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Executive Summary

Introduction

Enhanced In situ bioremediation (EISB) can be a low-cost approach for accelerating remediation
timelines at sites impacted with dense non-aqueous phase liquids (DNAPLs) such as
trichloroethene (TCE) and tetrachloroethene (PCE). EISB typically relies on the addition of
electron donor formulations to enhance the rate of dissolution and reductive dechlorination.
Although vegetable oil is a low cost electron donor, it is typically added in excess amounts to
ensure that it is distributed effectively. It has been demonstrated by Harkness (2000) that the
cost of electron donor can represent up to 50% of the net present value (NPV) cost when applied
using passive (i.e., biostimulation) methods. Hence, the selection of electron donors has a major
implication on EISB cost.

Achieving high rates of biologically-enhanced DNAPL dissolution requires that electron donors
be delivered effectively to achieve concentrations at the DNAPL:water interface that will sustain
the growth and activity of the dechlorinating biomass. Challenges with typical electron donors,
such as lactate and emulsified vegetable oils (EVO) include that they are: (1) consumed as they
migrate towards DNAPL source zones by non-dechlorinating biomass; and (2) result in the
establishment of dechlorinating biomass in zones of dissolved DNAPL. This location can be too
far away from the DNAPL to enhance its dissolution.

Partitioning electron donors (PEDs) are electron donors that partition directly into a target
DNAPL. PEDs are water soluble, hence they are easily transported to a DNAPL source zone.
This property aids in their mixing throughout the source zone and maximizes contact with the
DNAPL. Even at high dose rates, PEDs are slowly metabolized, which facilitates delivery
without significant loss and allows efficient distribution throughout the source zone.
Additionally, PEDs partition strongly into DNAPL from which they are subsequently released,
providing a high percentage of reducing equivalents that can be consumed in the reductive
dechlorination process close to the DNAPL/water interface, and therefore promote establishing
dechlorinating biomass at this interface.

Objectives
The objectives of the field demonstration/validation (DEM/VAL) included:
1. Demonstrate application of the PED technology at field scale, assess the ability to distribute

PED within the source area and enhance biodegradation;

2. Validate the enhanced performance and efficiency of DNAPL dissolution and dechlorination
following the injection of a PED.

3. Collect cost and performance data for the application of PEDs for source zone
bioremediation and provide reliable technical data relevant to field-scale implementation of
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the PED technology, including documentation of the expected reduction in duration and cost
of remediation of DNAPL source sites.

A number of qualitative and quantitative performance objectives were established in order to
assess the effectiveness of the amendment and are discussed in detail in Section 3.

Technical Approach

Laboratory treatability studies were conducted to evaluate candidate PEDs for eventual field
application as part of the project. Based on prior research, consideration of physical-chemical
properties, material costs, and toxicity, two candidate PEDs, n-butyl acetate (nBA) and n-
hexanol (nHEX), were selected for laboratory evaluation for enhanced microbial reductive
dechlorination of TCE-NAPL. The experiments, conducted by Georgia Tech, included: (i) PED-
NAPL Partitioning Studies to assess key physical-chemical parameters that are important for
successful field implementation and included liquid-liquid equilibrium batch studies and mass
transfer column experiments (abiotic columns); and (ii) Bench-Scale Treatability experiments to
obtain site-specific design parameters for PED delivery, mass transfer, and enhanced microbial
reductive dechlorination activity in a TCE-DNAPL source zone. These tests were designed to
evaluate mass transfer of the partitioning electron donor and potential microbial activity under
anticipated field conditions, and ultimately to demonstrate that the PED enhances reductive
dechlorination activity and DNAPL dissolution rates. The results confirmed the strong
partitioning of nBA into TCE-NAPL to support dechlorination. The results from these studies
were summarized in a Final Treatability Tests report in February 2010 and published by Capiro
etal., (2011).

During the treatability studies, the strong partitioning of nBA into TCE- and surrogate-NAPL
suggested that a single injection of PED solution was capable of providing electron donor to
support microbial reductive dechlorination far beyond the number of PVs delivered, thereby
reducing the need for frequent or repeated PED injections. On this basis, nBA was selected as
the PED for use in the bench scale biological treatability evaluation.

The PED technology field demonstration was conducted at a source zone (Hot Spot 1) at the
National Aeronautics and Space Administration (NASA) Launch Complex 34 (LC34). At this
site, TCE DNAPL is associated with a silty sand/silty clay horizon at about 42 to 48 feet below
land surface (ft BLS) and TCE concentrations up to 141,000 micrograms per liter (ug/L) had
been reported. The zone was amended with nBA above, within and below this low permeability
horizon. In total, 34,000 gallons (gal) of nBA solution (3,000 milligrams per liter [mg/L]) was
injected using direct-push technology (DPT). The solution volume was selected to be
approximately 50% of the total pore volume of the target zone. The amendment zone targeted
the center of the Hot Spot 1 area, where TCE concentrations were greatest, roughly
corresponding with the area enclosed by the 30,000 pug/L TCE isopleth and extending beyond
that by approximately 5 feet (ft) in all directions.
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One or more conservative tracers were added to all PED injection fluids. Bromide was used as a
conservative tracer in all injection fluids, to provide an indicator of amended fluid; the
concentration of bromide would indicate the proportion of injectate in any sample. lodide was
added as a tracer only in the injection fluids introduced above the confining silty clay horizon.
The iodide was used to monitor for potential migration of fluid from the upper treatment zone
through the clay to the lower zone, which could have occurred as a result of maintaining a lower
hydraulic head in the lower zone.

Two sweep zones, one above and one below the clay horizon were separately instrumented and
operated, providing two data sets with which to evaluate the performance of the PED technology.
Each sweep zone was instrumented with a single central extraction well, from which integrated
groundwater samples were collected routinely to monitor the average concentration of various
dissolved constituents over time. The groundwater extraction system was operated using solar
power. Extracted groundwater was returned to the aquifer through a set of ten groundwater
injection wells on the perimeter of the TCE plume. At each of five injection locations, a pair of
injection wells was installed, above and below the clay horizon, to help create an inward
hydraulic gradient and promote horizontal flow across the top and base of the clay horizon.

Each extraction well operated, at a relatively low flow rate, to maintain an inward hydraulic
gradient and collect representative groundwater from the aquifer on either side of the clay
horizon. The extracted groundwater was analyzed for volatile organic carbons (VOCs) to
establish the baseline flux of VOCs. Once stable baseline conditions were established, the
demonstration area was amended with nBA and conservative tracers (bromide and iodide) using
DPT injection to deliver the amendments throughout the target zone. This approach delivered
the amendment solution throughout the pore volume of the plot all at once, rather than relying on
advective transport in a recirculation mode, and allowed the amendments to be preferentially
delivered to the clay layer and the portions of the overlying and underlying aquifers where
residual DNAPL may be present. A shut-in period, with no groundwater extraction, of six weeks
followed to allow the native microbes to acclimate to the nBA and for the biomass to become
established within the demonstration area. Soil and groundwater samples were collected to
establish the distribution of electron donor and tracer within each zone of the demonstration area
prior to starting the groundwater recirculation.

Routine groundwater samples were collected during recirculation to assess the concentrations
and flux of various compounds. Comparison of concentrations (VOCs, PED, tracers) in
groundwater initially and over time extracted from the central wells were used to assess the
“disturbance effect” of direct injection and evaluate the quantity of nBA that was taken up by the
DNAPL, sorbed or diffused into secondary porosity of the formation (where the non-aqueous
phase liquid [NAPL] also likely resides). Trends in the concentrations of various dissolved
constituents in extracted water over time were used to understand changes in the flux of VOCs
(and amended compounds). Soil sampling was conducted before (baseline delineation) and after
the demonstration area was amended, to establish mass distribution within the plots, and again
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after operation was halted, to assess changes over the DEM/VAL operation and correlate these
results with the observed trends in groundwater concentrations.

Both sweep zones were monitored throughout the course of the demonstration, to evaluate
system performance and evaluate whether laboratory assessment data are useful to predict PED
performance under field conditions. The performance was assessed in terms of VOC mass flux
enhancement and compared with previous studies using typical, non-partitioning, soluble
electron donors such as lactate.

Results

The performance objectives of the DEM/VAL were met. nBA, was successfully introduced to
the source area using readily available direct-push injection equipment, with a few extra
precautions (e.g. bonding and grounding) for handling the pure nBA. The PED was able to
promote biodegradation and achieved sustained production of dechlorination products, even in
the presence of 1,1,2-Trichloro-1,2,2-trifluoroethane (CFC113), which was a co-contaminant in
the demonstration area. Dehalococcoides (Dhc) numbers increased. Donor longevity was
assessed and donor was present (as total organic carbon [TOC] and volatile fatty acids [VFASs])
up to one year following PED injection. Even with groundwater extraction the donor
concentrations were sustained well beyond the point where initial injectate volume was
extracted. Tests confirmed that the PED was capable of partitioning into a TCE DNAPL.

Overall, nBA was demonstrated to be a suitable electron donor for source areas. The application
was completed using conventional direct-push injection equipment. Geosyntec continues to
work with commercial vendors to develop off-the-shelf PEDs that are pre-mixed for ease of
application. The use of PEDs for source zone bioremediation is expected to be cost-equivalent to
emulsified vegetable oil applications. Donor longevity of nBA was at least equivalent to
emulsified vegetable oil applications for similar applications.

The data collected over the study indicated that over the course of extracting two pore volumes
that there was an increase in DNAPL dissolution rate as evident from the mass flux of total
VVOCs observed at the central extraction well. Furthermore, this increase in mass flux was
greater than what is typically observed in applications using soluble donor. The shift in the
parent:daughter breakdown product ratio over time showed that the breakdown products made up
the majority of the total VOC mass flux. The increase in mass flux and increased proportion of
breakdown products indicated that there was a source of the parent VOCs in the demonstration
area (i.e., residual NAPL), and that there was enhanced dissolution of the source material that
was made possible by maximizing the concentration gradient between the sorbed/DNAPL VOCs
and water phase.

Time-trend data for the electron donor concentrations was also monitored and compared. Donor
concentrations in conjunction with dechlorination product concentrations indicated the extent of
sustained biological activity. Results using nBA were compared to those from tests that used
soluble donors, such as lactate; the nBA provided a longer period of activity, since it partitioned
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into residual NAPL initially and then gradually became re-supplied to groundwater whereas any
unused soluble donor would have migrated away from the NAPL source area.

The costs to implement the PED technology for DNAPL source zone treatment will vary from
site to site, depending on the size of the site (i.e., impacted volume) and several site-specific
characteristics. A cost comparison was made between the PED technology and the most
comparable in situ source zone treatment technology, conventional source zone bioremediation
using emulsified vegetable oil (EVO). A hypothetical site was assumed to have the following
characteristics:

e Sand aquifer (30% porosity) that is 30 ft deep and underlain by a clay aquitard,;
e DNAPL source zone is 40 ft wide by 80 ft long by 15 ft deep (15 to 30 ft bgs); and
e 500 kg of TCE DNAPL is present

The calculated costs assume that the DNAPL and Site were previously well characterized. The
total cost using PED as the electron donor was estimated to be $571,000, while the total cost
using EVO was estimated to be $679,000. The differences in overall cost are attributable to the
cost of donor applied in each event (which is a function of the unit cost and amount of donor
required; the estimated number of applications is the same in both cases) and the duration of the
remedy, which governs the number of monitoring events.

Limitations
The main limitations of using the PED technology are:

e Requires characterization - Similar to any source remediation technology, understanding and
identifying of the extent of the source zone is required to estimate the DNAPL mass present
and thereby, minimize the zone to be treated. Such an effort would require capital cost
expenditures; and

e Site characteristics - Sites lacking suitable microorganisms to ferment the PED and/or sites
that have certain geochemical conditions that inhibit biodegradation of target VOCs will
require bioaugmentation and/or additional remedial measures.

Benefits

As with all source treatment technologies, delivering the PED into the source area is critical.
The nBA was applied to the treatment zone with conventional direct push injection technology.
This project showed that the selected PED, nBA, can; (1) achieve high rates of biologically-
enhanced DNAPL dissolution; (2) be easily and effectively delivered; and (3) sustain donor
supply at an effective concentration at the DNAPL:water interface to promote the growth and
activity of the dechlorinating biomass. The PED was water soluble, easily transported to a
DNAPL source zone, and less expensive to deliver than other commercial products.
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1. INTRODUCTION

1.1 BACKGROUND

EISB can be a low-cost approach for accelerating remediation timelines at sites impacted with
DNAPLs such as TCE and PCE. Compared to other remedial techniques, the estimated cost
reported from McDade et al. (2005) for ISB was $29 per cubic yard (yd®), in comparison to $88
per yd® for thermal treatment, $125 per yd® for chemical oxidation and $385 per yd® for
surfactant enhanced removal, respectively. McDade et al. also indicated that the lower cost for
in situ bioremediation was “related to the cheaper unit cost of enhanced bioremediation
amendments (electron donor).” Vegetable oil, a low priced electron donor, costs approximately
$1.00 per pound (Ib). Yet, although the purchasing cost is economical, the amount of electron
donor applied at impacted sites greatly affects the cost and efficacy of conducting EISB. It has
been demonstrated by Harkness (2000) that the cost of electron donor can represent up to 50% of
the NPV cost when applied using passive (i.e., biostimulation) methods.

To achieve high rates of biologically-enhanced DNAPL dissolution, electron donor needs to be
delivered, as well as sustained at an effective concentration at the DNAPL:water interface for the
growth of and consumption by dechlorinating biomass. Electron donors such as lactate and EVO
are consumed as they migrate towards DNAPL source zones (DSZ) by non-dechlorinating
biomass. In heterogeneous geological formations containing DNAPL pools and ganglia, there’s
uncertainty on the efficacy of aqueous and emulsified electron donors; i.e., will the electron
donor be present at the DNAPL:water interface with a concentration appropriate to achieve
maximum biodegradation rates and dissolution effects. As indicated by a Department of Defense
(DoD) protocol funded by Environmental Security Technical Certification Program (ESTCP)
(Air Force Center for Engineering and the Environment [AFCEE], et al., 2004), typical electron
donor applications have only 1 to 10% efficiency. Hence, typical applications have accounted
for the loss of reducing equivalents with the addition of a five to ten times the amount of electron
donor required as a safety factor. Adding high concentrations of electron donor may overcome
these limitations by allowing higher concentrations of electron donor to reach the DNAPL:water
interface; however, this increases the application cost significantly.

PEDs are electron donors that partition directly into a target DNAPL. PEDs are water soluble,
hence they are easily transported to a DNAPL source zone. This property aids in their mixing
throughout the source zone and maximizes contact with the DNAPL. Additionally, PEDs
partition strongly into DNAPL from which they are subsequently released, providing a high
percentage of reducing equivalents that can be consumed in the reductive dechlorination process.

1.2 OBJECTIVE OF THE DEMONSTRATION

The objectives of this field DEM/VAL were to:
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1. Demonstrate application of the PED technology at field scale, assessing the ability to
distribute PED within the source area and enhance biodegradation;

2. Validate the enhanced performance and efficiency of DNAPL dissolution and dechlorination
following the injection of a PED; and

3. Collect cost and performance data for the application of PEDs for source zone
bioremediation and provide reliable technical data relevant to field-scale implementation of
the PED technology, including documentation of the expected reduction in duration and cost
of remediation of DNAPL source sites.

The field DEM/VAL was conducted at the National Aeronautics and Space Administration
(NASA) LC34, located on Cape Canaveral Air Force Station (CCAFS), Cape Canaveral, Florida.
A TCE source area, designated as Hot Spot 1, was identified as separate and distinct from the
VVOC mass beneath the Engineering Support Building (ESB). This site had a TCE-NAPL source
that appeared primarily to exist within/near a lower conductivity unit. Site conditions were
appropriate and a suitable on-site support network existed for execution of the DEM/VAL.

1.3 REGULATORY DRIVERS

The United States Environmental Protection Agency (USEPA) maximum contaminant level
(MCL) for PCE and TCE in drinking water is 5 pug/L. This concentration is considerably less
than the concentrations present in groundwater at many sites throughout the United States. The
MCLs for vinyl chloride (VC) and cis-1,2-dichloroethene (cDCE) are 2 pg/L and 70 pg/L,
respectively. A significant number of sites have VOCs present as free-phase DNAPLSs that will
act as long-term sources of VOCs to groundwater. In situ technologies for treatment of these
contaminants often focus on the groundwater plume and not the source of contamination. Due to
the slow dissolution of VOCs from residual or pooled DNAPL source areas, as well as the slow
diffusive release of VOCs from low permeability materials (i.e. back-diffusion), conventional
treatments serve solely as containment technologies and require long operational periods to
remove significant amounts of DNAPL. Therefore, this demonstration sought to demonstrate
and validate a more cost-effective technology to remediate DNAPL source areas and meet these
regulations.
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2 TECHNOLOGY

The following sections provide an overview of the technology (Section 2.1) and a discussion of
the potential advantages and limitations of the technology (Section 2.2).

2.1 TECHNOLOGY DESCRIPTION

Previous studies have demonstrated that many chloroethene-dechlorinating microbial species can
tolerate high VOC concentrations (Interstate Technology Regulatory Council [ITRC], 2005;
Amos et al., 1997). The location of the dechlorinating biomass relative to the DNAPL:water
interface is controlled by (1) toxicity effects of high chlorinated compound concentrations, and
(2) the concentration profiles of both the electron donor and the dissolved phase VOCs coming
from the DNAPL. When the electron donor and the dechlorinating microorganisms are near the
DNAPL.:water interface, high rates of biologically enhanced DNAPL dissolution can result.

The concentration profile of the electron donor is controlled by the rate at which it is consumed
by native microbes relative to its transport rate by diffusion and advection processes. This
results in the electron donor concentration being higher in the bulk water phase, and lower near
the DNAPL:water interface. In contrast, the concentrations of dissolved phase chlorinated VOCs
will be higher near the DNAPL and decrease away from the DNAPL:water interface. The
electron donor and dissolved chlorinated VOC concentration profiles overlap, and the
dechlorinating biomass will tend to occur at locations where these concentration profiles create
the optimal ratio of electron donor to chlorinated VOCs. Biomass that forms too far away from
the DNAPL:water interface will not produce significantly lower dissolved VOC concentrations
near the interface where diffusion forces dominate mass transfer of the VOC from the DNAPL
into solution.

PEDs are electron donors that partition directly into the DNAPL. The development of the PED
approach is a combination of partitioning tracer and electron donor technologies. When PED
encounters free-phase DNAPL, it partitions into the DNAPL with a corresponding decrease in its
aqueous phase concentration. Depending on the method of PED addition (e.g., a pre-determined
mass of PED that is injected in batches, or a constant or stepped concentration delivery scheme),
different breakthrough concentrations of PED at the extraction will be observed over time.
Analysis of the breakthrough will indicate when the DNAPL in the source area has taken up
sufficient PED to achieve the target loading. Eventually, the DNAPL-phase PED will partition
back into the groundwater and provide a much higher and sustained concentration of electron
donor at the DNAPL:water interface than is achieved with existing electron donor delivery
methods. The outcome is the promotion of dechlorinating biomass growth close to the DNAPL,
which results in sustained enhanced DNAPL dissolution rates. This approach increases the
efficiency of electron donor use for two reasons: (1) it avoids loss (i.e., microbial consumption)
of donor as it migrates towards the DNAPL; and (2) it reduces the consumption of electron donor
in microbial processes not associated with reductive dechlorination.
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2.2 TECHNOLOGY DEVELOPMENT

Various ESTCP projects have provided significant information in the development of EISB and
the application of electron donors and PED in DNAPL source areas. Experimental systems and
analyses developed to study DNAPL biological dissolution (ER-0008), monitor the treatment of
DNAPLs (ER-1293), demonstrate bioaugmentation (ER-9914), evaluate transport of
microorganisms (ER-0315), and establish the benefits of DNAPL source zone treatment (ER-
1293) have all contributed to the development of this technology. Bioenhanced dissolution was
recognized as having the potential to accelerate depletion of source zone mass which would then
reduce remediation timeframes and costs.

The use of PEDs was evaluated as part of The Remediation Technologies Development Forum
(RTDF) Source Area BioREmediation (SABRE) program. The SABRE project compared six
different electron donors, including nBA acetate and nHEX, two (2) soluble PEDs in addition to
EVO, for their ability to treat DNAPL source areas. Microcosm results showed that these PEDs
could support reductive dechlorination at aqueous TCE concentrations up to 400 milligrams per
liter (mg/L). Both of these compounds had the potential to enhance dissolution rates.

As a precursor to the field DEM/VAL, laboratory treatability studies were conducted to evaluate
two candidate PEDs, n-butyl acetate nBA and n-hexanol nHEX. This work was performed
primarily at the Georgia Institute of Technology (GT) and funded by NAVFACSW. These
studies are described in Section 5 of this report. The results suggested that nBA would be a
suitable PED for field deployment. In water, nBA undergoes hydrolysis to form acetate and n-
butanol. The n-butanol can then be utilized by fermenting organisms to produce butanoate,
acetate, and hydrogen. Results of these evaluations were presented in detail in the Laboratory
Treatability Study Report in February 2010 (NAVFAC ESC et al., 2010).

2.3 ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY

Groundwater remediation approaches at DNAPL sites historically employed groundwater
extraction and ex situ treatment (i.e., pump-and-treat). Unfortunately, these approaches were
demonstrated to be ineffective at significantly improving groundwater quality, even after decades
of continuous operation (National Research Council, 1994). As a result, remediation
technologies such as EISB have received significant attention, as government and industry
struggle to develop remedial approaches for source treatment that are less intrusive, more
effective, and less costly. The main advantages of the PED technology over other treatment
technologies include:

e Cost — PEDs material is generally inexpensive;

e Reduced risk of mobilization - Predictable impact on DNAPL density or viscosity to mitigate
the potential effects on DNAPL mobilization; and
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e Safety - Non-toxic or generally regarded as safe for use in food products.
The main limitations of using the PED technology are:

e Requires characterization - Similar to any source remediation technology, understanding and
identifying of the extent of the source zone is required to estimate the DNAPL mass present
and thereby, minimize the zone to be treated. Such an effort would require capital cost
expenditures; and

e Site characteristics - Sites lacking suitable microorganisms to ferment the PED and/or sites
that have certain geochemical conditions that inhibit biodegradation of target VOCs will
require bioaugmentation and/or additional remedial measures.
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3 PERFORMANCE OBJECTIVES

The purpose of using a PED in place of a traditional soluble electron donor is to maximize the
bioremediation efficiency and improve the DNAPL dissolution rate, while minimizing
implementation costs associated with the application of EISB (primarily the cost of electron
donors requiring repeated application) in DNAPL source zones. As such, the quantitative
performance objectives discussed below were derived to assess the PED application impact on
primary parameters such as increased DNAPL dissolution (i.e. increased total VOC mass flux)
and reduction in DNAPL mass. It was assumed that the application of PEDs would cost much
the same as conventional donors on a per-application basis (for example, delivery using direct-
push injection), hence, if PEDs were effective longer (i.e., persisting longer results in less
frequent donor amendment) and/or shorten remediation time frames, it would lower overall
costs. The success criteria were thus not linked directly to the cost of application; rather, costs
were evaluated to confirm that use of PED results in lower operation and maintenance costs by
reducing the frequency of donor replenishment and decreasing treatment duration.

The quantitative performance objective success criteria were selected to provide reasonable and
measureable goals that could be evaluated with the data collected. The criteria were intended to
allow the partitioning behavior of the PED to be evaluated at this site. A number of the
qualitative performance objectives were selected as possible effects of PED application that
might be observed but were not necessarily required for a successful demonstration. These were
generally secondary objectives that were evaluated as much as possible from the collected data.

The increase in total VOC mass flux (Quantitative Performance Objective 3.8) was anticipated to
be the primary indicator that the PED was working as intended. The 50% improvement criteria
was somewhat arbitrary, given the large number of factors that may have impacted the observed
concentration profile, but provided a target that should be distinguishable from inherent
variability in the data. Likewise, the reduction in DNAPL mass objective (Quantitative
Performance Objective 3.9) was selected to provide a target (50% reduction in DNAPL mass)
that could be discerned. Based on the expectation of increased dissolution of the DNAPL,
resulting in shorter remediation times, a reduction in operation and maintenance costs was
anticipated (Quantitative Performance Objective 3.10) and be quantified in the Cost &
Performance Report. A value of 25% reduction was deemed appropriate as a target for cost
reduction until actual implementation data are known.

The performance objectives are summarized in Table 1. Detailed descriptions of each
performance objective are given in the corresponding sections below.
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TABLE 1. PERFORMANCE OBJECTIVES
Hot Spot 1, LC34, CCAFS/ ESTCP Project ER-0716

Performance Objective

Data Requirements

Success Criteria

Results

Qualitative Perfor mance Objectives

Ease of implementation
(Section 3.1)

* Feedback from field crew on handling and operating
reguirements for PED technology and time required (particularly
in comparison to traditional soluble non-PED donor injection).

» PED amendment to the source area can be effectively achieved using
readily available equipment.

Confirmed.

PED was successfully introduced to the source area using readily available direct-push
injection equipment, with a few extra precautions (e.g. bonding and grounding) for
handling the pure nBA.

Ability to promote
biodegradation
(Section 3.2)

* Pre- and post-amendment VV OC concentrations in groundwater.
* Microbia numbers.

* Increases in the concentrations of dechlorination breakdown products.
* Increases in the numbers of dechlorinating bacteria.

Confirmed.
« Sustained production of dechlorination products, even in presence of CFC113.
Dhc numbersincreased throughout both test plots.

Longevity of Electron Donor
Supply
(duration of remediation)
(Section 3.3)

» Time of operation compared to typical application of soluble
non-PED donor.

« Concentrations of VOCs, nBA & n-butanal, lactate, VFA, TOC
and DHG in groundwater.

* Supply of reducing equivalentsis sustained for longer than a system
using a non-partitioning donor, requiring less frequent donor amendment.

Confirmed.

* Donor present (as TOC & VFAS) throughout 8 months (up to one year) following PED
injection, declining over course of operation. Sustained well beyond the point where initial
injectate volume was extracted.

PED partitions into the DNAPL
(Section 3.4)

« Conservative tracer (bromide), nBA & n-butanol concentrations
in groundwater following amendment.

* Reduced concentrations of nBA relative to the conservative tracer in
extracted groundwater following amendment, indicating uptake by
residual DNAPL.

« Change in concentration should be proportional to mass of residual
DNAPL present.

Confirmed.

» Capiro, N.L., Granbery, EK., C.A. Lebrén, D.W. Mgor, M. McMaster, M.J. Pound,
F.E. Loffler, K.D. Pennell. 2011. Liquid-Liquid Mass Transfer of Partitioning Electron
Donorsin Chlorinated Solvent Source Zones. Environ. Sci. Technol. 15;45(4):1547-54

PED partitions out of the
DNAPL at a suitable rate and
concentration
(Section 3.5)

* PED concentrations in groundwater following amendment.
* VFA & TOC concentrations in groundwater.

» Observe sustained concentrations of nBA (and products), sufficient
concentrations of electron donor to promote dechlorination, and microbial
dechlorination productsin extracted groundwater.

Confirmed.
« Sustained concentrations of electron donor (TOC and VFASs) were observed, with
production of dechlorination products. Microbial numbers also increased.

Quantitative Performance Objectives

Ability to deliver PED into the
source area
(Section 3.6)

* Injection parameter data and observations from field
implementation regarding ability to deliver amendments to target
zone.

* NBA and tracer concentrations in groundwater and nBA in soil
samples following PED amendment.

» Ableto deliver desired volume of PED-amended fluid to target zonein a
reasonable time (subject to limitations due to geology).

* Déelivery of at least 75% of the target volume (33,600 gal) of injectate.

« Concentrations of PED and tracer are well distributed following
amendment.

Success.

* Target volume and concentration of PED-amended fluid (33,600 gal) was successfully
injected to the target zones.

» PED and tracer were reasonably well distributed following amendment.

Increased DNAPL dissolution

* Pre- and post-amendment VVOC concentrations in groundwater

* Increasein total VOC mass flux to extraction wells.
» Total VOC concentrations (as parent-compound equivalents) will show

Generally Confirmed.
 Lower zone experienced an increase in total VOC mass flux to the extraction well.

(Section 3.7) greater enhancement factor than typical donor application (+50% « Upper zone did not show an increase in total VOC mass flux to the extraction well.
compared with soluble).  Lower zone enhancement factor was in the range for atypical donor application.
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TABLE 1. PERFORMANCE OBJECTIVES
Hot Spot 1, LC34, CCAFS/ ESTCP Project ER-0716

Performance Objective

Data Requirements

Success Criteria

Results

Quantitative Performance Objectives

Improved efficiency of electron
donor utilization
(Section 3.8)

 Concentrations of VOCs, nBA & n-butanol, VFAs, TOC and
DHGsin groundwater.

* Quantity of dechlorination products relative to amount of nBA
consumed will be in greater proportion than typically observed using
traditional soluble non-PED donors.

Uncertain.
« Production of cDCE is masked by existing plume. Fina soils do not have nBA, so
appears al nBA isin system as TOC.

Reduction in DNAPL massin
the source area
(Section 3.9)

* Pre- and post-amendment VOC concentrations in soil and
groundwater

» Discernable reduction in the DNAPL mass within the source area. (50%
reduction in mass from PED addition).

Confirmed.

« Interpolated TVOC massin DEM/VAL plot accounting for sorption showed a significant
declinein TVOC mass (77%). Soil datais sparse and cannot be used to confidently
evaluate this metric.

Reduce operation and
maintenance costs
(Section 3.10)

« Costs for operation and maintenance, including materials, labor
and analytical costs.

« Time of operation compared to typical application of soluble
non-PED donor, using apparent DNAPL dissolution rates to
estimate remedial timeframe.

* Shorter remedial timeframe resulting from PED application (relative to
non-PED donor), which will lead to reduced operation and maintenance
costs.

* Experience 25% decrease relative to soluble donor

Generally confirmed.

« Donor addition lasted longer, with no biofouling issues, hence requires less frequent
donor addition and maintenance.

 Estimate of remedial timeframeis difficult.

Notes:

DNAPL — dense non-agueous phase liquid

nBA - n-butyl acetate

PED - partitioning electron donor

TOC —total organic compound

ER-0716
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3.1 QUALITATIVE PERFORMANCE OBJECTIVE: EASE OF IMPLEMENTATION

To increase the likelihood that the PED technology will be adopted as an approach to source
zone bioremediation, it should be straightforward to implement. Ease of implementation using
standard equipment and application methods is an important benefit of the PED technology.

The ease of implementation was evaluated based on the experience of field staff and the actual
availability and costs of installed equipment. The success criterion for this objective is that PED
amendment to the source area is effectively achieved using readily available equipment.

This objective was achieved based on experience with the actual injection of nBA (the PED) at
the Site. PED was successfully introduced to the source area using readily available direct-push
injection equipment. The injection contractor performed essentially standard injections with a
few extra precautions (e.g. bonding and grounding) for handling the pure nBA. Field application
of nBA was deemed comparable to traditional soluble donor amendment in terms of equipment,
time and effort, once the field crew were educated about nBA handling.

The equipment required for the solar-powered recirculation system was also standard issue,
readily available through local suppliers and assembled by technicians with training in basic
plumbing techniques.

Ease of implementation using standard equipment and application methods is an important
benefit of the PED technology, since this facilitates it being adopted as an approach to source
zone bioremediation.

3.2 QUALITATIVE PERFORMANCE OBJECTIVE: ABILITY TO PROMOTE BIODEGRADATION

To be effective, the PED must have promoted biodegradation of the target contaminants. The
reduction in contaminant mass is a function of the degree to which biodegradation was promoted
in the subsurface. A new control plot was not established for the DEM/VAL, but the project
used the results from a prior pilot-scale demonstration at LC34 (Battelle, 2004; Hood et al.,
2008) for comparison to a soluble donor system (the previous project used ethanol). Addition of
any electron donor can promote growth (biomass) which will in turn accelerate the consumption
rate of donor (i.e., the donor consumption rate will vary in time and space) and as such it was not
possible to statistically assess equivalent bioactivity between the prior study and the PED
demonstration. Note that the goal was not to stimulate equivalent bioactivity — the prior LC34
demonstration experienced biofouling and maintenance to control biofouling was a significant
cost. The goal was to demonstrate that the PED (nBA) can be utilized by the native
dechlorinating microorganisms and had the ability to promote biodegradation of TCE.

The ability to promote biodegradation using the PED technology was evaluated on the basis of
increases in the concentrations of dechlorination breakdown products and increases in the
population of microorganisms capable of dechlorination. Reductions in concentration of the
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parent compounds also contributed to the evaluation of biodegradation activity. Groundwater
samples were collected prior to donor amendment to establish baseline VOC concentrations and
microbial numbers; groundwater samples were then collected over time during the demonstration
to monitor changes in concentration and/or microbial numbers.

Figure 1 presents the VOC concentrations and microbial enumeration (Dhc and vcrA) values
obtained at the extraction wells for the upper and lower aquifer units (RWO0007 and RW0008;
respectively). The addition of nBA as an electron donor promoted biodegradation of TCE to less
chlorinated daughter products and resulted in a substantial increase in the native dechlorinating
populations.

This objective was confirmed by the increases in the concentration of degradation products
(cDCE, VC and ethene) from the reductive dechlorination of TCE and increases in the
population of dechlorinating microorganisms in response to PED addition. In both the upper and
lower treatment zones, sustained production of dechlorination products, including ethene, was
observed, demonstrating that the PED (nBA) could be utilized by the native dechlorinating
microorganisms and thus had the ability to promote biodegradation of TCE.

3.3 QUALITATIVE PERFORMANCE OBJECTIVE: LONGEVITY OF ELECTRON DONOR SUPPLY

The principal attribute of the PED technology is that the supplied electron donor partitions into
residual DNAPL, if present, when it is first supplied, and then re-partitions to groundwater along
with VOCs as they dissolve from the NAPL-phase or desorb from solid phases, thus supplying
electron donor to the NAPL:water interface where it may be utilized by dechlorinating bacteria.
This property of the PED compound means that it needs to be applied less frequently, since the
initial quantity amended can be designed to supply reducing equivalents for multiple pore
volumes, thus decreasing the frequency of, and associated costs for repeat donor applications.

Longevity of electron donor supply was assessed using time-series groundwater concentration
data, namely the concentrations of remaining nBA, donor breakdown products (including
n-Butanol [nBuOH] from nBA), VFAs and TOC. Sustained donor supply from a one-time
addition of PED is desirable, as it requires reduced frequency of donor replenishment.

This objective was confirmed by the persistence of electron donor equivalents throughout the
DEM/VAL operation. The concentrations of nBA, nBuOH, VFAs and TOC were assessed and
are plotted in time-series figures. Donor concentrations observed at the central extraction wells,
RWO0007 and RWO0008, were assessed in terms of the amount of carbon (i.e. millimole
equivalents of carbon per liter [mmol C/L]) and indicate that the measured TOC concentrations
were generally equal to the sum of the individually quantified components. For example, at
RWO0007 the TOC concentration was, on average, 91% of the sum of the VFAs plus other
carbon-containing compounds (nBA, nBuOH, VOCs and dissolved hydrocarbon gases [DHGs])
and at RW0008, the TOC concentration was 99% of the sum of the VFAs and other measured
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carbon-containing compounds (Figure 2). A one-time addition of the PED was sufficient for at
least one year of recirculation in the DEM/VAL scenario.
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3.4 QUALITATIVE PERFORMANCE OBJECTIVE: PED PARTITIONS INTO THE DNAPL

A major feature of the PED technology is the ability of the PED to partition into residual
DNAPL phases and sorb to solid-phase carbon, resulting in a decrease in the concentration of
PED in groundwater. The amount of concentration change will be directly related to the amount
of residual NAPL phase; however, the amount of residual NAPL present in the area is not
known, so the degree of concentration change cannot be predicted. It is thus a qualitative
objective to detect the uptake of the PED. The PED (nBA) is selected for its high partitioning
coefficient, so that a large proportion of the PED delivered initially will become associated with
residual NAPL and sorbed-phase contaminants, and be gradually released to groundwater over
time as the NAPL dissolves and releases contaminants.

The partitioning of PED into DNAPL was evaluated using groundwater analyses for
conservative tracers (bromide and iodide), nBA and nBuOH, and TOC following PED injection.
In the Demonstration Plan, it was suggested that nBA and VOC concentrations in soil would be
analysed as well, but this was deemed impractical, as it would not be possible to determine
whether the nBA and VOCs were in a NAPL phase or not. Because baseline soil data for VOCs
showed considerable spatial variability and the presence of DNAPL was not confirmed, it was
considered infeasible to attempt to quantify nBA within TCE-NAPL through soil sampling.

Data collected in the field DEM/VAL did not have sufficient resolution to demonstrate PED
partitioning into DNAPL. However, this objective was validated during the laboratory
treatability tests which clearly demonstrated partitioning in the laboratory column experiments.
Results have been published in Environmental Science and Technology (Cépiro et al., 2011).
The major reason for the apparent difference in behavior was the amount of NAPL present in
each case. As discussed in the Demonstration Plan, the change in the aqueous concentrations of
nBA should be proportional to the mass of residual NAPL present. In the laboratory column
tests, the emplaced NAPL zone occupied 10-15% of the pore space. At this relatively high
saturation, the NAPL phase can sequester a significant amount of nBA, resulting in a relatively
large decrease in the aqueous phase concentration of nBA that can be readily detected. In
contrast, the DEM/VAL field plot had low residual NAPL saturation (in fact, the degree of
saturation could not be determined), such that only a relatively small amount of nBA would need
to partition from the aqueous phase to establish equilibrium between the aqueous phase and any
NAPL phase droplets. If only a small amount of nBA was sequestered from the aqueous phase,
the resulting decrease in the concentration of nBA would be small and difficult to discern in the
field data.

3.5 QUALITATIVE PERFORMANCE OBJECTIVE: PED PARTITIONS OUT OF THE DNAPL AT A
SUITABLE RATE AND CONCENTRATION

Ideally, the applied PED, once partitioned into residual DNAPL phases and onto sorption sites,
must be released to groundwater at a rate and concentration that is sufficient to support
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bioremediation. The success of the technology relies on creating a sustained donor supply that
matches the release of contaminants.

Assuming that PED partitioning into DNAPL is successful, the expectation is that PED will be
released back to groundwater when dissolved-phase PED concentrations decrease as the un-
amended groundwater is pulled into the treatment area. The intent is that this will sustain
concentrations of nBA and/or its breakdown products that are greater than would persist in a
soluble donor system after a pore volume of water has been extracted. In a soluble donor
system, the donor will be removed with groundwater. In the PED system, donor is re-supplied
from the DNAPL phase (and sorptive sites).

Assessment of this objective required use of nBA concentrations in groundwater over time,
nBuOH concentrations, VFA and TOC concentrations, and VOC concentrations in groundwater.
The assessment was not straightforward, as the nBA was actively consumed as it migrated
toward the extraction well; however, evidence of sustained donor supply provided by the
presence of dechlorination products should also support the evaluation. Changes in the amount
of DNAPL dissolution were assessed by comparing the total flux of VOCs observed at the
central extraction wells before and after application of the PED.

The objective was met. Sustained concentrations of electron donor (TOC and VFAS) were
observed, with production of dechlorination products. Microbial numbers also increased.
Additional supporting information on this objective is provided in Section 5.7.

3.6 QUANTITATIVE PERFORMANCE OBJECTIVE: ABILITY TO DELIVER PED INTO THE
SOURCE AREAS

One objective of the PED DEM/VAL was to demonstrate that the PED can be readily delivered
to the source area. In order to be an effective bioremediation approach, the application of PED
should have been reasonably comparable to that of other traditional electron donors, so that its
other properties can provide an overall benefit. The ability to deliver the design quantity of PED
into the source area was expected to be comparable to that of other electron donors.

The objective was to be considered met if the design quantity of PED-amended fluid was
delivered to the target zones within a reasonable amount of time (hours), using reasonable
injection pressures. The success criterion was to amend at least 75% of the target volume
(33,600 gal). This objective was achieved. The injection program successfully delivered the
target volume and concentration of PED-amended fluid to the target zones: 34,000 gal of
injectate containing 3,000 mg/L nBA with bromide and/or iodide as tracers was injected.

An additional consideration for this objective was that the post-injection concentrations of nBA,
in soil and groundwater, were well distributed following amendment. This objective was also
met as evidenced by the post-injection sampling event where 11 locations were sampled and
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nBA was found in all but the sampling location within the silty clay layer. Of the 10 locations
with nBA, 8 had nBA concentrations in excess of 10 mg/L.

3.7 QUANTITATIVE PERFORMANCE OBJECTIVE: INCREASED DNAPL DISSOLUTION

The PED technology is designed to provide electron donor at the NAPL:water interface to
promote growth of dechlorinating biomass as close to the source of dissolved-phase VOCs as
possible. By promoting and supporting reductive dechlorination close to the NAPL:water
interface, the PED creates a steep concentration gradient between the NAPL and the aqueous
phases, which results in increased DNAPL dissolution.

The amount of DNAPL dissolution was assessed by comparing the mass discharge of VOCs
before and after application of the donor. Mass discharge is an integrated estimate of the mass
flux, representing the total mass of any solute conveyed by groundwater through a plane, in this
case a cylindrical surface around the extraction well. One advantage of this method is that the
extraction well effectively integrates flow and concentration so that even small concentration hot
spots and high-transmissivity zones are captured by the well and included in the estimate (ITRC,
2010). Typically this approach requires that the pumping well not increase the flow through the
source zone, which might increase the dissolution rate (concentrations may or may not change),
pumping be continued long enough that relatively steady-state conditions are achieved, and
capture of the high-discharge portions of the plume must be complete or near-complete (ITRC,
2010).

The mass discharge was calculated from the groundwater VOC concentration data and the
pumping rate and volume data. The total amount of TCE equivalents was calculated as the sum
of TCE and its breakdown products, on a molar basis. The product of these measured
concentrations and the volumetric pumping rate yielded an estimate of the total mass discharge
rate. Using the pumped volumes, estimates of cumulative total mass discharge over time were
determined. Changes in the total amount of TCE equivalents over time indicated changes in the
rate of DNAPL dissolution. Extracted groundwater was re-injected in the peripheral ring of
injection wells without removing VOCs (or donor); thus, dissolved species in groundwater
removed from the extraction wells were re-introduced to the aquifer at the perimeter of the
sweep zones. However, to account for this, estimates of the relative amount of recycle were
obtained from comparison of the pumped volumes to estimates of the sweep zone pore volume,
the tracer data and the TOC data.

It was expected that the PED plot would have increases in total VOC concentrations following
amendment with nBA (relative to baseline). This increase in total VOC mass flux would be a
primary indicator that the PED application worked as intended. The objective was to be
considered met if the increase in total VOC mass flux observed in the PED plot was 50% or
greater than that typically observed at sites where soluble donor was applied.
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This quantitative performance metric was met. In the lower zone there was an increase in the
total VOC mass flux to the extraction well over the evaluation period. However, in the upper
zone an increase in total VOC mass flux to the extraction well was not observed. The upper
zone may have been affected by the presence of high concentrations of 1,1,2-Trichloro-1,2,2-
trifluoroethane (CFC113), a compound that can inhibit reductive dechlorination to ethene.

Time trend plots of the VOCs at extraction wells RW0007 and RWO0008 are presented in Figures
3a and 3b. Total VOC mass discharge did not increase at the extraction well in the upper zone
even though there was a definite shift towards lesser-chlorinated degradation products, as
illustrated by the extent of dechlorination calculation shown in Figure 4a. A number of factors
may have contributed to this, including:

e Elevated concentrations of cDCE present in soil and groundwater before the
DEM/VAL began obscured the effect of PED promoting degradation of TCE to
cDCE;

e Sustained elevated concentrations of CFC113 could inhibit the dechlorination of
cDCE, which would further obscure the quantification of the amount of
dechlorination; and

e Distribution of TCE (and CFC113) was non-uniform. Most of the TCE mass was
found at BW0001 and RWO0007, suggesting there may have been DNAPL in that
portion of the demonstration area, but not uniformly around the extraction well, so
that the pumped groundwater represents a blend of water that passed through a source
zone where contact with residual DNAPL was possible, and other water that came
from/through other portions of the demonstration area(s) where there was little TCE
NAPL to contact.

The lower zone did experience an increase in total VOC mass discharge at the extraction well.
The concentration trend is presented in Figure 3b. This figure shows that the increasing total
VOC mass in extracted groundwater was due to increasing amounts of TCE degradation
products. This is also illustrated by the extent of dechlorination calculation shown in Figure 4b.
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3.8 QUANTITATIVE PERFORMANCE OBJECTIVE: IMPROVED EFFICIENCY OF ELECTRON
DONOR UTILIZATION

Since PEDs partition into residual DNAPL, and then partition back into groundwater along with
VOCs as they dissolve from the NAPL-phase, the electron donor may be preferentially utilized
by dechlorinating bacteria. Hence, a greater proportion of the amended PED was expected to be
used to support reductive dechlorination of VOCs rather than untargeted reactions (e.g., methane
production).

The efficiency of electron donor utilization was assessed using the groundwater concentrations
of VOCs, electron donors, breakdown products, and DHGs over time. The parent donor
compound, nBA, along with its breakdown products (nBuOH, acetate, and other VFAS), were
monitored, in addition to the VOCs and their breakdown products, plus other compounds that
may have formed, such as methane, so that a detailed understanding of the donor consumption
pathways was ascertained.

The objective would be considered met if the ‘utilization ratio” was greater for PED than is
typically observed with traditional soluble donors. The success criterion would be an observed
increase in utilization ratio of 50% or greater relative to the soluble donor system of the prior
LC34 study (Battelle, 2004; Hood et al., 2008).

The PED lasted longer than a soluble donor. Several pore volume flushes were completed and if
the donor was soluble it would have been extracted from the system. However, determining that
the PED was more than 50% better than a soluble donor was not quantitatively determined. In
the upper sweep zone significant cDCE was present at the start of the DEM/VAL and so
production of cDCE from PED addition was not simply discerned as an increase in cDCE. This
was not the case for the LC34 study. There were also elevated concentrations of CFC113 in
many of the collected groundwater samples, which can inhibit dechlorination and hence limit
confirmation of the objective. Nevertheless, the PED can be considered similar to other long
term electron donors (e.g., emulsified vegetable oils) over the benefits of soluble donors (e.g.,
lactate or ethanol). Therefore, quantification of the 50% improvement of the PED over soluble
donor utilization was not definitive, but we have evidence that it should be an improvement over
soluble donors and possibly as effective as emulsified vegetable oil donors.

3.9 QUANTITATIVE PERFORMANCE OBJECTIVE: REDUCTION IN DNAPL MASS IN THE
SOURCE AREA

One goal of source zone bioremediation is to reduce the amount of DNAPL remaining in the
source area, to reduce the expected time for clean-up. Reduced source mass may also result in
reduced VOC loading to the downgradient plume.

Assessment of this objective was based on the baseline and final VOC concentrations in soil and
groundwater. If the PED is able to partition effectively into residual DNAPL and this promotes
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bioactivity then a decrease in soil VOC concentrations should occur. This may increase
groundwater VOC concentrations (in part due to production of daughter products).

Soil samples were collected from the DEM/VAL at four intervals (baseline, post-biomass growth
phase and two during recirculation phase). The baseline soil samples were collected from
different locations to the remaining three events. Results for each event were averaged together
to develop an average soil concentration (see table below) to estimate TCE and cDCE in soils at
the locations sampled. There is a decline in the amount of TCE detected over the course of the
DEM/VAL, from the end of the Biomass Growth Phase to the end of the Main Recirculation
Phase (Month 7) to the end of the Interim Measure Recirculation Phase (Month 13). Note that
baseline is quite different because it represents a different set of locations.

Average Soil Concentrations (mg/kg)

TCE cDCE
Baseline 3.60 2.35
Post Biomass Growth 21.27 2.89
Post Main Recirculation Phase (Month 7) 13.07 5.83
Post Interim Measure Recirculation Phase (Month 13) 10.23 5.70

The objective was confirmed based on the interpolated VOC mass in the treatment zone
assuming sorption is unchanged over the DEM/VAL. There was a significant decline in total
volatile organic compound (TVOC) mass, with an estimated 77% decrease over the DEM/VAL.

3.10 QUANTITATIVE PERFORMANCE OBJECTIVE: REDUCE OPERATION AND MAINTENANCE
CosTs

A major feature of the PED technology is the reduced frequency of donor replenishment (and the
commensurate reduction in application costs), and the shorter remedial timeframes, resulting in
lower operation and maintenance (O&M) costs anticipated due to increased rates of DNAPL
dissolution. The success of the PED technology depends on the degree to which these reductions
in the number of applications and in the cost of operation and maintenance can be realized.

The reduction in operation and maintenance costs was estimated on the basis of the data
collected during the DEM/VAL, including the costs for materials, labor and analytical costs.
The time of operation relative to operation with a soluble donor was extrapolated using apparent
DNAPL dissolution rates to estimate remedial timeframe. The laboratory experiments (see
Section 5.3) and the field observed longevity (section 5.7) were used to estimate the frequency of
re-amendment, to estimate costs over the lifetime of the remedy.

The performance objective was generally confirmed. The PED remained longer in the
groundwater compared to a simple soluble donor (e.g., lactate) and promoted dechlorination.
After 8 months of recirculation there was still enough residual organic carbon to promote
bioactivity. On this basis we can conclude that the donor lasted longer than estimated, with no
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significant biofouling issues and hence less frequent donor addition and maintenance with the
PED over a soluble donor. Given this it would be likely that the PED will provide a shorter
remedial timeframe but it is not exactly known if this will be a cost savings of 25% or more. At
the end of the DEM/VAL VOC mass remained in parts of the test area and the time to
completely treat remaining VOCs was not known.
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4 SITE DESCRIPTION

4.1 SITE LOCATION AND HISTORY

Hot Spot 1 is located at LC34 on CCAFS on the east-central Atlantic coast of Florida in Brevard
County (Figure 5). The site is located east of the former ESB as shown on Figure 6. Prior to
development, LC34 consisted of relict sand dunes and interdunal swales typical of barrier island
depositional environments.

A full description of the site history, operations, investigations, and analytical results is detailed
in the Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) Report
(NASA, 1999), RFI Addendum Report (NASA, 2003), and the Corrective Measures Study
(CMS) Report (NASA, 2007).

The launch complex was designed to support NASA’s Saturn 1 and Saturn 1B program during
Project Apollo. Construction started on LC34 in June 1959, and NASA accepted the site from
the contractor in January 1962. Four Saturn 1 and three Saturn 1B vehicles were launched from
LC34 between 27 October 1961 and 12 October 1968. Launch operations at LC34 included the
storage, transport, and use of nitrogen, helium, liquid oxygen (LOX), RP-1 fuel (modified
kerosene fuel), liquid hydrogen, hydrazine, and nitrogen tetroxide. Helium was used as a mixing
agent in the LOX tanks of the booster rockets. Nitrogen was used for purging fuel and LOX
lines, isolating engine and instrument compartments, and operating certain pneumatic
components. RP-1 and LOX were used to fuel the Saturn rockets, and hydrogen, hydrazine, and
nitrogen tetroxide were used aboard the various spacecraft for steering purposes. Historical
records suggest that workers flushed rocket engines on the launch pad and conducted precision
cleaning of spaceflight hardware in the ESB with TCE. A significant amount of solvents were
likely disposed of into drains within the ESB and a grated trench system, located adjacent to the
northwest side of the ESB that discharged to the sandy soil outside of the ESB. No records
regarding the quantities of TCE used at the site were available.

Following the launch of Apollo 7 in 1968, the Complex was held in standby status for possible
use in the Skylab program. The launch complex was taken out of service in November 1971,
and the service structures along with operational equipment were scrapped in April 1972.
However, the majority of the on-site buildings and structures were abandoned-in-place. Native
and invasive vegetation and trees overgrew the majority of the site, with dense, wooded areas
surrounding the site. The Complex was declared part of the Man In Space National Historic
Landmark in 1984. NASA retained ownership of the Complex until 1994 when the land and
structures were given back to the Air Force with the exception of the ESB. NASA continued to
use this facility as office space until 1998 when remediation pilot demonstrations were initiated.
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Previous investigations (RFI and CMS activities) indicated that the principal groundwater
contaminants at LC34 included TCE and its dechlorination products, cDCE, trans-1,2-
dichloroethene (tDCE), and VC. These impacts were caused by a significant release of TCE in
the area of the ESB during the operational period from the late 1950’s to 1968. It is estimated
that mass remaining under the slab of the former ESB building is approximately 90,000 Ibs of
TCE. The groundwater impacts of VOCs present at concentrations exceeding their Groundwater
Cleanup Target Levels (GCTLs) encompass an area of approximately 330 acres and extend from
approximately 15 to 80 ft BLS. In the CMS (NASA, 2007) the groundwater impacts were
categorized as follows (Figure 6):

o the DSZ: The DSZ includes the area within a “box” which encompasses the 100
milligram per kilogram (mg/kg) iso-concentration contour;

e the high concentration plume (HCP): The HCP includes the area of impacted
groundwater with TCE, cDCE, tDCE, and VC concentrations greater than the Natural
Attenuation Default Concentrations (NADCs) and less than 100 mg/kg TCE (i.e., beyond
the DSZ); and

e the low concentration plume (LCP): The LCP includes the area of impacted groundwater
wherein concentrations are greater than the individual GCTL for TCE, cDCE, tDCE, and
VC, and less than the NADCs.

Hot Spot 1 is a small TCE source area separate from the VOC mass beneath the ESB (refer to
Figure 6 and Figure 7). The TCE plume here has been generally delineated to concentrations in
groundwater greater than the Florida Department of Environmental Protection (FDEP) NADC of
300 pg/L. Below this level, delineation is complicated by the presence of the larger HCP.
Similarly, the cDCE and VC contributions cannot be readily quantified due to comingling of the
plumes. A probable source of the Hot Spot 1 area TCE mass has been identified as a drum
storage area in an old air photo from 1969. The area delimited by the 300 pg/L TCE isopleth is
about 4,000 square feet (ft?), while the zone of greatest TCE concentration, within the 30,000
Hg/L isopleth, is about 400 ft* in area (see Figure 12).
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4.2 SITE GEOLOGY AND HYDROGEOLOGY

4.2.1 Lithology

The shallow aquifer system at the site, which includes undifferentiated deposits of Pliocene,
Pleistocene and Recent Age, consists primarily of tan to gray, medium to very fine-grained sands
with varying amounts of shell fragments. This lithology is present from land surface to a depth
of approximately 45 ft BLS. In the vicinity of the Launch Pad Complex, which is at a higher
surface elevation than the surrounding area, this lithology is present at greater depths. A very
fine-grained yellowish gray to light olive gray sand stratum containing a significant amount of
silt is present from approximately 25 to 30 ft BLS; this stratum is a minimum of 5 ft in thickness.
The first hydrogeologic semi-confining unit (aquitard) is present at an approximate depth of 45 ft
BLS and has a typical thickness of less than 1 ft to 3 ft. Abundant shell fragments overlie the
aquitards, which consists of a thin layer of light brownish gray to light olive gray silty clay to
clayey silt with minor amounts of sand and shell fragments. Geotechnical analyses of five
Shelby tube samples of this stratum in the vicinity of the ESB reported an average vertical
hydraulic conductivity of 1.67 x 10 feet per day (ft/day) (5.89 x 10 centimeters per second
[cm/sec]) (NASA, 1999).

The stratum beneath the aquitard consists primarily of light gray, medium to coarse-grained
sands and silts with abundant shell fragments to a depth of 60 ft BLS. This stratum is underlain
by homogeneous, light olive gray, coarse to fine sands (“salt and pepper” sand) from
approximately 60 to 80 ft BLS. Light olive gray to yellowish gray, silty sand to clayey sand with
abundant white shell fragments are present from 80 to 95 ft BLS. This stratum is underlain by
yellowish gray to light gray, fine- to coarse-grained sands with minor amounts of shell fragments
from approximately 95 to 118 ft BLS. Green clay with minor amounts of sand, phosphate
nodules, and limestone fragments, are present at a depth of approximately 118 ft BLS. This
represents the top of the Tamiami Formation equivalent, which extends to 125 ft BLS. The
stratum also consists of yellowish gray clayey sand to clay. The Hawthorn Group is encountered
at approximately 125 ft BLS and consists of yellowish gray to light olive gray clayey sand to
dolosilt with up to 20% phosphate. This lithology persists to at least 140 ft BLS. Geotechnical
analysis of a sample from the clay stratum indicates a vertical hydraulic conductivity of 5.1 x
10 ft/day (1.80 x 107 cm/sec) (NASA, 2003). The hydrogeologic zones encountered beneath
the site are presented on Figure 8.

The site geology can be summarized as follows:

e Land surface to 45 ft BLS: tan to gray, medium to very fine-grained sands with varying
amounts of shell fragments, with a hydraulic conductivity of 3ft/day in the 30 to 45 ft
BLS interval;
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e 45 t0 48 ft BLS (thickness varies): semi-confining unit comprised of silty sand to sandy
clay with minor amounts of sand and shell fragments with a hydraulic conductivity of
10 to 10 ft/day;

e 4810 60 ft BLS: medium light gray, medium to coarse-grained silty sand with abundant
shell fragments with a hydraulic conductivity of approximately 2.8 ft/day (based upon
pneumatic slug testing in 2009); and

e 60 to 80 ft BLS: homogeneous light olive gray, coarse to fine sands with a hydraulic
conductivity of approximately 7.5 ft/day.

A continuous soil core was collected, using a sonic method, in the middle of the Hot Spot 1 area
(SB1000, Figures 4 and 6). The core was consistent with general site lithology, with the
exception of a second clay layer identified from 54 to 55 ft BLS; a generalized lithologic cross
section of the Hot Spot 1 area based on that core is shown on Figure 4 and summarized as
follows:

e Surface to 5 ft BLS was hand-cleared and thus not logged;

e 51010 ft BLS: gray, tan, brown fine sand with shell fragments;

e 10to 42 ft BLS: gray fine sand with shell fragments;

e 421048 ft BLS: gray silty sand and silty clay with shell fragments;

e 4810 54 ft BLS: gray fine sand with shell fragments and silt;

e 54 1to 55 ft BLS: gray silty clay;

e 551060 ft BLS: black, white gray medium sand;

e 6010 66 ft BLS: silty, fine sand and fine sand with silt and shell fragments; and

e 66 to 80 ft BLS: gray and black medium sand with shell fragments.
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4.2.2 Site Hydrology

Groundwater at the site is generally encountered at about 5 ft BLS. In the shallow island aquifer
system found at LC34, surface water bodies influence groundwater flow. Two large water
bodies, the Atlantic Ocean and the Banana River are located approximately 0.25 miles to the east
and 1 mile west of the site, respectively. Period of record water levels indicate the primary
direction of groundwater flow is directed to the coastal margins of the site with the highest
recorded water levels near the area of the former ESB. At Hot Spot 1, which is south of the
launch pad, groundwater flow in the shallow aquifer is predominantly to the east, toward the
Atlantic Ocean. Groundwater gradients are relatively flat and in general, groundwater flow is
sluggish. Groundwater elevations show some tidal influence; apparent flow reversals may occur
depending on tide stage at time of groundwater gauging. Groundwater potentiometric surface
maps for the shallow aquifer from the 2008 and 2009 Annual Groundwater Monitoring Reports
(NASA, 2009; NASA, 2010) are shown in Figure 9.

4.2.3 Groundwater Geochemistry

Samples from selected wells at LC34, including IW0002I and IW0002D have been analyzed
periodically for a suite of natural attenuation indicator parameters. Geochemical conditions in
Hot Spot 1 appear to be consistent with anaerobic microbial activity, with relatively reducing
redox conditions and elevated concentrations of ethane (and methane). There is about 18 mg/L
of sulfate present in the groundwater. These conditions are consistent with the concentrations of
cDCE and VC, which indicate that microbial reductive dechlorination is active at the site.

4.3 CONTAMINANT DISTRIBUTION

The Hot Spot 1 source mass, while a distinct source from that delineated beneath the ESB, is
situated within the large VOC plume around the ESB. As a result, there are elevated levels of
cDCE and VC that may not originate from the TCE in Hot Spot 1. The Hot Spot 1 TCE plume
has been delineated to a concentration of 300 pg/L; below this concentration the plumes are
difficult to separate on the map due to comingling of the plumes. For the breakdown products
(cDCE and VC), separation is not possible. Although no other VOCs were identified in
groundwater during prior routine monitoring of the existing monitoring wells, CFC113 was
present at several locations in the upper aquifer at concentrations up to 130,000 pg/L.

VOC impacts in the Hot Spot 1 Area were delineated from 2008 to 2009 through a series of
direct-push groundwater sampling events, a membrane interface probe (MIP) investigation,
saturated zone soil sampling and installation and sampling of a deep monitoring well (screen
interval of 70 to 80 ft BLS). MIP results were used in conjunction with the concentration data to
define the vertical interval of VOC-impacted groundwater, which was deemed to be the 30 to
60 ft BLS interval for the PED DEM/VAL.
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The CMS for the site (NASA, 2007) presents theoretical soil concentrations for TCE-DNAPL
saturation; a value of about 300 mg/kg is considered representative of NAPL-phase TCE, using
literature values for TCE solubility and organic carbon partition coefficient (K., assumed
values of bulk density and porosity, and measured values of the fraction of organic carbon (fyc).
The maximum value measured, 56.2 mg/kg™, which is equivalent to 42.7 mg/kg in the bulk, is
about 14% of the theoretical threshold value.; hence, DNAPL is inferred to be present in the plot
based on this result together with the groundwater concentrations.

The groundwater concentrations are indicative of a TCE-NAPL source: the source has been
there for over 40 years and concentrations of TCE are still about 30,000 ug/L based on
groundwater samples from the monitoring wells and DPT samples in the middle of the Hot
Spot 1 area.
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5 TEST DESIGN

5.1 CONCEPTUAL EXPERIMENTAL DESIGN

The objective of the this project was to DEM/VAL the application of a PED at a DNAPL source
zone site to improve the biologically-enhanced dissolution rate of DNAPL over that which can
be achieved with soluble, non-partitioning electron donors. The overarching goal was to
demonstrate that PED application offered increased bioremediation efficiency and decreased
implementation costs.

The PED technology was demonstrated at a source zone hot spot wherein TCE DNAPL is
associated with a silty sand/silty clay horizon at about 42 to 48 ft BLS and TCE concentrations
up to 141,000 pg/L had been reported. Figure 10 shows a cross section of the demonstration
area. The hot spot was amended with PED nBA above, within and below this low permeability
horizon. Two sweep zones, one above and one below the clay horizon were separately
instrumented and operated, providing two data sets with which to evaluate the performance of
the PED technology. Each sweep zone was instrumented with a single central extraction well,
from which integrated groundwater samples were collected routinely to monitor the average
concentration of various dissolved constituents over time. Extracted groundwater was returned
to the aquifer through a set of ten groundwater injection wells on the perimeter of the TCE
plume. At each of five injection locations, a pair of injection wells was installed, above and
below the clay horizon, to help create an inward hydraulic gradient and promote horizontal flow
across the top and base of the clay horizon.

Each extraction well operated, at a relatively low flow rate, to maintain an inward hydraulic
gradient and collect representative groundwater from the aquifer on either side of the clay
horizon. The extracted groundwater was analyzed for VOCs to establish the baseline flux of
VOCs. Once baseline conditions were established, the zone was amended with electron donor
(nBA) and conservative tracers (bromide and iodide) using DPT injection to deliver the
amendments throughout the target zone. This approach delivered the amendment solution
throughout the pore volume of the plot all at once, rather than relying on advective transport in a
recirculation mode, and allowed the amendments to be preferentially delivered to the clay layer
and the portions of the overlying and underlying aquifers where residual DNAPL may occur. A
shut-in period, with no groundwater extraction, was then observed, to allow native microbes to
acclimate to the nBA and allow biomass to become established within the demonstration area.
Following this, soil and groundwater samples were collected to establish the distribution of
electron donor and tracer within each demonstration area.
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Following the biomass growth shut-in period, groundwater extraction was re-initiated, with
routine sample collection to assess the concentrations and flux of various compounds.
Comparison of concentrations (VOCs, PED, tracers) in groundwater initially and over time
extracted from the central wells will assess the “disturbance effect” of direct injection and
evaluate the quantity of PED that was taken up by NAPL, sorbed or diffused into secondary
porosity of the formation (where the NAPL also likely resides). Trends in the concentrations of
various dissolved constituents in extracted water over time were used to understand changes in
the flux of VOCs (and amended compounds). Soil sampling was conducted before (baseline
delineation) and after the demonstration area was amended, to establish mass distribution within
the plots, and again after operation was halted, to assess changes over the DEM/VAL operation
and correlate these results with the observed trends in groundwater concentrations.

Both sweep zones were monitored throughout the course of the demonstration (March 2011 to
February 2012), to evaluate system performance and evaluate whether laboratory assessment
data are useful to predict PED performance under field conditions. The performance was
assessed in terms of VOC mass flux enhancement and compared with previous studies using
typical, non-partitioning, soluble electron donors such as lactate.

5.2 BASELINE CHARACTERIZATION

VOC impacts in the source zone (Hot Spot 1 Area) were delineated from 2008 to 2009 through a
series of direct-push groundwater sampling events, a MIP investigation, saturated zone soil
sampling and installation and sampling of a deep monitoring well (screen interval of 70 to 80 ft
BLS). Sampling locations are shown in Figure 11. Figure 12 shows TCE concentration
isopleths in Hot Spot1 for the depth interval from 30 to 60 ft BLS. This figure presents
dissolved-phase TCE concentrations from both direct-push groundwater grab samples and from
permanent monitoring wells prior to the PED DEM/VAL. MIP results were used in conjunction
with the concentration data to define the vertical interval of VOC-impacted groundwater, which
was deemed to be the 30 to 60 ft BLS interval for the PED DEM/VAL.

Soil samples were collected in the Hot Spot1 area during sonic drilling to install a deep
monitoring well (IWO0076, screen interval from 70 to 80 ft BLS) proximal to IW0002D and
MIPO003 (refer to Figure 6). Continuous core was collected and logged to a depth of 80 ft BLS.
Six discrete saturated zone soil samples (5 g each) were collected to assess TCE concentrations
above, in and below the clay confining layer. The results were presented in the Technology
Demonstration Plan (TDP); Lebréon and Major, 2011). The TCE mass distribution was
consistent with the MIP logs and groundwater data, as shown in Figure 12.
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This soil sampling was performed to evaluate the vertical concentration variations in the area,
not to define the highest concentration of TCE at the site. Soil samples were intended to
illustrate the depth interval where most of the TCE mass was located. The well was installed to
confirm that the total depth of contamination was understood (and groundwater from the 70 to 80
ft BLS screen interval confirmed that VOCs were not present at that depth).

The CMS for the site (NASA, 2007) present theoretical soil concentrations for TCE-DNAPL
saturation; a value of about 300 mg/kg is considered representative of NAPL-phase TCE. This
value was determined using literature values for TCE solubility and organic carbon partition
coefficient (Ko), assumed values of bulk density and porosity, and measured values of the
fraction of organic carbon (f,;) for the site. The maximum TCE-DNAPL saturation value
measured was 56.2 mg/kg", which is equivalent to 42.7 mg/kg in the bulk soil. This would
represent about 14% of the theoretical threshold value. On this basis the CMS concluded that
DNAPL is likely present in the Hot Spot 1 area.

The groundwater concentrations are also indicative of a TCE-NAPL source: the source has been
there for over 40 years and concentrations of TCE are still about 30,000 pg/L based on
groundwater samples from the monitoring wells and DPT samples in the middle of the Hot
Spot 1 area.

5.3 TREATABILITY OR LABORATORY STUDY RESULTS

A Laboratory Treatability Report (NAVFAC ESC et al., 2010) was prepared for the ESTCP
review committee to present the results of the Laboratory Treatability Testing conducted as part
of ESTCP project ER-0716. Laboratory treatability studies were conducted to evaluate
candidate PEDs for eventual field application as part of the project. Based on prior research,
consideration of physical-chemical properties, material costs, and toxicity, two candidate PEDs,
nBA and nHEX, were selected for evaluation for enhanced microbial reductive dechlorination of
TCE-NAPL.

The experiments conducted included:

(i) PED-NAPL Partitioning Studies to assess key physical-chemical parameters that are
important for successful field implementation and included liquid-liquid equilibrium batch
studies and mass transfer column experiments (abiotic columns);

(if) Bench-Scale Treatability experiments to obtain site-specific design parameters for PED
delivery, mass transfer, and enhanced microbial reductive dechlorination activity in a TCE-
DNAPL source zone. These tests were designed to evaluate mass transfer of the partitioning
electron donor and potential microbial activity under anticipated field conditions, and ultimately
to demonstrate that the PED enhances reductive dechlorination activity and DNAPL dissolution
rates.
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Liquid-liquid equilibrium batch tests indicated that the partitioning behavior of both candidate
PEDs (nHEX and nBA) could be characterized by ideal linear partitioning theory over the range
of aqueous concentrations likely to be used in a field application (i.e. using initial dissolved-
phase concentrations approaching aqueous solubility of the PED). Results demonstrated that
based on partitioning coefficients nBA would partition more strongly into the NAPL than the
nHEX. nBA was then selected for the field application. Abiotic column experiments further
characterized the partitioning behavior of both candidate PEDs under flowing conditions in a
well-characterized aquifer material (Federal Fine Ottawa sand). Tests were performed at a range
of seepage velocities (1.2 to 6.0 meters per day [m/day]) in columns containing entrapped
residual TCE-NAPL. Comparison of the column effluent breakthrough curves (BTCs) to
predictions based on the one-dimensional advective-dispersive-reactive (ADR) transport
equation indicated that PED partitioning occurred, but was not at equilibrium. The BTCs were
fit with a 1-D ADR transport equation that incorporated a one-site solute non-equilibrium
partitioning model. This model allowed calculation of a NAPL:water partitioning coefficient
(Knw), PED retardation factor (Rg) and a first-order mass transfer coefficient (k). The resulting
data showed that nBA had a greater partitioning coefficient (and hence greater retardation factor)
and slower mass-transfer rate than nHEX. The results confirmed the strong partitioning of nBA
into TCE-NAPL. The results from these abiotic studies were published by Capiro et al. (2011).

The strong partitioning of nBA into TCE- and surrogate-NAPL suggested that a single injection
of PED solution was capable of providing electron donor to support microbial reductive
dechlorination far beyond the number of PVs delivered, thereby reducing the need for frequent
or repeated PED injections, independent of groundwater velocity. On this basis, nBA was
selected as the PED for use in the bench scale biological treatability evaluation.

Microbial batch studies confirmed the efficacy of nBA as the electron donor to support the
KB-1® Plus consortium to dechlorinate TCE and 1,1,1-trichloroethane (1,1,1-TCA). The results
indicated that the KB-1® Plus consortium was able to degrade nBA and utilize it as an electron
donor for dechlorination of TCE and 1,1,1-TCA. In these batch tests, the nBA-amended systems
removed TCE and 1,1,1-TCA at dissolved concentrations of 5 mg/L over the same time period as
the soluble methanol-ethanol-lactate (MEL) electron donor blend. Similarly positive results
were obtained in systems containing surrogate NAPL and correspondingly high dissolved phase
concentrations of TCE and 1,1,1-TCA (about 200 mg/L each). Results from the batch studies
suggested that nBA would be a suitable PED for deployment in the field, based on the physical-
chemical partitioning characteristics and the observed utility as an electron donor.

5.4 DESIGN AND LAYOUT OF TECHNOLOGY COMPONENTS

A primary objective of the project was to make the application of a PED similar to existing direct
push injection approaches. The purpose of using a PED in place of a traditional electron donor
was to maximize the bioremediation efficiency and improve the DNAPL dissolution rate, while
minimizing implementation costs associated with the application of EISB in DNAPL source
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zones. As such, the quantitative performance objectives established were to assess the PED
application impact on primary parameters such as increased DNAPL dissolution (i.e. increased
total VOC mass flux) and reduction in DNAPL mass. It was assumed that the application of
PEDs would cost much the same as conventional donors on a per-application basis (for example,
delivery using standard direct-push injection equipment from vendors), hence, if PEDs were
effective longer (i.e., persisting longer results in less frequent donor amendment) and/or shorten
remediation time frames, it would lower overall O&M costs. Therefore some components and
tasks during the DEM/VAL were meant to assess the objectives and will not necessarily be
required in future applications.

The system components included:

e extraction of groundwater from the center of the treatment area from extraction wells
screened above and below the clay layer;

e injection of groundwater into injection wells screened above and below the clay layer
surrounding treatment area;

e recirculation of site groundwater using a solar powered recirculation system;

e evaluation of mass flux without nBA enhancement by measuring VOC concentrations in
samples from extraction wells (granular activated carbon [GAC] used to treat
groundwater before reinjection during this phase) before nBA injection;

e injection of nBA using DPT into interval above and below the clay layer; and

e continued recirculation (no GAC treatment) and evaluation of mass flux and enhanced
bioremediation using nBA by measuring VOC concentrations in samples from site
monitoring wells and site soil samples.

For the field site the DEM/VAL was conducted in two zones, one above and one below the clay
horizon. For this study these have been termed sweep zones as these are the areas where
treatment is targeted. For each sweep zone, a groundwater recirculation system consisting of a
central extraction well and five peripheral injection (recharge) wells was constructed to move
groundwater through the PED-amended zone and maintain hydraulic control within the
DEM/VAL area (Figure 13). The recirculation systems utilized solar-powered submersible
pumps. The system components were housed in a mobile trailer, with the solar panels mounted
to the roof. To supplement the existing monitoring wells, three multilevel monitoring well
bundles were installed within the demonstration area at varying distances from the central
extraction location. A schematic cross section of the DEM/VAL plot is provided in Figure 10,
showing the locations of the well screens relative to the site lithology and the MIP data from the
IWO0076 location. Figure 14 shows the process flow diagram for the groundwater recirculation
system.

ER-0716 41 May 2014
Final Technical Report



'C34:1W0070S](1:11)'4,) r"!"
-

002
23726)
3033)
37340
44747)
( ﬁ54). & Bundle Well Location
8-61
-q) “,] Monitoring Well Location
LC34-BWOR)1 g ‘ ) Monitoring Well Location - Not Part of Sampling Plan
Q gg_gg; Extraction Well Location
C (37-40).r d = Injection Well Pair Location
D,(44:47)
E/(51:54) SRR E
[P(EEHDD) " LC34-IW002I (25-30)
Well Identifier Screen Interval (ft BLS)
E!(51254)
F/(58261) E -
Note:

ft BLS indicates feet below land surface.

30 15 0 30 Feet

ey ——

F

Plan View of PED Demonstration Layout

Hot Spot 1, LC34, Cape Canaveral, FL / ESTCP Project ER-0716

o
Geosyntec Figure

consultants

Guelph April 2013 13

Path: (Titusville-01\DATA) TA0GIS\FO0552\MXDs\ESTCP_MAR2013\Plan_view_PED_layout.mxd 05 April 2013 MAH




T: \PROJECTS\_CADD\C\CAPE CANAVERAL FL\0552BF02-6

SOLAR PANELS

I’ MOBILE TRAILER

— | S —
| — ON/OFF SWITCH (TYP)
E——— E E: E: /
BATTERY
w | Y - S - S -~
E E 12v o oY E HOURE £ £
CHARGE CONTROLLER METER
12VDC 30 AMP — E BATTERY L« m
E E E 12V o oHH— E—
FILTER (TYP)
\\N T [
At

Wl
>n
D<]
S

N N NN T o
R R Rz,

NN
A
RRRRRRRRRR

FLOW TOTALIZER (TYP)
GLOBE VALVE (TYP)
ROTAMETER (TYP)

It EXTRACTION WELL
(TYP)

INJECTION WELL
(TYP)

SAMPLE PORT (TYP)

SUBMERSIBLE PUMP
| BL40Q

NOT TO SCALE

LEGEND

Process and Instumentation Diagram
Hot Spot 1, LC34 Cape Canaveral, FL

GROUNDWATER RECIRCULATION LINES

— E E—— ELECTRICAL LINES R
ESTCP Project ER-0716

NOTE:

1. GRANULAR ACTIVATED CARBON (GAC) WAS ONLY USED DURING

THE BASELINE FLUX ASSESSMENT PHASE (REFER TO TEXT). Geosyntec D F|g ure
consultants
14
Guelph April 2013




Appendix B contains a summary of the well installation details. All borehole drilling and well
installation was performed by a State-licensed driller, Environmental Drilling Services, Inc.
(EDS), under the direction of a Geosyntec field geologist.

The groundwater recirculation system was installed in February 2011. It consisted of a mobile
utility trailer that housed the system components and piping that carried the flow of groundwater
from the extraction wells to the trailer and then to the injection wells. Parallel independent
groundwater recirculation systems were operated for each of the upper and lower sweep zones.
It should be noted that the recirculation system is not a requirement for application of the PED,
but that for DEM/VAL it provided a controlled manner to assess performance. For each sweep
zone, groundwater is pumped from the central extraction well and delivered to the five perimeter
injection wells. A process and instrumentation diagram (P&ID) is presented on Figure 14.
Appendix C contains a summary of the system operation details and supporting information.

The recirculation piping system was constructed using 0.75-inch diameter polyethylene (PE)
tubing. The lines were run above-ground, enclosed in 2-inch diameter schedule 40 PVC for
secondary containment. The upper and lower sweep zones had independent recirculation
systems, with no mixing of fluid from one zone to the other. Submersible pressure transducers
and data loggers were deployed in the extraction wells, six injection wells and two monitoring
wells to measure and record water level fluctuations during system operation.

During the initial groundwater recirculation phase to establish baseline concentrations and mass
flux, extracted groundwater was treated with GAC prior to re-injection. The GAC vessels were
plumbed into the system so that extracted groundwater was treated before it entered the trailer
and the flow was divided (see Figure 14).

The PED and conservative tracers (bromide and iodide) were amended throughout the
DEM/VAL plot via a set of 20 DPT injection locations. This approach was selected to achieve
better initial distribution of the PED throughout the target area, rather than amending recirculated
groundwater. A licensed contractor with experience in DPT injection of bioremediation
amendments was subcontracted to perform the injections. Equipment, specified and supplied by
the contractor, included the following: DPT rod; injection tools (one capable of focused delivery
to a 2-ft interval, one a 5-ft interval); pumps capable of supplying the required flow rates and
injection pressures; manifolds with valves, pressure gauges and flow meters to measure and
control the achieved flow rate and pressure at each location; and batch mix tanks, with requisite
mixers and valves to ensure proper blending of the amendment fluids prior to injection. The
instantaneous flow rate, injection pressure and the totalized flow rate were monitored and
recorded during each injection event. The PED injection is discussed below (Section 5.5) and in
Appendix C.

The target depth interval spanned an approximately 40 ft thick zone from about 23 to 63 ft BLS,
encompassing the clay horizon within which TCE concentrations were elevated. The
amendment zone included about 19 ft above the clay horizon, 6 ft within the clay, and about 15 ft
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beneath the clay horizon. At each location, the injections were conducted in a series of steps,
starting at the top of the target interval and working downwards. Injections mostly used a 2-ft
injection tool to allow control of the delivery of amendment to targeted intervals; at a few
locations a 5-ft injection tool was used.

The design involved injection of 34,000 gal of nBA solution (3,000 mg/L). This volume was
selected to be approximately 50% of the total pore volume of the target zone. The amendment
zone targeted the center of the Hot Spot 1 area, where TCE concentrations were greatest, roughly
corresponding with the area enclosed by the 30,000 pug/L TCE isopleth and extending beyond
that by approximately 5 ft in all directions (refer to Figure 12).

Two (2) conservative tracers were added to PED injection fluids. Bromide was used as a
conservative tracer in all injection fluids, to provide an indicator of amended fluid; the
concentration of bromide would indicate the proportion of injectate in any sample. lodide was
added as a tracer only in the injection fluids introduced above the confining silty clay horizon.
The iodide was used to monitor for potential migration of fluid from the upper treatment zone
through the clay to the lower zone, which could have occurred as a result of maintaining a lower
hydraulic head in the lower zone.

Following PED injection, the recirculation system remained off for a period of six weeks to
allow the PED to partition into NAPL within the demonstration area and to facilitate the
acclimation and establishment of biomass within the demonstration area.  Groundwater
extraction during this ‘shut-in” phase was undesirable, since it might have removed much of the
amended nBA and re-injected it on the periphery. At the end of this Biomass Growth Phase, the
distribution of PED and VOCs within the demonstration area was assessed through DPT soil
sampling and a synoptic survey of groundwater concentrations.

After biomass growth phase was complete the groundwater recirculation system was activated.
Recirculation of groundwater occurred for approximately thirteen months. During this time
routine sample events took place to evaluate the effectiveness of the PED injection.

5.5 FIELD TESTING

The field DEM/VAL was implemented in accordance with the Demonstration Plan.
Implementation of the experimental design consisted of seven main tasks as follows:

Installation and Shake Down (Task 1);

Baseline Soil and Groundwater Sampling (Task 2);
Baseline Flux Assessment (Task 3);

Introduction of PED and Tracers (Task 4);
Biomass Growth (Task 5);

Recirculation System Operation (Task 6); and
Demobilization (Task 7).

@ o o0 o
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Table 2 presents a summary of the type and number of samples collected from each phase of the
DEM/VAL. Figure 15 provides a Gantt chart of the technology demonstration schedule.
Appendix C contains a summary of the operation of the groundwater extraction period. Table 3
presents a detailed summary of the O&M and sampling events. The following sections provide a
brief summary of each operational phase of the DEM/VAL.

5.5.1 Task 1 - Well Installation and System Shake Down

A total of 30 wells (two central extraction wells, ten paired recharge wells and three multilevel
bundle monitoring wells with six depth intervals each) were installed between 17 and 25 January
2011, as described in Appendix B, to complement the existing monitoring wells (four within the
demonstration area and six located peripherally). The new wells were developed to remove fine
sediments and ensure adequate hydraulic connection with the formation. Initial baseline
groundwater samples were collected between 1 and 3 February 2011. Characterization of the
well hydraulics was performed at select locations on 15 February 2011 using a pneumatic slug
test technique. The system conveyance piping and infrastructure, including the trailer, solar
system and extraction pumps, was then installed, connected and tested for leaks. The
infrastructure for the PED DEM/VAL included a solar powered groundwater recirculation
system mounted within a mobile trailer.

5.5.2 Task 2 — Baseline Soil and Groundwater Sampling

Baseline soil VOC concentrations were measured on soil samples collected on 19 January 2011
during installation of the extraction and multilevel bundle monitoring wells. Initial baseline
groundwater samples were collected on 1 to 3 February 2011 from each of the newly installed
wells and existing monitoring wells within the test area, and analyzed for VOCs to confirm the
distribution of VOCs within the demonstration area. Details for this sampling event are provided
in Appendix B and the results are provided in Appendix E and Section 5.7 below.

5.5.3 Task 3 — Baseline Flux Assessment

The groundwater extraction and recharge system was operated, without addition of PED, for a
period of about 4 weeks to establish the baseline condition. Groundwater recirculation was
initiated on 14 March 2011 and operated until 18 April 2011. During this time, samples were
collected weekly from each central extraction well and up to six monitoring wells and analyzed
for a variety of parameters as detailed above (refer to Table 3 and the sampling tables in
Appendix D).
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TABLE 2. TOTAL NUMBER AND TYPESOF SAMPLESCOLLECTED
Hot Spot 1, LC34, CCAFS/ ESTCP Project ER-0716

NUMBER OF
()
STAGE MATRIX SAMPLES ANALYTE SAMPLING FREQUENCY /LOCATION
19 VOCs (includes nBA) 4 |ocations within test plot, 4 to 6 depths per location
Soil: 8 Fraction of Organic Carbon 2 locations within test plot, 4 depths per location
Laboratory Measurement
4 Grain Size Distribution 4 samples from location SB1002
Groundwater: na Field Parameters (DO, ORP, pH, Data was recorded during all sample collection events
Field Measurement conductivity, temperature)
Water: 6 VOCs (includes nBA and n-butanol) Effluent samples from GAC treatment
Laboratory Measurement
I 94 VOCs (includes nBA and n-butanol) Initial baseline from all wellsincluding 6 perimeter wells and 4 injection wells;
weekly from 2 RWs and 8 MWs for 3 weeks of recirculation; snapshot of all
'% 30 Volatile Fatty Acids Weekly from 2 RWs for 3 weeks during recirculation; snapshot of al locations
o i except perimeter wells at end of one month of recirculation
E I__f 30 Tracers (bromide & iodide) Weekly from 2 RWs for 3 weeks during recirculation; snapshot of all locations
m 2 except perimeter wells at end of one month of recirculation
N '% 36 Total Organic Carbon Weekly from 2 RWs for 3 weeks during recirculation; snapshot of al locations,
% fis] including perimeter wells, at end of one month of recirculation
o ?I, 26 Dissolved Hydrocarbon Gases Biweekly samples from 2 RWs during recirculation (i.e. after about 2 weeks), and
snapshot of al locations except perimeter wells at end of one month of recirculation
g Groundwater: i ials
Laboratory Measurement - - - - —
15 Hydrogen Sulfide Biweekly samples from 2 RWs during recirculation (i.e. after about 2 weeks), and
snapshot of 2 RWsand 11 MWs at end of one month of recirculation
15 Anions Biweekly samples from 2 RWs during recirculation (i.e. after about 2 weeks), and
snapshot of 2 RWsand 11 MWs at end of one month of recirculation
15 Alkalinity Biweekly samples from 2 RWs during recirculation (i.e. after about 2 weeks), and
snapshot of 2 RWsand 11 MWs at end of one month of recirculation
12 Dissolved Metals Sampling at the end of one month of recirculation from 2 RWsand 11 MWs
6 Microbial Characterization (Dhc 16S Sampling at the end of one month of recirculation from 2 RWsand 4 MWs
rRNA genelvcr A)
Groundwater: na Field Parameters (DO, ORP, pH, Data was recorded during al sample collection events
Field Measurement conductivity, temperature)
17 VOCs (includes nBA and n-butanol) Samples from selected batches of PED injection fluid
o
=]
%, g Weter 17 Tracers (bromide & iodide) Samples from selected batches of PED injection fluid
2l
W 29 VOCs (includes nBA and n-butanol) Following PED injection, DP sample collection at 4 step-out locations, with 4 to 5
Groundwater: depths each; sampling at 11 select MWs
Laboratory Measurement 25 Tracers (bromide & iodide) Following PED injection, DP sample collection at 4 step-out locations, with 4to 5
depths each; sampling at 11 select MWs
Soil: 17 VOCs (includes nBA and n-butanol) 3 locations from test plot, 5 to 6 depths per location
Laboratory Measurement
Groundwater: na Field Parameters (DO, ORP, pH, Data was recorded during all sample collection events
Field Measurement conductivity, temperature)
24 VOCs (includes nBA and n-butanol) Snapshot following shut-in period, all locations except perimeter wells
24 Volatile Fatty Acids Snapshot following shut-in period, all locations except perimeter wells
é 24 Tracers (bromide & iodide) Snapshot following shut-in period, all locations except perimeter wells
o
% o 24 Total Organic Carbon Snapshot following shut-in period, all locations except perimeter wells
S8
_S Groundwater: 24 Dissolved Hydrocarbon Gases Snapshot following shut-in period, al locations except perimeter wells
@ Laboratory Measurement
13 Hydrogen Sulfide Snapshot following shut-in period, subset of locations (2 RWs, 11 MWSs)
13 Anions Snapshot following shut-in period, subset of locations (2 RWs, 11 MWs)
13 Alkalinity Snapshot following shut-in period, subset of locations (2 RWs, 11 MWSs)
12 Dissolved Metals Snapshot following shut-in period, subset of locations (2 RWs, 10 MWSs)
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TABLE 2. TOTAL NUMBER AND TYPESOF SAMPLESCOLLECTED
Hot Spot 1, LC34, CCAFS/ ESTCP Project ER-0716

NUMBER OF n
STAGE MATRIX SAMPLES ANALYTE SAMPLING FREQUENCY /LOCATION @
Soil: 22 VOCs (includes nBA and n-butanol) 3 locations within test plot, 7 to 8 depths per location
Laboratory Measurement
Groundwater: na Field Parameters (DO, ORP, pH, Data was recorded during all sample collection events
Field Measurement conductivity, temperature)
84 VOCs (includes nBA and n-butanol) 2 RWsweekly for one month, biweekly for five months; snapshot at month 3 of al
locations; snapshot at month 6 of all locations
72 Volatile Fatty Acids 2 RWsweekly for one month, biweekly for five months; snapshot at month 3 and
5 month 6 of al locations except perimeter wells
§ 72 Tracers (bromide & iodide) 2 RWsweekly for one month, biweekly for five months; snapshot at month 3 and
8 month 6 of al locations except perimeter wells
© g 78 Total Organic Carbon 2 RWsweekly for one month, biweekly for five months; snapshot at month 3 of al
o B locations except perimeter wells; snapshot at month 6 of all locations
éii; i‘ 72 Dissolved Hydrocarbon Gases 2 RWsweekly for one month, biweekly for five months; snapshot at month 3 and
.% Groundwater: month 6 of al locations except perimeter wells
3 Laboratory Measurement 50 Hydrogen Sulfide 2 RWsweekly for one month, biweekly for five months; snapshot at month 3 and
§ month 6 from subset of locations (2 RWs, 11 MWSs)
o 50 Anions 2 RWsweekly for one month, biweekly for five months; snapshot at month 3 and
month 6 from subset of locations (2 RWs, 11 MWSs)
50 Alkalinity 2 RWsweekly for one month, biweekly for five months; snapshot at month 3 and
month 6 from subset of locations (2 RWs, 11 MWs)
48 Dissolved Metas 2 RWsweekly for one month, biweekly for five months; snapshot at month 6 from
subset of locations (2 RWs, 10 MWs)
12 Microbial Characterization (Dhc 16S Snapshot at month 3 and month 6, from 2 RWsand 4 MWs
rRNA genelvcr A)
Soil: 22 VOCs (includes nBA and n-butanol) 3 locations within test plot, 7 to 8 depths per location
- Laboratory Measurement
-% Groundwater: na Field Parameters (DO, ORP, pH, Data was recorded during all sample collection events
g s Field Measurement conductivity, temperature)
B8R 64 VOCs (includes nBA and n-butanol) 2 RWs monthly for five months; snapshot at month 10 of all locations; snapshot at
> % E_ month 13 of al locations except perimeter wells
g g % 48 Tota Organic Carbon Snapshot at month 10 and month 13 at all locations except perimeter wells
=8 Groundwater:
IS @ Laboratory Measurement 48 Dissolved Hydrocarbon Gases Snapshot at month 10 and month 13 at all |ocations except perimeter wells
T
= 12 Microbial Characterization (Dhc 16S Snapshot at month 10 and month 13, from 2 RWsand 4 MWs

rRNA genelvcr A)

Notes:

(1) There are 23 sampling locations (wells) within the treatment zone, including 2 RWs, 3 exisiting MWSs, 3 nested multilevel MWs with 6 screen depth intevals each. Thereis 1 existing
MW screened below the treatment zone. There are 3 far-field locations on the perimeter, each with apair of wells screened above and below the clay horizon. Of the 10 injection wells, 4
were sampled at baseline. In addition, several DP locations were used for soil and groundwater sampling.

Dhc - Dehalococcoides
DO - Dissolved oxygen
DP - direct push

MW - monitoring well
na- not applicable
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nBA - n-butyl acetate
ORP - oxidation reduction potential
RW - extraction well

ver A - vinyl chloride reductase enzyme

VOC - volétile organic compound

Page 2 of 2

October 2013




TABLE 3. PED DEM/VAL EVENT SCHEDULE SUMMARY

Hot Spot 1, LC34, CCAFS/ ESTCP Project ER-0716

Task Name Date Activity
Well Installation 17to0 21 and 24 & 25 January 2011| Well Installations & Baseline Soil Sampling
Baseline Sampling 1 to 3 February 2011 Baseline groundwater sampling
Baseline Sampling 15-Feb-11 Baseline hydraulic conductivity assessments
System Install & Shake Down March 2011 Groundwater recirculation system constructed, including mobile trailer
14-Mar-11 Groundwater recirculation system start up
Baseline Hux Assessment 22-Mar-11 BFA Week 1 Groundwater Sampling
28-Mar-11 BFA Week 2 Groundwater Sampling
7-Apr-11 BFA Week 3 Groundwater Sampling
18 and 19 April BFA Week 4 Groundwater Sampling Synoptic Survey
18-Apr-11 Recirculation system shut down

Introduction of PED & Tracers

20t0 24 and 27 & 28 June 2011

PED Injection Activities

DPT groundwater sampling (DPT328 — DPT331) to aid in evaluation of radius of

30-Jun-11 influence from injection activities
Groundwater sampling from select site monitoring wells; to evaluate nBA
7-dul-11 o
distribution
Biomass Growth Phase July to August 2011 Biomass growth phase — recirculation system off
1to 3 August 2011 Post-biomass growth phase soil and groundwater sampling
Recirculation System Operation 9-Aug-11 Restart groundwater recirculation system
12-Aug-11 Week 1 O&M and groundwater sampling (RW wells only)
18-Aug-11 Week 2 O&M and groundwater sampling (RW wells only)
24-Aug-11 Week 3 O&M and groundwater sampling (RW wells only)
31-Aug-11 Week 4 O&M and groundwater sampling (RW wells only)
8-Sep-11 Week 5 0&M
15-Sep-11 Week 6 O& M and groundwater sampling (RW wells only)
22-Sep-11 Week 7 O&M
28-Sep-11 Week 8 O& M and groundwater sampling (RW wells only)
5-Oct-11 Week 9 O&M
13-Oct-11 Week 10 O&M and groundwater sampling (RW wells only)
20-Oct-11 Week 11 O&M
25- t0 27-Oct-11 Week 12 (Month 3) O& M and groundwater sampling (synoptic survey)
3-Nov-11 Week 13 O&M
10-Nov-11 Week 14 O&M and groundwater sampling (RW wells only)
17-Nov-11 Week 15 O&M
22-Nov-11 Week 16 O&M and groundwater sampling (RW wells only)
1-Dec-11 Week 17 O&M
7-Dec-11 Week 18 O&M
15-Dec-11 Week 19 O&M and groundwater sampling (RW wells only)
22-Dec-11 Week 20 0& M
5-Jan-12 Week 22 O&M and groundwater sampling (RW wells only)
16-Jan-12 Week 24 O&M
26-Jan-12 Week 25 O&M and groundwater sampling (RW wells only)
6-Feb-12 Week 27 O&M
13-Feb-12 Week 28 (Month 7) Final Soil Samples
14- 10 16-Feb-12 Week 28 (Month 7) O&M and Final Dem/Val Groundwater Sampling (Synoptic
survey)
Post PED Monitoring (IMWP) 2-Mar-12 Week 30 0&M
15-Mar-12 Week 32 O&M and groundwater sampling (RW wells only)
5-Apr-12 Week 35 0O&M
19-Apr-12 Week 37 O&M and groundwater sampling (RW wells only)
4-May-12 Week 39 O&M
17-May-12 Week 41 O&M and groundwater sampling (RW wells only)
7-Jun-12 Week 44 O&M
21-Jun-12 Week 46 O&M
26- to 27-Jun-12 Week 47 (Month 10) groundwater sampling (synoptic survey)
10-Jul-12 Week 49 O&M
19-Jul-12 Week 50 O&M and groundwater sampling (RW wells only)
2-Aug-12 Week 52 O&M
16-Aug-12 Week 54 O&M and groundwater sampling (RW wells only)
6-Sep-12 Week 57 O&M
10-Sep-12 Week 58 soil sampling
13-Sep-12 Week 58 (Month 13) groundwater sampling (synoptic survey)

** no final readings, not sure when system off
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FIGURE 15
FIELD SCHEDULE
Hot Spot 1, LC34, Cape Canaveral, FL
ESTCP Project ER-0716

Geosyntec Consultants

2011 2012
D & Task Name Duration Start Finish Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
1 Tech Demo Workplan 86 days Mon 7/26/10 Mon 11/22/1(0 ——=
2 A Draft Tech Demo Workplan 25 days Mon 7/26/10 Fri 8/27/10
3 |EH Submission to ESTCP 1 day Mon 9/13/10 Mon 9/13/10
4 ESTCP Review 45 days Tue 9/14/10 Mon 11/15/1
5 Address Comments 5 days Tue 11/16/10 Mon 11/22/10
6 Report to ESTCP 1 day Tue 11/23/10 Tue 11/23/10 /23
7 Well Installation & System Shake-down 43 days Mon 1/17/11 Wed 3/16/11 L
8 | Utility Clearances 1 day Mon 1/17/11 Mon 1/17/11
9 |E Drill & Install Wells 5 days Mon 1/17/11 Fri 1/21/11
10 | Development of Wells 3 days Wed 1/26/11 Fri 1/28/11
11 BE System Setup 3 days Mon 3/14/11 Wed 3/16/11
12 [ Baseline Sampling 3 days Thu 3/17/11 Mon 3/21/11
13 Baseline Flux Assessment 21 days Tue 3/22/11 Tue 4/19/11
14 H Groundwater Recirculation - Assess Flux 13 days Tue 3/22/11 Thu 4/7/11
15 |E Synoptic GW Sampling Round 2 days Mon 4/18/11 Tue 4/19/11
16 Introduction of PED and Tracers 14 days Mon 6/20/11 Thu 7/7/11
17 B Donor Amendment - DP Injections 7 days Mon 6/20/11 Tue 6/28/11
18 | Injection Assessment - DP Sampling 6 days Thu 6/30/11 Thu 7/7/11
19 Biomass Growth Phase 43 days Wed 7/13/11 Thu 9/8/11
20 |[E Allow biomass to establish 14 days Wed 7/13/11 Sun 7/31/11
21 Assess Distribution 29 days Mon 8/1/11 Thu 9/8/11
22 | Synoptic GW Sampling Round 2 days Mon 8/1/11 Tue 8/2/11
23 | Soil Sampling - DP 1 day Wed 8/3/11 Wed 8/3/11
24 Labwork 15 days Fri 8/5/11 Thu 8/25/11
25 Data Analysis 10 days Fri 8/26/11 Thu 9/8/11
26 Recirculation System Operation 289 days Tue 8/9/11 Fri 9/14/12
27 EH Groundwater Extraction 138 days Tue 8/9/11 Thu 2/16/12
28 Routine GW Sampling 132 days Tue 8/16/11 Wed 2/15/12
29 Data Trend Assessment 132 days Tue 9/6/11 Wed 3/7/12
30 Soil Sampling - DP 2 days Thu 3/8/12 Fri 3/9/12
31 Labwork 15 days Tue 3/13/12 Mon 4/2/12
32 Data Analysis 15 days Tue 4/3/12 Mon 4/23/12
33 Optional Extension of Operation 142 days Thu 3/1/12 Fri 9/14/12
34 E Decision Point - Extend Operation? 1 day Thu 3/1/12 Thu 3/1/12
35 E Groundwater Extraction (period to be determined) 139 days Fri 3/2/12 Wed 9/12/12
36 Contingency GW Sampling (synoptic round) 2 days Thu 9/13/12 Fri 9/14/12
37 | Decision Point - Continue Operation? 1 day Fri 9/14/12 Fri 9/14/12
38 Second Round Operation (Optional) 171 days Mon 10/29/12 Mon 6/24/13
45 Reporting 721 days Tue 1/26/10 Mon 10/29/1
46 ¥ Quarterly Status Reports 396 days Tue 10/5/10 Mon 4/9/12 ] B 8 iz
54 | Annual In-Progress Review 272 days Fri 10/1/10 Fri 10/14/11]
57 |E Draft Treatability Study Report 1 day Tue 1/26/10 Tue 1/26/10
58 |EH Final Treatability Study Report 1 day Fri 2/26/10 Fri 2/26/10
59 Data Analysis & Report Preparation 45 days Tue 5/8/12 Mon 7/9/12
60 Draft Final Report 1 day Thu 8/9/12 Thu 8/9/12
61 Final Final Report 1 day Tue 9/11/12 Tue 9/11/12
62 Draft C&P Report 1 day Thu 8/9/12 Thu 8/9/12
63 Final C&P Report 1 day Tue 9/11/12 Tue 9/11/12
64 Draft Addendum to Tri-Service Principles and Practices (D) 1 day Wed 9/26/12 Wed 9/26/12
65 Final Addendum to the Tri-Service Principles and Practices (D) 1 day Mon 10/29/12 Mon 10/29/12
Task Summary P——————==y External Milestone ® Inactive Summary U—————————1J Manual Summary RollUp s Finish-only 1
grac;ﬁc’t::riPsE/BDMEsR—OﬂG Split . Project Summary P Inactive Task [ Manual Task ERd  Manual Summary PEIIIII===§ Progress ——
Milestone <* External Tasks Inactive Milestone & Duration-only Start-only C Deadline <
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At the end of this period of recirculation, on 18 and 19 April 2011, a comprehensive synoptic
groundwater sampling event was conducted in which all monitoring locations were sampled to
determine the baseline distribution of TCE and other parameters (refer to Table 3 and the
sampling tables in Appendix D). The results from this synoptic is sampling for the baseline flux
measurement phase served as the baseline event for post injection data analysis.

During this initial groundwater recirculation phase, extracted groundwater was treated with GAC
to remove VOCs prior to re-injection.

5.5.4 Task 4 - Introduction of PED and Tracers

PED injection was performed from 20 to 28 June 2011 using an injection platform and DPT
injection tools. Appendix C contains supplemental information on the PED and tracer injections.
Fluid containing PED and tracers was amended throughout the demonstration area via a set of 20
DPT injection locations. A total of 34,000 gal (1,700 gal per injection point) of fluid containing
3,000 mg/L of nBA was injected, in a series of 2-ft intervals, into the target depth interval from
23 to 62 ft BLS.

Potassium bromide (KBr) was added to all injectate batches at a target bromide concentration of
approximately 60 mg/L in the injection fluid. Relative bromide concentrations can be used to
normalize PED concentrations to account for dilution. PED injection fluids for the upper zone
were also amended with potassium iodide (KI) at a target iodide concentration of 140 mg/L in
the injection fluid. This concentration was selected to be somewhat higher than for bromide,
since it was expected that only relatively small amounts of fluid, if any, would be transported
through the clay layer from the upper sweep zone to the lower sweep zone.

5.5.5 Task 5 - Biomass Growth Phase

Following PED injection, the recirculation system remained off for a period of six weeks to
allow the PED to partition into NAPL within the demonstration area and to facilitate the
acclimation and establishment of biomass within the demonstration area. Groundwater
extraction during this ‘shut-in” phase was undesirable, since it might have removed much of the
amended nBA and re-injected it on the periphery. At the end of the Biomass Growth Phase, the
distribution of PED and VOCs within the demonstration area was assessed through DPT soil
sampling and a synoptic survey of groundwater concentrations. This would help to assess the
partitioning effect of PED into residual DNAPL and establish a baseline before recirculation was
restarted.

5.5.6 Task 6 — Recirculation System Operation

The groundwater recirculation system was activated on 09 August 2011 and operated for
approximately thirteen months, until 13 September 2012. The first six months, through
16 February 2012, are considered the Main Recirculation Phase, which corresponds to the
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duration of the DEM/VAL proposed in the TDP. System operation was continued for an
additional seven months, through 13 September 2012, under an Interim Measure Work Plan
(IMWP) for NASA. This continuation period is referred to as the Interim Measure Recirculation
Phase (refer to Appendix C).

5.5.7 Task 7 - System Demobilization

The system was left to NASA at the end of the Main Recirculation Phase, to conduct the Interim
Measure Recirculation Phase. At the end, the system was idled. NASA may decide to perform
further remediation at Hot Spot 1 in the future partly utilizing some of the infrastructure in place.

5.5.8 Waste Disposal

Because the DEM/VAL system involved groundwater recirculation, only minimal waste was
produced. All soils and liquids generated during drilling/coring, well purging and equipment
cleaning were containerized by the drilling or sampling personnel in approved Department of
Transportation (DoT) drums and placed on spill pallets provided by NASA. Investigation
derived waste (IDW) characterization results were provided to NASA to facilitate proper
disposal in accordance with applicable regulations and NASA standard site protocols.

5.6  SAMPLING METHODS

The sampling plan was designed to collect sufficient data to validate the performance of the PED
technology under actual site conditions and allow potential end users to evaluate the technology.
Table 2 summarizes the number and frequency of sample collection, types of samples, and
analytes of interest. Table D-1 Appendix D provides details of the various groundwater sampling
events. Table 4 presents the laboratory analytical methods used for the selected sample analyses.
The soil and groundwater samples collected were analyzed for organic and inorganic parameters
by methods specified in the USEPA’s SW846 Methods, American Standard for Testing and
Materials (ASTM) test methods, or laboratory-specific methods.

Sampling activities for the DEM/VAL, including field measurements, sample collection,
decontamination, and documentation were performed in accordance with FDEP Standard
Operating Procedures (SOPs) for Field Activities (DEP-SOP-001/01) dated March 31, 2008
(effective December 3, 2008) (FDEP, 2008) and the NASA Sampling and Analysis Plan (NASA,
2006). Appendix F contains a summary of the quality control and quality assurance metrics for
the DEM/VAL.
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TABLE 4. ANALYTICAL METHODS FOR SAMPLE ANALYSIS
Hot Spot 1, LC34, CCAFS/ ESTCP Project ER-0716

Matrix Analyte Method® Sample Preservative Holding
Container Time
VOCs 5035/8260C 4 0z. soil jars Cool to 4°C +/- 2°C 14 days
(includes nBA and n-butanal)
Fraction of Organic Carbon Combustion 2 4 0z. soil jars Cool to 4°C +/- 2°C 28 days
§ Total Organic Carbon EPA LKahn 7-27-1988 4 0z. soil jars Cool to 4°C +/- 2°C 28 days
Grain Size Distribution ASTM D 422 with hydrometer | Sealable plastic None None
Microbia Characterization Gene-Trac-Dhc (Method 1)3 50 mL screw cap Cool to 4°C +/- 2°C 10 days
Gene-Trac-VC (Method 2)° tube
Feld Parameters (DO, ORP, pH, Field NA NA NA
conductivity, temperature)
VOCs 8260C 3x40mL cool to 4°C +/- 2°C 7 days
(includes nBA and n-butanal) VOA
Dissolved Hydrocarbon Gases RSK175 2 x40 mL Cool to 4°C +/- 2°C, 14 days
VOA preserved with HCI
Volatile Fatty Acids HPLC 250 mL HDPE Cool to 4°C +/- 2°C 28 days
Anions 300.0/353.2 125 mL Cool to 4°C +/- 2°C 28 days
(chloride, nitrate, nitrite, sulfate) HDPE (Nitrate/Nitrite 48
hours)
Tracers (Bromide and lodide) 300.0 125 mL Cool to 4°C +/- 2°C 28 days
HDPE
T
S
2 [Akainity 23208 250 mL No headspace, 14 days
3 HDPE cool t0 4°C +/- 2°C
1G]
Dissolved Metals 6010C 500 mL field filtered prior to acid 6 months
(arsenic, iron, manganese) HPDE preservation with HNO; to pH
<2, cool to 4°C +/- 2°C
Sulfide SM 4500-S2- F 500 mL Zinc Acetate and NaOH 7 days
HPDE
Total Organic Carbon 9060/9060A 250 mL field filtered prior to acid 28 days
plastic bottle preservation or filtered in lab
within 48 hours of collection
prior to acid preservation with
H,SO, to pH <2, cool to 4°C
+/-2°C
Microbia Characterization Gene-Trac-Dhc (Method 1)3 1L HDPE Cool to 4°C +/- 2°C 10 days
Gene-Trac-VC (Method 2)°
Notes:

1 - United States Environmental Protection Agency Method Number
2 - University laboratory method. Combustion in quartz tube furnace with infrared detection of carbon dioxide produced.

3 - SIREM Method (non-EPA). Genetic probe method using quantitative polymerase chain reaction (QPCR) analysis of the 16S rRNA gene (i.e., Gene-
Trac-Dhc analysis) or the qPCR method used to quantify the Dehalococcoides vinyl chloride reductase (verA) gene (i.e., Gene-Trac-VC andysis).

°C - degrees Celsius
Dhc - Dehalococcoides
DO - dissolved oxygen
H,SO, - sulfuric acid
HCI - hydrochloric acid
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HDPE - high density polyethylene

HNO; - nitric acid
L - liter

mL - milliliter

NA - not applicable

Pagelof 1

ORP - oxidation reduction potential
PED - Partitioning electron donor
SIREM - SIREM Laboratories, Guelph, Ontario

VOA - volatile organic analysis

VOC - volatile organic compounds
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5.7 SAMPLING RESULTS AND ANALYSIS

This section presents the results obtained during the demonstration. Several Appendices contain
supporting information specifically related to the results of the PED DEM/VAL, as follows:

e Appendix B — System Installation and Baseline Characterization
e Appendix C — Operations Summary

e Appendix D — Sampling Program Tables

e Appendix E — Data Summary

e Appendix F — Quality Assurance / Quality Control (QA/QC)

e Appendix G — Laboratory Analytical Reports

The results obtained from the PED evaluation are summarized in the subsections below.

5.7.1 Evaluation of Data Quality Indicators

During the DEM/VAL, data quality was assessed through evaluation of the data quality
indicators (DQIs) precision, accuracy, representativeness, comparability, completeness, and
sensitivity (PARCCS). Appendix F contains a summary of the QA/QC completed on the data.
Evaluation of the PARCCS data quality indicators was completed to ensure that data quality
objectives were met. Field QA/QC data did not indicate any major data quality issues. No
analytes were detected in any of the trip blanks, field blanks, or equipment blanks, indicating
there was no cross-contamination or introduction of contamination during sampling or sample
transport. In the majority of instances the relative percent difference (RPD) between field
duplicates and parent samples was acceptable.

Laboratory QA/QC data also did not indicate any major data quality issues. For the majority of
cases, there were no detections in method blanks, hold times were met, and laboratory control
sample/ laboratory control sample duplicate (LCS/LCSD) and matrix spike/ matrix spike
duplicate (MS/MSD) recoveries and RPDs were within target ranges. In cases where laboratory
QA/QC data were outside of data quality targets, the results are considered usable for the
purposes of the study and the reported values represent estimated concentrations.

5.7.2 Baseline Characterization Activities

To characterize the baseline conditions, soil and groundwater samples were collected within the
treatment zone. Soil samples were collected during well installation activities. Groundwater
sampling included: a) an initial synoptic event (Task 2) to determine the initial VOC distribution
within the demonstration area following well construction; b) routine sampling of the extraction
wells and selected monitoring locations during recirculation to establish the baseline flux of
VOCs (Baseline Flux Assessment Phase, Task 3); and c¢) a synoptic event to determine the VOC
distribution at the end of the Baseline Flux Assessment Phase (Task 3). Appendix B contains a
detailed summary of the data collection activities and Appendix E contains a summary of the
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resulting data, including tabulated data from the baseline soil and groundwater sampling events.
Table 2 summarizes the samples collected and Appendix D presents the groundwater sample
collection program.

Operation of the recirculation systems during the Baseline Flux Assessment Phase is summarized
in Appendix C. In the upper zone, 58.6 kilo gallons (kgal) were recirculated at an effective
average flow rate (i.e. total volume divided by total time) of 1.16 gallons per minute (gpm),
representing approximately 2.3 pore volume exchanges of the PED injection zone. In the lower
zone, the cumulative volume of groundwater recirculated was 44.0 kgal, representing
approximately 1.7 pore volume exchanges of the PED injection zone. The effective average
flow rate for the system was 0.87 gpm.

Figure 16 shows the interpolated TCE distribution before PED addition, incorporating prior data
and the results of baseline sampling. Figure 17 shows the soil sampling locations for the
baseline event and all subsequent soil sampling events.

5.7.3 PED and Tracer Amendment

The PED injection was completed as planned. Fluid containing PED and tracers was amended
throughout the demonstration area via a set of 20 DPT injection locations. Figure 18 shows the
location of the twenty PED injection locations. A total of 34,000 gallons (1,700 gallons per
injection point) of fluid containing 3,000 mg/L of nBA was injected into the target depth interval
from 23 to 62 ft BLS. Injection rates typically ranged from 6 to 8 gpm, requiring pressures of 30
to 45 pounds per square inch (psi). Details of the PED and tracer injection, including individual
records for each injection location, are provided in Appendix C.

A total of 115 gal of nBA, with a total mass of 380 kilograms (kg), was added to the DEM/VAL
area. Batch QC samples confirmed that PED and tracers were mixed as intended and that the
injection fluid contained the target compounds, with average concentrations of 3,000 mg/L of
nBA, 72 mg/L of bromide and 107 mg/L of iodide (when added). The batch QC results are
summarized in Table E1.3 in Appendix E.

Based on the target depth intervals, 50% of the total volume, or 17,000 gal of injectate, was
amended to the upper sweep zone; 15% of the volume (5,100 gal) was amended within the silty
clay horizon; and 35% of the volume (11,900 gal) was amended to the lower sweep zone. A
total of roughly 11.6 kg of KBr was introduced to the treatment area, resulting in 3.9 kg of
bromide to the upper sweep zone, 1.2 kg within the silty clay horizon and 2.7 kg to the lower
sweep zone. A total of about 11.7 kg of KI (8.9 kg of iodide) was added to the 17,000 gal
introduced into the upper zone.
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Confirmation samples were collected to evaluate the effectiveness of the PED injections (refer to
Appendix C). First, immediately following PED injections, DPT groundwater samples were
collected adjacent to select PED injection points to assess the achieved radius of influence (see
Appendix C and Table E-1-4 in Appendix E). The nBA concentrations were quite variable, both
by location and depth, but this is often the case with direct push injections using conventional
electron donor (e.g., with emulsified oils or lactate). The results suggested that the radius of
influence was roughly 2 to 2.5 ft, consistent with the design estimates. The ratio of nBA to
bromide was quite variable, suggesting that the nBA distribution may not be strongly correlated
with the tracer, but the results generally showed that nBA was under-recovered relative to
bromide, consistent with nBA partitioning and/or sorbing (see Table E-4-1 in Appendix E).
Production of nBuOH was noted at a couple of locations, indicating that some hydrolysis had
occurred within the first week (Table E-1-4).

Second, about a week after the PED injections were completed, groundwater samples were
collected from a subset of the monitoring wells (see Appendix C for details). The results are
presented in Appendix E. There was good distribution of nBA at these locations, with an
average concentration of 400 mg/L. Also, at this point significant concentrations of nBuOH had
been formed (up to 520 mg/L, with an average concentration of 184 mg/L), representing on
average 38% of the PED in these samples. Table E-4-2 in Appendix E presents a comparison of
the PED and tracer concentrations in these well samples. The ratio of normalized nBA
concentration (considering nBA and nBuOH) to normalized bromide concentration was 0.77 on
average. The normalized bromide concentrations suggested that the samples contained an
average of 22% injectate, ranging from 3 to 62%. Where available, the iodide results were in
agreement. The direct push injection approach that was suitable and distribution was sufficient
to continue with the DEM/VAL.

5.7.4 Biomass Growth Phase

If the PED is a successful donor then a standard application would involve injection of the PED
and then leaving this in place and treatment would be under ambient (i.e., unpumped) conditions.
It was solely for the purposes of the DEM/VAL, to evaluate longevity and quantify effectiveness,
that extraction of water was conducted. During this phase the majority of the PED occurred as
nBuOH, indicating that the nBA had undergone considerable hydrolysis during this stage. Data
indicates consumption of the PED due to microbial activity. The VOC concentrations in this
phase indicate that considerable reductive dechlorination. This stage verified that PED injection
with the direct push approach was able to provide additional donor and promote dechlorination.

As detailed in Appendix C, the recirculation system remained off for a period of six weeks
following PED injection to allow the nBA to partition into NAPL within the demonstration area
and to facilitate the acclimation and establishment of biomass within the demonstration plot. At
the end of this period, the distribution of PED and VOCs within the demonstration area was
assessed through DPT soil sampling and a synoptic survey of groundwater concentrations.
These samples established the conditions prior to starting the recirculation system.
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The groundwater results from this phase of the DEM/VAL are presented in detail in the various
data tables in Appendix E. The nBA and nBuOH concentrations varied considerably throughout
the demonstration areas, as did the TOC. The results show that the majority of the PED occurred
as nBuOH, indicating that the nBA had undergone considerable hydrolysis during the shut-in
period. On average, nBUOH was 84% of the total PED found (i.e. nBA plus nBuOH). The ratio
of normalized total nBA concentration to normalized bromide concentration was 0.51 on
average. The decrease in this ratio over the period of the shut-in period may reflect some
additional partitioning and/or sorption of the PED, but it likely also reflects consumption of the
PED due to microbial activity. The VOC concentrations from this event indicate that
considerable reductive dechlorination had occurred. Figures 1 and 2 present the time trends for
the extraction wells and show the VOC and VFA changes during the biomass growth phase.

Soil samples were collected at the locations presented on Figure 17 to assess soil VOC
concentrations. The VOC concentrations were highly variable with both location and depth, and
overall the concentrations were greater than observed at baseline. This is attributable to natural
spatial variation. Low concentrations of nBA and nBuOH were detected in some samples, but as
there was no evidence in the samples collected of a NAPL phase, no correlation could be
attempted.

5.7.5 Main Recirculation Phase

The Main Recirculation Phase occurred between 09 August 2011 and 16 February 2012. The
recirculation systems generally operated as designed, although there were periods with no
pumping due to limitations in the solar system. Details of the operations are reported in
Appendix C, including volumes, flow rates, operating times and routine O&M information. No
well rehabilitation was required. Appendix C includes hydrographs from select wells (the
extraction wells, a pair of monitoring wells and a pair of injection wells). These clearly show the
oscillation in water levels created by the groundwater recirculation system.

In the upper zone, 243.4 kgal were recirculated at an effective average flow rate (i.e. total
volume divided by total time) of 0.89 gpm. With flow divided between five injections wells, the
average effective injection rates were approximately 0.17 gpm per injection location. Overall,
the system was active for about 53% of the time. Figure 19a presents the operating history for
RWO0007, showing the amount of time the system was active and the cumulative volume pumped
over the duration of the DEM/VAL. Variations in the amount of time the system was active are
apparent in Figure 19a; weather, and hence recharge of the solar-powered system was the main
variable controlling system operation. It is estimated that the recirculated volume represents
about 1.4 pore volumes of the sweep zone, or about 9.6 pore volume exchanges of the zone
within which PED injection occurred (refer to Appendix C).

ER-0716 60 May 2014

Final Technical Report



19b) RW0008

19a) RW0007

[rebx] padwnd awn|oA aAneINnwND

LM
7SM
M
09>IM
67AM
IVAM
PyAM
L7AM
6EAM
LOIM
SEIM
(4%
0eIM
8TIM
LOIM
SOIM
YOIM
oM
0IM
6 1AM
81IM
LM
92 1M
SIIM
7 M
€M
M
LM
oM
HIM

SAAM

LAM

2AM

PIM

7AM

M

2IM

IM

o o o o o o o o o
o L o L o 7] o L (@] o
L < < ™ ™ N N — — L (@)
l l ] l
T T T T T T T T T T
I N N N N N N N N N N
o (@] o o o o o (@] o (@] (@]
o o~ o] N ~O L < ™ N —
[%] ®Anov suwny
[reb>] padwing awnjoa aaneInwind
o o o o o (@] o o o
o n o n o (@] o
n < < ™ — N o
]

N o
(9P N N
I !

100%

?0%

[%] ®Anov suwny

(0]
S
> =)}
(@)] —
(i
—
o
o
[}
>
@ )
0 o
2388 A
S S 3z
o0 0 2
22| O S
HRa m
Eng| 85
c © =
= O X =
s83| £ 7
o}
ORm Sw
o] @)
O Q
ey
(8]
5| O s
© )
_ G

1. Time Active represents the portion of the day in which the system operated. During this time, the
3. Readings are not evenly distributed over time; less frequent recordings at later time create appearance

subsequent weeks (purple bars) represent the Interim Measure Recirculation System Operation Phase.

2. The first 28 weeks (blue bars) represent the Main Recirculation System Operation Phase and

[J]
€
3
o
>
[J]
=
= .
E 5
g g
3
) 5
£
€ .
Q o
N o
c o
] )
wv
(] [0} [J]
= 5 ©
-~ c —
@) = (o)}
<C m [
S £
o (o N
£ i €
= o =]
K] Q
[ 9 5
o ©
@ [} 9]
§ FE 2
N
2 a ©

a1 Bialxs 806 | 2NBIHI\SIINOH £0\HOdY [PIUYDSL PUl [Z\BUIodey D153 YO\QId dD1S3 - TLZ0HI\sIO80I\rdd\d




Figure 19b summarizes the operating history for RWO0008. A total of 221.6 kgal were
recirculated in the lower zone at an effective average extraction flow rate of 0.81 gpm (average
effective injection rates of approximately 0.16 gpm per injection location). The system was
active for about 48% of the time, slightly less than in the upper zone (9% less). The recirculated
volume represents about 1.7 sweep zone pore volumes, or about 8.8 pore volume exchanges of
the PED injection zone (refer to Appendix C). These estimates of pore volume exchanges
demonstrate that considerably more groundwater was recirculated than was initially amended
with PED. This means the PED was sorbed and it stayed in place.

5.7.5.1 Groundwater Sampling - Main Recirculation Phase

Throughout the Main Recirculation Phase, groundwater samples were routinely collected to
assess the VOC mass flux and evaluate the microbial reductive dechlorination of VOCs.
Groundwater sampling is described in Appendix C and details of the sampling program are
provided in Appendix D. The extraction wells were the main focus for routine sampling, with
weekly sampling for the first month and then bi-weekly sampling thereafter. Synoptic surveys
(snapshots) of the entire DEM/VAL plot, including extraction wells, bundle monitoring wells,
existing site monitoring wells and the far-field monitoring wells (30 wells in total) was
conducted at Month 3 (October 2011) and at Month 7 (February 2012). The types and numbers
of samples are summarized in Table 2. The results are tabulated and presented in graphical form
in Appendix E and discussed further below.

5.7.6 Interim Measure Recirculation Phase

Following the Main Recirculation Phase, the recirculation system was operated for an additional
seven months, from 17 February 2012 through 13 September 2012, under an IMWP for NASA.
Details of the operation are presented in Appendix C and summarized in Section 6. Figures 15
and 16 include the operating history for RW0007 and RW0008, respectively, during this Interim
Measure Recirculation Phase.

System operation was essentially the same as during the prior phase; the average effective
extraction rates at RWO0007 and RWO0008 were 0.82 gpm and 0.81 gpm, respectively (see
Appendix C). Hydrographs for RW0007 and RWO0008 for the period of operation are presented
in Appendix C. The recirculated volume for the upper sweep zone was 240.9 kgal, representing
an additional sweep zone 1.9 pore volumes, or approximately 9.5 additional exchanges of the
PED injected area. In the lower sweep zone, the recirculated volume was 239.2 kgal,
representing an additional 1.8 pore volumes, or approximately 9.5 additional exchanges of the
PED injected area (see Appendix C).

5.7.6.1 Groundwater Sampling — Interim Measure Recirculation Phase

The groundwater sampling program was continued during the Interim Measure Recirculation
Phase. Routine monthly samples were collected from the extraction wells, and synoptic surveys
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were collected in Month 10 (June 2012) and at the end of operation in Month 13 (September
2012). Groundwater sampling is described in Appendix C and details of the sampling program
are provided in Appendix D. The types and numbers of samples are summarized in Table 2.
The results are tabulated and presented in graphical form in Appendix E and discussed further in
the sections below.

5.7.7 Soil Sampling

Soil sampling activities are described in Appendix C. Soils samples were collected at the end of
the Main Recirculation Phase (Month 7) and at the end of the Interim Measure Recirculation
Phase (Month 13). The sampling locations, shown in Figure 17, corresponded to the locations
sampled following the Biomass Growth Phase, to facilitate comparison over the course of the
DEM/VAL. Table2 presents the number of samples collected and soil VOC results are
summarized and presented in Table E-1-1 in Appendix E.

Post PED injection, soil samples collected indicated PED was not present at the sampled
locations. The PED, nBA, was only detected in a few locations, at very low concentrations.
Minor amounts of nBuOH were observed in a couple of samples.

Similar results were obtained at the end of the Main Recirculation Phase (Month 7), with
maximum TCE concentration of 75 mg/kg™ at DPT0348. Again spatial variability appeared to
be more significant than changes due to operation of the DEM/VAL. Similar results were
obtained at the end of the Interim Measure Recirculation Phase (Month 13), with maximum TCE
concentration of 75 mg/kg®” at DPT0350. There was again considerable spatial variability.

Although it is admittedly a crude approach, all of the results for each event were averaged
together to develop an average soil concentration (see table below) to estimate TCE and cDCE in
soils at the locations sampled. There is some decline in the amount of TCE detected over the
course of the DEM/VAL, from the end of the Biomass Growth Phase to the end of the Main
Recirculation Phase (Month7) to the end of the Interim Measure Recirculation Phase
(Month 13). Note that baseline is quite different because it represents a different set of locations.
However, the analysis is not very robust, given the observed degree of spatial variability.

Average Soil Concentrations (mg/kg)

TCE cDCE

Baseline 3.60 2.35

Post Biomass Growth 21.27 2.89

Post Main Recirculation Phase (Month 7) 13.07 5.83

Post Interim Measure Recirculation Phase (Month 13) 10.23 5.70
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5.7.8 Groundwater Sampling Results

Groundwater samples collected from the central extraction wells (RW0007 and RW0008) make
up the primary data set, which includes field parameters, VOCs, nBA, n-butanol, DHGs, VFAs,
alkalinity, anions, dissolved metals, and microbial characterization numbers. Additional data
was collected during synoptic events from the entire monitoring well network and used to
support the interpretation.

Appendix E presents a summary of all of the analytical data collected for the DEM/VAL,
including the extension referred to as the Interim Measure Recirculation Phase conducted for
NASA’s IMWP.

All of the data collected for the DEM/VAL is tabulated in Appendix E. There are several
supporting attachments in Appendix E that contain the tabulated and graphed data collected
during the DEM/VAL. A summary of key tables and figures is provided below.

Attachment E-1 contains summary tables for key groundwater parameters collected, including:

e Summary of PED Injectate Batch QC Sampling Results to verify the PED injected to the
demonstration area (Table E-1-3)

e Summary of PED Injection Confirmation Grab Groundwater Sampling Results (Table E-
1-4

e Groundwater Sampling Results: Volatile Organic Compounds (Table E-1-5)

e Groundwater Sampling Results: Dissolved Hydrocarbon Gases, Anions & Tracers
(Table E-1-6)

e Groundwater Sampling Results: TOC, VFAs and nBA (Table E-1-7_

e Groundwater Sampling Results: Dissolved Metals (Table E-1-8)

e Groundwater Sampling Results: Field Geochemical Parameters (Table E-1-9)

e Groundwater Sampling Results: Dhc and Vinyl Chloride Reductase (Table E-1-10)

Attachment E-2 presents time-series plots of selected analytes for each monitoring well location.
For each monitoring location there is a set of four time-series plots, as follows:

A) VOC data using molar concentrations;

B) electron donor results, including nBA, nBuOH, VFA and TOC concentration data;

C) bromide and iodide tracer concentrations through the end of the Main Recirculation
Phase (these analytes were not part of the sample program in the Interim Measure
Recirculation Phase); and

D) geochemical parameters, including methane, ethane, sulfate and sulfide concentrations.

Attachment E-3 presents the VOC distribution history for each monitoring well location in the
form of a stacked bar chart, which shows how the total VOC concentrations varied over time as
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well as how the composition varied. These figures show the changes in total VOC concentration
that were observed following PED addition.

Attachment E-4 provides a summary of the data analysis for assessing the impact of PED
addition based on the conservative tracers amended during PED injection. A comparison of PED
and tracer concentrations was conducted to confirm the experimental design was valid and to aid
in confirming objective 3.6 (delivery of PED to source area). The tracer data collected and
analyzed confirmed that PED was delivered to the source area and that it persisted for over 8
months of groundwater extraction/recirculation.

Attachment E-5 includes data analysis of the extraction wells to support the determination of the
qualitative and quantitative objectives on PED effectiveness.

Attachment E-6 contains the supporting tables for the estimation of VOC and TVOC mass in the
treatment zone over the operational period.

The following subsections present summaries of the key groundwater parameters.
5.7.8.1 VOC Trends

For the upper zone, VOC data from the central extraction well RWO0007 (tabulated in
Table E-1-5) is presented as a time-series in Figure 3a, including the Initial Baseline and
Baseline Flux Assessment results. Figure 3b presents the time-series VOC data for the lower
zone from the central extraction well RW0008. Other parameters (electron donors, tracers, and
geochemical parameters) measured at the extraction wells are plotted in Appendix E
(Attachment E-2). Figure 20 shows the VOC distribution history for RW0007 and RW0008,
respectively.  Appendix E similarly presents time-series plots (Attachment E-2) and VOC
distribution plots (Attachment E-3) for the other monitoring locations.

For the upper zone, Figure 20a illustrates that the total VOC flux to RW0007 during the Main
Recirculation Phase was less than during the Baseline Flux Assessment Phase, whereas the PED
was anticipated to increase the TVOC flux. During Baseline Flux Assessment weekly samples
were collected to assess VOC concentrations under pumping conditions. The TVOC
concentration and the VOC distribution were stable in the baseline flux phase, with cDCE being
the primary VOC. The presence of cDCE is attributed to the larger VOC plume associated with
the source area beneath the ESB (refer to Section 4 above). TCE and CFC113 concentrations
were also stable (Figure 3a). The concentration of TCE had decreased considerably by the end
of the Biomass Growth Phase as a result of PED addition. Over the course of the Main
Recirculation Phase, TCE and cDCE concentrations decreased while VC and Ethene
concentrations increased, indicating that reductive dechlorination was active. This trend
continued through the Interim Measure Recirculation Phase. It is noted that the continued
presence of CFC113 may have limited reaction rates in the upper zone.
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For the lower zone, Figure 20b illustrates that the total VOC flux to RWO0008 during the Main
Recirculation Phase was considerably greater than during the Baseline Flux Assessment Phase,
indicating that PED addition increased the TVOC flux as anticipated. Note that the
concentrations are considerably lower in the lower unit. During Baseline Flux Assessment
weekly samples were collected to assess VOC concentrations under pumping conditions. The
TVOC concentration and the VOC distribution were stable. TCE was the primary VOC and the
cDCE concentration was about half that of TCE. The halo of the ESB plume was not observed
in the lower zone at Hot Spot 1. During the Biomass Growth Phase there were strong indications
of reductive dechlorination activity. The confirmation samples in July 2011 indicated a
significant increase in the TVOC concentration, primarily attributed to cDCE and then the
samples at the end of the shut-in period indicated that all of the VOCs at RW0008 had been
converted to VC and ethene. Once recirculation was started, groundwater containing TCE and
cDCE was drawn to the well. Over the course of the Main Recirculation Phase, TCE
concentrations fluctuated somewhat but did not sustain a concentration below baseline until the
Interim Measure Recirculation Phase. Concentrations of less-chlorinated products, cDCE, VC
and Ethene increased over the operation of the DEM/VAL, indicating that reductive
dechlorination was active. This trend continued through the Interim Measure Recirculation
Phase.

The extent of reductive dechlorination was characterized by calculating the fraction of chlorine
removed from the equivalent concentration of TCE, as described in Appendix E. The
quantitative analysis of the extent of dechlorination is illustrated in Figure 4a for RW0007 and
Figure 4b for RW0008, respectively. Note that complete conversion to DCE, VC, and ethene
would correspond to dechlorination scores of 33%, 67% and 100%, respectively. These figures
show that over the course of the DEM/VAL, both the upper and lower zones shifted increasingly
toward complete dechlorination.

Figure 21 shows the estimated TVOC mass in the treatment zone based on the observed
groundwater concentrations. The total mass of TCE, cDCE and VC is seen to decrease over the
period of operation of the DEM/VAL.

ER-0716 66 May 2014

Final Technical Report



Interim Measure

20

zl-des-¢l
Z1-bnv-91
zLnr-61
zlL-unr-9g
Z1-AoOW-£1
zl-1dy-61
ZL-OW-GL

Figure

Recirculation

October 2013

¢l-ged-v1
¢l-upr-9¢
Zl-uor-g

L1-99a-G1L
L 1-AON-CC
L1-AON-O1

RW0007 & RW0008
Launch Complex 34, Cape Canaveral, FL

Geosyntec®
consultants

Volatile Organic Compound Distribution History
Guelph

L 142092
L1-400-€L
| -dos-82
L 1-dos-G1
L1-Bnv-1¢
L1-Bnv-iZ
L1-Bnv-81
L1-Bnv-z1

Main Phase Recirculation
Date

Biomass

LL-Bnv-|
LL-Inr-£

Growth

Baseline Flux

[ 1-dv-61
| 1-1dv-/

| l-IOW-82
L l-IOW-2Z

Assessment

20b) RW0008

80

20
10 1
0

o o o
Yo} ~ ™

70
60

(1/10wnrl) uonenuasuo)d

Interim Measure
Recirculation

zl-das-¢|
Z1-6ny-91
zl-nr-61
zl-unr-9z
C1-AoW-£1
Zl-idv-61
ZI-IOW-G |

Main Phase Recirculation

[-G84-¥ 1
B —— —
——

¢l-upr-go
S ——
S —
S ————
S ——
S ———
S . e —
S —— —
S e e OV
S S ——
B S A B

| | [ L 1-Brv-z]

Date

B Ethene

mvC

Biomass
Growth

mtDCE

LL-Bnv-10
LL-Inr-£0

Baseline

mcDCE

[ 1-1dv-61
| 1-1dv-£0
L l-IDW-82
L l-IPW-ZT

BTCE

Flux
Assessment
Bars represent detected data only

pumol/ L - micromoles per liter
cDCE - cis-1,2-Dichloroethene

TCE - Trichloroethene

Notes:

tDCE - trans-1,2-Dichloroethene

VC - Vinyl chloride
¥ -no analysis for ethene

20a) RW0007

550

o o o o

L o 0 o

(4p] ™ N N
(3/10wrl) uonenuasuo)

500
450
400
150 A
100 ~

70T Bialxsi q8o0z 21nBIHI\SIINOH £0\HOdY [PIUYDSL [Puld [Z\BuUodey D153 PO\QId dD1S3 - TLZ0HI\sIO80I\Mdd\d




P:\PRJ\Projects\TR0272 - ESTCP_PED\04 ESTCP Reporting\21 Final Technical Report\05 APPENDICES for FIR\E_Data Summary\Attach E-6_Plume Mass Estimates\Plume Mass Calcs.xisx

A) Dissolved Phase VOC Mass

45

40

35

|IIII[

Apr-2011 Aug-2011 Oct-2011 Feb-2012 Jun-2012 Sep-2012
Date

w
o

N
(€]

N
o

TVOC Mass [kg]

[y
wv

[y
o

B) Total VOC Mass (Dissolved plus Sorbed)

80

70

50
30
20
O T T T T T T

Apr-2011 Aug-2011 Oct-2011 Feb-2012 Jun-2012 Sep-2012

TVOC Mass [kg]
o
o

Date
BTCE mcDCE mVC
Notes:
1. TVOC mass is estimated as the sum of TCE, cDCE and VC (i.e., A
does not include CFC113). Treatment Zone TVOC Mass Estimates
2. Mass of each VOC in the treatment zone plume is the sum of over Operation of the DEM/VAL
the estimated mass in each zone (upper, middle and lower). Launch Complex 34, Cape Canaveral, FL
VOC mass in each zone is estimated using the average VOC
concentrations at all monitoring locations in that zone and the
volume of groundwater in the zone. [»3 .
3. TVOC mass with sorption is estimated using compound- Geosyntec Flgure
specific retardation coefficients for each zone. consultants
21
Guelph | October 2013




5.7.8.2 Electron Donors - nBA and nBuOH, TOC and VFAs

The concentrations of nBA, nBuOH, VFAs and TOC are tabulated in Table E-1-6 and plotted in
time-series figures in Attachment E-2 for each monitoring location. Donor concentrations
observed at the central extraction wells, RW0007 and RW0008 in terms of the amount of carbon
(i.e. mmol C/L) indicates the PED was a suitable electron donor and provided a sustained source
of donor (refer to Tables E-5-5 and E-5-10 in Attachment E-5).

In water, nBA undergoes hydrolysis to form acetate and n-butanol. The n-butanol is utilized by
fermenting organisms to produce butanoate, acetate, and hydrogen. Early time data, collected 9
days after completing the PED injection (PED injection occurred over a 9 day interval from
20 June 2011 to 28 June 201), indicated that, on average, n-butanol made up 38% of the total
nBA equivalents detected in groundwater (the proportion of total nBA equivalents that was n-
butanol ranged from 14% to 54%). After an additional 24 days (on 01 August 2011 & 02 August
2011), n-butanol comprised 84% of the total nBA equivalents detected. These data suggest that
nBA underwent relatively rapid hydrolysis following its introduction to the DEM/VAL plots.
Very little nBA was detected in groundwater samples collected from the extraction wells after
the Biomass Growth phase; low concentrations were observed at the extraction wells during the
Week 1 sampling (refer to Table E-1-5 in Appendix E), three days after groundwater
recirculation was initiated, but not beyond that. At the Month 3 synoptic sampling, nBA was
only observed at two of the bundle monitoring locations, BW0001B and BW0001D. nBuOH
was present in extracted groundwater from RWO0008 for only two weeks following system start-
up and from RWO0007 for four weeks. nBuOH was not detected in week 6, although low
estimated concentrations of nBuOH were subsequently observed at RW0007 during weeks 8
through 12 suggesting that hydrolysis occurred.

Despite the relatively quick depletion of the nBA and nBuOH, the concentration of TOC did not
decline as rapidly. TOC concentrations were sustained in both the upper and lower sweep zones,
with the TOC concentration in the upper zone (RWO0007) remaining above 100 mg/L though
week 28 while in the lower zone (RW0008) remaining above 40 mg/L through week 28. After
six more months of operation, TOC in the upper unit had decreased to 9.6 mg/L, or just above
background levels, while in the lower unit the TOC declined to 27 mg/L.

VFAs accounted for most of the TOC, with acetate and butanoate being the most abundant VFASs
identified in groundwater samples, along with minor amounts of propionate. When present, such
as at early time, nBA and/or nBuOH contributed to the TOC. While acetate was a major
component of the VFA, there was a significant contribution from butanoate, particularly in the
upper zone. At RWO0007, butanoate represented an average of 46% of the carbon occurring as
VFAs over the initial 28 weeks of operation; the proportion was as high as 58% in week 4,
declining to 27% by week 28. At RW0008, butanoate represented a smaller proportion of the
VFA carbon, averaging 21% over the 28 weeks of recirculation, with a high of 47% in the first
week declining to about 7% by the end of the DEM/VAL in week 28. Propionate made up 2 to
3% of the VVFAs (as carbon) in both zones. The reason for the different relative composition of
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the VFASs in the upper and lower zones is not known, but may reflect differences in the microbial
populations responsible for fermentation of the various donor compounds. The difference may
also reflect differences in the amount of nBA partitioned into NAPL and/or sorbed to the matrix;
if more nBA was in fact sequestered in the upper zone, the higher proportion of butanoate
observed here may have been the result of sustained release of nBA from residual NAPL and/or
sorption sites.

The fact that nBA addition leads to the sustained supply of butanoate is a noteworthy feature of
the technology. Soluble donors such as lactate and ethanol are more quickly consumed and TOC
in these systems is quickly dominated by acetate. Also, butanoate has been shown to result in
less methanogenesis than ethanol or lactate, because butanoate produces lower levels of
hydrogen (Fennell et al., 1997).

5.7.8.3 Tracers

The tracer data is presented and analyzed in Appendix E. The concentration of bromide in
extraction well RW0007 was always higher than that from RWO0008, on average by a factor of
about 3 (refer to Table E-1-6). The greater sustained concentrations at RW0007 suggest that
more bromide mass was introduced to the upper sweep zone than the lower. No iodide was ever
detected in monitoring locations in the lower zone, indicating that there was no significant
movement of fluid from the upper sweep zone to the lower sweep zone. It was also noted that
differences in the iodide and bromide recovery suggest that iodide may not have been
conservative in the upper demonstration area.

Because PED was not detected in many samples after the first few weeks of operation, the
bromide data was of limited utility to estimate partitioning. It did however serve as a tracer of
the injection fluid and could be used to estimate the amount of blending that had occurred.

Average tracer concentrations at the end of the Main Recirculation Phase were used to estimate
how much groundwater had been recirculated relative to the pore volume (refer to Appendix E).
For the upper zone, this resulted in a rough estimate of 1.9 sweep zone pore volume
replacements, which is in agreement with the estimate based on area and depth (refer to
Appendix C). For the lower zone, this resulted in a rough estimate of 0.9 sweep zone pore
volume replacements, which is somewhat lower that the estimate based on area and depth (refer
to Appendix C).

5.7.8.1 Field Parameters

The field parameter data is summarized in Appendix E. The pH was generally about 7.5,
varying somewhat spatially and temporally, but without apparent trends. Maintenance of neutral
pH is conducive to promoting reductive dechlorination. The oxidation reduction potential (ORP)
and dissolved oxygen (DO) concentrations indicated that suitable reducing conditions (ranging
from sulfate reducing to methanogenic) were maintained throughout the DEM/VAL. Toward the
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end of the Interim Measure Recirculation Phase, the ORP became less negative in the upper zone
and DO concentrations increased slightly, to about 1.0 mg/L in both zones.

5.7.8.2 Geochemical Indicator Parameters

The geochemical indicator data, including DHG concentrations, is summarized in Appendix E.
The methane and ethane data, as well as the sulfate and sulfide data for each monitoring location
are plotted in the “d” series of figures in Attachment E-2. Ethene is plotted with the chlorinated
ethenes in the “a’ series of figures in Attachment E-2.

Production of ethene was observed in both the upper and lower zones, confirming that complete
dechlorination of the parent VOCs (TCE, cDCE) through VC was occurring. Ethane was
detected at many locations following PED addition. For example, at Month 3, the average
ethane concentration in the upper zone was 25 pg/L, while in the lower zone it was 5 pg/L.
Ethane is produced by the reduction of ethene, which is produced from dechlorination of TCE,
cDCE and VC.

Methane was present in the groundwater from the beginning of the DEM/VAL, in the upper zone
more so than the lower, with average baseline concentrations of 80 pug/L and 7 ug/L,
respectively. Methane concentrations increased significantly over the course of system operation
in both the upper and lower zones (refer to Appendix E). For example, at the Month 7 synoptic
event, the average concentrations of methane were 290 pg/L and 330 pg/L in the upper and
lower zones, respectively.

Sulfate concentrations were generally observed to decrease, while sulfide concentrations
increased, indicating that the reducing conditions created by the addition of the PED stimulated
indigenous sulfate reducing bacteria (refer to Appendix E).

5.7.8.3 Metals

Concentration data for dissolved Arsenic, Iron and Manganese over the course of the DEM/VAL
are presented in Appendix E (Table E-1-8 in Attachment E-1). These species are known to be
redox sensitive and are more mobile in their reduced forms. Dissolved Arsenic was not detected;
dissolved Iron was observed initially at low levels; and dissolved Manganese was observed in
most samples at low concentrations of 20 to 30 pug/L (below the FDEP GCTL of 50 pg/L).
Manganese concentrations generally reached peak values at the end of the Biomass Growth
Phase and then returned to background levels.

5.7.8.4 Molecular Characterization

The results of microbial characterization are presented in Appendix E (Table E-1-10 in
Attachment E-1). Groundwater samples were analyzed to determine the presence and abundance
of Dhc organisms, microbes that are capable of reductive dechlorination of chlorinated ethenes.
Six locations were monitored over the course of the DEM/VAL, three in the upper sweep zone
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(BW0001C, BW0003C and RW0007) and three in the lower sweep zone (BWO0001E, BWO0003E
and RWO0008). Baseline samples indicated that TCE-dechlorinating bacteria are native to the
site; however, the number of Dhc organisms was relatively low. The Month 3 samples showed
significant increases in Dhc organism numbers, with similar results over the course of the
DEM/VAL indicating that the microbial population was sustained by the electron donors
available with the plots.

In addition, the vinyl chloride reductase (vcrA) assay results confirmed that the native Dhc was
capable of degrading VC to ethene efficiently. Data from the extraction wells indicated that
initially the vcrA component made up only about 5% of the Dhc, but that over the course of
operation the proportion of Dhc organisms that contained the vcrA component grew to be
essentially 100%. This suggests that by Month 10 the entire Dhc microbial population had the
capability of degrading vinyl chloride to ethene efficiently.
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6 PERFORMANCE ASSESSMENT

6.1 EASE OF IMPLEMENTATION (QUALITATIVE)

To increase the likelihood that the PED technology will be adopted as an approach to source
zone bioremediation, it should be straightforward to implement. Ease of implementation using
standard equipment and application methods is an important benefit of the PED technology.

The ease of implementation was evaluated based on the experience of field staff and the actual
availability and costs of installed equipment. The success criterion for this objective is that PED
amendment to the source area is effectively achieved using readily available equipment.

This objective was achieved based on experience with the actual injection of nBA (the PED) at
the Site. PED was successfully introduced to the source area using readily available direct-push
injection equipment. The injection contractor performed essentially standard injections with a
few extra precautions (e.g. bonding and grounding) for handling the pure nBA. Field application
of nBA was deemed comparable to traditional soluble donor amendment in terms of equipment,
time and effort, once the field crew were educated about nBA handling. The equipment required
for the solar-powered recirculation system was also standard issue, readily available through
local suppliers and assembled by technicians with training in basic plumbing techniques. Ease of
implementation using standard equipment and application methods is an important benefit of the
PED technology, since this facilitates it being adopted as an approach to source zone
bioremediation.

6.2 ABILITY TO PROMOTE BIODEGRADATION (QUALITATIVE)

To be effective, the PED must have promoted biodegradation of the target contaminants. The
reduction in contaminant mass is a function of the degree to which biodegradation was promoted
in the subsurface. Due to budget constraints, a new control plot was not established for the
DEM/VAL, but the project used the results from a prior pilot-scale demonstration at LC34
(Battelle, 2004; Hood et al., 2008) to compare PED efficiency to a soluble donor system (the
previous study used ethanol). Addition of any electron donor can promote growth (biomass)
which will in turn accelerate the consumption rate of donor (i.e., the donor consumption rate will
vary in time and space) and as such it was not possible to statistically assess equivalent
bioactivity between the prior study and the PED demonstration. Note that the goal was not to
stimulate equivalent bioactivity — the prior LC34 demonstration experienced biofouling and
maintenance to control biofouling was a significant cost. The goal was to demonstrate that the
PED (nBA) could be utilized by the native dechlorinating microorganisms and had the ability to
promote biodegradation of TCE.

The ability to promote biodegradation using the PED technology was evaluated on the basis of
increases in the concentrations of dechlorination breakdown products and increases in the
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population of microorganisms capable of dechlorination. Reductions in concentration of the
parent compounds also contributed to the evaluation of biodegradation activity.

Groundwater samples were collected prior to donor amendment to establish baseline VOC
concentrations and microbial numbers; groundwater samples were then collected over time
during the demonstration to monitor changes in concentration and/or microbial numbers.

This objective was confirmed by the increases in the concentration of degradation products
(cDCE, VC and ethene) from the reductive dechlorination of TCE and increases in the
population of dechlorinating microorganisms in response to PED addition (Figure 4). In both the
upper and lower demonstration areas, sustained production of dechlorination products, including
ethene, was observed, demonstrating that the PED (nBA) could be utilized by the native
dechlorinating microorganisms and thus had the ability to promote biodegradation of TCE.

6.3 LONGEVITY OF ELECTRON DONOR SUPPLY (QUALITATIVE)

Longevity of electron donor supply was assessed using the same time-series groundwater
concentration data collected for assessment of several of the other objectives, namely the
concentrations of remaining nBA, donor breakdown products (including n-BUT from nBA),
VFAs, and TOC. Sustained donor supply from a one-time addition of PED is desirable, as it
requires reduced frequency of donor replenishment.

This objective was confirmed by the persistence of electron donor equivalents throughout the
DEM/VAL operation (see Section 5.7.8.2). The concentrations of nBA, nBuOH, VFAs and
TOC are presented in Table E-1-7 and plotted in time-series figures in Appendix E for each
monitoring location. Figures 22a and 22b show the VOC and donor trends for RW0007 and
RWO0008. Donor concentrations observed at the central extraction wells, RW0007 and RW0008
in terms of the amount of carbon (i.e. mmol C/L) indicates the PED was a suitable electron donor
and provided a sustained source of donor (refer to Tables E-5-5 and E-5-10 in Appendix E).
Measured TOC concentrations were generally equal to the sum of the individually quantified
components. For example, at RW0007 the TOC concentration was, on average, 91% of the sum
of the VFAs plus other carbon-containing compounds (nBA, nBuOH, VOCs and DHGSs) and at
RWO0008, the TOC concentration was 99% of the sum of the VFAs and other measured carbon-
containing compounds. TOC alone was monitored in the follow-on IM phase of operation, as it
gave sufficient means to monitor the donor availability within the DEM/VAL plots.

The total TOC added to the system was 238 kg (from 384 kg of nBA). This equates to 119 kg to
the upper zone, 37.5 kg to the silty clay zone and 83.3 kg to the lower zone. Figure E-4-3 in
Appendix E shows the cumulative mass of TOC extracted from RWO0007 and RWO0008,
respectively. These results were estimated by summing the product of the average TOC
concentration and the volume of groundwater extracted between sampling events. The analysis
was extended beyond the DEM/VAL, although TOC concentrations were only measured on two
occasions, in weeks 47 and 58. Considering the results together, the cumulative mass of TOC
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extracted was greater than the total mass of carbon in the nBA injected, which is an expected
consequence of the recirculation of groundwater. When considering each separately, the mass of
TOC extracted from the upper and lower zones exceeded the mass of nBA (as TOC) delivered to
each zone respectively. This implies biomass grown in place may be enhancing the TOC.

6.4 PED PARTITIONS INTO THE DNAPL (QUALITATIVE)

The partitioning of PED into DNAPL was evaluated using groundwater analyses for
conservative tracers (bromide and iodide), nBA and nBuOH, and TOC following PED injection.
In the TDP (Lebrén and Major, 2011), it was suggested that nBA and VOC concentrations in soil
would be analysed as well, but this was deemed impractical, as it would not be possible to
determine whether the nBA and VOCs were in a NAPL phase or not. Because baseline soil data
for VOCs showed considerable spatial variability and the presence of DNAPL was not
confirmed, it was considered infeasible to attempt to quantify nBA within TCE-NAPL through
soil sampling.

This performance objective was met. Although data collected in the field DEM/VAL did not
have sufficient resolution to demonstrate PED partitioning into DNAPL the partitioning
phenomenon was clearly demonstrated in the laboratory column experiments (Cépiro et al., 2011
and the laboratory summary report). The major reason for the apparent difference in behavior,
between laboratory and field, is the amount of NAPL present in each case. As discussed in the
TDP, the change in the aqueous concentrations of nBA should be proportional to the mass of
residual NAPL present. In the laboratory column tests, the emplaced NAPL zone occupied 10-
15% of the pore space. At this relatively high saturation, the NAPL phase can sequester a
significant amount of nBA, resulting in a relatively large decrease in the aqueous phase
concentration of nBA that can be readily detected. In contrast, the DEM/VAL field plots had
low residual NAPL saturation (in fact, the degree of saturation could not be determined), such
that only a relatively small amount of nBA would need to partition from the aqueous phase to
establish equilibrium between the aqueous phase and any NAPL phase droplets. If only a small
amount of nBA was sequestered from the aqueous phase, the resulting decrease in the
concentration of nBA would be small and difficult to discern in the field data.

In the field, combined recovery of nBA and nBuOH shortly after PED injection (data collected
07-Jul-11 from 10 monitoring locations) was, on average, 93% of the bromide tracer recovery,
suggesting some partitioning and/or sorption. Also, any additional breakdown products from the
nBA were not accounted for, since TOC measurements were not collected at this time.
Furthermore, there was considerable variation in relative recovery between monitoring locations,
such that the standard deviation was 47%. Because of this, there is little confidence in the
interpretation of the observed difference in terms of partitioned nBA. Later data is difficult to
assess in this manner due to breakdown of the nBA, although the recovery of TOC relative to
tracer gives some idea.
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The 93% relative recovery is perhaps higher than might be expected once sorption of nBA to
organic carbon in the aquifer is taken into account. Using the fraction of organic carbon
determined on soils samples (Appendix E), a retardation factor of 1.4 was estimated for the
upper sweep zone, suggesting that at equilibrium approximately 30% of the nBA might be
expected to be sorbed to the matrix. When the aqueous nBA concentrations are scaled by a
factor of 1.4 (with no scaling of the nBuOH since it is not expected to sorb strongly), the relative
recovery of nBA and nBuOH is estimated to be 1.16 (£0.57).

6.5 PED PARTITIONS oUuT OF THE DNAPL AT A SUITABLE RATE AND CONCENTRATION
(QUALITATIVE)

The applied PED, once partitioned into residual DNAPL phases and onto sorption sites, must be
released to groundwater at a rate and concentration that is sufficient to support bioremediation.
The success of the technology relies on creating a sustained donor supply that matches the
release of contaminants. The PED partitioning rate will be considered suitable if it occurs over
the timeframe of the period of evaluation.

Assuming that PED partitioning into DNAPL is successful, the expectation is that PED will be
released back to groundwater when dissolved-phase PED concentrations decrease as the un-
amended groundwater is pulled into the treatment area due to removal from the central extraction
wells. The intent is that this will sustain concentrations of nBA and/or its breakdown products
that are greater than would persist in a soluble donor system after a pore volume of water has
been extracted. In a soluble donor system, the donor will be removed with groundwater. In the
PED system, donor is re-supplied from the DNAPL phase (and sorptive sites).

Assessment of this objective required use of nBA concentrations in groundwater over time,
nBuOH concentrations, VFA and TOC concentrations, and VOC concentrations in groundwater.
The assessment was not straightforward, as the nBA was actively consumed as it migrated
toward the extraction well; however, evidence of sustained donor supply provided by the
presence of dechlorination products should also support the evaluation. Changes in the amount
of DNAPL dissolution were assessed by comparing the total flux of VOCs observed at the
central extraction wells before and after application of the PED.

This performance objective was considered met. Sustained concentrations of electron donor
(TOC and VFAs) were observed, with production of dechlorination products. Microbial
numbers also increased. For the upper zone, the presence of elevated concentration of CFC-113
(which can inhibit dechlorination) and high initial concentrations of cDCE would mask the
increase we wanted to observe. In the lower zone a sustained increase in total VOC mass flux
was observed. Both upper and lower zones had near complete removal of TCE, only one location
(BW0001D) had TCE remaining at the end of the DEM/VAL.
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6.6 ABILITY TO DELIVER PED INTO THE SOURCE AREAS (QUANTITATIVE)

One objective of the PED DEM/VAL was to demonstrate that the PED can be readily delivered
to the source area. In order to be an effective bioremediation approach, the application of PED
should have been reasonably comparable to that of other traditional electron donors, so that its
other properties can provide an overall benefit. The ability to deliver the design quantity of PED
into the source area was expected to be comparable to that of other electron donors.

The objective was to be considered met if the design quantity of PED-amended fluid was
delivered to the target zones within a reasonable amount of time (hours), using reasonable
injection pressures. The success criterion was to amend at least 75% of the target volume
(33,600 gal). This performance objective was met. The injection program successfully delivered
the target volume and concentration of PED-amended fluid to the target zones: 34,000 gal of
injectate containing 3,000 mg/L nBA with bromide and/or iodide as tracers was injected.

An additional consideration for this objective was that the post-injection concentrations of nBA,
in soil and groundwater, would be well distributed following amendment. This objective was
also met.

The ability to deliver the design quantities of PED to the target zones of the source area was
assessed during installation, through observation of field implementation and monitoring of
injection pressures and flow rates. Following amendment injection, the achieved distribution of
PED was assessed through post-injection sampling of groundwater for tracers and nBA.

6.7 INCREASED DNAPL DiSsOLUTION (QUANTITATIVE)

The PED technology is designed to provide electron donor at the NAPL:water interface to
promote growth of dechlorinating biomass as close to the source of dissolved-phase VOCs as
possible. By promoting and supporting reductive dechlorination close to the NAPL:water
interface, the PED creates a steep concentration gradient between the NAPL and the aqueous
phases, which results in increased DNAPL dissolution.

The amount of DNAPL dissolution was assessed by comparing the mass discharge of VOCs
before and after application of the donor. Mass discharge is an integrated estimate of the mass
flux, representing the total mass of any solute conveyed by groundwater through a plane, in this
case a cylindrical surface around the extraction well. One advantage of this method is that the
extraction well effectively integrates flow and concentration so that even small concentration hot
spots and high-transmissivity zones are captured by the well and included in the estimate (ITRC,
2010). Typically this approach requires that the pumping well not increase the flow through the
source zone, which might increase the dissolution rate (concentrations may or may not change),
pumping be continued long enough that relatively steady-state conditions are achieved, and
capture of the high-discharge portions of the plume must be complete or near-complete (ITRC,
2010).
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The mass discharge was calculated from the groundwater VOC concentration data and the
pumping rate and volume data. The total amount of TCE equivalents was calculated as the sum
of TCE and its breakdown products, on a molar basis. The product of these measured
concentrations and the volumetric pumping rate yielded an estimate of the total mass discharge
rate. Using the pumped volumes, estimates of cumulative total mass discharge over time were
determined. Changes in the total amount of TCE equivalents over time indicated changes in the
rate of DNAPL dissolution. Interpretation was complicated by the fact that extracted
groundwater was re-injected in the peripheral ring of injection wells without removing VOCs (or
donor); dissolved species in groundwater removed from the extraction wells were re-introduced
to the aquifer at the perimeter of the sweep zones. Estimates of the relative amount of recycle
were obtained from comparison of the pumped volumes to estimates of the sweep zone pore
volume, the tracer data and the TOC data.

It was expected that the PED plot would have increases in total VOC concentrations following
amendment with nBA (relative to baseline). This increase in total VOC mass flux would be a
primary indicator that the PED application worked as intended. The objective was to be
considered met if the increase in total VOC mass flux observed in the PED plot was 50% or
greater than that typically observed at sites where soluble donor was applied.

The result was partially confirmed. In the lower zone there was an increase in the total VOC
mass flux to the extraction well. In the upper zone there was not an increase in total VOC mass
flux to the extraction well. The lower zone enhancement factor was in the range for a typical
donor application. DNAPL was not confirmed (i.e., observed) in the pilot test but the data
collected indicate that there were additional TVOCs in the system.

Although the presence of DNAPL within the field plot was not confirmed the dissolved
concentration data showed increases in the total amount of VOCs in some locations. Time trend
plots of the VOCs at extraction wells RW0007 and RWO0008 are presented in Figure 3.
Appendix E contains time trend plots for the other monitoring well locations. The upper zone
did not experience an increase in total VOC mass discharge at the extraction well, even though
there was a definite shift towards lesser-chlorinated degradation products, as illustrated by the
extent of dechlorination calculation shown in Figure 4. A number of factors may have
contributed to this, including:

e Sustained elevated concentrations of cDCE;
e Sustained elevated concentrations of CFC113; and

e Distribution of TCE (and CFC113) — most of the mass was found at BW0001 upon
installation and RWO0007, suggesting there may have been DNAPL in that portion of
the demonstration area, but not uniformly around the extraction well, so that the
pumped groundwater represents a blend of water that passed through a source zone
where contact with residual DNAPL was possible, and other water that came
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from/through other portions of the demonstration area(s) where there was little TCE
NAPL to contact.

The lower zone did experience an increase in total VOC mass discharge at the extraction well.
The concentration trend is presented in Figure 20b. This figure shows that the increasing total
VOC mass in extracted groundwater was due to increasing amounts of TCE degradation
products.

The lower zone enhancement factor was in or above the range for a typical donor application.
Data from RWO0008 showed that, during the first three months, the ratio of TVOCs to the
concentrations observed during the baseline recirculation phase was on average 2.4 times greater.
The TVOC ratio increased to an average of 4.1 times over the next four months (i.e., months 4
through 7). Data collection during the subsequent Interim Measure Recirculation Phase was not
as frequent, but at months 10 and 13, the TVOC ratio was 5.3 and 4.4, respectively.

6.8 IMPROVED EFFICIENCY OF ELECTRON DONOR UTILIZATION (QUANTITATIVE)

Because the PED will partition into residual DNAPL, and partition back into groundwater along
with VOCs as they dissolve from the NAPL-phase, the electron donor may be preferentially
utilized by dechlorinating bacteria. Hence, a greater proportion of the amended PED was
expected to be used to support reductive dechlorination of VOCs rather than untargeted reactions
(e.g., methane production).

The efficiency of electron donor utilization was assessed using the groundwater concentrations
of VOCs, electron donors, breakdown products, and dissolved hydrocarbon gases (DHGs) over
time. The parent donor compound, nBA, along with its breakdown products (n-butanol, acetate,
and other VFAS), were monitored, in addition to the VOCs and their breakdown products, plus
other compounds that may have formed, such as methane, so that a detailed understanding of the
donor consumption pathways was ascertained.

The objective would be considered met if the ‘utilization ratio” is greater for PED than is
typically observed with traditional soluble donors. The success criterion will be an observed
increase in utilization ratio of 50% or greater relative to the soluble donor system of the prior
LC34 study (Battelle, 2004; Hood et al., 2008). That is, the units of TCE dechlorinated to units
of ethanol applied for soluble donors will be compared to the units of TCE dechlorinated in the
PED plot to units of PED applied).

The PED lasted longer than a soluble donor, several pore volume flushes were completed and if
the donor was soluble it would have been extracted from the system. However, determining that
the PED was more than 50% better than a soluble donor was not quantitatively determined. In
the upper sweep zone significant cDCE was present at the start of the DEM/VAL and so
production of cDCE from PED addition was not simply calculating the cDCE increase. This was
not the case for the LC34 study. There were also elevated concentrations of CFC113 in many of
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the collected groundwater samples which can inhibit dechlorination which would also limit
confirmation of the objective. Nevertheless, the PED can be considered similar to other long
term electron donors (e.g., emulsified vegetable oils) over the benefits of soluble donors (e.g.,
lactate or ethanol).

6.9 REDUCTION IN DNAPL MASS IN THE SOURCE AREA (QUANTITATIVE)

One goal of source zone bioremediation is to reduce the amount of DNAPL remaining in the
source area, to reduce the expected time for clean-up. Reduced source mass may also result in
reduced VOC loading to the downgradient plume.

Assessment of this objective was based on the baseline and final VOC concentrations in soil and
groundwater. If the PED is able to partition effectively into residual DNAPL and this promotes
bioactivity then a decrease in soil VOC concentrations should occur. This may increase
groundwater VOC concentrations (in part due to production of daughter products).

The objective was confirmed based on the interpolated TVOC mass in the treatment zone.
Figure 21 presents the interpolated TVOC mass accounting for sorption; there is a significant
decline in TVOC mass, estimated to be a 77% reduction (Attachment E-6 in Appendix E). The
sparse data set of soil samples, targeting specific locations, suggest there are some changes in
TVOC but changes may not be sufficient to discern changes in TVOC mass across the entire
treatment area.

6.10 REDUCE OPERATION AND MAINTENANCE COSTS (QUANTITATIVE)

A major feature of the PED technology is the reduced frequency of donor replenishment, the
commensurate reduction in application costs, and the shorter remedial timeframes, resulting in
lower operation and maintenance (O&M) costs, anticipated due to increased rates of DNAPL
dissolution. The success of the PED technology depends on the degree to which these reductions
in the number of applications and in the cost of operation and maintenance can be realized.

The reduction in operation and maintenance costs was estimated on the basis of the data
collected during the DEM/VAL, including the costs for materials, labor and analytical costs.
The time of operation relative to operation with a soluble donor was extrapolated using apparent
DNAPL dissolution rates to estimate remedial timeframe. The observed longevity was used to
estimate the frequency of re-amendment, to estimate costs over the lifetime of the remedy.

This performance objective was generally confirmed. The PED remained longer in the
groundwater compared to a simple soluble donor (e.g., lactate) and promoted dechlorination.
After 8 months of recirculation there was still enough residual organic carbon to promote
bioactivitiy. On this basis we can conclude that the donor lasted longer than estimated, with no
significant biofouling issues and hence less frequent donor addition and maintenance with the
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PED over a soluble donor. Given this it would be likely that the PED will provide a shorter
remedial timeframe but it is not exactly known if this will be a cost savings of 25% or more.
However, the exact 25% reduction cannot be quantified, per se. At the end of the DEM/VAL
VOC mass remained in parts of the test area and the time to completely treat remaining VOCs

was not known.
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7 COST ASSESSMENT

To assess and validate the expected costs of the PED technology, detailed cost information was
tracked during the demonstration. This provides a cost summary for implementation of the
technology and for comparing it to potential alternative technologies. An effort was made to
identify and track cost elements unique to the PED technology so that the cost benefits of the
PED technology could be assessed and realistic cost estimates could be made for implementation
at a given site.

7.1 CosT MODEL

The simplified cost model developed for the PED technology is presented in Table 5. The cost
model reflects the elements that were incurred in the demonstration and that would be required to
implement the technology for site remediation. In most cases, costs for the demonstration were
greater than those anticipated for a typical application, due to extra efforts to collect sufficient
data during the demonstration to validate the technology. Costs for implementing the technology
at a selected site can be estimated using standard costs for the elements.

7.1.1 Cost Element: Laboratory Treatability Study

Although not absolutely required, a treatability bench scale evaluation would be conducted at
most sites to determine the feasibility of implementing bioremediation at the site and to
determine whether bioaugmentation was required. The cost listed in Table 5 represents the
large-scope treatability testing conducted at Georgia Tech as a component of this DEM/VAL.
This level of testing would not be necessary to assess a candidate site for implementation of the
PED technology. Instead, a relatively straightforward evaluation of the applicability of
bioremediation at a given site would be performed, costs for which should be included to
properly compare the PED bioremediation technology to other source zone remediation
technologies. Typical treatability study costs include the costs for collecting site soil and
groundwater, setting up microcosms, and sampling and laboratory analysis.

7.1.2 Cost Element: Infrastructure Installation

The costs for infrastructure installation included the construction of the monitoring, injection and
extraction wells plus the solar-powered groundwater recirculation system. These costs will be
somewhat site-specific, as the numbers of wells and the costs to install them will depend on site
characteristics (e.g., depth of wells, lithology, size of source area, etc.). A recirculation system,
solar-powered or conventional, is not required, but proved useful for the DEM/VAL. In practice,
the PED technology could be implemented in a range of scenarios from passive (i.e., no
recirculation) to fully active (continuous recirculation, with or without routine PED addition).
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TABLE 5. COST MODEL FOR APPLICATION OF PARTITIONING ELECTRON DONORS

Hot Spot 1, LC34, CCAFS/ ESTCP Project ER-0716

Cost Element Data Tracked During the Demonstration Estimated Costs
Costs for collection of Site soil and groundwater Total| $ 100,000
L aboratory ;c;.:,t;r If;rS treatability study inlab
Treatability Stud
y y Labor costs
Laboratory analytical costs
Infrastructure Drilling (subcontractor) Labor| $ 33,534
. Equipment costs Expenses (including subcontractors)| $ 57,080
Installation
Labor costs
Laboratory analytical costs Labor| $ 4,742
Baseline Sampling DPT sampling (subcontractor) Laboratory Analytical| $ 5,175
Labor costs Expenses (including subcontractors)| $ 806
Direct push injection costs (subcontractor) Labor| $ 21,095
: Material costs - Electron donor & Tracer Electron Donor| $ 3,065
Installation and
Labor cost Tracers| $ 2,007
Amendment i
Laboratory Analytical| $ 6,484
Expenses (including subcontractors)| $ 59,810
Waste Disposal Investigation derived waste disposal costs Expenses NA
Operation and Cost of labor for standard O&M Labor NA
Pe - Additional materials or labor costs for troubleshooting etc. Expenses NA
Maintenance
Labor costs Labor| $ 50,713
Performance Sampling Direct push soil sampling costs (subcontractor) Laboratory Analytical| $ 69,606
Laboratory Analytical Costs Other Expenses| $ 15,261
Regulatory/ Permitting UIC permit was obtained for NASA IMWP
Total $ 429,377
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7.1.3 Cost Element: Baseline Sampling

Baseline sampling costs included costs for collection and analysis of soil and groundwater
samples. In practice these costs will be somewhat site specific since the number of samples and
target analytes will vary. It should also be noted, that costs for baseline sampling would apply
regardless of technology selected for a site’s remedial approach.

7.1.4 Cost Element: Installation and Amendment

This element included costs for the materials (nBA and tracers), PED injection (injection
contractor, oversight) and confirmation sampling (sample collection, analytical). These costs can
be expected to vary between sites.

DPT injection was used to deliver the PED into the subsurface throughout each pilot test area.
This method of amendment delivery involved the costs for an experienced injection
subcontractor and for oversight labor during installation. This included costs for suitable
equipment and safety gear to properly handle the nBA in its pure form (e.g., bonding,
grounding). Other than that, there were no costs that were unique to the PED technology.

The overall cost for implementation of the PED technology will depend on the required number
of re-applications. This is reflected in the cost analysis below.

7.1.5 Cost Element: Waste Disposal

This is a standard cost element; hence, it was not tracked during the DEM/VAL. Typical IDW
disposal considerations will apply. In this case, NASA paid for disposal and the analytical costs
for characterization were included with groundwater sample events.

7.1.6 Cost Element: Operation and Maintenance

No unique requirements were encountered. The costs for routine O&M during the DEM/VAL
were not tracked separately, but are included in the Performance Sampling element (i.e., are
included in Task 3 and Task 6 costs). Standard O&M costs can be used to estimate this element
for full scale application of the technology.

7.1.7 Cost Element: Performance Sampling

Standard groundwater sampling and direct-push soil sample collection were used for monitoring
the performance of the PED technology. The performance sampling costs were part of the
demonstration assessment and were not typical for normal implementation of the PED
technology. The costs for the detailed program were tracked and reported in Table 5, including
labor, materials and laboratory analysis.
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Some level of performance monitoring is required for any remedial technology. Since there are
no unique sample collection or analytical requirements, the costs for a typical program can be
estimated from standard monitoring costs for full scale application of the technology.

7.1.8 Cost Element: Regulatory / Permitting

The regulatory and permitting requirements are likely to vary from site to site, depending on the
region and agency responsible for regulatory oversight. For the DEM/VAL, an underground
injection control (UIC) permit was obtained by NASA for their IMWP. The PED, nBA, may
have an MCL in groundwater as it does in Florida. Estimates of typical costs for preparation of
permit requests and permit fees can be used to estimate the cost of this element for full scale
application of the technology.

7.2 CosT DRIVERS

The costs to implement the PED technology for DNAPL source zone treatment will vary from
site to site, depending on the size of the site (i.e., impacted volume) and several site-specific
characteristics. The key cost drivers are listed below along with a brief discussion of the impact
on cost.

e Areato be treated — additional electron donor and direct push locations would be required

e Depth of source area

e Vertical thickness

e Naturally occurring groundwater quality — high concentrations of other electron receptors
will increase the amount of donor required

e DNAPL Mass and Distribution

Also consider:

e Lithology & permeability — delivery in sands will be easier than in low permeability.
Permeable (higher hydraulic conductivity) sites are likely to be better candidates for
recirculation as a means of delivery and hydraulic control.

e Ambient groundwater velocity — site with higher velocity will have greater flushing of
donor and potential influx of additional electron acceptors, both of which may affect PED
utilization

7.3 CoOST ANALYSIS

A comparison is made between the PED technology and the most comparable in situ source zone
treatment technology, conventional source zone bioremediation using non-partitioning electron
donors. A cost analysis was conducted to calculate expected costs to treat a hypothetical site
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with PED compared to using EVO, a widely accepted electron donor. The hypothetical site was
assumed to have the following characteristics:

e Sand aquifer (30% porosity) that is 30 ft deep and underlain by a clay aquitard;
e DNAPL source zone is 40 ft wide by 80 ft long by 15 ft deep (15 to 30 ft bgs); and
e 500 kg of TCE DNAPL is present

Because PED is intended to be a source zone remedy, the cost comparison developed considers
only treatment of the source zone and not the plume. For consistency, it is assumed that in both
scenarios amendment of electron donor would occur via direct push injection at 40 injection
points, each with a 5 ft radius of influence, evenly distributed across the source area. For both
scenarios, the target injection volume is 50% of the source zone volume, which is considered a
realistic value to sufficiently distribute the applied donor (PED or EVO). The assumptions for
the cost analysis are summarized in Table 6. The mass of donor required, frequency of injection
and total treatment time were varied in accordance with the known properties of each donor.
Complete source zone treatment requires a substantial amount of time. The analysis compares
the PED and EVO approaches for initial source zone treatment, after which the two scenarios
converge since beyond the initial timeframe further remediation may still be required, but each
scenario would likely need similar efforts to complete treatment.

Table 7 shows the total estimated treatment costs for the two scenarios — PED versus EVO. The
calculated costs assume that the DNAPL and Site were previously well characterized. The total
cost using PED as the electron donor was estimated to be $571,000, while the total cost using
EVO was estimated to be $679,000. The differences in overall cost are attributable to the cost of
donor applied in each event (which is a function of the unit cost and amount of donor required;
the estimated number of applications is the same in both cases) and the duration of the remedy,
which governs the number of monitoring events. Since other costs are likely to be similar
between the two technologies, the cost savings with the PED technology arises primarily from
the reduced duration of the remedy. The shorter duration is directly related to the enhanced
DNAPL dissolution promoted by the PED.

The PED technology is applicable to the majority of sites with DNAPL source zones.
Acceptance of the technology may significantly reduce remediation costs. The PED technology
may also alleviate the drive to use other more aggressive and costly technologies to treat source
zones, for example, thermal and chemical oxidation. Although the cost analysis presented here
considered direct injection, groundwater recirculation systems could also be used. Existing
pump and treat systems could benefit from introducing PED to create a small biological
degradation/containment zone in and around the source area. This would eliminate or
significantly reduce the amount of groundwater extraction (and associated costs) required to
maintain containment while reducing the overall treatment time.
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TABLE 6. ASSUMPTIONS MADE FOR THE BASISOF THE COST ANALYSIS
Hot Spot 1, LC34, CCAFS/ ESTCP Project ER-0716

PED EVO
Value Rationale Value Rationale

Assuming 0.1% NAPL would give a TCE mass of Assuming 0.1% NAPL would give a TCE mass of 310

310 kg; Using the soil concentration of 300 mg/kg kg; Using the soil concentration of 300 mg/kg (whichis
Assumed TCE Mass (kg) 500 (which is NASA's concentration indicative of NAPL) 500 NASA's concentration indicative of NAPL) givesa TCE

gives a TCE mass of 650. Based on these a mass of mass of 650. Based on these a mass of 500 kg was

500 kg was sel ected/assumed. sel ected/assumed.
Stoichiometric Donor Demand (kg) 83 Based only on TCE mass 64 Based only on TCE mass

Assumes source zone is 40 ft wide, 80 ft long, and 15 Assumes source zone is 40 ft wide, 80 ft long, and 15 ft
Source Zone Volume (ft) 48,000 . 9 48,000 . 9

ft thick. thick.
Depth of Aquifer (ft bgs) 30 Assumption 30 Assumption
Source Zone Pore Volume (ff) 14,400 Assumes porosity is 30%. 14,400 Assumes porosity is 30%.
Source Zone Pore VVolume (L) 407,808 407,808
Target Injection Volume (L) 203,904 Targets 50% of the pore volume. 203,904 Targets 50% of the pore volume.
Target Concentration of Injectate 3g/L Keep below nBA solubility (same as DEM/VAL) 1% Typical oil concentration (from EVO) for source aress.
Target Mass of Donor into Formation 620 1,880
(kg)
Resulting Saftey Factor 7 (Target Mass into Formation)/ (Stoichiometric Donor 29 (Target Mass into Formation)/ (Stoichiometric Donor

Demand) Demand)
Injection Points 40 Direct push on 10 ft centers (assume 5 ft radius) 40 Direct push on 10 ft centers (assume 5 ft radius)
NAPL Dissolution Enhancement 15 PED vs. EVO 1

i 0,

Treatment Time (years) 6.7 Assumed treatment will be 50% faster than EVO due f Assumed 10 years of treatment

to dissolution enhancement

Four Applied more frequently than EVO (every 2 years) Four

Treatment Frequency Applications| becauseless TOC massis applied in each application | Applications Every 25 years
Total Donor Massto Inject (kg) 2,500 7,600

Notes:

1. Treatment applications are fixed to four for each technology. Treatment timeisvariable.
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TABLE 7. COST COMPARISON OF PED TECHNOLOGY TO EISB USING CONVENTIONAL DONOR (EVO)
Hot Spot 1, LC34, CCAFS/ ESTCP Project ER-0716

| Uni PED EVO
Cost Element nit Unit Cost No. Cost Unit Cost No. Cost
Bench Scale Treatability Study LS $ 20,000 1 $ 20,0001 $ 20,000 1 $ 20,000
Monitoring Well Installation LS $ 20,000 1 $ 20,0001 $ 20,000 1 $ 20,000
Drilling Subcontractor well $ 2,500 5 $ 12500 | $ 2,500 5 $ 12,500
Well Devel opment well $ 500 5 $ 2500] $ 500 5 $ 2,500
Oversight hr $ 100 50 $ 5000]| $ 100 50 $ 5,000
Donor Application Event $ 94,750 4 $ 379,000 | $ 107,687 4 $ 430,748
Donor kg $ 7.50 620 $ 46501 $ 4.30 4,090 $ 17,587
Bioaugmentation Culture L $ 255 20 $ 5100| $ 255 20 $ 5,100
DPT Subcontractor LS $ 75,000 1 $ 75,000 | $ 75,000 1 $ 75,000
Oversight hr $ 100 100 $ 10,000| $ 100 100 $ 10,000
Groundwater Monitoring Event | $ 9,475 16 $ 151,600 | $ 9,475 22 $ 208,450
Analytical LS $ 1,875 1 $ 1875| $ 1,875 1 $ 1,875
Sampling Equipment LS $ 200 1 $ 200] $ 200 1 $ 200
Sampling Labour hr $ 100 24 $ 2400 | $ 100 24 $ 2,400
Reporting LS $ 5,000 1 $ 5000| $ 5,000 1 $ 5,000
Total $ 570,600 $ 679,198
Notes:
1. Assuming basis parameterslisted in Table 6.
2. Assumes semi-annua groundwater montitoring (for the assumed duration plus one year).
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8 IMPLEMENTATION ISSUES

In the DEM/VAL it was confirmed that nBA can be a suitable option for source treatment. The
nBA nBA was applied using conventional direct push equipment. No special equipment was
required and injection used standard commercial off-the-shelf materials. It should be noted that
the PED, n-butyl acetate, is a Class 1B flammable liquid. It is a colorless liquid that volatilizes
to form dense vapors which have the potential to form an explosive mixture with air. Handling
precautions such as bonding and grounding are required when working with the pure phase nBA.
In addition, some plastics, such as those composed of polyvinyl chloride, are known to be
attacked by nBA. Care must be taken to ensure that nBA is adequately dissolved if it is applied
near PVC wells.
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APPENDIX B

SYSTEM INSTALLATION AND BASELINE CHARACTERIZATION
B.1 SYSTEM INSTALLATION

The DEM/VAL was conducted in two sweep zones, one above and one below the clay horizon.
For each sweep zone, a groundwater recirculation system consisting of a central extraction well
and five peripheral injection (recharge) wells was constructed to move groundwater through the
PED-amended zone and maintain hydraulic control within the DEM/VAL area (Figure 13 of the
main document). The recirculation systems utilized solar-powered submersible pumps. The
system components were housed in a mobile trailer, with the solar panels mounted to the roof.
To supplement the existing monitoring wells, three multilevel monitoring well bundles were
installed within the demonstration area at varying distances from the central extraction location.
A schematic cross section of the DEM/VAL plot is provided in Figure 10 (see main document),
showing the locations of the well screens relative to the site lithology and the MIP data from the
IWO0OQ76 location. Figure 14 (see main document) shows the process flow diagram for the
groundwater recirculation system.

B.1.1 WELL CONSTRUCTION

Borehole drilling and well installation was performed by a State-licensed driller, Environmental
Drilling Services, Inc. (EDS), under the direction of a Geosyntec field geologist. The field
geologist maintained a complete record of the design and construction of each well and of all
materials installed in the borehole (i.e., length of screen and casing, volume of sand and
bentonite pellets, bags of cement, etc.). A total of 30 wells (two central extraction wells, ten
paired recharge wells and three multilevel bundle monitoring wells with six depth intervals each)
were installed between 17 and 25 January 2011. Table B-1 summarizes the well construction
details. Well construction logs are provided as Attachment B-1 to this appendix. The lithology
was assessed at the four soil boring locations (see below).

B.1.1.1  Extraction Well Installation

The two extraction wells (RW0007 and RWO0008) were installed using hollow stem auger (HSA)
techniques on 19 to 21 January 2011. Extraction well RWO0007 was screened above the silty clay
layer (35 to 42 ft BLS) and extraction well RW0008 was screened below the clay layer (47 to
57ftBLS). The extraction wells were constructed of 6-inch diameter schedule 40
polyvinylchloride (PVC) risers and factory-slotted screens (0.020-inch slot size), completed in
14-inch diameter boreholes. The annular space around the well screen was filled with 6/20 sand
filter pack followed by a 5-ft (minimum) thick bentonite seal. After allowing the bentonite chips
to hydrate, the remaining annular space was grouted to surface with cement grout. The
extraction wells were completed with an 18-inch x 18-inch steel well vault and 3-ft x 3-ft x
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4-inch thick concrete pad. Two stub-outs, one for electrical wiring (1-inch diameter) and one for
system piping (2-inch diameter) were installed in the wall of the vault box prior to completion.
Construction details for the extraction wells are presented on Figure B-1. The well construction
logs are included in Attachment B-1.

B.1.1.2 Injection Wéll Installation

Five injection well pairs (1J0013 to 1J0022) were installed using HSA techniques on 17 to 20
January 2011. Each injection well pair consists of one injection well screened above the clay
layer (32 to 42 ft BLS) and one injection well screened below the clay layer (47 to 57 ft BLS),
completed in the same 10-inch diameter borehole. Injection wells were constructed of 2-inch
diameter schedule 40 PVC with 0.020-inch slotted screen. The annular space around the well
screens was filled with a 6/20 sand filter pack, extending 1-ft (minimum) above the screen
interval, followed by a 2-ft (minimum) bentonite seal. Once the lower well was in place with its
filter pack and bentonite seal, the upper well was installed in the borehole with its filter pack and
seal. After allowing the bentonite chips to hydrate, the remaining annular space was grouted to
surface with cement grout. The injection well pairs were completed at surface with an 18-inch x
18-inch steel well vault and 3-ft x 3-ft x 4-inch thick pad. Construction details of the injection
wells are presented on Figure B-2. The well construction logs are included in Attachment B-1.

B.1.1.3 BundleMonitoring Well Installation

Three bundle monitoring wells (BWOO01A-F, BWOO002A-F, and BWOO03A-F) were installed
using DPT on 20 to 24 January 2011. Each bundle well includes six individual monitoring wells
with the following screen intervals: 23 to 26, 30 to 33, 37 to 40, 44 to 47, 51 to 54, and 58 to 61
ft BLS. The wells were constructed of ¥+inch schedule 40 PVC and screens with pre-packed
filter packs consisting of 0.010-inch slotted screens surrounded with 20/30 filter sand. For wells
A, B and C, 2ft of 30/45 silica sand was placed as a seal above the pre-packed filter and the
remainder of the hole was grouted to surface. For well D, a 2 ft bentonite sleeve was placed
above the pre-packed filter and the remainder of the hole was grouted to surface. For wells E
and F, two bentonite sleeves (4 ft total length) were placed 2.5 ft and 10 ft, respectively, above
the pre-packed filter followed by grout to surface. The positions of the bentonite sleeves on
wells E and F were selected to ensure a competent seal within the confining unit located at
approximately 44 to 48 ft BLS. Annular space in between the pre-packed filter and the bentonite
seal was alowed to fill with collapsed native material. Each bundle monitoring well was
completed with a 4-ft x 6-ft x 4-inch thick concrete pad that contained the six individua
monitoring wells (A through F), each with a separate 8-inch diameter steel cover. Construction
details for the bundle wells are presented on Figure B-3. The well construction logs are included
in Attachment B-1.

ER-0716 B-2
Final Technical Report May 2014



B.1.2 WELL DEVELOPMENT

Following installation, the newly installed wells were developed using standard surging and
purging methods. The extraction wells were pumped with a centrifugal pump at rates up to
7 gallons per minute (gpm), with periodic stops to allow the well to recharge, until the turbidity
had decreased and stabilized. A volume of 85 to 100 gal was removed from each extraction
well. The injection wells were developed using a submersible pump, at rates of 1 to 2 gpm, to
remove 20 to 30 gal from each until the water produced was clear of sediment. The bundle
monitoring wells were developed with a peristaltic pump at an average rate of 0.15 gpm,
removing approximately 5 gal from each. Development was continued until field parameters
including turbidity had stabilized. Well development data for the bundle wells is included in
Appendix C (Attachment C-2 Field Forms).

B.1.3 GROUNDWATER RECIRCULATION SYSTEM

The groundwater recirculation system was installed in March 2011. It consisted of a mobile
utility trailer that housed the system components and piping that carried the flow of groundwater
from the extraction wells to the trailer and then to the injection wells. Parallel independent
groundwater recirculation systems were operated for each of the upper and lower sweep zones.

B.1.3.1 Solar Powered Recirculation System

The groundwater recirculation systems operated using solar power. For each sweep zone,
groundwater is pumped from the central extraction well and delivered to the five perimeter
injection wells. Groundwater was pumped from each extraction well using a 4.25-inch diameter
submersible pump (Robison BL40Q). Each pump was powered by two 12 volt (V) deep-cycle
marine batteries that are charged by two 85 Watt (W) solar panels (27-inch by 42-inch) mounted
to the top of the 5-ft by 8-ft mobile utility trailer that houses all the recirculation system
components. Other components housed in the trailer include charge controllers, timers, hour
meters, sediment filters, sample ports, flow totalizers, a piping manifold, and individual flow
meters for the ten injection wells. A process and instrumentation diagram (P&1D) is presented
on Figure 14 (see main document).

When powered, the pumps provided a flow rate of approximately 2.5 gpm. Each pump circuit
included a timer that was set to operate the system for 40 minutes of each hour. This timing
cycle extended the effective time that the systems were active, in effect distributing the
downtime throughout the day. This approach was selected because the solar panels could not
always collect sufficient energy to fully recharge the batteries, resulting in periods of no
pumping. The systems often experienced periods of complete shutdown overnight, depending on
the weather. Occasionally a recirculation loop would be down for a longer period due to actual
pump failures.
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B.1.3.2 Recirculation System Piping

The recirculation piping system was constructed using 0.75-inch diameter polyethylene (PE)
tubing. The lines were run above-ground, enclosed in 2-inch diameter schedule 40 PVC for
secondary containment. The upper and lower sweep zones had independent recirculation
systems, with no mixing of fluid from one zone to the other. The PE tubing was connected
directly to the submersible pumps and exited the extraction vault boxes through the stub-out to
run from the extraction well to the system trailer. Within the trailer, extracted groundwater
passed through a filter assembly (20 micron), a totalizing flowmeter, and a flow-controlling
globe valve before entering a distribution header. Each extraction line was equipped with a
sample port to facilitate sample collection. Each of the two headers consisted of five paralel
discharge lines, each equipped with a flow-control valve and rotameter allowing flow to be
divided and balanced between the five injection wells in each sweep zone. The ten individual
lines to the injection well pairs were similarly run within PVC for secondary containment,
entering the injection vault boxes through the stub-out. Each injection line was extended into the
injection well to act as a drop tube, so that returning groundwater was released approximately
2 feet below the static groundwater elevation.

B.1.3.3 Pressure Transducers

Submersible pressure transducers and data loggers (Solinst Leveloggers™) were deployed in the
extraction wells (RW0007 and RWO0008), six injection wells (1J0013, 1J0014, 1J0017, 1J0018,
1J0019, and 1J0020) and two monitoring wells (IW0002D and IW0002D1) to measure and record
water level fluctuations during system operation. The data loggers were programmed to record
pressure readings every 15 minutes. The data loggers were deployed part way through the
Baseline Flux Assessment phase, on 23 March 2011. After the Baseline Flux phase, the loggers
were removed for PED Injection and re-deployed in eight locations (1J0013, 1J0014, 1J0017,
1J0018, 1W0002D, 1W0002D1, RWO0007 and RWOO008) prior to initiation of the Main
Recirculation Phase. The data was periodically downloaded during system maintenance visits.
All data loggers were removed, except from the two extraction wells, on 05 April 2012 (week
35, except for the logger in 1J0013, which stopped at week 26). The data loggers in both
extraction wells remained operational until the recirculation system was shut down on
11 September 2012.

B.1.34 Granular Activated Carbon

During the initial groundwater recirculation phase to establish baseline concentrations and mass
flux (Task 3), extracted groundwater was treated with granular activated carbon (GAC) prior to
re-injection. The GAC vessels were plumbed into the system so that extracted groundwater was
treated before it entered the trailer and the flow was divided (Figure 14; see main document).
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B.2 BASELINE CHARACTERIZATION

Baseline characterization involved collection of soil and groundwater samples within the test
plot. Soil samples were collected during well installation activities. Groundwater sampling
included an initial synoptic event (Task 2) to characterize VOC distributions within the test plot
following well construction, and subsequent routine sampling of the extraction wells and
selected monitoring locations during groundwater recirculation to establish the baseline flux of
VOCs (Task 3). Task 3 included a synoptic event to determine the VOC distribution at the end
of the Baseline Flux Assessment Phase. These activities are further described below.

Sampling activities, including field measurements, sample collection, decontamination, and
documentation were performed in accordance with FDEP Standard Operating Procedures (SOPs)
for Field Activities (DEP-SOP-001/01) dated March 31, 2008 (effective December 3, 2008)
(FDEP, 2008) and the NASA Sampling and Analysis Plan (NASA, 2006).

B.2.1 SOIL SAMPLING

Prior to well installation, four soil cores (SB1001 through SB1004) were collected using direct
push technology (DPT) techniques at locations corresponding to bundle wells BWO00O01,
BWO0002, and BWO0003 and using hollow-stem auger with split spoons at extraction well
RWO0008 on 19 January 2011. The locations are shown in Figure 13 (see main report). At each
soil boring location, to a depth of approximately 60 ft BLS, continuous-core soil samples were
collected, examined and logged to confirm the local distribution of lithologic units and the depth
and thickness of the silty clay horizon. Boring logs are provided with the field forms in
Appendix C (Attachment C-2). The cores were screened in the field using a hand-held
photoionization detector (PID) to assess where samples might be expected to contain high
concentrations of VOCs and/or residual DNAPL. Nineteen subsamples (four to six samples
from each location) were selected for laboratory analysis in the mobile lab (KB Labs) by EPA
method 5035/8260. In addition, eight samples were collected for laboratory determination of the
fraction of organic carbon (foc) and four samples for grain size distribution. Samples were also
collected and archived for potential microbial characterization (Dehalococcoides [Dhc] and/or
vinyl chloride reductase [vcrA] assay), although these samples were not analysed.

Results from the sampling event are compiled and presented in Table E-1-1 in Attachment E-1in
Appendix E. Laboratory results from this sampling event are provided in Appendix G.

Sail investigation derived waste (IDW) was contained in properly labeled 55-gallon drums which
were stored on NASA provided spill pallets.

B.2.2 HYDRAULIC TESTING

Following well installation and development, on 15 February 2011, hydraulic testing of the
extraction wells and four recharge wells was performed using a pneumatic slug test technique,
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which used air pressure to disturb the static water level in the well while measuring and
recording the response with a pressure transducer. The time-recovery data was then analyzed to
assess the transmissivity of the formation at that well. The data was analyzed to obtain estimates
of the hydraulic conductivity using the Hvorslev Method. Calculation sheets for these estimates
areincluded in Attachment B-2.

B.2.3 GROUNDWATER SAMPLING
B.2.3.1 Initial Basdline

Baseline groundwater sampling was conducted to confirm VOC delineation and to establish pre-
DEM/VAL conditions within, and in the vicinity of the Hot Spot 1 treatment zone. Baseline
characterization comprised a synoptic survey (Task 2) of initial VOC concentrations following
instalation and development of the new wells in the test plots, followed by an assessment of
VOC concentrations and distribution during groundwater extraction and recirculation (Task 3),
including a second synoptic survey at the end of this baseline recirculation.

Two pre-exiting monitoring wells within Hot Spot 1 are screened above and below the target
treatment zone; however, the upper monitoring well (IW0002S) could not be located and was
believed to have been destroyed. Additional far-field perimeter monitoring well pairs are
arranged in a triangular pattern around Hot Spot 1, located at distances of 160 ft to 240 ft from
the center of the area (refer to Figure 13). These outlying monitoring well clusters provided
monitoring locations to document that the PED DEM/VAL did not have a negative effect on
surrounding groundwater conditions; these locations were included in the sampling program to
demonstrate Underground Injection Control (UIC) permit compliance. The Groundwater
Cleanup Target Level (GCTL) for n-butyl acetateis 43 pg/L.

The baseline synoptic survey of initial VOC concentrations (Task 2), conducted on 1 to
3 February 2011, included the collection of groundwater samples for field parameters, including
depth to water, and VOCs from a total of 34 locations (refer to Table 2) comprising all bundle
monitoring wells (BWO0OO01A-F, BWOO02A-F and BWOOO3A-F), four existing site monitoring
wells (IW0002I, 1W0002D, IW0002D1 and IWO0076), four of the ten injection wells (1J0015,
1J0016, 1J0019 and 1J0020), the two extraction wells (RW0007 and RWO0008), and the six
perimeter monitoring wells (IW0067D, 1W0067D1, IwW0070D, IwW0070D1, IW0071D and
IW0071D1). The sample collection table for the event is included in Appendix D and the
samples collected are summarized in Table 2 of the main document.

Results from this Initial Baseline sampling event are compiled and presented in Tables E-1-5
(VOCs) and E-1-9 (Field Geochemical Parameters) in Attachment E-1 in Appendix E. TheVVOC
data is included in Figures3 and 4 for the extraction wells and the corresponding figures in
Appendix E for other monitoring locations. The results were incorporated into the interpolated
TCE distribution presented in Figure 16 (main document). The laboratory reports from this
sampling event are provided in Appendix G.
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B.2.3.2 Basdine Flux Assessment

Further characterization of baseline groundwater conditions was conducted during the Baseline
Flux Assessment Phase (Task 3). This involved continuous groundwater extraction for a period
of about 4 weeks, with routine weekly sampling of the extraction wells (RW0007 and RW0008)
and select monitoring wells (BW0001C, BW0002C, BW0003C, 1W0002I, and 1IW0002D in the
upper zone, and BWOOO1E, BWOOO3E, and IW000D1 in the lower zone) to establish the
baseline VOC profile and flux under pumping conditions in both the upper and lower sweep
zones of the test plot. The Baseline Flux Assessment was conducted from 14 March 2011
through 18 April 2011. Groundwater samples were collected weekly for analysis for VOCs,
nBA, and nBuOH. The samples from the extraction wells were also analyzed weekly for VFAS,
tracers (bromide and iodide) and TOC, and biweekly for sulfide, DHGs, anions and akalinity.
The sampling program is provided in Appendix D. Details about the operation of the
recirculation system during the Baseline Flux Assessment are provided in Appendix C.

At the end of this baseline flux assessment phase, a comprehensive synoptic groundwater
sampling event was conducted. During this sampling event, the extraction wells, bundle
monitoring wells and existing site monitoring wells (including the far-field monitoring wells
surrounding the treatment area) were sampled (30 locations total) and analyzed for the following
parameters (aslisted in Table 2):

e Field parameters (DO, ORP, pH, specific conductivity, temperature, turbidity);
e VOCs (including nBA, nBUOH, TCE and related breakdown products);
e VFAs (including formate, acetate, lactate, propionate and butyrate);

e Tracers (bromide and iodide);

e TOC;

e DHGs (including methane, ethane, ethene);

e Anions (chloride, nitrate, nitrite, sulfate);

¢ Dissolved metals (iron, manganese and arsenic);

o Sulfide;

e Alkalinity; and

e Microbial characterization (Dhc and/or vcrA).

Details of the sampling program are provided in Appendix D and the samples collected are
summarized in Table 2 of the main document.

Results from the Baseline Flux Assessment Phase sampling events are compiled and presented in
Tables E-1-5 (VOCs), E-1-6 (DHGs, Anions and Tracers), E-1-7 (TOC, VFAs and nBA), E-1-8
(Dissolved Metals), E-1-9 (Field Geochemical Parameters) and E-1-10 (Dhc and vcrA) in
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Attachment E-1 in Appendix E. The VOC data is plotted in Figures 1, 3, 4, and 20 and in the
corresponding time-trend and VOC distribution plots included in Appendix E. The laboratory
reports from these sampling events are provided in Appendix G.

B.2.3.2.1 GAC Treatment

During the Baseline Flux Assessment phase, extracted groundwater was treated with granular
activated carbon (GAC) to remove VOCs so that no VOCs were re-injected on the perimeter of
the test plots. Samples of the GAC effluent were collected periodically (weeks 2, 3 and 4), from
sampling ports located inside the system trailer, to confirm the efficacy of treatment. The
samples were analyzed for VOCs by EPA Method 8260C. The results, which are presented in
Table B-2, confirmed that the GAC removed the VOCs.

B.24  INVESTIGATION-DERIVED WASTE (IDW)

Investigation-derived waste (IDW) collected during the installation activities consisted of soils
and liquids generated during drilling/coring, well purging and equipment cleaning. All IDW was
characterized and disposed of in accordance with NASA standard site protocols.

Soil IDW was collected in a 20-yard roll-off bin. A composite soil sample was then collected
and analyzed for VOCs (EPA Method 8260C) and metals (EPA Method 6010C and 7471B), as
well as leachable VOCs using the toxicity characteristic leaching procedure (TCLP; EPA
Method 1311). Soil IDW (12.65 tons) was transported to the Omni Waste of Osceola County
Landfill by Florida Environmental Compliance Corporation (FECC) for disposal as non-
hazardous waste. Laboratory analytical results are provided in Appendix G and the non-
hazardous waste manifest isincluded in Attachment B-3 to this appendix.

Liquid IDW was collected in properly labeled 55-gallon drums and stored on NASA-provided
spill pallets secured with cargo straps. A liquid sample was collected from each drum and
submitted for analysis for VOCs (EPA Method 8260C), the laboratory results were provided to
NASA, and drums were disposed of by NASA.
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TABLE B-1. WELL CONSTRUCTION DETAILS
Hot Spot 1, LC34, CCAFS / ESTCP Project ER-0716

Coordinates . Top of
. . Bprehole Qasmg Total Well Top of Screen Bottom of Sand Pack Seal Interval | Grout Interval Cagng Surfage well . Drilling
Easting Northing Diameter Diameter Depth Screen Interval Elevation Completion | Completion Method Well Type
L ocation (m) (m) (inches) (inches) (ft BLS) (ft BLS) (ft BLS) (ft BLS) (ft BLS) (ft BLS) (ft BLS) Type Date
LC34-BWO001A 242878.400 463707.029 2.25 0.75 26.00 23.00 26.00 23t0 26 21to 23 0.6 to 23 NS Flush 01/20/2011 DPT BW
LC34-BW0001B 242878.400 463707.029 2.25 0.75 33.00 30.00 33.00 30to 33 28 to 30 0.6 to 28 NS Flush 01/20/2011 DPT BW
LC34-BW0001C 242878.400 463707.029 2.25 0.75 40.00 37.00 40.00 37 to 40 35 to 37 0.6 to 35 NS Flush 01/20/2011 DPT BW
LC34-BW0001D 242878.400 463707.029 2.25 0.75 47.00 44.00 47.00 44 to 47 42 to 44 0.6 to 42 NS Flush 01/20/2011 DPT BW
LC34-BWOOO1E 242878.400 463707.029 2.25 0.75 54.00 51.00 54.00 51to 54 44.5t048.5 0.6 to 44.5 NS Flush 01/24/2011 DPT BW
LC34-BWOOO1F 242878.400 463707.029 2.25 0.75 61.00 58.00 61.00 58 to 61 44 to 48 0.6 to 44 NS Flush 01/20/2011 DPT BW
LC34-BW0002A 242883.959 463705.969 2.25 0.75 26.00 23.00 26.00 231026 21t0 23 0.6 to 21 NS Flush 01/20/2011 DPT BW
LC34-BW0002B 242883.959 463705.969 2.25 0.75 33.00 30.00 33.00 30to 33 28 to 30 0.6 to 28 NS Flush 01/21/2011 DPT BW
LC34-BW0002C 242883.959 463705.969 2.25 0.75 40.00 37.00 40.00 37 to 40 35 to 37 0.6 to 35 NS Flush 01/21/2011 DPT BW
LC34-BW0002D 242883.959 463705.969 2.25 0.75 47.00 44.00 47.00 44 to 47 42 to 44 0.6 to 42 NS Flush 01/21/2011 DPT BW
LC34-BWO0O002E 242883.959 463705.969 2.25 0.75 54.00 51.00 54.00 51to 54 44.5t048.5 0.6 to 44.5 NS Flush 01/24/2011 DPT BW
LC34-BWO0002F 242883.959 463705.969 2.25 0.75 61.00 58.00 61.00 58 to 61 44 to 48 0.6 to 44 NS Flush 01/21/2011 DPT BW
LC34-BWO0O003A 242879.536 463703.464 2.25 0.75 26.00 23.00 26.00 23 t0 26 21t0 23 0.6 to 21 NS Flush 01/21/2011 DPT BW
LC34-BW0003B 242879.536 463703.464 2.25 0.75 33.00 30.00 33.00 30to 33 28 to 30 0.6 to 28 NS Flush 01/24/2011 DPT BW
LC34-BW0003C 242879.536 463703.464 2.25 0.75 40.00 37.00 40.00 37t0 40 35 to 37 0.6 to 35 NS Flush 01/24/2011 DPT BW
LC34-BW0003D 242879.536 463703.464 2.25 0.75 47.00 44.00 47.00 44 to 47 42 to 44 0.6 to 42 NS Flush 01/21/2011 DPT BW
LC34-BWOOO3E 242879.536 463703.464 2.25 0.75 54.00 51.00 54.00 51to 54 44.5t048.5 0.6 to 44.5 NS Flush 01/24/2011 DPT BW
LC34-BWO0O003F 242879.536 463703.464 2.25 0.75 61.00 58.00 61.00 58 to 61 44 to 48 0.6 to 44 NS Flush 01/21/2011 DPT BW
LC34-1J0013 242885.921 463715.105 10.00 2.00 42.15 32.25 41.75 31to42.15 27 to 31 1to 27 NS Flush 01/20/2011 HSA INJ
LC34-1J0014 242885.921 463715.105 10.00 2.00 57.15 47.25 56.75 46 to 57.15 43 to 46 1to 43 NS Flush 01/20/2011 HSA INJ
LC34-1J0015 242892.511 463701.804 10.00 2.00 42.15 32.25 41.75 31to42.15 27.5t0 31 1to27.5 NS Flush 01/20/2011 HSA INJ
LC34-1J0016 242892.511 463701.804 10.00 2.00 57.15 47.25 56.75 45.5t057.15 42.5t045.5 1to42.5 NS Flush 01/20/2011 HSA INJ
LC34-1J0017 242881.402 463695.394 10.00 2.00 42.15 32.25 41.75 30.5t042.15 28.5t0 30.5 1to28.5 NS Flush 01/18/2011 HSA INJ
LC34-1J0018 242881.402 463695.394 10.00 2.00 57.15 47.25 56.75 45.5to 57.15 43.5t045.5 1to43.5 NS Flush 01/18/2011 HSA INJ
LC34-1J0019 242868.942 463704.397 10.00 2.00 42.15 32.25 41.75 31to42.15 28.5to0 31 1to28.5 NS Flush 01/18/2011 HSA INJ
LC34-1J0020 242868.942 463704.397 10.00 2.00 57.15 47.25 56.75 45.5to 57.15 42 t045.5 1to42 NS Flush 01/18/2011 HSA INJ
LC34-1J0021 242871.529 463716.485 10.00 2.00 42.15 32.25 41.75 31to42.15 29 to 31 1to 29 NS Flush 01/18/2011 HSA INJ
LC34-1J0022 242871.529 463716.485 10.00 2.00 57.15 47.25 56.75 45t0 57.15 43 to 45 1to43 NS Flush 01/17/2011 HSA INJ
LC34-RW0007 242881.598 463704.927 14.00 6.00 42.00 35.25 41.85 35t042 30 to 35 1 to 30 NS Flush 01/21/2011 HSA RW
LC34-RW0008 242880.606 463704.376 14.00 6.00 57.50 47.50 57.00 47 to 57.5 39 to 47 1to 39 NS Flush 01/19/2011 HSA RW
LC34-IW0002S* 242879.515 463708.971 10.00 2.00 12.00 2.00 12.00 1.5t0 12 1.0to 1.5 UND NS Flush 02/12/1998 HSA MW
LC34-1W00021 242880.683 463708.048 8.50 2.00 30.00 25.00 30.00 23 t0 30 22t023 UND NS Flush 05/22/1997 HSA MW
LC34-IW0002D 242882.024 463707.149 8.50 2.00 40.00 35.00 40.00 33t040 32to 33 UND NS Flush 05/22/1997 HSA MW
LC34-IW0002D1 242883.322 463706.231 8.50 2.00 55.00 50.00 55.00 48 to 55 47 to 48 UND NS Flush 05/22/1997 HSA MW
LC34-IW0067D 242828.013 463736.855 2.125 0.75 43.00 38.00 43.00 38t043 NA 0.25t0 38 NS Flush 05/16/2005 DPT MW
LC34-IW0067D1 242827.358 463732.478 2.125 1.00 73.67 63.17 73.50 63.67 to 73.67 | 61.17 to 63.67 0.25t0 61.17 NS Flush 11/10/2004 DPT MW
LC34-IW0070D 242939.759 463752.665 2.125 0.75 43.00 38.00 43.00 38t043 NA * NS Flush 05/16/2005 DPT MW
LC34-IW0070D1 242941.250 463753.320 2.125 0.75 75.00 65.00 75.00 65t0 75 60 to 65 0.08 to 60 NS Flush 06/27/2005 DPT MW
LC34-IW0071D 242909.630 463669.277 2.125 0.75 43.00 38.00 43.00 38t043 33to 38 0.08 to 33 NS Flush 06/28/2005 DPT MW
LC34-IW0071D1 242910.236 463667.817 2.125 0.75 75.00 65.00 75.00 65t0 75 60 to 65 0.08 to 60 NS Flush 06/28/2005 DPT MW
LC34-IW0076 242880.725 463706.657 6.00 2.00 80.00 70.00 80.00 67 to 80 65to 67 0.5to 65 NS Flush 07/16/2009 Sonic MW

Z
=]

tes:
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. Northing and easting are referenced to the Florida State Plane Coordinate System, East Zone North American Datum of 1983.
. Screen slot size is equal to 0.010 inches for all wells, except RW wells where slot size is 0.020 inches.
. ft BLS indicates feet below land surface.
BW indicates bundle well.
. DPT indicates direct push technology.
HSA indicates hollow stem auger.
. INJ indicates injection well.

. MW indicates monitoring well.
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9. m indicates meters.

10. NS indicates not surveyed.
11. NA indicates not applicable.
12. RW indicates extraction (recovery) well.

13. UND indicates undetermined.

14. * indicates natural ground collapse.

15. + Grey shading indicates well was lost and presumed destroyed.

May 2014



Table B-2. Summary of Effluent from Granular Activated Carbon Treatment
Hot Spot 1, LC34, CCAFS/ ESTCP Project ER-0716

Trichloroethene

. cis-1,2-Dichloroethene | trans-1,2-Dichloroethene | Vinyl Chloride| 1,1,2-Trichlorotrifluoroethane
L ocation Sample Date
(HglL) (Hg/L) (HglL) (HolL) (HolL)
04/01/2011 0.3U 03U 0.3U 03U 0.611
04/01/2011 0.3U 03U 03U 03U 04U
04/07/2011 0.3U 03U 03U 03U 061
GAC Effluent 04/07/2011 03U 03U 03U 03U 04U
04/18/2011 0.3U 03U 03U 03U 04U
04/18/2011 03U 0.3U 0.3U 0.3U 04U

Notes:

1. pg/L indicates micrograms per liter.
2. | indicates the result is between the method detection limit (MDL) and the practical quantitation limit.

3. U indicates result not detected above MDL.

4. Results not displayed to a set number of significant digits.
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Well I.D.:_LC34 — BWOOO1A

WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Drilling Company:_EDS
Drillers:_Chris Phelps, Keith Olson
Geologist/Engineer: Neil Stapley

. [y i
Signature: /il For N.S.
‘:) s T
Ground Surface
DEPTH BLS Elevation
0.0 Land Surface @
05 - @
+ Measuring Pt.
, Elevation
0.6 (MPELEV)
Riser Pipe
L Length
o1 INTERVAL LENGTH 23
Seal
Length 2
23’ |[Seal End Depth
(SBDEPTH)
Screen 0
23’ | Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
3 Length
3/
(SCRLENGTH)
o5 (FPL)
Y
Sump 0
26’ Total Depth Length
(TOTDEPTH)
! 0
26’ Erha i
‘ Boreholg ‘
Diameter
2.25"
Comments

(D Not Surveyed

BWO0001 A-F in same pad.

LC34 - BWOOO1A

Site: LC34

Project Number:_TR0272

Installation Method: DPT

Casing Installation Date:_1/20/2011

Well Type:_Monitoring Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /@) Date: 1/25/2011

Surface Pad Size: _4 ftx_6 ft
Protective Casing or Cover
Diameter/Type: _8” Steel Manhole

Depth BGS: _- Weep Hole (Y /@)
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement

Placement Method: Direct Pour

Seal Date: _1/20/2011

Type: _30/45 Silica Sand

Source: Standard Sand and Silica (~ % bag / 50 |b. bag)

Set-up/Hydration Time: _0 min.
Placement Method: Direct Pour

Vol. Fluid Added: ~ 5 gal.

Filter Pack
Type: 20/30 Silica Sand Pre-Pack

Source: Geoinsight

Amount Used: NA
Placement Method: Threaded PVC

Well Riser Pipe
Casing Material: _SCH 40 PVC

Casing Inside Diameters: _3/4 in.
Screen

Material: _SCH 40 PVC

Inside Diameter: 3/4 in.
Screen Slot Size: _0.010 in.

Percent Open Area: _-
Sump or Bottom Cap @ N)
Type/Length: _0.2” Bottom Plug (part of pre-pack)

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _NA
Recovered (Gal): _~4

Reviewed
By: A Qcmh/ Date: _2/1/11




Well I.D.:_LC34 — BW0001B

WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Drilling Company:_EDS
Drillers:_Chris Phelps, Keith Olson
GeoIogist/Eng}n_g

. { \f i i
Signature: \JMR'{%&@(

r: Neil Stapley

For N.S.

Ground Surface

DEPTH BLS Elevation
0.0 Land Surface @
05 - @
+ Measuring Pt.
, Elevation
0.6 (MPELEV)
Riser Pipe
L Length
og’ INTERVAL LENGTH 30
Seal
Length 2
30" |Seal End Depth
(SBDEPTH)
Screen 0
30" | Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
3 Length
3/
(SCRLENGTH)
33 (FPL)
Y
Sump 0
33 Total Depth Length
(TOTDEPTH)
! 0
33 SR e
‘ Boreholg ‘
Diameter
2.25”
Comments

(D Not Surveyed

BWO0001 A-F in same pad.

LC34 - BW0001B

Site: LC34

Project Number:_TR0272

Installation Method: DPT

Casing Installation Date:_1/20/2011

Well Type:_Monitoring Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /@) Date: 1/25/2011

Surface Pad Size: _4 ftx_6 ft
Protective Casing or Cover
Diameter/Type: _8” Steel Manhole

Depth BGS: _- Weep Hole (Y /@)
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement

Placement Method: Direct Pour

Seal Date: _1/20/2011

Type: _30/45 Silica Sand

Source: Standard Sand and Silica (~ % bag / 50 |b. bag)

Set-up/Hydration Time: _0 min.
Placement Method: Direct Pour

Vol. Fluid Added: ~ 5 gal.

Filter Pack
Type: 20/30 Silica Sand Pre-Pack

Source: Geoinsight

Amount Used: NA
Placement Method: Threaded PVC

Well Riser Pipe
Casing Material: _SCH 40 PVC

Casing Inside Diameters: _3/4 in.
Screen

Material: _SCH 40 PVC

Inside Diameter: 3/4 in.
Screen Slot Size: _0.010 in.

Percent Open Area: _-
Sump or Bottom Cap @ N)
Type/Length: _0.2” Bottom Plug (part of pre-pack)

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _NA
Recovered (Gal): ~7.5

Reviewed
By: _ AUN Cﬂmﬁ\/ Date: 2/1/11




Well I.D.:_LC34 — BW0001C

WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Drilling Company:_EDS
Drillers:_Chris Phelps, Keith Olson
GeoIogist/Eng‘kr)/e

Signature:

eil Stapley

For N.S.

\},lf«k%i&?

Ground Surface

DEPTH BLS Elevation
0.0 Land Surface @
05 - @
+ Measuring Pt.
, Elevation
0.6 (MPELEV)
Riser Pipe
L Length
INTERVAL LENGTH 37
35
Seal
Length 2
37’ |Seal End Depth
(SBDEPTH)
Screen 0
37’ | Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
3 Length
3’
(SCRLENGTH)
e (FPL)
Y
Sump 0
Vilog Total Depth Length
(TOTDEPTH)
! 0
‘ Boreholg ‘
Diameter
2.25”
Comments

(D Not Surveyed

BWO0001 A-F in same pad.

LC34 - BW0001C

Site: LC34

Project Number:_TR0272

Installation Method: DPT

Casing Installation Date:_1/20/2011

Well Type:_Monitoring Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /@) Date: 1/25/2011

Surface Pad Size: _4 ftx_6 ft
Protective Casing or Cover
Diameter/Type: _8” Steel Manhole

Depth BGS: _- Weep Hole (Y /@)
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement

Placement Method: Direct Pour

Seal Date: _1/20/2011

Type: _30/45 Silica Sand

Source: Standard Sand and Silica (~ % bag / 50 |b. bag)

Set-up/Hydration Time: _0 min.

Placement Method: Direct Pour

Vol. Fluid Added: ~ 5 gal.

Filter Pack
Type: 20/30 Silica Sand Pre-Pack

Source: Geoinsight

Amount Used: NA

Placement Method: Threaded PVC

Well Riser Pipe

Casing Material: _SCH 40 PVC

Casing Inside Diameters: _3/4 in.
Screen

Material: _SCH 40 PVC

Inside Diameter: _3/4 in.
Screen Slot Size: _0.010 in.

Percent Open Area: _-
Sump or Bottom Cap @ N)
Type/Length: _0.2” Bottom Plug (part of pre-pack)

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _NA
Recovered (Gal): _~4.5

Reviewed
By: AN CGMEX/ Date: _2/1/11




WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 — BW0001D Site: LC34

Project Number:_TR0272
Drilling Company:_EDS Installation Method: DPT
Drillers:_Chris Phelps, Keith Olson Casing Installation Date:_1/20/2011
Geologist/Engiﬂg,e- .. Neil Stapley Well Type:_Monitoring Well
Signature: \éﬁk%ﬁ% For N.S. Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Ground Surface
DEPTH BLS Elevation Guard Posts (Y /@) Date: 1/25/2011

0.0 Land Surface @ Surface Pad Size: 4 ftx 6

Protective Casing or Cover
L Diameter/Type: _8” Steel Manhole

05 - @ Depth BGS: _- Weep Hole (Y /@
Grout
+ Measuring Pt. Composition/Proportions: _ASTM C1157, Type GU

Elevation .
0.6’ (MPELEV) Portland/Limestone Cement

Riser Pipe Placement Method: Direct Pour

Length

INTERVAL LENGTH 44

42 Seal Date: _1/20/2011

? Type: _Bentonite Sleeve

Seal Source: Geoinsight

Length 2 N N N
Set-up/Hydration Time: _~ 45 min.

A4’ |Seal End Depth
(SBDEPTH)

Placement Method: Threaded PVC

Vol. Fluid Added: ~ 5 gal.

Screen
44’ | Begin Depth
(SBDEPTH)

Filter Pack
Type: 20/30 Silica Sand Pre-Pack

Source: Geoinsight

Screen Amount Used: NA

Length Filter Pack Placement Method: _Threaded PVC
3 Length Well Riser Pipe

(SCRLENGTH) 3 Casing Material: _SCH 40 PVC

Casing Inside Diameters: _3/4 in.
Screen

Material: _SCH 40 PVC

(FPL)
47

Eg;“g'f;h 0 Inside Diameter: 3/4 in.
Screen Slot Size: _0.010 in.
0 Percent Open Area: _-
feskiet Sump or Bottom Cap @ N)

‘%‘ Type/Length: _0.2” Bottom Plug (part of pre-pack)

47 Total Depth
(TOTDEPTH)

47

0 957 Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Comments Total Water Volume During Construction
(D Not Surveyed Introduced (Gal): _NA
BWO0001 A-F in same pad. Recovered (Gal): _~ 6

Reviewed
By: AL\ Cade™ Date: 2/1/11

LC34 - BW0001D



WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 — BWOOO1E

Drilling Company:_EDS

Drillers:_Chris Phelps, Keith Olson

Geologist/Enfgﬂip r Neil Stapley
' %&; For N.S.

y 3

Signature: \J}X/ﬂr

Ground Surface

DEPTH BLS Elevation
0.0 Land Surface @
05 - @
+ Measuring Pt.
, Elevation
0.6 (MPELEV)
Riser Pipe
L Length
INTERVAL LENGTH 51
45
Seal
Length 4
48.5’ |[Seal End Depth
(SBDEPTH) I
Screen 25
51’ |Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
3 Length
3/
(SCRLENGTH)
s (FPL)
Y
Sump 0
54 Total Depth Length
(TOTDEPTH)
! 0
54 :
‘ Boreholg ‘
Diameter
2.25”
Comments

(D Not Surveyed

BWO0001 A-F in same pad.

LC34 - BWOOO1E

Site: LC34

Project Number:_TR0272

Installation Method: DPT

Casing Installation Date:_1/24/2011

Well Type:_Monitoring Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion

Guard Posts(Y/@) Date: 1/25/2011

Surface Pad Size: 4 ftx 6

Protective Casing or Cover
Diameter/Type: _8” Steel Manhole

Depth BGS: _- Weep Hole (Y /@)
Grout

Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement

Placement Method: Direct Pour

Seal

Date: _1/24/2011

Type: _Bentonite Sleeve

Source: _Geoinsight

Set-up/Hydration Time: _~ 45 min.

Placement Method: Threaded PVC

Vol. Fluid Added: ~ 5 gal.

Filter Pack
Type: 20/30 Silica Sand Pre-Pack

Source: Geoinsight

Amount Used: NA

Placement Method: Threaded PVC

Well Riser Pipe
Casing Material: _SCH 40 PVC

Casing Inside Diameters: _3/4 in.
Screen

Material: _SCH 40 PVC

Inside Diameter: 3/4 in.
Screen Slot Size: _0.010 in.

Percent Open Area: _-
Sump or Bottom Cap @ N)

Type/Length: _0.2” Bottom Plug (part of pre-pack)

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _NA
Recovered (Gal): _~5

Reviewed Ah/

By: /\)J\ Qc“

Date: 2/1/11




WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 — BWOOO1F

Drilling Company:_EDS

Drillers:_Chris Phelps, Keith Olson

GeoIogist/Engi_r} er:_Neil Stapley
Signature: \L%':%ﬁ&; For N.S.

I

¢
i/

Ground Surface

DEPTH BLS Elevation
0.0 Land Surface @
05 ©)
+ Measuring Pt.
Elevation
/
0.6 (MPELEV)
Riser Pipe
L Length
INTERVAL LENGTH 58’
44
Seal
Length 4
48’ |Seal End Depth
(SBDEPTH) |
Screen 10’
58’ | Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
3 Length
3/
(SCRLENGTH)
61 (FPL)
L
Sump 0
61 Total Depth Length
(TOTDEPTH)
* 0
61’ ke Rt
‘ Boreholg ‘
Diameter
2.25”
Comments

(D Not Surveyed

BWO0001 A-F in same pad.

LC34 - BWOOO1F

Site: LC34

Project Number:_TR0272

Installation Method: DPT

Casing Installation Date:_1/20/2011

Well Type:_Monitoring Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion

Guard Posts(Y/@) Date: 1/25/2011

Surface Pad Size: 4 ftx 6

Protective Casing or Cover
Diameter/Type: _8” Steel Manhole

Depth BGS: - Weep Hole (Y/@)
Grout

Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement

Placement Method: Direct Pour

Seal Date:

1/20/2011

Type: Bentonite Sleeve

Source: Geoinsight

Set-up/Hydration Time: _~ 45 min.

Placement Method: Threaded PVC

Vol. Fluid Added: ~ 5 gal.

Filter Pack
Type: 20/30 Silica Sand Pre-Pack

Source: Geoinsight

Amount Used: NA

Placement Method: Threaded PVC

Well Riser Pipe
Casing Material: _SCH 40 PVC

Casing Inside Diameters: _3/4
Screen
Material: _SCH 40 PVC

Inside Diameter: _3/4

Screen Slot Size: _0.010
Percent Open Area: -
Sump or Bottom Cap

N)

Type/Length: _0.2” Bottom Plug(part of pre-pack)

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _NA
Recovered (Gal): _~ 4.5

Reviewed Ah/_

By: /UJ\ Qc)A

Date: 2/1/11




Well I.D.:_LC34 — BWO002A

WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Drilling Company:_EDS
Drillers:_Chris Phelps, Keith Olson

Geologist/Eng\iQ
Signature:

Neil Stapley

For N.S.

eer:
[ =i

Ground Surface

DEPTH BLS Elevation
0.0 Land Surface @
05 - @
+ Measuring Pt.
, Elevation
0.6 (MPELEV)
Riser Pipe
L Length
o1 INTERVAL LENGTH 23
Seal
Length 2
23’ |[Seal End Depth
(SBDEPTH)
Screen 0
23’ | Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
3 Length
3/
(SCRLENGTH)
o5 (FPL)
Y
Sump 0
26’ Total Depth Length
(TOTDEPTH)
! 0
26’ SR e
‘ Boreholg ‘
Diameter
2.25"
Comments

(D Not Surveyed

BW0002 A-F in same pad.

LC34 - BW0OO02A

Site: LC34

Project Number:_TR0272

Installation Method: DPT

Casing Installation Date:_1/20/2011

Well Type:_Monitoring Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /@) Date: 1/25/2011

Surface Pad Size: _4 ftx_6 ft
Protective Casing or Cover
Diameter/Type: _8” Steel Manhole

Depth BGS: _- Weep Hole (Y /@)
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement

Placement Method: Direct Pour

Seal Date: _1/20/2011

Type: _30/45 Silica Sand

Source: Standard Sand and Silica (~ % bag / 50 |b. bag)

Set-up/Hydration Time: _0 min.
Placement Method: Direct Pour

Vol. Fluid Added: ~ 5 gal.

Filter Pack
Type: 20/30 Silica Sand Pre-Pack

Source: Geoinsight

Amount Used: NA

Placement Method: Threaded PVC

Well Riser Pipe
Casing Material: _SCH 40 PVC

Casing Inside Diameters: _3/4 in.
Screen

Material: _SCH 40 PVC

Inside Diameter: 3/4 in.
Screen Slot Size: _0.010 in.

Percent Open Area: _-
Sump or Bottom Cap @ N)
Type/Length: _0.2” Bottom Plug (part of pre-pack)

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _NA
Recovered (Gal): _~4.5

Reviewed
By: U CGMEX/ Date: _2/1/11




Well I.D.:_LC34 — BW0002B

WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Drilling Company:_EDS
Drillers:_Chris Phelps, Keith Olson
Geologist/Engineer: Neil Stapley

. [y i
Signature: /il For N.S.
‘:) s T
Ground Surface
DEPTH BLS Elevation
0.0 Land Surface @
05 - @
+ Measuring Pt.
, Elevation
0.6 (MPELEV)
Riser Pipe
L Length
og’ INTERVAL LENGTH 30
Seal
Length 2
30" |Seal End Depth
(SBDEPTH)
Screen 0
30" | Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
3 Length
/
(SCRLENGTH) 3
33 (FPL)
. s
ump
33 Total Depth Length 0
(TOTDEPTH)
! 0
33 SR e
‘ Boreholg ‘
Diameter
2.25”
Comments

(D Not Surveyed

BW0002 A-F in same pad.

LC34 - BW0002B

Site: LC34

Project Number:_TR0272

Installation Method: DPT

Casing Installation Date:_1/21/2011

Well Type:_Monitoring Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /@) Date: 1/25/2011

Surface Pad Size: _4 ftx_6 ft
Protective Casing or Cover
Diameter/Type: _8” Steel Manhole

Depth BGS: _- Weep Hole (Y /@)
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement

Placement Method: Direct Pour

Seal Date: _1/21/2011

Type: _30/45 Silica Sand

Source: Standard Sand and Silica (~ % bag / 50 |b. bag)

Set-up/Hydration Time: _0 min.

Placement Method: Direct Pour

Vol. Fluid Added: ~ 5 gal.

Filter Pack
Type: 20/30 Silica Sand Pre-Pack

Source: Geoinsight

Amount Used: NA

Placement Method: Threaded PVC

Well Riser Pipe
Casing Material: _SCH 40 PVC

Casing Inside Diameters: _3/4 in.
Screen

Material: _SCH 40 PVC

Inside Diameter: 3/4 in.
Screen Slot Size: _0.010 in.

Percent Open Area: _-
Sump or Bottom Cap @ N)
Type/Length: _0.2” Bottom Plug(part of pre-pack)

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _NA
Recovered (Gal): _~3

Reviewed
By: AU Qomh/ Date: _2/1/11




Well I.D.:_LC34 — BW0002C

WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Drilling Company:_EDS
Drillers:_Chris Phelps, Keith Olson

GeoIogist/Engine
. Nt JH
Signature: \J%‘ﬂ

:_Neil Stapley

For N.S

Ground Surface

DEPTH BLS Elevation
0.0 Land Surface @
05 - @
+ Measuring Pt.
, Elevation
0.6 (MPELEV)
Riser Pipe
L Length
INTERVAL LENGTH 37
35
Seal
Length 2
37’ |Seal End Depth
(SBDEPTH)
Screen 0
37’ | Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
3 Length
3’
(SCRLENGTH)
e (FPL)
Y
Sump 0
Vilog Total Depth Length
(TOTDEPTH)
! 0
‘ Boreholg ‘
Diameter
2.25”
Comments

(D Not Surveyed

BW0002 A-F in same pad.

LC34 - BW0002C

Site: LC34

Project Number:_TR0272

Installation Method: DPT

Casing Installation Date:_1/21/2011

Well Type:_Monitoring Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /@) Date: 1/25/2011

Surface Pad Size: _4 ftx_6 ft
Protective Casing or Cover
Diameter/Type: _8” Steel Manhole

Depth BGS: _- Weep Hole (Y /@)
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement

Placement Method: Direct Pour

Seal Date: _1/21/2011

Type: _30/45 Silica Sand

Source: Standard Sand and Silica (~ % bag / 50 |b. bag)

Set-up/Hydration Time: _0 min.

Placement Method: Direct Pour

Vol. Fluid Added: ~ 5 gal.

Filter Pack
Type: 20/30 Silica Sand Pre-Pack

Source: Geoinsight

Amount Used: NA

Placement Method: Threaded PVC

Well Riser Pipe

Casing Material: _SCH 40 PVC

Casing Inside Diameters: _3/4 in.
Screen

Material: _SCH 40 PVC

Inside Diameter: _3/4 in.
Screen Slot Size: _0.010 in.

Percent Open Area: _-
Sump or Bottom Cap @ N)
Type/Length: _0.2” Bottom Plug (part of pre-pack)

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _NA
Recovered (Gal): _~ 6.5

Reviewed
By: U Qo\s&/ Date: _2/1/11




WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 — BW0002D Site: LC34

Project Number:_TR0272
Drilling Company:_EDS Installation Method: DPT
Drillers:_Chris Phelps, Keith Olson Casing Installation Date:_1/21/2011
GeoIogist/Engi,q/jet,e . Neil Stapley Well Type:_Monitoring Well
Signature: \’WG{& For N.S. Well Completion Method:_Flush Mount

[

Geologic Completion Zone:_Surficial

Well Completion
Ground Surface
DEPTH BLS Elevation Guard Posts (Y /@) Date: 1/25/2011

0.0 Land Surface @ Surface Pad Size: 4 ftx 6

Protective Casing or Cover
L Diameter/Type: _8” Steel Manhole

05 - @ Depth BGS: _- Weep Hole (Y /@
Grout
+ Measuring Pt. Composition/Proportions: _ASTM C1157, Type GU

Elevation .
0.6’ (MPELEV) Portland/Limestone Cement

Riser Pipe Placement Method: Direct Pour

Length

INTERVAL LENGTH 44

42 Seal Date: _1/21/2011

? Type: _Bentonite Sleeve

Seal Source: Geoinsight

Length 2 N N N
Set-up/Hydration Time: _~ 45 min.

A4’ |Seal End Depth
(SBDEPTH)

Placement Method: Threaded PVC

Vol. Fluid Added: ~ 5 gal.

Screen
44’ | Begin Depth
(SBDEPTH)

Filter Pack
Type: 20/30 Silica Sand Pre-Pack

Source: Geoinsight

Screen Amount Used: NA

Length Filter Pack Placement Method: _Threaded PVC
3 Length Well Riser Pipe

(SCRLENGTH) 3 Casing Material: _SCH 40 PVC

Casing Inside Diameters: _3/4 in.
Screen

Material: SCH 40 PVC

(FPL)
47

Eg;“g'f;h 0 Inside Diameter: 3/4 in.
Screen Slot Size: _0.010 in.
0 Percent Open Area: _-
feskiet Sump or Bottom Cap @ N)

‘%‘ Type/Length: _0.2” Bottom Plug (part of pre-pack)

47 Total Depth
(TOTDEPTH)

47

- Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Comments Total Water Volume During Construction
(D Not Surveyed Introduced (Gal): _NA
BWO0002 A-F in same pad. Recovered (Gal): _~4

Reviewed
By: A Qomh/ Date: _2/1/11

LC34 - BW0002D



WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 — BWOO002E Site: LC34

Project Number:_TR0272
Drilling Company:_EDS Installation Method: DPT
Drillers:_Chris Phelps, Keith Olson Casing Installation Date:_1/24/2011
Geologist/Engineer; Neil Stapley Well Type:_Monitoring Well
Signature: ‘} A*'ﬂ % For N.S. Well Completion Method:_Flush Mount

Geologic Completion Zone:_Surficial

Well Completion

Ground Surface

DEPTH BLS Elevation Guard Posts (Y /@) Date: 1/25/2011
00 Land Surface @ Surface Pad Size: 4 ftx _6
Protective Casing or Cover
L Diameter/Type: _8” Steel Manhole
0.5 - @ Depth BGS: - Weep Hole (Y /@)
Grout
1 '\E/'S::gzg Pt. Composition/Proportions: _ASTM C1157, Type GU
0.6/ (MPELEV) Portland/Limestone Cement
L fésrgﬂf’ipe Placement Method: _Direct Pour
45 INTERVAL LENGTH SX4 Seal Date: 1/24/2011
! Type: Bentonite Sleeve
Seal , Source: _Geoinsight
Length 4

Set-up/Hydration Time: _~ 45 min.

Seal End Depth
(SBDEPTH)

Placement Method: Threaded PVC

Vol. Fluid Added: ~ 5 gal.

Screen
51’ |Begin Depth
(SBDEPTH)

2.5 Filter Pack

Type: 20/30 Silica Sand Pre-Pack

Source: Geoinsight

Screen Amount Used: NA

Length .
Filter Pack Placement Method: _Threaded PVC

3 Length Well Riser Pipe

(SCRLENGTH) 3 Casing Material: _SCH 40 PVC

Casing Inside Diameters: _3/4 in.
Screen

Material: _SCH 40 PVC

(FPL)

Corgn| O Inside Diameter: _3/4 in.
Screen Slot Size: _0.010 in.
0 Percent Open Area: _-

R Sump or Bottom Cap @ N)
[<Boreholg | Type/Length: _0.2” Bottom Plug (part of pre-pack)

54’ Total Depth
(TOTDEPTH)

» o5 Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Comments Total Water Volume During Construction
(D Not Surveyed Introduced (Gal): _NA
BWO0002 A-F in same pad. Recovered (Gal): _~4.5

Reviewed
By: AU Qcmh/ Date: _2/1/11

LC34 - BW0OO0O2E



WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 — BWOO0O2F Site: LC34

Project Number:_TR0272
Drilling Company:_EDS Installation Method: DPT
Drillers:_Chris Phelps, Keith Olson Casing Installation Date:_1/21/2011
Geologist/Eng\i_r} er:_Neil Stapley Well Type:_Monitoring Well
Signature: \)L%'?@mfg For N.S. Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Ground Surface
DEPTH BLS Elevation Guard Posts (Y /@) Date: 1/25/2011

0.0 Land Surface @ Surface Pad Size: 4 ftx 6

Protective Casing or Cover
L Diameter/Type: _8” Steel Manhole

05 - @ Depth BGS: _- Weep Hole (Y /@)
Grout
+ Measuring Pt. Composition/Proportions: _ASTM C1157, Type GU

Elevation .
0.6’ (MPELEV) Portland/Limestone Cement

Riser Pipe Placement Method: Direct Pour

Length

INTERVAL LENGTH 58’ Seal Date: 1/21/2011

? Type: _Bentonite Sleeve

Seal , Source: _Geoinsight
Length 4 . . .
48 |seal End Depth Set-up/Hydration Time: _~ 45 min.

(SBDEPTH) ! Placement Method: _Threaded PVC
o Vol. Fluid Added: _~ 5 gal.

Screen
58 | Begin Depth
(SBDEPTH)

10 Filter Pack

Type: 20/30 Silica Sand Pre-Pack

Source: Geoinsight

Screen Amount Used: NA

Length Filter Pack Placement Method: _Threaded PVC
3 Length Well Riser Pipe

(SCRLENGTH) 3 Casing Material: _SCH 40 PVC

Casing Inside Diameters: _3/4 in.
Screen

Material: _SCH 40 PVC

(FPL)
61’

Eg;“g'?h 0 Inside Diameter: 3/4 in.
Screen Slot Size: _0.010 in.
0 Percent Open Area: _-
feskiet Sump or Bottom Cap @ N)

‘%‘ Type/Length: _0.2” Bottom Plug(part of pre-pack)

61’ Total Depth
(TOTDEPTH)

61

» o5 Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Comments Total Water Volume During Construction
(D Not Surveyed Introduced (Gal): _NA
BWO0002 A-F in same pad. Recovered (Gal): _~4.5

Reviewed
By: _ AN Ccmﬁ/ Date: 2/1/11

LC34 - BW0OO2F



Well I.D.:_LC34 — BWOO03A

WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Drilling Company:_EDS
Drillers:_Chris Phelps, Keith Olson
Geologist/Eng'\rf)/e

Signature:

: Neil Stapley

vir

- For N.S.

T =
!

Ground Surface

DEPTH BLS Elevation
0.0 Land Surface @
05 - @
+ Measuring Pt.
, Elevation
0.6 (MPELEV)
Riser Pipe
L Length
o1 INTERVAL LENGTH 23
Seal
Length 2
23’ |[Seal End Depth
(SBDEPTH)
Screen 0
23’ | Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
3 Length
3/
(SCRLENGTH)
o5 (FPL)
Y
Sump 0
26’ Total Depth Length
(TOTDEPTH)
! 0
26’ SR e
‘ Boreholg ‘
Diameter
2.25"
Comments

(D Not Surveyed

BWO0003 A-F in same pad.

LC34 - BWOOO3A

Site: LC34

Project Number:_TR0272

Installation Method: DPT

Casing Installation Date:_1/21/2011

Well Type:_Monitoring Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /@) Date: 1/25/2011

Surface Pad Size: _4 ftx_6 ft
Protective Casing or Cover
Diameter/Type: _8” Steel Manhole

Depth BGS: _- Weep Hole (Y /@)
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement

Placement Method: Direct Pour

Seal Date: _1/21/2011

Type: _30/45 Silica Sand

Source: Standard Sand and Silica (~ % bag / 50 |b. bag)

Set-up/Hydration Time: _0 min.

Placement Method: Direct Pour

Vol. Fluid Added: ~ 5 gal.

Filter Pack
Type: 20/30 Sand Silica Pre-Pack

Source: Geoinsight

Amount Used: NA

Placement Method: Threaded PVC

Well Riser Pipe
Casing Material: _SCH 40 PVC

Casing Inside Diameters: _3/4 in.
Screen

Material: _SCH 40 PVC

Inside Diameter: 3/4 in.
Screen Slot Size: _0.010 in.

Percent Open Area: _-
Sump or Bottom Cap @ N)
Type/Length: _0.2” Bottom Plug (part of pre-pack)

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _NA
Recovered (Gal): _~5

Reviewed
By: WA Qcmh/ Date: _2/1/11




WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 — BW0003B

Drilling Company:_EDS
Drillers:_Chris Phelps, Keith Olson
Geologist/Eng\ig, r:_Neil Stapley
Signature: \}//ﬂ% - For N.S.

i » )

[

Ground Surface

DEPTH BLS Elevation
0.0 Land Surface @
05 - @
+ Measuring Pt.
, Elevation
0.6 (MPELEV)
Riser Pipe
L Length
og’ INTERVAL LENGTH 30
Seal
Length 2
30" |Seal End Depth
(SBDEPTH)
Screen 0
30" | Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
3 Length
3/
(SCRLENGTH)
33 (FPL)
Y
Sump 0
33 Total Depth Length
(TOTDEPTH)
! 0
33 SR e
‘ Boreholg ‘
Diameter
2.25”
Comments

(D Not Surveyed
BWO0003 A-F in same pad.

LC34 - BW0003B

Site: LC34

Project Number:_TR0272

Installation Method: DPT

Casing Installation Date:_1/24/2011

Well Type:_Monitoring Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /@) Date: 1/25/2011

Surface Pad Size: _4 ftx_6 ft
Protective Casing or Cover
Diameter/Type: _8” Steel Manhole

Depth BGS: _- Weep Hole (Y /@)
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement

Placement Method: Direct Pour

Seal Date: _1/24/2011

Type: _30/45 Silica Sand

Source: Standard Sand and Silica (~ % bag / 50 |b. bag)

Set-up/Hydration Time: _0 min.

Placement Method: Direct Pour

Vol. Fluid Added: ~ 5 gal.

Filter Pack
Type: 20/30 Silica Sand Pre-Pack

Source: Geoinsight

Amount Used: NA

Placement Method: Threaded PVC

Well Riser Pipe
Casing Material: _SCH 40 PVC

Casing Inside Diameters: _3/4 in.
Screen

Material: _SCH 40 PVC

Inside Diameter: 3/4 in.
Screen Slot Size: _0.010 in.

Percent Open Area: _-
Sump or Bottom Cap @ N)
Type/Length: _0.2” Bottom Plug(part of pre-pack)

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _NA
Recovered (Gal): _~5

Reviewed
By: A Qcmh/ Date: _2/1/11




Well I.D.:_LC34 — BW0003C

WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Drilling Company:_EDS
Drillers:_Chris Phelps, Keith Olson
Geologist/Engineer: Neil Stapley

. (Y ]
Signature: Uil For NLS.
.‘,J et 3
Ground Surface
DEPTH BLS Elevation
0.0 Land Surface @
05 - @
+ Measuring Pt.
, Elevation
0.6 (MPELEV)
Riser Pipe
L Length
INTERVAL LENGTH 37
35
Seal
Length 2
37’ |Seal End Depth
(SBDEPTH)
Screen 0
37’ | Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
3 Length
/
(SCRLENGTH) 3
e (FPL)
. s
ump
Vilog Total Depth Length 0
(TOTDEPTH)
! 0
‘ Boreholg ‘
Diameter
2.25”
Comments

(D Not Surveyed

BWO0003 A-F in same pad.

LC34 - BW0003C

Site: LC34

Project Number:_TR0272

Installation Method: DPT

Casing Installation Date:_1/24/2011

Well Type:_Monitoring Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /@) Date: 1/25/2011

Surface Pad Size: _4 ftx_6 ft
Protective Casing or Cover
Diameter/Type: _8” Steel Manhole

Depth BGS: _- Weep Hole (Y /@)
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement

Placement Method: Direct Pour

Seal Date: _1/24/2011

Type: _30/45 Silica Sand

Source: Standard Sand and Silica (~ % bag / 50 |b. bag)

Set-up/Hydration Time: _0 min.

Placement Method: Direct Pour

Vol. Fluid Added: ~ 5 gal.

Filter Pack
Type: 20/30 Silica Sand Pre-Pack

Source: Geoinsight

Amount Used: NA

Placement Method: Threaded PVC

Well Riser Pipe

Casing Material: _SCH 40 PVC

Casing Inside Diameters: _3/4 in.
Screen

Material: _SCH 40 PVC

Inside Diameter: _3/4 in.
Screen Slot Size: _0.010 in.

Percent Open Area: _-
Sump or Bottom Cap @ N)
Type/Length: _0.2” Bottom Plug(part of pre-pack)

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _NA
Recovered (Gal): _~4.5

Reviewed
By: U CGMEX/ Date: _2/1/11




WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 — BWO0003D

Drilling Company:_EDS

Drillers:_Chris Phelps, Keith Olson

GeoIogist/Engipee :, Neil Stapley
| \/"’f 1
Signature: \M'r{ﬂ@?{ For N.S.

]

[

Ground Surface

DEPTH BLS Elevation
0.0 Land Surface @
05 - @
+ Measuring Pt.
, Elevation
0.6 (MPELEV)
Riser Pipe
L Length
INTERVAL LENGTH 44
42
Seal
Length 2
A4’ |Seal End Depth
(SBDEPTH)
Screen 0
44’ | Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
3 Length
3’
(SCRLENGTH)
47 (FPL)
Y
Sump 0
47 Total Depth Length
(TOTDEPTH)
! 0
a7 b
‘ Boreholg ‘
Diameter
2.25"
Comments

(D Not Surveyed

BWO0003 A-F in same pad.

LC34 - BW0003D

Site: LC34

Project Number:_TR0272

Installation Method: DPT

Casing Installation Date:_1/21/2011

Well Type:_Monitoring Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion

Guard Posts (Y /@) Date: 1/25/2011

Surface Pad Size: 4 ftx 6

Protective Casing or Cover
Diameter/Type: _8” Steel Manhole

Depth BGS: - Weep Hole (Y /@
Grout

Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement

Placement Method: Direct Pour

Seal

Date: _1/21/2011

Type: _Bentonite Sleeve

Source: Geoinsight

Set-up/Hydration Time: _~ 45 min.

Placement Method: Threaded PVC

Vol. Fluid Added: ~ 5 gal.

Filter Pack
Type: 20/30 Silica Sand Pre-Pack

Source: Geoinsight

Amount Used: NA

Placement Method: Threaded PVC

Well Riser Pipe
Casing Material: _SCH 40 PVC

Casing Inside Diameters: _3/4 in.
Screen

Material: _SCH 40 PVC

Inside Diameter: 3/4 in.
Screen Slot Size: _0.010 in.

Percent Open Area: _-
Sump or Bottom Cap @ N)

Type/Length: 0.2” Bottom Plug(part of pre-pack)

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _NA
Recovered (Gal): _~ 6

Reviewed )&/-

By: UM Can

Date: 2/1/11




WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 — BWOOO3E Site: LC34

Project Number:_TR0272
Drilling Company:_EDS Installation Method: DPT
Drillers:_Chris Phelps, Keith Olson Casing Installation Date:_1/24/2011
Geologist/Engineer:_Neil Stapley Well Type:_Monitoring Well
Signature: (}%‘q ] 3 For N.S. Well Completion Method:_Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Ground Surface
DEPTH BLS Elevation Guard Posts (Y /@) Date: 1/25/2011

0.0 Land Surface @ Surface Pad Size: 4 ftx 6

Protective Casing or Cover
L Diameter/Type: _8” Steel Manhole

05 - @ Depth BGS: _- Weep Hole (Y /@)
Grout
+ Measuring Pt. Composition/Proportions: _ASTM C1157, Type GU

Elevation .
(MPELEV) Portland/Limestone Cement

Riser Pipe Placement Method: Direct Pour

Length

INTERVAL LENGTH 51 Seal Date: 1/24/2011

7? Type: _Bentonite Sleeve

Seal Source: _Geoinsight

Length 4 N N N
Set-up/Hydration Time: _~ 45 min.

Seal End Depth
(SBDEPTH)

Placement Method: Threaded PVC

Vol. Fluid Added: ~ 5 gal.

Screen
51’ |Begin Depth
(SBDEPTH)

2.5 Filter Pack

Type: 20/30 Silica Sand Pre-Pack

Source: Geoinsight

Screen Amount Used: NA

Length .
Filter Pack Placement Method: _Threaded PVC

3 Length Well Riser Pipe

(SCRLENGTH) 3 Casing Material: _SCH 40 PVC

Casing Inside Diameters: _3/4 in.
Screen

Material: SCH 40 PVC

(FPL)

Corgn| O Inside Diameter: _3/4 in.
Screen Slot Size: _0.010 in.
0 Percent Open Area: _-

R Sump or Bottom Cap @ N)
[<Boreholg | Type/Length: _0.2” Bottom Plug (part of pre-pack)

54’ Total Depth
(TOTDEPTH)

» o5 Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Comments Total Water Volume During Construction
(D Not Surveyed Introduced (Gal): _NA
BWO0003 A-F in same pad. Recovered (Gal): _~5

Reviewed
By: AN CGMEX/ Date: _2/1/11

LC34 - BWOOO3E



WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 — BWOOO3F Site: LC34

Project Number:_TR0272
Drilling Company:_EDS Installation Method: DPT
Drillers:_Chris Phelps, Keith Olson Casing Installation Date:_1/21/2011
Geologist/En ineer:_Neil Stapley Well Type:_Monitoring Well
Signature: \)Lﬂh ‘ :_For N.S. Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Ground Surface
DEPTH BLS Elevation Guard Posts (Y /@) Date: 1/25/2011

0.0 Land Surface @ Surface Pad Size: 4 ftx 6

Protective Casing or Cover
L Diameter/Type: _8” Steel Manhole

05 - @ Depth BGS: _- Weep Hole (Y /@)
Grout
+ Measuring Pt. Composition/Proportions: _ASTM C1157, Type GU

Elevation .
0.6’ (MPELEV) Portland/Limestone Cement

Riser Pipe Placement Method: Direct Pour

Length

INTERVAL LENGTH 58’ Seal Date: 1/21/2011

? Type: _Bentonite Sleeve

Seal , Source: _Geoinsight
Length 4 . . .
48 |seal End Depth Set-up/Hydration Time: _~ 45 min.

(SBDEPTH) ! Placement Method: _Threaded PVC
o Vol. Fluid Added: _~ 5 gal.

Screen
58 | Begin Depth
(SBDEPTH)

10 Filter Pack

Type: 20/30 Silica Sand Pre-Pack

Source: Geoinsight

Screen Amount Used: NA

Length Filter Pack Placement Method: _Threaded PVC
3 Length Well Riser Pipe

(SCRLENGTH) 3 Casing Material: _SCH 40 PVC

Casing Inside Diameters: _3/4 in.
Screen

Material: _SCH 40 PVC

(FPL)
61’

Eg;“g'?h 0 Inside Diameter: 3/4 in.
Screen Slot Size: _0.010 in.
0 Percent Open Area: _-
feskiet Sump or Bottom Cap @ N)

‘%‘ Type/Length: _0.2” Bottom Plug(part of pre-pack)

61’ Total Depth
(TOTDEPTH)

61

» o5 Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Comments Total Water Volume During Construction
(D Not Surveyed Introduced (Gal): _NA
BWO0003 A-F in same pad. Recovered (Gal): _~4

Reviewed
By: A\ Qam\h/ Date: _2/1/11

LC34 - BWOOO3F



Well I.D.:_LC34 —1J0013

WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Drilling Company:_EDS
Drillers:_Mike Miller, Cory Cone, Carl Leonhardt
Geologist/Engineer:_Rebecca Daprato

signature: _ AU\ Con T
Ground Surface
DEPTH BLS Elevation
00 Land Surface @
05 - @
+ Measuring Pt.
, Elevation
1 (MPELEV)
Riser Pipe
L Length
o7 INTERVAL LENGTH 32.2%
Seal
Length Vg
31’ |Seal End Depth
(SBDEPTH)
* Screen 1.25
32.25 |Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
95 Length
'/
(SCRLENGTH) 1115
41.7% o
Y
Sump 5”
42.15 | Total Depth Length
(TOTDEPTH)
i 0
42.1% b
‘ Boreholg ‘
Diameter
107
Comments

(D Not Surveyed

1J0013 and 1J0014 installed in same borehole

LC34 - 130013

Site: LC34

Project Number:_TR0272

Installation Method: HSA

Casing Installation Date:_1/20/2011

Well Type:_Injection Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /((N) Date: 1/21/2011

Surface Pad Size: 3 ftx 3 ft
Protective Casing or Cover
Diameter/Type: 18" x 18” x 10” Vault Box

Depth BGS: _- Weep Hole (Y /@)
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement (~ 4 bags /"~ 20 gal.)

Placement Method: Tremie w/ pump

Seal Date: _1/20/2011

Type: Bentonite Chips (3/8”)

Source: Hole Plug (~ % bag / 50 |b. bag)

Set-up/Hydration Time: 15 - 20 min.

Placement Method: Direct Pour

Vol. Fluid Added: 0 gal., water added to casing for install

Filter Pack
Type: _6/20 Silica Sand

Source: Standard Sand and Silica

Amount Used: ~ 11 bags (50 lb. bag)

Placement Method: Direct Pour

Well Riser Pipe

Casing Material: SCH 40 PVC

Casing Inside Diameters: 2 in.
Screen

Material: SCH 40 PVC

Inside Diameter: 2 in.
Screen Slot Size: 0.020 in.

Percent Open Area: -
Sump or Bottom Cap @ N)
Type/Length: _~5in.

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _~ 75 (for 1J0013 and 1J0014)

Recovered (Gal): _~ 30

RevieweELI N /)
By: -L}MM Date: _1/31/11

P



WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 —1J0014

Drilling Company:_EDS

Drillers: _Mike Miller, Cory Cone, Carl Leonhardt

Geologist/Engineer: Rebecca-Baprato

Signature: L. Coan xn(

Ground Surface

DEPTH BLS Elevation

00 Land Surface @

L

0.5 — @

+ Measuring Pt.
’ Elevation
1 (MPELEV)
Riser Pipe
L Length
43 INTERVAL LENGTH 47.25%
Seal
Length 3
46’ |Seal End Depth
(SBDEPTH)
* Screen 1.25
A7.25 |Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
95 Length
'/
(SCRLENGTH) | 11.15
56.75' (FPL
Y Sump
U
57.15" | Total Depth Length 5
(TOTDEPTH)
: 0
57.1% e
‘ Boreholg ‘
Diameter
107
Comments

(D Not Surveyed

1J0013 and 1J0014 installed in same borehole

LC34 - 130014

Site: LC34

Project Number:_TR0272

Installation Method: HSA

Casing Installation Date:_1/20/2011

Well Type:_Injection Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /((N)) Date: 1/21/2011

Surface Pad Size: _3 ftx 3 ft
Protective Casing or Cover
Diameter/Type: 18" x 18” x 10” Vault Box

Depth BGS: - Weep Hole (Y /@
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement (~ 4 bags /"~ 20 gal.)

Placement Method: Tremie w/ pump

Seal Date: _1/20/2011

Type: Bentonite Chips (3/8”)

Source: Hole Plug (~ ¥ bag /50 Ib. bag)

Set-up/Hydration Time: _0 min.

Placement Method: Direct Pour

Vol. Fluid Added: 0 gal., water added to casing for install

Filter Pack
Type: _6/20 Silica Sand

Source: Standard Sand and Silica

Amount Used: ~ 13 bags (50 |lb. bag)

Placement Method: Direct Pour

Well Riser Pipe
Casing Material: SCH 40 PVC

Casing Inside Diameters: 2 in.
Screen

Material: SCH 40 PVC

Inside Diameter: 2 in.
Screen Slot Size: _0.020 in.

Percent Open Area: -
Sump or Bottom Cap @ N)
Type/Length: _~5in.

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _~ 75 (for 1J0013 and 1J0014)

Recovered (Gal): _~ 30

Reviewed~ ~ /)
By: f-'w} Tdoasll Date: 1/31/11

&P



WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 —1J0015

Drilling Company:_EDS

Drillers: _Mike Miller, Cory Cone, Carl Leonhardt

Geologist/Engineer: Rebecca-Baprato

Signature: L' Coan xn(

Ground Surface

DEPTH BLS Elevation

00 Land Surface @

L

0.5 — @

+ Measuring Pt.
, Elevation
1 (MPELEV)
Riser Pipe
L Length
INTERVAL LENGTH 32.2%
275 '
Seal
Length| 3.5
31’ |Seal End Depth
(SBDEPTH)
* Screen 1.25%
32.25" |Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
95 Length
'/
(SCRLENGTH) 11.15
41.7% e
: s
/ Lumrt)h 57
42.15" |Total Depth eng
(TOTDEPTH)
! 0
42.1% b
‘ Boreholg ‘
Diameter
107
Comments

(D Not Surveyed

1J0015 and 1J0016 installed in same borehole

LC34 - 130015

Site: LC34

Project Number:_TR0272

Installation Method: HSA

Casing Installation Date:_1/20/2011

Well Type:_Injection Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /((N))  Date: _1/24/2011

Surface Pad Size: _3 ftx 3 ft
Protective Casing or Cover
Diameter/Type: 18" x 18” x 10” Vault Box

Depth BGS: - Weep Hole (Y /@
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement (~ 4 bags /"~ 20 gal.)

Placement Method: Tremie w/ pump

Seal Date: _1/20/2011

Type: Bentonite Chips (3/8”)

Source: Hole Plug (~ % bag / 50 |b. bag)

Set-up/Hydration Time: 15 - 20 min.

Placement Method: Direct Pour

Vol. Fluid Added: 0 gal., water added to casing for install

Filter Pack
Type: _6/20 Silica Sand

Source: Standard Sand and Silica

Amount Used: ~ 10 bags (50 lb. bag)

Placement Method: Direct Pour

Well Riser Pipe

Casing Material: SCH 40 PVC

Casing Inside Diameters: 2 in.
Screen

Material: SCH 40 PVC

Inside Diameter: 2 in.
Screen Slot Size: _0.020 in.

Percent Open Area: -
Sump or Bottom Cap @ N)
Type/Length: _~5in.

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _~ 75 (for 1J0015 and 1J0016)

Recovered (Gal): _~ 35

Revieweti,\l s
By: -.'w} T el Date: 1/31/11

&



WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 —1J0016

Drilling Company:_EDS

Drillers: _Mike Miller, Cory Cone, Carl Leonhardt

Geologist/Engineer: Rebecca-Baprato

Signature: L. Coan )\n(

Ground Surface
DEPTH BLS Elevation

00 Land Surface @

L
0.5 — @

+ Measuring Pt.
, Elevation
1 (MPELEV)
Riser Pipe
L Length
25 INTERVAL LENGTH 4725
Seal
Length| 3
A5.5 |Seal End Depth
(SBDEPTH)
* Scrgen 1.7%
A7.25 |Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
95 Length
/
(SCRLENGTH) 11.65
56.75 w
Y
Sump 5”
57.15" | Total Depth Length
(TOTDEPTH)
! 0
57.1% b
‘ Boreholg ‘
Diameter
107
Comments

(D Not Surveyed

1J0015 and 1J0016 installed in same borehole

LC34 - 130016

Site: LC34

Project Number:_TR0272

Installation Method: HSA

Casing Installation Date:_1/20/2011

Well Type:_Injection Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /((N))  Date: _1/24/2011

Surface Pad Size: _3 ftx 3 ft
Protective Casing or Cover
Diameter/Type: 18" x 18” x 10” Vault Box

Depth BGS: - Weep Hole (Y /@
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement (~ 4 bags /"~ 20 gal.)

Placement Method: Tremie w/ pump

Seal Date: _1/20/2011

Type: _Bentonite Chips (3/8")

Source: Hole Plug (~ % bag /50 Ib. bag)

Set-up/Hydration Time: _0 min.
Placement Method: Direct Pour

Vol. Fluid Added: 0 gal., water added to casing for install

Filter Pack
Type: 6/20 Silica Sand

Source: Standard Sand and Silica

Amount Used: ~ 12 bags (50 Ib. bag)

Placement Method: Direct Pour

Well Riser Pipe

Casing Material: _SCH 40 PVC

Casing Inside Diameters: 2 in.
Screen

Material: _SCH 40 PVC

Inside Diameter: 2 in.
Screen Slot Size: _0.020 in.

Percent Open Area: _-
Sump or Bottom Cap @ N)
Type/Length: _~5in.

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _~ 75 (for 1J0015 and 1J0016)

Recovered (Gal): _~ 30

Reviewed % 1
By: QLHJM Date: _1/31/11

P



WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 —1J0017

Drilling Company:_EDS

Drillers: _Mike Miller, Cory Cone, Carl Leonhardt

Geologist/Engineer:_Rebecca-Baprato

signature: AN Conv ST

Ground Surface

DEPTH BLS Elevation

00 Land Surface @

L

0.5 — @

+ Measuring Pt.
’ Elevation
1 (MPELEV)
Riser Pipe
L Length
28 5/ INTERVAL LENGTH 3225’
Seal
Length 2
30.5" [Seal End Depth
(SBDEPTH)
* Screen 175
32.25’ |Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
95 Length
'/
(sCrRiENGTH) | 11.65
41.75 (FPO
Y
Sump 5//
42.15’ |Total Depth Length
(TOTDEPTH)
! 0
42.1% Sy
‘ Boreholg ‘
Diameter
10”
Comments

(D Not Surveyed

1J0017 and 1J0018 installed in same borehole

LC34 - 130017

Site: LC34

Project Number:_TR0272

Installation Method: HSA

Casing Installation Date:_1/18/2011

Well Type:_Injection Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /((N))  Date: _1/24/2011

Surface Pad Size: _3 ftx 3 ft
Protective Casing or Cover
Diameter/Type: 18" x 18” x 10” Vault Box

Depth BGS: - Weep Hole (Y /@
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement (~ 4 bags/~ 20 gal.)

Placement Method: Tremie w/ pump

Seal Date: _1/18/2011

Type: Bentonite Chips (3/8”)

Source: Hole Plug (~ % bag /50 Ib. bag)

Set-up/Hydration Time: 15 min.

Placement Method: Direct Pour

Vol. Fluid Added: 0 gal., water added to casing for install

Filter Pack
Type: _6/20 Silica Sand

Source: Standard Sand and Silica

Amount Used: ~ 10 bags (50 lb. bag)

Placement Method: Direct Pour

Well Riser Pipe

Casing Material: SCH 40 PVC

Casing Inside Diameters: 2 in.
Screen

Material: SCH 40 PVC

Inside Diameter: 2 in.
Screen Slot Size: _0.020 in.

Percent Open Area: -
Sump or Bottom Cap @ N)
Type/Length: _~5in.

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _~ 75 (for 1J0017 and 1J0018)

Recovered (Gal): _~12

Reviewi‘(dl s
By: -.'w} T el Date: 1/31/11

&



WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 —1J0018

Drilling Company:_EDS

Drillers: _Mike Miller, Cory Cone, Carl Leonhardt

Geologist/Engineer:_Rebecca Daprato

signature: _ AW Ca, 0

Ground Surface

DEPTH BLS Elevation

00 Land Surface @

L

0.5 — @

+ Measuring Pt.
, Elevation
1 (MPELEV)
Riser Pipe
L Length
435 INTERVAL LENGTH 4725
Seal
Length| 2
45.5’ [Seal End Depth
(SBDEPTH)
* Screen 1.7%
A7.25 |Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
95 Length
'/
(SCRLENGTH) 11.65
56.75 e
Y
Sump 5”
57.15’ |Total Depth Length
(TOTDEPTH)
! 0
57.1% N e
‘ Boreholg ‘
Diameter
107
Comments

(D Not Surveyed

1J0017 and 1J0018 installed in same borehole

LC34 - 130018

Site: LC34

Project Number:_TR0272

Installation Method: HSA

Casing Installation Date:_1/18/2011

Well Type:_Injection Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /((N))  Date: _1/24/2011

Surface Pad Size: _3 ftx 3 ft
Protective Casing or Cover
Diameter/Type: 18" x 18” x 10” Vault Box

Depth BGS: - Weep Hole (Y /@
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement (~ 4 bags /"~ 20 gal.)

Placement Method: Tremie w/ pump

Seal Date: _1/18/2011

Type: Bentonite Chips (3/8”)

Source: Hole Plug (~ % bag /50 Ib. bag)

Set-up/Hydration Time: _0 min.
Placement Method: Direct Pour

Vol. Fluid Added: 0 gal., water added to casing for install

Filter Pack
Type: _6/20 Silica Sand

Source: Standard Sand and Silica

Amount Used: ~ 12 bags (50 lb. bag)

Placement Method: Direct Pour

Well Riser Pipe

Casing Material: SCH 40 PVC

Casing Inside Diameters: 2 in.
Screen

Material: SCH 40 PVC

Inside Diameter: 2 in.
Screen Slot Size: _0.020 in.

Percent Open Area: -
Sump or Bottom Cap @ N)
Type/Length: _~5in.

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _~ 75 (for 1J0017 and 1J0018)

Recovered (Gal): _~ 25

Reviewed ~ /)
By: f-'w} Fgadl Date: _1/31/11

L °



WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 —1J0019

Drilling Company:_EDS

Drillers: _Mike Miller, Cory Cone, Carl Leonhardt

Geologist/Engineer:_Rebecca Daprato

Signature: __ UM Coan N

Ground Surface
DEPTH BLS Elevation

00 Land Surface @

L
0.5 — @

+ Measuring Pt.
, Elevation
1 (MPELEV)
Riser Pipe
L Length
INTERVAL LENGTH 32.2%
28,5 '
Seal
Length 25
31’ |Seal End Depth
(SBDEPTH)
* Screen 1.25%
32.25" |Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
95 Length
'/
(SCRLENGTH) 11.15
41.7% e
: s
/ Lumrt)h 57
42.15" |Total Depth eng
(TOTDEPTH)
! 0
4215 b
‘ Boreholg ‘
Diameter
107
Comments

(D Not Surveyed

1J0019 and 1J0020 installed in same borehole

LC34 - 130019

Site: LC34

Project Number:_TR0272

Installation Method: HSA

Casing Installation Date:_1/18/2011

Well Type:_Injection Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /((N))  Date: _1/24/2011

Surface Pad Size: _3 ftx 3 ft
Protective Casing or Cover
Diameter/Type: 18" x 18” x 10” Vault Box

Depth BGS: - Weep Hole (Y /@
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement (~ 4 bags /"~ 20 gal.)

Placement Method: Tremie w/ pump

Seal Date: _1/18/2011

Type: Bentonite Chips (3/8”)

Source: Hole Plug (~ % bag / 50 |b. bag)

Set-up/Hydration Time: 15 min.

Placement Method: Direct Pour

Vol. Fluid Added: 0 gal., water added to casing for install

Filter Pack
Type: _6/20 Silica Sand

Source: Standard Sand and Silica

Amount Used: ~ 12 bags (50 lb. bag)

Placement Method: Direct Pour

Well Riser Pipe

Casing Material: SCH 40 PVC

Casing Inside Diameters: 2 in.
Screen

Material: SCH 40 PVC

Inside Diameter: 2 in.
Screen Slot Size: _0.020 in.

Percent Open Area: -
Sump or Bottom Cap @ N)
Type/Length: _~5in.

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _~ 75 (for 1J0019 and 1J0020)

Recovered (Gal): _~ 30

Revnewed

f }?“awﬁ( Date: 1/31/11

L s



WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 —1J0020

Drilling Company:_EDS

Drillers: _Mike Miller, Cory Cone, Carl Leonhardt

Geologist/Engineer:_Rebecca Daprato

signature: UM Caa Y

Ground Surface

DEPTH BLS Elevation
0.0 Land Surface @
0.5 @
+ Measuring Pt.
’ Elevation
1 (MPELEV)
Riser Pipe
L Length
42 INTERVAL LENGTH 47.25%
Seal
Length 35
455 |[Seal End Depth
(SBDEPTH)
* Screen 175
47.25 |Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
95 Length
'/
(sCrRiENGTH) | 11.65
56.75' (FPL
: Sump
U
57.15" |Total Depth Length | O
(TOTDEPTH)
: 0
57.1% e
‘ Boreholg ‘
Diameter
107
Comments

(D Not Surveyed

1J0019 and 1J0020 installed in same borehole

LC34 - 130020

Site: LC34

Project Number:_TR0272

Installation Method: HSA

Casing Installation Date:_1/18/2011

Well Type:_Injection Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /((N))  Date: _1/24/2011

Surface Pad Size: _3 ftx 3 ft
Protective Casing or Cover
Diameter/Type: 18" x 18” x 10” Vault Box

Depth BGS: - Weep Hole (Y /@
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement (~ 4 bags /"~ 20 gal.)

Placement Method: Tremie w/ pump

Seal Date: _1/18/2011

Type: Bentonite Chips (3/8”)

Source: Hole Plug (~ % bag / 50 |b. bag)

Set-up/Hydration Time: _0 min.

Placement Method: Direct Pour

Vol. Fluid Added: 0 gal., water added to casing for install

Filter Pack
Type: _6/20 Silica Sand

Source: Standard Sand and Silica

Amount Used: ~ 12 bags (50 lb. bag)

Placement Method: Direct Pour

Well Riser Pipe

Casing Material: SCH 40 PVC

Casing Inside Diameters: 2 in.
Screen

Material: SCH 40 PVC

Inside Diameter: 2 in.
Screen Slot Size: _0.020 in.

Percent Open Area: -
Sump or Bottom Cap @ N)
Type/Length: _~5in.

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _~ 75 (for 1J0019 and 1J0020)

Recovered (Gal): _~ 35

Reviewed ~ /)
By: f-'w} Fgadl Date: _1/31/11

L °



WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 —1J0021

Drilling Company:_EDS

Drillers: _Mike Miller, Cory Cone, Carl Leonhardt

Geologist/Engineer:_Rebecca Daprato

Signature: ik Ca\}ﬁ/

Ground Surface

DEPTH BLS Elevation

00 Land Surface @

L

0.5 — @

+ Measuring Pt.
’ Elevation
1 (MPELEV)
Riser Pipe
L Length
20/ INTERVAL LENGTH 3225
Seal
Length 2
31’ |Seal End Depth
(SBDEPTH)
* Screen 1.25
32.25’ |Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
95 Length
/
(SCRLENGTH) | 11.15
41.75' (FPO
Y Sump
U
42.15’ |Total Depth Length S
(TOTDEPTH)
! 0
42.15 Sy
| Boreholg_|
Diameter
10”
Comments

(D Not Surveyed

1J0021 and 1J0022 installed in same borehole

LC34 - 130021

Site: LC34

Project Number:_TR0272

Installation Method: HSA

Casing Installation Date:_1/18/2011

Well Type:_Injection Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /((N))  Date: _1/24/2011

Surface Pad Size: _3 ftx 3 ft
Protective Casing or Cover
Diameter/Type: 18" x 18” x 10” Vault Box

Depth BGS: - Weep Hole (Y /@
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement (~ 4 bags /"~ 20 gal.)

Placement Method: Tremie w/ pump

Seal Date: _1/18/2011

Type: Bentonite Chips (3/8”)

Source: Hole Plug (~ % bag / 50 |b. bag)

Set-up/Hydration Time: 20 min.

Placement Method: Direct Pour

Vol. Fluid Added: 0 gal., water added to casing for install

Filter Pack
Type: _6/20 Silica Sand

Source: Standard Sand and Silica

Amount Used: ~ 10 bags (50 lb. bag)

Placement Method: Direct Pour

Well Riser Pipe

Casing Material: SCH 40 PVC

Casing Inside Diameters: 2 in.
Screen

Material: SCH 40 PVC

Inside Diameter: 2 in.
Screen Slot Size: _0.020 in.

Percent Open Area: -
Sump or Bottom Cap @ N)
Type/Length: _~5in.

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _~ 75 (for 1J0021 and 1J0022)

Recovered (Gal): _~ 20

Reviewed ~ /)
By: f-'w} Tdorsld Date: 1/31/11

&



WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 —1J0022

Drilling Company:_EDS

Drillers: _Mike Miller, Cory Cone, Carl Leonhardt

Geologist/Engineer: Rebegcca Baprato

Signature: . Caa

Ground Surface

DEPTH BLS Elevation

00 Land Surface @

L

0.5 — @

+ Measuring Pt.
’ Elevation
1 (MPELEV)
Riser Pipe
L Length
43 INTERVAL LENGTH 47.25%
Seal
Length 2
45’ |Seal End Depth
(SBDEPTH)
* Screen 295
A7.25 |Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
95 Length
/
(SCRLENGTH) | 12.15
56.75' (FPO
: Sump
U
57.15 |Total Depth Length S
(TOTDEPTH)
! 0
57.15 e
| Boreholg_|
Diameter
10”
Comments

(D Not Surveyed

1J0021 and 1J0022 installed in same borehole

LC34 - 130022

Site: LC34

Project Number:_TR0272

Installation Method: HSA

Casing Installation Date:_1/17/2011

Well Type:_Injection Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /((N))  Date: _1/24/2011

Surface Pad Size: _3 ftx 3 ft
Protective Casing or Cover
Diameter/Type: 18" x 18” x 10” Vault Box

Depth BGS: - Weep Hole (Y /@
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement (~ 4 bags /"~ 20 gal.)

Placement Method: Tremie w/ pump

Seal Date: _1/18/2011

Type: Bentonite Chips (3/8”)

Source: Hole Plug (~ % bag / 50 |b. bag)

Set-up/Hydration Time: _0 min.
Placement Method: Direct Pour

Vol. Fluid Added: 0 gal., water added to casing for install

Filter Pack
Type: _6/20 Silica Sand

Source: Standard Sand and Silica

Amount Used: ~ 9 bags (50 lb. bag)

Placement Method: Direct Pour

Well Riser Pipe

Casing Material: SCH 40 PVC

Casing Inside Diameters: 2 in.
Screen

Material: SCH 40 PVC

Inside Diameter: 2 in.
Screen Slot Size: _0.020 in.

Percent Open Area: -
Sump or Bottom Cap @ N)
Type/Length: _~5in.

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _~ 75 (for 1J0021 and 1J0022)

Recovered (Gal): _~ 20

Reviewed ~ /)
By: f-'w} Tdorsld Date: 1/31/11

&



WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Well I.D.:_LC34 — RW0007

Drilling Company:_EDS

Drillers: _Mike Miller, Cory Cone, Carl Leonhardt

Geologist/Engineer:_Rebecca Daprato

Signature: AN Con

Ground Surface
DEPTH BLS Elevation

00 Land Surface @

Riser Pipe
Length

0.5 @
+ Measuring Pt.
’ Elevation
1 (MPELEV)
INTERVAL LENGTH 35.2%
30 .
Seal
Length 5
35’ |Seal End Depth
(SBDEPTH)
* Screen 3
35.25" |Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
6.6 Length
7/
(SCRLENGTH)
41.85 (FPL)
Y
Sump 2//
42.00 | Total Depth Length
(TOTDEPTH)
: 0
2.0 S Sl
‘ Boreholg ‘
Diameter
147
Comments

(D Not Surveyed

Cut 10 ft screen to make 7 ft screen, attached slip cap on

with screws

LC34 - Rw0007

Site: LC34

Project Number:_TR0272

Installation Method: HSA

Casing Installation Date:_1/21/2011

Well Type:_Injection Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /((N))  Date: 1/24/2011

Surface Pad Size: 3 ftx 3 ft
Protective Casing or Cover
Diameter/Type: 18" x 18” x 10” Vault Box

Depth BGS: _- Weep Hole (Y /@)
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement (~ 6 bags /~ 45 gal.)

Placement Method: Tremie w/ pump

Seal Date: _1/21/2011

Type: Bentonite Chips (3/8”)

Source: Hole Plug (~ 1 bag /50 |b. bag)

Set-up/Hydration Time: 15 - 20 min.

Placement Method: Direct Pour

Vol. Fluid Added: 0 gal., water added to casing for install

Filter Pack
Type: _6/20 Silica Sand

Source: Standard Sand and Silica

Amount Used: ~ 9 bags (50 Ilb. bag)

Placement Method: Direct Pour

Well Riser Pipe

Casing Material: SCH 40 PVC

Casing Inside Diameters: 6 in.
Screen

Material: SCH 40 PVC

Inside Diameter: _6 in.
Screen Slot Size: 0.020 in.

Percent Open Area: -
Sump or Bottom Cap @ N)
Type/Length: _~ 2in.

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _~ 180
Recovered (Gal): _~ 85

Revnewed
Q» (Drzlﬁé’@ Date: 3/8/11




Well I.D.:_LC34 — RW0008

WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Drilling Company:_EDS
Drillers: _Mike Miller, Cory Cone, Carl Leonhardt

Geologist/Engineer:_Rebecca Daprato
signature: AU Cos JT
Ground Surface
DEPTH BLS Elevation
0.0 Land Surface @
05 - @
+ Measuring Pt.
, Elevation
1 (MPELEV)
Riser Pipe
L Length
39 INTERVAL LENGTH 475
Seal
Length g
A7 | Seal End Depth
(SBDEPTH)
* Screen 6”
A75 |Begin Depth
(SBDEPTH)
Screen
Length
Filter Pack
95 Length

Total Depth

(sCRLENGTH) | 10.5

(FPL)

(TOTDEPTH)
! 0
575 Bl e
‘ Boreholg ‘
Diameter
14”
Comments

(D Not Surveyed

Hole collapsed at top — possible old location of MW

Casing set at ~ 45 ft in clay

LC34 - Rw0008

Site: LC34

Project Number:_TR0272

Installation Method: HSA

Casing Installation Date:_1/19/2011

Well Type:_Injection Well

Well Completion Method: Flush Mount

Geologic Completion Zone:_Surficial

Well Completion
Guard Posts (Y /((N))  Date: _1/24/2011

Surface Pad Size: _3 ftx 3 ft
Protective Casing or Cover
Diameter/Type: 18" x 18” x 10” Vault Box

Depth BGS: - Weep Hole (Y /@
Grout
Composition/Proportions: _ASTM C1157, Type GU

Portland/Limestone Cement (~ 5 bags /~ 20 gal.)

Placement Method: Tremie w/ pump

Seal Date: _1/19/2011

Type: Bentonite Chips (3/8”)

Source: Hole Plug (~ 1 bag /50 |b. bag)

Set-up/Hydration Time: 15 - 20 min.

Placement Method: Direct Pour

Vol. Fluid Added: 0 gal., water added to casing for install

Filter Pack
Type: _6/20 Silica Sand

Source: Standard Sand and Silica

Amount Used: ~ 13 bags (50 |lb. bag)

Placement Method: Direct Pour

Well Riser Pipe

Casing Material: SCH 40 PVC

Casing Inside Diameters: 6 in.
Screen

Material: SCH 40 PVC

Inside Diameter: _6 in.
Screen Slot Size: _0.020 in.

Percent Open Area: -
Sump or Bottom Cap @ N)
Type/Length: _~6in.

Backfill Plug (Y /(N)
Material: _-

Placement Method: -

Set-up/Hydration Time: _-

Total Water Volume During Construction
Introduced (Gal): _~ 110
Recovered (Gal): _~ 100

o L A
By: (/ QOU Date: _3/8/11



CONCRETE PAD

R

LOCKABLE CAP

SECTION VIEW

1.
2.

NOTE:

ALL DEPTHS AND ELEVATIONS ARE IN FEET.
ELEVATIONS REFERENCED TO PROJECT BENCHMARK.

FLUSH MOUNT PROTECTIVE COVER WELL ID LC34-IW-2S
DEPTH
ELEV. TOP OF RISER 8.57
GROUND SURFACE 0.0
NI ELEV. GROUND SURFACE __9.02
0.4
TOP OF RISER PIPE - SCREENED INTERVAL _-2.98 TO 7.02
TOP OF SEAL :
DATE INSTALLED 02/12/98
—=—— WELL SCREEN SEAL
BENTONITE PELLETS
-—— BOTTOM OF SEAL 1.5 Construction Notes:
~4——— RISER PIPE 2" DIA
TRILOC PVC
—<¢—— 10" DIA. BOREHOLE
Remarks:
e TOP OF SCREEN 2.0
E - GRADED SAND PACK _20/30
=|~4——— SLOTTED SCREEN__2" DIA.
= PVC_W/0.010" SLOTS
= BOTTOM OF SCREEN 12.0
BOTTOM OF SUMP/CAP 12.0
—j<—— BOTTOM OF BOREHOLE 12.0

) CRA SERVICES

11/25/98 22778-05-001
Dote Rev. No. Drowing No. NASA
MKL

Drown by | Checked By Approved By Cilent

¢

e

KENNEDY SPACE CENTER, FLORIDA

LAUNCH COMPLEX 34

CAPE CANAVERAL AIR STATION, FLORIDA
Project Location

,,m\

MONITOR WELL
CROSS-SECTION




FLUSH MOUNT PROTECTIVE COVER WELL ID LC34—IW=21
DEPTH
CONCRETE PAD ELEV. TOP OF RISER 8.54
GROUND SURFACE 0.0
8.94
R ELEV. GROUND SURFACE
0.4
RISER PIP __ 04 _ _
IO SGFRISER TS oy SCREENED INTERVAL=21.06 TO —16.06
TOP OF SEAL :
e 05/22/97
WELL SCREEN SEAL DATE INSTALLED
BENTONITE PELLETS
BOTTOM OF SEAL _23.0  construction Notes: WELL CONSTRUCTED OF STAINLESS
STEEL RISER AND SCREEN.
RISER PIPE 2 DIA
STAINLESS STEEL
| <s—— BORE HOLE DIA._B1/2"
5 Remarks:
—te TOP OF SCREEN 25.0
=| GRADED SAND PACK 20/30
= |—— SLOTTED SCREEN 2 DIA_
= STAINLESS STEEL W/ 0.010
= SLOTS
e BOTTOM OF SCREEN _ 300
_ % BOTTOM OF SUMP/CAP 300
' BOTTOM OF BOREHOLE 30.0
SECTION VIEW
RO G&E ENGINEERING
1.) ALL DEPTHS AND ELEVATIONS ARE IN FEET.  Oviion ot 186801 - AT
2.5 ELEVATIONS REFERENCED TO PROJECT BENCHMARK., ENVIRONMENTAL CONSULTANTS

N Ay NASA

12/9/97
Oate
MKL
Drown by | Checked By Approved By
==

KENNEDY SPACE CENTER, FLORIDA
Client

/f’ -

LAUNCH COMPLEX 34 | MONITOR WELL

CAPE CANAVERAL AIR STATION, FLORIDA | ~ROSS-SECTION

Fig No.

Project Lacotion




SRS el ==

FLUSH MOUNT PROTECTIVE COVER WELL ID LC34—-1W-2D
DEPTH
CONCRETE PAD ELEV. TOP OF RISER 9.42
GROUND SURFACE 0.0
S BSOS ELEV. GROUND SURFACE __ °:14
+0.3
EQERARKE CAS 0P OF RISER AIPE . SCREENED INTERVAL ~30.86 T0 -25.8°
TOP OF SEAL __ 320 05/22/97
WELL SCREEN SEAL — DATE INSTALLED
BENTONITE PELLETS
< BOTTOM OF SEAL 330 construction Notes: WELL CONSTRUCTED OF STAINLESS
STEEL RISER AND SCREEN.
——RISER PIPE 270
STAINLESS STEEL
 —s—— BORE HOLE DIA, 8 /2"
Remarks:
—t= TOP OF SCREEN 35.0
=|+ GRADED SAND PACK 20/30
i--‘*—— SLOTTED SCREEN _2° DIA_
= STAINLESS STEEL W/ 0.010
1= SLOTS
=2 BOTTOM OF SCREEN __40.0
: j BOTTOM OF SUMP/CAP __400
BOTTOM OF BOREHOLE __40.0
SECTION VIEW
NoTE: G&E ENGINEERING
1) ALL DEPTHS AND ELEVATIONS ARE IN FEET. » Oviion o LRl - Gt
2.5 ELEVATIONS REFERENCED TO PROJECT BENCHMARK. ENVIRONMENTAL CONSULTANTS
12/9/97 6E-2778-A5
Dote Rev. No. Drowing No. NASA LAUNCH COMPLEX 34 MON'TOR WELL
e KENNEDY SPACE CENTER, FLORIDA | CAPE CANAVERAL AIR STATION, FLORIDA | cROSS-SECTION
Orawn by | Checked By | Approved By Client Projecl Locotion Fig No.

& ‘y,mm,\




Drawn by | Checked By Approved By
= —

s, —————— ————aa
FLUSH MOUNT PROTECTIVE COVER WELL ID LC34-1W-2D1
DEPTH
CONCRETE PAD ELEV. TOP OF RISER 8.81
GROUND SURFACE 0.0
STEAL A P R -
e BSOS ELEV. GROUND SURFACE __ 8-99
: 0.2
LOCKABLE CAP TOP OF RISER PIPE —=— | SCREENED INTERVAL —46.01 TO —41.01
TOP OF SEAL _470
s ——— DATE INSTALLED 05/21/97 AND 05/22/97
BENTONITE PELLETS
BOTTOM OF SEAL 48.0 Construction Notes:
o 6" DIA PVC SURFACE CASING FROM 0'—45'
-‘T——RISER piPE 2" DA WELL CONSTRUCTED OF STAINLESS STEEL SCREEN AND
o STAINLESS STEEL —
" |~s— BORE HOLE DIA._8 1/2"
Remoarks:
o TOP OF SCREEN 000
=l GRADED SAND PACK 20/30
=ld—— SLOTTED SCREEN 2 DIA_
= STAINLESS STEEL W/ 0.010
= SLOTS
= s BOTTOM OF SCREEN __55.0
BOTTOM OF SUMP/CAP =290 _
—I—' BOTTOM OF BOREHOLE 550
SECTION VIEW .
NOTE: G&E ENGINEERING
1.) ALL DEPTHS AND ELEVATIONS ARE IN FEET. » ovvlow of L5801 - GAKcOEC
2.) ELEVATIONS REFERENCED TO PROJECT BENCHMARK. ENVIRONMENTAL GONSULTANTS
12/9/97 6€-2778-A6
Dote Rev. No. Orowing No. NASA LAUNCH COMPLEX 34 M°N|TOR WELL
e KENNEDY SPACE CENTER, FLORIDA CAPE CANAVERAL AIR STATION, FLORIDA | GROSS-SECTION
Client Project Locotion




n Tetra Tech NUS, Inc. WELL No.: JI- 6

MONITORING WELL SHEET

PROJECT: cMs DRILLING Co.: DirecTec BORING No.: ol
PROJECT No.:yyp N7675 1|20 DRILLER: K. Pecm ©—Ressane _ DATECOMPLETED:  Sfitfos
SITE: LC 34, CCAFS _ DRILLING METHOD: DPT NORTHING: {

GEOLOGIST:  Merv Dale DEV. METHOD: Peristaltic Pump _ EASTING: 242529 .42

Elevation / Depth of Top of Riser: / 3 INCH

Elevation / Height of Top of i
Surface Casing: /3 INCY

1.D. of Surface Casing: Tric

Ground Elevation = Type of Surface Casing: Steel boltdown manhole
Datum: ) .

A y 4 %71 Type of Surface Seal:  Concrete
2 ft x 2 ft x 6 inch pad

— |.D. of Riser: 3/4 inch

Type of Riser: Sch. 40 PVC

Borshole Diameter: o? VZ [Nt/l\

— Elevation / Depth Top of Rock: N/A

Typa of B CHJ
Poctlon qu.@l

— Elevation / Depth of Seal: N/A

— Type of Seal; hl iﬂ

Elevation / Depth of Top of Filter Pack: / 3 Q FT.

i
[
I

Elevation / Depth of Top of Screen: / 3 ‘3 Fr.

Type of Screen: Sch. 40 PVC
Slot Size x Length: 0.010inchx S FT.
I.D. of Screen: 3/4 inch

Type of Filter Pack: &Z 4 ﬁ 0@4 fMC/

Elevation / Depth of Bottom of Screen: / 4_5 Fr.

Elevation / Depth of Bottom of

Filter Pack: 1Y3F I.
Type of Backfill Below Well:
NaTAR A GRounD)

Elevation / Total Depth of Borehole: / (‘/‘5 > 1.

Nnt tn Qnai;




PROJECT # FO0552 FORM C

Fieldbook
WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT
Well 1.D. (LOCID):IW-67-D1 Site: LC 34 )
Drilling Company: DirecTee, LLC Installation Method: Direct Push 2071t Dutcn Cone
Drillers: David Webb and Rueben Bermudez Casing Installation Date (INSDATE): 11/32/04
Geologist/Jfnginger: } 2INOTE>  Well Type (WTCCODE): Monitoring

Well Completion Method (WCMCODE): Flush
Geologic Completion Zone (GZCODE):

Signattrey

Ground Surface
DEPTH BLS Elevation

00 | Land S”ffaQ?_, 0.0 Well Completion
I | Guard Posts (Y / Date:  11/je/04
t Surface Pad Size: 3 ftx 3 ft
U | o Protective Casing or Cover
_3 i e 3 i Diameter/Type: 8”/Steel i}
I i asuineh Depth BGS: _& " Weep Hole (Y (Ry
Elevation Grout
(MPELEV) Composition/Proportions: 45’ ) H}.W’O‘

Riser Pipe -—
Langth (B)+ _,Q-'(jﬂ. H50

INTERVALLENGTH | (2471 Placement Method: ‘Jg rented Ty Ducdl-’\ Worevne

I

ND
-3

5 ~_~\\\T
W
R

N
T AR RNG
B \\g‘}}{%s\'l{ﬂ'ch\'c.

SN
\

Seal Date: 11/10/04
. 021(054 Type: Bentonite Pre-pack

e Source: Bentonite Pre-pack
! y Set-up/Hydration Time: =
| Placement Method: Re-fX{~
Q Vol. Fluid Added: M
! ' Filter Pack
Type: _ Pre-pack
Sroen Source: Pre-pack
Length Citer Pack Amount Used: _Pre-pack
Cfl 8 y Length Placement Method: Pre-pack
Well Riser Pipe
it (SCRLENGTH) | [ D Casing Material (CMACODE): PVC
i (FPL) Casing Inside Diameters (CASDIAM): 43_1’3 M /§ in
! Screen Cuisde cobing  #ich
Sump Material: PVC
Jglgt| 7ot Doty Lengin A Inside Diameter (SCRDIAM): in.
== (TOTDEFTH) i = Screen Slot Size: (SOUA): _ /.0 | in.
] P O Percent Open Area (PCTOPEN):
F136M— 1 ! Sump ord@ottom Cap (¥ N)
~Penma Type/Lengli 2 !
\o Backfill Plug (Y /éﬁ
> / 3 Material: el
Placement Method:
Set-up/Hydration Time:
Comments Total Water Volume During Construction
Introduced (Gal); b Recovered

(Gal): Z

) R /1’
Reviewed \\\'. /( [
By: R ) Date: it/ 1S/
7

,

T
(3R] o perte
1 "

I Screen
G\& Begin Depth
: (SBDEPTH)

forms/well construction.doc



Tetra Tech NUS, Inc.

Li-

WELL No.:

MONITORING WELL SHEET

PROJECT: DRILLING Co.:
PROJECT No.: )
SITE:

GEOLOGIST:

CMS

N7675 (130
LC 34, CCAFS
Merv Dale

DEV. METHOD:

DirecTec BORING No.:

_—mm—

DRILLER: K. Bermucle L‘G-Hezeene M DATE COMPLETED:
DRILLING METHOD: DPT NORTHING:

e ———

Peristaltic Pump _ EASTING:

2%2940.52

Ground Elevation =
Datum: . ) ¥

Elevation / Depth of Top of Riser:

Elevation / Height of Top of
Surface Casing:

(g 3ricy

1.D. of Surface Casing:

/ BNC%

s Litcu

Type of Surface Casing: Steel boltdown manhole

Type of Surface Seal:  Concrete
2 ft x 2 ft x 6 inch pad

I.D. of Riser: 3/4 inch

Sch. 40 PVC
L& INCH

Elevation / Depth Top of Rock:

Type of Riser:

Borehole Diameter:

Type of Backfill:
ND

E

Elevation / Depth of Seal:

Type of Seal:

i

Elevation / Depth of Top of Filter Pack:
Elevation / Depth of Top of Screen:

Type of Screen: Sch. 40 PVC

Slot Size x Length:

3/4 inch

o

Elevation / Depth of Bottom of Screen:

1.D. of Screen:

;

Type of Filter Pack:

Elevation / Depth of Bottom of
Filter Pack:
Type of h7ackfill Below Well:

AR GRona A

Nnt tn Rnnl;

Elevation / Total Depth of Borehole:

NA

N/a

| 28T,
| 33 FT.

0.010inchx 5 ET,

o filfep Juid

/ 43 Fr-

1 by
14343




n Tetra Tech NUS, Inc.

WELL No.: wW- Zond

MONITORING WELL SHEET

PROJECT:

CMS

PROJECT No.:  N1130

SITE:

LC34, CCAFS

GEOLOGIST: Merv Dale

DRILLING Co.: Preferred BORING No.: 09
DRILLER: Todl K. DATE COMPLETED: Ob/Z R /O3
DRILLING METHOD: DPT NomTHING:  Y6375L Y
DEV. METHOD: Peristaltic EASTING: 292940.52

Ground Elevation =

Datum:

Elevation / Depth of Top of Riser: / il Ney

Elevation / Height of Top of _
Surface Casing: / l Ined

I.D. of Surface Casing: 3 ’“E’é [ 39

Type of Surface Casing: Stesl boltdown manhole

AT

&~ =7 Typeof Surface Seal:  Concrete
2'x2'x6" PAD

!

— |.D. of Riser: 3/4 inch

Type of Riser: Sch. 40 PVC

\
Borehole Diameter: > (S? [ cdae ¢

— Elevation / Depth Top of Rock: NA

— Type of Backfil: —FE]%_—I&L
.?or 'k{&‘N & CELINR
— Elevation / Depth of Seal: ! LOET

— Type of Seal: N&TIVE SO

Elevation / Depth of Top of Filter Pack: / (j SFT.

Elevation / Depth of Top of Screen: / CS FT.

Type of Screen: Sch. 40 PVC

Slot Size x Length: 0.010 inch xm ft.

1.D. of Screen: 3/4 inch

Type of Filter Pack: ﬁaw SAD

Elevation / Depth of Bottom of Screen: / 75 FT

Elevation / Depth of Bottom of e
Filter Pack: | FSFT,

Type,of Backfill Below Well:

Alive Soy

Elevation / Total Depth of Borehole: 1155 T,

Nat ta Srala




E Tetra Tech NUS, Inc.

WELL No.: w. D

£

¢ oA

MONITORING WELL SHEET

PROJECT: CMs

DRILLING Co.: Preferred BORING No.:

PROJECT No.:  N1130

DRILLER:

SITE: LC34, CCAFS

GEOLOGIST: Merv Dale

30)\/ 2 . DATE COMPLETED:

DRILLING METHOD: DPT NORTHING: L3
DEV. METHOD: Peristaltic EASTING: 292.§99.13

22
28/0

Ground Elevation =
Datum:

Elevation / Depth of Top of Riser:

! A ey

Elevation / Height of Top of
Surface Casing:

/ i/ﬂ:ﬂ

]

L.D. of Surface Casing: g

Type of Surface Casing: Steel boltdown manhole

AMHIHIHIHHHITTE_ LS

— Type of Surface Seal:  Concrete
2x2'x6" PAD

— 1I.D. of Riser: 3/4 inch

Type of Riser: Sch. 40 PVC

Borehole Diameter: 2 %/ NCHES

— Elevation / Depth Top of Rock:

— Tyge of Backfy Ceme"?ém I JZZ

— Elevation / Depth of Seal:

—  Type of Seal: NATIVE Sofl

Elevation / Depth of Top of Filter Pack:

! _38FTC

Elevation / Depth of Top of Screen:

| 28FL.

Type of Screen: Sch. 40 PVC

Slot Size x Length: 0.010 inch x Stt.

1.D. of Screen: 3/4 inch

Type of Filter Pack: 20/4S idtop S’WVC{

F

Elevation / Depth of Bottom of Screen:

| Y3F7

Elevation / Depth of Bottom of
Filter Pack:

| Y347

Type of Backfill Below Well:
OOVE S99t

Elevation / Total Depth of Borehole:

Nont tn Qrala

1 Y277

J



E Tetra Tech NUS, Inc.

WELL No.: w- £/ D1

MONITORING WELL SHEET

PROJECT: CMS DRILLING Co.: Preferred BORING No.:

PROJECT No.:  N1130 DRILLER: o K DATE COMPLETED:

SITE: LC34, CCAFS DRILLING METHOD: DPT NORTHING:

GEOLOGIST: Merv Dale DEV. METHOD: Peristaltic EASTING: ;_‘f LE ﬁf / 3
Elevation / Depth of Top of Riser: / ,1 INCH
Elevation / Height of Top of 1

Surface Casing: [ L INCH

I.D. of Surface Casing: g (N obes

Ground Elevation = Type of Surface Casing: Steel boltdown manhole

Datum: ¥

y & *—1— Type of Surface Seal:  Concrete

A

Il

Nant ta Qeala

2'x2'x6" PAD
I.D. of Riser: 3/4 inch
Type of Riser: Sch. 40 PVC
L
Borehole Diameter: 2 % r /NCAC.Y
Elevation / Depth Top of Rock: NA
—
Type of Backil: !1 R,-_ T aed
4 Poltchnp CrMEIT

Elevation / Depth of Seal: ! (o Fi-
Type of Seal: N&Tiv & Soil
Elevation / Depth of Top of Filter Pack: ! GSET:
Elevation / Depth of Top of Screen: | ESFT.
Type of Screen: Sch. 40 PVC
Slot Size x Length: 0.010 inch x (0.
1.D. of Screen: 3/4 inch
Type of Filter Pack: @¢ Y3 (;M! SHJ
Elevation / Depth of Bottom of Screen: ! 75 F17
Elevation / Depth of Bottom of

Filter Pack: / 75 Fr,
Typw:f Backfill Below Well:

kg I

Elevation / Total Depth of Borehole: / 75 FT.




Geosyntec®

consultants

Well I.D.: IW0076

WELL CONSTRUCTION LOG
STANDARD FLUSH MOUNT

Site: LC34
FONOL552B

Drilling Company: Groundwater P ,,iactif

Project Num op. FOO5528

Installation Method: Sonic

Drillers: Scott/Bill Niles

Casing Installation Date: 7/16/2009

Geologist/Engineer: R Daprato

Well Type:  Monitoring Well

Signature:

Well Completion Method:  Flush

Ground Surface
Elevation

- (D

DEPTH BLS
0.0 _I:and Sun‘act_a-

(1)

! Measuring Pt.
. Elevation
05 (MPELEV)

INTERVAL LENGTH
i

Seal "
Length 2
Seal End Depth
(SBDEPTH) - R X

T 77777 Screen
70 : Begin Depth

! e Screen
i S Length

10° Length

. ‘U (scmLenatH) 137

I

Sump -
Length 0

1
80°

(FPL)

Total Depth
(TOTDEPTH)

——r B A
_Boreholg_
Diameter

6

Comments
(1) Not vet surveved

Riser Pipe
Length

Filter Pack

Geologic Completion Zone . Surficial

Well Completion

Guard Posts (Y /(N)) Date . 7/16/2009

Surface Pad Size: 3
Protective Casing or Cover

Diameter/Type: g-inf mah ole

ft x 3 ft

Depth BGS: ~9” Weep Hole (Y/ ®)

| Grout
Composition/Proportions: Holcolm ASTM Type GU
Portland Cement

Placement Method:

Direct Pour

Date:

Type: sand 30/65

Source: Standard sand

Set-up/Hydration Time: N/A
Placement Method: Direct pour

Vol. Fluid Added: None

Filter Pack
| Type . Standard sand 20/30

Source: standard sand

Amount Used: four- 50 lb bags

Placement Method . direct pour

Well Riser Pipe

Casing Material: PVC SCH 40

Casing Inside Diameters . 2 in
Screen

Material . PVC SCH 40

Inside Diameter: 2 in.
Screen Slot Size: 0.010 in.
Percent Open Area:

Sump or Bottom Cap (Y / ®)

Type/Length: 10Ft
()

Backfill Plug ( Y /
Placement Method:

Material:
Set-up/Hydration Time:
Total Water Volume During Construction

IW0076 construction.docx

Introduced (Gal): 0

Recovered (Gal): 6

Reviewed

By . Date .




ATTACHMENT B-2

HYDRAULIC CONDUCTIVITY TEST RESULTS

ER-0716
Final Technical Report May 2014



ATTACHMENT B-2
SUMMARY OF HYDRAULIC CONDUCTIVITY (K) BY HYORSLEV METHOD

INTERMEDIATE DEEP
Well ID K-Value Well ID K-Value
(screen interval, ft BLS) (ft/d) (screen interval, ft BLS) (ft/d)
1J0017 1 8.7 1J0018 1 4.2
(32-42) 2 9.1 (47-57) 2 4.6
3 9.1 3 41
4 10.3
1J0021 1 35 1J0022 1 5.5
(32-42) 2 4.3 (47-57) 2 5.5
3 4.2 3 3.7
RWO0007 1 4.9 RWO0008 1 *
(34-41) 2 4.8 (47-57) 2 3.8
3 * 3 *
4 4.4
Average 6.6 Average 45

* Data was poorly correlated (not log-linear)

Notes
ft BLS - feet below land surface
ft/d - feet per day
K - hydraulic conductivity

Typical K Values
e clean gravel 1.0 to 10% cm/s (2,800 to 280,000 ft/d)
e clean sands 10” to 1.0 cm/s (2.8 to 2,800 ft/d)
e very fine sands, organic and inorganic silts, mixtures of sand, silt and clay, glacial till, stratified clay
deposits, etc 107 to 10° cm/s (2.8x10™ to 2.8 ft/d)

Source: An Introduction to Geotechnical Engineering Robert D. Holtz,
William D. Kovacs, Prentice-Hall Inc, NJ 1981



EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVYORSLEV METHOD

Hvor glev Equation: K = r“In (L/IR)
T 20T,

Ho (ft) = 5.8128 Maximum distance below static water level
H; (ft) = varies Distance below static water table at time =t

r(fty= 0.083 Radiusof thewell casing
R (ft) = 0.417 Radius of the borehole
L (ftj= 9.5 Length of the screened interval

L/IR= 228
To(min)= 0.19
m= -5 Slopeof Fit Line

K (ft/day)= 8.7 Hydraulic Conductivity

1 ot 2" SCH 40 PVC WELL CASING

‘ 10" DIAMETER HSA DRIVE HOLE

a —¥

TOP OF SCREEN INTERVAL=
32.25FT BLS

-—

2" FLUSH THREAD SCH 40 PVC
0.020 SLOT WELL SCREEN

T 01 ——Fit
T pr— o)
— =037 ] : BOTTOM OF SCREEN INTERVAL=
Sacooacag i 41.75FT BLS
_,| 2R |‘_
1J0017
(Test 1)
0.01 ; ; ‘ ‘ ‘ ‘ ‘ ‘ !
0 01 02 03 04 05 06 07 08 09 1
DATE 2/15/2011

time (min)

PROJECT NO. ER-0716




EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVORSLEV METHOD

Hvor glev Equation: K r“In (L/IR)

2L T,

Ho (ft) = 5.6974 Maximum distance below static water level
H; (ft) = varies Distance below static water table at time =t

r(fty= 0.083 Radiusof thewell casing
R (ft) = 0.417 Radius of the borehole
L (fty= 9.5 Length of the screened interval
L/IR= 228
To(min)= 0.18
m= -56 Slopeof FitLine

K (ft/day)= 9.1 Hydraulic Conductivity

H/H,

° 2" SCH 40 PVC WELL CASING

‘ 10" DIAMETER HSA DRIVE HOLE

xr—H

TOP OF SCREEN INTERVAL=
32.25FT BLS

2" FLUSH THREAD SCH 40 PVC
0.020 SLOT WELL SCREEN

-—

0.1 - ——Fit
s T O
— =037 ] : BOTTOM OF SCREEN INTERVAL=
Sacooacag i 41.75FT BLS
_,| oR |‘_
1J0017
(Test 2)
0.01 ; ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 01 02 03 04 05 06 07 08 09 1
DATE 2/15/2011

time (min)

PROJECT NO. ER-0716




EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVORSLEV METHOD

Hvor glev Equation: K r“In (L/IR)

2L T,

Ho (ft) = 4.1128 Maximum distance below static water level
H; (ft) = varies Distance below static water table at time =t

r(fty= 0.083 Radiusof thewell casing
R (ft) = 0.417 Radius of the borehole
L (fty= 9.5 Length of the screened interval

L/IR= 228
To(min)= 0.18
m= -55 Slopeof FitLine

K (ft/day)= 9.1 Hydraulic Conductivity

H/H,

® 2" SCH 40 PVC WELL CASING

‘ 10" DIAMETER HSA DRIVE HOLE

xr—H

TOP OF SCREEN INTERVAL=
32.25FT BLS

-—

2" FLUSH THREAD SCH 40 PVC
0.020 SLOT WELL SCREEN

0.1 - ——Fit
s T O
— =037 ] : BOTTOM OF SCREEN INTERVAL=
Sacooacag i 41.75FT BLS
_,| oR |‘_
1J0017
(Test 3)
0.01 ; ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 01 02 03 04 05 06 07 08 09 1
DATE 2/15/2011

time (min)

PROJECT NO. ER-0716




EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVORSLEV METHOD

Hvor glev Equation: K r“In (L/IR)

2L T,

Ho (ft) = 0.7335 Maximum distance below static water level
H; (ft) = varies Distance below static water table at time =t

r(fty= 0.083 Radiusof thewell casing
R (ft) = 0.417 Radius of the borehole
L (fty= 9.5 Length of the screened interval

L/IR= 228
To(min)= 0.16
m= -6 Slopeof FitLine

K (ft/day) = 10.3 Hydraulic Conductivity

H/H,

® 2" SCH 40 PVC WELL CASING

‘ 10" DIAMETER HSA DRIVE HOLE

xr—H

TOP OF SCREEN INTERVAL=
32.25FT BLS

2" FLUSH THREAD SCH 40 PVC
0.020 SLOT WELL SCREEN

-—

0.1 - ——Fit
s T O
— =037 ] : BOTTOM OF SCREEN INTERVAL=
Sacooacag i 41.75FT BLS
_,| oR |‘_
1J0017
(Test 4)
0.01 ; ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 01 02 03 04 05 06 07 08 09 1
DATE 2/15/2011

time (min)

PROJECT NO. ER-0716




EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVORSLEV METHOD

Hvor glev Equation: K = r“In (L/IR)

2L T,

Ho (ft) = 1.7369 Maximum distance below static water level
H; (ft) = varies Distance below static water table at time =t
r(fty= 0.083 Radiusof thewell casing
R (ft) = 0.417 Radius of the borehole
L (ftj= 9.5 Length of the screened interval

L/IR= 228

To(min)= 0.39
m= -25 Slopeof FitLine

K (ft/day)= 4.2 Hydraulic Conductivity

H/H,

° 2" SCH 40 PVC WELL CASING

‘ 10" DIAMETER HSA DRIVE HOLE

TOP OF SCREEN INTERVAL=
47.25FT BLS

2" FLUSH THREAD SCH 40 PVC
0.020 SLOT WELL SCREEN

-—

0.1 - ——Fit
s T O
— =037 ] : BOTTOM OF SCREEN INTERVAL=
Sacooacag i 56.75 FT BLS
_,| oR |‘_
1J0018
(Test 1)
0.01 ; ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 01 02 03 04 05 06 07 08 09 1
DATE 2/15/2011

time (min)

PROJECT NO. ER-0716




EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVORSLEV METHOD

Hvor glev Equation: _ r“In(L/IR)
20T,

Ho (ft) = 0.6897 Maximum distance below static water level

H; (ft) = varies Distance below static water table at time='t A :; :
r(fty= 0.083 Radiusof thewell casing 1 o 2" SCH 40 PVC WELL CASING
R (ft)= 0.417 Radiusof the borehole g :
L (ftj= 9.5 Length of the screened interval H;
L/IR= 228 H, -
To(min)= 0.355 #— 10" DIAMETER HSA DRIVE HOLE

m= -28 Slopeof FitLine

K (ft/day)= 4.6 Hydraulic Conductivity

a —¥

TOP OF SCREEN INTERVAL=
47.25FT BLS

-—

2" FLUSH THREAD SCH 40 PVC

< 01 — Fit ==  0020SLOT WELL SCREEN
* e TO |
— -037 =  BOTTOM OF SCREEN INTERVAL=
T 56.75 FT BLS
—»| R fe—
130018
(Test 2)
0.01 |

0 01 02 03 04 05 06 07 08 09 1
time (min) DATE 2/15/2011

PROJECT NO. ER-0716




EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVORSLEV METHOD

Hvor glev Equation: K = r“In (L/IR)
T 20T,

H, (ft) = 1.3632 Maximum distance below static water level
H; (ft) = varies Distance below static water table at time='t A 3 ;
r(fty= 0.083 Radiusof thewell casing 1 o 2" SCH 40 PVC WELL CASING
R (ft) = 0.417 Radius of the borehole : :
L (fty= 9.5 Length of the screened interval H;
L/IR= 228 H, | :
To(min)= 04 1 % 10" DIAMETER HSA DRIVE HOLE
m= -25 Slopeof FitLine ; :
K (ft/day)= 4.1 Hydraulic Conductivity
A

TOP OF SCREEN INTERVAL=
47.25FT BLS

.
. :
L 2" FLUSH THREAD SCH 40 PVC
: 0.020 SLOT WELL SCREEN

— Fit

pr— o)

H/H,

: ! BOTTOM OF SCREEN INTERVAL=
ocesee: : 56.75FT BLS

— =0.37

1J0018
(Test 3)

0.01 T T T ‘ ‘ ‘ ‘ ‘
0 01 02 03 04 05 06 07 08 09 1
DATE 2/15/2011

time (min)
PROJECT NO. ER-0716




EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVORSLEV METHOD

Hvor glev Equation: K r“In (L/IR)

2L T,

Ho (ft) = 2.2421 Maximum distance below static water level
H; (ft) = varies Distance below static water table at time =t

r(fty= 0.083 Radiusof thewell casing
R (ft) = 0.417 Radius of the borehole
L (fty= 9.5 Length of the screened interval

L/IR= 228
To(min) = 0.47
m= -21 Slopeof FitLine

K (ft/day)= 3.5 Hydraulic Conductivity

H/H,

® 2" SCH 40 PVC WELL CASING

‘ 10" DIAMETER HSA DRIVE HOLE

xr—H

TOP OF SCREEN INTERVAL=
32.25FT BLS

-—

2" FLUSH THREAD SCH 40 PVC
0.020 SLOT WELL SCREEN

0.1 - ——Fit
s T O
— =037 ] : BOTTOM OF SCREEN INTERVAL=
Sacooacag i 41.75FT BLS
_,| oR |‘_
1J0021
(Test 1)
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EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVORSLEV METHOD

Hvor glev Equation: _ r“In(L/IR)
20T,

Ho (ft) = 0.9319 Maximum distance below static water level

H; (ft) = varies Distance below static water table at time='t A :; :
r(fty= 0.083 Radiusof thewell casing 1 o 2" SCH 40 PVC WELL CASING
R (ft)= 0.417 Radiusof the borehole g :
L (ftj= 9.5 Length of the screened interval H;
L/IR= 228 H, -
To(min)= 0.385 #— 10" DIAMETER HSA DRIVE HOLE

m= -26 Slopeof FitLine

K (ft/day)= 4.3 Hydraulic Conductivity

a —¥

TOP OF SCREEN INTERVAL=
32.25FT BLS

-—
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EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVORSLEV METHOD

Hvor glev Equation: K r“In (L/IR)

2L T,

Ho (ft) = 1.2571 Maximum distance below static water level
H; (ft) = varies Distance below static water table at time =t

r(fty= 0.083 Radiusof thewell casing
R (ft) = 0.417 Radius of the borehole
L (fty= 9.5 Length of the screened interval
L/IR= 228
To(min)= 0.39
m= -25 Slopeof FitLine

K (ft/day)= 4.2 Hydraulic Conductivity

H/H,
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EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVORSLEV METHOD

Hvorslev Equation:

r“In (L/IR)

T 20T,

time (min)

Ho (ft) = 1.068 Maximum distance below static water level
H; (ft) = varies Distance below static water table at time='t A 3 ;
r(fty= 0.083 Radiusof thewell casing 1 o 2" SCH 40 PVC WELL CASING
R (ft) = 0.417 Radius of the borehole : :
L (fty= 9.5 Length of the screened interval H;
LIR= 228 H, :
To(min)= 03 ‘: 10" DIAMETER HSA DRIVE HOLE
m= -3.3 Slopeof FitLine :
K (ft/day)= 5.5 Hydraulic Conductivity
A
1 .
¢ ; :
.
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.
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EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVORSLEV METHOD

Hvorslev Equation: _fIinL/R)y
T 2LCT, SRR
Ho (ft) = 1.414 Maximum distance below static water level
H; (ft) = varies Distance below static water table at time='t A :
r(fty= 0.083 Radiusof thewell casing 1@ 2" SCH 40 PVC WELL CASING
R (ft) = 0.417 Radius of the borehole :
L (fty= 9.5 Length of the screened interval H;
LIR= 228 H, :
To(min)= 03 ‘: 10" DIAMETER HSA DRIVE HOLE
m= -3.4 Slopeof FitLine :
K (ft/day)= 5.5 Hydraulic Conductivity
A
1 .
¢
* 8 :
* B ;
2r g 2 —
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EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVORSLEV METHOD

Hvor glev Equation: K r“In (L/IR)

2L T,

Ho (ft) = 2.9318 Maximum distance below static water level
H; (ft) = varies Distance below static water table at time =t

r(fty= 0.083 Radiusof thewell casing
R (ft) = 0.417 Radius of the borehole
L (fty= 10 Length of the screened interval

LIR= 24
To(min)= 0.43
m= -23 Slopeof FitLine

K (ft/day)= 3.7 Hydraulic Conductivity
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EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVORSLEV METHOD

Hvorslev Equation:

Ho (ft) = 0.5905

r“In (L/IR)

T 20T,

Maximum distance below static water level

H, (ft) = Distance below static water table at time=t
r(ft) = Radius of the well casing

R (ft) = Radius of the borehole

L (ft) = Length of the screened interval

L/R= 11314
To(min) =
m= Slope of Fit Line
K (ft/day) = Hydraulic Conductivity
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EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVORSLEV METHOD

Hvorslev Equation:

Ho (ft) = 1.0057 Maximum distance below static water level
varies Distance below static water table at time=t

0.250 Radius of thewell casing

H, (ft) =

r(ft) =
R (ft) =
L (ft) =

_ r“In(L/IR)
T 20T,

0.583 Radius of the borehole

6.6  Length of the screened interval

L/R= 11314
To(min)= 345
m= -0.29 Slopeof FitLine
K (ft/day)= 4.8 Hydraulic Conductivity
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EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVORSLEV METHOD

Hvor glev Equation: K = r“In (L/IR)
20T,

Ho (ft) = 0.9273 Maximum distance below static water level

H; (ft) = varies Distance below static water table at time='t A 5; :
r(ft)= 0.250 Radiusof thewell casing 1 o 6" SCH 40 PVC WELL CASING
R (ft) = 0.583 Radius of the borehole B :
L (ftj= 6.6 Length of the screened interval H;
L/R= 11314 Ho 1k
To(min)y= 1.15 #— 10" DIAMETER HSA DRIVE HOLE

m= -0.85 Slopeof FitLine

K (ft/day) = 14.4 Hydraulic Conductivity
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EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVORSLEV METHOD

Hvor glev Equation: _ r“In(L/IR)
20T,

Ho (ft) = 0.1522 Maximum distance below static water level
H; (ft) = varies Distance below static water table at time =t

r(fty= 0.250 Radiusof thewell casing
R (ft)= 0.583 Radius of the borehole
L (fty= 9.5 Length of the screened interval
L/R= 16.286
To(min)= 0.62
m= -16 Slopeof FitLine

K (ft/day) = 21.3 Hydraulic Conductivity
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EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVORSLEV METHOD

Hvor glev Equation: _ r“In(L/IR)
20T,

Ho (ft) = 0.6666 Maximum distance below static water level

H; (ft) = varies Distance below static water table at time='t A 5; :
r(ft)= 0.250 Radiusof thewell casing 1 o 6" SCH 40 PVC WELL CASING
R (ft)= 0.583 Radius of the borehole g :
L (ftj= 9.5 Length of the screened interval H;
L/R= 16.286 Ho 1
To(min)= 35 #— 10" DIAMETER HSA DRIVE HOLE

m= -0.28 Slopeof FitLine

K (ft/day)= 3.8 Hydraulic Conductivity
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EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVORSLEV METHOD

Hvorslev Equation: K = rinL/R) e
2L T, Ll
H, (ft) = 0.1615 Maximum distance below static water level
H; (ft) = varies Distance below static water table at time='t A 3 ;
r(ft)= 0.250 Radiusof thewell casing 1 o 6" SCH 40 PVC WELL CASING
R (ft) = 0.583 Radius of the borehole B :
L (fty= 9.5 Length of the screened interval H;
L/IR= 16.286 Ho 1|
To(min)= 18 1 % 10" DIAMETER HSA DRIVE HOLE

m= -0.55 Slopeof FitLine

K (ft/day)= 7.3 Hydraulic Conductivity
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EVALUATION OF HYDRAULIC CONDUCTIVITY (K) BY HVORSLEV METHOD

Hvor glev Equation: K = r“In (L/IR)
20T,

Ho (ft) = 0.2284 Maximum distance below static water level
H; (ft) = varies Distance below static water table at time =t

r(fty= 0.250 Radiusof thewell casing
R (ft)= 0.583 Radius of the borehole
L (fty= 9.5 Length of the screened interval
L/R= 16.286
To(min) = 3
m= -0.33 Slopeof FitLine

K (ft/day)= 4.4 Hydraulic Conductivity
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Wevirle

A NON-HAZARDOUS 1. Generator ID Number 2, Page 1 of | 3. Emergency Response Phone 4. Waste Tracking Number
WASTE MANIFEST FL2800016121 1 800-771-1050
5. Generator's Name and Mailing Address Generator's Site Address (if different than mailing address)
National Aeronautics and Space Administration Launch Complex 34
Mail Cade TA-A4B:BuIId|ng M—S, Room 1641 CCAFS, FL 32920
Kennedy Space Center, FL. 32899
Generator's Phone: 321-867-6971 '
6. Transporter 1 Company Name U.S. EPA ID Number
FECC | FLD981748015
7. Transporter 2 Company Name U.S. EPA ID Number
8. Designated Facility N d Site Add U.S. EPA ID Number
Tl Waste O S8ceo Caunty o
1501 Omni Way
St. Cloud, FL 34773
Facility's Phone: 407-891-3720 |
! i 10. Containers 1. Total | 12. Unit
9. Waste Shipping Name and Description o, “Tyee Quanity WiNVol.
o  Non Regulated Material (Industrial Soil) RCRA & D.O.T. Non Hazardous, 001 CM B
2 None, PF# FECC1127-11-002
i
= 2,
(U]
3
4,

13. Special Handling Instructions and Additional Information
Emergeny Response/Mail Manifest To: FECC, Inc.
800/771-1050 3652 Old Winter Garden Road
PR# 469 Orlando, FL, 32805

/Y=

14. GENERATOR’S/OFFEROR'S CERTIFICATION: | hereby declare that the contents of this consignment are fully and accurately described above by the proper shipping name, and are classified, packaged,
marked and labeled/placarded, and are in all respects in proper condition for transport according to applicable international and national governmental regulations.

=

Generaiors;fOfferor's Printed/Typed Name : Signature i Month  Day  Year
Hiohhal T Dedis AN 22 102 02| 4
2 Ml S e [ importto uss. [ export om uss. portof enghi: d

Transporter Signature (for exports only): Date leaving U.S.:
16. Transporter Acknowledgment of Receipt of Materials

Transporter 1 Printed/Typed Name Signature Month  Day Year
S Y L= K om0y

Transporter 2 Printed/Typed Name Signature Month  Day  Year

| [

17. Discrepancy

17a. Discrepancy Indication Space :
D Quantity D Type D Residue [.j Partial Rejection D Full Rejection
Manifest Reference Number:
17b. Alternate Fagility (or Generator) U.S. EPA ID Number
Facility's Phone:
17c. Signature of Altenate Facility (or Generator) Month  Day Year

18. Designated Facility Owner or Operator: Certification of receipt of materials covered by the manifest except as noted in Item 17a

j Printed/Typed Name Q \@”/ Signature § Mo Day  Year
L | i - WIEM
6 )

169-BLC-0 6 10498 (Rev. 9/09) DESIGNATED FACILITY TO GENEFIA']'&FI
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APPENDIX C

OPERATIONS SUMMARY

Table C-1 presents a summary of the operation and monitoring of the demonstration system from
the beginning of well installation in January 2011 through the end of the completion of
monitoring for the Interim Measure Recirculation in September 2012. The activities conducted
during the various phases of the demonstration are described in the following subsections.

Appendix B summarized the system installation and baseline characterization activities.

C1l TASK 3-BASELINE FLUX ASSESSMENT

Baseline Flux Assessment was conducted from 14 March 2011 through 18 April 2011 to
characterize baseline groundwater conditions. As described in Appendix B, this involved
continuous groundwater extraction for a period of about 4 weeks, with routine weekly sampling
of the extraction wells (RW0007 and RW0008) and select monitoring wells to establish the
baseline VOC profile and flux under pumping conditions in both the upper and lower sweep
zones of the DEM/VAL plot.

Cl1 BASELINE FLUX ASSESSMENT —SYSTEM OPERATION

Details of the recirculation system operation, including the volume of groundwater recirculated
and the effective average flow rate, are tabulated in Table C-2 for the upper zone (RW0007) and
Table C-3 for the lower zone (RWO0008). Note that the hour meters, which recorded when power
to the pumps was on, were not added to the system until after the Baseline Flux Assessment
Phase.

In the upper zone, the cumulative volume of groundwater recirculated was 58.6 kilogallons
(kgal). The effective average flow rate (calculated from the volume and total elapsed time) for
the system was 1.16 gpm. The system was active for about 75% of the time (active time includes
the on/off cycle [40 min on/ 20 min off; refer to Appendix B]). The upper zone system
(RWO0007) generally operated longer, and in the fourth week of the Baseline Flux Assessment in
particular; overall time of operation was about 39% greater than the lower zone (RW0008). The
cumulative volume extracted from RWO0O007 over time is presented in Figure C-1 A. The volume
of groundwater recirculated was estimated to represent roughly 0.5 sweep zone pore volumes or
2.3 pore volume exchanges of the PED injection zone (refer to Section C.4.1.1 below, and
Attachment C-5 to this Appendix).

In the lower zone (RW0008), the cumulative volume of groundwater recirculated was 44.0 kgal.
The effective average flow rate for the system was 0.87 gpm; the system was active for about
54% of the time. Time of operation and hence system flow rate slowed over the four week
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period, as can be seen in the figure of cumulative volume extracted over time, presented in
Figure C-2 A. This was attributed to the batteries poorly holding their charge. The volume of
groundwater recirculated was estimated to represent roughly 0.3 pore volumes of the lower
sweep zone or 1.7 pore volume exchanges of the PED injection zone (refer to Section C.4.1.1
below, and Attachment C-5 to this Appendix).

During the Baseline Flux Assessment phase, extracted groundwater was treated with granular
activated carbon (GAC) to remove VOCs before re-injection. Routine monitoring of the GAC
effluent confirmed treatment (see Appendix B); VOCs were not re-injected on the perimeter of
the DEM/VAL plots during this phase. Upon completion, the GAC vessels were removed from
the system and placed on NASA provided spill pallets, secured with a cargo strap and disposed
of by NASA with related IDW.

At the end of the Baseline Flux Assessment Phase the groundwater recirculation system was
idled, ready to be re-started following PED injection.

C.12 BASELINE FLUX ASSESSMENT —SYSTEM O& M

Weekly O&M activities for the four week duration of the Baseline Flux Assessment Phase
included the following:

e inspection of wiring and piping;

e cleaning sediment filters, solar panels, and flow meters as needed,;
e recording flow rates and volumes produced from extraction wells;
e rebalancing flow rates between injection wells;

e recording flow rates (initial and adjusted) to injection wells;

e recording battery voltage and charge status (percent charged); and

e correcting any operational abnormalities as needed.

C.13 BASELINE FLUX ASSESSMENT — GROUNDWATER SAMPLING

Samling during the Baseline Flux Assessment Phase was described in Appendix B. The
sampling program is provided in Appendix D and the samples collected are summarized in
Table 2 of the main document.
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C2 TASK 4-INTRODUCTION OF PED AND TRACERS

C21 PED INJECTION

PED injection was performed from 20 to 28 June 2011 using DPT injection tools. Vironex, a
licensed contractor with experience in DPT injection of bioremediation amendments, was
subcontracted to perform the injections. Fluid containing PED and conservative tracers (bromide
and iodide) was amended throughout the DEM/V AL plot viaa set of 20 DPT injection locations.
This approach was selected to achieve better initial distribution of the PED throughout the target
area, rather than amending recirculated groundwater. The amendment zone targeted the center
of the Hot Spot 1 area, where TCE concentrations were greatest, roughly corresponding with the
area enclosed by the 30,000 pg/L TCE isopleth and extending beyond that by approximately 5 ft
in all directions (refer to Figures 16 and 18 in the main document).

The target area for PED injection was estimated to be approximately 750 ft?>. The areawithin the
300 pg/L TCE isopleth, which encompasses an area of about 4,000 ft?, was chosen to define the
sweep zone, with the injection well pairs placed at the periphery (Figures 12 and 16).

A total of 34,000 gallons (1,700 gallons per injection point) of fluid, representing approximately
50% of the total pore volume of the target zone, was injected into the target depth interval from
about 23 to 63ft BLS. The target depth interval encompassed the silty clay horizon within
which TCE concentrations were elevated. The amendment zone included about 19 ft above the
clay horizon, 6 ft within the clay, and about 15 ft beneath the clay horizon. At each location, the
injections were conducted in a series of steps, starting at the top of the target interval and
working downwards. Injections mostly used a 2-ft injection tool to alow control of the delivery
of amendment to targeted intervals; at a few locations a 5-ft injection tool was used. To the
extent practicable, injections began at the periphery of the treatment area and proceeded inwards;
the injection locations were completed in numerical order (refer to Figure 18), at first two and
then three locations at a time (refer to the Vironex Injection Services Report in Attachment C-1
of this Appendix). Based on the target depth intervals, 50% of the total volume, or 17,000 gal of
injectate, was amended to the upper sweep zone; 15% of the volume (5,100 gal) was amended
within the silty clay horizon; and 35% of the volume (11,900 gal) was amended to the lower
sweep zone.

The PED injection fluid was prepared in small batches in two 250-gal plastic tanks, aternating
between them so that one batch could be injected while another batch was blended. Each batch
contained a concentration of approximately 3,000 mg/L of nBA (roughly half of its solubility).
Amendment batches were mixed for 15 minutes prior to injection to ensure complete dissolution
of the nBA and tracer salts. A total of 115 gal of nBA, with atotal mass of 380 kg, was added to
the DEM/VAL area.
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Injection rates typicaly ranged from 6 to 8 gpm, requiring pressures of 30 to 45 pounds per
sguare inch (psi). At the bottom of each injection location, 10 to 35 gal of water was used to
flush the lines. When injection at a location was complete, the injection tool was removed,
standard DPT rods were pushed to depth and the borehole was tremie grouted to surface with
Portland cement. During all injection activities, a photoionization detector (PID) was used to
screen the air in the work area to ensure that a safe working environment was maintained. A
summary of the injections, including individual records for each injection location, isincluded in
the Injection Services Report (Attachment C-1). Field forms from the injection activities are
provided in Attachment C-2.

C.2.2 TRACER INJECTION

Potassium bromide (KBr) was added to all injectate batches at a target bromide concentration of
approximately 60 mg/L in the injection fluid. A total of roughly 11.6 kg of KBr (containing
7.8 kg of Br) was thus introduced to the treatment area. Relative bromide concentrations can be
used to normalize PED concentrations to account for dilution. Based on the distribution of
injectate volume between zones, 3.9 kg of bromide was added to the upper sweep zone, 1.2 kg
within the silty clay horizon and 2.7 kg to the lower sweep zone.

PED injection fluids for the upper zone were also amended with potassium iodide (K1) at atarget
iodide concentration of 140 mg/L in the injection fluid. A total of about 11.7 kg of KiI
(containing 8.9 kg of 1) was added to the 17,000 gal introduced into the upper zone. This
concentration was selected to be somewhat higher than for bromide, since it was expected that
only relatively small amounts of fluid, if any, would be transported through the clay layer from
the upper sweep zone to the lower sweep zone.

C.23 PED AMENDMENT BATCH QUALITY CONTROL

A total of 155 batches of nBA injection fluid, each about 220 gal in volume, were prepared over
the course of the injection program. To verify the actual concentrations of nBA and tracer
obtained, quality control (QC) samples were collected from a random selection of the batches
and submitted for laboratory analysis for nBA and tracer anions (bromide and iodide). Batch QC
samples were obtained from a sample port in the injection manifold. Each day, 2 or 3 batches
were sampled, resulting in a total of 17 batch samples representing roughly 10% of the total
(refer to Table 2 of main document).

Results from the batch QC sampling are compiled and presented in Table E-1-3 in Appendix E.
The laboratory reports are provided in Appendix G.
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C.24 PED INJECTION CONFIRMATION SAMPLING

Two types of confirmation samples were collected to evaluate the effectiveness of the PED
injections. Immediately following PED injection, DPT groundwater samples were collected at
severa depths adjacent to select PED injection locations to assess the radius of influence (ROI)
achieved. A week later, groundwater samples were collected from select monitoring well
locations within the DEM/VAL plots.

C.241 PED Injection DPT Groundwater Sampling

On 30 June 2011, two days after completion of the PED injection activities, DPT groundwater
samples were collected at the four locations (DPT0328, DPT0329, DPT0330, and DPT0331)
presented on Figure C-7 and analyzed in amobile laboratory for nBA and VOCs. Split samples
were submitted to a fixed laboratory for analysis of bromide and iodide. A subset of the split
samples were also analyzed in the fixed laboratory for VOCs including nBA and nBUuOH. A
total of 18 samples were collected, from 4 or 5 depths per location.

The locations were sampled in order, starting at DPT0328. The positions were adjusted in the
field in response to the results obtained by the mobile lab. Locations DPT0330 and DPT0328
were located about 2 feet and 4 feet from the nearest injection location (IP09), respectively.
These locations evaluated nBA distribution at a single injection location on the periphery.

The other two sample locations evaluated nBA distribution closer to the interior of the injection
grid, where more than one injection occurred. Location DPT0329 was located about 2.5 feet
from the nearest injection location (IP16), and location DPT0331 was located about 6.0 feet from
P16, but within about 3.5 feet of 1P06.

Sample |ocations were tremie grouted to surface following sample collection.

The results (VOCs, nBA, nBuOH and tracers) from the confirmation DPT groundwater sampling
are compiled and presented in Table E-1-4 in Attachment E-1 in Appendix E and an analysis of
this data is presented in Table E-4-1 in Attachment E-4 in Appendix E. The laboratory reports
(from both the mobile and fixed laboratories) are provided in Appendix G.

C.24.2 PED Injection Monitoring Well Groundwater Sampling

To further assess the distribution of PED following injection, on 07 July 2011, nine days
following the end of the injection event, samples were collected from eleven monitoring wells
(BWO0OO001C/D/E, BWO0002C/D/E, BWOO03C/D/E, RW0007, and RWO0008) and laboratory
analyzed for VOCs, nBA and nBuOH, and tracers (refer to Table 2 and Appendix D). During
well purging, field parameters, including pH, temperature, dissolved oxygen (DO), oxidation-
reduction potential (ORP), conductivity, total dissolved solids (TDS), and turbidity, were
recorded at regular intervals until consecutive readings had stabilized.
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The results from this confirmation sampling event are presented in Tables E-1-5 (VOCs, nBA
and nBuOH), E-1-6 (Tracers) and E-1-9 (Field Geochemical Parameters) in Attachment E-1 in
Appendix E; this data is also presented in Table E-4-2 in Attachment E-4 in Appendix E. The
results are plotted in Figures 1, 3, 4, and 20 of the main document for the extraction wells (and
the corresponding figuresin Appendix E for other wells). The laboratory reports are provided in
Appendix G.

C3 TASK 5-BIOMASSGROWTH PHASE

Following PED injection, the recirculation system remained off for a period of six weeks to
allow the PED to partition into NAPL within the DEM/VAL plot and to facilitate the acclimation
and establishment of biomass within the DEM/VAL plot. Groundwater extraction during this
‘shut-in’ phase was undesirable, since it might have removed much of the amended nBA and re-
injected it on the periphery. At the end of the Biomass Growth Phase, the distribution of PED
and VOCs within the DEM/VAL plot was assessed through DPT soil sampling and a synoptic
survey of groundwater concentrations. This was intended to help to assess the partitioning effect
of PED into residual DNAPL and establish a baseline before recircul ation was restarted.

C31 BioMASS GROWTH PHASE — GROUNDWATER SAMPLING

Twenty-four locations, including the extraction wells, bundle monitoring wells and monitoring
wells, were sampled on 1 and 2 August 2011. The samples were laboratory analyzed for VOCs,
nBA and nBuOH, VFAs, tracers (Br and I), TOC, Sulfide, DHGs, Anions, Alkalinity, Dissolved
Metals and microbial characterization (archived). The analyses are summarized in Table 2 and
detailed in Appendix D.

Results from the Biomass Growth Phase sampling event are compiled and presented in Tables
E-1-5 (VOCs, nBA and nBuOH), E-1-6 (DHGs, Anions and Tracers), E-1-7 (TOC, VFAs and
nBA), E-1-8 (Dissolved Metals) and E-1-9 (Field Geochemical Parameters) in Attachment E-1in
Appendix E. The VOC datais plotted in Figures 1, 3, 4 and 20 of the main document and in the
corresponding time-trend and VOC distribution plots included in Appendix E. The TOC and
VFA data is aso plotted in Figure2. The VOC data is used in the plume mass estimates in
Section E.6.1 and Attachment E-6 in Appendix E and Figure2l of the main document.
Attachment E-5 in Appendix E presents the organic carbon data (VOCs, nBA, nBuOH and
VFAS) on a molar basis. The laboratory reports from these sampling events are provided in
Appendix G.

C.32 BioMASS GROWTH PHASE —SOIL SAMPLING

On 3 August 2011, three soil cores (DPT0332, DPT0333, and DPT0334) were collected using
DPT techniques at the locations presented on Figure 17 (main document). Seventeen sample
intervals were selected by PID screening. Subsamples were collected and analyzed for VOCs
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and nBA. In addition, the cores were visually logged to document soil lithology. Boring logs
are provided with the field forms in Attachment C-2 of this Appendix. Soil IDW was contained
in properly labeled 55-gallon drums which were stored on NASA provided spill pallets secured
with cargo straps.

Results from the soil sampling event are presented in Table E-1-1 in Attachment E-1 in
Appendix E. Laboratory results from this sampling event are provided in Appendix G.

C4 TASK 6-RECIRCULATION SYSTEM OPERATION

The groundwater recirculation system was activated on 09 August 2011 and operated for
approximately thirteen months, until 13 September 2012. The first seven months (28 weeks),
through 16 February 2012, are considered the Main Recirculation Phase, which corresponds to
the duration of the DEM/VAL proposed in the TDP. System operation was continued for an
additional seven months, through 13 September 2012, under an Interim Measure Work Plan
(IMWP) for NASA. This continuation period is referred to as the Interim Measure Recirculation
Phase.

C41 RECIRCULATION SYSTEM OPERATION - SYSTEM OPERATION
C.4.1.1 Main Recirculation Phase

Details of the recirculation system operation, including the volume of groundwater extracted and
re-injected, the time of operation, the effective average flow rate and the percentage of time
active, aretabulated in Table C-2 for the upper zone (RW0007) and Table C-3 for the lower zone
(RWO0008).

Figure C-5 presents the hydrograph of the water level in the upper extraction well (RW0007) for
the first month of operation. The effect of the 40 minutes on, 20 minutes off timing cycle is
clearly shown in the oscillation of the water level. The response to pumping is rapid (on and
off). The shape of the curve is partly due to the recording frequency of 15 minutes; data is
recorded at varying points in the drawdown/recovery cycle. The figure also shows the longer
shut off periods, when the system ran out of power, typicaly a little after midnight. Peak
drawdown was about 7.5 feet, with an average drawdown of about 4 feet, estimated as the
midpoint of the oscillating water level during active pumping. Hydrographs for the remainder of
the recirculation system operation are presented in Attachment C-4 to this Appendix.

Figure C-6 presents the hydrograph of the water level in the lower extraction well (RWO0008) for
the first month of operation. Hydrographs for the remainder of the recirculation system
operation are presented in Attachment C-4 to this Appendix. A similar pattern in the water level
was observed in RW0008, with fine oscillations resulting from the timing cycle and larger
overnight idle periods. In RWO0008 the peak drawdown was approximately 27.5 feet, with
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average drawdown of approximately 22 feet. At RW0008, the water level did not fully recover
during the 20 minute downtime in the pump cycle; recovery was about 15 feet. Hence, during
the period of active cycling, an effective hydraulic gradient was maintained towards the well.
Greater drawdown reflects a lower transmissivity at RWO0008, since the pumps operated
similarly at about 2.5 gpm when powered. The difference in drawdown between the extraction
wells meant that there was generally a hydraulic gradient downward across the silty clay
confining layer in the vicinity of the extraction wells.

Attachment C-4 includes hydrographs for wells 1W0002D, IW0002D1, 1J0013 and 1J0014
during the Main Recirculation Phase (after which the leveloggers were removed and were not
deployed during the Interim Measure Recirculation Phase). The influence of the extraction wells
is shown in the hydrographs for wells IW0002D and IW0002D1, which are located 6.7 feet and
11.9 feet from RW0007 and RW0008, respectively. For example, during Week 3 (last week of
August 2011), drawdown at 1W0002D was about 0.46 ft and at 1W002D1 was about 0.60 ft.
Response to pumping was immediate, and the fine oscillations of the timing cycle were observed
in both the upper and lower zones.

In both the upper and lower zones, the flow of extracted water was split evenly between five
peripheral injection wells (Figure 13 in the main document). The flow splits were checked and
rebalanced during the routine O& M visits (see Section C.4.2 below). Flow to each injection well
was approximately 0.5 gpm during actual pumping. The effective average injection rates were
approximately 0.17 gpm per injection location in the upper zone (0.16 gpm in the lower).
Hydrographs for a pair of injection wells, 1J0013 and 1J0014, are presented in Attachment C-4.
For 1J0013 the mound during pumping was approximately 1.7 ft (perhaps half this, 0.85 ft on
average during active cycle). For 1J0014, the injection mound during pumping was
approximately 2.4 ft. Comparison of the hydrographs suggests that an upward hydraulic gradient
may exist both during active pumping and during non-pumping periods. The water level in the
lower unit (1J0014) was above that in the upper unit (1J0013) during injection (greater mounding)
and remained higher during periods with no injection. Note that actual groundwater elevations
could not be determined (since TOC €elevations were not surveyed).

Figure C-3 summarizes the operating history for RW0007, showing the percentage of time that
the system was active and the cumulative volume extracted. The categories (x-axis) represent
O&M events and are not evenly spaced in time. The cumulative volume extracted as a function
of time is presented in Figure C-1 B, which shows a fairly uniform rate over the duration of the
field demonstration. Details of the recirculation system operation are tabulated in Table C-2.

A total of 243.4 kgal were recirculated in the upper zone. The effective average flow rate for the
system was 0.89 gpm. The system was active for about 53% of the time (active time includes the
on/off cycle). Variations in the amount of time the system was active are apparent in Figure C-3;
weather, and hence recharge of the solar-powered recirculation system was the main variable
controlling system operation.
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The upper zone (RWO0007) typically operated for somewhat longer than the lower zone
(RW0008), averaging 9% more time active. This is attributed to differences in the power
required for the pumps to recirculate water in the upper versus lower zone wells; in the lower
zone, the system created greater drawdown and consequently needed to lift the water further
during pumping, and the greater injection mounding created slightly more resistance due to
backpressure. There may have also been minor differences in the efficiency of the solar panels
that recharged the system batteries.

Figure C-4 summarizes the operating history for RW0008, showing the percentage of time that
the system was active and the cumul ative volume extracted. The cumulative volume extracted as
a function of time is presented in Figure C-2 B, which shows a fairly uniform rate over the
duration of the demonstration. Details of operation are tabulated in Table C-3.

A total of 221.6 kgal were recirculated in the lower zone. The effective average flow rate for the
system was 0.81 gpm. The system was active for about 48% of the time (active time includes the
on/off cycle). Variationsin the amount of time the system was active are apparent in Figure C-4.
As with the upper zone system, weather, and hence recharge of the solar-powered system, was
the main variable controlling system operation.

PED injection delivered a total of 34,000 ga of amendment fluid. Of this, 17,000 gal was
injected into the upper zone, 5,100 gal into the silty clay horizon, and 11,900 gal into the lower
zone. Thus the upper zone recirculation volume was a factor of 14.3 greater than the injectate
volume, while the lower zone recirculation volume was a factor of 18.6 greater than its
corresponding injectate volume. Considering that the design volumes were selected to target
50% of the pore volume in the injection zone, the recirculated volumes in the upper and lower
zones represent approximately 7 and 9 pore volume replacements, respectively.

Although it is not possible to determine the actual volume of groundwater involved in the
recirculation cells in each sweep zone, some estimates can be made. For the upper zone, the
thickness of the saturated aquifer above the silty clay is about 36 feet. Of this, 20 feet was
targeted for injection. The extraction well RWO0007 has a screened interval of 7 feet, and the
injection wells have 10 ft screens, al situated at the base of the upper zone, directly above the
silty clay horizon to direct flow across this layer where most of the TCE mass was thought to
reside. The relatively short screens in these partially penetrating wells will induce vertical flow
components, which will be most prominent near the wells. Horizontal flow is likely not
established, since that would require distances beyond about 1.5 times the thickness of the
aquifer (i.e., horizontal flow would be expected about 54 ft from an extraction or injection well)
and the injection wells are all within this distance of the extraction wells. However, because of
the relatively short well screens, the majority of flow is expected to occur in the lower portion of
the zone. Thus, the depth interval through which groundwater was recirculated was most likely
between 10 and 20 feet. Estimates of the pore volume for various thicknesses and radial
distances were calculated (presented in Attachment C-5 to this Appendix). Using a thickness of
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15 ft, and a radius of 35 ft, which roughly corresponds to the position of the injection wells, the
pore volume of the upper sweep zone was estimated to be 130 kgal, and the volume recircul ated
in the Main Recirculation Phase corresponds to 1.9 pore volumes. The table in
Attachment C-5shows how this estimate varies with the assumed thickness of the sweep zone; if
20 ft thick, the recirculated volume was about 1.4 pore volumes. If just the area within which
PED injection occurred is considered, the number of pore volume exchanges is estimated to be
about 9.6.

Corresponding estimates were made for the lower sweep zone, as shown in Attachment C-5 for
RWO0008. The extraction well (RWO0008) and injection wells have 10 ft screens, and the PED
injections spanned a 15 ft thickness. Assuming a thickness of 15 ft, the pore volume of the lower
sweep zone was estimated to be 130 kgal and the volume recirculated in the Main Recirculation
Phase was about 1.7 sweep zone pore volumes, or about 8.8 pore volume exchanges of the PED
injection area.

These estimates of pore volume demonstrate that considerably more groundwater was
recirculated than was initially amended with PED and injected. The fact that extracted water
continued to contain donor equivalents indicates that the initial injection was able to supply
donor to several multiples of the initial injectate volume.

C.4.1.2 Interim Measure Recirculation Phase

Operation continued unchanged for the Interim Measure Reciculation Phase. Hydrographs for
RWO0007 and RW0008 for the full period of operation are presented in Attachment C-4.
Leveloggers were not deployed in any other wells during this phase.

The operating history for the upper zone (RWO0007) is presented in Figure C-3, wherein the
purple bars for Time Active indicate the Interim Measure Reciculation Phase. Details of
operation are tabulated in Table C-2. The system was active for about 49% of the time, dlightly
less than during the Main Recirculation Phase. The effective average flow rate for the system
was 0.82 gpm, down slightly from the prior phase. The recirculated volume for the upper sweep
zone was 240.9 kgal, representing an additional 1.9 pore volumes, or approximately 9.5
additional exchanges of the PED injected area (refer to Attachment C-5 for tabul ated estimate).

The operating history for the lower zone (RWO0008) is presented in Figure C-4, wherein the
purple bars for Time Active indicate the Interim Measure Reciculation Phase. Details of
operation are tabulated in TableC-3. The system was active for about 47% of the time,
essentially the same as during the Main Recirculation Phase. The effective average flow rate for
the system was 0.81 gpm, the same as during the prior phase. The recirculated volume for the
lower sweep zone was 239.2 kgal, representing an additional 1.8 pore volumes, or approximately
9.5 additional exchanges of the PED injected area (refer to Attachment C-5 for tabulated
estimate).
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CcA4.2 RECIRCULATION SYSTEM OPERATION - SYSTEM O& M

The groundwater recirculation system operated continuously, with routine O&M inspections to
ensure consistent operation of the system (weekly inspections for the first five months, once
every 1.5 weeks until the end of the Main Recirculation Phase in Month 7, then biweekly for the
Interim Measure Recirculation Phase through until Month 13).

Routine O&M events included the following:

e recording of operational parametersincluding total volume extracted, extraction flow
rates, total operable time (hour meter), battery voltage and charge status, and individual
flow rates to the injection wells;

e adjustment of flow ratesto injection wells as required to maintain balance of flow
between injection wells;

e cleaning and replacing filters as required;

e inspection of visible equipment and tubing runs for leaks or damage and performance of
needed maintenance;

e inspection of the solar panels, charge controller and batteries and performance of needed
maintenance; and

e periodic retrieval of water level datafrom the dataloggers.

On a few occasions it was necessary to remove a pump for repair. No rehabilitation or re-
development of the wells was required. O&M forms are included in Attachment C-3 of this
Appendix.

C.43 RECIRCULATION SYSTEM OPERATION - GROUNDWATER SAMPLING
C.431 Groundwater Sampling - Main Recirculation Phase

Throughout the Main Recirculation Phase, groundwater samples were routinely collected to
assess the VOC mass flux and evaluate the microbia reductive dechlorination of VOCs.

The extraction wells were sampled weekly for the first month and then bi-weekly for five months
thereafter. Samples were analyzed for the parameters in Table 2 of the main document, as
detailed in the sampling program in Appendix D. Samples were collected for the assessment of
various constituents, namely VOCs, nBA and its hydrolysis product, nBuOH, related
fermentation products (i.e., butyrate, acetate, etc. [VFAS]), and the bromide and iodide tracers.
To support the interpretation of the data, samples for additional parameters, such as TOC, anions,
dissolved metals, DHGs and alkalinity were also collected, along with field parameters (DO,
ORP, specific conductivity). Samplesfor microbial characterization were collected on a monthly
basis and archived, with analysis of only the Month 3 and Month 7 samples.
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A synoptic survey of the DEM/VAL plot monitoring locations, including extraction wells,
bundle monitoring wells, existing site monitoring wells and the far-field monitoring wells (30
wells in total) was conducted at Month 3 (October 2011) and at Month 7 (February 2012), at
completion of the Main Recirculation Phase. The samples were laboratory analyzed for VOCs,
nBA and nBuOH, VFAs, tracers (Br and I), TOC, DHGs, Sulfide, Anions, Alkalinity, Dissolved
Metals and microbial characterization (at select locations). The details of the sampling program
are presented in Appendix D and the samples are summarized in Table 2 of the main document.

Results from the Main Recirculation Phase sampling events are compiled and presented in
Tables E-1-5 (VOCs, nBA and nBuOH), E-1-6 (DHGs, Anions and Tracers), E-1-7 (TOC, VFASs
and nBA), E-1-8 (Dissolved Metals), E-1-9 (Field Geochemical Parameters) and E-1-10 (Dhc
and vcrA) in Attachment E-1 in Appendix E. The VOC data is plotted in Figures 1, 3, 4 and 20
of the main document and in the corresponding time-trend and VOC distribution plots included
in Appendix E. The TOC and VFA datais also plotted in Figure 2. The VOC datais used in the
plume mass estimates in Figure 21. Attachment E-5 in Appendix E presents the organic carbon
data (VOCs, nBA, nBuOH and VFAS) on a molar basis. The laboratory reports from these
sampling events are provided in Appendix G.

C.43.2 Groundwater Sampling — Interim Measur e Recirculation Phase

A somewhat reduced groundwater sampling program was conducted during the Interim Measure
Recirculation Phase, from Month 7 until the end in Month 13; the frequency of extraction well
monitoring was reduced to monthly sampling for VOCs (including nBA and nBuOH). A
synoptic survey was collected in Month 10 (June 2012) and at the end of operation in Month 13
(September 2012). Samples were were laboratory analyzed for VOCs (including nBA and
nBuUuOH), TOC, and DHGs; select locations were sampled for microbial characterization. The
far-field wells were removed from the program for Month 13, in accordance with the UIC
permit, since the previous two events had shown no nBA at these locations. The sample analyses
arelisted in Table 2 and in the detailed program in Appendix D.

Results from the Interim Measure Recirculation Phase sampling events are compiled and
presented in Tables E-1-5 (VOCs, nBA and nBuOH), E-1-6 (DHGs, Anions and Tracers), E-1-7
(TOC, VFAs and nBA), E-1-9 (Field Geochemica Parameters) and E-1-10 (Dhc and vcrA) in
Attachment E-1 in Appendix E. The VOC data is plotted in Figures 1, 3, 4 and 20 of the main
document and in the corresponding time-trend and VOC distribution plots included in
Appendix E. The TOC and VFA data is also plotted in Figure2. The VOC data is used in the
plume mass estimates in Figure 21. Attachment E-5 in Appendix E presents the organic carbon
data (VOCs, nBA, nBuOH and VFASs) on a molar basis. The laboratory reports from these
sampling events are provided in Appendix G.
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C.44 RECIRCULATION SYSTEM OPERATION - SOIL SAMPLING

Soils samples were collected at the end of the Main Recirculation Phase (Month 7) and at the end
of the Interim Measure Recirculation Phase (Month 13). Three soil cores (DPT0346, DPT0347,
and DPT0348) were collected on 13 February 2012 and three soil cores (DPT0349, DPT0350,
and DPT0351) were collected on 10 September 2012. As shown in Figure 17 (main document),
the locations corresponded to the locations (DPT0332, DPT0333, and DPT0334) sampled
following the Biomass Growth Phase (03 August 2011), to facilitate comparison over the course
of the DEM/VAL. Sail cores were collected using DPT techniques, screened with a PID, and
subsampled at various depths based on the PID response and lithology. Boring logs that
document the soil lithology are provided with the field forms in Attachment C-2 of this
Appendix. A total of 24 samples were selected during the Month 7 sampling event and 22 were
selected during the Month 13 event. The samples were submitted to a fixed laboratory for
analysis for VOCs, including nBA and nBuOH (refer to Table 2). Select soil samples from the
final event in Month 13 were analyzed for Dhc and vcrA (data not reported herein). Soil IDW
was contained in properly labeled 55-gallon drums which were stored on NASA provided spill
pallets secured with cargo straps.

The results from the soil sampling events are compiled and presented in Table E-1-1 in
Attachment E-1 in Appendix E. Laboratory reports from these sampling events are provided in
Appendix G.

C5 TASK 7-SYSTEM DEMOBILIZATION

The system was turned over to NASA at the end of the Main Recirculation Phase, to conduct the
Interm Measure Recirculation Phase. At the end, the system was simply idled. NASA may
decide to perform further remediation at Hot Spot 1 in the future.
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C.6 ATTACHMENTS

TableC-1 PED DEM/VAL Event Schedule Summary

Table C-2 History of Operation for RW0007

Table C-3 History of Operation for RwW0008

FigureC-1 A RWO0O007 - Volume of Water Recirculated during Baseline Flux
Assessment

FigureC-1B RWO0007 - Volume of Water Recirculated during Recirculation System
Operation

FigureC-2 A RWO0O008 - Volume of Water Recircul ated during Baseline Flux
Assessment

FigureC-2B RWO0008 - Volume of Water Recirculated during Recirculation System
Operation

Figure C-3 RWO0007 Operating History

Figure C-4 RWO0008 Operating History

Figure C-5 Water Level at Upper Extraction Well (RW0007) — Month 1

Figure C-6 Water Level at Lower Extraction Well (RW0008) — Month 1

Figure C-7 Injection Confirmation Monitoring Locations

Attachment C-1 Vironex Injection Report

Attachment C-2 Field Forms
Attachment C-3 O&M Forms
Attachment C-4 Hydrographs

Attachment C-5 Recirculated Pore VVolume Estimates
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TABLE C-1. PED DEM/VAL EVENT SCHEDULE SUMMARY
Hot Spot 1, LC34, CCAFS/ ESTCP Project ER-0716

Task Task Name Date Activity

1 Well Installation 171021 and 24 & 25 Well Installations & Baseline Soil Sampling
January 2011

2 Baseline Sampling 1to 3 February 2011 Baseline groundwater sampling

2 Baseline Sampling 15-Feb-11 Baseline hydraulic conductivity assessments

1 System Install & Shake Down | March 2011 Groundwater recirculation system constructed, including mobile trailer

3 Baseline Flux Assessment 14-Mar-11 Groundwater recirculation system start up
22-Mar-11 BFA Week 1 Groundwater Sampling
28-Mar-11 BFA Week 2 Groundwater Sampling
7-Apr-11 BFA Week 3 Groundwater Sampling
18 and 19 April BFA Week 4 Groundwater Sampling Synoptic Survey
18-Apr-11 Recirculation system shut down

4 Introduction of PED & Tracers 2010 24 and 27 & 28 PED Injection Activities
June 2011
30-Jun-11 DPT groundwater sampling (DPT328 — DPT331) to aid in evaluation of

radius of influence from injection activities
7-0ul-11 Groundwater sampling from select site monitoring wells to evaluate nBA
distribution

5 Biomass Growth Phase July to August 2011 Biomass growth phase — recirculation system off
1 to 3 August 2011 Post-biomass growth phase soil and groundwater sampling

6a RecwculatlorT System 9-Aug-11 Restart groundwater recirculation system

Operation
12-Aug-11 Week 1 O&M and groundwater sampling (RW wells only)
18-Aug-11 Week 2 O&M and groundwater sampling (RW wells only)
24-Aug-11 Week 3 O&M and groundwater sampling (RW wells only)
31-Aug-11 Week 4 O&M and groundwater sampling (RW wells only)
8-Sep-11 Week 5 0&M
15-Sep-11 Week 6 O&M and groundwater sampling (RW wells only)
22-Sep-11 Week 7 0&M
28-Sep-11 Week 8 0&M and groundwater sampling (RW wells only)
ER-0716
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TABLE C-1. PED DEM/VAL EVENT SCHEDULE SUMMARY
Hot Spot 1, LC34, CCAFS/ ESTCP Project ER-0716

Task Task Name Date Activity
63 Recirculzfltion System 5 Oct-11 Week 9 O&M
Operation (cont'd)
13-Oct-11 Week 10 O&M and groundwater sampling (RW wells only)
20-Oct-11 Week 11 O&M
25-to0 27-Oct-11 Week 12 (Month 3) O&M and groundwater sampling (synoptic survey)
3-Nov-11 Week 13 O&M
10-Nov-11 Week 14 O&M and groundwater sampling (RW wells only)
17-Nov-11 Week 15 O&M
22-Nov-11 Week 16 O&M and groundwater sampling (RW wells only)
1-Dec-11 Week 17 O&M
7-Dec-11 Week 18 O&M
15-Dec-11 Week 19 O&M and groundwater sampling (RW wells only)
22-Dec-11 Week 20 0& M
5-Jan-12 Week 22 O&M and groundwater sampling (RW wells only)
16-Jan-12 Week 24 O&M
26-Jan-12 Week 25 O&M and groundwater sampling (RW wells only)
6-Feb-12 Week 27 O&M
13-Feb-12 Week 28 (Month 7) Final Soil Samples
14- to 16-Feb-12 Week 2? (Month 7) O&M and Final Dem/Val Groundwater Sampling
(synoptic survey)
6b Interim Measure Recirculation 9-Mar-12 Week 30 O&M
Phase
15-Mar-12 Week 32 O&M and groundwater sampling (RW wells only)
5-Apr-12 Week 35 O&M
19-Apr-12 Week 37 O&M and groundwater sampling (RW wells only)
4-May-12 Week 39 O&M
17-May-12 Week 41 O&M and groundwater sampling (RW wells only)
7-Jun-12 Week 44 O&M
21-Jun-12 Week 46 O&M
ER-0716
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TABLE C-1. PED DEM/VAL EVENT SCHEDULE SUMMARY
Hot Spot 1, LC34, CCAFS/ ESTCP Project ER-0716

Task Task Name Date Activity

6b Interim Ii\)/lh(;asseu(rfolzt:%;culatlon 26-to 27-Jun-12 Week 47 (Month 10) groundwater sampling (synoptic survey)
10-Jul-12 Week 49 O&M
19-Jul-12 Week 50 O&M and groundwater sampling (RW wells only)
2-Aug-12 Week 52 O&M
16-Aug-12 Week 54 O&M and groundwater sampling (RW wells only)
6-Sep-12 Week 57 O&M (final totalizer readings; system on)
10-Sep-12 Week 58 soil sampling
13-Sep-12 Week 58 (Month 13) groundwater sampling (synoptic survey)

** no final readings from time system was turned off
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TABLE C-2

HISTORY OF OPERATION FOR EXTRACTION WELL RW0007 (UPPER ZONE)

) ) Pump ) ; Pump
Elapsed Time | Actual Hour [Adjusted Hour . R Effective Cumulative . RPD“(FIOW X . .
oo [osuevn| Do | Do | Bawan | e | v | SPTA | S o \fow | Ve | s sorion| MREO| Tt e valmesiie| P | B o | TP | e o e
Events Reading Reading Meter® Rate * (overall) Start Rate® Meter)
(h) (h) (h) (h) (gpm) (gal) (gal) (gal) (gpm) (gal) (kgal) (h) (%) (%) (%) (upper/lower)
- 3/14/2011 0 0 na na na 21 87 0 0.0 system startup - baseline flux assessment
BFWk1 3/21/2011 7 168 na na na 23 16,252 16,165 1.60 2.20 16,165 16.2 122.5 na 72.9% 109.3% 1.27
é ‘g BFWk 2 3/29/2011 15 192 na na na 24 28,264 12,012 1.05 2.35 28,177 28.2 85.8 na 44.7% 67.0% readings only; no system O&M 113
2 - 4/1/2011 18 264 na na na 25 31,048 2,784 0.93 2.40 30,961 31.0 102.8 na 38.9% 58.4% 1.07
'-g g - 4/4/2011 21 72 na na na 24 36,505 5,457 1.26 245 36,418 36.4 37.1 na 51.6% 77.3% readings only; no system O&M 1.28
o < BFWk3 4(7/2011 24 144 na na na 25 40,970 4,465 1.15 245 40,883 40.9 67.5 na 46.9% 70.3% 134
BF Wk 4 4/18/2011 35 264 na na na 2.2 58,731 17,761 1.12 2.35 58,644 58.6 126.0 na 47.7% 71.6% 2.06
phasetotal 840 58,644 1.16 2.32 420.4 50.1% 75.1% 1.39
Restart 8/9/2011 0 0 0 0 na 2.6 58,771 0 system restart - main recirculation phase
Wk 1 8/12/2011 3 72 427 427 427 25 65,561 6,790 157 2.65 65,521 6.8 44.4 3.9% 59.3% 89.0% 0.94
Wk 2 8/18/2011 9 144 103.4 103.4 60.7 23 74,258 8,697 1.01 2.39 74,218 155 60.4 -0.5% 42.2% 63.2% 114
Wk 3 8/24/2011 15 144 161.5 161.5 58.1 24 82,434 8,176 0.95 2.35 82,394 237 58.0 -0.2% 40.3% 60.5% 1.10
Wk 4 8/31/2011 22 168 214.3 214.3 52.8 24 90,012 7,578 0.75 2.39 89,972 31.2 52.6 -0.3% 31.4% 47.1% 1.10
Wk 5 9/8/2011 30 192 288.8 288.8 74.5 26 101,352 11,340 0.98 254 101,312 42.6 75.6 1.5% 38.8% 58.2% 113
Wk 6 9/15/2011 37 168 365.1 365.1 76.3 25 112,997 11,645 1.16 254 112,957 54.2 76.1 -0.2% 45.4% 68.1% 1.09
Wk 7 9/22/2011 44 168 436.4 436.4 713 25 123,841 10,844 1.08 253 123,801 65.1 723 1.4% 42.4% 63.7% 111
5 Wk 8 9/28/2011 50 144 492.5 492.5 56.1 25 132,387 8,546 0.99 254 132,347 736 57.0 1.5% 39.0% 58.4% 113
® Wk 9 10/5/2011 57 168 569.8 569.8 773 25 144,138 11,751 117 253 144,098 85.4 78.3 1.3% 46.0% 69.0% 113
g Wk 10 10/13/2011 65 192 629.2 629.2 59.4 25 153,299 9,161 0.80 257 153,259 94.5 61.1 2.8% 30.9% 46.4% 1.10
£ Wk 11 10/20/2011 72 168 676.7 676.7 475 2.6 160,697 7,398 0.73 2.60 160,657 101.9 48.4 1.8% 28.3% 42.4% 1.16
% Wk 12 10/27/2011 79 168 754.6 754.6 779 2.6 172,662 11,965 119 2.56 172,622 1139 76.7 -1.6% 46.4% 69.6% 119
2 Wk 13 11/3/2011 86 168 805.1 805.1 50.5 25 180,418 7,756 0.77 2.56 180,378 121.6 50.7 0.4% 30.1% 45.1% 1.05
_5 Wk 14 11/10/2011 93 168 859.9 859.9 54.8 25 188,701 8,283 0.82 252 188,661 129.9 55.2 0.8% 32.6% 48.9% 1.09
% Wk 15 11/17/2011 100 168 928.0 928.0 68.1 25 199,088 10,387 1.03 254 199,048 140.3 69.2 1.7% 40.5% 60.8% 1.10
= Wk 16 11/22/2011 105 120 970.2 970.2 422 25 205,627 6,539 0.91 258 205,587 146.9 43.6 3.2% 35.2% 52.8% 112
§ Wk 17 12/1/2011 114 216 1043.1 1043.1 729 25 216,612 10,985 0.85 251 216,572 157.8 73.2 0.5% 33.7% 50.6% 1.13
-g Wk 18 12/7/2011 120 144 1097.6 1097.6 545 25 225,042 8,430 0.98 2.58 225,002 166.3 56.2 3.1% 37.8% 56.8% 117
= Wk 19 12/15/2011 128 192 1147.3 1147.3 49.7 26 232,700 7,658 0.66 257 232,660 1739 50.1 0.7% 25.9% 38.8% 1.16
Wk 20 12/22/2011 135 168 1198.6 1198.6 51.3 25 240,538 7,838 0.78 2.55 240,498 181.8 51.2 -0.1% 30.5% 45.8% 115
Wk 22 1/5/2012 149 336 1298.5 1257.5% 58.9 2.6 249,543 9,005 0.45 255 249,503 190.8 58.9 0.0% 17.5% 26.3% pump failed; hour meter reading corrected using estimates 0.59
based on system flow rate and volume®
Wk 24 1/16/2012 160 264 1398.5 1357.5 100.0 25 265,098 15,555 0.98 2.59 265,058 206.3 101.7 1.7% 37.9% 56.8% 1.29
Wk 25 1/26/2012 170 240 1489.8 1448.8 91.3 2.6 279,302 14,204 0.99 2.59 279,262 220.5 92.8 1.7% 38.0% 57.1% 1.15
Wk 27 2/6/2012 181 264 1580.5 1539.5 90.7 2.6 293,427 14,125 0.89 2.60 293,387 234.7 90.5 -0.2% 34.4% 51.5% 1.15
Wk 28 2/14/2012 189 192 1636.7 1595.7 56.2 2.6 302,185 8,758 0.76 2.60 302,145 243.4 56.1 -0.1% 29.3% 43.9% system shut off from 9:20 on 14-Feb until 17-Feb 112
phasetotal 1,595.7 243,414 0.89 254 1,610.3 35.2% 52.8% 1.09
Wk 30 3/2/2012 206 408 1768.6 1727.6 131.9 2.6 322,727 20,542 0.84 2.60 322,687 264.0 1317 -0.2% 32.3% 48.5% 117
S Wk 32 3/15/2012 219 312 1957.4 1760.4° 32.8 2.8 328,054 5,327 0.28 271 328,014 269.3 329 0.3% 10.5% 15.8% pump failed; hour meter reading corrected using estimates 0.30
g based on system flow rate and volume®
8‘ Wk 35 4/5/2012 240 504 2210.5 1877.5° 117.1 27 347,393 19,339 0.64 275 347,353 288.6 117.2 0.1% 23.2% 34.9% pump failed; hour meter reading corrected using estimates 0.59
5 based on system flow rate and volume®
% Wk 37 4/19/2012 254 336 2346.0 2013.0 135.5 26 368,404 21,011 1.04 2.58 368,364 309.6 132.1 -2.5% 40.3% 60.5% 113
= Wk 39 5/4/2012 269 360 2496.5 2163.5 150.5 2.6 391,657 23,253 1.08 2.58 391,617 332.9 149.1 -1.0% 41.8% 62.7% 112
'% Wk 41 5/17/2012 282 312 2601.8 2268.8 105.3 2.6 407,750 16,093 0.86 2.55 407,710 349.0 103.2 -2.1% 33.8% 50.6% 1.06
3 Wk 44 6/7/2012 303 504 2778.9 2445.9 177.1 25 434,684 26,934 0.89 253 434,644 375.9 176.0 -0.6% 35.1% 52.7% 1.07
§ Wk 46 6/21/2012 317 336 2932.7 2515.7% 69.8 26 445,425 10,741 0.53 2.56 445,385 386.7 70.2 0.6% 20.8% 31.2% pump failed; hour meter reading corrected using estimates 115
x based on system flow rate and volume’
§ Wk 49 7/10/2012 336 456 3106.7 2689.7 174.0 25 471,010 25,585 0.94 2.45 470,970 412.2 167.2 -4.0% 38.2% 57.2% 1.99
s Wk 50 7/19/2012 345 216 3180.9 2763.9 74.2 24 481,880 10,870 0.84 244 481,840 423.1 73.9 -0.3% 34.4% 51.5% 1.03
£ Wk 52 8/2/2012 359 336 33117 2894.7 130.8 24 500,950 19,070 0.95 243 500,910 442.2 132.4 1.2% 38.9% 58.4% 112
,g Wk 54 8/16/2012 373 336 3438.5 3021.5 126.8 25 519,394 18,444 0.91 242 519,354 460.6 125.5 -1.1% 37.7% 56.6% 1.14
= Wk 57 9/6/2012 394 504 3605.6 3188.6 167.1 24 543,077 23,683 0.78 2.36 543,037 484.3 161.1 -3.7% 33.2% 49.7% 1.20
phase total 4,920 1,592.9 240,892 0.82 252 1,572.5 32.4% 48.6% 1.04
System Operation Overall 9,456 3,188.6 484,306 0.85 253 33.7% 50.6% 1.07
Notes:
1 - Elapsed timeiis calculated from the number of days between system O& M events; expected to be within a couple of hours. gal - galon a- Wk 22 Correction for Pump Failure (h) = 41
2 - Hour meter records when power to pump is on. Added to system after the Baseline Flux Assessment phase. gpm - gallon per minute b - Wk 32 Correction for Pump Failure (h) = 156
3 - Hour meter reading was adjusted for times when the pump failed but power was available. Comments column notes correction. h - hour ¢ - Wk 35 Correction for Pump Failure (h) = 136
4 - Pump operating time (hour meter) is the length of time that the pump operated in this O&M interval. kgal - kilogallon d - Wk 46 Correction for Pump Failure (h) = 84

5 - System flow rate as registered by the flow meter, recorded once per O&M event.

6 - Volume recirculated is calculated from the change in flow totalizer readings between O& M events.

7 - Effective average flow rate is calculated from the volume recirculated and the total elapsed time, including periods of down time.

8- Average flow rate is the pumping rate, calculated from the volume recirculated and the pump operating time (hour meter). During the Baseline Flux Assessment, since there was no hour meter, the pump operating time was
calculated from the estimated time of operation based on the observed flow rate (note 5).

9 - Cumulative volume since start of Baseline Flux Assessment and since start of Main Recirculation System Operation.

10 - Pump operating time (flow rate) is the estimate length of time that the pump operated in this O& M interval, based on the observed System Flow Rate.

11 - Relative percent difference (RPD) between the two estimates of pump operating time, based on system flow rate versus hour meter.

12 - Time Pump Operated is the ratio of Pump Operating Time - Hour Meter to the Elapsed Time. During Baseline Flux Assessment, the Pump Operating Time - Flow Rateis used. A vaue of 66.6% represents fully operational
status, because the system was set to pump for 40 minutes of each hour.

13 - Time Active is the percentage of time during which the system was effectively operating; it includes both the 40 minutes on and 20 minutes off portions of the pump cycle.

14 - Ratio of Time Active compares the Time Active in the upper zone (RW0007) to that in the lower zone (RW0008).
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TABLEC-3
HISTORY OF OPERATION FOR EXTRACTION WELL RW0008 (LOWER ZONE)

. . Pump . . Pump
Elapsed Time | Actual Hour | Adjusted Hour Operating System Flow | Flow Totalizer Volume Effective Average Flow | Total Volume Cumulat!ve Operating RPDH(HOW Time Pump Ratio of Time
Phase | O&M Event Date Days Elapsed Between qu , Mqa R Time- Hour Rate® Reading Recirculated® Aver;’:\ge Flow Rate® Recirculated Vqume?nce Time- Flow | Rate: Hour Operated? Time Active® Comments Active™
Events' Reading’ Reading Meter® Rate * (overall) Start Rate®® Meter)
(h) () (h) () (gpm) (gal) (gal) (gal) (gpm) (gal) (kgal) (h) (%) (%) (upper/lower)
- 3/14/2011 0 0 na na na 23 87 0 0.0 system startup - baseline flux assessment
BFWk 1 3/21/2011 7 168 na na na 2.6 14,251 14,164 141 245 14,164 14.2 96.35 57.4% 86.0% 1.27
é ‘g BFWk 2 3/29/2011 15 192 na na na 24 25,561 11,310 0.99 2.50 25,474 255 76.0 39.6% 59.4% readings only; no system O&M 1.13
) - 4/1/2011 18 264 na na na 22 28,078 2,517 0.87 2.40 27,991 28.0 96.02 36.4% 54.6% 1.07
E g - 4/4/2011 21 72 na na na 24 32,094 4,016 0.93 2.30 32,007 32.0 29.10 40.4% 60.6% readings only; no system O&M 128
&< BFWk3 4/7/2011 24 144 na na na 25 35,456 3,362 0.85 245 35,369 354 50.2 34.9% 52.3% 134
BF Wk 4 4/18/2011 35 264 na na na 2.2 44,085 8,629 0.54 2.35 43,998 44.0 61.2 23.2% 34.8% 2.06
phase total 840 43,998 0.87 242 302.4 36.0% 54.0% 1.39
Restart 8/9/2011 0 0 0 0 na 2.8 44,113 0 system restart - main recirculation phase
Wk 1 8/12/2011 3 72 45.6 45.6 45.6 26 51,232 7,119 1.65 2.60 51,204 7.1 439 -3.7% 63.3% 95.0% 0.94
Wk 2 8/18/2011 9 144 98.9 98.9 533 26 59,187 7,955 0.92 249 59,159 15.1 51.0 -4.4% 37.0% 55.5% 114
Wk 3 8/24/2011 15 144 1515 151.5 52.6 26 67,015 7,828 0.91 248 66,987 229 50.2 -4.7% 36.5% 54.8% 1.10
Wk 4 8/31/2011 22 168 199.6 199.6 48.1 25 74,235 7,220 0.72 250 74,207 30.1 47.2 -1.9% 28.6% 42.9% 110
Wk 5 9/8/2011 30 192 265.7 265.7 66.1 26 84,039 9,804 0.85 247 84,011 399 64.1 -3.1% 34.4% 51.6% 113
Wk 6 9/15/2011 37 168 335.7 335.7 70.0 24 94,424 10,385 1.03 247 94,396 50.3 69.2 -1.1% 41.7% 62.5% 1.09
c Wk 7 9/22/2011 44 168 400.0 400.0 64.3 26 103,828 9,404 0.93 244 103,800 59.7 62.7 -2.5% 38.3% 57.4% 111
.% Wk 8 9/28/2011 50 144 449.5 449.5 495 26 111,063 7,235 0.84 244 111,035 67.0 46.4 -6.5% 34.4% 51.6% 113
g Wk 9 10/5/2011 57 168 518.0 518.0 68.5 26 121,025 9,962 0.99 242 120,997 76.9 63.9 -7.0% 40.8% 61.2% 113
o) Wk 10 10/13/2011 65 192 571.8 5718 53.8 26 129,060 8,035 0.70 249 129,032 849 515 -4.4% 28.0% 42.0% 1.10
§ Wk 11 10/20/2011 72 168 612.7 612.7 40.9 26 135,468 6,408 0.64 261 135,440 914 411 0.4% 24.3% 36.5% 1.16
% Wk 12 10/27/2011 79 168 678.4 678.4 65.7 26 145,857 10,389 1.03 264 145,829 101.7 66.6 1.4% 39.1% 58.7% 119
s Wk 13 11/3/2011 86 168 726.5 726.5 48.1 26 153,165 7,308 0.73 253 153,137 109.1 46.8 -2.6% 28.6% 42.9% 1.05
B8 Wk 14 11/10/2011 93 168 776.7 776.7 50.2 26 160,793 7,628 0.76 253 160,765 116.7 48.9 -2.6% 29.9% 44.8% 1.09
§ Wk 15 11/17/2011 100 168 838.7 838.7 62.0 26 170,200 9,407 0.93 253 170,172 126.1 60.3 -2.8% 36.9% 55.4% 1.10
3 Wk 16 11/22/2011 105 120 876.3 876.3 37.6 25 175,870 5,670 0.79 251 175,842 131.8 371 -1.4% 31.3% 47.0% 112
% Wk 17 12/1/2011 114 216 940.6 940.6 64.3 2.6 185,735 9,865 0.76 2.56 185,707 141.6 64.5 0.3% 29.8% 44.7% 113
g Wk 18 12/7/2011 120 144 987.3 987.3 46.7 2.6 193,040 7,305 0.85 261 193,012 148.9 46.8 0.3% 32.4% 48.6% 117
Wk 19 12/15/2011 128 192 1030.0 1030.0 42.7 2.6 199,720 6,680 0.58 261 199,692 155.6 42.8 0.3% 22.2% 33.4% 1.16
Wk 20 12/22/2011 135 168 1074.8 1074.8 44.8 25 206,694 6,974 0.69 259 206,666 162.6 45.6 1.7% 26.7% 40.0% 115
Wk 22 1/5/2012 149 336 1175.3 1175.3 100.5 2.6 222,277 15,583 0.77 258 222,249 178.2 101.8 1.3% 29.9% 44.9% 0.59
Wk 24 1/16/2012 160 264 1252.6 1252.6 713 25 234,235 11,958 0.75 258 234,207 190.1 78.2 1.1% 29.3% 43.9% 1.29
Wk 25 1/26/2012 170 240 1332.2 1332.2 79.6 26 246,358 12,123 0.84 254 246,330 202.2 79.2 -0.5% 33.2% 49.8% 115
Wk 27 2/6/2012 181 264 1411.1 1411.1 789 2.6 258,227 11,869 0.75 251 258,199 214.1 76.1 -3.6% 29.9% 44.8% 115
Wk 28 2/14/2012 189 192 1461.2 1461.2 50.1 25 265,760 7,533 0.65 251 265,732 221.6 49.2 -1.7% 26.1% 39.1% system shut off from 9:20 on 14-Feb until 17-Feb 112
phase total 4,536 1,461.2 221,647 0.81 2.53 14351 32.2% 48.3% 1.09
c Wk 30 3/2/2012 206 408 1574.2 1574.2 113.0 2.6 283,067 17,307 0.71 255 283,039 239.0 113.1 0.1% 27.7% 41.5% 117
-% Wk 32 3/15/2012 219 312 1681.9 1681.9 107.7 2.6 299,640 16,573 0.89 2.56 299,612 255.5 106.2 -1.4% 34.5% 51.8% 0.30
o} Wk 35 4/5/2012 240 504 1881.4 1881.4 199.5 2.6 330,755 31,115 1.03 2.60 330,727 286.6 199.5 0.0% 39.6% 59.4% 0.59
o Wk 37 4/19/2012 254 336 2001.0 2001.0 119.6 25 349,626 18,871 0.94 2.63 349,598 305.5 1233 3.1% 35.6% 53.4% 113
5 Wk 39 5/4/2012 269 360 21354 21354 1344 2.6 370,668 21,042 0.97 2.61 370,640 326.6 1375 2.3% 37.3% 56.0% 112
% Wk 41 5/17/2012 282 312 2234.7 22347 99.3 25 386,050 15,382 0.82 2.58 386,022 341.9 100.5 1.2% 31.8% 47.7% 1.06
s Wk 44 6/7/2012 303 504 2400.1 2400.1 165.4 25 411,500 25,450 0.84 2.56 411,472 367.4 169.7 2.5% 32.8% 49.2% 1.07
k] Wk 46 6/21/2012 317 336 2517.7 2460.7% 60.6 26 420,846 9,346 0.46 257 420,818 376.7 61.1 0.8% 18.0% 27.1% pump failed; hour meter reading corrected using estimates 115
§ based on system flow rate and volume®
§ Wk 49 7/10/2012 336 456 2681.1 2548.1° 87.4 26 434,550 13,704 0.50 261 434,522 390.4 87.8 0.5% 19.2% 28.8% pump failed; hour meter reading corrected using estimates 1.99
[ based on system flow rate and volume”
g Wk 50 7/19/2012 345 216 2753.0 2620.0 719 25 445,710 11,160 0.86 2.59 445,682 401.6 729 1.4% 33.3% 49.9% 1.03
= Wk 52 8/2/2012 359 336 2870.3 27373 117.3 25 464,280 18,570 0.92 2.64 464,252 420.2 123.8 5.4% 34.9% 52.4% 112
E Wk 54 8/16/2012 373 336 2981.1 2848.1 110.8 2.6 482,120 17,840 0.88 2.68 482,092 438.0 116.6 5.1% 33.0% 49.5% 114
2 Wk 57 9/6/2012 394 504 31205 2987.5 139.4 2.6 504,939 22,819 0.75 2.73 504,911 460.8 146.3 4.8% 27.7% 41.5% 1.20
- phase total 4,920 1,526.3 239,179 0.81 2.61 1,558.4 31.0% 46.5% 1.04
System Operation Overall 9,456 2,9875 460,826 0.81 257 31.6% 47.4% 1.07
Notes:
1 - Elapsed timeis calcul ated from the number of days between system O& M events; expected to be within acouple of hours. gd - galon a- Wk46 Correction for Pump Failure (h) = 57|
2 - Hour meter records when power to pump ison. Added to system &fter the Baseline Flux Assessment phase. gpm - galon per minute b - Wk49 Correction for Pump Failure (h) = 76 |
3 - Hour meter reading was adjusted for times when the pump failed but power was available. Comments column notes correction. h - hour
4 - Pump operating time (hour meter) is the length of time that the pump operated in this O&M interval. kgal - kilogallon

5 - System flow rate as registered by the flow meter, recorded once per O& M event.
6 - Volume recirculated is calculated from the change in flow totalizer readings between O&M events.
7 - Effective average flow rate is calculated from the volume recirculated and the total elgpsed time, including periods of down time.
8- Average flow rate is the pumping rate, calculated from the volume recircul ated and the pump operating time (hour meter). During the Baseline Flux Assessment, since there was no hour meter, the pump operating time was
calculated from the estimated time of operation based on the observed flow rate (note 5).
9 - Cumulative volume since start of Baseline Flux Assessment and since start of Main Recirculation System Operation.
10 - Pump operating time (flow rate) is the estimate length of time that the pump operated in this O& M interval, based on the observed System Flow Rate.
11 - Relative percent difference (RPD) between the two estimates of pump operating time, based on system flow rate versus hour meter.
12 - Time Pump Operated is the ratio of Pump Operating Time - Hour Meter to the Elapsed Time. During Baseline Flux Assessment, the Pump Operating Time - Flow Rateisused. A value of 66.6% represents fully operational
status, because the system was set to pump for 40 minutes of each hour.
13 - Time Active is the percentage of time during which the system was effectively operating; it includes both the 40 minutes on and 20 minutes off portions of the pump cycle.
14 - Ratio of Time Active compares the Time Active in the upper zone (RW0007) to that in the lower zone (RW0008).
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VOLUME OF GROUNDWATER RECIRCULATED IN UPPER ZONE (RWO0007)

FIGURE C-1
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VOLUME OF GROUNDWATER RECIRCULATED IN LOWER ZONE (RW0008)

FIGURE C-2
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1. Time Active represents the portion of the day in which the system operated. During this
time, the pump cycled 40 minutes on, 20 minutes off.

2. The first 28 weeks (blue bars) represent the Main Recirculation System Operation Phase and
subsequent weeks (purple bars) represent the Interim Measure Recirculation System Operation
Phase.

3. Readings are not evenly distributed over time; less frequent recordings at later time create
appearance of greater pumping rate (slope).

RWO0007 Operating History

Launch Complex 34, Cape Canaveral, FL

Guelph

October 2013

Figure
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Notes: RW0008 Operating History
1. Time Active represents the portion of the day in which the system operated. During this
time, the pump cycled 40 minutes on, 20 minutes off. Launch Complex 34, Cape Canaveral, Fl
2. The first 28 weeks (blue bars) represent the Main Recirculation System Operation Phase and
subsequent weeks (purple bars) represent the Interim Measure Recirculation System Operation Figure
Phase.

3. Readings are not evenly distributed over time; less frequent recordings at later time create
appearance of greater pumping rate (slope).

Guelph

October 2013
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Water Level at Lower Extraction Well (RW0008)
Hot Spot 1, LC34, Cape Canaveral, FL
ESTCP Project ER-0716
Notes

1. Data for first month of the Main Recirculation Phase is presented here.
Additional data is presented in Attachment C-4 in Appendix C.

2. Vertical grid lines mark the start of a new day (12:00 midnight)

ft BTOC - feet below top of casing

Guelph October 2013

Figure
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LC34-BW0001
A'(23-26)
B,(30:33)

C|(37240) \ ; .
D,(44347)] Wwoooz
E/(51;54) v A(23:26)]

F/(58-61) = P17 3 P16) BJ(30:33)
6) c\(37%0)
LC34:DPTO331 85 / ® e

® 10 D] (44747)
LLC23-DPT0329 LC34-DPT0330, [(3(GHY))
F/(5861)
'C23-DPT0328 " =
IP09 rc3a! ’ ‘
IP18

“!- L03‘4-RW0007 (35-2) a DPT Groundwater Sampling Location (June 2011)
'C34:RW0008'(47:57)

Bundle Well Location

LC34-BW0003 Monitoring Well Location
(23726
230-33; Y Extraction Well Location

'(37240) o ) )
(44?5‘7)‘ - Injection Well Pair Location

E{(51-54) PED Injection Point Location

LC34-IW002I (25-30)
Well Identifier Screen Interval (ft BLS)

Notes:
1. ft BLS indicates feet below land surface.
2. PED indicates Partioning Electron Donor.

Injection Confirmation Monitoring Locations

Hot Spot 1, LC34, Cape Canaveral, FL / ESTCP Project ER-0716

Geosyntec®

consultants

.
5 I i Guelph April 2013

Path: (Titusville-01\DATA) TAOGIS\FOO552MXDS\ESTCP_MAR2013\PED_inj_dpt_locs.mxd 05 April 2013 MAH
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ATTACHMENT C-1

VIRONEX INJECTION REPORT

ER-0716
Final Technica Report May 2014



Injection Services Report

Prepared for:

Geosyntec®

consultants

Prepared by:

!éIRONEX

LC-34
Cape Canaveral, FL

June 20, 2011 - June 28, 2011

Reproduction and distribution of this document without the express written consent of Vironex is strictly
prohibited. The methodology and approaches presented herein are proprietary to Vironex.

Wilmington, DE ¢ Washington, DC e Denver, CO e Los Angeles, CA e San Francisco, CA
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Project Summary
Project Name: LC-34

Project Dates: June 20, 2011 - June 28, 2011

Manpower: Mike Mazzarese (Project Manager); Austin Hittinger (Field Tech);
Jacob Haldiman (Field Tech); George Lujan (National Director of Safety)

Equipment: One (1) Custom Vironex Remediation Platform, One (1) Support Truck and Trailer

Proposed SOW: Vironex will inject 34,000 gallons of n-Butyl Acetate solution (3,000 mg/L) into 20
locations over a 40 ft injection interval (23 ft to 63 ft bgs). Potassium Bromide (60 mg/L) and Potassium
lodide (140 mg/L) will be added to the injection solutions as specified in the RFP (Bromide in all injection
solutions, lodide in injection solution above the clay layer only).

Project Summary: Injection services were initiated on Monday June 20, 2011. Upon arrival to the site
Vironex set up a containment pad and ran hoses for the remediation platform. The platform and mixing
totes were grounded due to the explosiveness of the reagent that was being injected. Prior to the
injections, a water test was performed to check the line pressure and ensure that there were no leaks in
the remediation system. Vironex sustained flow rates between 6 and 8 gpm while averaging 30 to 45
psi throughout the injection process. During this event there were two locations that had to be slowed
down due to rising water levels in adjacent monitoring wells: location IP-0011 due to response in
IW-0002D1 and location IP — 0018 due to response in RW-0008. This injection event was successfully
completed on Tuesday June 28, 2011, one day ahead of schedule.
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Injection Summary

Site LC34 - Cape Canaveral, FL
Injection Summary
Total Total Total Total
Date NBA KBr ;‘.’;i't;} H20 | Volume | Points
Injected Injected J() Injected || Injected | Completed
(Gal) @) 9 (Gal) (Gal)
Monday | 6/20/11 5.8 578.0 1173.0 1694.0 1700.0 1.0
Tuesday | 6/21/11 14.4 1445.0 1760.0 4236.0 4250.0 25
Wednesday | 6/22/11 17.4 1734.0 1759.0 5082.5 5100.0 3.0
Thursday | 6/23/11 17.4 1734.0 1759.5 5082.5 5100.0 3.0
Friday | 6/24/11 23.1 2318.8 1759.5 6797.0 6820.0 4.0
Monday | 6/27/11 20.2 2016.2 1759.0 5910.0 5930.0 3.5
Tuesday | 6/28/11 16.7 1734.0 1760.0 5082.0 5100.0 3.0
Design 115.0 11560.0 | 11730.0 | 33885.0 | 34000.0 20.0
Injected 115.0 11560.0 | 11730.0 | 33884.0 | 34000.0 20.0
Dl 16.4 1651.4 | 16757 | 4840.6 | 4857.1 2.7
Average
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Project Photographs

Mixing totes and transfer pumps n Butyl Acetate drum pump in
protective vapor shield

Well box locations in the injection area Injection area
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Project Photographs

Injection Rig Rig Platform

Transfer Line Manifold on top of 5 Point Injection Manifold
Progressive Cavity Pump

Gram scale for tracer measurements Gram Scale
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Project Photographs

Copper spike for injection rig Bonding location on injection Rig
grounding wire

Bonding locations on mixing totes Bonding locations on drum pump and
transfer pump

Transfer Pump bonding location n Butyl Acetate 5 gal. steel drums
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Appendix A - Injection Logs
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Hot Spot Area One, Launch Complex 34
Cape Canaveral Air Force Station

Vironex Field Data Sheet

Injection Start Start End st Injection | Gal per |Running | |Average (RS r]BA I'(Br .KI HZO Amended
Point ID Date Time i) e Time Lengin Interval |Interval| Total PSI At Y aneeites Taffeeiad) (Teit) | atss Total Gal HlCtes
(ft) Rate (gal) | (grams) | (grams) [ (gal)
6/20/11 2:06 PM 6/20/11 | 2:20 PM 2.0 23-25' 85 85 20 6.0 0.289 28.9 58.7 84.7 85
P00l 6/20/11 2:20 PM 6/20/11 | 2:35 PM 2.0 25-27 85 170 20 6.0 0.289 28.9 58.7 84.7 85
6/20/11 2:35 PM 6/20/11 | 2:50 PM 2.0 27'-29' 85 255 20 6.0 0.289 28.9 58.7 84.7 85
6/20/11 3:35 PM 6/20/11 | 3:50 PM 2.0 29-31' 85 340 25 6.0 0.289 28.9 58.7 84.7 85
6/20111 | 3:50PM || 6/2011 | 4:05 PMm 2.0 31-33' 85 425 25 6.0 0.289 28.9 58.7 84.7 85
Total nBA (gal) 6/20/11 4:05 PM 6/20/11 | 4:20 PM 2.0 33-35' 85 510 30 6.0 0.289 28.9 58.7 84.7 85
5.8 6/20/11 4:20 PM 6/20/11 | 4:35 PM 2.0 35-37" 85 595 30 6.0 0.289 28.9 58.7 84.7 85
6/20/11 4:35 PM 6/20/201 | 4:50 PM 2.0 36.5'-38.5' 85 680 30 6.0 0.289 28.9 58.7 84.7 85 Correct the depth error by completing three 1.5 ft pushes to bring the final depth of the day
Total KBr (g) 6/20/11 4:50 PM 6/20/11 | 5:05 PM 2.0 85 765 35 6.0 0.289 28.9 58.7 84.7 85 to 41.5 feet bgs.
578.0 6/20/11 5:05 PM 6/20/11 | 5:08 PM 2.0 85 850 35 6.0 0.289 28.9 58.7 84.7 85
6/21/11 7:50 AM 6/21/11 | 8:05 AM 2.0 42'-44' 85 935 30 5.8 0.289 28.9 84.7 85 First interval with no Potassium lodide. First push of the day was 2.5ft to get back
Total KI (g) 6/21/11 8:05 AM 6/21/11 | 8:20 AM 2.0 44'-46' 85 1,020 38 6.0 0.289 28.9 84.7 85 onto the target depth.
586.5 6/21/11 | 8:20 AM 6/21/11 | 8:35 AM 2.0 46'-48' 85 1,105 40 6.0 0.289 28.9 84.7 85
6/21/11 8:35 AM 6/21/11 | 8:50 AM 2.0 48'-50" 85 1,190 40 6.0 0.289 28.9 84.7 85
Total H20 (gal) 6/21/11 8:50 AM 6/21/11 | 9:05 AM 2.0 50-52" 85 1,275 50 8.0 0.289 28.9 84.7 85 Increased flow rates.
1694.2 6/21/11 | 9:05 AM 6/21/11 | 9:15 AM 2.0 52'-54' 85 1,360 48 8.2 0.289 28.9 84.7 85
6/21/11 9:15 AM 6/21/11 | 9:25 AM 2.0 54'-56' 85 1,445 45 8.0 0.289 28.9 84.7 85
Total Volume| | 6/21/11 | 9:25 AM 6/21/11 | 9:35 AM 2.0 56'-58' 85 1,530 45 8.0 0.289 28.9 84.7 85
1700 6/21/11 9:35 AM 6/21/11 | 9:45 AM 2.0 58-60" 85 1,615 50 8.0 0.289 28.9 84.7 85
6/21/11 9:45 AM 6/21/11 | 9:55 AM 2.0 6062 85 1,700 40 8.0 0.289 28.9 84.7 85 Successfully completed location. Chased with 10 gal. Flush water.
> 6/20/11 2:40 PM 6/20/11 | 3:00 PM 2.0 23-25' 85 85 18 6.0 0.289 28.9 58.7 84.7 85
188 6/20/11 | 3:00 PM 6/20/11 | 3:15PM 2.0 2527 85 170 20 6.0 0.289 28.9 58.7 84.7 85
6/20/11 | 3:15PM 6/20/11 | 3:30 PM 2.0 27-29 85 255 20 6.0 0.289 28.9 58.7 84.7 85
6/20/11 | 3:30 PM 6/20/11 | 3:45 PM 2.0 29-31' 85 340 20 6.0 0.289 28.9 58.7 84.7 85
6/20/11 3:45 PM 6/20/11 | 4:00 PM 2.0 31-33" 85 425 22 6.0 0.289 28.9 58.7 84.7 85
Total nBA (gal) 6/20/11 | 4:00 PM 6/20/11 | 4:15 PM 2.0 33-35' 85 510 25 6.0 0.289 28.9 58.7 84.7 85
5.8 6/20/11 | 4:15PM 6/20/11 | 4:30 PM 2.0 35-37" 85 595 30 6.0 0.289 28.9 58.7 84.7 85
6/20/11 | 4:30 PM 6/20/11 | 4:45 PM 2.0 |[36.5-38.5 85 680 30 6.0 0.289 28.9 58.7 84.7 85 Correct the depth error by completing three 1.5 ft pushes to bring the final depth of the day
Total KBr (g) 6/20/11 | 4:45PM 6/20/11 | 5:00 PM 2.0 85 765 40 6.0 0.289 28.9 58.7 84.7 85 to 41.5 feet bgs.
578.0 6/20/11 | 5:00 PM 6/20/11 | 5:08 PM 2.0 85 850 40 6.0 0.289 28.9 58.7 84.7 85
6/21/11 | 7:50 AM 6/21/11 | 8:05 AM 2.0 42'-44' 85 935 20 6.0 0.289 289 84.7 85 First interval with no Potassium lodide. First push of the day was 2.5ft to get back
Total KI (g) 6/21/11 | 8:05 AM 6/21/11 | 8:20 AM 2.0 44'-46" 85 1,020 15 6.0 0.289 28.9 84.7 85 onto the target depth.
586.5 6/21/11 | 8:20 AM 6/21/11 | 8:35 AM 2.0 46'-48" 85 1,105 18 6.0 0.289 28.9 84.7 85
6/21/11 | 8:35 AM 6/21/11 | 8:50 AM 2.0 48-50' 85 1,190 20 6.0 0.289 289 84.7 85
Total H20 (gal) 6/21/11 | 8:50 AM 6/21/11 | 9:05 AM 2.0 50-52" 85 1,275 30 8.0 0.289 28.9 84.7 85 Increased flow rates.
1694.2 6/21/11 | 9:05 AM 6/21/11 | 9:15 AM 2.0 52'-54' 85 1,360 45 8.3 0.289 28.9 84.7 85
6/21/11 9:15 AM 6/21/11 | 9:25 AM 2.0 54'-56' 85 1,445 45 8.0 0.289 28.9 84.7 85
Total Volume| | 6/21/11 | 9:25 AM 6/21/11 | 9:35 AM 2.0 56'-58' 85 1,530 40 8.0 0.289 28.9 84.7 85
1700 6/21/11 | 9:35 AM 6/21/11 | 9:45 AM 2.0 58'-60" 85 1,615 45 8.0 0.289 28.9 84.7 85
6/21/11 | 9:45 AM 6/21/11 | 9:55 AM 2.0 60-62" 85 1,700 40 8.0 0.289 28.9 84.7 85 Successfully completed location. Chased with 10 gal. Flush water.
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Hot Spot Area One, Launch Complex 34
Cape Canaveral Air Force Station

Vironex Field Data Sheet

Injection Start Start End st Injection | Gal per |Running | |Average (RS r]BA I'(Br .KI HZO Amended
Point ID Date Time i) e Time Lengin Interval |Interval| Total PSI aicell (isctedi P st Hieced I ecied Total Gal HlCtes
(ft) Rate (gal) | (grams) | (grams) [ (gal)
6/21/11 | 11:35 AM 6/21/11 | 11:50 AM 2.0 23-25' 85 85 22 6.0 0.289 28.9 58.7 84.7 85
IP-0003 6/21/11 | 11:50 AM 6/21/11 | 12:05 PM 2.0 25-27 85 170 25 6.0 0.289 28.9 58.7 84.7 85
6/21/11 | 12:05 PM 6/21/11 | 12:20 PM 2.0 27'-29' 85 255 25 6.0 0.289 28.9 58.7 84.7 85 Took lunch after this interval.
6/21/11 1:00 PM 6/21/11 | 1:10 PM 2.0 29-31' 85 340 35 8.0 0.289 28.9 58.7 84.7 85
6/21/11 1:10 PM 6/21/11 | 1:20 PM 2.0 31-33" 85 425 35 8.0 0.289 28.9 58.7 84.7 85
Total nBA (gal) 6/21/11 1:20 PM 6/21/11 | 1:30 PM 2.0 33-35' 85 510 40 8.0 0.289 28.9 58.7 84.7 85
5.8 6/21/11 1:30 PM 6/21/11 | 1:40 PM 2.0 35-37" 85 595 38 8.0 0.289 28.9 58.7 84.7 85
6/21/11 1:40 PM 6/21/11 | 1:50 PM 2.0 37-39" 85 680 38 8.0 0.289 28.9 58.7 84.7 85
Total KBr (g) 6/21/11 | 1:55 PM 6/21/11 | 3:00 PM 2.0 85 765 35 8.0 0.289 28.9 58.7 84.7 85
578.0 6/21/11 3:00 PM 6/21/11 | 3:10 PM 2.0 85 850 35 8.0 0.289 28.9 58.7 84.7 85 1 ft. push to inject in the foot above the clay layer.
6/22/11 7:40 AM 6/22/11 | 8:10 AM 2.0 42'-44' 85 935 55 75 0.289 28.9 84.7 85
Total KI (g) 6/22/11 | 8:10 AM 6/22/11 | 8:35 AM 2.0 44'-46' 85 1,020 35 5.8 0.289 28.9 84.7 85
586.5 6/22/11 | 8:35 AM 6/22/11 | 8:55 AM 2.0 46'-48' 85 1,105 40 6.0 0.289 28.9 84.7 85
6/22/11 | 8:55 AM 6/22/11 | 9:20 AM 2.0 48'-50" 85 1,190 40 6.0 0.289 28.9 84.7 85
Total H20 (gal) | | 6/22/11 | 9:20 AM 6/22/11 | 9:50 AM 2.0 50-52' 85 1,275 40 6.0 0.289 28.9 84.7 85
1694.2 6/22/11 | 9:50 AM 6/22/11 | 10:25 AM 2.0 52'-54' 85 1,360 40 6.0 0.289 28.9 84.7 85
6/22/11 | 10:25 AM 6/22/11 | 10:50 AM 2.0 54'-56' 85 1,445 40 6.0 0.289 28.9 84.7 85
Total Volume| | 6/22/11 | 10:50 AM 6/22/11 | 11:15 AM 2.0 56'-58' 85 1,530 42 6.5 0.289 28.9 84.7 85
1700 6/22/11 | 11:15 AM 6/22/11 | 11:35 AM 2.0 58'-60' 85 1,615 40 6.0 0.289 28.9 84.7 85
6/22/11 | 11:35 AM 6/22/11 | 12:00 PM 2.0 60-62' 85 1,700 45 6.0 0.289 28.9 84.7 85 Successfully completed location. Chased with 10 gal. Flush water.
|P-0004 || _/2YAL | 11:35 AM || 6/2111 |11:50 AM|| 20 | 2825 | 85 85 22 6.0 0289 | 289 | 587 | 847 85
6/21/11 | 11:50 AM 6/21/11 | 12:05 PM 2.0 25-27 85 170 25 6.0 0.289 28.9 58.7 84.7 85
6/21/11 | 12:05 PM 6/21/11 | 12:20 PM 2.0 27-29' 85 255 25 6.0 0.289 28.9 58.7 84.7 85 Took lunch between these intervals.
6/21/11 1:00 PM 6/21/11 | 1:10 PM 2.0 29-31' 85 340 35 8.0 0.289 28.9 58.7 84.7 85
6/21/11 1:10 PM 6/21/11 | 1:20 PM 2.0 31-33" 85 425 35 8.0 0.289 28.9 58.7 84.7 85
Total nBA (gal) 6/21/11 | 1:20 PM 6/21/11 | 1:30 PM 2.0 33-35 85 510 40 8.0 0.289 28.9 58.7 84.7 85
5.8 6/21/11 1:30 PM 6/21/11 | 1:40 PM 2.0 35-37" 85 595 38 8.0 0.289 28.9 58.7 84.7 85
6/21/11 | 1:40 PM 6/21/11 | 1:50 PM 2.0 37-39' 85 680 38 8.0 0.289 28.9 58.7 84.7 85
Total KBr (g) 6/21/11 | 1:55 PM 6/21/11 | 3:00 PM 2.0 85 765 35 8.0 0.289 28.9 58.7 84.7 85
578.0 6/21/11 | 3:00 PM 6/21/11 | 3:10 PM 2.0 85 850 35 8.0 0.289 28.9 58.7 84.7 85 1 ft. push to inject in the foot above the clay layer.
6/22/11 | 7:40 AM 6/22/11 | 8:10 AM 2.0 42'-44' 85 935 60 7.0 0.289 28.9 84.7 85
Total KI (g) 6/22/11 | 8:10 AM 6/22/11 | 8:35 AM 2.0 44-46' 85 1,020 40 5.5 0.289 28.9 84.7 85
586.5 6/22/11 8:35 AM 6/22/11 | 8:55 AM 2.0 46'-48' 85 1,105 40 6.0 0.289 28.9 84.7 85
6/22/11 | 8:55 AM 6/22/11 | 9:20 AM 2.0 48'-50" 85 1,190 40 6.0 0.289 28.9 84.7 85
Total H20 (gal) | | 6/22/11 | 9:20 AM 6/22/11 | 9:50 AM 2.0 50-52' 85 1,275 40 6.0 0.289 28.9 84.7 85
1694.2 6/22/11 | 9:50 AM 6/22/11 | 10:25 AM 2.0 52-54' 85 1,360 40 6.0 0.289 28.9 84.7 85
6/22/11 | 10:25 AM 6/22/11 | 10:50 AM 2.0 54'-56' 85 1,445 40 6.3 0.289 28.9 84.7 85
Total Volume| | 6/22/11 | 10:50 AM 6/22/11 | 11:15 AM 2.0 56'-58' 85 1,530 40 6.3 0.289 28.9 84.7 85
1700 6/22/11 | 11:15 AM 6/22/11 | 11:35 AM 2.0 58-60" 85 1,615 40 6.0 0.289 28.9 84.7 85
6/22/11 | 11:35 AM 6/22/11 | 12:00 PM 2.0 60-62' 85 1,700 40 6.0 0.289 28.9 84.7 85 Successfully completed location. Chased with 10 gal. Flush water.
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Hot Spot Area One, Launch Complex 34
Cape Canaveral Air Force Station

Vironex Field Data Sheet

Injection Start Start End st Injection | Gal per |Running | |Average (RS r]BA I'(Br .KI HZO Amended
Point ID Date Time i) e Time Lengin Interval |Interval| Total PSI aicell (isctedi P st Hieced I ecied Total Gal HlCtes
(ft) Rate (gal) | (grams) | (grams) [ (gal)
6/21/11 3:45 PM 6/21/11 | 4:30 PM 5.0 23-28' 213 213 40 8.0 0.724 724 147.0 212.3 213 5 ft. injection tool.
IP-0005 6/21/11 | 4:30 PM 6/21/11 | 5:15 PM 5.0 28'-33" 212 425 40 8.0 0.721 721 146.3 211.3 212
6/21/11 5:15 PM 6/21/11 | 6:00 PM 5.0 33-38" 213 637 40 8.0 0.724 724 147.0 212.3 213
6/21/11 | 6:00 PM 6/21/11 | 6:45PM 5.0 212 850 40 8.0 0.721 721 146.3 211.3 212 4 ft. push to inject in the interval above the clay layer.
6/22/11 7:35 AM 6/22/11 | 8:35 AM 5.0 42'-47 213 1,062 55 6.0 0.721 72.1 211.3 212
Total nBA (gal) | | 6/22/11 | 8:35AM 6/22/11 | 9:50 AM 5.0 47-52' 212 1,275 45 6.5 0.724 724 2123 213
5.8 6/22/11 9:50 AM 6/22/11 | 10:50 AM 5.0 52'-57' 213 1,487 50 6.5 0.721 72.1 211.3 212
6/22/11 | 10:50 AM 6/22/11 | 11:50 AM 5.0 57'-62' 212 1,700 45 6.5 0.724 72.4 212.3 213 Successfully completed location. Chased with 10 gal. Flush water.
Total KBr (g)
578.0
Total Kl (g)
586.5
Total H20 (gal)
1694.2
Total Volume
1700
6/22/11 2:50 PM 6/22/11 | 3:25 PM 2.0 23-25' 85 85 10 3.0 0.289 28.9 58.7 84.7 85 Pumped slow to allow the other location to catch up.
IP-0006 6/22/11 3:25 PM 6/22/11 | 3:35 PM 2.0 25-27 85 170 35 8.0 0.289 28.9 58.7 84.7 85
6/22/11 3:35 PM 6/22/11 | 3:45 PM 2.0 27'-29' 85 255 40 8.0 0.289 28.9 58.7 84.7 85
6/22/11 3:45 PM 6/22/11 | 3:55 PM 2.0 29-31' 85 340 50 8.0 0.289 28.9 58.7 84.7 85
6/22/11 3:55 PM 6/22/11 | 4:05 PM 2.0 31-33" 85 425 45 8.0 0.289 28.9 58.7 84.7 85
Total nBA (gal) 6/22/11 | 4:05 PM 6/22/11 | 4:25 PM 2.0 33-35' 85 510 40 6.0 0.289 28.9 58.7 84.7 85
5.8 6/22/11 | 4:25 PM 6/22/11 | 4:40 PM 2.0 35-37" 85 595 40 6.0 0.289 28.9 58.7 84.7 85
6/22/11 | 4:40 PM 6/22/11 | 4:55 PM 2.0 37-39' 85 680 35 6.0 0.289 28.9 58.7 84.7 85
Total KBr (g) 6/22/11 | 4:55 PM 6/22/11 | 5:10 PM 2.0 85 765 55 8.0 0.289 28.9 58.7 84.7 85
578.0 6/22/11 5:10 PM 6/22/11 | 5:25 PM 2.0 85 850 55 8.0 0.289 28.9 58.7 84.7 85 1 ft. push to inject in the foot above the clay layer.
6/23/11 7:40 AM 6/23/11 | 7:50 AM 2.0 42-44' 85 935 45 8.5 0.289 28.9 84.7 85
Total KI (g) 6/23/11 | 7:50 AM 6/23/11 | 8:05 AM 2.0 44'-46' 85 1,020 50 7.0 0.289 28.9 84.7 85
586.5 6/23/11 | 8:05 AM 6/23/11 | 11:50 AM 2.0 46'-48" 85 1,105 35 5.0 0.289 28.9 84.7 85
6/23/11 | 11:50 AM 6/23/11 | 12:00 PM 2.0 48'-50" 85 1,190 50 85 0.289 28.9 84.7 85
Total H20 (gal) | | 6/23/11 | 12:00 PM || 6/23/11 |12:15PM 2.0 50-52' 85 1,275 45 7.0 0.289 28.9 84.7 85
1694.2 6/23/11 | 12:15PM || 6/23/11 | 12:25 PM 2.0 52-54' 85 1,360 50 8.5 0.289 28.9 84.7 85
6/23/11 | 12:25 PM 6/23/11 | 12:35 PM 2.0 54'-56" 85 1,445 50 85 0.289 28.9 84.7 85
Total Volume| | 6/23/11 | 12:35 PM 6/23/11 | 12:45 PM 2.0 56'-58" 85 1,530 50 8.5 0.289 28.9 84.7 85
1700 6/23/11 | 12:45 PM 6/23/11 | 12:55 PM 2.0 58-60" 85 1,615 50 85 0.289 28.9 84.7 85
6/23/11 | 12:55 PM 6/23/11 | 1:10 PM 2.0 60-62" 85 1,700 50 8.0 0.289 28.9 84.7 85 Successfully completed location. Chased with 10 gal. Flush water.
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Hot Spot Area One, Launch Complex 34
Cape Canaveral Air Force Station

Vironex Field Data Sheet

Injection Start Start End st Injection | Gal per |Running||Average (RS r]BA I'(Br .KI HZO Amended
Point ID Date Time i) e Time Lengin Interval |Interval| Total PSI icel | (iscted] B et Hieced i ecied Total Gal HlCtes
(ft) Rate (gal) | (grams) | (grams) [ (gal)
6/22/11 3:00 PM 6/22/11 | 3:25 PM 2.0 23-25' 85 85 35 8.0 0.289 28.9 58.7 84.7 85
1P-0007 6/22/11 3:25 PM 6/22/11 | 3:35 PM 2.0 25-27 85 170 35 8.0 0.289 28.9 58.7 84.7 85
6/22/11 3:35 PM 6/22/11 | 3:45 PM 2.0 27'-29' 85 255 40 8.0 0.289 28.9 58.7 84.7 85
6/22/11 3:45 PM 6/22/11 | 3:55 PM 2.0 29-31" 85 340 45 8.0 0.289 28.9 58.7 84.7 85
6/22/11 3:55 PM 6/22/11 | 4:05 PM 2.0 31'-33" 85 425 45 8.0 0.289 28.9 58.7 84.7 85
Total nBA (gal) 6/22/11 4:05 PM 6/22/11 | 4:25 PM 2.0 33-35' 85 510 40 6.0 0.289 28.9 58.7 84.7 85
5.8 6/22/11 4:25 PM 6/22/11 | 4:40 PM 2.0 35-37" 85 595 40 6.0 0.289 28.9 58.7 84.7 85
6/22/11 4:40 PM 6/22/11 | 4:55 PM 2.0 37-39' 85 680 35 6.0 0.289 28.9 58.7 84.7 85
Total KBr (g) 6/22/11 | 4:55 PM 6/22/11 | 5:10 PM 2.0 85 765 55 8.0 0.289 28.9 58.7 84.7 85
578.0 6/22/11 5:10 PM 6/22/11 | 5:25 PM 2.0 85 850 55 8.0 0.289 28.9 58.7 84.7 85 1 ft. push to inject in the foot above the clay layer.
6/23/11 7:40 AM 6/23/11 | 7:50 AM 2.0 42'-44' 85 935 38 8.0 0.289 28.9 84.7 85
Total KI (g) 6/23/11 | 7:50 AM 6/23/11 | 8:05 AM 2.0 44'-46' 85 1,020 45 7.0 0.289 28.9 84.7 85
586.5 6/23/11 | 8:05 AM 6/23/11 | 11:50 AM 2.0 46'-48' 85 1,105 35 5.0 0.289 28.9 84.7 85
6/23/11 | 11:50 AM 6/23/11 | 12:00 PM 2.0 48'-50" 85 1,190 50 8.5 0.289 28.9 84.7 85
Total H20 (gal) | | 6/23/11 | 12:00 PM || 6/23/11 |12:15PM 2.0 50-52' 85 1,275 45 7.0 0.289 28.9 84.7 85
1694.2 6/23/11 | 12:15PM || 6/23/11 | 12:25 PM 2.0 52'-54' 85 1,360 50 8.5 0.289 28.9 84.7 85
6/23/11 | 12:25 PM 6/23/11 | 12:35 PM 2.0 54'-56" 85 1,445 50 8.5 0.289 28.9 84.7 85
Total Volume| | 6/23/11 | 12:35 PM 6/23/11 | 12:45 PM 2.0 56'-58" 85 1,530 50 8.5 0.289 28.9 84.7 85
1700 6/23/11 | 12:45 PM 6/23/11 | 12:55 PM 2.0 58'-60" 85 1,615 50 8.5 0.289 28.9 84.7 85
6/23/11 | 12:55 PM 6/23/11 | 1:10 PM 2.0 60-62" 85 1,700 50 8.0 0.289 28.9 84.7 85 Successfully completed location. Chased with 10 gal. Flush water.
1P-0008 6/22/11 2:40 PM 6/22/11 | 3:25 PM 5.0 23-28' 213 213 55 8.0 0.724 724 147.0 212.3 213 5 ft. injection tool.
6/22/11 | 3:25 PM 6/22/11 | 3:50 PM 5.0 28'-33" 212 426 45 8.5 0.721 72.1 146.3 211.3 212
6/22/11 | 3:50 PM 6/22/11 | 4:05 PM 5.0 33-38' 213 638 50 8.5 0.724 724 147.0 212.3 213
6/22/11 4:05 PM 6/22/11 | 4:45 PM 5.0 212 851 50 85 0.721 72.1 146.3 211.3 212 4 ft. push to inject in the interval above the clay layer.
6/23/11 | 7:40 AM 6/23/11 | 8:05 AM 5.0 42'-47" 213 1,063 40 8.0 0.721 72.1 211.3 212
Total nBA (gal) | | 6/23/11 | 8:05 AM 6/23/11 | 12:05 PM 5.0 47-52' 212 1,276 40 8.5 0.724 724 212.3 213
5.8 6/23/11 | 12:05 PM 6/23/11 | 1:00 PM 5.0 52'-57" 212 1,488 8 35 0.724 72.4 212.3 213
6/23/11 | 1:00 PM 6/23/11 | 1:30 PM 5.0 57-62" 212 1,700 35 7.0 0.721 72.1 211.3 212 Successfully completed location. Chased with 10 gal. Flush water.
Total KBr (g)
578.0
Total Kl (g)
586.5
Total H20 (gal)
1694.2
Total Volume
1700

LC34 Field Notes




Hot Spot Area One, Launch Complex 34
Cape Canaveral Air Force Station

Vironex Field Data Sheet

Injection Start Start End st Injection | Gal per |Running | |Average (RS r]BA I'(Br .KI HZO Amended
Point ID Date Time i) e Time Lengin Interval |Interval| Total PSI aicell (isctedi P st Hieced I ecied Total Gal HlCtes
(ft) Rate (gal) | (grams) | (grams) [ (gal)
6/23/11 3:15 PM 6/23/11 | 3:40 PM 2.0 23-25' 85 85 40 75 0.289 28.9 58.7 84.7 85
1P-0009 6/23/11 3:40 PM 6/23/11 | 3:50 PM 2.0 25-27 85 170 38 8.0 0.289 28.9 58.7 84.7 85
6/23/11 3:50 PM 6/23/11 | 4:00 PM 2.0 27'-29' 85 255 42 8.0 0.289 28.9 58.7 84.7 85
6/23/11 4:00 PM 6/23/11 | 4:10 PM 2.0 29-31' 85 340 50 8.0 0.289 28.9 58.7 84.7 85
6/23/11 | 4:10pPMm || 6/23/111 | 4:20 PM 2.0 31-33' 85 425 45 8.0 0.289 28.9 58.7 84.7 85
Total nBA (gal) 6/23/11 4:20 PM 6/23/11 | 4:30 PM 2.0 33-35' 85 510 45 8.0 0.289 28.9 58.7 84.7 85
5.8 6/23/11 4:30 PM 6/23/11 | 4:40 PM 2.0 35-37" 85 595 45 8.0 0.289 28.9 58.7 84.7 85
6/23/11 4:40 PM 6/23/11 | 4:50 PM 2.0 37-39' 85 680 45 8.0 0.289 28.9 58.7 84.7 85
Total KBr (g) 6/23/11 | 4:50 PM 6/23/11 | 5:00 PM 2.0 85 765 45 8.0 0.289 28.9 58.7 84.7 85
578.0 6/23/11 5:00 PM 6/23/11 | 5:10 PM 2.0 85 850 45 8.0 0.289 28.9 58.7 84.7 85 1 ft. push to inject in the foot above the clay layer.
6/24/11 7:20 AM 6/24/11 | 7:35 AM 2.0 42'-44' 85 935 38 6.0 0.289 28.9 84.7 85
Total KI (g) 6/24/11 | 7:35 AM 6/24/11 | 7:50 AM 2.0 44'-46' 85 1,020 40 6.0 0.289 28.9 84.7 85
586.5 6/24/11 | 7:50 AM 6/24/11 | 8:00 AM 2.0 46'-48' 85 1,105 40 6.5 0.289 28.9 84.7 85
6/24/11 | 8:00 AM 6/24/11 | 8:10 AM 2.0 48'-50 85 1,190 45 6.0 0.289 28.9 84.7 85
Total H20 (gal) | | 6/24/11 | 8:10 AM 6/24/11 | 8:20 AM 2.0 50'-52' 85 1,275 50 8.4 0.289 28.9 84.7 85
1694.2 6/24/11 | 8:20 AM 6/24/11 | 8:30 AM 2.0 52'-54' 85 1,360 50 8.5 0.289 28.9 84.7 85
6/24/11 | 8:30 AM 6/24/11 | 8:40 AM 2.0 54'-56" 85 1,445 50 8.5 0.289 28.9 84.7 85
Total Volume| | 6/24/11 | 8:40 AM 6/24/11 | 8:50 AM 2.0 56'-58" 85 1,530 45 8.5 0.289 28.9 84.7 85
1700 6/24/11 | 8:50 AM 6/24/11 | 9:00 AM 2.0 58'-60" 85 1,615 45 8.5 0.289 28.9 84.7 85
6/24/11 | 9:00 AM 6/24/11 | 9:20 AM 2.0 60-62" 85 1,700 45 8.5 0.289 28.9 84.7 85 Successfully completed location. Chased with 10 gal. Flush water.
1P-0010 6/23/11 | 3:05 PM 6/23/11 | 3:45 PM 2.0 23-25' 85 85 40 75 0.289 28.9 58.7 84.7 85
’ 6/23/11 | 3:45 PM 6/23/11 | 3:55 PM 2.0 25-27 85 170 40 8.0 0.289 28.9 58.7 84.7 85
6/23/11 | 3:55 PM 6/23/11 | 4:05 PM 2.0 27-29' 85 255 50 8.0 0.289 28.9 58.7 84.7 85
6/23/11 | 4:05PM 6/23/11 | 4:15 PM 2.0 29-31' 85 340 40 8.0 0.289 28.9 58.7 84.7 85
6/23/11 | 4:15PM 6/23/11 | 4:25 PM 2.0 31-33" 85 425 40 8.0 0.289 28.9 58.7 84.7 85
Total nBA (gal) 6/23/11 | 4:25 PM 6/23/11 | 4:35 PM 2.0 33-35' 85 510 40 8.0 0.289 28.9 58.7 84.7 85
5.8 6/23/11 | 4:35 PM 6/23/11 | 4:45 PM 2.0 35-37" 85 505 45 8.0 0.289 28.9 58.7 84.7 85
6/23/11 | 4:45 PM 6/23/11 | 4:55 PM 2.0 37-39' 85 680 45 8.0 0.289 28.9 58.7 84.7 85
Total KBr (g) 6/23/11 | 4:55 PM 6/23/11 | 5:05 PM 2.0 85 765 45 8.0 0.289 28.9 58.7 84.7 85
578.0 6/23/11 | 5:05 PM 6/23/11 | 5:15 PM 2.0 85 850 45 8.0 0.289 28.9 58.7 84.7 85 1 ft. push to inject in the foot above the clay layer.
6/24/11 | 7:20 AM 6/24/11 | 7:38 AM 2.0 42'-44' 85 935 38 6.0 0.289 28.9 84.7 85
Total KI (g) 6/24/11 | 7:38 AM 6/24/11 | 5:52 AM 2.0 44-46' 85 1,020 40 6.0 0.289 28.9 84.7 85
586.5 6/24/11 7:52 AM 6/24/11 | 8:02 AM 2.0 46'-48 85 1,105 40 6.0 0.289 28.9 84.7 85
6/24/11 | 8:02 AM 6/24/11 | 8:12 AM 2.0 48'-50 85 1,190 45 6.0 0.289 28.9 84.7 85
Total H20 (gal) | | 6/24/11 | 8:12 AM 6/24/11 | 8:22 AM 2.0 50'-52! 85 1,275 52 8.5 0.289 28.9 84.7 85
1694.2 6/24/11 | 8:22 AM 6/24/11 | 8:32 AM 2.0 52'-54 85 1,360 50 85 0.289 28.9 84.7 85
6/24/11 | 8:32 AM 6/24/11 | 8:42 AM 2.0 54'-56' 85 1,445 50 85 0.289 28.9 84.7 85
Total Volume| | 6/24/11 | 8:42 AM 6/24/11 | 8:52 AM 2.0 56'-58' 85 1,530 50 85 0.289 28.9 84.7 85
1700 6/24/11 | 8:52 AM 6/24/11 | 9:02 AM 2.0 58'-60' 85 1,615 45 85 0.289 28.9 84.7 85
6/24/11 | 9:02 AM 6/24/11 | 9:20 AM 2.0 60-62 85 1,700 40 85 0.289 28.9 84.7 85 Successfully completed location. Chased with 10 gal. Flush water.

LC34 Field Notes




Hot Spot Area One, Launch Complex 34
Cape Canaveral Air Force Station

Vironex Field Data Sheet

Injection Start Start End st Injection | Gal per |Running | |Average (RS r]BA I'(Br .KI HZO Amended
Point ID Date Time i) e Time Lengin Interval |Interval| Total PSI aicell (isctedi P st Hieced I ecied Total Gal HlCtes
(ft) Rate (gal) | (grams) | (grams) [ (gal)
6/23/11 3:20 PM 6/23/11 | 3:50 PM 2.0 23-25' 85 85 40 75 0.289 28.9 58.7 84.7 85
[P0l 6/23/11 3:50 PM 6/23/11 | 4:00 PM 2.0 25-27 85 170 35 8.0 0.289 28.9 58.7 84.7 85
6/23/11 4:00 PM 6/23/11 | 4:10 PM 2.0 27'-29' 85 255 32 8.0 0.289 28.9 58.7 84.7 85
6/23/11 4:10 PM 6/23/11 | 4:20 PM 2.0 29-31' 85 340 40 8.0 0.289 28.9 58.7 84.7 85
6/23/11 | a:20pMm || 6/23/111 | 4:30 PM 2.0 31-33' 85 425 40 8.0 0.289 28.9 58.7 84.7 85
Total nBA (gal) 6/23/11 4:30 PM 6/23/11 | 4:40 PM 2.0 33-35' 85 510 40 8.0 0.289 28.9 58.7 84.7 85
5.8 6/23/11 4:40 PM 6/23/11 | 4:50 PM 2.0 35-37" 85 595 45 8.0 0.289 28.9 58.7 84.7 85
6/23/11 4:50 PM 6/23/11 | 5:00 PM 2.0 37-39' 85 680 45 8.0 0.289 28.9 58.7 84.7 85
Total KBr (g) 6/23/11 | 5:00 PM 6/23/11 | 5:10 PM 2.0 85 765 45 8.0 0.289 28.9 58.7 84.7 85
578.0 6/23/11 5:10 PM 6/23/11 | 5:35 PM 2.0 85 850 45 8.0 0.289 28.9 58.7 84.7 85 1 ft. push to inject in the foot above the clay layer.
6/24/11 7:25 AM 6/24/11 | 7:40 AM 2.0 42'-44' 85 935 38 6.0 0.289 28.9 84.7 85
Total KI (g) 6/24/11 | 7:40 AM 6/24/11 | 7:55 AM 2.0 44'-46' 85 1,020 40 6.0 0.289 28.9 84.7 85
586.5 6/24/11 | 7:55 AM 6/24/11 | 8:05 AM 2.0 46'-48' 85 1,105 40 7.0 0.289 28.9 84.7 85
6/24/11 | 8:05 AM 6/24/11 | 8:20 AM 2.0 48'-50 85 1,190 30 4.5 0.289 28.9 84.7 85 Slowed down to avoid surfacing from a well 1.5 ft away screened at the same depth.
Total H20 (gal) | | 6/24/11 | 8:20 AM 6/24/11 | 8:30 AM 2.0 50-52' 85 1,275 50 8.3 0.289 28.9 84.7 85
1694.2 6/24/11 | 8:30 AM 6/24/11 | 8:40 AM 2.0 52'-54' 85 1,360 50 8.5 0.289 28.9 84.7 85
6/24/11 8:40 AM 6/24/11 | 8:50 AM 2.0 54'-56" 85 1,445 45 8.5 0.289 28.9 84.7 85
Total Volume| | 6/24/11 | 8:50 AM 6/24/11 | 9:00 AM 2.0 56'-58" 85 1,530 45 8.5 0.289 28.9 84.7 85
1700 6/24/11 | 9:00 AM 6/24/11 | 9:10 AM 2.0 58'-60" 85 1,615 40 8.5 0.289 28.9 84.7 85
6/24/11 | 9:10 AM 6/24/11 | 9:20 AM 2.0 60-62" 85 1,700 40 8.5 0.289 28.9 84.7 85 Successfully completed location. Chased with 10 gal. Flush water.
|P-0012 || S/241L | 11:00AM || 6/24711 |11:15AM|] 20 | 28-25 | 85 85 40 8.0 0289 | 289 | 587 | 847 85
6/24/11 | 11:20 AM 6/24/11 | 11:30 AM 2.0 25-27" 85 170 40 75 0.289 28.9 58.7 84.7 85
6/24/11 | 11