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Executive Summary

AGVIQ-CH2M HILL Constructors, Inc. Joint Venture III (AGVIQ-CH2M HILL) was
contracted by the Department of the Navy (Navy), Naval Facilities Engineering Command
Southeast (NAVFAC SE), to conduct corrective measures at and prepare an Annual Report
for Solid Waste Management Unit (SWMU) 55 located at the Naval Activity Puerto Rico
(NAPR), formerly known as Naval Station Roosevelt Roads (NSRR), in Ceiba, Puerto Rico.
The work was performed under Contract Number N62470-08-D-1006, Task Order

Number JM04. This report documents the work performed between November 2012 and
November 2014 to implement and monitor progress of the corrective measures
implemented to reduce trichloroethene (TCE) concentrations in groundwater to the revised
(June 2012) corrective action objective (CAO) of 193 micrograms per liter (ug/L).

In December 2009, AGVIQ-CH2M HILL performed an in-situ chemical oxidation (ISCO)
pilot-scale study to evaluate the ability of sodium permanganate (NaMnO,, herein referred
to as permanganate) to reduce TCE concentrations in source area groundwater. The results
of the pilot-scale study indicated ISCO was only partially effective because of incomplete
contact with TCE residuals and because permanganate persistence was low in the
subsurface. Based on this finding, AGVIQ-CH2M HILL prepared a Corrective Measures
Study (CMS) Addendum in June 2012 to revise the remedial strategy for the site. The
revised strategy augmented the ISCO approach to include the excavation of soil within the
source area, infiltration of permanganate in the bottom of the source area excavation, and
construction of a bioreactor in the source area excavation. These actions were followed by
in-situ bioremediation (ISB) using emulsified vegetable oil (EVO) injections in groundwater
outside the source area. The CMS Addendum also included a revised CAO for TCE in
groundwater of 193 ng/L.

From November 2012 to November 2014 the following activities were performed: additional
source zone characterization, source area excavation, installation of an infiltration
gallery/bioreactor, injection well installation, ISCO application, injection of EVO
downgradient of the source, and completion of seven groundwater sampling events.

The groundwater monitoring data indicate a reduction in TCE plume size and concentration
in both the source area and downgradient plume areas of the plume following the
implementation of the corrective measures. In both the source area and the downgradient
plume, TCE concentrations in all shallow wells were reduced below the CAO of 193
micrograms per liter (ug/L). The corrective measures have also impacted the deep wells in
the source area, bringing TCE below the CAO in this zone, but the effects of EVO injection
in the mid-plume wells has yet to be seen in the deeper downgradient wells. Based on the
results of the groundwater monitoring, AGVIQ-CH2M HILL recommends the continued
operation of the bioreactor in the source area coupled with annual sampling of site wells for
the analysis of TCE, cis-1,2-dichloroethene, vinyl chloride, and geochemical indicators. The
operation and monitoring data will be evaluated to determine if additional EVO injections
into the mid-plume injection wells is necessary to expedite TCE degradation in the
downgradient deep wells.
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1.0 Introduction

AGVIQ-CH2M HILL Constructors, Inc. Joint Venture III (AGVIQ-CH2M HILL) was
contracted by the Department of the Navy (Navy), Naval Facilities Engineering Command
Southeast (NAVFAC SE), to conduct corrective measures at and prepare an Annual Report
for Solid Waste Management Unit (SWMU) 55 located at the Naval Activity Puerto Rico
(NAPR), formerly known as Naval Station Roosevelt Roads (NSRR), in Ceiba, Puerto Rico
(Figure 1-1). The work was performed under Contract Number N62470-08-D-1006 and Task
Order Number JM04. This annual report documents field activities conducted between 2012
and 2014 to implement and monitor progress of the corrective measures taken to address
trichloroethene (TCE) in groundwater beneath SWMU 55.

1.1  Facility Description and History

In 1943, NSRR was commissioned as a Naval Operations Base and then re-designated as a
Naval Station in 1957. The naval station was utilized for flight practice, as well as other
missions to control the area’s air space until 2004 when it became inoperative. The NAPR
was established at this time. The northern entrance to NAPR is approximately 35 miles east
of San Juan, along PR Highway 53. The nearest large city is Fajardo, located approximately
10 miles north of NAPR on Route PR Highway 53. The town of Ceiba adjoins the west
boundary of NAPR (Figure 1-1).

The proposed future usage of SWMU 55 is described in the Final Supplemental Environmental
Assessment for Disposal of Naval Activity Puerto Rico (NAVFAC, 2011). The Navy has advised
EPA that the Local Redevelopment Authority (LRA) application for an Economic
Development Conveyance transfer has been approved for the proposed “Caribbean Riviera”
development and that the “Port Parcel,” including SWMU 55, was transferred to the LRA
on January 25, 2012 pursuant to an approved Covenant Deferral Request allowing transfer
prior to completion of the required cleanups.

1.2 Site Location and History

Prior to 1993, environmental activities at the former NSRR, exclusive of operation of
underground storage tanks, were conducted in compliance with the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) regulations under the
Navy’s Installation Restoration Program (IRP). In October 1994, EPA Region 2 issued a Final
Resource Conservation and Recovery Act (RCRA) Part B Permit to the NSRR, now NAPR.
The permit contained requirements for RCRA facility investigation activities at 24 SWMUs
and 3 areas of concern, including SWMU 55. The RCRA Part B Permit, issued for the
Defense Reutilization and Marketing Office at NAPR, included conditions for corrective
action under the Hazardous and Solid Waste Amendments provisions of RCRA.

SWMU 55 is the TCE plume near the Tow Way Fuel Farm and is located south of
Forrestal Drive near former Building 2314 (formerly Building 46). Former Building 2314,
located directly northeast of well 7MW07, was reportedly used for the storage and
maintenance of small watercraft. The exact maintenance activities completed here and
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specific materials stored in the building are unknown, and the source of TCE could not be
determined based on available records. Former Building 2314 was destroyed by

Hurricane Hugo in September 1989 (Baker Environmental, Inc. [Baker], 2005). However, the
pad remains, and the former location of the building is shown on Figure 1-2.

1.3  Background

In December 2009, AGVIQ-CH2M HILL performed an in situ chemical oxidation (ISCO)
pilot-scale test, as prescribed in the Corrective Measures Study Final Report for SWMUs 54
and 55 (Baker, 2005) (hereinafter referred to as the CMS), to evaluate the ability of sodium
permanganate (NaMnO,, referred to as permanganate in this report) to reduce TCE
concentrations in source area groundwater. The results of the pilot-scale study indicated the
ISCO remedy proposed in the CMS was only partially viable to address TCE contamination
in groundwater because of insufficient contact with TCE residuals and because of limited
permanganate persistence in the subsurface (Appendix C of the CMS Addendum, AGVIQ-
CH2M HILL, 2012a). Therefore, a combination of remedial technologies, including
excavation and ISCO, in addition to in-situ bioremediation (ISB) were proposed in an
addendum to the CMS (AGVIQ-CH2M HILL, 2012a). The combined approach was expected
to rapidly reduce TCE concentrations in the source area using excavation of TCE-impacted
shallow soils and ISCO infiltration prior to implementing ISB, and reduce the time required
to complete the overall remedial action.

During the pilot-scale testing during 2009 to 2010, the 2005 CAQO for TCE was used to
delineate the TCE plume and to design the corrective measures. In May 2012, the 2005
CAOs were revised using EPA’s regional Screening Levels (November 2011) based
calculation methods and toxicity factors, as recommended by EPA Region 2 during their
review of the CMS Addendum. The revised CAOs are based on continued industrial land
use and were developed for industrial (indoor) worker and construction worker scenarios,
as presented in the Revised Corrective Action Objectives for Solid Waste Management Units 7&8,
54, and 55 Technical Memorandum (Appendix A of the CMS Addendum, AGVIQ-

CH2M HILL, 2012a).

During CAO development, the groundwater beneath SWMU 55 was demonstrated to be
unusable as a potable water supply due to the brackish/saline nature of the area
groundwater, with high levels of total dissolved solids and salinity, as detailed in the
Groundwater Usability Assessment, Naval Activity Puerto Rico, Ceiba, Puerto Rico Technical
Memorandum (Appendix B of the CMS Addendum, AGVIQ-CH2M HILL, 2012a).
Therefore, potable use based drinking water standards (e.g., maximum contamination
levels) are not applicable for SWMU 55.

Under current land use, no direct exposure to site groundwater is occurring at or
downgradient of SWMU 55, as area groundwater is expected to discharge to the Ensenada
Honda, thus future use of groundwater is unlikely. However, indirect exposure pathway
through volatilization of TCE to ambient air and indoor air could have occurred in the
SWMU 55 TCE plume area. Therefore, this indirect exposure pathway was considered
complete for deriving the CAOs for the site groundwater. The revised CAO for TCE in
groundwater is 193 ug/L.

1-2 EN0618151012ATL



1.4 Purpose and Scope

This annual report documents field activities conducted between November 2012 and
November 2014 to implement and monitor the corrective measures as detailed in the
Corrective Measures Implementation (CMI) Plan (AGVIQ-CH2M HILL, 2012b) at the
SWMU 55 site. The field activities consisted of additional characterization in the source
zone, groundwater monitoring, shallow source soils excavation, installation of the
infiltration gallery/bioreactor, ISCO application, injection well installation, and emulsified
vegetable oil (EVO) injection as outlined in the CMI Plan (AGVIQ-CH2M HILL, 2012b) and
Sampling and Analysis Plan (SAP) (AGVIQ-CH2M HILL, 2012c).

The following tasks were performed:

November 2012: Pre-corrective measures monitoring

April 2013: Source zone additional characterization and downgradient plume injection
well installation, shallow source zone excavation, infiltration of permanganate in the
bottom of the shallow excavation, and bioreactor construction

July - September 2013: Post-ISCO performance monitoring
October 2013: Pre-ISB monitoring

November 2013: Conversion of the ISCO infiltration gallery to the bioreactor, bioreactor
start up, and operations.

February 2014: Mid-plume EVO injection

February, April, August, and November 2014: Bioreactor and mid-plume ISB
monitoring and TCE plume stability monitoring

This report is organized as follows:

EN0618151012ATL

Section 1.0 Introduction includes the site background information and a summary of
the project objectives and scope of the work performed.

Section 2.0 Summary of Field Activities summarizes the field activities conducted
between November 2012 and December 2014.

Section 3.0 Discussion of Results presents the data obtained between November 2012
and November 2014 related to corrective measures monitoring and TCE plume stability
monitoring.

Section 4.0 Conclusions and Recommendations summarizes the major conclusions
drawn from completion of the corrective measures and the overall system effectiveness
based on performance monitoring. This section also provides recommendations for
future monitoring at the site.

Section 5.0 References contains a list of the works cited in this report.
Appendix A contains standard groundwater sampling procedures.

Appendix B contains copies of soil boring logs.
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Appendix C contains copies of well construction diagrams.
Appendix D contains copies of well development logs.
Appendix E contains a copy of the survey for SWMU 55.

Appendix F contains soil and water waste characterization sample summary results and
waste manifests for SWMU 55.

Appendix G contains purge data from wells sampled.

Appendix H contains laboratory data packages for all groundwater samples and waste
characterization samples as well as data validation reports for groundwater samples.
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2.0 Summary of Field Activities for
Implementation of Corrective Measures

This section provides a summary of the field activities conducted as part of the corrective
measures at the SWMU 55 TCE Plume. As described in Section 1.2, the corrective measures
implementation included groundwater monitoring and bioreactor construction and
operations. The activities described below were conducted in accordance with the CMS
Addendum (AGVIQ-CH2M HILL, 2012a), CMI Plan (AGVIQ-CH2M HILL, 2012b), and SAP
(AGVIQ-CH2M HILL, 2012c). During completion of all fieldwork, protection of air, water,
and land resources, including fish and wildlife, as well as spill prevention measures were
implemented according to the Environmental Protection Plan (part of the Pilot Test Work
Plan [AGVIQ-CH2M HILL, 2009]). In addition, quality control (QC) measures were
maintained for all work. The QC measures were performed in accordance with the protocols
described in the Quality Control Plan included in the Pilot Test Work Plan (AGVIQ-

CH2M HILL, 2009). For clarification, the field activities are summarized in this section in
chronological order, and standard procedures for activities such as groundwater monitoring
are summarized in Appendix A.

The following tasks were performed between November 2012 and November 2014:

e November 2012: Performed pre-corrective measures (baseline) groundwater sampling
event.

e April 2013: Installed injection wells and additional monitoring well.

e April and November 2013: Performed source zone excavation, ISCO infiltration, and
constructed in situ bioreactor.

e July through September 2013: Performed post-ISCO monitoring.
e October 2013: Performed pre-ISB monitoring.
e February 2014: Performed downgradient EVO injections.

e February, April, August, and November 2014: Performed bioreactor, mid-plume ISB,
and TCE plume stability monitoring.

2.1  Pre-Corrective Action Groundwater Sampling -
November 2012

The pre-corrective measures (baseline) groundwater sampling event was conducted from
November 27 to 30, 2012. Gauging was performed in accordance with guidelines adopted
from ASTM International (ASTM) D4750 Standard Test Method for Determining Subsurface
Liquid Levels in a Borehole or Monitoring Well. Gauging data were recorded in site-specific
waterproof logbooks for each of the groundwater sampling events. The gauging data are
provided in Table 2-1.

EN0618151012ATL 2-1



Prior to sampling, a round of water level measurements was collected from SWMU 55
groundwater monitoring and injection wells. The data from this groundwater monitoring
event were used to establish the TCE plume geometry and baseline aquifer conditions prior
to implementation of the corrective measures. Groundwater samples were collected from
the following 36 monitoring wells:

o 7MWO07 e 55MWO06 e 55MW18
e 7MWO8 e 55MWO07 e 55MW19
e 7MWI10 e 55MWO08 e 55MW20
e 7MW21 e 55MW09 e 55MW21
e 7MW22 e 55MWI10 e 55MW22
e 7MW23 e 55MWI11 e 55MW23
o 7MW24 e 55MW12 e 55MW24
e 55MWO1 e 55MW13 e 55MW25
e 55MWO02 e 55MW14 e 55IW01
e 55MWO03 e 55MW15 e 55IW02
e 55MW04 e 55MW16 e 55IW03
e 55MWO05 e 55MW17 e 55IW04

Groundwater samples were analyzed for select VOCs [TCE, cis-1,2-dichloroethene
(1,2-DCE), and vinyl chloride (VC)] using SW-846 EPA Method 8260B. Samples from select
wells were also analyzed for geochemical indicators: total alkalinity (EPA Method 2320B),
chloride, nitrate/nitrite, and sulfate (SW9056A), ethane, ethene, and methane (RSK-175),
sulfide (A450052D), and total organic carbon (TOC) (A5310B). In addition, wells sampled
for geochemical indicators were also sampled and analyzed in the field for ferrous iron
(Fe2*) (unfiltered and filtered with 0.45 micron disposable filter) using a Hach® 890
Colorimeter. Purge water was contained pending proper disposal, in accordance with
Section 1.7 of the CMI Plan (AGVIQ-CH2M HILL, 2012b), and as discussed in detail in
Section 2.9.

One additional monitoring well, 55MW26, was installed and sampled in April 2013; those
analytical results are considered part of the pre-corrective action monitoring data. The
groundwater sample collected from monitoring well 55MW26 was sampled and analyzed
for TCE, cis-1,2-DCE, and VC only. Details of the 55MW26 well installation are provided in
Section 2.2. Analytical results from the pre-corrective action monitoring are discussed in
Section 3.2.

2.2  Source Zone Additional Characterization and
Downgradient Injection Well Installation

To complete the horizontal delineation of the source area and improve the siting of the
bioreactor, one shallow well (655MW26) was installed in the source zone. Eight wells were
also installed downgradient of the bioreactor location (approximately mid-plume) to be
used for injection of EVO. Two additional injection wells were installed beyond the six
planned in the CMI Plan (AGVIQ-CH2M HILL, 2012b) in the event the EVO was depleted
sooner than expected and the TCE plume was not being reduced as quickly as planned. The
following subsections briefly describe well installation and development of the nine wells
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that were installed from April 9 to 29, 2013. Remediation-derived waste generated during
well installation was stored, transported, and disposed of in accordance with the procedures

detailed in Section 1.7 of the CMI Plan (AGVIQ-CH2M HILL, 2012b) and are further
discussed in Section 2.9.

2.2.1  Drilling Procedures

On April 9 and 10, 2013, monitoring well 55MW26 was installed. Additionally, on April 8
and 29, 2014, eight wells, 55IW05 through 55IW12, were installed. Well drilling and
installation procedures were performed in accordance with the SOPs provided in
Appendix B of the SAP (AGVIQ-CH2MHILL, 2012c) and the general requirements of EPA
Region 4 Science and Ecosystem Support Division (SESD) Field Branches Quality System and
Technical Procedures (EPA, 2009).

Monitoring well 55MW26 was drilled to a depth of 25.5 feet below ground surface (bgs),
and the eight injection wells were drilled to depths ranging from 21 to 45.5 feet bgs,
depending on the depth at which bedrock was encountered.

2.2.2  Well Installation Procedures

All wells were installed using hollow-stem auger (HSA) drilling techniques. As the boring
was advanced, soil samples were collected at 5-foot intervals for lithologic description using
standard split spoon sampling techniques. VOC concentrations were measured in soil
headspace using a photoionization detector (PID); these measurements are provided on the
soil boring logs (Appendix B). Soil was classified according to the Unified Soil Classification
System (UCS) by AGVIQ-CH2M HILL field staff. Because split spoon samplers were not
used during drilling at wells 55IW11 and 55IW12, a soil boring log was not generated for
these two wells. The geology at these wells is similar to that observed during installation of
well 55IW03, which is located near 55IW11 and 55IW12. The soil boring logs for the
remaining injection wells and monitoring well are provided in Appendix B. Well
construction details are summarized in Table 2-2, well construction diagrams are presented
in Appendix C, and the well locations are shown on Figure 1-2.

All wells were constructed using 10.1 to 28.4 feet of 2-inch inner diameter (ID) Schedule 40
(SCH40) polyvinyl chloride (PVC) casing. Monitoring well 55MW26 was constructed with
14.8 feet of SCH40 PVC 0.020-inch slot screen. The injection wells were constructed using a
0.020-inch continuously wrapped Vee-wire® screen. The screen intervals for injection wells
varied, as summarized in Table 2-2. In all wells, the sand filter pack extended a minimum of
1.5 feet above the screen and a 2-foot-thick (minimum) bentonite seal was placed above the
filter pack. The cement grout seal consisted of Portland Type I cement conforming to ASTM
C-150 standards. The cement grout seal was extended from the top of the bentonite seal to
ground surface where the well pad was placed. All wells were finished as aboveground
completions with a locking well vault set in 3-foot square concrete pads. Additionally, four
bollards were installed at each corner of the injection well pads to protect each well from
vehicular damage. Well construction details are summarized on Table 2-2 and on well
construction diagrams presented in Appendix C.

Following well installations, a well tag was affixed to the outside of the well vault. The tag
included well identification number, date installed, and total well depth for each of the
monitoring well and injection wells.

EN0618151012ATL 2-3



2.2.3  Well Development

Each well was developed following the well development procedures outlined in CMI Plan
(AGVIQ-CH2M HILL, 2012b). Development commenced after the grout had been cured for
24 hours. The wells were developed using a surge block. After surging, a submersible pump
equipped with disposable polyethylene tubing was used to remove suspended sediment.
Well development at 55MW26 was continued until the water produced was clear and
relatively free of sediment. Well development at the eight injection wells was continued
until three successive measurements of water quality parameters remained stable (within
10 percent). Well development logs for monitoring well and injections wells are provided in
Appendix D. Post-development samples were collected from monitoring well 55MW26 for
analysis of select VOCs and geochemical indicators.

2.24  Surveying

PJDC Inc., San Juan - Professional Land Surveyors registered in Puerto Rico surveyed the
locations and elevations of the monitoring and injection wells. The horizontal location of the
wells were surveyed relative to the North American Datum (NAD) 83 (latest adjustment),
and the top of casing and ground surface elevations were surveyed relative to a local tide
study made by the U.S. Navy survey section in 1941, using a mean low water of 100 feet as
base datum. The survey coordinates use the mean low water datum as 0.00 feet, without the
100 feet offset. The survey is provided in Appendix E. The survey data received from the
surveyor for each of the monitoring well and injection wells are summarized in Table 2-2.

2.3 Source Zone Excavation and Infiltration Gallery
Construction

2.3.1  Site Preparation

Preparations for the source zone excavation commenced on April 8, 2013 with staking of the
infiltration gallery/bioreactor location using global positioning system (GPS) coordinates.
After the excavation location was staked, it was determined to be too close to 7MWO07,
which is the well that will be used as an extraction well once the infiltration gallery is
converted into a bioreactor. Therefore, to ensure the integrity of 7MWO07, the proposed
infiltration gallery/bioreactor location was revised. The revised location was selected using
the analytical results from post-development sampling at monitoring well 55MW26 and
field observations. The infiltration gallery/bioreactor excavation footprint was shifted north
by approximately 3 feet. The final location is shown on Figure 1-2. A lined soil stockpile area
was established and stormwater management controls including berms were constructed.

On April 10, 2013, the utility locate was completed by GeoEnvirotech, a third party utility
locate contractor through Right Way Environmental. The work area and lined soil stockpile
area were also established, including stormwater management controls consisting of berms
were constructed.

2.3.2  Excavation

On April 17 and 18, 2013, AGVIQ-CH2M HILL completed the planned excavation in the
source zone for the infiltration gallery/bioreactor. The final limits of excavation measured
20 feet square with a final depth of 12 feet bgs, as specified in the CMI Plan (AGVIQ-
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CH2M HILL. 2012b). An estimated 178 cubic yards (yd?3) of soil was excavated and placed in
the soil stockpile area using a CAT 330D excavator.

During excavation, breathing zone air monitoring was conducted to protect onsite workers
from potential vaporization exposure during excavation and stockpiling operations. The air
monitoring was conducted in accordance with the approved site-specific health and safety
plan (HASP) (AGVIQ-CH2M HILL, 2012d). The breathing zone air monitoring for VOCs
was conducted using a photoionization detector (PID) during soil excavation and
stockpiling operations. Air monitoring readings were recorded in the field logbook.

The soil excavated from the source area was segregated during excavation and stockpiled
on secondary containment pads lined with two layers of 6-mil plastic sheeting. Based on
previous soil characterization conducted during the pilot-scale testing in 2009, soil from 0 to
2 feet bgs was expected to be non-hazardous and was stockpiled separately from soil
excavated from 2 to 12 feet bgs. VOCs in soil headspace was measured in samples from each
soil stockpile by collecting a composite soil sample in a plastic bag. The headspace inside the
bag was allowed to equilibrate for 1 minute prior to inserting the PID sensor into the bag.
One headspace VOC measurement was taken for soil excavated from 0 to 2 feet bgs, and a
separate measurement was taken for every 10 yd? excavated from 2 to 12 feet bgs. The
headspace VOC concentration from the 0 to 2 feet bgs soil stockpile was measured at

0.1 part per million (ppm). The headspace VOC concentrations measured during excavation
from 2 to 10 feet bgs stockpile ranged from 0.0 ppm to 3.0 ppm. The highest PID reading of
3.0 ppm was measured in the headspace of soil excavated from the northeast corner of the
excavation from the 11 to 12 feet bgs. Overall, no significant breathing zone or headspace
VOC concentrations were measured during excavation and stockpiling operations.

Remediation-derived waste generated during excavation and well installation was stored,
transported, and disposed of in accordance with the procedures in Section 1.7 of the

CMI Plan (AGVIQ-CH2M HILL, 2012b), and are further detailed in Section 2.9. One
composite soil sample was collected from each of the soil stockpiles for waste
characterization. Appendix F provides soil analytical results for both composite samples
collected.

2.3.3 Infiltration Gallery/Bioreactor Construction and ISCO Application

Construction of the infiltration gallery/bioreactor was conducted in three separate phases:
installation of a monitoring point and backfilling with gravel, ISCO application using
permanganate solution, and conversion of the excavation into a bioreactor.

On April 18, 2013, immediately following excavation, Phase I of the infiltration gallery/
bioreactor was constructed. Initial construction of the infiltration gallery/bioreactor
consisted of installing one monitoring point (55BW01) near the center of the excavation and
backfilling the bottom 4 feet (from 8 to 12 feet bgs, the infiltration gallery) with 60 yd? of
%-inch gravel. The monitoring point was constructed of 2-inch SCH40 PVC, screened within
the gravel from 8 to 12 feet bgs, and was installed to monitor the presence of permanganate
after ISCO application as well as TCE treatment achieved in the bioreactor during bioreactor
operations. A schematic of the bioreactor cross-section is provided on Figure 2-1. The well
location shown on Figure 1-2 is approximate because the well location was not surveyed.

Following monitoring point installation and gravel placement, the ISCO application was
completed with introduction of approximately 2,000 gallons of a 60.1 gallons per liter
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sodium permanganate (NaMnOy) solution into the infiltration gallery (bottom 4 feet of
excavation backfilled with gravel in Phase I). The NaMNOs solution was added to the
infiltration gallery until the gravel was completely saturated. All chemical handling
activities were conducted in accordance with the HASP (AGVIQ-CH2M HILL, 2012d) and
in accordance with the procedures in Section 1.7 of the CMI Plan (AGVIQ-CH2M HILL,
2012b), and are further detailed in Section 2.9.

After the ISCO application, the bioreactor was constructed in the excavation above the
infiltration gallery by backfilling with a mixture of 70 percent mulch and 30 percent gravel
(by volume). Prior to backfilling, two wells (55BW02 and 55BW03) were placed off-center in
the gravel/ mulch zone as possible monitoring or injection points. The two wells were set
east and west of monitoring point 55BW01, as shown on Figure 1-2. The well locations are
approximate because they were not surveyed. The two injection points were constructed
with a 2-inch inner diameter SCH40 PVC 10 feet riser connected to 6-feet of a 2-inch SCH40
PVC 0.02-inch Vee-wire ® continuous slot screen. The injection points will be used in the
future for injections of EVO in the bioreactor to replenish TOC, if necessary.

The excavation was backfilled from 1 to 8 feet bgs with a mixture of 80 yd3 of mulch, 40 yd?
of gravel (by volume), and approximately 63 gallons of soybean vegetable oil to complete
construction of the bioreactor. Prior to placement, the mulch, gravel, and oil were mixed
thoroughly using the excavator bucket and the front end loader. The gravel used was
washed river rock or river gravel 0.5 to 1.25 inches in size. The mulch consisted of locally-
sourced composted organic mulch containing leaves and small wood chips with a 3-inch
maximum dimension.

A drip irrigation piping system was installed within the excavation above the mulch/gravel
layer to distribute groundwater. The drip irrigation piping was assembled as a large square
and placed flat on top of the bioreactor mulch/gravel backfill (Figure 2-2). The drip
irrigation piping consisted of two separate (primary and secondary) distribution racks
constructed of 1/2-inch diameter SCH40 PVC pipe with 3/16-inch-diameter holes located
approximately every 3 feet along the 10 foot sections of pipe. The primary distribution rack
was placed at 1 foot bgs whereas the secondary distribution rack was placed at 1.5 feet bgs.
Currently, the primary distribution rack is plumbed to extraction well 7/MWO07. The
secondary distribution rack will be reserved for possible future use, if the primary rack gets
clogged, or if additional distribution capacity is required.

Geotextile fabric (Geofabric plastic Terra Tex NOg4) was placed above the drip irrigation
piping. Based on the toxicity characteristic leaching procedure (TCLP) soil analytical results,
it was determined that the soil from 0 to 2 feet bgs that was stockpiled during excavation
could be returned as backfill at the top of the bioreactor. The excavation was backfilled to
grade and mounded an additional 24 inches to account for settling/compression of the
mulch and to promote drainage. The work zone and soil and materials stockpiles were
fenced for security.

Site Restoration

The remaining open excavation was backfilled with soil excavated from the 0 to 2 feet bgs
stockpile. The soil placed in the excavation was compacted using the flat-end of the
excavator bucket to lightly compact the soil. The bioreactor mound was rough-graded to
divert surface water away from the center of the bioreactor. The site was graded to prevent
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erosion and erosion controls (hay bales) were left in place until local vegetation was
reestablished in the disturbed areas.

The remaining excavated soil (i.e., 2 to 12 feet bgs) from the source was transported and
disposed offsite from June 10 through 21, 2013. A total of 388 tons of soil was disposed of as
non-hazardous waste at Ponce Sanitary Landfill. All waste manifests and waste
characterization samples are located in Appendix F. Additional details regarding waste
management can be found in Section 2.9.

2.4 Post-ISCO Performance Monitoring

Two post-ISCO groundwater sampling events were conducted to monitor the distribution
of NaMNO, below the excavation and in select adjacent monitoring wells. The wells were
purged and a sample was collected for visual field analysis for presence of permanganate.
The post-ISCO monitoring events were completed in July 2013 and September 2013. The
following 12 wells were included in each post-ISCO monitoring event:

o 7MWO07 e 55MWO1 o 55MW25
e 7MWI10 e 55MWO02 o 55MW26
o 7MW23 e 55MW12 e 55IW02
o 7MW24 e 55MW14 e 55IW04

In July of 2013, permanganate was observed in 4 of the 12 wells: 7MW07, 7MW24, 55IW02,
and 55IW04. In September 2013, permanganate was not observed in any of the wells
monitored, indicating the oxidation phase of the source area treatment was complete. Purge
data for these monitoring events are included in Appendix G. All sampling and analysis
was conducted in accordance with the SAP (AGVIQ-CH2M HILL, 2012c). Details regarding
storage, handling, and disposal of remediation derived waste are included in Section 2.9.

2.5  Pre-ISB Monitoring

A pre-ISB monitoring event was completed prior to initiating the ISB remediation phase to
determine the success of TCE reduction and aquifer conditions following ISCO application.
The pre-ISB groundwater monitoring event was conducted between October 22 and 28,
2013. Prior to sampling, a comprehensive round of water levels were collected from
SWMU 55 groundwater monitoring and injection wells. The following 23 wells were
sampled during the pre-ISB monitoring event:

o 7MWO07 e 55MWO1 o 55MWI14
o 7MWI10 e 55MWO02 e 55MWI15
o 7MW22 e 55MWO05 o 55MW16
o 7MW23 e 55MWO06 o 55MW17
o 7MW24 e 55MW09 e 55MWI18

e 55IWO02 e 55MW10 o 55MW25
e 55IW04 e 55MWI11 o 55MW26
e 55BWO01 e 55MW12

The groundwater samples collected were analyzed for select VOCs using SW-846 EPA
Method 8260B. The wells were also sampled for geochemical indicators including alkalinity
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using method SM 2320; methane, ethane, and ethene using RSK-175; total dissolved iron
(filtered-using 0.45 micron disposal filter) using SW-846 6010; nitrate/nitrite using EPA
Method 300.0; sulfate (SO%) and chloride (Cl-) using EPA Method 300.0; sulfide using
Method SM 4500-52-F; and TOC using SM 5310-B. In addition, the wells sampled for
geochemical indicators were also sampled for ferrous iron filtered (filtered with 0.45 micron
disposable filter) and unfiltered) using the Hach® 890 colorimeter. Purge data for these
monitoring events are included in Appendix G. All sampling and analysis was conducted in
accordance with the SAP (AGVIQ-CH2M HILL, 2011c). Details regarding storage, handling,
and disposal of remediation derived waste are included in Section 2.9.

2.6 Conversion from Infiltration Gallery to Bioreactor

From November 4 to 7, 2013, the remaining components for the bioreactor, consisting of the
solar powered extraction well and conveyance piping, flow totalizer and pressure gauge for
monitoring flow to the bioreactor (Figure 2-2), were installed.

On November 5 and 6, 2013, a trench was excavated between the bioreactor and extraction
well 7MWO07, and the conveyance piping, totalizing flow meter, and pressure gauge were
installed. The trench for conveyance piping trench was approximately 1 foot wide, 1 foot
deep, and 30 feet long. The conveyance piping consisted of ¥-inch SCH40 PVC. The
conveyance piping trench was backfilled with 12 inches of sand following placement of the
piping. A plastic valve box was installed at the end of the groundwater conveyance trench
and on top of the bioreactor in a 24 inches long, 18 inches wide and 18 inches deep vault.
The vault included the totalizing flow meter and pressure gauge to track infiltration system
pressure and a sampling port to collect samples of groundwater being pumped to the
bioreactor from well 7MWO07. Groundwater exiting the valve box passes through a flow
control valve before connecting to the infiltration piping that is used to distribute water
across the top of the bioreactor. Clean soil excavated during trenching was spread over the
bioreactor and compacted.

On November 6, 2013, a Grundfos™ SQFlex (11SQF-2), 4-inch centrifugal, solar-powered
pumping system was installed in well 7MWO07. The pump extracts contaminated
groundwater and circulates it through conveyance piping to the bioreactor for treatment.
The design flow rate is 1 gallon per minute (gpm) under mid-day solar conditions. Two
50-watt, 17.4-volt solar panels mounted on top of an abandoned refrigeration box located
adjacent to the bioreactor (see Figure 2-3) provide power to the CU200 Control Unit that
controls the pump. The solar panels are mounted at an angle of 10 degrees facing south-
southeast. The CU200 Control Unit regulates power from the solar panels to the pump and
includes a volt-meter, amp-meter, diagnostic tools, and an on/ off switch.

The electrical supply to the extraction pump at 7MWO07 was installed in 1-inch PVC
electrical conduit placed along the perimeter of the bioreactor. The low-voltage DC power
conduit was buried approximately 12 inches below the surface.

2.7 Mid-Plume EVO Injection

Injection of EVO at the eight mid-plume injection wells (55IW05 through 55IW12) was
conducted on February 6 and 7, 2014, to enhance downgradient attenuation of the TCE
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plume. A total of 16,399 gallons of 1.6 percent EVO by volume (mixture of 60 percent
EDS-ER EVO solution and water) was injected.

The EVO was staged onsite as a 60 percent solution in 250-gallon totes, and was mixed
onsite prior to injection in 508-gallon batches. The 60 percent EVO solution was diluted
using a ratio of 62.5 gallons of water per gallon of 60 percent EVO solution to achieve a
1.6 percent (by volume) injection concentration.

According to the CMI Plan (AGVIQ-CH2M HILL, 2012b), injections of an equal amount
(4,600 gallons) of EVO were planned for each new injection well. However, because of
difficulty injecting EVO at 55IW05, injections were terminated and the remaining oil allotted
for well 55IW05 was split between wells 55IW08 and 55IW09, but at a higher concentration.
Although not originally planned, injection also was completed at wells 55IW11 and 55IW12.
Daylighting occurred during injections at 55IW12; therefore, injection at that well was
terminated after a total of 447 gallons were injected and the remaining oil allotted for
55IW12 was added to 55IW11, although at a higher concentration. The total injection
volume for each well is as follows:

e 55IW05: 10 gallons of 1.5 percent EVO by volume
e 55IW06: 3,066 gallons of 1.5 percent EVO by volume
e 55IW07: 1,534 gallons of 1.5 percent EVO by volume

e 55IW08: 3,066 gallons of 1.5 percent EVO by volume and 424 gallons of 5.6 percent EVO
by volume

e 55IW09: 3,068 gallons of 1.5 percent EVO by volume and 424 gallons of 5.6 percent EVO
by volume

e 55IW10: 3,080 gallons of 1.5 percent EVO by volume

e 55IW11: 1,533 gallons of 1.5 percent EVO by volume and 116 gallons of 13.8 percent
EVO by volume

e 55IW12: 447 gallons of 1.5 percent EVO by volume

2.8  Bioreactor and Mid-Plume Performance Monitoring and
TCE Plume Stability Monitoring

In February, April, August, and November 2014, water quality sampling was performed to
evaluate performance of the bioreactor and mid-plume ISB injection, and monitor the
configuration of the TCE plume. The following wells sampled during each event:

e February 2014: 7MWO07 (bioreactor influent), 55BWO01 (bioreactor effluent), 55IW02,
55IW03, and 55IW04

e April and November 2014: 7MWO07 (bioreactor influent), 7MW10, 7MW22, 7TMW23,
7MW24, 55IW02, 55IW04, 55BW01 (bioreactor effluent), 55MW01, 55MW02, 55MW10,
55MW05, 55MW06, 55MW09, 55MW10, 55MW11, 55MW12, 55MW14, 55MW15,
55MW16, 55MW17, 55MW18, 55MW25, and 55W26
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e August 2014: 7MWO07 (bioreactor influent), 55BWO01 (bioreactor effluent), 55IW02,
and 55IW04

Bioreactor influent, bioreactor effluent, and samples from monitoring wells were analyzed
for select VOCs (TCE, DCE, and VC) and geochemical indicators (alkalinity, chloride,
ferrous iron, nitrate, nitrite, sulfate, sulfide, TOC, and MEE). Field parameters, including
DO, turbidity, conductivity, pH, temperature and ORP, were recorded during well purging.
All sampling and analysis were conducted in accordance with the SAP (AGVIQ-
CH2MHILL, 2012c). Purge water was contained pending proper disposal as detailed in
Section 2.9.

2.9  Waste Management

Remediation-derived waste was generated during the well installation, well development,
bioreactor construction, groundwater sampling, and decontamination operations. The waste
streams associated with this project included:

Personal protective equipment (PPE) and used sampling supplies
Soil cuttings and excess excavated material

Equipment decontamination fluid

Purge water

Soil, groundwater, and decontamination waste was stored, transported, and disposed of in
accordance with the procedures in Section 1.7 of the CMI Plan (AGVIQ-CH2M HILL, 2012b)
and are further detailed in the following subsections.

29.1 Temporary Storage

PPE and used sampling supplies associated with the generation of non-hazardous wastes
and general debris were collected in black, non-translucent trash bags and disposed of in
onsite refuse dumpsters. Soil cuttings generated from well installation were containerized in
55-gallon drums at a Base-approved temporary storage location pending waste
characterization and offsite disposal. Purge water, development water and decontamination
fluids were collected in bulk containers (i.e., 600-gallon blue poly tanks with secondary
containment), and staged onsite for subsequent offsite disposal.

2.9.2  Waste Characterization

Soil

Soil cuttings, produced during the installation of monitoring well 55MW26 and injection
wells 55IW05 through 55IW12 were temporarily stored in 55-gallon drums onsite. One
composite soil sample (TD495) was collected from these drums for waste characterization
on May 2, 2013. Material excavated during bioreactor construction was segregated into two

piles according to depth interval and contained on bermed plastic sheeting. A composite soil
sample was collected from each stockpile on April 18, 2013.

Waste characterization soil samples were analyzed for the following parameters:

e TCLP VOCs (Methods SW1311/8260C)
e TCLP semivolatile organic compounds (SVOCs) (Methods SW1311/8270D)
e TCLP metals (Methods SW1311/6010C/7470A)
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TCLP pesticides (Methods SW1311/8081B)

TCLP herbicides (Methods SW1311/8151A)
Polychlorinated biphenyls (PCBs) (Method SW8082)
Corrosivity (Method SW9045)

Ignitability (Method SW1010)

All soil was characterized as non-hazardous. Laboratory data packages and waste manifests

are included in Appendix F.
Water

One liquid sample (TD491) from contained purge water was collected on December 6, 2012,

and analyzed for the following parameters:

RCRA VOCs (Method SW8260C)

RCRA SVOCs (Method SW8270D)

RCRA metals (Methods SW6010C/7470A)
RCRA pesticides (Method SW8081B)

e PCBs (Method SW8082A)

e Herbicides (Method SW8151A)

e Corrosivity (Method SW9045)

e Ignitability (Method SW 1010)

The water was characterized as non-hazardous. Laboratory data packages and waste
manifests are included in Appendix F.
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3.0 Performance Monitoring and Horizontal
Delineation Results

3.1  Groundwater Flow

A groundwater potentiometric surface map presenting baseline water levels measured in
November 2012 prior to implementation of corrective measures is shown on Figures 3-1
(shallow aquifer zone - wells screened to 25 feet bgs or less) and 3-2 (deep aquifer zone -
wells screened greater than 25 feet bgs). Figures 3-3 and 3-4 show the most recent site-wide
gauging event (November 2014) for the shallow and deep aquifer zones, respectively. The
measured water levels for all the site-wide gauging events conducted since November 2012
are summarized in Table 2-1. Note that the water levels provided in Table 2-1 are not
adjusted for potential tidal influences.

Based on interpretation of the gauging data, groundwater flows from north/northeast to
south/southwest across the site with a hydraulic gradient of 0.006 foot per foot for the
shallow aquifer and 0.005 foot per foot for the deep aquifer zone. Groundwater elevations
across the site vary between 1.34 feet (at UGW-11) and 8.39 feet (at 7MW?20).

3.2  VOC Concentrations in Groundwater

Since November 2012, corrective measures, including application of potassium
permanganate, soil excavation, and construction of a bioreactor in the TCE source area, and
mid-plume EVO injection have impacted TCE concentrations in the shallow and deep
aquifer zones. Groundwater samples were collected after implementation of each phase of
the corrective measures in order to gauge effectiveness and progress of remediation.
Analytical results are summarized in Table 3-1 and Appendix H contains the laboratory
analytical data packages and data validation reports.

3.2.1  Source Area
VOC Concentrations Trends at Shallow Wells (Screened above 25 feet bgs)

Baseline TCE concentrations in groundwater samples collected from shallow wells 7MWO07,
7MW?24, 55IW03, 55MW25, and 5SMW26 in November 2012 contained TCE concentrations
ranging from 16.4 to 10,300 pg/L. Figure 3-5 shows the baseline TCE plume configuration
for the shallow (less than 25 feet bgs) zone. Figure 3-6 depicts the baseline plume
configuration for the deep (greater than 25 feet bgs) aquifer. The TCE concentrations
measured in the shallow and deep aquifer in October 2013, representative of the post-ISCO
groundwater concentrations, are presented on Figures 3-7 and 3-8. These figures indicate a
significant reduction in the TCE concentrations in both intervals of the aquifer.

Because there were no TCE exceedances of the CAO in shallow wells in November 2014, a
figure showing the current TCE plume configuration is not included in this document. A
significant reduction of VOCs has occurred in the shallow source area wells, with the
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greatest decrease in TCE, cis-1,2-DCE, and VC observed at well 7MWO07. This result is to be
expected since it is the closest shallow well to the bioreactor. VOC concentrations also
declined at wells 7MW24 and 55IW03 (see Table 3-1).

During the reporting period, cis-1,2-DCE and VC increased slightly at well 7MW24
following implementation of the corrective measures, which is an indication of
biodegradation of TCE. At 7MW24, the cis-1,2-DCE concentration increased from non-detect
in November 2012 to 5.88 ng/L in November 2014 and VC concentrations increased from
non-detect in November 2012 to 22.4 pug/L in November. The cis-1,2-DCE concentration is
below the CAO for cis-1,2-DCE and there is no CAO for VC (AGVIQ-CH2M HILL. 2012a).
Concentrations of 1,2-DCE and VC are expected to fluctuate over time as these compounds
are biodegradation products of TCE.

The total molar concentrations of TCE, 1,2-cis-DCE, and VC were used to evaluate whether
the shallow SWMU 55 TCE plume is being completely oxidized or biodegraded without
significant production of 1,2-cis DCE or VC byproducts. The total molar concentrations of
TCE, 1,2-cis-DCE, and VC were calculated for each shallow source area well by dividing the
measured concentration by its respective molecular weight and summing the results for
TCE, 1,2-cis-DCE, and VC for each data point. The percent change in total molar
concentration between the November 2012 and November 2014 data was then calculated to
evaluate the change in total molar concentration over the reporting period.

As summarized in Table 3-2, since implementation of the corrective measures within the
source area, the total molar concentration has decreased at shallow source area monitoring
locations between 93 and 100 percent. The bioreactor is achieving a 99 percent molar
reduction based on the influent groundwater extracted from well 7MWO07 and the bioreactor
effluent measured in 55BW01.

Geochemical Trends at Shallow Source Area Wells

Samples were collected for analysis of geochemical indicators from shallow wells in the
source area prior to corrective measures implementation, following ISCO application, and
several times during 2014 to monitor the impacts of the bioreactor and EVO injections on
aquifer conditions. Table 3-3 summarizes guideline concentrations for geochemical
conditions that indicate a potential for biological reductive dechlorination. In general, the
geochemical data support the conclusion that conditions for TCE reduction exist in the
shallow source area groundwater.

For example, at wells 7MW07 and 7MW24, background methane concentrations were
non-detect in November 2012 and prior to bioreactor operations. Methane was measured at
7MWO07 at concentrations of 8,180 ng/L in October 2013 and 1,950 pg/L in November 2014,
and was measured at 7MW23 at a concentration of 4,740 ng/L in November 2014, indicating
strong reducing conditions. TOC was not detected in 7MWO07 or 7MW?24 prior to operation
of the bioreactor, and was measured at 47.7 milligrams per liter (mg/L) and 10.8 mg/L,
respectively, in November 2014. Elevated iron levels (3.41 mg/L) at 7MWO07 is a positive
indicator of reducing conditions. Chloride levels at 7MWO07 have also increased to

301 mg/L, six times higher than pre-treatment levels, which indicates the complete
breakdown of TCE is producing a chloride byproduct. ORP levels at 7MW07 and 55BW01
are negative and indicate the general reducing conditions in source area groundwater. DO
measured in the field prior to sample collection was depressed in shallow wells in the
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source area until November 2014, when DO concentrations were measured at
approximately 3 mg/L. Because oxygen can be introduced into the sample during
measurement in the field, leading to erroneously high DO concentrations, DO is a secondary
indicator parameter.

VOC Concentration Trends at Source Area Deep Wells (Screened below 25 feet bgs)

Baseline TCE concentrations in samples collected from deep wells in the source area
contained TCE concentrations ranging from 42.5 to 777 pg/L. Figure 3-7 shows the baseline
TCE plume configuration. Figure 3-8 depicts the October 2013 plume configuration after
ISCO application in the source area. The current deep well plume configuration is shown on
Figure 3-9. During the reporting period, an overall trend in TCE reduction is seen in
55IW02; however, fluctuations in TCE concentrations have occurred at 55IW04. Well 55IW04
is farther away from the bioreactor, and slower concentration reduction is expected at that
location. Cis-1,2-DCE and VC concentrations increased at both of these deep source area
wells following implementation of the bioreactor remedy, indicating biodegradation of TCE
is occurring in the deep zone. Concentrations of the biodegradation products cis-1,2-DCE
and VC are expected to initially increase and then decrease over time.

As summarized in Table 3-2, since implementation of the corrective measures within the
source area, the total molar concentration has decreased at 55IW02 by 96 percent, while total
molar concentration has increased at 55IW04 by 40 percent. The increase is due to increasing
concentrations of cis-1,2-DCE and VC at this location with no corresponding decrease in
TCE, and could also be an effect of mobilization of TCE following startup of the bioreactor.
Wells 55IW04 and 55MWO01 will continue to be monitored to evaluate long-term impacts of
bioremediation on the deep source area and downgradient aquifer.

Geochemical Indicators at Deep Source Area Wells

Samples for baseline geochemical indicators were not collected at deep wells in the source
area. Samples collected in May and November 2014 from deep source area wells 55IW02
and 55IW04 contained elevated levels of total organic carbon (>10 mg/L), indicating that the
bioreactor is releasing TOC to the deeper aquifer. TOC levels at downgradient well 55MW01
have not increased above 10 mg/L, indicating that TOC influence in the deeper aquifer is
confined to within 40 to 90 feet of the bioreactor. Wells 55IW04 and 55IW02 contain elevated
methane levels (296 to 6,268 ug/L), which is indicative of reducing conditions that promote
reductive dechlorination. ORP values in wells 55IW02 and 55IW04 were slightly negative
(-13.2. and -36.3) in the February 2014 monitoring event but were positive in the August and
November 2014 monitoring events. This indicates that additional TOC may be needed to
sustain reductive dechlorination in the deep source area groundwater. No relevant trends
were observed in other geochemical indicators.

3.22  Downgradient Plume

TCE concentrations have decreased or remained stable at all shallow and deep wells in the
downgradient plume area since implementation of the corrective measures, as evidenced
when comparing baseline VOC concentrations from November 2012 to data collected in
November 2014. In addition, concentrations of TCE in samples collected in November 2014
from all shallow wells within the downgradient plume area were well below the CAO of
193 ng/L. Samples from three of the five deep wells within the downgradient plume
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contained TCE above the CAQ, but all the deep wells demonstrate decreasing TCE
concentrations.

VOC Concentrations Trends at Shallow Wells (Screened less than 25 feet bgs)

Baseline TCE concentrations in samples collected from shallow wells 7MW23, 55MW02,
55MW10, 55MW17, and 7MW10 in the downgradient plume area contained TCE
concentrations ranging from 0.2 U pg/L (non-detect) to 496 pg/L. An overall trend in
reduction of VOCs is seen in the shallow downgradient plume area wells, with the greatest
decrease in TCE observed at well 55MW10. Cis-1,2-DCE concentrations at downgradient
plume shallow wells also followed decreasing or stable trends. There was an increase in VC
at several wells following downgradient EVO injections. Increases of cis-1,2-DCE and VC
are indications of biodegradation of TCE. The CAO for cis-1,2-DCE presented in the CMS
Addendum (AGVIQ-CH2M HILL, 2012a) is 20,901 pg/L and no CAO exists for VC.
Concentrations of 1,2-DCE and VC are expected to initially increase then decrease at the site.
These concentration reduction trends indicate that the goal of the corrective measures as
described in the CMI Plan (AGVIQ-CH2M HILL, 2012b) of treating the downgradient TCE
plume area over an extended timeframe through limited injections of EVO and monitored
natural attenuation (MNA) are progressing as expected. The MNA potential and stability of
the distal portion of the plume is continuing to be evaluated.

As summarized in Table 3-2, since implementation of the corrective measures, the total
molar concentration has decreased at shallow monitoring well locations in the
downgradient plume area between 6 and 60 percent.

Geochemical Indicators at Shallow Downgradient Plume Area Wells

Samples were collected for analysis of geochemical indicators from shallow wells in the
downgradient plume area prior to corrective measures implementation, following EVO
injection, and several times during 2014 to monitor progress of the corrective measures. In
general, geochemical indicators support the conclusions that degradation of TCE is
occurring.

Shallow wells 7MW23, 7MW24, 55MW02, and 55MW10 are in the areas targeted by EVO
injections. There is no indication of significant TOC influence in these wells; however,
elevated methane concentrations in 7MW23, 7MW24, and 55MW10 indicate groundwater at
these locations is being impacted by the EVO injections. ORP values in these wells have also
been trending downward, indicating that more reducing conditions are occurring
upgradient in EVO injection areas. No relevant trends were observed in other geochemical
indicators.

VOC Concentration Trends at Deep Wells (Screened below 25 feet bgs)

TCE concentrations in samples collected from deep wells in the downgradient plume area
decreased or remained stable when compared to November 2012 (baseline) concentrations.
Samples from 55MW01, 55MW14, and 55MW09 collected in November 2014 contained TCE
at concentrations above the CAO level of 193 pug/L. Concentrations of cis-1,2-DCE and VC
remained stable or decreased at the deep downgradient plume area wells following
implementation of the corrective measures. Concentrations of cis-1,2-DCE and VC are
expected to fluctuate over time as biodegradation products of TCE.
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As summarized in Table 3-3, since implementation of the corrective measures, the total
molar concentration has decreased at deep downgradient plume area monitoring locations
between 15 and 63 percent.

Geochemical Indicators at Deep Downgradient Plume Area Wells

Samples were collected for analysis of geochemical indicators from deep wells in the
downgradient plume area prior to corrective measures implementation, following EVO
injection, and several times during 2014 to monitor progress of the corrective measures.
Wells 55MW01, 55MW09, and 55MW14 are in areas downgradient of EVO injections and
should be the first to experience TOC increases. There is no indication of significant TOC
influence in these wells; however, elevated methane concentrations in 55MW01 (196 ug/L)
indicates that this groundwater is being impacted by the EVO injections. Ethane and ethene
were detected at elevated concentrations at well 55MW01, indicating upgradient
biodegradation of VOCs near EVO injection wells. ORP values in 55MW01 and 55MW14
have also been trending downward, indicating that more reducing conditions are occurring
upgradient in EVO injection areas. No relevant trends were observed in other geochemical
indicators.

3.3  Bioreactor Operation and Maintenance

Recirculation of groundwater from monitoring/extraction well 7MW07 was initiated on
November 7, 2013. From November 7, 2013 to December 26, 2014, the solar pump extracted
64,600 gallons of groundwater that was processed through the bioreactor. The average
pump flow rate is approximately 265 gallons per day, but can vary based on weather
conditions. Trained local technicians inspect the bioreactor system, including flow rates,
water levels within the bioreactor, and system pressure on a quarterly basis. Because the
bioreactor is a simple system, utilizing only solar-powered pumps for mechanical
equipment, little maintenance is required.

In May 2014, a loose pump connection between the pump and the top of extraction well
7MWO07 and the bioreactor was discovered. No groundwater was spilled outside the
extraction well. This connection was repaired in July 2014; however, flow to the bioreactor
was not restarted until September 2014. Therefore, samples in the vicinity of the bioreactor
were collected in August 2014 for evaluation of VOC rebound. The analytical results for this
sampling are included in Table 3-1. No VOC rebound was observed in source zone well
7MWO07, indicating that source zone treatment was successful.
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4.0 Conclusions and Recommendations

4.1 Conclusions

The groundwater monitoring data collected since November 2012 demonstrates a reduction
in TCE plume size and concentration in both the source area and downgradient plume
following the implementation of the corrective measures. In both the source area and the
downgradient plume, TCE concentrations in all shallow wells were reduced below the CAO
of 193 pg/L. The corrective measures have also impacted the deep wells in the source area,
bringing TCE below the CAO in this zone, but thus far there have been limited impacts from
the mid-plume EVO injection on the deeper downgradient wells. These overall
concentration reduction trends indicate that the goal of the corrective measures, as
described in the CMI of aggressively reducing the mass of TCE in the source area through
excavation, ISCO, and long-term bioreactor operations is being achieved.

4.2 Recommendations

¢ Continue monitoring deep wells on an annual basis for select VOCs (TCE, cis-1,2-DCE,
and VC) and geochemical indicators until CAOs are met. Recommend late summer
monitoring events to coincide with SWMU 54 groundwater monitoring.

e TCE concentrations in shallow wells in the source area and downgradient plume area
are all below the CAO of 193 ng/L, most for three consecutive monitoring events. It is
recommended to eliminate monitoring shallow from the groundwater monitoring
program.

e Continue operation of the bioreactor to impact deeper source area wells. This could
include relocating the solar powered pump to new deep extraction well located near
55IW04.

e Continue to evaluate VOC and geochemical data to determine if a second round of EVO
injection into the mid-plume injection wells is necessary to increase TOC levels and
increase TCE degradation rate in the downgradient deep wells.
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TABLE 2-1

Depth to Groundwater Measurements
SWMU 55, Naval Activity Puerto Rico

November 2012 July 2013 October 2013 May 2014 November 2014
waip  [TopetCasmg Eaton| - orw | ST | o S | o | e | o | Saeaon | o | Geaion
(ft PRVD02) (ft PRVD02) (ft PRVD02) (ft PRVD02) (ft PRVD02)
Wells Screened 25 ft bgs and Less

55I1W01 16.19 13.47 2.72 Abandoned Abandoned Abandoned Abandoned Abandoned | Abandoned | Abandoned | Abandoned
55IW03 15.60 13.05 2.55 NM NM NM NM 12.69 2.91 11.9 3.70
55MW02 14.82 11.96 2.86 11.32 3.50 11.80 3.02 10.60 4.22 10.84 3.98
55MW04 16.40 13.65 2.75 NM NM NM NM NM NM 12.7 3.70
55MWO06 13.87 10.80 3.07 NM NM 10.58 3.29 9.54 4.33 9.98 3.89
55MW08 14.55 12.26 2.29 NM NM NM NM 11.14 3.41 11.77 2.78
55MW10 10.16 8.56 1.60 NM NM 8.42 1.74 8.62 1.54 8.13 2.03
55MW12 16.01 13.76 2.25 13.65 2.36 13.29 2.72 10.78 5.23 12.5 3.51
55MW13 12.57 11.00 1.57 NM NM NM NM 10.41 2.16 10.35 2.22
55MW16 14.36 11.39 2.97 NM NM 11.12 3.24 9.91 4.45 10.4 3.96
55MW17 9.62 8.09 1.53 NM NM 7.47 2.15 7.42 2.20 7.44 2.18
55MW20 8.18 6.67 1.51 NM NM NM NM 6.45 1.73 6.2 1.98
UGW-16 13.80 11.28 2.52 NM NM NM NM 9.66 4.14 10.22 3.58
7MWO07 15.47 13.81 1.66 12.43 3.04 12.47 3.00 NM NM 11.53 3.94
7MW10 7.03 5.88 1.15 5.82 1.21 5.66 1.37 5.40 1.63 5.4 1.63
7MW21 6.65 5.47 1.18 NM NM NM NM 4.94 1.71 4.98 1.67
7MW22 9.79 7.74 2.05 NM NM 7.43 2.36 6.90 2.89 7.11 2.68
7MW23 9.06 7.21 1.85 7.20 1.86 6.86 2.20 6.65 2.41 6.75 2.31
7MW24 10.49 8.26 2.23 8.04 2.45 7.95 2.54 7.32 3.17 7.52 2.97
55MW26 13.86 NI NI 10.66 3.20 10.7 3.16 9.51 4.35 NM NM

Wells Screened Greater Than 25 ft bgs

55I1W02 16.12 13.42 2.70 13.12 3.00 13.14 2.98 12.00 4.12 12.3 3.82
55Iw04 16.03 13.41 2.62 13.10 2.93 13.12 2.91 12.00 4.03 12.25 3.78
55IW05 16.58 NI NI NM NM NM NM 12.82 3.76 NM NM
55IW06 13.20 NI NI NM NM NM NM 11.05 2.15 NM NM
55IW07 11.75 NI NI NM NM NM NM 9.51 2.24 NM NM
55IW08 10.44 NI NI NM NM NM NM 8.51 1.93 NM NM
55I1W09 9.77 NI NI NM NM NM NM 8.41 1.36 NM NM
55IW10 9.59 NI NI NM NM NM NM 8.62 0.97 NM NM
55IW11 14.81 NI NI NM NM NM NM 11.25 3.56 NM NM
55IW12 13.42 NI NI NM NM NM NM 10.56 2.86 NM NM
55MW01 14.89 12.28 2.61 11.95 2.94 11.87 3.02 10.91 3.98 11.32 3.57
55MW03 16.66 14.03 2.63 NM NM NM NM 12.69 3.97 13.1 3.56
55MWO05 13.81 10.70 3.11 NM NM 10.50 3.31 9.41 4.40 9.85 3.96
55MW07 14.59 12.29 2.30 NM NM NM NM 10.99 3.60 11.38 3.21
55MWO09 10.16 8.45 1.71 NM NM 8.42 1.74 8.25 1.91 8.17 1.99
55MW11 10.49 8.88 1.61 NM NM 8.82 1.67 NM NM 8.55 1.94
55MW14 12.69 10.85 1.84 10.96 1.73 10.68 2.01 10.41 2.28 10.42 2.27
55MW15 14.29 11.31 2.98 NM NM 11.05 3.24 9.85 4.44 10.3 3.99
55MW18 8.87 7.58 1.29 NM NM 7.54 1.33 7.38 1.49 7.12 1.75
55MW19 8.08 5.93 2.15 NM NM NM NM 5.90 2.18 5.65 2.43
55MW21 10.03 8.91 1.12 NM NM NM NM 8.79 1.24 8.61 1.42
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TABLE 2-1

Depth to Groundwater Measurements
SWMU 55, Naval Activity Puerto Rico

November 2012 July 2013 October 2013 May 2014 November 2014
waip  [TopetCasmg Eaton| - orw | ST | o S | o | e | o | Saeaon | o | Geaion
(ft PRVD02) (ft PRVD02) (ft PRVD02) (ft PRVD02) (ft PRVD02)
55MW22 10.03 8.80 1.23 NM NM NM NM 8.71 1.32 8.55 1.48
55MW23 9.84 8.03 1.81 NM NM NM NM 8.61 1.23 NM NM
55MW24 13.50 11.10 2.40 Abandoned Abandoned Abandoned Abandoned Abandoned | Abandoned | Abandoned | Abandoned
55MW25 13.50 11.07 2.43 10.70 2.80 10.81 2.69 9.55 3.95 NM NM
7MW20 13.54 10.92 2.62 NM NM NM NM 4.55 8.99 5.15 8.39
UGW-18 14.64 11.72 2.92 NM NM NM NM 9.85 4.79 10.15 4.49
UGW-11 9.79 8.65 1.14 NM NM NM NM 8.35 1.44 8.45 1.34
Notes:
NI = not yet installed ft = feet

NM = not measured

DTW = Depth to Water

btoc = below top of casing

ID = identification

Horizontal Datum is North American Datum 83 (latest adjustment).

Vertical Datum used is a local tide study made by the U.S. Navy Survey Section in 1941, using a mean low water of 100 feet as base datum. These survey coordinates use the mean low water datum as 0.00 feet, without the 100 foot offset.
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TABLE 2-2
Well Construction Details
SWMU 55, Naval Activity Puerto Ricc

Ground Top of Casing Height from Riser Inner
Northing (NAD | Easting (NAD | Elevation (ft Elevation (ft TOC to Ground |Top of Screen (ft|  Bottom of Total Depth Diameter Screen
Well ID 1983) 1983) PRVD02) PRVD02) Flush/Stick-up Surface (ft) bgs) Screen (ft bgs) (ft bgs) Riser Material | (inches) Length (ft) | Date Installed
Monitoring Well
55MW26 | 145539.650 | 782607.437| 1375 | 1386 | stick-up | 011 | 299 | 247 | 255 [sch4opPvc| 2 | 147 | 4n0/2013
Injection Wells
55IW05 145468.042 782661.764 13.57 16.58 stick-up 3.01 21.51 41.51 36.4 Sch 40 PVC 2 20 4/25/2013
55IW06 145431.245 | 782621.076 10.44 13.2 stick-up 2.76 26.06 46.06 41.5 Sch 40 PVC 2 20 4/25/2013
55IW07 145398.142 | 782586.815 8.7 11.75 stick-up 3.05 18.65 28.55 23.5 Sch 40 PVC 2 9.9 4/24/2013
55IW08 145368.154 | 782559.414 7.43 10.44 stick-up 3.01 20.51 40.51 35.5 Sch 40 PVC 2 20 4/23/2013
55IW09 145335.173 | 782518.419 6.64 9.77 stick-up 3.13 29.73 49.73 44.5 Sch 40 PVC 2 20 4/22/2013
55IW10 145304.534 | 782484.210 6.19 9.59 stick-up 3.4 31.31 51.31 45.5 Sch 40 PVC 2 20 4/18/2013
55IW11 145472.340 | 782603.881 11.82 14.81 stick-up 2.99 21.0 31.0 26.0 Sch 40 PVC 2 10 4/26/2013
55IW12 145477.283 | 782569.437 10.38 13.42 stick-up 3.04 16.54 26.54 21 Sch 40 PVC 2 10 4/29/2013
Notes:
ft = feet

PVC = polyvinyl chloride

ID = identification

SCH 40 = schedule 40

NAD = North American Datum.

PRVD = Puerto Rico Vertical Datum

TOC = top of casing

bgs = below ground surface

Horizontal Datum is North American Datum 83 (latest adjustment).

Vertical Datum used is a local tide study made by the U.S. Navy Survey Section in 1941, using a mean low water of 100 feet as base datum. These survey coordinates use the mean low water datum as 0.00
feet, without the 100 foot offset.



TABLE 3-1

Summary of Analytical Data
SWMU 55, Naval Activity Puerto Rico

) cis-1,2- - ! ! Dissolved Ferrous Fgrrous Irqn Eerrous Irpn . s ) Dissolved
Trichloroethylene | . ! Vinyl Chloride | Alkalinity" Chloride Ethane’ Ethene’ Iron (lab (unfiltered - field | (filtered - field Methane Nitrate Nitrite Sulfate Sulfide Temperature [ pH ORP TOC
Screen Dichloroethylene Iron Oxygen
Well ID Interval Sample Date Sample ID analyzed) analyzed) analyzed)

ugiL ug/L nglL mg/L mg/L ug/L ug/L mg/L mg/L mg/L mg/L ug/L mg/C mg/C mg/L mg/C °C) mv mg/C mgiL
11/30/2012 | JM04-7MW07-113012 10,300 217 20 Ul 384 [u| 539 |[u| 022 |u| 029 |U - - -- -- 1.09 U 05 |uUu|l 01 U] 155 U] 0.01 |U 29.73 7.39 97.8 2.96 9.1 |U

10/24/2013 | IM04-7MW07-102413 0.509 J 79.50 1.64 1,110 403 |[JB| 0.368 |J| 0.29 |U| 3.41 1.9 - - 8,180 05 |U| 05 |U| 277 |JB| 0.01 |UJ 31.88 7.13 | -116.5 0.15 181

Mwo7 | shatiow 2/18/2014 | JIM04-7MW07-021814 8.75 4.13 18.5 -- -- -- -- - - -- -- -- -- -- -- -- NM NM NM NM 8.1
5/2/2014 JM04-7MW07-050214 7.94 3.42 18.4 902 735 |[JB| 0.22 |U| 0.29 |U| 2.22 0.82 -- -- 3,420 1 U 1 U| 28.8 |JB| 0.01 |U 33.36 6.91 130.8 NM 48.4 [JB

8/26/2014 | IM04-7MW07-082614 5.19 1.67 15.4 -- -- -- -- - - -- -- -- -- -- -- -- 32.33 6.63 -19.8 0.31 375

11/17/2014 | IM04-7TMWO07-111714 3.09 1.1 0.20 (U] 803 301 0.22 {uf 0.29 [uU - 041 |J 1.98 1.33 1,950 05 |U| 05 |UJ 5.96 0.02 | U 32.8 6.77 -87.4 2.94 47.7

11/28/2012 | IJM04-7MW10-112812 0.2 U 17.7 0.2 U| 423 1,940 0.22 |U| 029 [(U -- -- 0 0 290 1 U 1 Ul 269 0.01 U 29.7 7.56 -289.9 1.37 13.7

7MW10 | Shatiow 10/22/2013 | IM04-7MW10-102213 0.2 U 9.85 0.2 Ul 314 519 [JB| 0.22 |U| 0.29 |U|] 01 |U| 0.1 U 0.06 0.01 37 0563 |J| 05 |U| 86.1 0.01 |U 28.06 7.69 | -2235 0.35 2.1

4/30/2014 JM04-7MW10-043014 0.2 U 10.9 0.2 U 298 [JB| 402 |JB| 0.22 |U| 0.29 |(U 0.1 U 0.1 9} -- -- 722 0.5 U 0.5 U 65 JB| 0.028 26.55 7.54 -274.9 0.32 6.9

11/14/2014 | IM04-7MW10-111414 0.2 U 10.5 2.59 350 840 0.220 |U| 0.290 |U - 0.17 |J 0.03 0.02 2,550 05 |U| 05 |U| 67.8 0.055 |JB 28.61 7.34 | -250.2 3.42 2.9

7MW21 | Shallow | 11/28/2012 | JM04-7MW?21-112812 0.2 U 1.25 0.2 U -- -- -- -- - - -- -- -- -- -- -- -- 28.22 7.14 | -339.3 0.42 --
11/29/2012 | IMO04-7MW?22-112912 4.29 0.2 U 0.2 U[ 421 [uf 1,210 (U] 0.22 |U| 0.29 |U - - -- -- 1.09 U 25 |U| 05 |JU| 236 |U]| 001 |U 30.11 7.62 100.2 1.56 126 | U

mw22 | shatiow 10/23/2013 | IM04-7MW22-102313 4.21 0.2 U 0.2 Ul 439 1,080 022 [uUf 029 (uf 01 fuf 01 U 0.04 0.01 1.09 U| 0501 |J| 05 |U| 239 0.01 |U 28.09 7.04 99.8 0.31 5.2
5/1/2014 JM04-7MW22-050114 1.87 0.732 J 0.2 U[ 436 ([JB[ 1,130 [JB] 0.22 |U| 0.29 |U| 0.061 |J| 0.061 {J 0 0 1.09 U 2 U 1 U| 275 |JB| 0.01 |U 29.09 7.07 95.3 0.24 5 U
11/20/2014 | IM04-7TMW22-112014 2.52 0.2 U 0.2 Ul 467 1,270 0.22 (Ul 0.29 (U - 025 |U 0.07 0.14 1.09 U| 0816 |J 1 U| 240 0.01 |U 29.05 6.96 310.1 0.18 1 U

11/28/2012 | IJMO04-7MW?23-112812 397 106 1 U[ 386 1,060 0.22 {uf 0.29 [u - - 0 0 281 05 |U| 05 |U| 130 0.01 |U 28.9 6.85 -59.3 0.96 16.2

w23 | shatiow 10/22/2013 | IM04-7MW23-102213 3.97 13.5 0.2 Ul 640 389 [JB| 0.22 |U| 0.29 |U| 0.31 0.1 U 0.34 0.3 270 05 |U| 05 |U| 69.8 0.01 |U 27.94 7.09 | -128.2 0.26 4.5
4/29/2014 | IM04-7MW23-042914 76 12.1 117 456 [JB[ 855 [JB| 0.22 |U| 0.712 |J| 1.41 0.24 -- -- 2,460 05 |U| 05 |U| 899 |JB| 0.01 |U 26.75 7.11 | -172.3 0.31 9.6 |[JB
11/20/2014 | IMO04-7MW23-112014 109 14.2 70.9 612 [JB| 1,140 |JB| 0.22 |U| 1.01 -- 0.25 U 0.67 0.57 1,830 1 U 1 U| 124 [JB]| 0.02 U 28.55 7.21 -149.2 3.07 2 U
11/29/2012 | IMO04-7MW?24-112912 969 1 U 1 U[ 353 [uf 1,270 U] 0.22 |U| 0.29 |U - - 0 0 1.09 U 25 |U|l 05 |u|l 8.9 |U| 001 |U 29.74 6.96 213.1 0.84 13 U

Mw24 | shatiow 10/23/2013 | IM04-7MW?24-102313 77.3 0.973 J 0.2 U[ 617 [JB[ 481 [JB| 0.22 |U| 0.29 |U| 0.1 0.1 U 0.04 0 1.09 U 05 |U| 05 |U| 76.6 |JB| 0.01 |U 30.1 7.52 229.8 0.17 14.7
5/1/2014 JM04-7MW?24-050114 0.20 U 0.463 J 0.2 Ul 479 [JB| 712 [JB] 0.179 |J| 0.29 |U] 0.067 |J]| 0.067 [J 0 0 1,720 0.5 U 0.5 U| 38.8 [JB| 0.01 U 29.23 7.28 453.2 0.19 15.6 |JB

11/14/2014 | IM04-7TMW?24-111414 13.4 5.88 22.4 675 1,190 0.220 |U| 0.290 |U - 025 |U 0.03 0 4,740 05 |U| 05 |U| 452 0.054 |JB 29.88 7.02 47.6 3.09 10.8

10/24/2013 | JM04-55BW01-102413 0.744 J 1.56 0.2 Ul 1,480 281 [JB[ 0.220 |U| 0.290 [U] 2.06 1.22 0.92 0.84 5,720 0.5 U 0.5 U 0.5 U 0.01 U 34.31 6.55 -124.1 0.12 174

2/18/2014 | JM04-BRW01-021814 0.2 U 0.419 J 0.2 U - 281.0 |JB] - - - - -- -- -- -- -- -- - 33.94 6.46 26.2 0.03 62.3

55BWO01 | Shallow | 5/1/2014 |JMO04-55BRW01-050114 4.2 0.2 U 0.2 U 947 721 [JB[ 0.22 |U| 0.29 |[U] 1.27 1.25 -- -- 5,790 0.5 U 0.5 U| 5.84 [JB| 0.01 U 35.7 6.61 -151.6 1.79 67.5

8/27/2014 JM04-BRWO01-082714 0.2 U 0.2 U 0.2 U - - -- -- - - - - - - - - - 37.38 6.69 -121.2 0.19 48.1
11/14/2014 | IM04-55BRW01-111414 0.2 U 0.2 U 0.2 U 700 207 0.220 |U| 0.290 (U -- 0.30 0.93 0.73 4,510 2 U 2 U 2 U | 0.069 |JB 33.76 6.54 -38.3 0.16 81.4 |J

55IW01 | Shallow | 11/30/2012 [ JM04-55IW01-113012 5,320 10 10 U - -- - - - - -- -- -- -- -- -- - 30 7.36 203.3 0.3 -

11/30/2012 | IM04-55IW02-113012 777 2 U 2 U -- -- -- - - - -- -- -- -- -- -- -- 31.69 NM 225.4 4.15 --

10/24/2013 | IM04-55IW02-102413 5.72 20.7 0.2 U[ 552 [JB[ 679 [JB| 0.450 |J| 0.290 |U| 0.82 |J| 0.82 [J - - 6,260 05 |U| 05 |U| 558 |JB| 0.010 |U 32.26 7.21 -42.5 0.51 66.9

55W02 | Deep 2/17/2014 | JMO04-55IW02-021714 10.7 6.88 9.34 -- -- -- -- - - -- -- -- -- -- -- -- 31.55 6.72 -13.2 0.03 73.2
5/1/2014 JMO04-551W02-050114 86.5 24.8 1.8 953 844 |[JB| 0.22 |U| 0.29 |U| 0.62 0.51 0.14 0.11 3,260 05 |U| 05 |U| 375 |JB| 001 |U 31.09 6.51 172 NM 48.9 [JB

8/27/2014 | JMO04-55IW02-082714 17 3.93 11.5 -- -- -- -- - - -- -- -- -- -- -- -- 33.28 6.6 81.9 0.29 29.4

11/14/2014 | IM04-551W02-111414 14.6 2.73 6.51 848 578 0.220 |U| 0.290 |U - 0.15 |J 0.24 0.12 680 05 |U| 05 |U| 176 0.028 |JB 31.78 6.66 26.6 0.24 32.5

55W03 | Shallow 11/29/2012 | IM04-55IW03-112912 1,070 2 U 2 U -- -- -- -- - - -- -- -- -- -- -- -- 29.48 6.92 284.4 0.89 --

2/17/2014 JM04-IW03-021714 78 7.71 2.86 - - - - - -- - -- -- -- - - - 30.03 7.33 | -287.6 0.02 34.4

11/30/2012 | JIM04-55IW04-113012 42.5 0.2 U 0.2 U -- -- -- -- - - - - - - - - - 30.18 6.77 418.6 0.48 --

10/24/2013 | IM04-55IW04-102413 37.1 4.91 0.2 U[ 493 [JB[ 1,020 [JB] 0.152 |J| 0.29 |U| 01 |U|] 01 |U 0.03 0 2,380 05 |U| 05 |U| 834 |JB| 001 |U 30.24 6.99 374.8 0.58 23

551W04 | Deep 2/17/2014 JMO04-IW04-021714 193 6.31 3.23 -- -- -- -- - - - - - - - - - 31.86 6.78 -36.3 0.04 30.6
5/1/2014 JM04-55IW04-050114 100 5.46 0.2 U[ 782 1,210 (B[ 0.22 {uf 0.29 fuf 0.15 [Jf 0.11 |J 0.25 0.04 720 05 |U| 05 |U| 711 |JB| 001 |U 29.21 6.52 83.5 NM 26.1 |JB

8/27/2014 | JMO04-55IW04-082714 22.3 3.05 4.30 -- -- -- - - - - - - - - - - 315 6.58 123.2 0.27 9.8

11/14/2014 | JM04-551W04-111414 46.6 2.50 4.44 715 1,220 0.220 |U| 0.290 |U - 0.085 |J 0 0.01 296 05 |U| 05 |U| 505 0.057 |JB 30.62 6.6 97.5 0.23 13.3
11/29/2012 | IM04-55MW01-112912 948 2 U 2 U] 439 |U| 1,080 |U[ 0.22 (U] 0.29 |U - - 0.5 0.5 1.09 U 25 |U| 05 |U| 89.2 |U| 0.02 |UJ 29.72 6.95 | -174.1 0.35 128 |U
55MW01 | Deep 10/23/2013 | IM04-55MW01-102313 492 1 U 1 U[ 518 [JB[ 884 [JB] 0.22 |U| 029 |U] 01 |U|] 01 |U - -- 1.09 U 1 Ul 05 |U| 484 |JB| 0.01 |U 30.06 7.63 164.7 0.73 5.3 |[JB
4/30/2014 | IM04-55MW01-043014 1,220 2 U 2 U[ 526 [JB[ 373 [JB| 0.22 |U| 029 |U|] 01 |uU| 01 |U 0 0 1.09 U 1 Ul 05 |U| 532 |JB| 001 |U 31.41 7.13 304 NM 6.4 |JB

11/20/2014 | IM04-55MW01-112014 349 1 U 1 U[ 452 [JB[ 388 [JB| 38.9 37.7 - 0.1 (U -- -- 196 04 |U| 04 |U| 352 |JB| 0.01 |UJ 29.83 7.15 | -115.6 2.84 1.8
11/29/2012 | IM04-55MW02-112912 0.2 U 0.2 U 0.2 U] 323 |U| 179 |U[ 022 (U] 0.29 |U - - 0 0 1.09 U 05 |U|l 01 |U| 84 |U| 001 |U 29.75 6.96 119.1 0.3 61 |U
55MW02 | Shallow 10/23/2013 | IM04-55MW02-102313 0.2 U 0.2 U 0.2 U| 341 |JB| 225 |JB] 0.22 |U| 029 |U|] 01 |JU| 01 |U - - 1.09 U 01 |U| 01 |U| 116 |JB| 001 |U 29.52 7.17 191.3 0.38 1 U
4/29/2014 | IM04-55MW02-042914 0.831 J 0.2 U 0.2 U| 325 |JB| 19.5 |JB| 0.22 |U| 0.29 |U 0.1 U 0.1 U 0 0 1.09 U 0.2 U 0.2 U| 8.32 [JB]| 0.01 U 26.87 6.86 255 NM 25 |JB
11/20/2014 | JM04-55MW02-112014 1.21 JB 0.2 U 0.2 Ul 319 [sB[ 27.1 [JB] 0.22 |U| 0.29 |U - 0.05 |uU 0.22 0.21 1.09 U 0.1 |uU| 0.1 |uj 9.77 |JB| 0.01 |U 29.02 7.41 25.2 3.25 1 U

55MW03 | Deep | 11/29/2012 | JM04-55MW03-112912 29.70 0.2 U 0.2 U - -- - - - - -- -- -- -- -- -- -- 30.7 6.77 195.4 0.29 --

55MW04 | Shallow | 11/29/2012 | JM04-55MW04-112912 2.26 0.2 U 0.2 U -- -- -- -- - - -- -- -- -- -- -- -- 31.8 7.82 158.5 5.35 --

11/28/2012 | JM04-55MW05-112812 0.2 U 0.2 U 0.2 U| 523 230 0.22 {uf 0.29 [u - - 0 0 3,330 02 |U| 02 |U| 6.44 0.01 |U 29.77 6.76 -28.1 0.35 16.9
55MW05 | Deep 10/23/2013 | JM04-55MW05-102313 0.2 U 0.2 U 0.2 Ul 470 (B[ 2,330 [JB] 0.22 |u| 0.29 |U| 0.19 |J 0.1 U 0.24 0.22 9.97 05 |uUu|l 05 |uU| 129 |JB| 0.01 |U 30.2 6.65 94.1 0.59 6.6 |JB
4/30/2014 | IJM04-55MW05-042914 0.2 U 0.2 U 0.2 U[ 507 [JB[ 895 [JB] 0.22 |U| 0.29 |U| 0.28 0.23 - -- 1,230 05 |U| 05 |U| 611 |JB| 0.01 |U 30.73 6.76 -97.6 2.1 10.5 |JB
11/12/2014 | JM04-55MW05-111214 0.2 U 0.2 U 0.2 U 507 2,010 0.220 |U| 0.290 (U -- 0.25 U 0.29 0.02 173 2 U 2 Ul 124 0.01 U 30.77 6.62 87.1 0.21 1.3 J

11/28/2012 | IM04-55MW06-112812 0.87 J 0.2 U 0.2 U| 486 362 0.22 {uf 0.29 [uU - - 0.5 0.5 186 02 |U| 02 |U| 271 0.01 |U 29.1 6.84 72.2 0.36 5.4
55MW06 | Shallow 10/23/2013 | JM04-55MW06-102313 0.2 U 0.2 U 0.2 Ul 460 [JB| 473 [JB| 0.22 |U| 0.29 |U]| 0.079 |J 0.1 U 0.09 0.09 14.1 0.5 U 0.5 Ul 52.1 |JB| 0.01 U 30.67 7.01 66.1 2.41 2 U
4/30/2014 | IJM04-55MW06-043014 0.2 U 0.2 U 0.2 U[ 432 [iB[ 740 [JB] 0.22 |U| 0.22 |U| 01 |J 0.1 J - - 35.6 05 |U| 05 |U| 449 |JB| 0.01 |U 30.54 6.86 -5.7 2.09 7.2 |JB
11/12/2014 | JM04-55MW06-111214 0.2 U 0.2 U 0.2 Ul 492 1,100 0.220 |U| 0.290 (U -- 0.25 9} 0.11 0.08 39.5 1 U 1 Ul 62.6 0.02 30.81 6.73 69.8 0.23 5 U

55MWO07 | Deep | 11/28/2012 | JM04-55MW07-112812 2.75 0.2 U 0.2 U 512 1,140 0.22 |U| 029 |U - - 0 0 1.09 U 0.5 U 0.5 U| 246 0.01 U 30.2 6.8 337.4 0.35 8.6
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TABLE 3-1

Summary of Analytical Data
SWMU 55, Naval Activity Puerto Rico

) cis-1,2- - ! ! Dissolved Ferrous Fgrrousqun lferrouslrpn . . ) Dissolved
Trichloroethylene | . ! Vinyl Chloride | Alkalinity" Chloride Ethane’ Ethene’ Iron (lab (unfiltered - field | (filtered - field Methane Nitrate Nitrite Sulfate Sulfide Temperature [ pH ORP TOC
Screen Dichloroethylene Iron Oxygen
Well ID Interval Sample Date Sample ID analyzed) analyzed) analyzed)
ugiL ug/L nglL mg/L mg/L ug/L ug/L mg/L mg/L mg/L mg/L ug/L mg/C mg/C mg/L mg/C °C) mv mg/C mgiL
55MW08 | Shallow | 11/28/2012 | JM04-55MW08-112812 2.34 0.2 U 0.2 U -- -- -- - - - -- -- -- -- -- -- -- 30.87 6.87 286.8 0.39 --
11/28/2012 | JM04-55MW09-112812 1,020 2 U 2 Ul 364 7,480 0.22 [uUf 0.286 {J - - 0 0 1.03 J 2 U 2 U| 1,260 001 |U 29.94 6.86 122.2 0.35 10.3
55MW09 | Deep 10/28/2013 | JM04-55MW09-102813 1,010 2 U 2 Ul 447 5,340 0.22 [uf 0.153 [Jf 0.1 fuf o021 U 0.01 0 1.06 J 2 U 2 U| 853 0.01 |U 30.59 6.93 42.9 0.18 4
5/1/2014 | JM04-55MW09-050114 1,010 2 U 2 U 373 (B[ 6,590 [JB] 0.22 |U| 0.29 |U|] 01 |U| 0.1 U -- -- 1.43 J 2 U 2 uU| 1,110 |JB| 0.01 | U 28.06 6.8 141.6 0.31 5 U
11/17/2014 | JM04-55MW09-111714 865 2.97 J 1 Ul 417 5,300 0.22 [ufl 029 [u - 1 U 0.17 0.07 2.02 5 U 5 U| 840 0.01 |U 30.07 6.83 315.2 0.26 2 U
11/28/2012 | JM04-55MW10-112812 496 34.0 18.2 892 4,850 0.22 {uf 0.29 [uU - - 0 0 1,110 2 U 2 U| 759 0.01 |U 29.69 7.3 -304.2 0.08 22.1
55MW10 | Shallow 10/28/2013 | JM04-55MW10-102813 344 33.7 86.2 719 3,020 0.22 |U| 0.366 [J| 0.24 0.1 9} 0.33 0.31 835 1 U 1 Ul 444 0.024 29.34 7.33 -185.3 0.26 5 U
5/2/2014 | JM04-55MW10-050214 314 19.5 0.4 U[ 835 3,330 |JB] 0.22 |U| 0.29 |U]| 0.086 |J 0.1 U -- -- 492 2 U 2 U| 581 |JB| 0.053 27.18 7.4 -299 0.69 8.2 |JB
11/17/2014 | JM04-55MW10-111714 2.30 3.19 107 654 2,000 0.134 | J| 0.409 |J -- 0.5 U 0 0.17 844 2 U 2 Ul 256 0.02 U 29.44 7.22 -157.6 0.12 1 U
11/28/2012 | JM04-55MW11-112812 456 10.6 1 U[ 459 4,200 0.22 {uf 0.29 [uU - - - -- 2.84 J 2 U 2 U| 655 0.01 |U 30.39 7.65 -55.9 1.12 10.1
55MW11| Deep 10/22/2013 | JM04-55MW11-102213 476 5.66 1 U| 436 4,020 0.22 |U| 0.29 [U 0.1 0.1 9} 0.1 0.05 1.5 J 2 U 2 Ul 410 0.01 U 28.14 7.29 39.4 0.29 1 U
5/1/2014 | IJM04-55MW11-050114 359 8.02 0.4 U[ 620 [JB| 4,400 [JB] 0.127 |J| 0.29 |U| 0.069 |J 0.1 U -- -- 1.77 J 2 U 2 U| 846 |JB| 0.01 |U 27.25 7.2 132.3 0.47 5 U
11/14/2014 | IM04-55MW11-111414 113 5.7 0.2 Ul 497 6,910 0.150 | J| 0.290 |U - 0.50 |U 0.06 0.03 436 2 U 2 U| 726 0.042 |JB 28.79 7.2 30.3 6 14 |J
11/29/2012 | IM04-55MW12-112912 3.5 0.2 U 0.2 U[f 250 [uf| 12.7 U] 0.22 |U| 0.29 |U - - -- -- 1.09 U 05 |U| 01 |JU| 621 |U| 001 |U 29.39 7.36 103.7 4 49 |U
ssmMwi2 | shatiow 10/23/2013 | IM04-55MW12-102313 3.15 0.2 U 0.2 Ul 258 49.1 022 (Ul 029 [uf 0.1 0.1 U 0.03 0.03 262 01 |U| 01 |U| 513 001 |U 29.7 7.08 20.8 0.68 9.5
5/1/2014 | JM04-55MW12-050114 2.64 0.905 J 0.2 U[ 657 [JB[ 270 [JB] 0.22 |U| 0.29 |U| 0.18 |J| 0.18 [J - - 4,670 05 |U| 05 |U| 356 |JB| 0.01 |U 30.72 6.78 -18.1 2.15 30.8 [JB
11/20/2014 | IM04-55MW12-112014 1.360 0.74 J 0.2 Ul 697 237 [JB| 0.22 |U| 0.29 |U - 0.071 |J 0.12 0.13 206 02 |U| 02 |U| 265 001 |U 31.25 6.73 49 0.31 57 |J
55MW13 | Shallow | 11/29/2012 | JM04-55MW13-112912 0.20 U 0.20 U 0.20 U -- -- -- -- -- -- -- -- -- -- -- -- -- 27.11 6.85 -295.1 0.26 --
11/28/2012 | IM04-55MW14-112812 641 4.56 J 1 Ul 345 1,720 0.22 (U 029 (U - - 0 0 3.33 J| 0803 [J] 05 [U[ 180 0.01 |U 29.36 7.11 101.7 0.23 34 |J
55MW14 | Deep 10/28/2013 [ IM04-55MW 14-102813 626 9.36 1 U[ 337 (B[ 1,210 [JB] 0.22 |U| 0.29 |U|] 01 |U| 0.1 U 0.01 0.01 0.47 J 1 U 1 U| 113 |JB| 0.01 | U 29.33 6.78 300.1 0.37 42 |3
4/30/2014 | IM04-55MW 14-043014 608 3.84 J 1 U[ 402 [JB[ 1,380 [JB] 0.22 |U| 0.29 |U| 01 |U| 0.1 U - - 4.71 2 U 1 U| 153 |JB| 0.01 |U 26.99 6.84 179.6 0.5 6.1 |JB
11/20/2014 | JM04-55MW14-112014 522 1 U 1 U 346 |JB| 1,570 [JB| 0.22 |U| 0.29 (U -- 0.25 U 0.25 0.22 1.09 U 1 U 1 U| 123 [JB| 0.02 U 28.92 6.98 35 3.05 1.4
11/27/2012 | IM04-55MW15-0112712 18.5 0.2 U 0.2 Ul 501 3,680 0.22 (Ul 029 (U - - 0 0 1.13 J 1 U 2 U| 273 0.01 |U 30.83 6.57 285.2 0.23 13.1
55MW15 | Deep 10/22/2013 | JM04-55MW15-102213 13.5 0.2 U 0.2 Ul 468 [JB| 2,800 [JB] 0.22 |U| 0.29 |U 0.1 U 0.1 U - -- 5 U 1 U 1 U| 194 [JB| 0.01 U 31.04 6.64 208.7 0.34 7 JB
4/28/2014 | IM04-55MW 15-042814 10.8 0.2 U 0.2 U[ 458 [JB[ 3,680 [JB] 0.22 |U| 0.29 |U| 01 |U| 0.1 U - - 271 |JB 2 U 2 U| 400 | U] 0.007 | J 30.95 6.41 60 2 7.7 |JB
11/12/2014 | JM04-55MW15-111214 14.7 0.38 J 0.2 Ul 440 3,600 0.220 |U| 0.290 (U -- 0.5 U 0.37 0.22 1.09 U 3 U 3 U| 211 0.01 U 30.85 6.45 115.1 3.02 2 U
11/27/2012 | JM04-55MW16-112712 4.46 0.2 U 0.2 U 585 1,170 0.22 |U| 0.29 |U - - 0 0 1.07 J 0.5 U 0.5 U] 112 0.01 U 31.19 7.03 228.2 0.65 12.2
55MW16 | Shallow 10/23/2013 | JM04-55MW16-102313 1.11 0.2 U 0.2 U 500 |JB| 536 [JB| 0.22 |U| 0.29 (U 0.1 U 0.1 9} 0.04 0 1.09 U 0.5 U 0.5 U| 67.7 [JB| 0.01 U 31.32 7.02 165.3 0.5 9.4
4/28/2014 | IM04-55MW 16-042814 2.72 0.2 U 0.2 U[ 541 [JB[ 722 [JB| 0.22 |U| 029 |U| 01 |U| 0.1 U - - 1.09 U 05 |U| 05 |U| 100 |U| 0.01 |U 31.6 7.08 138.7 2 8.3 |[JB
11/12/2014 | JM04-55MW16-111214 1.40 0.2 U 0.2 Ul 317 326 0.220 |U| 0.290 |U - 0.1 U 0.29 0.18 1.09 U| 0387 |J] 05 |U| 35 0.01 |U 30.8 7.25 81 0.19 1 U
11/28/2012 [ IM04-55MW17-112812 59.1 0.2 U 0.2 U - -- - - - - -- -- -- -- - - - 31.16 6.86 87.4 0.26 -
55MwW17 | Shallow 10/28/2013 | JM04-55MW17-102813 32.5 0.61 J 0.2 U[ 401 1,560 [JBf 0.22 {uf 0.29 [uf 0.1 [uf 01 U 0.3 0.3 2.99 J 05 |U| 05 |uU| 143 |JB| 0.01 |U 30.44 6.76 308.1 0.5 7.1 |JB
4/29/2014 | IM04-55MW17-042914 63 0.37 J 0.2 U[ 416 ([JB[ 2,810 [JB] 0.22 |U| 0.29 |U| 01 |U| 0.1 U - - 1.09 U 1 U 1 U| 294 |JB| 0.01 |U 29.62 6.8 74.3 2 51 |[JB
11/12/2014 | JM04-55MW17-111214 54.8 0.51 J 0.2 Ul 411 4,740 [J| 3.30 3.14 - 05 (U 0.07 0 16.4 3 U 3 U| 332 0.01 |U 30.12 268.1| 268.1 0.19 1 U
11/28/2012 [ IM04-55MW18-112812 0.934 J 0.2 U 0.2 Ul 219 20,100 0.329 |J| 0.657 |J - - 1 1 3.82 J 5 U 5 U| 2,460 0.01 |U 30.16 6.66 32.5 0.22 8
55MW18 | Deep 10/22/2013 | JM04-55MW18-102213 0.2 0.2 U 0.2 U[ 231 ([JB| 18,400 (JB| 0.22 |U| 0.29 |U| 0.49 0.2 U 1.48 0.64 1.52 J 5 U 5 U| 2,100 |JB| 0.01 | U 30.68 6.61 7.1 0.19 3.9
4/29/2014 | IM04-55MW 18-042914 2.78 0.2 U 0.2 U[ 230 [JB| 16,600 (JB] 0.22 |U| 0.29 |U| 03 |J 05 |U - - 2 U 5 U 5 U| 1,280 |JB| 0.01 | U 29.09 6.61 -75.3 1.77 2 JB
11/12/2014 | JM04-55MW18-111214 0.2 U 0.2 U 0.2 U 238 20,200 0.220 |U| 0.290 (U -- 0.25 U 0.79 0.65 1.09 U 10 U 10 Ul 2,210 0.01 U 29.41 6.56 -30.1 2.8 0.37 J
55MW19 | Deep | 11/28/2012 | JM04-55MW19-112812 2 U 0.2 U 0.2 U - - - - -- -- -- -- - - - - - 29.58 6.58 22.1 0.21 -
55MW?20 | Shallow | 11/27/2012 | JM04-55MW?20-112712 3.37 28.4 0.2 U -- -- -- - - - -- -- -- -- -- -- -- 30.85 6.91 [ -292.1 0.11 --
55MW21 | Deep | 11/27/2012 | JM04-55MW21-112712 0.2 0.2 U 0.2 U - - - - - - -- -- - - - - - 31.32 6.84 49.1 1.84 -
55MW22 | Deep | 11/27/2012 | JM04-55MW22-112712 0.413 J 0.2 U 0.2 U -- -- -- -- - - -- -- -- -- -- -- -- 31.52 6.42 30.2 0.5 --
55MW23 | Deep | 11/29/2012 | JM04-55MW23-112912 48.9 1.36 0.2 U - - - - - - -- -- - - - - - 29.1 6.8 -10.9 1.6 -
55MW24 | Shallow | 11/29/2012 | JM04-55IMW24-112912 4,380 10 U 10 U -- -- -- - - - -- -- - - - - - 31.54 7.9 99.8 7.53 --
11/29/2012 | JM04-55MW25-112912 26.9 0.2 U 0.2 U[ 306 (Ul 526 [U| 022 |U| 029 |U - - 0 0 1.09 U 1 Ul 02 |U| 489 |U| 001 |U 31.86 7.26 177.9 2.44 113 | U
55MW25 | Shallow 10/24/2013 | IM04-55MW25-102413 0.664 J 5.85 0.2 Uf 1,200 290 |JB| 0.314 |J| 0.29 |U| 3.12 0.53 1.3 2.55 8,090 05 |U| 05 |U 1 U| 001 |U 32.14 6.75 | -106.1 0.22 220
4/30/2014 | JM04-55MW25-043014 0.2 U 0.757 J 0.2 U[ 991 536 |JB| 0.22 |U| 0.29 |U| 7.07 6.1 1.81 0.97 4,470 05 |U| 05 |U| 05 U| 001 |U 32.94 6.05 -60.2 0.69 91.3
11/20/2014 | IM04-55MW25-112014 0.2 U 0.2 U 0.2 Uf 733 215 022 (Ul 0.29 (U - 0.75 1.57 0.74 3,640 02 |U| 02 |U| 02 U| 001 |U 33.14 6.62 -50.1 0.22 58.3
4/12/2013| JM04-55MW26-041212 16.4 0.2 U 0.2 U - -- -- - -- -- -- -- -- -- -- -- -- 31.36 6.67 -85.2 0.8 --
55MwW26 | Shallow 10/24/2013 | JM04-55MW26-102413 24.8 0.2 U 0.2 U[ 438 [JB[ 755 [JB] 0.22 |U| 029 |U|] 01 |U| o0.1 U 0.02 0 0.767 J 05 |U| 05 |U| 769 |JB| 0.01 |U 31.6 6.87 215.6 0.83 4.7 |JB
4/30/2014 | JM04-55MW26-043014 33.2 2.3 0.2 U| 147 (o8l 233 [JB] 0.22 Ju| 029 |u|] 01 Ju|] 0.1 |uU 0.35 0.7 211 2 U 2 U| 47,5 |JB| 0.009 | J 31.22 6.86 309.2 NM 6 JB
11/20/2014| JM04-55MW26-112014 16 3.45 0.83 J| 607 343 0.22 (U] 029 |U - 01 |U 0.1 0 250 04 |U| 04 |U| 154 001 |U 31.99 7.04 329.8 0.24 7.4
Notes:
* Dissolved IW = Injection Well

ug/L = micrograms per liter
mg/L - milligrams per liter
B = The analyte was detected in the associated method blank.

J = Estimated. The analyte was present but the reported value may not be accurate or precise.

U = Undetected. The analyte was analyzed for but not detected above the method detection limit.
TOC = Total Organic Carbon
MW = Monitoring Well

-- = Not analyzed

NM = not measured
ORP = oxidation reduction potential
°C = degrees Celsius
Shaded cells indicate corrective action objective exceedence.
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TABLE 3-2
Total Molar Concentrations
SWMU 55, Naval Activity Puerto Rico

November 2012 (Pre-Corrective Action Sampling) October 2013(Pre-ISB Sampling) April/May 2014 ISB Performance and TCE Plume Stability Monitoring November 2014 ISB Performance and TCE Plume Stability Monitoring Change in Total
Total Molar Total Molar Total Molar Total Molar Molar )
Well ID Screen TCE cis+1,2-DCE ve Total CVOC | (1 centration TCE cis+1,2-DCE ve Total CVOC | ¢ ntration TCE cis-1,2-DCE ve Total CVOC | ¢ entration TCE cis+1,2-DCE ve Total CVOC| ¢ entration | SOnCentration
Interval (nglL) (nglL) (na/L) (mglL) Compared to
(UML) (uMIL) (uMIL) (uMIL) Baseline®
7MWO7 Shallow | NI0/30000 217 20 [u| 10517 80.63 0.509 79.50 1.64 81.649 0.85 7.94 3.42 18.4 29.76 0.39 3.09 11 020 Ju| 419 0.03 100%
7MW10 Shallow 02 [u[ 177 02 |[ul[ 177 0.18 0.2 9.85 02 [ul 985 0.10 0.2 10.9 02  [ul 109 0.11 02 [u[ 105 2.59 13.09 0.15 18%
7MW21 Shallow 02 [uU[ 125 02  [u[ 125 0.01 - - - - - - - - - - - - - - - -
7TMW22 Shallow 4.29 02 [ul o2 [ul[ 429 0.03 4.21 02 [u[ o2 Jul 421 0.03 1.87 0732 |3 02 [U[ 2.602 0.02 2.52 02 [u[ o2 Jul| 252 0.02 41%
7MW23 Shallow 106 1 ul 503 411 3.97 135 02  [ul 17.47 0.17 76 12.1 117 205.1 2.57 109 14.2 70.9 194.1 2.11 49%
7MW24 Shallow 1 U 1 Ul 969 7.37 773 0973 [J[ o2 [ul 78273 0.60 0.20 0463 |3 02 [U[ 0463 0.00 134 5.88 22.4 41.68 0.52 93%
55BRWO01 N NI NI -- -- 0.744 1.56 0.2 u[ 2.304 0.02 4.2 0.2 U 0.2 u 4.2 0.03 0.2 u 0.2 U 0.2 U 0 0.00 100%
55IW01 Shallow 10 U 10 ul[ 5320 40.49 - - - - - - - - - - - - - - - -
55IW02 Deep 2 u 2 ul 777 5.91 5.72 20.7 02  [u[ 26.42 0.20 86.5 24.8 18 113.1 0.94 14.6 2.73 6.51 23.84 0.24 96%
55IW03 Shallow 2 U 2 u[ 1,070 8.14 - - - - - - - - - - - - - - - -
55/W04 Deep 425 02 [u] o2 [ul[ 425 0.32 37.1 4.91 02  [u[ 4201 0.33 100 5.46 02 |[U[ 105.46 0.82 46.6 2.50 4.44 53.54 0.45 -40%
55MWO1 Deep 2 u 2 U[ o948 7.22 1 u 1 ul 492 3.74 2 u 2 ul 1,220 9.29 1 U 1 u[ 349 2.66 63%
55MW02 Shallow 02 [u[ o2 Jul o2 Ju 0 0.00 0.2 02 [u[ o2 Ju 0 0.00 0.831 02  [u| o2 [u| o831 0.01 121 [B] 02 [ul[ o2 Jul 121 0.01 -
55MW03 Deep 29.7 02 [ul o2 [ul[ 297 0.23 - - - - - - - - - - - - - - - -
55MW04 Shallow 2.26 02 [u[ o2 [ul[ 226 0.02 - - - - - - - - - - - - - - - -
55MW05 Deep 02 [u[ o2 Jul o2 Ju 0 0.00 0.2 02 [u[ 02 Ju 0 0.00 0.2 02 [u| o2 Ju 0 0.00 02 [u[ o2 Jul o2 Ju 0 0.00 -
55MW06 Shallow 087 [J] o2 Ju| o2 [|u| o087 0.01 0.2 02 [u[ o2 Ju 0 0.00 0.2 02 [u| o2 Ju 0 0.00 02 [u[ o2 Jul o2 Ju 0 0.00 100%
55MW07 Deep 2.75 02 [u] o2 Ju[ 275 0.02 - - - - - - - - - - - - - - - -
55MW08 Shallow 2.34 02 [ul o2 [u[ 234 0.02 - - - - - - - - - - - - - - - -
55MW09 Deep 2 u 2 ul 1,020 7.76 2 u 2 ul 1,010 7.69 2 u 2 ul 1,010 7.69 297 |3 1 u| 867.97 6.61 15%
55MW10 Shallow 34 18.2 548.2 4.42 337 [ 862 | 463.9 4.34 19.5 04 |u| 3335 2.59 2.30 3.19 107 112.49 1.76 60%
55MW11 Deep 10.6 1 Ul 466.6 3.58 5.66 1 U| 481.66 3.68 8.02 04 |u| 367.02 2.82 113 5.7 02 [ul 1187 0.92 74%
55MW12 Shallow 3.5 02 [u[ o2 Ju 35 0.03 3.15 02 [u[ o2 Jul 315 0.02 2.64 0905 [J 02 [ul 3545 0.03 1.360 074 3] 02 |ul| 2.096 0.02 33%
55MW13 Shallow 02 Ul o2 Jul o2 Ju 0 0.00 - - - - - - - - - - - - - - - -
55MW14 Deep | INGATIN 456 |3 1 U| 645.56 4.93 9.36 1 U| 635.36 4.86 384 |3 1 U| 611.84 4.67 1 U 1 u| 522 3.97 19%
55MW15 Deep 185 02 |u] o2 [ul 185 0.14 135 02 [u[ 02 Jul| 135 0.10 108 02 [u| o2 [ul 108 0.08 14.7 038 [J] o2 [ul 1508 0.12 18%
55MW16 Shallow 4.46 02 [u[ o2 [ul[ 446 0.03 111 02 [u[ o2 Jul 111 0.01 2.72 02 [u| o2 [u[ 272 0.02 1.40 02 [u[ o2 [ul 140 0.01 69%
55MW17 Shallow 59.1 02  [u] o2 [ul 591 0.45 325 061 [J] o2 [ul 3311 0.25 63 037 |3 02 [uUl 6337 0.48 54.8 051 [J] o2 [ul 5531 0.42 6%
55MW18 Deep 093¢ [J] 02 [u[ o2 [u| 0934 0.01 0.2 02 [u[ o2 Ju 0 0.00 2.78 02 [u| o2 [u[ 278 0.02 02 [u[ o2 Jul o2 Ju 0 0.00 100%
55MW19 Deep 2 02 [u[ 02 Ju 2 0.02 - - - - - - - - - - - - - - - -
55MW20 Shallow 3.37 284 02 [ul 3177 0.32 - - - - - - - - - - - - - - - -
55MW21 Deep 02 [u[ o2 Jul 02 Ju 0 0.00 - - - - - - - - - - - - - - - -
55MW22 Deep 0413 [J[ 02 02 [u[ 0413 0.00 - - - - - - - - - - - - - - - -
55MW23 Deep 48.9 1.36 02 [U| 5026 0.39 - - - - - - - - - - - - - - - -
55MW24 Shallow | INASB0NN 10 |u[ 10 [u[ 4380 33.34 - - - - - - - - - - |- - - - - -
55MW25 Shallow 26.9 02 [ul o2 [ul 269 0.20 0.664 5.85 02 [U 6.514] 0.07 0.2 0757 |3 02 [ul 0757 0.01 02 [u[ o2 Jul o2 Ju 0 0.00 100%
55MW26 Shallow NI NI NI NI NI 24.8 02 [u[ o2 Ju 248 019 332 2.3 02 [u[ 355 0.28 16 3.45 083 | J] 20.278 0.17 10%

Notes:

Shading indicates analyte exceeded the corrective action objective concentration.
Cis-1,2-Dichloroethylene project action limit/screening criteria is 20,901 pg/L.

Ug/L = micrograms per liter

-- = not sampled

NI = not yet installed

J = Estimated. The analyte was present but the reported value may not be accurate or precise.
U = Undetected. The analyte was analyzed for but not detected above the method detection limit.
ISB = in situ bioremediation

AB = Well was abandoned

MW = Monitoring Well

IW = Injection Well

* Baseline is defined as the November/December 2012 sampling event.

TCE molecular weight 131.39
Cis molecular weight 96.95
VC molecular weight 62.51




TABLE 3-3

Guidelines for Interpreting Geochemical Indicators
SWMU 55, Naval Activity Puerto Rico

Purpose for

Concentration in Most
Contaminated Zone

Parameter Sample Collection Conducive to ERD Interpretation
Indicator of Depressed nitrate indicates onset of reducing
Nitrate successful ERD <1 mg/L%? conditions. At higher concentrations may compete
) with reductive pathway.
Indicator of The presence of reduced iron indicates moderately
successful ERD reducing conditions. Reductive pathway possible;
; 3 : 1 vinyl chloride may be oxidized under reducing
Dissolved Iron(lf) gbeicc:)ftsiisary for >1 mg/L conditions that generate iron (Il). Creates iron sulfide
transformations minerals under sulfate reducing conditions that
: support abiotic reduction.
Indicator of <20 mg/L%? Reduction in sulfate concentration indicates
successful ERD moderate to strong reducing conditions. At higher
Sulfate Necessary for concentrations may compete with biological
abiotic y >20 mg/L? reduction; however, sulfate is the source of sulfide,
transformations which is required to form iron sulfide minerals, which
) promote abiotic reduction.
The presence of sulfide in groundwater indicated
Indicator of moderate to strongly reducing conditions. Sulfide is
Sulfide sucoessful ERD >1 mg/L! not always detected when present. Sulfide combines
: with iron (1) to form sulfide minerals which promote
abiotic reduction.
<500 Og/Lt Vinyl chloride oxidizes.
M Indicator of Methane and carbon dioxide are the ultimate
ethane successful ERD >500 Og/L*

>1,000 Og/L?

product of anaerobic degradation of organic
material; indicative of highly reducing conditions.

Tetrachloroethene

Monitor decrease in
chlorinated ethene
concentrations.

Not applicable

Parent compound released during solvent spill.

Trichloroethene

Monitor decrease in
chlorinated ethene
concentrations.

Not applicable

Parent compound released during solvent spill
and/or daughter product of tetrachloroethene.

cis- and trans-
1,2-
Dichloroethene

Monitor decrease in
chlorinated ethene
concentrations.

Not applicable

Infrequent parent compounds released during solvent
spill.

Primary biological reduction daughter products of
trichloroethene. May be absent if abiotic degradation
is occurring.

Monitor decrease in

Biological reduction daughter product of
1,2-dichloroethene.

Vinyl chloride gglr?é:annitrggoeggene Not applicable May be absent or at low concentrations if abiotic
) degradation is occurring.
Indicator of 1 Short-lived daughter product of vinyl chloride or
Ethene bioactivity. >10 Dgil acetylene.
Indicator of 1 i
Ethane bioactivity. >100 Og/L Short-lived daughter product of ethene.

Secondary Lines of Evidence

TOC is monitored to
evaluate the
distribution and

Carbon and energy source; drives dechlorination; can

" 1,2

TOC consumption of >10-20 mg/l be natural or anthropogenic.

biologically available

organic carbon.

Indicator of

ﬁui:celsjsf#l ERD and Alkalinity>100 mg/L as Res_LfJIts from in}elraction be(tiwz?l?nl_carbon diloxide and

o elps buffer _ CaCO:s is favorable for aquifer materials; increased alkalinity correlates to

Alkalinity groundwater against buffering? increased carbon dioxide in zones of microbial

byproducts of Alkalinitv>300 ma/L2 activity or abiotic degradation. This may be masked

anaerobic alinity mg by high natural alkalinity.

biodegradation.

1of2




TABLE 3-3

Guidelines for Interpreting Geochemical Indicators
SWMU 55, Naval Activity Puerto Rico

Purpose for

Concentration in Most
Contaminated Zone

Parameter Sample Collection Conducive to ERD Interpretation
Increases when initial Biological and abiotic daughter product of organic

Chloride Indicator of TCE levels are = or > chlorine. At many site, concentrations of chloride
successful ERD. than background higher than COC concentrations limits chloride’s

chloride! usefulness for interpreting ERD.

Reductive pathway possible. Field measurements
<50 mv* 5 are not always reliable and field ORP should be
<0 mVv25 used as a general indicator of relative increase or

In general, low and decrease of reducing conditions.
negative ORP - - -

ORP values are indicative Reductive pathway likely. Field measurements are
of highly reducing not always reliable and corrected to proper
conditions. <-150 mVt5 reference probe and should be confirmed relative to

other lines of evidence. Field ORP should be used

as a general indicator of relative increase or
decrease of reducing conditions.

Tolerated by dehalorespiring bacteria; suppresses
<0.5 mg/L! reductive pathway at higher concentrations. Field

DO concentrations <1.0 mg/L%* measurements are not always reliable and should
Oxvaen will be depressed be confirmed relative to other lines of evidence.
¥ under anaerobic Not tolerated by dehalorespiring bacteria; however,
conditions. >5 ma/LL 4 vinyl chloride may be oxidized aerobically. Field
9 measurements are not always reliable and should
be confirmed relative to other lines of evidence.
During ERD, 5<pH<9% 2 Optimal range for reductive pathway.
groundwater pH will
decrease during

oH biodegradation of TO(
as fatty acids and pH<5 or pH>9?! Outside optimal range for reductive pathway.
carbon dioxide are
produced as
byproducts.

Temperature Isr:ilgg;%?l?leRD. >20 degrees Celsius? Biochemical process is accelerated.

Notes:

1From the Principles and Practices of Enhanced Anaerobic Bioremediation of Chlorinated Solvents (Parsons, 2004) and
Technical Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in Groundwater (EPA, 1998).
2From the Technical Protocol for Enhanced Anaerobic Bioremediation Using Permeable Mulch Biowalls and Bioreactors

(AFCEE, 2008).

3Analyzed as dissolved iron.
4Oxygen is not considered to be available if iron(ll) is >0.5 mg/L or if methane is present at >0.005 mg/L. Therefore, field DO
readings should not be relied on if DO is detected by the field probe under these conditions (personal communication with

Todd Wiedemeier [Wiedemeier et al., 2014]).

Current research has identified low nitrate, high dissolved iron, and high methane as some of the important conditions to
support a multiple lines of evidence approach for justifying biological and abiotic degradation of chlorinated ethenes
(personal communication with Todd Wiedemeier [see Wiedemeier, 2014]).

5 Measured or corrected versus a silver/silver chloride electrode (see EPA 1998)

ERD = enhanced reductive dechlorination
mg/L = milligram(s) per liter

mV = millivolt(s)

ORP = oxidation reduction potential
TOC = total organic carbon

20f2
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TCE
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4 UGW16 (KOs
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Notes:
1. Mining Visualization System (MVS) software was used to
create a 3-D interpretation of groundwater analytical results
using data from the December 2012 Baseline sampling event.
2. This figure is a "slice" of the 3-D image at approximately 14 ft bgs.
3. Corrective Action Objective (CAQ) for Trichloroethene
(TCE) = 193 pg/L.
@ Proposed Bioreactor Monitoring Well FIGURE 3-5 )
B Monitoring Well Screened Primarily Less than 25 ft bgs Shallow Aquifer _(WeIIs Screened Less th_an 25 Feet bgs) Zone
[4] Injection Well Screened Primarily Less than 25 ft bgs TCE Concentrations - Pre-Corrective Action
/ Existing monitoring wells not used to develop 3-D interpretation. December 2012
"7 71 Bioreactor SWMU 55- - ;
'--- Naval Activity Puerto Rico
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(TCE) =193 pg/L.
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Notes:
1. Mining Visualization System (MVS) software was used to TCE
create a 3-D interpretation of groundwater analytical results
using data from the October 2013 sampling event.
2. This figure is a "slice" of the 3-D image at approximately 18 ft bgs. 30,000 IJQ/L
3. Corrective Action Objective (CAQ) for Trichloroethene
(TCE) = 193 pg/L.
4. * - Monitoring well (65MW26) and injections wells
(55IW05 through 55IW12) were installed in April 2013.
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Injection Well Screened Primarily Less than 25 ft bgs
Monitoring Well Screened Primarily Greater than 25 ft bgs
Injection Well Screened Primarily Greater than 25 ft bgs
Bioreactor Monitoring Well

@O&H "

.
1 Bioreactor

S Notes:
o”l”e 1. Mining Visualization System (MVS) software was used to TCE
SIQ/ create a 3-D interpretation of groundwater analytical results
ing data from the October 2013 li t.
0’7'1,@ 2. 'llj'lswlir;%igﬁrz igoaT "sli?:e" (:)fo th?er 3-D ims:grgpe:tngpep\:gzimately 42 ft bgs. 30,000 pg/L
3. Corrective Action Objective (CAQ) for Trichloroethene
(TCE) = 193 pg/L.
4. * - Monitoring well (65MW26) and injections wells
(55IW05 through 55IW12) were installed in April 2013.
5. Monitoring well 55MW24 and injection well 551W01
were abandoned on April 10, 2013
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Monitoring Well Screened Primarily Greater than 25 ft bgs
Injection Well Screened Primarily Greater than 25 ft bgs
Bioreactor Monitoring Well

@O&H "

o”l”e Notes:
'gle 1. Mining Visualization System (MVS) software was used to TCE
/ s create a 3-D interpretation of groundwater analytical results
'lle using data from the November 2013 sampling event.
2. This figure is a "slice" of the 3-D image at approximately 42 ft bgs. 30,000 |.lg/L
3. Corrective Action Objective (CAQ) for Trichloroethene
(TCE) = 193 pg/L.
4. * - Monitoring well (65MW26) and injections wells
(55IW05 through 55IW12) were installed in April 2013.
5. Monitoring well 55MW24 and injection well 551W01
were abandoned on April 10, 2013
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3,000 pg/L
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TCE Concentrations - November 2014
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Appendix A
Standard Groundwater Monitoring Procedures

Groundwater Monitoring Procedures

This section describes the field procedures followed during the collection and analysis of
groundwater samples.

Groundwater Sample Collection

Monitoring wells were purged and sampled in accordance with the low-flow/ low-volume
(micro-purge) method described in the standard operating procedures (SOPs) provided in
Appendix B of the SAP (AGVIQ-CH2M HILL, 2012c), and in general accordance with the
requirements described in EPA Region 4 SESD Field Branches Quality System and Technical
Procedures (EPA, 2009).

A minimum of one well volume was purged from each well, and samples were collected
after water quality parameters stabilized over three consecutive readings, or if a maximum
of five well volumes had been purged. Parameters were considered stable when:

e Temperature remained constant

e pH did not fluctuate more than 0.1 standard units

e Conductivity did not vary more than 3 percent

e Oxidation-reduction potential (ORP) did not fluctuate more than 10 millivolts
e Dissolved oxygen did not vary more than 10 percent

e Turbidity did not vary more than 10 percent

If the recharge rate of the well was so low that the well purged dry, the pump was turned
off, and the field team allowed the well to recharge to a sufficient level to obtain the
necessary sample volume. Samples were collected within 24 hours.

Quality Assurance/Quality Control Samples

The following quality assurance (QA)/QC samples were collected to conduct the data
validation required to ensure all data were useable as reported:

One field duplicate sample per every 10 samples

One trip blank per sample cooler containing VOC samples

One equipment blank for each equipment used per day of sampling
One matrix spike/matrix spike duplicate sample per 20 samples

Laboratory data reports submitted for each event were reviewed and quality flags were
applied as described in data validation reports.
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PROJECT NUMBER: BORING NUMBER:
378718 55IW05 SHEET 1 OF 2

Soil Boring Log

PROJECT : Naval Activity Puerto Rico JM04 LOCATION : Ceiba, Puerto Rico
ELEVATION : 13.57 ft (NGVD 29) DRILLING CONTRACTOR : Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago
COORDINATES : 145468.0 N 782661.0 E DRILLING METHOD AND EQUIPMENT : Mobil B61, Hollow-stem auger, 8.25-in OD augers
STATIC WATER LEVEL: ft BTOC () START: 04/25/2013 END: 04/25/2013 LOGGER : James Fank/RAL
ES § (;F!EW) o SOIL DESCRIPTION COMMENTS WELL DIAGRAM
g [ 2 |& o | pSTANDARD | S| SOIL NAME, USCS GROUP SYMBOL, DB O NG z,
22g| 2|38 £o| § |TesTresuLts| T |COLORMOISTURE CONTENT, RELATIVE RATE. DRILLING (Casing Top Elev: 1658 () | &
=) E S £5 2 o DENSITY OR CONSISTENCY, SOIL FLU’lD LOSS Casing Type: Sch 40 PVC < &
g 3 = g | 8N H oo X STRUCTURE, MINERALOGY TESTS. 8 3o siok | 52
g N) INSTRUMENTATION up
1 0.0 FILL ] s » | CEMENT
] ] GROUT T
R 40| NM | NM NM i ]
] i 10 ]
4.0
| % CLAYEY GRAVEL (GC) ] .
5_| 07 NM | 0.0 39-50/4 / tan-light brown-orange, damp, hard, ]
’ (50/4") 1/8-1/2 inch gravel, trace very h
1 s0 fine-fine sand .
i No Recovery i 1
] i 5_
9.0 |
i " | oo % SILTY GRAVEL (GC) ] ]
10_] 13 "~ | 35-37-50/3 tan-light gray, dry, hard, 1/8-1/2inch _| 1
| L am | o (87/9") gravel, trace very fine sand N h
11.0 ) No Recovery :
] ] BENTONITE] T
] i 0_|
14.0 .
| NYER % SILTY GRAVEL (GC) . FILTER T
15_] 03 ' 50/4 tan-light gray, dry, hard, 1/8-1/2 inch PACK i
| ’ (50/4") gravel, trace very fine sand ] h
16.0 No Recovery. Refusal at 15.5 ft bgs. End of T
| _| boring. Offset 5 ft northeast SCREEN T
| _| and start drilling again. T
i i 5
19.0 ]
] ~“®™Z~  SILTY GRAVEL (GC) a ]
20_] 02| nal 0o 50/2 tan-light gray, dry, hard, 1/8-1/2 inch i
i ’ ' (50/2") gravel, trace very fine sand ] 1
21.0 No Recovery :
i i 0]
24.0 |
| Ao s, SILTY GRAVEL (GC) . T
25_ | 50/6 tan-light gray, dry, hard, 1/8-1/2 inch ]
i 03] NM 1001 50/6m) \ gravel, fine sand . .
26.0 No Recovery :
] i -15 |
29.0 ]
i Ao s Soil Description on next page y T
30 MO0 5o | [] 1




PROJECT NUMBER: BORING NUMBER:
378718 55IW05 SHEET 2 OF 2

Soil Boring Log

PROJECT : Naval Activity Puerto Rico JM04 LOCATION : Ceiba, Puerto Rico
ELEVATION : 13.57 ft (NGVD 29) DRILLING CONTRACTOR : Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago
COORDINATES : 145468.0 N 782661.0 E DRILLING METHOD AND EQUIPMENT : Mobil B61, Hollow-stem auger, 8.25-in OD augers
STATIC WATER LEVEL: ft BTOC () START: 04/25/2013 END: 04/25/2013 LOGGER : James Fank/RAL
= ¢ (;F!EW) o® SOIL DESCRIPTION COMMENTS WELL DIAGRAM
X
0F | 2 |& STANDARD | 9 | 5OIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING, z
w2 [ =Y o 9 | PENETRATION | © DRILLING o
22zl E2 (g 2y| & |Testresurs| £ |COLORMOISTURE CONTENT, RELATIVE RATE DRILLING (Casing Top Elev: 1658 (1) | = N
E S E S = £5 @' o DENSITY OR CONSISTENCY, SOIL FLU’lD LOSS Casing Type: Sch 40 PVC < &
- N " " " ’ w
w é 4 g § 6"-6"-6 % STRUCTURE, MINERALOGY TESTS. & g
3 (N) INSTRUMENTATION
] 0.3 (o0 ) SILTY GRAVEL (GC)
31.0 tan-light gray, dry, hard, 1/8-1/2 inch ]
gravel, fine sand T
7] No Recovery(Soil Description ] T
T Repeated) 7] 1
i il -20
34.0 ]
] NV 00 ™2~ SILTY GRAVEL (GC) a ]
35| 0.2 ’ 50/2 tan-light gray, dry, hard, 1/8-1/2 inch 7]
i : (50/2") gravel, fine sand ] E
36.0 No Recovery - T
| | 0.5ft Sump T
] _| Boring terminated at 36.5 ft ]
i _| bgs ]
i i 25
40_] | i
i i -30
45_] | i
i i 35
50 ] _ ]
i i -40
55 ] _ ]
i i 45
60_] ] ]




PROJECT NUMBER: BORING NUMBER:
378718 55IW06 SHEET 1 OF 2

Soil Boring Log

PROJECT : Naval Activity Puerto Rico JM04 LOCATION : Ceiba, Puerto Rico
ELEVATION : 10.44 ft (NGVD 29) DRILLING CONTRACTOR : Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago
COORDINATES : 145431.2 N 782621.1 E DRILLING METHOD AND EQUIPMENT : Mobil B61, Hollow-stem auger, 8.25-in OD augers
STATIC WATER LEVEL: ft BTOC () START: 04/24/2013 END: 04/24/2013 LOGGER : James Fank/RAL
> § (;g'%) o SOIL DESCRIPTION COMMENTS WELL DIAGRAM
JE [ 2 |& o | pSTANDARD | S| SOIL NAME, USCS GROUP SYMBOL, DR S ING. Z.,
22g| 2|38 £o| § |TesTresuLts| T |COLORMOISTURE CONTENT, RELATIVE RATE. DRILLING Casing Top Elev: 1320 (1) | 2 &
=) E S £5 2 o DENSITY OR CONSISTENCY, SOIL FLU’lD LOSS Casing Type: Sch 40 PVC < &
E 8 = 4 g N § 6"-6"-6"-6" % STRUCTURE, MINERALOGY TESTS, & ! 2.77ft Stick EZ
& (N) INSTRUMENTATION up
1 0.0 FILL ] s » | CEMENT [ 10_]
] i [N > ]
| ] GROUT i
B 40| NM | NM NM E 1
1 40 ] i
| "M | 0o W CLAYEY GRAVEL (GC) ] i
5 | 15 ’ 30-26-27-33 tan-light brown-orange, damp, hard, | |
. 53 1/4 inch gravel, trace fine-medium 5
— NM | 0.0 (53) ]
6.0 : sand |
] No Recovery i |
1 90 ] ]
| M | 0.0 RERAE SILTY SAND (SM) ] ]
10_| 18 ’ 18-26-33-40 |11 tan-light brown, damp, hard, trace ] |
. 59 - 1/4 inch gravel, very fine-medium 0
E NM | 0.0 (59) : B —
11.0 : NAA grained sand |
] No Recovery i |
1 140 ] i
] % SILTY GRAVEL (GC) ] ]
15_| 0.7 NM | 0.0 33-50/6 / tan-light brown, hard, 1/4 inch |
: 50/6" \ gravel ]C BENTONITE] -5
1 NM | 0.0 ( ) m )|
16.0 ) No Recovery. ]
] ] FILTER ]
19.0 i PACK ]
| NM | 0.0 % SILTY GRAVEL (GC) ]
20| 0.8 ) 33-50/5 4, tan-light brown, hard, 1/4 inch |
: 50/5" ravel 7C -10
E NM | 0.0 (80/5") J . =
21.0 ) No Recovery ]
i i SCREEN i
1 240 ] i
| " | oo W SILTY GRAVEL (GC) ]
25_ | 18 26-28-50/6 Fan-light brown, wet, hard, 1/4 ] |
1 260 | oo (78/12") 7 inch gravel i -15 |
- No Recovery T
1 200 ] ]
i Ao s Soil Description on next page y |
30 NM | 00 50/4 | i




PROJECT NUMBER: BORING NUMBER:
378718 55IW06 SHEET 2 OF 2

Soil Boring Log

PROJECT : Naval Activity Puerto Rico JM04 LOCATION : Ceiba, Puerto Rico
ELEVATION : 10.44 ft (NGVD 29) DRILLING CONTRACTOR : Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago
COORDINATES : 145431.2 N 782621.1 E DRILLING METHOD AND EQUIPMENT : Mobil B61, Hollow-stem auger, 8.25-in OD augers
STATIC WATER LEVEL: ft BTOC () START: 04/24/2013 END: 04/24/2013 LOGGER : James Fank/RAL
= ¢ (;F!EW) o® SOIL DESCRIPTION COMMENTS WELL DIAGRAM
<
0F | 2 |& STANDARD | 3 | SOIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING, z
42 - 2= |Y o) 8 | PENETRATION | © DRILLING o
gl xe |3 g < ® = |COLOR,MOISTURE CONTENT, RELATIVE Casing Top Elev: 13.20 (ft =
Tof| UE |QE ce| & |TESTRESULTS| T RATE, DRILLING asing Top Elev: 13.20 (ft) ko
te = 3 £5| & o DENSITY OR CONSISTENCY, SOIL FLUID LOSS Casing Type: Sch 40 PVC >3
E 2 £ g |2V § [ e x STRUCTURE, MINERALOGY TESTS. & a2
& (N) INSTRUMENTATION
| 0.5 M | 0.0 (o0/47) SILTY GRAVEL (GC) ] -20
31.0 tan-light brown, wet, hard, 1/4 |
inch gravel i
7] No Recovery(Soil Description ] 1
T Repeated) 7] i
1 340 ] i
| M | 0.0 SILTY GRAVEL (GC) ] ]
35| 11 ) 20-50/4 tan-light brown, wet, hard, 1/4
| : am | o0 (50/4") inch gravel i -25
36.0 ) No Recovery ]
1 390 ] ]
| M | 0.0 SILTY GRAVEL (GC) ] ]
40_ | 0.2 ’ 50/2 tan-light brown, wet, hard, 1/4
| ’ (50/2") inch gravel ] .30
41.0 No Recovery - ]
| *+| 0.5ft Sump |
i _| Boring terminated at 41.5 ft i
i _| bgs ]
45 ] 7 i
-35
50 ] _ i
-40
55 | ] i
-45
60 ] ] i




PROJECT NUMBER:

378718

BORING NUMBER:
55I1W07

SHEET

1 OF 1

Soil Boring Log

PROJECT : Naval Activity Puerto Rico JM04

LOCATION : Ceiba, Puerto Rico

ELEVATION : 8.70 ft (NGVD 29)

DRILLING CONTRACTOR : Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago

COORDINATES : 145398.1 N 782586.8 E

DRILLING METHOD AND EQUIPMENT : Mobil B61, Hollow-stem auger, 8.25-in OD augers

STATIC WATER LEVEL: ft BTOC () START: 04/24/2013 END: 04/24/2013 LOGGER : James Fank/RAL
> § (;g'%) o SOIL DESCRIPTION COMMENTS WELL DIAGRAM
JE [ 2 |& o | pSTANDARD | S| SOIL NAME, USCS GROUP SYMBOL, DR S ING. Z.,
22zl E2 (g 2y| & |Testresurs| £ |COLORMOISTURE CONTENT, RELATIVE RATE. DRILLING Casing Top Elev: 1175 (1) | &
=) E S £5 @' o DENSITY OR CONSISTENCY, SOIL FLU’lD LOSS Casing Type: Sch 40 PVC < &
E 3 z g |8X g [ oeoe x STRUCTURE, MINERALOGY TESTS. & 3.0sft stick | 2
& (N) INSTRUMENTATION up
1 0.0 FILL ] s » | CEMENT E
] i [N > 1
| ] GROUT 1
R 40| NM | NM NM . ]
1 40 ] 3
| M | 0.0 SAND (SP) ] 1
5_ | 0.8 ’ 2-1-2-3 tan-orange-brown, moist, -
. (3) medium-dense, very fine-med grained]C 1
— NM | 0.0 -1
6.0 ) No Recovery 1
] T BENTONITE| ~
1 90 ] o
| " | oo W SILTY GRAVEL (GC) ] g
10_| 17 ) 8-8-10-50 dark gray, wet, loose, 1/4 inch ] B
: 18 gravel ]
— NM | 0.0 (18)
11.0 ) \ SILTY GRAVEL (GC) 1
i tan-orange-brown, wet, loose, 1/4 i 2| FWLTER E
] inch gravel ] | eack |
i No Recovery | h
] T SCREEN -
1 140 i -5 |
| " | 00 %/ SILTY GRAVEL (GC) | 1
15_| 04 ) 50/6 tan-orange-brown, wet, loose, 1/4 B
: 50/6" inch gravel ]
i NM | 0.0 ( ) 9 i
16.0 ) No Recovery. 1
i ] 101
19.0 ] 9
| % SILTY GRAVEL (GC) ] 1
20| 0.2 NM | 0.0 50/2 / tan-orange-brown, wet, loose, 1/4 B
| ’ (50/2") \ inch gravel ]C_ i
21.0 No Recovery 1
] | Auger refusal at 23.5 ft bgs E
] ] 0.5t sump | 4 =
| _| Boring terminated at 23.5 ft ]
| | bgs 1
25 | | 1
i . -20
30_] ] =




PROJECT NUMBER: BORING NUMBER:
378718 55IW08 SHEET 1 OF 2

Soil Boring Log

PROJECT : Naval Activity Puerto Rico JM04 LOCATION : Ceiba, Puerto Rico
ELEVATION : 7.43 ft (NGVD 29) DRILLING CONTRACTOR : Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago
COORDINATES : 145368.2 N 782559.4 E DRILLING METHOD AND EQUIPMENT : Mobil B61, Hollow-stem auger, 8.25-in OD augers
STATIC WATER LEVEL: ft BTOC () START: 04/22/2013 END: 04/23/2013 LOGGER : James Fank/RAL
> § (;1'%) o SOIL DESCRIPTION COMMENTS WELL DIAGRAM
g [ 2 |& o | pSTANDARD | S| SOIL NAME, USCS GROUP SYMBOL, DB O NG z,
—_ —_ ~ o O . =
Sogl e |3g fy| § |tesTResuLts| T |COLORMOISTURE CONTENT, RELATIVE RATE. DRILLING Casing Top Elev: 1044 (1) | £
te = o £5| & o DENSITY OR CONSISTENCY, SOIL FLUID LOSS Casing Type: Sch 40 PVC >3
E 3 z g [2%] 3 [ 6660 x STRUCTURE, MINERALOGY TESTS & 3ot stiok | 22
< ’
& (N) INSTRUMENTATION up
1 0.0 FILL ] s » | CEMENT ]
[N > ]
] ] GROUT |
R 40| NM | NM NM B / 5 ]
1 40 ] / / i
| % CLAYEY GRAVEL (GC) ] ]
5 ] 13 3-4-3-2 /4 orange-tan-brown, moist, ] / / |
| : (7) medium-dense | |
6.0 No Recovery / / i
] ] Y 0
1 90 ] / / i
] SILT (ML) ] i
10_| 0.7 NM | 0.0 3-2-2-2 | | | | dark gray, moist, soft, strong odor / / ]
i NM | 0.0 (4) No Recovery i BENTONITE] i
11.0 i
i i 5]
1 ] : ) FILTER ]
1 140 ] : PACK i
| " | oo W SILTY GRAVEL (GC) ] : i
15_| 15 ) 14-21-50/6 dark gray, wet, hard, 1/2 inch gravel ’ ; |
] "IN | 00 (Tnz) —_ g SCREEN |
16.0 i No Recovery. Y i
—
T—: -
. 7 S
I ;.
] ] = -10 |
i ] —:
. _ n
] ] ’: -
19.0 | = i
| A SILTY GRAVEL (GC) | g — ]
20| 15 NM | 0.0 8-12-15-20 % orange-brown, wet, hard, 1/2 in. gravel | e |
’ (27) — i
1 NM | 0.0
21.0 No Recovery = ]
[ 1
- .- T -
i
— ]
7 . = 5]
- ] Y —
7] 1 1
7 1 ) — 1
20 % SAND (SW) i = ]
- NM | 0.0 % . . § — .
25| NM NM white-tan, wet, loose ] ]
] . — .
26.0 NM | 0.0 j : : ]
[ 1
i | i ]
H —1
1°
] T = -20
] - Y —
i | —- ]
| ] o — ]
29.0 ] = -
| % SAND (SW) | y s |
30 2.4-6-5 ,é white-tan, wet, loose
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PROJECT NUMBER: BORING NUMBER:
378718 55IW08 SHEET 2 OF 2

Soil Boring Log

PROJECT : Naval Activity Puerto Rico JM04 LOCATION : Ceiba, Puerto Rico
ELEVATION : 7.43 ft (NGVD 29) DRILLING CONTRACTOR : Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago
COORDINATES : 145368.2 N 782559.4 E DRILLING METHOD AND EQUIPMENT : Mobil B61, Hollow-stem auger, 8.25-in OD augers
STATIC WATER LEVEL: ft BTOC () START: 04/22/2013 END: 04/23/2013 LOGGER : James Fank/RAL
= ¢ (PPF!EW) o® SOIL DESCRIPTION COMMENTS WELL DIAGRAM
X
0F | 2 |& STANDARD | 9 | 5OIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING, z
B3g| e |2g 2. | & |PENETRATION | 9 |GOLOR MOISTURE CONTENT, RELATIVE DRILLING : oR
PEl KE |3 E So| 8 |TESTRESULTS| T , : RATE, DRILLING Casing Top Elev: 10.44 (f) | £
E S E S £5 2 o DENSITY OR CONSISTENCY, SOIL FLU’lD LOSS Casing Type: Sch 40 PVC < &
i é = 4 g N § 6"-6"-6"-6" % STRUCTURE, MINERALOGY TESTS, & ! éz
3 (N) INSTRUMENTATION
NM (10) % i
31.0 7% i
] ] -25
1 340 ] i
i W SAND (SW) | Auger refusal at 35.5 ft bgs |
35| NM 8-1-5-50/3 white-tan, wet, loose ] ]
] (6) -.| 0.5ft Sump i
36.0 j Boring terminated at 35.5 ft ]
| _| bgs i
] ] -30
40_] ] ]
] ] -35
45 ] ] ]
] ] -40
50 | B i
] ] -45
55 | B ]
i i -50]
60_] . i




PROJECT NUMBER: BORING NUMBER:
378718 55IW09 SHEET 1 OF 2

Soil Boring Log

PROJECT : Naval Activity Puerto Rico JM04 LOCATION : Ceiba, Puerto Rico
ELEVATION : 6.64 ft (NGVD 29) DRILLING CONTRACTOR : Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago
COORDINATES : 145335.2 N 7825184 E DRILLING METHOD AND EQUIPMENT : Mobil B61, Hollow-stem auger, 8.25-in OD augers
STATIC WATER LEVEL: ft BTOC () START: 04/18/2013 END: 04/22/2013 LOGGER : James Fank/RAL
ES ¢ (;F!EW) o SOIL DESCRIPTION COMMENTS WELL DIAGRAM
<
Sk | 2 |& STANDARD | S | SOIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING, 2
ua | = (Y o) 8 | PENETRATION | © DRILLING o
22zl E2 (g 2y| & |Testresurs| £ |COLORMOISTURE CONTENT, RELATIVE RATE. DRILLING (Casing Top Elev: 9.77 (ft) 28
E S E S = £5 @' o DENSITY OR CONSISTENCY, SOIL FLU’lD LOSS Casing Type: Sch 40 PVC < &
33 < |8 Y § [ eeoe | E STRUCTURE, MINERALOGY TESTS, & 3.1 Stk ue
& (N) INSTRUMENTATION P
1 0.0 FILL | No PID readings collected. s » | CEMENT ]
i a S > 1
i a GROUT 5_-
— 4.0 NM - / i
1 40 ] / i
i | LIMESTONE i 1
5_| 15 8-2-10-12 I [ white-tan, wet, fine-medium, grained | / 7]
i ’ (12) T sand with shells ]
6.0 No Recovery / / h
] a 0 7
1 90 ] / / R
[ LIMESTONE T 1
10_| 13 1-2-0-5 : white-tan, wet, fine-medium, grained / / 1
| ’ (2) \ sand with shells ]C_ B
11.0 No Recovery / / ]
] a -5 7
1 140 N 0 -
[ LIMESTONE T 1
15_ | 18 0-1-2-4 | white-tan, wet, fine-medium, grained | / / 1
] : 3) L | sand with shells .
16.0 No Recovery. / / ]
e - -10]
i i S ]
19.0 ] BENTONITE] T
i o SAND (SW) | 1
20| 07 12-3-1-2 | white-tan, wet, loose ] E
i ' @ L -
21.0 No Recovery T
FILTER 1
7] ] Pack |12
] 240 ] 4
i SAND (SW) ] SCREEN 1
25_ | 20 1-2-2-5 white-tan, wet, loose ] B
i ' 4) i 7]
26.0 T
h - -20
1 29.0 ] :
| R SAND (SW) ] ]
30 NM-NM-NM- |- white-tan, wet, loose E




PROJECT NUMBER: BORING NUMBER:
378718 55IW09 SHEET 2 OF 2

Soil Boring Log

PROJECT : Naval Activity Puerto Rico JM04 LOCATION : Ceiba, Puerto Rico
ELEVATION : 6.64 ft (NGVD 29) DRILLING CONTRACTOR : Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago
COORDINATES : 145335.2 N 7825184 E DRILLING METHOD AND EQUIPMENT : Mobil B61, Hollow-stem auger, 8.25-in OD augers
STATIC WATER LEVEL: ft BTOC () START: 04/18/2013 END: 04/22/2013 LOGGER : James Fank/RAL
= ¢ (;rilr?ﬂ) o® SOIL DESCRIPTION COMMENTS WELL DIAGRAM
X
0F | 2 |& STANDARD | 9 | 5OIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING, z
B3g| e |2g 2. | & |PENETRATION | 9 |GOLOR MOISTURE CONTENT, RELATIVE DRILLING . oR
CE| BEE|3E £e| & |TESTRESULTS| I y : RATE, DRILLING [Casing Top Elev: 9.77 (ft) Lo
o =18 e 2 a SITY OR CONSISTENCY, SO ' i - <
E2 E 3 Z5| 2 Z DENSITY OR NSISTENCY, IL FLUID LOSS Casing Type: Sch 40 PVC S 5
i § = 4 g N § 6"-6"-6"-6" % STRUCTURE, MINERALOGY TESTS, & ! gz
3 (N) INSTRUMENTATION
NM LY o E
31.0 T
i i 25 ]|
1 340 ] ]
] "]  SAND (SW) ] 1
35 NM-NM-NM- white-tan, wet, loose E
— NM — i
= NM -
36.0 T
i i -30
] 39.0 ] b
] "] SAND (SW) ] 1
40 NM-NM-NM- white-tan, wet, loose E
— NM — i
= NM -
41.0 T
i i -35
: ] b ) 0.5ft Sump T
45 | __| Boring terminated at 44.5 ft T
i _| bgs b
i _| Auger refusal at 44.5 ft bgs 1
i i -40]
50 | ] b
i i -45
55_| ] b
i i -50
60_] ] .




PROJECT NUMBER: BORING NUMBER:
378718 55IW10 SHEET 1 OF 2

Soil Boring Log

PROJECT : Naval Activity Puerto Rico JM04 LOCATION : Ceiba, Puerto Rico
ELEVATION : 6.19 ft (NGVD 29) DRILLING CONTRACTOR : Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago
COORDINATES : 145304.5 N 7824842 E DRILLING METHOD AND EQUIPMENT : Mobil B61, Hollow-stem auger, 8.25-in OD augers
STATIC WATER LEVEL: ft BTOC () START: 04/18/2013 END: 04/18/2013 LOGGER : James Fank/RAL
= ¢ (PPF!EW) o® SOIL DESCRIPTION COMMENTS WELL DIAGRAM
X
ok | 2 |& . | STANDARD | S | SOIL NAME, USCS GROUP SYMBOL, DR S ING. z_
0B3o| 2o |2 2 | § |PENETRATION | O | COLOR,MOISTURE CONTENT, RELATIVE , . o
e = &l £ I g ; Casing Top Elev: 9.60 (ft) E
2 & 38 £o| & |TESTRESULTS| I RATE, DRILLING ing Top Eo
=z = Q 25| 9 2 DENSITY OR CONSISTENCY, SOIL FLUID LOSS Casing Type: Sch 40 PVC ==
o3 £ |z [eV] 3| 6666 | X STRUCTURE, MINERALOGY TESTS & a1tttk | 2
[Shr < s u w
& (N) INSTRUMENTATION P
1 0.0 FILL ] s » | CEMENT B
| i > > 5 1
| | GROUT —
1 4.0| NM | NM NM . > i
1 40 ] / .
| LIMESTONE T
5_| 18 NM | 00 8-6-5-4 I [ white-light tan, wet, loosely ] / E
: (11) I cemented fine-medium grained E
1 60 NM | 0.0 : sand with shells N /Y o
| No Recovery i —
1 90 i / / 4
[ LIMESTONE T
10_| 15 NM | 0.0 4-1-0-0 | white-light tan, wet, loosely ] / / E
: (1) l T cemented fine-medium grained R
1 110 NM | 0.0 sand with shells / / 5
| No Recovery i —
1 140 i / / i
[ LIMESTONE B
15_ | 18 NM | 00 0-1-0-1 I [ white-light tan, wet, loosely ] / / E
: (1) I cemented fine-medium grained
1 16.0 NM | 0.0 I sand with shells 7] / / 107
| No Recovery. i —
1 190 i 0 i
Shell hash > 50 ] BENTONITE|
20_] A S R .
] 1wl 0o 4 [T7] SAND (SW) i
21.0 ) white-tan, wet, loose 1571
] T FILTER E
7] ] PACK i
1 240 ] -
| SAND (SW) | B
25 | 18 NM | 0.0 NA white-tan, wet, loose ] B
: SCREEN B
1 260 NM | 1.0 g
. No Recovery -20
1 290 ] -
| o SAND (SW) _| Very hard augering at 29 ft 1
30 white-tan, wet, loose bgs B




PROJECT NUMBER: BORING NUMBER:
378718 55IW10 SHEET 2 OF 2

Soil Boring Log

PROJECT : Naval Activity Puerto Rico JM04 LOCATION : Ceiba, Puerto Rico
ELEVATION : 6.19 ft (NGVD 29) DRILLING CONTRACTOR : Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago
COORDINATES : 145304.5 N 7824842 E DRILLING METHOD AND EQUIPMENT : Mobil B61, Hollow-stem auger, 8.25-in OD augers
STATIC WATER LEVEL: ft BTOC () START: 04/18/2013 END: 04/18/2013 LOGGER : James Fank/RAL
= ¢ (;;ilr?w) o® SOIL DESCRIPTION COMMENTS WELL DIAGRAM
<
0F | 2 |& STANDARD | 9 | 5OIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING, z
B3g| e |2g 2. | & |PENETRATION | 9 |GOLOR MOISTURE CONTENT, RELATIVE DRILLING . oR
T2E| BEE |3 E £o| 8 |TESTRESULTS| I y : RATE, DRILLING [Casing Top Elev: 9.60 (ft) Lo
EZ E S £5 2 o DENSITY OR CONSISTENCY, SOIL FLU’lD LOSS Casing Type: Sch 40 PVC %5
- N " " " " ’
i § € |[EY] §| 6666 € STRUCTURE, MINERALOGY TESTS, & 52
3 (N) INSTRUMENTATION
] 2.0 NA _| No PID readings collected as T
31.0 -/ the pump stopped working on 2571
i | the multirae =
] 340 ] E
| SAND (SW) ] 1
35| 17 NA white-tan, wet, loose ] :
36.0 No Recovery -30
] 39.0 ] E
| X SAND (SW) ] 1
40_ | 15 NA R white-tan, wet, loose ] :
1 410 No Recovery 35
45 ] ] E
i X - "~ | 0.5ft Sump b
| _| Boring terminated at 45.5 ft 40
. | bgs —
50 | ] E
B - -45
55_| ] 1
i - -50 |
60_] ] b




PROJECT NUMBER: BORING NUMBER:
378718 55IW11 SHEET 1 OF 1

Soil Boring Log

PROJECT : Naval Activity Puerto Rico JM04 LOCATION : Ceiba, Puerto Rico
ELEVATION : 11.82 ft (NGVD 29) DRILLING CONTRACTOR : Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago
COORDINATES : 145472.3 N _782603.9 E DRILLING METHOD AND EQUIPMENT : Mobil B61, Hollow-stem auger, 8.25-in OD augers
STATIC WATER LEVEL: ft BTOC () START: 04/26/2013 END: 04/26/2013 LOGGER : James Fank/RAL
= ¢ (PPFiIf?W) o® SOIL DESCRIPTION COMMENTS WELL DIAGRAM
X
JE [ 2 |& o | pSTANDARD | S| SOIL NAME, USCS GROUP SYMBOL, DR S ING. Z.,
2dg| e |2a 2] § |FEariRallot| 2 |COLORMOISTURE CONTENT, RELATIVE Casing Top Elev: 1481 (1) | 28
ToE| WwE Q& £e| & |TESTRESULTS| T RATE, DRILLING asing Top Elev: 14.81 (ft) ko
te E S £5| & o DENSITY OR CONSISTENCY, SOIL FLUID LOSS Casing Type: Sch 40 PVC >3
% 8 = 4 g N § 6"-6"-6" % STRUCTURE, MINERALOGY TESTS, & ’ 2.99ft Stick éz
& (N) INSTRUMENTATION up
] i s » | CEMENT ]
| | > IS i
GROUT |
| B 10_|
5_] ] .
- - 5__
10_] _ .
] T BENTONITE| ]
| ] 0]
] T FILTER i
] 1 PACK ]
15_] ] 4
] ] SCREEN |
. . 5]
20 ] ] 4
. . 0]
25 ] _ .
: ] 0.5ft Sump
| - -15 ]
30_] ] i




PROJECT NUMBER: BORING NUMBER:
378718 55IW12 SHEET 1 OF 1

Soil Boring Log

PROJECT : Naval Activity Puerto Rico JM04 LOCATION : Ceiba, Puerto Rico
ELEVATION : 10.38 ft (NGVD 29) DRILLING CONTRACTOR : Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago
COORDINATES : 145477.3 N _782569.4 E DRILLING METHOD AND EQUIPMENT : Mobil B61, Hollow-stem auger, 8.25-in OD augers
STATIC WATER LEVEL: ft BTOC () START: 04/29/2013 END: 04/29/2013 LOGGER : James Fank/RAL
= ¢ (PPF!EW) o® SOIL DESCRIPTION COMMENTS WELL DIAGRAM
<
JE [ 2 |& o | pSTANDARD | S| SOIL NAME, USCS GROUP SYMBOL, DR S ING. Z.,
nong|l ze|ze 2. $ £ |COLOR MOISTURE CONTENT, RELATIVE Casing Top Elev: 1342 (f) | 2
ToE HE|B3E £o| & |TESTRESULTS| I DENSITY OR CONSISTENGY. SOIL RATE, DRILLING ing Top Elev: 13. Ea
FZ g ] Ts| B < , FLUID LOSS ICasing Type: Sch 40 PVC =3
E 8 = 4 g N § 6"-6"-6" % STRUCTURE, MINERALOGY TESTS, & ’ 3.05ft Stick | 2=
& (N) INSTRUMENTATION up
] i s » | CEMENT | TU_}
| | > > i
| ] GROUT ]
5 | ] ]
5_
] ] enTonTe
] ] FILTER i
10_| ] PACK ]
0_
] ] SCREEN i
15_] _ .
_5_
20 _ .
-10 ]
] ] 0.5ft Sump i
25 ] _ .
-15 ]|
30_] ] i




PROJECT NUMBER:

378718

BORING NUMBER:

55MW26 SHEET 1 OF 1

Soil Boring Log

PROJECT : Naval Activity Puerto Rico JM04 LOCATION : Ceiba, Puerto Rico

ELEVATION : 13.75 ft (NGVD 29) DRILLING CONTRACTOR : Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago

COORDINATES : 145539.7 N 782607.4 E DRILLING METHOD AND EQUIPMENT : Mobil B61, Hollow-stem auger, 4.25-in ID augers

STATIC WATER LEVEL: ft BTOC () START: 04/08/2013 END: 04/08/2013 LOGGER : James Frank/RAL
ES § (;F!EW) o SOIL DESCRIPTION COMMENTS WELL DIAGRAM
ok | 2 |& . | STANDARD | S | SOIL NAME, USCS GROUP SYMBOL, DR S ING. z_
0B3o| 2o |2 2 | § |PENETRATION | O | COLOR,MOISTURE CONTENT, RELATIVE , . o
£ g £ 2 I S ' ! Casing Top Elev: 13.86 (ft) =
T a fE|8€ £o| & TESTRESULTS| I RATE, DRILLING i , Ro
=z E o 25| 8 2 DENSITY OR CONSISTENCY, SOIL FLUID LOSS Casing Type: Sch 40 PVC ==
g 3 e & |gn g | o660 x STRUCTURE, MINERALOGY TESTS. & 59
% (N) INSTRUMENTATION
0.0 FILL s » | CEMENT -]
7] 7 Flush Mount i
] - Riser
] | GROUT R
. 4.0 NM | NM NM ] :
1 40 ] 10 |
| % GRAVEL (GC) i i
5 | 17 NM | 0.0 23-43-38-23 % brown-gray, dry, hard, with siltand | .
_ ’ YRR (81) clay, subangular gravel < 1 inch i BENTONITE g
6.0 ‘ No Recovery :
1 80 i _ _ T
| SILT (ML) | N c 0| FILTER i
] aq | MO0 16121422 yellowish-brown, dry, stiff, trace ] pack | 5_]
| | wm | oo (26) gravel ] i
10 10.0 ) No Recovery 1
T i SCREEN B
1 120 ] ]
] SILT (ML) | i
i 0.7 NM | 0.3 7-50 | | | | yellowish-brown, dry, stiff, trace . .
| "I am | oz (50) \ gravel /i 0
14.0 ) No Recovery —
15_] _ ]
1 16.0 ] ]
| % % CLAYEY GRAVEL (GC) | -
B 50/5 yellow-brown, wet, dense, 1/4 inch 4 E
i 08| NM | 00 (50/5") gravel /: ]
18.0 No Recovery B
— . _5__
20 ] 200 _ ]
| % CLAYEY GRAVEL (GC) 4
] 37-50/4 yellow-brown, wet, dense, 1/4 inch /: B
’ 051 NM 1 0.0 “5014m) \ gravel ] ]
22.0 No Recovery B
1 240 ] -10 |
i A GRAVEL (GC) i
25_ | 28-50 gabbaro, purple-black, dry, hard .
i 05| NM | 0.0 (50) No Recovery ] - i "] 0.5ft Sump 1
26.0 b
] _| Boring terminated at 26 ft bgs E
] | End of boring at 26 ft bgs .
— . _1 5__
30_] ] ]




Appendix C
Well Construction Diagrams




PROJECT NUMBER

i 378718

BORING NUMBER: 551W05

WELL COMPLETION DIAGRAM

PROJECT:
Naval Activity Puerto Rico JM04

LOCATION
SWMU 55

IDRILLING METHOD:

Hollow-stem auger, 8.25-in OD augers, Mobil B61

DRILLING CONTRACTOR:

Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago

WELL DIAGRAM IS NOT TO SCALE

TOP OF CASING ELEVATION (NGVD29): |NORTHING (NAD83 Z 20): EASTING (NADS3 Z 20): STATIC WATER LEVEL:
16.58 ft 145468.04 782661.76 ft BTOC ()
GROUND ELEVATION (NGVD29): START: FINISH: LOGGED BY:
13.57 ft 04/25/2013 04/25/2013 James Fank/RAL
TOP OF CASING —] STICK-UP MONUMENT
3T ,- 21 21,7 81"
ok ks 1
WELL CONSTRUCTION DETAILS
CASING MATERIAL: Sch 40 PVC
CASING DIAMETER: 2-in (ID)
SCREEN TYPE: continuous wrap PVC
SLOT SIZE: 0.02-in
FILTER PACK TYPE: 5/12 sand
FILTER PACK QTY: 10 50-Ib bags
NOTES: SEAL TYPE: 3/8 Bentonite Pellets
ALL DEPTHS ARE REPORTED AS FEET :
BELOW TOP OF CASING (ft BTOC). SEAL QTY: 1 5-gal bucket
BOREHOLE DIAMETER: 8.5-in
BOREHOLE DEPTH: 39.4 ft BTOC
— PORTLAND CEMENT GROUT
15.0 ft BTOC TOP OF BENTONITE SEAL
17.0 ft BTOC TOP OF FILTER PACK
TOP OF SCREEN  18.5 ft BTOC
BOTTOM OF SCREEN 38.5 ft BTOC
BOTTOM OF WELL CASING 39.0 ft BTOC
39.4 ft BTOC BOTTOM OF BOREHOLE




PROJECT NUMBER: 378718

BORING NUMBER:

55IW06

WELL COMPLETION DIAGRAM

|PROAESTVity Puerto Rico JM04 LOGALION:

DRDLINGEMETHOPS.25-in OD augers, Mobil B61

DRILEINGIGONTRAMCTORA! Services, Driller: Eduardo Santiago

TOP OF CASING EREVATION (NGVD29): |NORTHING4{BHBD23 Z 20):

EASTING (NRDRE31220):

STATIC WATER LEVEL:

WELL DIAGRAM IS NOT TO SCALE

ft BTOC ()
GROUND ELEVATEAN:(NGVD29): START:  04/24/2013 FINISH: LOGGEDBK/RAL
04/24/2013
TOP OF CASING STICK-UP MONUMENT
3T, 3l DENESE
ST ST ‘I
WELL CONSTRUCTION DETAILS
Sch 40 PVC
CASING MATERIAL: 2-in (ID)
CASING DIAMETER: continuous wrap PVC
SCREEN TYPE: 0.02-in
SLOT SIZE: 5/12 sand
FILTER PACK TYPE: 11 50-Ib bags
NOTES: FILTER PACK QTY: .
ALL DEPTHS ARE REPO+.5 SEAL TYPE: 3/8 Bentonite Pellets
RTED AS FEET ’ 1 5-gal bucket
BELOW TOP OF CASING (ft BTOC). SEAL QTY: 8.5-in
BOREHOLE DIAMETER: 44.3 ft BTOC
BOREHOLE DEPTH:
PORTLAND CEMENT GROUT
17.8 ft BTOC TOP OF BENTONITE SEAL
20.8 ft BTOC TOP OF FILTER PACK
TOP OF SCREEN 23.3 ft BTOC
BOTTOM OF SCREEN  43.3 ft BTOC
43.8 ft BTOC
BOTTOM OF WELL CASING
44.3 ft BTOC BOTTOM OF BOREHOLE




PROJECT NUMBER

i 378718

BORING NUMBER: 551W07

WELL COMPLETION DIAGRAM

PROJECT:
Naval Activity Puerto Rico JM04

LOCATION
SWMU 55

IDRILLING METHOD:

Hollow-stem auger, 8.25-in OD augers, Mobil B61

DRILLING CONTRACTOR:

Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago

WELL DIAGRAM IS NOT TO SCALE

TOP OF CASING ELEVATION (NGVD29): |NORTHING (NADS83 Z 20): EASTING (NADS3 Z 20): STATIC WATER LEVEL:
11.75 ft 145398.14 782586.82 ft BTOC ()
GROUND ELEVATION (NGVD29): START: FINISH: LOGGED BY:
8.70 ft 04/24/2013 04/24/2013 James Fank/RAL
TOP OF CASING ] STICK-UP MONUMENT
ST, 21 DENESE
ok ks 1
WELL CONSTRUCTION DETAILS
CASING MATERIAL:  Sch 40 PVC
CASING DIAMETER:  2-in (ID)
SCREEN TYPE: continuous wrap PVC
SLOT SIZE: 0.02-in
FILTER PACK TYPE:  5/12 sand
FILTER PACK QTY: 4.5 50-Ib bags
NOTES: _ .
ALL DEPTHS ARE REPORTED AS FEET SEAL TYPE: 3/8 Bentonite Pellets
BELOW TOP OF CASING (ft BTOC). SEAL QTY: 1 5-gal bucket
BOREHOLE DIAMETER: 8.5-in
BOREHOLE DEPTH:  26.5 ft BTOC
L PORTLAND CEMENT GROUT
11.0 ft BTOC  TOP OF BENTONITE SEAL
14.0 ft BTOC  TOP OF FILTER PACK
TOP OF SCREEN ~ 15.6 ft BTOC
BOTTOM OF SCREEN  25.5 ft BTOC
BOTTOM OF WELL CASING  26.0 ft BTOC
26.5 ft BTOC  BOTTOM OF BOREHOLE




PROJECT NUMBER

i 378718

BORING NUMBER: 551W08

WELL COMPLETION DIAGRAM

PROJECT:
Naval Activity Puerto Rico JM04

LOCATION
SWMU 55

IDRILLING METHOD:

Hollow-stem auger, 8.25-in OD augers, Mobil B61

DRILLING CONTRACTOR:

Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago

WELL DIAGRAM IS NOT TO SCALE

TOP OF CASING ELEVATION (NGVD29): |NORTHING (NAD83 Z 20): EASTING (NADS3 Z 20): STATIC WATER LEVEL:
10.44 ft 145368.15 782559.41 ft BTOC ()
GROUND ELEVATION (NGVD29): START: FINISH: LOGGED BY:
7.43 ft 04/22/2013 04/23/2013 James Fank/RAL
TOP OF CASING —] STICK-UP MONUMENT
3T ,- 21 21,7 81"
ok ks 1
WELL CONSTRUCTION DETAILS
CASING MATERIAL: Sch 40 PVC
CASING DIAMETER: 2-in (ID)
SCREEN TYPE: continuous wrap PVC
SLOT SIZE: 0.02-in
FILTER PACK TYPE: 5/12 sand
FILTER PACK QTY: 11 50-Ib bags
NOTES: SEAL TYPE: 3/8 Bentonite Pellets
ALL DEPTHS ARE REPORTED AS FEET :
BELOW TOP OF CASING (ft BTOC). SEAL QTY: 1 5-gal bucket
BOREHOLE DIAMETER: 8.5-in
BOREHOLE DEPTH: 38.5 ft BTOC
— PORTLAND CEMENT GROUT
13.0 ft BTOC TOP OF BENTONITE SEAL
16.0 ft BTOC  TOP OF FILTER PACK
TOP OF SCREEN ~ 17.5 ft BTOC
BOTTOM OF SCREEN 37.5 ft BTOC
BOTTOM OF WELL CASING 38.0 ft BTOC
38.5 ft BTOC BOTTOM OF BOREHOLE




PROJECT NUMBER:

378718

BORING NUMBER: 551W09

WELL COMPLETION DIAGRAM

PROJECT:
Naval Activity Puerto Rico JM04

SWMU 55

LOCATION:

IDRILLING METHOD:

Hollow-stem auger, 8.25-in OD augers, Mobil B61

DRILLING CONTRACTOR:

Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago

WELL DIAGRAM IS NOT TO SCALE

TOP OF CASING ELEVATION (NGVD29): |NORTHING (NAD83 Z 20): EASTING (NADS3 Z 20): STATIC WATER LEVEL:
9.77 ft 145335.17 782518.42 ft BTOC ()
GROUND ELEVATION (NGVD29): START: FINISH: LOGGED BY:
6.64 ft 04/18/2013 04/22/2013 James Fank/RAL
TOP OF CASING —] STICK-UP MONUMENT
3T ,- 21 21,7 81"
ok ks 1
WELL CONSTRUCTION DETAILS
CASING MATERIAL: Sch 40 PVC
CASING DIAMETER: 2-in (ID)
SCREEN TYPE: continuous wrap PVC
SLOT SIZE: 0.02-in
FILTER PACK TYPE: 5/12 sand
FILTER PACK QTY: 9 50-Ib bags
NOTES: SEAL TYPE: 3/8 Bentonite Pellets
ALL DEPTHS ARE REPORTED AS FEET :
BELOW TOP OF CASING (ft BTOC). SEAL QTY: 1 5-gal bucket
BOREHOLE DIAMETER: 8.5-in
BOREHOLE DEPTH: 47.6 ft BTOC
— PORTLAND CEMENT GROUT
21.6 ft BTOC TOP OF BENTONITE SEAL
24.1 ft BTOC TOP OF FILTER PACK
TOP OF SCREEN  26.6 ft BTOC
BOTTOM OF SCREEN 46.6 ft BTOC
BOTTOM OF WELL CASING  47.1 ft BTOC
47.6 ft BTOC BOTTOM OF BOREHOLE




PROJECT NUMBER:

378718

BORING NUMBER: 551W10

WELL COMPLETION DIAGRAM

PROJECT:
Naval Activity Puerto Rico JM04

SWMU 55

LOCATION:

IDRILLING METHOD:

Hollow-stem auger, 8.25-in OD augers, Mobil B61

DRILLING CONTRACTOR:

Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago

WELL DIAGRAM IS NOT TO SCALE

TOP OF CASING ELEVATION (NGVD29): |NORTHING (NAD83 Z 20): EASTING (NADS3 Z 20): STATIC WATER LEVEL:
9.60 ft 145304.53 782484.21 ft BTOC ()
GROUND ELEVATION (NGVD29): START: FINISH: LOGGED BY:
6.19 ft 04/18/2013 04/18/2013 James Fank/RAL
TOP OF CASING —] STICK-UP MONUMENT
3T ,- 21 21,7 81"
ok ks 1
WELL CONSTRUCTION DETAILS
CASING MATERIAL: Sch 40 PVC
CASING DIAMETER: 2-in (ID)
SCREEN TYPE: continuous wrap PVC
SLOT SIZE: 0.02-in
FILTER PACK TYPE: 5/12 sand
FILTER PACK QTY: 12 50-Ib bags
NOTES: SEAL TYPE: 3/8 Bentonite Pellets
ALL DEPTHS ARE REPORTED AS FEET :
BELOW TOP OF CASING (ft BTOC). SEAL QTY: 1 5-gal bucket
BOREHOLE DIAMETER: 8.5-in
BOREHOLE DEPTH: 48.9 ft BTOC
— PORTLAND CEMENT GROUT
22.4 ft BTOC TOP OF BENTONITE SEAL
25.4 ft BTOC TOP OF FILTER PACK
TOP OF SCREEN  27.9 ft BTOC
BOTTOM OF SCREEN 47.9 ft BTOC
BOTTOM OF WELL CASING  48.4 ft BTOC
48.9 ft BTOC BOTTOM OF BOREHOLE




PROJECT NUMBER

i 378718

BORING NUMBER: 551W11

WELL COMPLETION DIAGRAM

PROJECT:
Naval Activity Puerto Rico JM04

LOCATION
SWMU 55

IDRILLING METHOD:

Hollow-stem auger, 8.25-in OD augers, Mobil B61

DRILLING CONTRACTOR:

Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago

WELL DIAGRAM IS NOT TO SCALE

TOP OF CASING ELEVATION (NGVD29): |NORTHING (NAD83 Z 20): EASTING (NADS3 Z 20): STATIC WATER LEVEL:
14.81 ft 145472.34 782603.88 ft BTOC ()
GROUND ELEVATION (NGVD29): START: FINISH: LOGGED BY:
11.82 ft 04/26/2013 04/26/2013 James Fank/RAL
TOP OF CASING —] STICK-UP MONUMENT
3T ,- 21 21,7 81"
ok ks 1
WELL CONSTRUCTION DETAILS
CASING MATERIAL: Sch 40 PVC
CASING DIAMETER: 2-in (ID)
SCREEN TYPE: continuous wrap PVC
SLOT SIZE: 0.02-in
FILTER PACK TYPE: 5/12 sand
FILTER PACK QTY: 6 50-Ib bags
NOTES: SEAL TYPE: 3/8 Bentonite Pellets
ALL DEPTHS ARE REPORTED AS FEET :
BELOW TOP OF CASING (ft BTOC). SEAL QTY: 1 5-gal bucket
BOREHOLE DIAMETER: 8.5-in
BOREHOLE DEPTH: 29.0 ft BTOC
— PORTLAND CEMENT GROUT
14.0 ft BTOC TOP OF BENTONITE SEAL
16.0 ft BTOC TOP OF FILTER PACK
TOP OF SCREEN  18.0 ft BTOC
BOTTOM OF SCREEN 28.0 ft BTOC
BOTTOM OF WELL CASING 28.5 ft BTOC
29.0 ft BTOC BOTTOM OF BOREHOLE




PROJECT NUMBER

i 378718

BORING NUMBER: 551W12

WELL COMPLETION DIAGRAM

PROJECT:
Naval Activity Puerto Rico JM04

LOCATION
SWMU 55

IDRILLING METHOD:

Hollow-stem auger, 8.25-in OD augers, Mobil B61

DRILLING CONTRACTOR:

Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago

WELL DIAGRAM IS NOT TO SCALE

TOP OF CASING ELEVATION (NGVD29): |NORTHING (NAD83 Z 20): EASTING (NADS3 Z 20): STATIC WATER LEVEL:
13.42 ft 145477.28 782569.38 ft BTOC ()
GROUND ELEVATION (NGVD29): START: FINISH: LOGGED BY:
10.38 ft 04/29/2013 04/29/2013 James Fank/RAL
TOP OF CASING —] STICK-UP MONUMENT
3T, Py Al'A INE
ok ks 1
WELL CONSTRUCTION DETAILS
CASING MATERIAL: Sch 40 PVC
CASING DIAMETER: 2-in (ID)
SCREEN TYPE: continuous wrap PVC
SLOT SIZE: 0.02-in
FILTER PACK TYPE: 5/12 sand
FILTER PACK QTY: 5 50-Ib bags
NOTES: SEAL TYPE: 3/8 Bentonite Pellets
ALL DEPTHS ARE REPORTED AS FEET :
BELOW TOP OF CASING (ft BTOC). SEAL QTY: 1 5-gal bucket
BOREHOLE DIAMETER: 8.5-in
BOREHOLE DEPTH: 24.0 ft BTOC
— PORTLAND CEMENT GROUT
10.0 ft BTOC TOP OF BENTONITE SEAL
12.0 ft BTOC TOP OF FILTER PACK
TOP OF SCREEN  13.5 ft BTOC
BOTTOM OF SCREEN 23.5 ft BTOC
BOTTOM OF WELL CASING  24.0 ft BTOC
24.0 ft BTOC BOTTOM OF BOREHOLE




PROJECT NUMBER: 378718

BORING NUMBER: 55MW26

WELL COMPLETION DIAGRAM

PROJECT:
Naval Activity Puerto Rico JM04

LOCATION:

SWMU 55

IDRILLING METHOD:
Hollow-stem auger, 4.25-in ID augers, Mobil B61

DRILLING CONTRACTOR:
Jaca and Sierra Geotechnical Services, Driller: Eduardo Santiago

WELL DIAGRAM IS NOT TO SCALE

TOP OF CASING ELEVATION (NGVD29): |NORTHING (NADS83 Z 20): EASTING (NADS3 Z 20): STATIC WATER LEVEL:
13.86 ft 145539.65 782607.44 ft BTOC ()
GROUND ELEVATION (NGVD29): START: FINISH: LOGGED BY:
13.75 ft 04/08/2013 04/08/2013 James Frank/RAL
TOP OF CASING ] STICK-UP MONUMENT
ST, 21 DENESE
ok ks 1
WELL CONSTRUCTION DETAILS
CASING MATERIAL:  Sch 40 PVC
CASING DIAMETER:  2-in (ID)
SCREEN TYPE: slotted PVC
SLOT SIZE: 0.02-in
FILTER PACK TYPE:  5/12 sand
FILTER PACK QTY: 9.5 50-Ib bags
NOTES: , .
ALL DEPTHS ARE REPORTED AS FEET SEAL TYPE: 3/8 Bentonite Pellets
BELOW TOP OF CASING (ft BTOC). SEAL QTY: 1 5-gal bucket
BOREHOLE DIAMETER: 8.5-in
BOREHOLE DEPTH:  25.6 ft BTOC
L PORTLAND CEMENT GROUT
5.1 ft BTOC  TOP OF BENTONITE SEAL
8.1 ftBTOC  TOP OF FILTER PACK
TOP OF SCREEN ~ 10.1 ft BTOC
BOTTOM OF SCREEN  24.6 ft BTOC
BOTTOM OF WELL CASING ~ 25.1 ft BTOC
25.6 ft BTOC  BOTTOM OF BOREHOLE




Appendix D
Well Development Logs




WELL DEVELOPMENT LOG

WELL ID: 55MW26

Project Name: NAPR SWMU 55

Project Number: 378718

Installation Date:

Development Team:

Log Book ID/Page:

Well Depth: 25 ft btoc
Well Diameter: 2in

Screened Interval: ft btoc
Static Water Level: 1 ft btoc

Well Materials:

Start Date:
Start Time:
End Date:
End Time:

Development:

Equipment:

Development Information

4/11/2013

1105

4/11/2013

1537

Contractor Information

Jaca & Sierra Geotechnical

Services

Development Method: Surge/Pump

Purging Equipment: YSI 6920V2 w/

GRUNDFOS Submersible

WELL STABILIZATION DATA

Volume Turbidity Sp. Cond.
Time Removed DO (mg/L) (NTU) ORP (mV) Temp. (°C) pH (mS/cm) Remarks
1425 130 2.50 103.6 45.10 32.82 7.07 4.765
1439 133 2.06 43.5 20.40 33.80 7.07 4.934
1455 137 3.78 335 17.20 33.34 7.14 4.950
1513 144 3.49 19.2 13.40 33.12 7.14 4.962
1523 152 2.28 15.0 27.50 32.89 7.07 4.885
1537 158 2.72 13.0 22.70 32.27 7.18 4.955

STABILIZATION SUMMARY

Range or Average Pump Rate:

Maxium Drawdown during pumping:

Total quantity of material bailed:

Total quantity of water discharged by pumping:

158.9

gpm
ft
gal
gal

Purge Water Description:

Comments: Started purging clear at 1425. Take paramaters w/ YSI




WELL DEVELOPMENT LOG

WELL ID:

55IW05

Project Name:

NAPR SWMU 55

Development Information

Development Method: Air lift

Project Number: 378718 Start Date: 5/1/2013
Installation Date: Start Time: 1044
Development Team: End Date: 5/1/2013
End Time: 1122
Log Book ID/Page:
Well Depth: 30.45 ft btoc Contractor Information Purging Equipment:
Well Diameter: Development: Jaca & Sierra Geotechnical
Screened Interval: ft btoc Services
Static Water Level: 15.24 ft btoc Equipment:
Well Materials:
WELL STABILIZATION DATA
Volume Turbidity Sp. Cond.
Time Removed DO (mg/L) (NTU) ORP (mV) Temp. (°C) pH (mS/cm) Remarks
1050 15 7.37 >1500 197.7 31.17 8.12 2.097
1055 - 7.52 >1500 197.6 31.36 7.95 2.098
1100 - 7.49 1312.2 191.0 31.60 8.04 4.559
1105 20 6.70 1430.9 192.2 31.66 8.03 4.877
1110 - 7.22 1601.6 194.3 31.85 8.03 4.991
1115 - 7.43 1603.6 184.9 31.95 8.09 4.941
1120 80 7.47 1603.2 179.8 31.94 8.12 5.330
STABILIZATION SUMMARY
Range or Average Pump Rate: gpm Purge Water Description:
Maxium Drawdown during pumping: ft
Total quantity of material bailed: gal Comments:
Total quantity of water discharged by pumping: 80 gal




WELL DEVELOPMENT LOG

WELL ID: 55I1W06

Project Name:

NAPR SWMU 55

Development Information

Development Method: Air lift

Project Number: 378718 Start Date: 5/1/2013
Installation Date: Start Time: 940
Development Team: End Date: 5/1/2013
End Time: 1010
Log Book ID/Page:
Well Depth: ft btoc Contractor Information Purging Equipment:
Well Diameter: 2 in Development: Jaca & Sierra Geotechnical
Screened Interval: ft btoc Services
Static Water Level: ft btoc Equipment:
Well Materials:
WELL STABILIZATION DATA
Volume Turbidity Sp. Cond.
Time Removed DO (mg/L) (NTU) ORP (mV) Temp. (°C) pH (mS/cm) Remarks
940 20 7.61 1577.3 197.3 29.65 8.12 5.638
950 40 7.70 1573.6 196.1 29.39 8.02 5.759
955 50 7.74 1574.6 196.7 29.44 8.03 5.830
1000 60 7.67 1572.6 200.6 29.28 8.04 5.884
1005 75 7.70 1573.9 197.8 29.26 8.04 5.910
1010 80 7.71 1572.4 206.7 29.29 8.03 5.913
STABILIZATION SUMMARY
Range or Average Pump Rate: gpm Purge Water Description:
Maxium Drawdown during pumping: ft
Total quantity of material bailed: gal Comments: Did not get a static level or total depth (T.D.)
Total quantity of water discharged by pumping: 80 gal




WELL DEVELOPMENT LOG

WELL ID:

55I1WO07

Project Name: NAPR SWMU 55

Development Information

Development Method:

Project Number: 378718 Start Date: 4/30/2013
Installation Date: Start Time: 1644
Development Team: End Date: 5/1/2013
End Time: 925
Log Book ID/Page:
Well Depth: 21.39 ft btoc Contractor Information Purging Equipment:
Well Diameter: 2in Development: Jaca & Sierra Geotechnical
Screened Interval: ft btoc Services
Static Water Level: 11.25 ft btoc Equipment:
Well Materials:
WELL STABILIZATION DATA
Volume Turbidity Sp. Cond.
Time Removed DO (mg/L) (NTU) ORP (mV) Temp. (°C) pH (mS/cm) Remarks
1644 20 7.46 1493.6 94.5 30.48 8.41 3.935
1649 - 7.54 1492.2 132.3 30.39 8.33 4.004
1656 40 7.49 1492.0 148.8 30.39 8.36 4.081
1701 - 7.55 1491.5 157.7 30.29 8.39 4,129
1706 50 7.59 1495.3 156.6 30.64 8.41 2.177
1710 - - - - - - - Stop until next day
0830 70 7.93 1568.9 156.6 28.92 7.54 4,232
0835 - 7.73 1574.6 154.8 29.38 8.30 4.309
0840 - 7.41 1574.1 165.6 29.60 8.36 3.300
0845 90 7.70 1528.6 167.6 29.87 8.37 4.338
0850 - 7.78 1459.6 166.1 30.27 8.43 4.313
0855 110 7.85 1200.8 171.3 30.31 8.39 4.298
0900 - 7.60 1028.6 177.5 33.42 8.38 2.294
0905 - 7.73 1443.2 176.5 30.33 8.36 4.395
0910 - 7.75 1267.4 176.1 30.42 8.36 4.376
0915 - 7.73 1158.6 177.4 30.52 8.37 4.391
0920 150 7.59 1510.8 176.3 30.50 8.37 4.396
0925 160 7.70 1014.5 177.4 31.20 8.54 2.392
STABILIZATION SUMMARY
Range or Average Pump Rate: gpm Purge Water Description:
Maxium Drawdown during pumping: ft
Total quantity of material bailed: gal Comments: stopped on 4/30 to let well recharge
Total quantity of water discharged by pumping: 160 gal start again on 5/1




WELL DEVELOPMENT LOG

WELL ID: 55IW08

Project Name:

NAPR SWMU 55

Development Information

Development Method: Air lift

Project Number: 378718 Start Date: 4/30/2013
Installation Date: Start Time: 1431
Development Team: John Santoputio/HOU End Date: 4/30/2013
End Time: 1601
Log Book ID/Page:
Well Depth: 28.06 ft btoc Contractor Information Purging Equipment:
Well Diameter: 2in Development: Jaca & Sierra Geotechnical
Screened Interval: ft btoc Services
Static Water Level: 10.18 ft btoc Equipment:
Well Materials:
WELL STABILIZATION DATA
Volume Turbidity Sp. Cond.
Time Removed DO (mg/L) (NTU) ORP (mV) Temp. (°C) pH (mS/cm) Remarks
1436 - 7.64 715.5 128.5 28.70 7.98 5.819
1441 100 7.71 1395.4 140.4 28.49 7.87 3.105
1446 - 7.72 1472.3 150.9 28.51 7.85 5.624
1451 - 7.68 1473.0 154.8 28.61 7.89 6.236
1456 200 7.71 1472.2 154.3 28.58 7.87 5.812
1501 - - - - - - - Tank full - run to dump purged water
1506 - - - - - - - Tank full - run to dump purged water
1511 - - - - - - - Tank full - run to dump purged water
1516 - - - - - - - Tank full - run to dump purged water
1521 - - - - B - B Tank full - run to dump purged water
1526 B - B - B - B Back from dumping the purge water
1531 220 7.52 1482.5 166.9 29.46 7.87 6.286
1536 280 7.66 1477.2 163.4 29.05 7.85 6.359
1541 - 7.57 1477.6 173.1 29.04 7.84 6.426
1546 360 7.66 1473.6 177.4 28.69 7.82 6.455
1551 - 7.68 1473.3 178.2 28.59 7.83 6.379
1556 - 7.68 1472.5 179.4 28.62 7.83 6.045
1601 400 7.70 1474.3 178.0 28.74 7.84 2.920
STABILIZATION SUMMARY
Range or Average Pump Rate: gpm Purge Water Description:
Maxium Drawdown during pumping: ft
Total quantity of material bailed: gal Comments: still very silt (like chocolate milk)
Total quantity of water discharged by pumping: 400 gal




WELL DEVELOPMENT LOG

WELL ID: 55I1W09

Project Name: NAPR SWMU 55

Project Number: 378718

Installation Date:

Development Team: John Santoputio/HOU

Log Book ID/Page:

Development Information
Start Date: 4/30/2013
Start Time: --
End Date: 4/30/2013
End Time: 1418

Development Method: Air lift

Well Depth: ft btoc Contractor Information Purging Equipment:
Well Diameter: 2 in Development: Jaca & Sierra Geotechnical
Screened Interval: ft btoc Services
Static Water Level: ft btoc Equipment:
Well Materials:
WELL STABILIZATION DATA
Volume Turbidity Sp. Cond.
Time Removed DO (mg/L) (NTU) ORP (mV) Temp. (°C) pH (mS/cm) Remarks
1239 160 7.16 218.8 113.5 29.86 7.64 23.36
1244 200 7.18 638.4 119.2 29.38 7.62 23.50 between 1244 and 1315 water tank was
1315 210 6.25 437.2 140.6 30.00 7.55 21.14 dumped.
1320 230 7.19 289.9 142.9 29.58 7.52 21.71
1325 340 7.31 101.3 147.2 29.46 7.52 15.77
1330 370 7.09 100.9 149.9 25.81 7.48 23.81
1335 400 7.09 100.4 151.8 29.15 7.47 23.77 between 1335 and 1357 contractor dumped
1403 420 7.09 103.1 167.4 30.05 7.17 26.94 water in system.
1408 440 7.13 101.0 167.1 28.99 7.17 24.99
1413 500 7.17 100.6 169.0 28.62 7.11 25.35
STABILIZATION SUMMARY
Range or Average Pump Rate: gpm Purge Water Description:
Maxium Drawdown during pumping: ft
Total quantity of material bailed: gal Comments: Drillers started without development team present.
Total quantity of water discharged by pumping: 500 gal No total depth, start time, or static water level recorded.




WELL DEVELOPMENT LOG WELL ID: 55IW10
Project Name: NAPR SWMU 55 Development Information Development Method: Air lift
Project Number: 378718 Start Date: 4/30/2013
Installation Date: Start Time: 1111
Development Team: John Santoputio/HOU End Date: 4/30/2013
End Time: 1136
Log Book ID/Page:
Well Depth: 47.45 ft btoc Contractor Information Purging Equipment:
Well Diameter: 2 in Development: Jaca & Sierra Geotechnical
Screened Interval: ft btoc Services
Static Water Level: 8.78 ft btoc Equipment:
Well Materials:
WELL STABILIZATION DATA
Volume Turbidity Sp. Cond.

Time Removed DO (mg/L) (NTU) ORP (mV) Temp. (°C) pH (mS/cm) Remarks

1111 44 6.76 1483.3 123.1 29.55 7.31 38.89

1116 88 6.75 1421.1 135.3 28.96 7.38 40.29

1121 130 6.76 343.6 138.3 28.86 7.39 41.01

1126 175 6.27 222.7 137.8 28.89 7.38 41.14

1131 185 6.5 200.2 128.2 28.81 7.39 41.34

1136 200 6.73 100.9 117.9 28.73 7.37 41.39

STABILIZATION SUMMARY
Range or Average Pump Rate: gpm Purge Water Description:
Maxium Drawdown during pumping: ft
Total quantity of material bailed: gal Comments:
Total quantity of water discharged by pumping: 200 gal




WELL DEVELOPMENT LOG

WELL ID:

55IW11

Project Name:

NAPR SWMU 55

Development Information

Development Method: Air lift

Project Number: 378718 Start Date: 5/1/2013
Installation Date: Start Time: 1335
Development Team: End Date: 5/1/2013
End Time: 1422
Log Book ID/Page:
Well Depth: ft btoc Contractor Information Purging Equipment:
Well Diameter: 2 in Development: Jaca & Sierra Geotechnical
Screened Interval: ft btoc Services
Static Water Level: ft btoc Equipment:
Well Materials:
WELL STABILIZATION DATA
Volume Turbidity Sp. Cond.
Time Removed DO (mg/L) (NTU) ORP (mV) Temp. (°C) pH (mS/cm) Remarks
1340 - 7.74 >1600 173.6 20.89 8.65 0.900
1345 - 7.68 >1600 182.6 29.76 8.43 1.192
1350 - 7.66 1565.5 181.2 30.00 8.47 1.409
1355 - - - - - - -
1400 - 7.34 1249.8 188.1 30.60 8.50 1.906
1410 50 7.62 1039.4 185.1 30.31 8.49 1.949
1415 60 7.82 577.3 179.8 30.24 8.50 2.002
Done 70 - - - - - -
STABILIZATION SUMMARY
Range or Average Pump Rate: gpm Purge Water Description:
Maxium Drawdown during pumping: ft
Total quantity of material bailed: gal Comments:
Total quantity of water discharged by pumping: 70 gal




WELL DEVELOPMENT LOG

WELL ID:

55IW12

Project Name:

NAPR SWMU 55

Development Information

Development Method: Air lift

Project Number: 378718 Start Date: 5/1/2013
Installation Date: Start Time: 1242
Development Team: End Date: 5/1/2013
End Time: 1325
Log Book ID/Page:
Well Depth: 22.67 ft btoc Contractor Information Purging Equipment:
Well Diameter: Development: Jaca & Sierra Geotechnical
Screened Interval: ft btoc Services
Static Water Level: 12.30 ft btoc Equipment:
Well Materials:
WELL STABILIZATION DATA
Volume Turbidity Sp. Cond.
Time Removed DO (mg/L) (NTU) ORP (mV) Temp. (°C) pH (mS/cm) Remarks
1255 - 7.00 1603.5 112.8 31.87 8.39 2.121
1300 - 6.33 1594.2 140.3 31.29 8.35 2.307
1305 50 7.61 1595.4 164.8 31.28 8.35 2.523
1310 - 7.81 1595.6 170.5 31.31 8.32 2.548
1315 - 7.69 1590.4 162.5 30.97 8.43 2.686
1320 - 7.72 1484.2 164.9 30.98 8.47 2.769
1325 75 7.51 1121.6 168.4 30.98 8.48 2.792
STABILIZATION SUMMARY
Range or Average Pump Rate: gpm Purge Water Description:
Maxium Drawdown during pumping: ft
Total quantity of material bailed: gal Comments:
Total quantity of water discharged by pumping: 80 gal




Appendix E
Survey Location Plan of SWMU 7/8 and SWMU 55







Appendix F
Summary of Waste Characterization Sample Results and
Waste Manifests




Waste Characetrization - Soil Analytical Results (TCLP)
Data Summary Table

SWMU55

Naval Activity Puerto Rico

Location SPLW SPUP
Sample ID JM04-SPLW-041813 JM04-SPUP-041813
Sample Depth (ft) 0-0 0-0
Sample Date 4/18/2013 4/18/2013
Analyte Units TCLP S

SW6010C (MGIL)

ARSENIC MGI/L 5 0.01 U 0.01 U
BARIUM MGI/L 100 0.36 J 0.029 J
CADMIUM MGI/L 1 0.0032 J 0.0025 U
CHROMIUM, TOTAL MGI/L 5 0.005 U 0.005 U
LEAD MGI/L 5 0.0075 U 0.0075 U
SELENIUM MGI/L 1 0.012 J 0.02 U
SILVER MGI/L 5 0.005 U 0.005 U
SW7470A (MGIL)

Mercury MGI/L 0.2 0.0002 U 0.0002 U
SW8081B (MGIL)

CHLORDANE MGI/L 0.03 0.0005 U 0.0005 U
ENDRIN MGI/L 0.02 0.0001 U 0.0001 U
GAMMA BHC (LINDANE) MGI/L 0.4 0.0001 U 0.0001 U
HEPTACHLOR MGI/L 0.008 0.0001 U 0.0001 U
HEPTACHLOR EPOXIDE MGI/L 0.008 0.0001 U 0.0001 U
METHOXYCHLOR MGI/L 10 0.0001 U 0.0001 U
TOXAPHENE MGI/L 0.5 0.01 U 0.01 U
SW8151A (MGIL)

2,4-D (DICHLOROPHENOXYACETIC ACID) MGI/L 10 0.0015 U 0.0015 U
SILVEX (2,4,5-TP) MGI/L 1 0.0015 U 0.0015 U
SW8260B (MGIL)

1,1-DICHLOROETHENE MGI/L 0.7 0.008 U 0.008 U
1,2-DICHLOROETHANE MGI/L 0.5 0.008 U 0.008 U
BENZENE MGI/L 0.5 0.008 U 0.008 U
CARBON TETRACHLORIDE MGI/L 0.5 0.02 U 0.02 U
CHLOROBENZENE MGI/L 100 0.008 U 0.008 U
CHLOROFORM MGI/L 6 0.008 U 0.008 U
METHYL ETHYL KETONE (2-BUTANONE) MGI/L 200 0.02 U 0.02 U
TETRACHLOROETHENE (PCE) MGI/L 0.7 0.02 U 0.02 U
TRICHLOROETHENE (TCE) MGI/L 0.5 0.008 U 0.008 U

VINYL CHLORIDE MGI/L 0.2 0.008 U 0.008 U




Waste Characetrization - Soil Analytical Results (TCLP)
Data Summary Table

SWMU55

Naval Activity Puerto Rico

Location SPLW SPUP
Sample ID JM04-SPLW-041813 JM04-SPUP-041813
Sample Depth (ft) 0-0 0-0
Sample Date 4/18/2013 4/18/2013
Analyte Units TCLP S

SW8270D (MGI/L)

1,4-DICHLOROBENZENE MGI/L 7.5 0.0025 U 0.0025 U
2,4,5-TRICHLOROPHENOL MGI/L 400 0.0025 U 0.0025 U
2,4,6-TRICHLOROPHENOL MGI/L 2 0.0025 U 0.0025 U
2,4-DINITROTOLUENE MGI/L 0.13 0.0025 U 0.0025 U
2-METHYLPHENOL (O-CRESOL) MGI/L 200 0.0025 U 0.0025 U
3 & 4-Methylphenol MGI/L - 0.0025 U 0.0025 U
CRESOLS, TOTAL MGI/L 200 0.005 U 0.005 U
HEXACHLOROBENZENE MGI/L 0.13 0.0025 U 0.0025 U
HEXACHLOROBUTADIENE MGI/L 0.5 0.0025 U 0.0025 U
HEXACHLOROETHANE MGI/L 3 0.0025 U 0.0025 U
NITROBENZENE MGI/L 2 0.0025 U 0.0025 U
PENTACHLOROPHENOL MGI/L 100 0.0025 U 0.0025 U
PYRIDINE MGI/L 5 0.025 U 0.025 U
Notes:

NA = Not analyzed

J = The analyte was positively identified: the associated numerical value is the approximate concentration of the analyte in the sample.
U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.

mg/l = Milligrams per Liter
ug/kg = Micrograms per Kilogram
Bold indicates the analyte was detected

Shading indicates the analyte exceded screening criteria

TCLP S" - EPA TCLP Screening Limit



Waste Characetrization - Soil Analytical Results
Data Summary Table

SWMU55

Naval Activity Puerto Rico

Location SPLW SPUP

Sample ID JM04-SPLW-041813 JM04-SPLW-041813D JM04-SPUP-041813 JM04-SPUP-041813D
Sample Depth (ft) 0-0 0-0 0-0 0-0
Sample Date 4/18/2013 4/18/2013 4/18/2013 4/18/2013
Analyte Units

SW1030 (NONE)

Ignitability NONE ou NA ouU 0 U
SWB8082A (UG/KG)

PCB-1016 (AROCLOR 1016) UG/KG 21 U NA 212 U NA
PCB-1221 (AROCLOR 1221) UG/KG 421 U NA 425 U NA
PCB-1232 (AROCLOR 1232) UG/KG 21 U NA 212 U NA
PCB-1242 (AROCLOR 1242) UG/KG 21 U NA 212 U NA
PCB-1248 (AROCLOR 1248) UG/KG 21 U NA 212 U NA
PCB-1254 (AROCLOR 1254) UG/KG 21 U NA 212 U NA
PCB-1260 (AROCLOR 1260) UG/KG 21 U NA 212 U NA
SW9045D (PH UNITS)

pH PH UNITS 8.84 8.85 9.4 NA
Notes:

NA = Not analyzed

J = The analyte was positively identified: the associated numerical value is the approximate concentration of the analyte in the sample.
U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.

mg/l = Milligrams per Liter

ug/kg = Micrograms per Kilogram

Bold indicates the analyte was detected



Waste Characetrization - Water Analytical Results
Data Summary Table

SWMU55

Naval Activity Puerto Rico

Location TD491
Sample ID JM04-TD491-120612
Sample Depth (ft) 0-0
Sample Date 12/6/2012
Analyte Units | TCLP**

SW8260B (UG/L)

1,1,1-TRICHLOROETHANE UG/L - 02 U
1,1,2,2-TETRACHLOROETHANE UG/L - 0.2 U
1,1,2-TRICHLOROETHANE UG/L - 02 U
1,1-DICHLOROETHANE UG/L - 0.2 U
1,1-DICHLOROETHENE UG/L 700 05 U
1,2,3-TRICHLOROBENZENE UG/L - 0.2 U
1,2,4-TRICHLOROBENZENE UG/L - 0.2 U
1,2-DIBROMO-3-CHLOROPROPANE UG/L - 0.2 U
1,2-DIBROMOETHANE (EDB) UG/L - 0.2 U
1,2-DICHLOROBENZENE UG/L - 0.2 U
1,2-DICHLOROETHANE UG/L 500 0.2 U
1,2-DICHLOROPROPANE UG/L - 0.2 U
1,3-DICHLOROBENZENE UG/L - 02 U
1,4-DICHLOROBENZENE UG/L 7500 0.2 U
2-HEXANONE UG/L - 1U
ACETONE UG/L - 1U
BENZENE UG/L 500 02 U
BROMOCHLOROMETHANE UG/L - 05U
BROMODICHLOROMETHANE UG/L -- 02 U
BROMOFORM UG/L - 05U
BROMOMETHANE UG/L -- 05 U
CARBON DISULFIDE UG/L -- 05U
CARBON TETRACHLORIDE UG/L 500 05 U
CHLOROBENZENE UG/L | 100000 0.2 U
CHLOROETHANE UG/L - 05 U
CHLOROFORM UG/L 6000 0.2 U
CHLOROMETHANE UG/L - 0.2 U
cis-1,2-DICHLOROETHYLENE UG/L -- 0.652 J
cis-1,3-DICHLOROPROPENE UG/L - 0.2 U
CYCLOHEXANE UG/L -- 05U
DIBROMOCHLOROMETHANE UG/L - 0.2 U
DICHLORODIFLUOROMETHANE UG/L -- 0.2 U
ETHYL BENZENE UG/L - 0.2 U
FREON 113 UG/L - 05U
Isopropylbenzene UG/L - 02 U




METHYL ACETATE UG/L - 2 U
METHYL ETHYL KETONE (2-BUTANONE) UG/L | 200000 05U
METHYL ISOBUTYL KETONE (4-METHYL-2-PENTAIJUG/L - 05U
METHYL TERT-BUTYL ETHER (MTBE) UG/L -- 0.2 U
METHYLCYCLOHEXANE UG/L -- 0.2 U
METHYLENE CHLORIDE UG/L -- 05U
STYRENE UG/L -- 0.2 U
TETRACHLOROETHENE (PCE) UG/L 700 05U
TOLUENE UG/L -- 0.2 U
trans-1,2-DICHLOROETHENE UG/L - 0.2 U
trans-1,3-DICHLOROPROPENE UG/L -- 0.2 U
TRICHLOROETHENE (TCE) UG/L 500 48.5 =
TRICHLOROFLUOROMETHANE UG/L -- 0.2 U
VINYL CHLORIDE UG/L 200 0.2 U
XYLENES, TOTAL UG/L - 0.6 U
Notes:

Bold ind