorination of cis-1,2-DCE to vinyl chloride
plus ethene is present at MW-49 but has had widely varying results during the last
two monitoring events. The total chlorinated ethene concentration dropped from
862 umole/L in May 2012 to 5.73 umole/L in April 2013 and then increased to 526
umole/L in April 2014.

e In MW-50, PCE + TCE comprised approximately 30% of the total chlorinated ethenes
in the initial sampling event (August 2009), with cis-1,2-DCE comprising most of the
remaining 70% (Chart G-13b). Since then, the PCE concentrations increased to
relatively high levels (PCE+TCE near 70%) before dropping down to less than 10%
during May 2012 through April 2014 sampling events. Low concentrations of vinyl
chloride and ethene were consistently detected in MW-50 at total molar percentages
of less than 2% before increasing to 35% in May 2012, 10% in April 2013, and 28% in
April 2014. The molar concentration of total chlorinated ethenes was consistently
increasing by over one order of magnitude between August 2009 and May 2011
before dropping during May 2012 through April 2014. Overall, the MW-50 data
suggest moderate rates of reductive dechlorination of PCE, TCE, and cis-1,2-DCE to
vinyl chloride plus ethene.

e In the initial sampling event in MW-51 (October 2010), PCE + TCE comprised
approximately 30% of the total chlorinated ethenes, with cis-1,2-DCE comprising
most of the remaining 70%. Between October 2010 and May 2011 the molar
percentage of cis-1,2-DCE increased to nearly 90%, but over the last three monitoring
events (May 2012, April 2013, and April 2014), the molar percentage of cis-1,2-DCE
has gradually decreased to approximately 55% (Chart G-14b). The molar percentage
of vinyl chloride plus ethene has steadily increased since October 2010 to
approximately 45% in April 2013. Overall, the MW-51 data show PCE and TCE
reductive dechlorination to cis-1,2-DCE and a more gradual but steady reduction of
cis-1,2-DCE to vinyl chloride and ethene.

e In the initial sampling event in MW-52 (October 2010), PCE + TCE comprised
approximately 12% of the total chlorinated ethenes, with cis-1,2-DCE comprising
most of the remaining 88%. Between October 2010 and May 2011, the total
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chlorinated ethene concentration dropped and the molar percentage of cis-1,2-DCE
increased above 90%. Over the last three monitoring events (May 2012, April 2013,
and April 2014), the molar percentage of cis-1,2 DCE has decreased while the molar
percentage of vinyl chloride plus ethene has increased to 60%, dropped to 40% in
April 2013, and then increased to 98% in April 2014. The April 2013 total chlorinated
ethene concentration increased dramatically from 20.3 umole/L to 491 umole/L; this
is attributed to additional release of contaminants from the soil due to the October
2012 HRC injection and is likely the cause for increased percentage of cis-1,2-DCE.
The April 2014 total chlorinated ethene concentration returned to even lower levels
being 0.27 umole/L. Overall, the MW-52 data show high rates of PCE and TCE
reductive dechlorination to cis-1,2-DCE followed by reduction of cis-1,2-DCE to
vinyl chloride and ethene.

Molar percentage charts have also been created for three injection wells (L-78, L-100,
and L-101; Charts G-16a&b, G-17a&b, and G-18a&Db).

0 Over nine sample events between September 2008 and April 2014, L-78 has
shown molar percentages of PCE + TCE and cis-1,2-DCE fluctuating between
20% and 70% with less than 10% vinyl chloride + ethene. The molar
concentration of total chlorinated ethenes has fluctuated with no increasing
or decreasing trend. Similarly to MW-50, L-78 is exhibiting moderate rates of
reductive dechlorination of PCE and TCE to cis-1,2-DCE, but significant PCE
concentrations still remain.

0 Opver seven sample events between October 2009 and April 2014, L-100
showed fairly consistent molar percentages of PCE + TCE (10% or less), cis-
1,2-DCE (approximately 90%), and vinyl chloride + ethene (approximately
2%). The molar concentration of total chlorinated ethenes has fluctuated,
with May 2011 recording the highest concentration of total chlorinated
ethenes. Similarly to MW-48, L-100 is exhibiting high rates of reductive
dechlorination of PCE and TCE to cis-1,2-DCE but low rates of cis-1,2-DCE
reduction (i.e., cis-1,2-DCE stall).

0 Opver seven sample events between October 2009 and April 2014, the PCE +
TCE concentrations in L-101 initially increased (from just over 20% to nearly
70%) and then decreased to nearly 0% from October 2010 to April 2014. Cis-
1,2-DCE concentrations correspondingly decreased and then increased to
nearly 100% before dropping to approximately 90% in 2013 and 2014. Vinyl
chloride + ethene detections have increased from insignificant percentages to
nearly 10% in 2013 and 2014. Based on the October 2010 through April 2014
results, L-101 is exhibiting high rates of reductive dechlorination of PCE and
TCE to cis-1,2-DCE and low but increasing rates of cis-1,2-DCE reduction to
vinyl chloride + ethene.
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5.8. Statistical Trend Analysis

The statistical method chosen to assess chlorinated ethene concentration trends for the
River Terrace RV Park site was the Mann-Kendall nonparametric test for trend (Gilbert
1987). The Mann-Kendall test is useful for identifying trends in time series data.
Specifically, this test was used to analyze whether the cumulative total molar
concentrations of chlorinated ethenes exhibited trends in selected monitoring wells. The
test compares the relative magnitudes of sample data rather than absolute data values,
which is why the test is nonparametric. One benefit of this test is that the data need not
conform to any particular distribution. Results that were reported as NDs were
generally assigned values of one half the method reporting limit (MRL) or one half the
lowest MRL when the MRLs varied.

The Mann-Kendall trend analysis tables are presented in Appendix I and are grouped by
monitoring well location: 1) Semi-confined water bearing zones (MW-44, MW-47, MW-
48, MW-49, MW-50, MW-51, and MW-52); 2) Lower contaminant plume (MW-39, MW-9,
MW-40, MW-6A, and MW-20); and 3) Upper contaminant plume (MW-36, MW-16, and
MW-25).

The Mann-Kendall test assumes zero slope (or no trend) unless data indicates otherwise.
In other words, the following hypothesis for each compound from each monitoring well
is tested:

Ho: No trend for compound ‘x” in monitoring well ‘y’.
Hi: Trend for compound ‘x” in monitoring well 'y’ is present.

ERM selected a level of significance, or a, equal to 0.10 (confidence level = 90%), which
indicates that if the probability of obtaining the computed Mann-Kendall statistic (S) is
less than 0.10, then the null hypothesis is rejected for the conclusion that compound “x’
in monitoring well “y” exhibits trend. If the probability of obtaining S is greater than or
equal to 0.10, then the null hypothesis (no trend) holds. Although not explicitly tested
for, it can be inferred that if the probability is less than 0.10 and S is negative, then a
downward or decreasing trend is occurring. The opposite situation also exists: if the
probability is less than 0.10 and S is positive, then an upward or increasing trend is
occurring.

In addition, the coefficient of variation (CV) was calculated to provide a measure of
scatter, or fluctuation in the data from year to year. The CV is useful in classifying data
as “stable” vs. “no trend” when the null hypothesis holds. Generally, if no trend is
present at the specified level of significance, but the CV is small (e.g. <1), it can be
concluded that plume concentrations remain “stable” over time. “No trend” indicates
that no statistical increase or decrease is present at the specified level of significance, and
the data fluctuates too dramatically from one event to another to be considered “stable.”
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5.8.1. Semi-Confined Water-Bearing Zones

The Mann-Kendall trend analysis results for the seven lower plume semi-confined
monitoring wells evaluated indicate that the total chlorinated ethene molar
concentrations generally exhibit no trend except for two locations, MW-44 and MW-51,
where a decreasing trend was observed. Detailed presentations of the Mann-Kendall
analysis for each monitoring well are provided in Appendix L.

5.8.2. Lower Plume Unconfined

The Mann-Kendall trend analysis results for the five lower plume unconfined
monitoring wells evaluated indicate that the total chlorinated ethene molar
concentrations all exhibit a decreasing trend. Detailed presentations of the Mann-
Kendall analysis for each monitoring well are contained in Appendix I.

5.8.3. Upper Plume

The Mann-Kendall trend analysis results for the three upper plume monitoring wells
evaluated (MW-36, MW-16, and MW-25) indicate that the total chlorinated ethene molar
concentrations also all exhibit a decreasing trend.
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6. CONCLUSIONS AND RECOMMENDATIONS

6.1. Conclusions

6.1.1. Exceedences of Cleanup Levels

The April 2014 groundwater sampling results (provided in Table 2-3) show that PCE,
cis-1,2-DCE, and vinyl chloride are present at concentrations above the applicable
cleanup levels (specified in Table 1-1) in one or more RTRVP monitoring wells. The
following sub-sections summarize cleanup level exceedances from the April 2014
monitoring event.

e PCE concentrations were above the 840 ng/L on-RTRVP property cleanup level in 5
of the 28 monitoring locations sampled, including MW-47 (2,500 pg/L), L-78 (4,350
ng/L), L-80A (63,500 pg/L), L-102 (61,500 ng/L), and L-103 (8,340 pg/L).

e (is-1,2-DCE concentrations were above the 11,600 pg/L on-RTRVP property cleanup
level in 7 of the 28 monitoring locations sampled, including MW-48 (25,400 pg/L),
MW-49 (37,800 pg/L), L-78 (19,900 png/L), L-101 (29,800 ng/L), L-80A (20,000 pg/L),
L-102 (36,700 pg/L), and L-103 (24,600 ng/L).

e 1,1-DCE concentrations were above the 70 pg/L on-RTRVP property cleanup level in
1 of the 28 monitoring wells sampled, including L-102 (88.4 ug/L).

e Vinyl chloride concentrations ranged between 1.72 pg/L (MW-12) and 8,390 ng/L
(MW-49) in wells where it was detected and exceeded the 2 ng/L on-RTRVP
property cleanup level in 19 of the 28 monitoring locations sampled, plus two
additional locations (MW-48 and L-100) had reporting limits that were above the
cleanup level. Four monitoring well locations had vinyl chloride results that were
below the detection limit.

6.1.2. Contaminant Migration to Kenai River

Consistent with all historical sample events from 2003 through 2014, except for October
2009, no target analytes were detected in the surface water column samples collected
downslope of MW-5, MW-6, and MW-8 (Appendix A). Based on the other water
column analytical results it appears that the October 2009 surface water analyte
detections were due to anomalous site conditions that occurred at that time.

The sentry well monitoring results for 2014 showed, for the first time, that no target
analytes were detected above the ROD cleanup levels for contaminant migration to the
Kenai River (Table 2-3). As noted above two of the sentry wells (MW-5 and MW-6A)
were above the onsite cleanup level for vinyl chloride.
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6.1.3. Groundwater Flow Patterns in Semi-Confined Water-Bearing Till

There is generally an upward vertical gradient in the deep source area, although
occasionally there have been short-term downward gradient between MW-39 and MW-
44,

The groundwater elevations in MW-47 and MW-48 (both located within the main
excavation area) are nearly identical and appear to be primarily influenced by the
underlying confined aquifer that is upwelling through the weakened till layer within the
excavation limits. Moving out from the excavation MW-50 and then MW-52 also mimic
the water levels from MW-47 and MW-48 but to a lesser extent and also have reduced
groundwater elevation heads. While MW-44 shows some influence from the lower
confined aquifer it is also influenced heavily by the Kenai River and shows the largest
differences with regards to groundwater elevation patterns in MW-47 and MW-48.

Overall, the groundwater elevation patterns measured in the semi-confined water-
bearing zone monitoring wells are quite different from those measured in the
unconfined aquifer and Kenai River. This difference suggests that the semi-confined
water-bearing zones are responding to influences that are not associated with surficial
water table aquifer. One possibility for this difference is the influence of the lower
confined aquifer hydrostatic pressures (particularly on wells within the former
excavation area). Additional data on the hydrostatic pressure/water level variations
from the confined aquifer is needed before this relationship can be confirmed.

6.1.4. Bioremediation Progress and Current Status

6.1.4.1. Upper Plume

Overall, the 2007-2014 data suggest that measurable complete reductive dechlorination
(bioremediation) is occurring in the upper plume area except at MW-21 and MW-23.
The April 2014 bioremediation progress continues to be favorable and observations are
summarized below.

e Opverall the bioremediation effectiveness charts for MW-16 (Charts G-2a and b) and
MW-36 (Charts G-3a and b) show continued long-term progress and effectiveness
for reductive dechlorination of the PCE contamination.

e The April 2014 monitoring results showed adequate TOC concentrations (above
recommended 20 mg/L) for promotion of reductive dechlorination in MW-16 but
inadequate concentrations in MW-36 (4.5 mg/L) and MW-42 (5.5 mg/L). The most
recent Dhc results from September 2007 in MW-36 and MW-25 showed moderate
levels of Dhc organisms which may or may not show observable reductive
dechlorination impacts.

e The Mann-Kendall trend analysis results for the three upper plume monitoring wells
that were evaluated indicate that the total chlorinated ethene molar concentrations
exhibit a decreasing trend in MW-16, MW-25, and MW-36.
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e MW-23 which is located outside of the HRC treatment area exhibit aerobic
conditions (i.e., DO over 2 mg/L) with the predominant chlorinated ethenes being
PCE. This location does not exceed the on-RTRVP cleanup levels at present.

6.1.4.2. Lower Plume (Unconfined Aquifer)

Overall, the data suggest that measurable complete reductive dechlorination
(bioremediation) is occurring in the lower plume unconfined aquifer area. The April
2014 bioremediation progress continues to be favorable and observations are
summarized below.

e Opverall the bioremediation effectiveness charts for MW-39 (Charts G-4a,b), MW-9
(Charts G-5a,b), MW-40 (Charts G-6a,b), and MW-6 (Charts G-7a,b) show continued
long-term effectiveness for reductive dechlorination of the PCE contamination. In
fact, MW-40, MW-20 and MW-6 have shown nearly complete degradation of the
total chlorinated ethenes (values less than 1 pMol/L) since 2007 and as of May 2012
also includes monitoring wells MW-39 and MW-9 (Chart G-1b).

e The historical presence of chlorinated ethenes in MW-39 and MW-9 that are
apparently primarily due to desorption and migration of contaminants from the till
(semi confined water bearing zones discussed in Section 6.1.3.3) have shown a large
decline in the May 2012 through April 2014 data with MW-39, MW-40, and MW-9
now at their lowest levels ever observed since remediation was started in October
2000. This decline in total chlorinated ethenes is attributed to a reduction in the total
amount of contamination present within the semi-confined till area and to partial
bioremediation of the contamination that does dissolve into the groundwater,
thereby leading to a reduction in the flux (concentration) of contamination that is
flowing past MW-39 and MW-9.

e The April 2014 monitoring results showed adequate TOC concentrations (above 20
mg/L) for promotion of reductive dechlorination in MW-39, MW-9, and MW-40, and
borderline concentrations in MW-6A at 18.7 mg/L.

e The Mann-Kendall trend analysis (Appendix I) results for the five lower plume
monitoring wells that were evaluated indicate that the total chlorinated ethene molar
concentrations all exhibit a decreasing trend. This includes MW-39, MW-9, MW-40,
MW-6A, and MW-20.

6.1.4.3. Semi-Confined Water-Bearing Zones

Monitoring wells and injection wells in the deep source area show extreme differences
in groundwater geochemistry, contamination concentrations, and bioremediation
progress. These differences are consistent with the interpretation that the semi-confined
water-bearing zones are not a continuous permeable aquifer but rather a series of
discontinuous water-bearing layers within the till, as discussed below.

e  MW-44 monitoring results suggest that complete reductive dechlorination of PCE to
ethene is predominant at this location (vinyl chloride + ethene percentage over 90%
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since 2009 with a couple of slight exceptions). MW-44 is also the only semi-confined
water-bearing zone well to show a significant and consistent decrease in the total
chlorinated ethene concentration with a value of 1.35 uMol/L in April 2014.

e Monitoring wells MW-47 and MW-48 have cis-1,2-DCE as their predominant form of
total chlorinated ethenes at over 90% or in the case of MW-47 approximately 70% cis-
1,2-DCE plus 25% PCE + TCE. As such complete reductive dechlorination of cis-1,2-
DCE to ethene is not yet a dominant process at either MW-47 or MW-48. In fact, the
total molar percentage of end products (vinyl chloride plus ethene) remains below
10 percent. To date there has been no significant overall decrease in total chlorinated
ethenes in MW-47. Complete reductive dechlorination of cis-1,2-DCE to ethene has
not yet become a dominant process at MW-47 and instead there has been some
decline in the transformation of PCE and TCE to cis-1,2-DCE. There has also been a
decline in the Dhc populations in MW-47 during the 2013 and 2014 sampling events.

e The groundwater geochemistry in MW-47 and MW-48 appear similar to each other.
MW-47 and MW-48 both exhibit moderate-to-high iron, manganese, and methane
concentrations, indicating high levels of iron- and manganese-reduction and
methanogenesis. Furthermore Charts G-22 and G-22b show that the iron
concentration trends at both wells very closely follow the TOC concentrations. This
suggests that high levels of bioavailable iron are present at these locations. The high
levels of bioavailable iron may be due to the oxidized backfill materials used to
backfill the excavation. Suggesting that the metal-reducing organisms may be
outcompeting the reductive dechlorinators.

e The complete reductive dechlorination of chlorinated ethenes being observed at
MW-49 during April 2013 with a vinyl chloride + ethene percentage over 90%
appears to have stopped with the April 2014 vinyl chloride + ethene percentage
dropping to under 30%. Concurrently the total chlorinated ethene levels that
dropped from 862 umole/L in May 2012 to 5.73 pmole/L in April 2013 have reverted
back to more historical level of 526 umole/L in April 2014.

e Opverall monitoring wells MW-50, MW-51, and MW-52 are all showing progress with
regards to reductive dechlorination of chlorinated ethenes. The April 2014 results in
MW-50, MW-51, and MW-52 all showed declining amounts of cis-1,2-DCE (less than
70%), and increasing amounts of vinyl chloride + ethene (nearly 30% at MW-50 with
MW-51 being near 40% and MW-52 being over 90%). These monitoring well all have
Dhc populations near 107 or greater which indicates high concentrations of Dhc that
are often associated with high rates of reductive dechlorination and the production
of ethene.

e Performance monitoring data from L-78, L-100, and L-101 all show reductive
declorination of PCE + TCE to cis-1,2-DCE (cis-1,2-DCE molar percentages of 20% to
70% for L-78 and over 90% for L-100 and L-101). Cis-1,2-DCE reduction remains
minimal with molar percentages for vinyl chloride + ethene of less than 10% for all
three monitoring points.
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e The Mann-Kendall trend analysis results for the seven semi-confined monitoring
wells evaluated indicate that the total chlorinated ethene molar concentrations
exhibit no trend at five locations that include MW-47, MW-48, MW-49, MW-50, and
MW-52. A decreasing trend was observed at monitoring wells MW-44 and MW-51.

e Chart G-1c also shows that the total chlorinated ethene concentrations in the semi-
confined monitoring wells appear to be showing an overall declining trend.

Overall reductive dechlorination is being observed within the semi-confined water
bearing till materials, albeit at different rates depending on the location. Continued
reductive dechlorination was observed at MW-44 and improved progress was observed
at locations (MW-50, MW-51, and MW-52), while other locations (MW-47, MW-48, MW-
49, L-78, L-100, and L-101) showed only minimal signs of reductive dechlorination (i.e.,
VC + ethene percentage less than 10%).

The literature indicates that the optimal pH range for Dhc is at pH 6 to 8.5. While the
Table 5-1 data for River Terrace does not show a consistent relationship between pH and
Dhc populations, it does appear that when the pH is 7 or above the Dhc populations are
greater with the data showing 3x10° Dhc gene copies per liter or greater.

6.2. Recommendations

Overall TOC concentrations are adequate (above 20 mg/L) for promotion of reductive
dechlorination or, if TOC concentrations are below 20 mg/L, complete reductive
dechlorination is already being observed (e.g., MW-36 and MW-42 in upper plume area
and MW-50 and MW-51 in lower plume semi-confined till unit). The only exception is
L-100 in the lower plume semi-confined till unit. Therefore no HRC injections are
recommended at this time.
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APPENDIX A

Summary of Groundwater Analytical Data



























































































































APPENDIX B

Groundwater/Surface water Sample Data Sheets
and
Field Notes









Low-Flow Groundwater Sam lin with inimal Drawdown Worksheet

Well ID: wN-3
Project # : 0213930-2 Date: 2
Project Name: 2013-14 River Terrace Start Time:
Site: River Terrace RV Park End Time: s
Field Team: * c’
Sample ID: | -~ - -~ ) Time: {630 nm dup split ms/msd
Sample ID: /Y~ -0 - Time: o o  primary split ms/ “ P‘-‘ﬂ-}
Sample ID: e Time: —— primary dup split ms/ms
Weather Conditions: 6°F  Cleor ,‘wd heE ost
Depth to Top of Product (ft BTOC): Depth to Water (ft BTOC): /
Depth to Oil/Water Interface* (ft BTOC): Total Depth (ft BTOC): 3.
* Note: Same as de th to water
Criteria for Stable Parameters
Parameter Workin Ran Stabili Criteria  Notes
Tem erature >0.00 °C +1°C
H 0-14 +10%
Conductiv’ 0-999 mS/m +10%
ORP + 1999 mvV NA
Dissolved O en 0-19.99 NA
urbid’ 0-800 NTU
Senso Observations
Color: Clear, Amber, Tan, Brown, Grey, Milky White, Other:
Odor: None, Low, Medium, High, Very Strong, H2S, Fuel Like, Chemical ?, Unknown
Turbidity: None, Low, Medium, High, Very Turbid, Heavy Silts
Instrument Observations
Water
Temp Conductivity Turbidity DO ORP Level Draw-
Round Time °C H mS/cm NTUs (m L) (mV) Color Odor (ftBTOC) down
1/0 06 +0 3.3 s 1 . 0 o 00
2 as g 8 o o2 18 c Lo 0 o0
30 05.5 0 N -3¢ a H b.o °
4 2 o on { P CbL H 6 o 6 00
5
6
7
8
9
10
1
12

Notes: Drawdown should be less than 0.3 feet while sampling. Minimal drawdown shall be achieved and measured by pumping at
a low rate (approximately 0.1 to 0.5 liter/minute) and continually measuring water levels in the well. Note that site's hyrogeology
ma make it difficult to achieve this s ecification.

# of Bottles
Analyses Collected Comments:
P YY) 4-21-14 134 p 10 er'lo 8
5o ol depn 346 $1 TEC
o mfrn e yoC duplicate omly(svocmsia )
Sa l "V
Signed: ¢ " Date: G 5 1
Signed/reviewer Date:

S

C1 LowFlow Sample Sheet.xis



Low-Flow Groundwater Sam lin with Minimal Drawdown Worksheet

Well ID: -3

Project#: 0213930-2 Date: Y 21
Project Name: 2013-14 River Terrace Start Time: 13
Site: River Terrace RV Park End Time: ta)
Field Team:
Sample ID: - - Time: t dup split ms/msd
Sample ID: e Time: = primary dup split ms/msd
Sample ID: A Time:  — primary dup split ms/msd
Weather Conditions: ‘B Claer 6 v hE 1
Depth to Top of Product (ft BTOC): Depth to Water (ft BTOC): . 20
Depth to Qil/Water Interface* (ft BTOC): Total Depth (ft BTOC): -
* Note: Same as de th to water
Criteria for Stable Parameters
Parameter Workin Ran Stabili Criteria  Notes
Tem erature >0.00 °C +1°C

H 0-14
Conductiv’ 0-999 mS/m
ORP 1+ 1999 mV NA
Dissoived O en 0-19.99 m NA
Turbid’ 0-800 NTU NA
Senso Observations
Color: Clear, Amber, Tan, Brown, Milky White, Other:
Odor: None, Low, Medium, High, Very Strong, uel Like, Chemical ?, Unknown
Turbidity: None, Low, Medium Very Turbid, Heavy Silts

instrument Observations

Water
Temp Conductivity Turbidity DO ORP Level Draw-
Round Time °C H mS/cm NTUs (m L) (mV) Color Odor (ftBTOC) down
1 a . * . 0 ~0 7. -_—
2 S 6 o6 2 -medie .F0O e KN
3n 2 .0 0.0 ° .3 . lec 0
4 180 2y . .0 . . o . o 0 oo
5
6
7
8
9
10
11
12

Notes: Drawdown should be less than 0.3 feet while sampling. Minimal drawdown shall be achieved and measured by pumping at
a low rate (approximately 0.1 to 0.5 liter/minute) and continually measuring water levels in the well. Note that site’s hyrogeology
ma make it difficult to achieve this s ecification.

# of Bottles
Analyses Collected Comments:
~JEDED 3 H-21-14 13 24 Deptn oW e |#lb £+ Bl
Totrl Peptr  22.00 £+ BTOC
¥ WVOCs owm iy
¥* lSoml/w'n-flou ra
Signed: Date: -y
Signed/reviewer Date:

* V

C1 LowFlow Sample Sheet.xls



Low-Flow Groundwater Sam lin with Minimal Drawdown Worksheet
Well ID: W -3b
Project # : 0213930-2 Date: 1 22 1
Project Name: 2013-14 River Terrace Start Time: ¢ S
Site: River Terrace RV Park End Time:
Field Team: .3 ¢’
Sample ID: - - 0 = «/ Time: 23D nma dup  split ms/msd
Sample ID: —_— Time:  — primary dup split ms/msd
Sample ID: — Time: —u primary dup split ms/msd
Weather Conditions: ° m A oSt "¢ (e
Depth to Top of Product (ft BTOC). Depth to Water (ft BTOC): oo
Depth to Oil/Water Interface* (ft BTOC): Total Depth (ft BTOC): 3.
* Note: Same as de th to water
Criteria for Stable Parameters
Parameter Workin Ran Stabili Criteria  Notes
Tem erature >0.00 °C +1°C
H 0-14 +10%
Conductiv’ 0-999 mS/m +10%
ORP + 1999 mV NA
DissoivedO en 0-19.99 m NA
Turbid’ 0-800 NTU
Senso Observations
Color: , Amber, Tan, Brown, Grey, Milky White, Other:
Odor: one, Low, Medium, High, Very Strong, Fuel Like, Chemical ?, Unknown
Turbidity: None, Medium, High, Very Turbid, Heavy Silts
Instrument Observations
Water
Temp Conductivity Turbidity DO ORP Level Draw-
Round Time °C H mS/cm NTUs (m L) mV) Color Odor (ftBTOC) down
118 . O .S 0. Lo . C a [ 00" —
2 o - S .5% o . . cl / .00 @,
3 06 .lO .St . ¢, Lo . > C or 0d ©O.d0
4 1 . .S . Low . 2 0.2C 9, .02 o.0
5alv s. -2 .332 0.3 C ar l .0 e.0
6221 .- © -S0 o I3 C o 0.3 .0 ;0 9.00
7226S8. § -So L2y b o3 0.0 ¢ .
8 31 4 . | 2 29 C & . .00
9
10
11
12

Notes: Drawdown should be less than 0.3 feet while sampling. Minimal drawdown shall be achieved and measured by pumping at
a low rate (approximately 0.1 to 0.5 liter/minute) and continually measuring water levels in the well. Note that site's hyrogeology

ma make it difficult to achieve thiss  ~ cation.
# of Bottles
Analyses Collected = Comments:
o -2u-l 13 &
a >
<
¥ Oml /[
Me [~
-0 SN X
Signed: {
Signed/reviewer
3 | 908 RFS

218 L

er: . 2
Total e : 23.05F+ B .
o % ComducHv no +  within
o ra 0%, -hbilf“ﬁfau wr 3 well
M S . Vo meog§’ n
Date: Y4 / Sawp .
Date:

C1 LowFlow Sample Sheet.xls



Low-Flow Groundwater Sam lin with inimal Drawdown Worksheet

Well ID:
Project # : 0213930-2 Date: «/29./ ¢
Project Name: 2013-14 River Terrace Start Time: | 20
Site: River Terrace RV Park End Time: S4o
Field Team: Kn k¢ R _
Sample ID: (Y4-RT=010-6wW Time: /SIS  @nmary) dup  split ms/msd
Sample ID: /19 = RT=p2 - Time: /S3& primary QP> split ms/msdDupl ltqk 3 |
Sample ID: o re Time: gl primary dup  spiit ms/msd ofor "bio"
4 IS [}
Weather Conditions: (¥ ﬁ:! W lwde © Sopo h Wiwd S
Depth to Top of Product (ft BTOC): Depth to Water (ft BTOC): 3.4
Depth to Oil/Water Interface* (ft BTOC): Total Depth (ft BTOC): 2,

* Note: Same as de th to water
Criteria for Stable Parameters

Parameter Workin Ra e Stabili Criteria Notes
Tem erature >0.00 °C +1°C
H 0-14 +10%
Conductiv’ 0-999 mS/m
ORP 1+ 1999 mV NA
DissoivedO en 0-19.99 m NA
Turbid’ 0-800 NTU NA

Senso Observations

Color: Clear, Amber, Tan, Brown,(Grep> Milky White, Other:

Odor: None, Low, Medium, High, Very Strong, H2S, Fuel Like, Chemical ?, Unkno “HeC (chd'
Turbidity: , Low, Medium, High, Very Turbid, Heavy Silts

Instrument Observations

Water
Temp Conductivity Turbidity DO ORP Level Draw-

Round Time °C H mS/cm NTUs (m ) (mV) Color Odor (ftBTOC) down

1 05 low 049 4 £ H ¢ |- O.

2 ‘ 0 ° B noAe 200 - 6. clecw ™ pC o\ = 8

3 M4D ¢co 2 vne L6 -0 d.or cC  © o

4 4y 5 £.0 3 nont .30 LY. le.. C i o.

5,450 .2 T 0 o" rone I, 43 Jear rC (.

6

7

8

9

10

1

12

Notes: Drawdown should be less than 0.3 feet while sampling. Minimal drawdown shall be achieved and measured by pumping at
a low rate (approximately 0.1 to 0.5 liter/minute) and continually measuring water levels in the well. Note that site’s hyrogeology
ma make it difficult to achieve this  ecification.

# of Bottles

Analyses Collected Comments:

w toB ; q-21 | {b32 «r TJFeo €+ BToC
r-Gases uz o\Lf'"H/I 77 b®  BoC
. as ® mon eb"’ ra . "st Vo Cs “+ Buo N -‘ﬁwpéd

ocC |
Signed:DHE® & & 3 6 pate:  H4/92)1y

J —t
Signed/reviewer Date:
a r at 'S o6cCa o0+ € rvesce .
t gfi ( "td& D; -C'C(u”‘ ) ku‘o butbles out C1 LowFlow Sample Sheet.xls



Low-Flow Groundwater Sam lin with Minimal Drawdown Worksheet

welli>: M -
Project # : 0213930-2 Date: Y-2 -
Project Name:  2013-14 River Terrace Start Time: | 20
Site: River Terrace RV Park . EndTime: S o©
Field Team: r h
Sample ID: - -0 -6 Time: 1§ O dup  split ms/msd ,
Sample ID: /y-RT-03 -6 Time: / Q20  primary @up) split ms/msd~Dup licatedf 3
Sample ID: ALLA‘ Time: a [A~ primary dup  split ms/msd
Weather Conditions: © Wt ( °F
Depth to Top of Product (ft BTOC): Depth to Water (ft BTOC): .
Depth to Oil/Water Interface* (ft BTOC): Total Depth (ft BTOC): .3
* Note: Same as de th to water
Criteria for Stable Parameters
Parameter Workin Ran Stabil® Criteria  Notes
Tem rature >0.00 °C +1°C
H 0-14 +10%
Conduct’ * 0-999 mS/m +10%
ORP + 1999 mV NA
Dissolved O en 0-19.99 NA
Turbid’ 0-800 NTU NA
Senso Observations
Color: fea Amber, Tan, Brown, Grey, Milky White, Other:
Odor: , Low, Medium, High, Very Strong, H2S, Fuel Like, Chemical ?, Unknown
Turbidity: None, Medium, High, Very Turbid, Heavy Silts
Instrument Observations
Water
Temp Conductivity Turbidity DO ORP Level Draw-
Round Time °C H mS/cm NTUs (m L) (mV) Color Odor (ftBTOC) down
1 2 s, a A . 0. . O] O o\
2 o . | 2% A L .2 .ol
3 3% . o 4. 2.2 e one .0\ 0.0
4 b 95 low -1 . awr .ol o
5 (») . 0 © c .3 Y - 0.
6 Ysp 23 .b o.t \ Ed S ol 00
7 1b .b . w +. , O.
8 .S w . .
9 '50 6‘ [ . N . ( O ° 0
10 [0 T A0 « O . (o) o0
11
12
Notes: rawdown should be less than 0.3 feet while sampling. Minimal drawdown shall be achieved and measured by pumping at

a low rate (approximately 0.1 to 0.5 liter/minute) and continually measuring water levels in the well. Note that site's hyrogeology

ma make it difficult to achieve this s ification.
# of Bottles
Analyses Collected Comments:
Ww o b33 Y4-21- fo c‘r‘ b |2
, 30 £+ RTLC ]
¥ Collect dup licate ¥VOC ouly ot +lis M locahon.
aud Ms msbd v VoC. wr @90 Lwn
Signed: /ZSQM (88 Date: ‘7"/ A2 / 14
Signed/reviewer Date:

* VvV

C1 LowFlow Sample Sheet.xis



Low-Flow Groundwater Sam lin with Minimal Drawdown Worksheet

Well ID:
Project # : 0213930-2 Date: 2
Project Name: 2013-14 River Terrace Start Time:
Site: River Terrace RV Park End Time: 30
Field Team: Baudh, Ic L. Coo [/ dge __
Sample ID: 1Y—PT '6l6 - G Time: Qfimany> dup split ms/msd
Sample ID: A A Time: primary dup  split ms/msd
Sample ID: #‘A' Time: primary dup split ms/msd
Weather Conditions: SYyeF ' cle ' ’n A
Depth to Top of Product (ft BTOC): Depth to Water (ft BTOC): .0
Depth to Qil/Water Interface* (ft BTOC): Total Depth (ft BTOC): . O
* Note: Same as de th to water
Criteria for Stable Parameters
Parameter Workin Ran Stabili Criteria  Notes
Tem erature >0.00 °C +1°C
H 0-14 +10%
Conductiv’ 0-999 mS/m +10%
ORP + 1999 mV
DissolvedO en 0-19.99 m NA
urbid’ 0-800 NTU
Senso Observations
Color: €18y, Amber, Tan, Brown, Grey, Milky White, Other:
Odor: None, Low, Medium, High, Very Strong, 2D, Fuel Like, Chemical ?, Unknown
Turbidity: G Low, Medium, High, Very Turbid, Heavy Silts
Instrument Observations
Water
Temp Conductivity Turbidity DO ORP Level Draw-
Round Time °C H mS/cm NTUs (m ) (mV) Color Odor (ftBTOC) down
1¢0 .7 .3 .30% er .2 . C ¢ o -—
2¢1 A .Yl 06.30% C .as a9 ar - 0.
341 -3 . 6. 00 ar .28 | .0 2 -]
4
5
6
7
8
9
10
1
12

Notes: Drawdown should be less than 0.3 feet while sampling. Minimal drawdown shall be achieved and measured by pumping at
a low rate (approximately 0.1 to 0.5 liter/minute) and continually measuring water levels in the well. Note that site's hyrogeology

ma make it difficult to achieve this s ification.
# of Bottles
Analyses Collected Comments:
bo | H-21-14 162D L v. .30 C
2 et e
". . ! o u rale  ¥Diss r\&]ﬂ’s ’ﬁd‘.‘@'“‘e*&i
oC |
Signed: /'i_.w /S/K Date: 4 '/ 22 / |
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C1 LowFlow Sample Sheet.xls



Low-Flow Groundwater Sam lin with Minimal Drawdown Worksheet

Well ID: -51
Project#: 0213930-2 Date: 22 |
Project Name: 2013-14 River Terrace Start Time:
Site: River Terrace RV Park End Time:
Field Team: Bk *° C /630
Sample ID: - - -G Time: _f&ed@ pamary> dup  split ms/msd
Sample ID: oy — Time: «— primary dup split ms/msd
Sample ID: — Time: primary dup split ms/msd
Weather Conditions: SY°cClor Win w
Depth to Top of Product (ft BTOC): Depth to Water (ft BTOC): 3. @
Depth to OilWater Interface* (ft BTOC): Total Depth (ft BTOC): Q. S
* Note: Same as de th to water
Criteria for Stable Parameters
Parameter Workin Ran Stabili Criteria  Notes
Tem rature >0.00 °C +1°C
H 0-14 +10%
Conduct’ ~ 0-999 mS/m + 10%
ORP 1 1999 mV NA
Dissolved O en 0-19.99m L NA
Turbid’ 0-800 NTU
Senso Observations
Color: CEw, Amber, Tan, Brown, Grey, Milky White, Other:
Odor: d¥GD®, Low, Medium, High, Very Strong, H2S, Fuel Like, Chemical ?, Unknown
Turbidity: None¢T8w, Medium, High, Very Turbid, Heavy Silts
Instrument Observations
Water
Temp Conductivity Turbidity DO ORP Level Draw-
Round Time °C H mS/cm NTUs (m (mV) Color Odor ftBTOC) down
116 . . o.1 & 6 lew 3.3 1.9 -3 -_—
240 . 2 .08 & Low 3.035 X0
3 S5 5.2 . . b3 ° >.8 . & . 1.0
4 4 .2 . low . . . .
5 ¢S.x1 (-3 .05 as 03 . 6 -8 o.
6
7
8
9
10
1
12

Notes: Drawdown should be less than 0.3 feet while sampling. Minimal drawdown shall be achieved and measured by pumping at
a low rate (approximately 0.1 to 0.5 liter/minute) and continually measuring water levels in the well. Note that site's hyrogeology
ma make it difficult to achieve this s ecification.
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Low-Flow Groundwater Sam lin with Minimal Drawdown Worksheet

Well ID: - 02
Project # : 0213930-2 Date: YW 2222 M
Project Name: 2013-14 River Terrace Start Time:
Site: River Terrace RV Park End Time: >
Field Team: EQ EC, EA
Sample ID: Y-RT-019~6 Time: [ 8>  qamafyy dup  split ms/msd
Sample ID: — Time: — primary dup split ms/msd
Sample ID: — Time; — primary dup split ms/msd
Weather Conditions: SS°F * Cloud —Pa, Il ' l«/-’w 0‘.
Depth to Top of Product (ft BTOC): ~ A Depth to Water (ft BTOC): .
Depth to Oil/Water Interface* (ft BTOC): Total Depth (ft BTOC): 3 -
* Note: Same as de th to water
Criteria for Stable Parameters
Parameter Workin Ran Stabili Criteria  Notes
Tem rature >0.00 °C +1°C
H 0-14 1+ 10%
Conductiv’ 0-999 mS/m 1 10%
ORP + 1999 mV NA
Dissolved O en 0-19.99 m NA
Turb'd’ 0-800 NTU NA
Senso Observations
Color: Clear, mbe Tan, Brown, Grey, Milky White, Other:
Odor: None, Low, Medium, High, Very Strong, H2S, Fuel Like, Chemical ?, Unkn H FCC Sweed )
Turbidity: None,CCow) Medium, High, Very Turbid, Heavy Silts
Instrument Observations
Water
Temp Conductivity Turbidity DO ORP Level Draw-
Round Time °C H mS/cm NTUs (m L) (mV) Color (ft BTOC) down
1 . 0S5 ®. rw 33 r C 0.00 - 2
2 .0 .0 .5 w/ G-SD (] r HR .50 O.
3 335 .ot .0dD . . | Ler IRC. O©. O ©
4 2 . 2 s 20 (o n. ler RC .32 O.s
5
6
7
9
10
11
12

Notes: Drawdown should be less than 0.3 feet while sampling. Minimal drawdown shall be achieved and measured by pumping at
a low rate (approximately 0.1 to 0.5 liter/minute) and continually measuring water levels in the well. Note that site's hyrogeology
ma make it difficult to achieve this s ecification.

# of Bottles

Analyses Collected Comments:

8960 Yy-21-14 bY@ er. 99 BTOC

c s , Wake e€a Pepth 3l 4z Bwc

el akr efLevvesas ) d'\"ﬁcuH— 4o £ I Vohs w[o bubbles.

55 Me | -)f 100 ml min de Is d - tee

TocC I
Signed: ﬂ/\A ZZ Date: L// 83/ 1 L"
Signed/reviewer ¢ Date:
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Low-Flow Groundwater Sam lin with Minimal Drawdown Worksheet

Well ID: -S0
Project # 0213930-2 Date: 22 |
Project Name: 2013-14 River Terrace Start Time:
Site: River Terrace RV Park End Time:
Field Team: 2B,I<C, k A _
Sample ID: (H =PT =~ 212 -G Time: gfmary~dup  split ms/msd
Sample ID: Time: primary dup split ms/msd
Sampile ID: Time:_ A) t¢ primary dup split ms/msd
Weather Conditions: S§e a [ oud '’ . /\
Depth to Top of Product (ft BTOC): A Depth to Water (ft BTOC): .
Depth to Oil/Water Interface* (ft BTOC): Total Depth (ft BTOC): 3 .

* Note: Same as de th to water
Criteria for Stable Parameters

Parameter Workin Ran
Tem rature >0.00 °C

H 0-14
Condu " ° 0-999 mS/m
ORP + 1999 mV
Dissolved O en 0-1999m L
Turbid’ 0-800 NTU
Senso Observations
Color:
Odor:
Turbidity:

Instrument Observations

Temp Conductivity Turbidity
Round Time °C H mS/cm NT
1
2 .0 .32 .S\y- C o
. . .ol
4 S 2 . o-319 a
5 - . . P
6 A . . ola Py
7 s& .11 A S
8 S . .S . &r
9 o S. ‘Yo . S C
10 . . er
11 . .9 O -13% C ov
12 . 6.9 6. 29

Stabili
+1°C
1+ 10%
+10%
NA
NA

Clear, Amber_Tan, Brown, Grey, Milky White, Other:
None, Low, Medium, High, Very Strong, H2S, Fuel Like, Chemical ?, Unkno
None, Low, dfledium>High, Very Turbid, Heavy Silts

Criteria Notes

wi( ﬁFCg Suuadé D)

Water

DO ORP Level Draw-
(m L (mV) Color Odor (ftBTOC) down

. <. rRC I- S (s
o. o C 2. 3 0.6

. 0. 7 RC $5 0.

. L2.-1 ' - O (e S

. . a ¢ S 0 o.
l. . F'S C . .

. 2. C or c b .

. 2 C o

] 3 ] kL 19.lo t. o
2-0  32-G [ .Lo o.

.' 3'." 4 ( 0 g O 0 . D

Notes: Drawdown should be less than 0.3 feet while sampling. Minimal drawdown shall be achieved and measured by pumping at
a low rate (approximately 0.1 to 0.5 liter/minute) and continually measuring water levels in the well. Note that site's hyrogeology

ma make it difficult to achieve this s ecification.

# of Bottles
Analyses Collected Comments:
200 Y-2-14 Py Pe to ater: 8o BTOC
o3 Totad 13495 Bc
\ 1s0y.]
® ¥400wwt Min  ur /ss Lis feld £ ek
{
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Low-Flow Groundwater Sam lin with Minimal Drawdown Worksheet

wellip: L-/03

Project # : 0213930-2 Date: a3
Project Name: 2013-14 River Terrace Start Time: o
Site: River Terrace RV Park End Time: SO
Field Team: FR.kEC X KA _
Sample ID: [4~BT~020-G Time: 69YO <rimaiy dup  split ms/msd
Sample ID: welr.a Time: ,f primary dup split ms/msd
Sample ID: ! A Time: A primary dup  split ms/msd
Weather Conditions: S °F' et C od’ ‘\/:‘ué{ S h e 1
Depth to Top of Product (ft BTOC): Depth to Water (ft BTOC):
Depth to Oil/Water Interface* (ft BTOC): Total Depth (ft BTOC): 20.52'
* Note: Same as de th to water
Criteria for Stable Parameters
Parameter Workin Ran Notes
Tem erature >0.00 °C
H 0-14
Conductiv’ 0-999 mS/m
ORP + 1999 mV
Dissolved O en 0-19.99 m
Turbid’ 0-800 NTU NA
Senso Observations
Color: Clear, Tan, Brown, Grey, Milky White, Other:
Odor: None, Low, Medium, &iGh>Very Strong, H2S, Fuel Like, Chemical ?, UnknownC Ekc odor D
Turbidity: None, £&GW)> Medium, High, Very Turbid, Heavy Siits
Instrument Observations
Water
Temp Conductivity ORP Level Draw-
Round Time °C H mS/cm (mV) Color Odor (ftBTOC) down
1 o a . .I . S ‘-9 ity ”P( '02 e
2 93 . . . 0 7 whey . S 4,83
3op36 . . Lo .23 3% . (-4
4 .
5
7
8
9
10
11

Notes: Drawdown should be less than 0.3 feet while sampling. Minimal drawdown shall be achieved and measured by pumping at
a low rate (approximately 0.1 to 0.5 liter/minute) and continually measuring water levels in the well. Note that site's hyrogeology

ma make it difficult to achieve this s ecification.

# of Bottles
Analyses Collected Comments:
8 ol 3 y-2i-1y 1e37 1o €r' b3 - w
o ;7 2 e [ | dLP'fV\ 30.5L 4 Bne
{ nRS@S
. } 100 !l Juin w rq‘k- 'S IVC_"Q{S ﬁel& 'F’H'(A

'
Signed:'Nr/ucg ! 7< N4
O [ = —
Signed/reviewer

¥ PBFS &Blo

Date: Y/a3/1y
/7

Date:
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APPENDIX C

Performance Monitoring Analytical Results













































































































































































































































APPENDIX D

IDW Manifest and Drum Inspection Reports












APPENDIX E

Cross-Section Figures

from previous reports
p p





















APPENDIX F

Nontarget Analyte Detection Summary
(December 1999 - April 2014)















APPENDIX G

Bioremediation Effectiveness Graphs






























































































































APPENDIX H

Quality Assurance Review (QAR)
and
ADEC Laboratory Data Review Checklists






































































































APPENDIX I

Mann-Kendall Statistical Trend Analysis
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