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February 28, 2011

South Carolina Department of Health and Environmental Control
2600 Bull Street
Columbia, South Carolina 29201

Attention: Mr. Lucas Berresford
State Remediation Section
Bureau of Land and Waste Management

Reference: Focused Feasibility Study Addendum —
Response to SCDHEC Comments
Duke Energy Pine Street MGP Site
Spartanburg, South Carolina
S&ME Project No. 1264-02-146

Dear Mr. Berresford:

In May 2008, ENSR/AECOM, on behalf of Duke Energy, submitted to SCDHEC a
Remedial Alternatives Focused Feasibility Study (FFS) for the Spartanburg, South
Carolina Pine Street MGP Site. SCDHEC provided comments to the FFS in a letter dated
September 2, 2010 (Berresford to McGary).

On behalf of Duke Energy, S&ME, Inc. (S&ME) respectfully submits this letter report
and its attachments as response to SCDHEC’s comments and as an addendum to the FFS.
This document is not intended to serve as a stand-alone resubmission of the original FFS
nor as a comprehensive review/revision of the original FFS. We assume those portions
of the FFS not commented on by SCDHEC or addressed in this addendum are valid as
provided by ENSR/AECOM.

We appreciate your receipt of this information; we trust it will be responsive to your
needs. Please contact us if you have comments, questions, or need additional
information.

. Wiy, )
Sincerely, S CARG SSRNCARO,
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Stanford Lummus, P.E. ’//%'7? OF N (\\\Q\\\‘\ strong, 4,12} AR “‘s“
Senior Engineer g enior Engineer "'lm'..“m

slummus@smeinc.com larmstrong@'smeinc.com

cc:  Ms. Jessica L. Bednarcik, P.E., Duke Energy,
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SCDHEC Comment 1

Chinquapin Creek should be sampled at several locations on a periodic basis coinciding
with the groundwater monitoring events to determine if contamination is entering the
creek from groundwater discharge. This should be added to the groundwater monitoring
plan. If contamination is discharging to the creek above allowable levels, natural
attenuation would not be viable.

Response to Comment 1

As documented in correspondence of November 19, 2010 (Lummus/Armstrong to
Bednarcik), December 2, 2010 (Berresford/Canova to McGary), and December 21, 2010
(Lummus/Armstrong to Berresford), future site monitoring will incorporate collection of
groundwater samples from Chinquapin Creek. During the scheduled March 2010 site
monitoring, S&ME will perform a reconnaissance of Chinquapin Creek that will include
an ORP profile along the creek banks and observations for bedrock outcroppings, iron
staining, and naphthalene odors. If suspect area(s) of contaminated groundwater
discharge to the creek are noted during the reconnaissance observations, surface water
samples will be collected at these locations. In the absence of conclusive observations
during the reconnaissance, surface water samples from Chinquapin Creek will be
collected at the locations indicated on attached Figure 1, Initial Surface Water Sample
Locations from Chinquapin Creek. Surface water samples will be analyzed for VOCs
and SVOCs.

A stand-alone report of the Chinquapin Creek reconnaissance and sampling will be
compiled and submitted by May 31, 2011 along with the scheduled groundwater
monitoring report. If sampling results indicated elevated concentrations, the surface
water report will establish surface water monitoring locations to be incorporated into the
ongoing semi-annual site monitoring program.

SCDHEC Comment 2

The site should be broken into two sections for the purposes of selecting a remedy for
groundwater. The first section is anywhere where NAPL may remain or areas of
significantly elevated contamination in groundwater. The second area is where
regulatory standards are exceeded but it is not considered a source area. Different
remedies are appropriate for these different areas.

Response to Comment 2

NAPL has not been detected in groundwater monitoring wells installed at the site. We
evaluated location(s) of significantly elevated groundwater contamination versus areas
where regulatory limits are exceeded using Figure 2, Benzene & Naphthalene
Concentration in Shallow (Saprolite) Groundwater (2010) and Figure 3, Benzene &
Naphthalene Concentration in Upper Fractured Bedrock Groundwater (2010). Within the
extents of Risk-Based Screening Levels (RBSLs) exceedance north of Chinquapin Creek,
there is no remarkable difference in groundwater concentrations. Benzene detections
range from 5.3 to 994 ug/L in shallow (saprolite) groundwater and 5.55 to 105 ug/L in the



Focused Feasibility Study Addendum — Response to SCDHEC Comments S&ME Project 1264-02-146
Duke Energy Pine Street MGP Site: Spartanburg, S.C. February 28, 2011

upper fractured bedrock groundwater. Naphthalene detections range from 18.8 to 3,430
ug/L in shallow (saprolite) groundwater and 24 to 3,640 ug/L in the upper fractured
bedrock groundwater.

In absence of other clear demarcations, we propose to consider remedial feasibility at the
site relative to the following criteria:

o Historic source soils/infrastructure;
¢ Shallow (saprolite) groundwater; and,

e Upper fractured/weathered bedrock groundwater.

Source Soils/Infrastructure: The historical source of site contaminants is MGP
byproducts disposed or stored in shallow soil/infrastructure (e.g., gasholders, tar
wells, etc). Accessible source soil/infrastructure was excavated in 2003-°04'. Some
excavation confirmation soil samples exhibited TPAH concentrations >250 mg/kg'~.
Additional excavation, however, was precluded by groundwater and other site
restrictions (e.g. Duke Energy substation, railroad right-of-way, etc.)".

The May 2008 FFS evaluated additional soil excavation, disposal, and replacement as
means to “remove the impacted saturated zone soil and partially weathered rock in
the area of the former MGP operations”, as well as in-situ solidification. While actual
location(s) and extent(s) of excavation or solidification would be refined, the
alternatives remain valid for consideration.

We offer here, however, two inherent cost risks that may not be captured within the
May 2008 FFS. First, the baseline dewatering costs ($172,900, 3% of total cost)
seem possibly low considering potential permitting considerations/costs, the extent of
excavation (1.6+ acres), duration of the project (7+ months), and difficulty estimating
the amount of groundwater and surface water (precipitation) that might enter the
excavation(s). Second, Figure 4, Cross-Sections, documents that the excavation
would extend through 5+- to 10+-feet of partially weathered rock (PWR). (PWR was
defined in these sections as material exhibiting a standard penetration resistance (N-
value) greater than 100 blows per foot.) Our geotechnical experience in the Piedmont
indicates that excavation of PWR generally requires very hard ripping, a heavy front-
end loader, and/or use of a heavy tracked excavator, with difficulty. Excavation
difficulty will be compounded in confined area excavations. The possibility of light
blasting or hand excavation using pneumatic tools exists where boulders or rock
lenses are present. That said the saturated soil excavation baseline unit rate and
corresponding extended rate may be very low.

! Final Soil Excavation Summary Report, Spartanburg — Pine Street MGP Site, Duke Energy, June 6, 2006.
2 TPAH >250 mg/kg was one of the criteria for excavation boundaries.
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Table 6-2 of the FFS incorporates a 50% contingency on the overall Saturated Zone
Excavation alternative, which may or may not cover the cost implications of the above
factors.

To some extent, the same issues apply to In-Situ Solidification, as it will be very difficult
to solidify within the PWR. In order for solidification to be viable, all subsurface
obstruction would need to be removed through excavation. As with the excavation
option, the unit rate and extended rates for solidification may be very low, and it is
unknown if the 50% contingency will cover the potential risks.

A number of the unit rates for excavation and solidification have been updated based on a
current Duke Energy project in another state. These updated prices do not take into
account working in PWR, as they are based on excavation/solidification in clay and silt.
Updated costs and summary tables have been included as Table A4, Revised
Construction Cost Estimate for Excavation and Disposal and Table A3, Revised
Construction Cost Estimate for In-Situ Solidification in this letter report. We point out
that only unit costs associated with excavation, solidification, and backfill/fill placement
have been updated; other unit costs and the treatment area(s) for excavation and disposal
and solidification remain those presented in the FFS.

Given the updated costs noted above for excavation and disposal and in-situ
solidification, Table 6-2 (Revised), Cost Comparison for Remedial Alternatives has been
revised for both of these scenarios and included in this letter report.

e Shallow (Saprolite) Groundwater: Impact to the shallow (saprolite) aquifer is
delineated on Figure 2. Benzene is more prevalent in wells MW-13S and 13iSOC
and less prevalent in wells MW-12S, MW-14S, and MW-15S. Naphthalene is more
prevalent in wells MW-13S, MW-13iSOC, MW-14S, MW-158S, moderately present
in MW-188S, and less present in MW-128.

e Upper Fractured/Weathered Bedrock Groundwater: Groundwater is also
impacted in the upper fractured/weathered bedrock as shown on Figure 3. Benzene
exceeds its RBSL in only well MW-13D. Naphthalene is most prevalent in well
MW-15D and less prevalent in MW-13D and MW-14D (north of Chinquapin Creek)
and MW-11D (southwest of Chinquapin Creek).

While the area of impacted saprolite groundwater and fractured/weathered bedrock
groundwater north of Chinquapin Creek overlap, the areas aren’t entirely coincident.
Similarly, the fractured/weathered groundwater southwest of Chinquapin Creek is
impacted while the saprolite groundwater is not. Therefore, while the active remediation
technology may be the same for groundwater impacted areas, the spatial layout and target
treatment levels may vary.

We propose that the In Situ Enhanced Biodegradation (iSOC®) and In Situ Chemical
Oxidation (ISCO) alternatives of the FFS be revised in line with the proposed
remediation areas and levels shown in Figure 5, Groundwater Remediation Areas and
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Levels. The corresponding revised cost estimates are provided in attached Table Al,
Revised Construction Cost Estimate for In-Situ Enhanced Bioremediation (iSOC) and
Table A2, Revised Construction Cost Estimate for In-Situ Chemical Oxidation (ISCO).

SCDHEC Comment 3

The Department has concerns regarding the costs of the In Situ Chemical Oxidation and
the In Situ Enhanced Biodegradation. The Design costs for In Situ Chemical Oxidation
seam extremely high when compared to the In Situ Biodegradation. Please provide a
Justification for the drastic difference in the design costs.

Response to Comment 3

The note on Table 6-2 of the May 2008 FFS defines that “design costs (are) estimated at
5% of construction costs”. The In-Situ Chemical Oxidation (ISCO) exhibits a higher
construction cost, thus the associated design cost is correspondingly higher. Based on
our experience, bioremediation, chemical oxidation, solidification, and excavation should
carry more similar design costs, and are shown as so in Table 6-2.

SCDHEC Comment 4

It is noted that the Feasibility Study assumed different radii of influence (and thus a
different number of injection points) for enhanced attenuation and in-situ chemical
oxidation. The differences in cost between these two technologies would change
significantly if the same number or a similar number of injection points was proposed for
each technology. Please provide a justification for using different radii of influence, or
assume the same radii and number of injection points for each alternative.

Response to Comment 4

The radius of influence (ROI) of the in-situ submerged oxygen curtain (iSOC®)
technology has been estimated at ten feet. Additional information on this ROI is included
below, in the response to Comment 8.

The ROI of the In-Situ Chemical Oxidation (ISCO) option is estimated to be 25+-feet,
based on experience in similar geology. Differences in radii are attributable to the
delivery mechanism: iSOC® relies on diffusion to increase the dissolved oxygen content
of the aquifer where ISCO chemicals are injected under positive pressure.

SCDHEC Comment 5
O& M durations should be based on 30 years for MNA for all remedial alternatives.

Response to Comment 5

To account for the 30 years of operation & maintenance (O&M) requested by DHEC, as
well as O&M requirements for the In-Situ Enhanced Biodegradation (iSOC) and In-Situ
Chemical Oxidation scenarios (ISCO), Table 6-2 (Revised) has been updated to include
O&M required for the baseline scenario and Monitoring & Reporting required for 30
years of groundwater monitoring after the remedial option is implemented.
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SCDHEC Comment 6

The Feasibility Study should include a detailed discussion of the time frame to meet
remedial goals for each remedial alternative.

Response to Comment 6

iSOC®: MW-13S is 10+-feet down-gradient of the iSOC® pilot injection and an iSOC®
diffuser has been installed directly in MW-13D since September 2006. Temporal
concentrations of benzene and naphthalene in wells MW-131SOC, MW-13S, and MW-
13D are provided in Chart 1, Temporal Benzene in Groundwater — iSOC Pilot Study and
Chart 2, Temporal Naphthalene in Groundwater — iSOC Pilot Study, respectively.
Groundwater from MW-13S has exhibited decreasing benzene and naphthalene
concentrations over the period of record since 2004. Trend line analysis of benzene and
naphthalene in MW-13D suggest slightly decreasing to slightly increasing concentrations,
respectively, over the same period of record. Considering the decreasing concentration
trends are observed in MW-13 prior to iSOC® installation, it is questionable whether the
decreasing concentrations can be attributed to the iSOC® treatment. Similarly,
concentration trends in MW-13D do not support influence from iSOC® treatment. Based
on these observations from the iISOC® pilot study, it appears that remedial goals for
naphthalene, at least under the pilot study configuration(s), will not be met with iSOC®
treatment.

ISCO: Based on past experience with ISCO technologies, the reaction is relatively rapid.
Substantial remediation will be achieved upon contact of the oxidant with the
contaminant. In order to reduce the probability of day-lighting chemical to the surface or
into the creek, injection events will proceed intermittently, delivering the requisite
chemical over a three year period. RBSLs are anticipated to be achieved in
approximately two years. Rebound is expected, and five years of additional active
monitoring is included in the attached revised costs. A pilot test will be performed prior
to remediation initiation to determine applicable injection rates and to refine these
estimates.

SCDHEC Comment 7

Table 6-1, Monitored Natural Attenuation should be changed from fair to poor on State
and Community Acceptance and Compliance with Applicable federal and State
requirements.

Response to Comment 7

This response to Comment 7 reflects SCHDHEC’s request to change the status of the
Monitored Natural Attenuation (MNA) option from fair to poor relative to State and
Community Acceptance and Compliance with Applicable Federal and State requirements
(in Table 6-1 of the FFS). Table 6-1 (Revised), Summary of Alternatives Analysis is
included with this letter report and changes the status of MNA from fair to poor.
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In so much as the Addendum identifies and updates various implementation, cost,
operational, and risk considerations with the various remedial alternatives, we have taken
the opportunity to revise and update Table 6-1 (Revised) appropriately.

SCDHEC Comment 8

The pilot study that was completed using ISOC should have included an evaluation of the
radius of influence.

Response to Comment 8

The original objective of the iSOC® pilot study was to establish whether the radius of
influence of the technology was at least that suggested by the manufacturer - ten feet. As
such, the iSOC® infusion points (MW-13-ISOC and MW-13D) were installed
approximately ten feet upgradient of the observation well, MW-13S. As discussed in our
response to Comment 6, historical naphthalene concentration trends in MW-13S do not
give a clear indication of the long term efficacy of the iSOC® technology at this site.

Dissolved oxygen (DO) concentrations in MW-13S tend to support this conclusion
(reference Chart 3, Temporal DO in Groundwater - iSOC Pilot Study). The baseline DO
in MW-13S prior to pilot implementation was approximately 0.2 mg/L, an indication of a
strongly anaerobic environment. After pilot initiation (September 2006), DO levels
increased within the wells containing the iSOC® diffusers themselves — MW-13ISCO and
MW-13D. Over the period of operation of the iSOC® diffuser in well MW-13ISOC
(September 2006 through December 2008), however, DO levels in down-gradient well
MW-13S only averaged 1.2 mg/L, ranging from a low of 0.15 mg/L to a high of 2.31
mg/L. DO concentrations in this range indicate a marginally aerobic environment
(marginally capable of supporting aerobic microbial populations), and is significantly
lower than the DO concentrations (40-100 mg/L) that the iSOC® is expected to generate
as indicated in the manufacture’s supplied literature.

As a result of the pilot, we conclude that the radius of influence associated with iSOC®
oxygen diffusion at this site is at best no more than ten feet.

SCDHEC Comment 9

The presence of dissolved iron is a critical factor in the success or failure of ISOC and
may also affect chemical oxidation success. Therefore, dissolved iron should be
determined in the field using a Hach test kit. Groundwater samples from selected
locations should be collected using low flow methods and analyzed in the field for
dissolved iron. Natural oxidant demand should also be determined using a
groundwater/aquifer matrix sample in the source area which will allow a more accurate
determination of the amount of oxidant required to address the contaminant and will
improve the cost estimates for the FS.

Response to Comment 9

Empirical evidence from the pilot indicates that significant dissolved iron concentrations
exist at the site. The unit installed in MW-13ISOC experienced operational difficulties
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due to iron fouling, resulting in complete malfunction of the unit after two years of
operation. Similar issues are anticipated in a full-scale system, and are reflected in the
revised cost analyses.

Our experience in Piedmont geology, with confirmation from chemical suppliers,
indicates that the natural oxidant demand (NOD) is consistent across the region. A
conservative value has been assumed for purposes of evaluating technology feasibility.

As noted in response to Comment 6, the design phase of an ISCO treatment program
would include a pilot study. The pilot would be designed to evaluate chemical
requirements, impact(s) of potential interference from iron and other inorganics, and
radius of influence.

SCDHEC Comment 10

The lognormal scale of the time versus concentration graphs reduces the appearance of
groundwater quality trends and leads to a false conclusion of water quality stability.
Future graphs of time versus concentration should use an arithmetic scale.

Response to Comment 10

As indicated in our November 19, 2010 letter, the most recent semiannual report included
graphs of time vs. compound concentrations plotted on an arithmetic scale, as requested.
Future monitoring report graphs will utilize the same arithmetic scale.
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