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1.0   INTRODUCTION 

This report summarizes the background, scope, field activit ies, and results of the membrane 
interface probe (MIP) investigation and soil gas sampling conducted at the Area 1 former landfill, 

which constitutes Operable Unit 1 (OU 1) of Naval Base Kitsap (NBK) Keyport in Keyport, 

Washington (Figures 1 and 2). This report documents the activities that were completed in August 
and September 2016 as part of Phase II of the OU 1 site recharacterization program. 

The U.S. Department of the Navy (Navy) performs routine long-term monitoring (LTM) of 

groundwater and surface water on an annual basis at OU 1. The specific LTM requirements have 
been defined and updated in sampling plans developed by the Navy and reviewed by the 

Washington State Department of Ecology (Ecology), the U.S. Environmental Protection Agency 

(EPA), and the Suquamish Tribe. The U.S. Geological Survey performs annual monitoring of natural 
biodegradation conditions beneath and near the landfill. The results of LTM and biodegradation 

sampling are reported separately by others. 

The activit ies documented in this report were conducted in accordance with the project-specific  
sampling and analysis plan (SAP; U.S. Navy 2016) under Navy Contract No. N62470-11-D-8013, 

Contract Task Order JP09, for Naval Fac ilit ies Engineering Command Northwest (NAVFAC NW). As 
the prime contractor, Resolution Consultants (Resolution) oversaw the field sampling, field data 

collection, and data usability evaluation and analysis described herein and prepared this report. 

Subcontractors to Resolution performed the MIP investigation, direct-push drilling for soil gas 
sampling, laboratory analytical tasks, and analytical data validation. Subcontractors to Resolution 

also performed utility location, vegetation clearing, and fence removal as part of site preparation for 
drill rig access. 

The following subsections provide a descript ion of OU 1, the site background, and the historical 

conceptual site model (CSM). 

1.1 Site Description and Background 

NBK Keyport occupies 340 acres (including tidelands) adjacent to the town of Keyport in Kitsap 

County, Washington, on a small peninsula in the central portion of Puget Sound (Figure 1). The 

Navy acquired the Keyport property in 1913, with property acquisit ion continuing through World 
War II. The property was first used as a quiet-water range for torpedo testing, with the first range 

facility located in Port Orchard Inlet southeast of NBK Keyport. During the early 1960s, the role of 
the base was expanded to include manufacturing and fabrication, such as welding, metal plat ing, 

carpentry, and sheet metal work. Further expansion in 1966 consisted of a new torpedo shop. In 

1978, the functions were broadened to include engineering and development activities associated 
1 
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with various undersea warfare weapons and systems. Operations currently include engineering, 
fabrication, assembly, and testing of underwater weapons systems. 

Keyport Area 1 (OU 1) is a former landfill at NBK Keyport that received solid waste from base 
operations. It comprises approximately 9 acres in the western portion of the base, next to a 

wetlands area and the t ide flats that flow into Dogfish Bay (Figure 2). Most of the area of the 
landfill was part of the wetlands that now border the landfill to the west, northwest, southwest, and 

south. The wetlands area is referred to as the “marsh” and is further described in the conceptual 
site model in Section 1.1.2. 

The Area 1 landfill was the primary disposal area for domestic and industrial wastes generated by 
the base from the 1930s until 1973, when the landfill was closed. A burn pile for refuse and 

demolit ion debris was located at the north end of the landfill from the 1930s to the 1960s. 
Unburned or partially burned materials from this pile were buried in the landfill or pushed into the 

marsh. A trash inc inerator was operated at the north end of the landfill from the 1930s to the 
1960s, and incinerator ash was disposed of in the landfill. Burning continued at the landfill until the 

early 1970s. 

From the 1930s until the 1970s, waste paint, thinners, and strippers from the paint and stripper 

shop were disposed of in the southwest area of the landfill (U.S. Navy 1984). The Navy interviewed 
more than 50 former and current employees, 8 of whom had been directly involved in landfill 

operations, to determine whether intact drums of liquid wastes had been placed in the landfill. One 
person remembered that 12 to 14 pallets of 5-gallon cans of paint and some 55-gallon drums were 

buried whole. The other people who were interviewed believed that whole drums were not buried 

intact. Some said that the drums were emptied into the landfill or crushed before burial. Overall, 
the interviews indicated that the disposal of liquids in drums was not a common practice, and 

substantial amounts of drummed liquid wastes are unlikely to be in the landfill (U.S. Navy, USEPA, 
and Ecology 1998). 

1.1.1 Remedial Investigation 

During various site investigation and assessment studies between 1984 and 1988, Area 1 was 

determined to have possible environmental contamination. In 1989, NBK Keyport was officially  
listed on the National Priorit ies List, becoming a Superfund site under the Comprehensive 

Environmental Response, Compensation, and Liability Act (CERCLA). Area 1 was included in a 

remedial investigation (RI) and feasibility study that were conducted at NBK Keyport between 1988 
and 1993 (U.S. Navy 1993a, 1993b), and the RI included human health and ecological risk 

assessments (U.S. Navy 1993c, 1993d). Two classes of chemicals, chlorinated volatile organic  

2 
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compounds (cVOCs) and polychlorinated biphenyls (PCBs), were identified as contaminants of 
concern (COCs) at the site; cVOCs are COCs for soil, sediment, tissue, groundwater, and surface 

water; and PCBs are COCs for sediment and seep water at Area 1. 

The RI also identified indoor air risks to workers from vapor intrusion into modular units that were 

located on the landfill at the time. Shortly after the baseline risk assessment, the Navy removed the 
modular office buildings from the landfill surface to eliminate these potential risks. In addit ion, Navy 

personnel were no longer assigned to work full time in the buildings that remained in the southern 
portion of the landfill. The vapor intrusion studies did not indicate vapor intrusion as a pathway of 

concern outside the landfill boundary east of Bradley Road based on the soil gas action levels that 

were established at the time. 

1.1.2 Remedial Action 

After the RI was completed, the feasibility study evaluated seven remedial alternatives for Area 1. 
The Navy, Ecology, and the EPA selected a preferred remedial alternative for Area 1, which was 

described in the 1994 proposed plan (U.S. Navy 1994). However, because public comment 
regarding the preferred remedial alternative was not favorable, the proposed plan was withdrawn, 

and Area 1 was separated from the remaining areas assessed during the RI to become OU 1. 

To address the public’s concerns, the Navy, Ecology, and the EPA conducted further site 

characterizat ion to collect data to supplement the RI. Beginning in 1995 and ending in September 
1996, five quarterly rounds of sampling were conducted. The additional data were used to evaluate 

the potential risks from three key COC pathways at OU 1 (U.S. Navy, USEPA, and Ecology 1998): 

• Drinking water pathway (human health risk) 
• Seafood ingestion pathway (human health risk) 
• Ecological pathway (risk to aquatic organisms) 

The environmental media identified as those that could potentially result in receptor exposures to 

contaminants were groundwater, surface water, and sediment downgradient of OU 1. The new 
data obtained from the site characterizations were discussed and evaluated in the summary data 

assessment report (U.S. Navy 1997a), which supplemented the RI. Several additional alternatives 
were then evaluated in a supplemental focused feasibility study (U.S. Navy 1997b), from which a 

new preferred remedial alternative was selected and eventually accepted, based on public  
comment. The Record of Decision (ROD) for OU 1 was executed in September 1998 (U.S. Navy, 

USEPA, and Ecology 1998). 

3 
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To achieve the remedial action objectives (RAOs), the remedial action components specified in the 
OU 1 ROD included the following: 

• Treat volatile organic compound (VOC) hotspots in the landfill using phytoremediation by 
poplar trees in concert with natural attenuation. 

• Remove PCB-contaminated sediments from around the seep area, which has the highest 

documented concentrations of PCBs. 

• Upgrade the tide gate to protect the landfill from flooding and erosion during extreme tide 
events. 

• Upgrade and maintain the landfill cover. 

• Conduct LTM, including phytoremediation monitoring, intrinsic biodegradation monitoring, 
and risk and compliance monitoring. 

• Take contingent actions for off-base domestic wells, if necessary. 

• Implement institutional controls. 

The OU 1 ROD also inc luded an RAO to prevent human exposure to vapors from the landfill. As part 

of the selected remedy, all of the remaining occupied buildings were removed from the landfill, and 

inst itutional controls were established to prohibit construction of occupied structures on the landfill 
that could result in vapor exposure. 

The LTM results have indicated no need for the implementation of contingent actions for off-base 

domestic wells. All of the components of the selected remedy have been implemented, the most 
recent being the upgrade of the landfill cover completed in 2003. The upgrade included regrading 

of the landfill material and modificat ion and construction of a stormwater conveyance system that 

includes catch basins and an oil/water separator and discharges to the marsh on the western edge 
of the landfill cover. The phytoremediation component of the remedy was implemented in 1999 and 

consisted of planting two plantations of hybrid poplar trees (referred to as the “north plantation” 
and the “south plantation”) (Figure 2). The area between the north and south plantations is 

referred to as the “central landfill.” 

In spite of a high degree of biodegradation and reductions in cVOC mass over time, the 
concentrations of cVOCs beneath the south plantation remain very high (trichloroethene [TCE] 

concentrations up to 33,800 micrograms per liter (µg/L) and a cis-1,2-dichloroethene (DCE) 

4 
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concentration of 55,700 µg/L in 2014), and cVOC concentrations in surface water adjacent to the 
south plantation consistently exceed the surface water remediation goals (RGs). 

1.1.3 Supplementary Investigation 

Based on concerns that the phytoremediation component of the selected remedy was not 

performing as expected in the south plantation, the third 5-year review (U.S. Navy 2010) 

recommended that the Navy perform an evaluation of natural attenuation as a stand-alone remedy, 
as called for in the ROD. The Navy performed this evaluation in 2011 and 2012 (U.S. Navy 2012) 

and concluded that the RG for discharge to surface water adjacent to the south plantation would 
not be met within a reasonable restoration time frame (30 to 50 years). The evaluation 

recommended that additional investigation of the south plantation be performed to identify cVOC 

hotspots. In addit ion, trend analysis of the LTM results from well MW1-17 in the central landfill 
indicates the potential presence of a source area upgradient of well MW1-17, between the two 

plantations. Well MW1-17 is screened in the upper aquifer. Although contaminant concentrations in 
MW1-17 remain less than the RGs, LTM data from 2009 to the present indicate increasing trends of 

three cVOCs in this well.  

The project team (consisting of the Navy, regulators, and stakeholders) agreed on a two-phased 
approach for a site recharacterizat ion program designed to collect the data necessary to evaluate 

additional remedial alternatives for hotspot treatment to reduce the restoration timeframe. Phase I, 

which comprised the collection of screening-level data, was completed in 2014 (U.S. Navy 2015a). 
The Phase I investigation included the collection of tree core samples for analysis of cVOCs to 

identify potential contaminant hotspots in groundwater in the vicinity of the south plantation and 
the central landfill. Given the location (in the central landfill between the two plantations and at the 

edge of the paved portion of the landfill), it was not possible to collect tree core samples 
upgradient of MW1-17. Geophysical surveys were also conducted in the south plantation and a 

portion of the central landfill to identify the presence or absence of subsurface anomalies that could 

represent potential contaminant sources and pose health risks for workers during future intrusive 
investigations. Results from the Phase I screening level investigation are described in conjunction 

with the historical CSM in the following section.  Responses to project team comments on the draft 
version of this document are included in Appendix A.  

5 



Final OU 1 Phase II Investigation Report   Final Version: 0 
Naval Base Kitsap Keyport, Keyport, Washington  April 21, 2017 

1.2 Pre-Investigation Conceptual Site Model 

This section provides a description of the historical CSM at OU 1. This CSM was used to develop the 
investigative approaches prescribed in the SAP and in Section 2.0. 

NBK Keyport occupies 340 acres (including tidelands) on a small peninsula in the central portion of 

Puget Sound and is bordered by Liberty Bay on the east and north and Port Orchard Inlet on the 

southeast (Figure 1). The topography of NBK Keyport rises gently from the shoreline to an average 
of 25 to 30 feet above mean sea level and then rises steeply at the southeast corner of the base to 

approximately 130 feet above mean sea level. 

Marine or brackish water bodies on and near OU 1 consist of Liberty Bay, Dogfish Bay, tide flats, a 
marsh, and a shallow lagoon. Freshwater bodies include two creeks draining into the marsh pond 

and two creeks that discharge into the shallow lagoon. 

An archeological survey conducted in 2013 indicated that most of the landfill area of OU 1 was 

formerly part of the marsh that now borders the landfill to the west and south (U.S. Navy 2013). 
The historical shoreline is shown on Figure 2. This marsh drains northward into the tide flats of 

Dogfish Bay through a culvert under Keys Road. A tide gate was installed at this culvert to control 
tidal inundation of the marsh and landfill soils. The t ide flats are connected to Dogfish Bay by a 

narrow channel through structural fill material that forms the foundation of the Highway 308 

causeway and bridge. The landfill is unlined at the bottom, and the top is covered with areas of 
grass, trees, concrete, and asphalt. The remaining marsh adjacent to the landfill borders the landfill 

to the west, northwest, southwest, and south (Figure 2). In the central portion of the marsh is a 
small pond, referred to as the “marsh pond”, which is drained by a small creek that flows north to 

the tide flats. The marsh pond is fed by the remainder of the marsh located south and southeast of 
the pond. 

Surface water discharges to the marsh pond via two small freshwater creeks that enter the pond 

from the south end. The marsh also receives input from stormwater drainage systems at two 

outfalls and from shallow groundwater flowing toward the marsh from all sides in the water table 
aquifer. The marsh creek drains into the t ide flats through the tide gate under Keys Road. This t ide 

gate controls tidal flow into the marsh, regulating surface water levels in the marsh. 

The surface water bodies near the landfill constitute a complex, tidally influenced hydrologic 
system. Tidal fluctuations in Dogfish Bay influence the water levels in the t ide flats, marsh creek, 

and marsh pond, and groundwater levels in the northwestern portion of the landfill. The typical 

6 
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range in tide level of the tide flats at a measuring point close to the southeast side of the Highway 
308 bridge is about 10 feet between higher high and lower low tides. 

The historical glac ial and interglac ial deposit ion and erosion in the Puget Sound area has created a 
complex stratigraphy beneath OU 1. Stratigraphic units in the vicinity of the landfill are vertically 

and laterally variable and complex. They generally include interbedded glacial deposits and 
nonglacial fluvial/floodplain deposits. 

For the purpose of this investigation, the aquifer of primary interest is the upper aquifer, which is 

the uppermost of the two shallow aquifers, the other one being the intermediate aquifer. This 

unconfined upper aquifer is present throughout the landfill area and is approximately 4 to 15 feet 
thick (U.S. Navy 1993a). The groundwater surface in the upper aquifer intersects the landfill waste 

material beneath much of the landfill. That is, roughly 5 feet of landfill material lies above the 
groundwater surface in the unsaturated zone, and up to approximately 10 feet of landfill material 

lies in the saturated zone. The landfill material is underlain by a marsh/estuary deposit consisting of 
organic-rich silt  that is up to 5 feet thick, but generally is less than 2 feet thick, and in some places 

is not present. 

The groundwater in the upper aquifer generally flows through the landfill in a westerly direction 

and discharges into the marsh. In the southern portion of the landfill, the groundwater discharges 
south or southwest toward the shore of the marsh. The depth to groundwater in the upper aquifer 

beneath the landfill is typically 4 to 5 feet below ground surface (bgs). Groundwater monitoring 
wells within the south plantation are screened within the upper aquifer, with the deepest screen 

interval located from 10 to 15 feet bgs (wells P1-6, P1-7, P1-8, P1-9, and P1-10). Groundwater 

monitoring wells in the central landfill, including MW1-6, MW-1-15, and MW1-17, are screened 
within the upper aquifer at depths from 8 to 13 feet bgs, 6 to 11 feet bgs, and 7.5 to 13.5 feet bgs, 

respectively. 

The middle aquitard separates the upper aquifer from the intermediate aquifer and is the first 
significant confining layer below the landfill. The middle aquitard consists primarily of sandy silt to 

clean silt . During the RI, it  was reported to be mostly continuous below the landfill but was 
depicted as absent in the central landfill near MW1-15 (U.S. Navy 1993a). This silt unit was 

estimated to be approximately 4 to 15 feet thick across the landfill, where present. Vert ical 

hydraulic conductivity in the middle aquitard was measured during the RI, yielding a value of 10-7 
centimeters per second (cm/sec), which indicates very low permeability (U.S. Navy 1993a). 

7 
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According to the RI (Navy 1993a), the intermediate aquifer near OU 1 is typically 5 to 25 feet thick, 
the top of the aquifer generally occurs between 15 and 35 feet bgs, and groundwater flow within 

the intermediate aquifer is generally to the north within the landfill. 

NBK Keyport OU 1 is underlain by a thick nonglacial silt and clay informally known as the Clover Park 

Silt, which is commonly approximately 100 feet thick and is an aquitard separating the two shallow 
aquifers within the Kitsap Formation from deeper regional water-bearing units. This silt  unit was 

reported to occur from approximately 25 to greater than 40 feet bgs within OU 1 (Navy 1993a). 
Measurements of vertical hydraulic conductivity in the Clover Park Silt during the RI yielded values 

ranging from of 10-6 to 10-8 cm/sec, indicating very low permeability (U.S. Navy 1993a). 

Studies of groundwater/surface water tidal interaction and groundwater salinity were performed, 

and the results were included in the 1997 summary data assessment report (U.S. Navy 1997a). 
Additional assessment of tidal influence was performed during phytoremediat ion monitoring. The 

1997 focused feasibility study concluded that “groundwater levels at OU 1 are influenced by 
seasonal and t idal changes, but not enough to change the general flow patterns. Tidal influence 

occurs in wells close to the shore, but rapidly attenuates with distance from the tide flats or Dogfish 

Bay” (U.S. Navy 1997b). 

Phase I was performed in an attempt to identify contaminant hotspots in soil and groundwater and 
to identify possible source material in the central landfill. A hotspot is defined by the project team 

as an area where cVOC concentrations in any sampled medium are substantially higher than the 
concentrations in the surrounding areas, as determined by consensus of the project team. Areas of 

higher concentration within a contaminant plume represent one type of source (commonly referred 

to as a “residual source”) for contamination migration to areas with lower concentrations. Residual 
sources often consist of nonaqueous-phase liquid ganglia sorbed to soil and occupying some of the 

pore spaces in the soil. A metallic object can also be a source, more typically a “primary” source—
potentially a storage container slowly releasing contaminants to the surrounding environment. 

Potential buried source material was identified as a component of the geophysical investigation. 

The identificat ion of potential buried source material and/or the results of the tree core sampling 
served as a first step in the delineation of any previously unidentified hotspots in the central landfill 

and the south plantation where high concentrations of cVOCs have been detected in groundwater. 

Figure 3 in Appendix B depicts the results of the geophysical investigation of the central landfill. 
Figure 4 in Appendix B presents an overlay of the geophysical data onto chemical concentrations 

detected in tree core samples, and site groundwater samples as available, for the south plantation.  
These data were used to identify and provide evidence regarding discrete contaminant sources in 

8 
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the south plantation. An evaluation of the south plantation overlay resulted in a refined 
understanding of the cVOC distribution, which was used to guide sampling during the Phase II 

investigation. The highest concentrations of cVOCs, particularly TCE, appear to be located south of 

former Building 884 and along the southern edge of the landfill, as shown on Figure 4 in Appendix 
B. In addit ion, the reported detection of 1,1,1-trichloroethane (TCA) in the sample collected from 

one tree adjacent to a stormwater outfall at the southeast corner of the landfill indicate a possible 
association with contaminant transport through damaged stormwater piping. 

The Phase I investigation concluded that the identified geophysical anomalies are not collocated 

with the locations of high cVOC concentrations in tree cores or groundwater. Therefore, the 

contaminant source was not expected to be a buried primary source (such as a product-containing 
drum). Instead, the Phase I results suggested the presence of a residual source. 

The geophysical survey conducted during Phase I inc luded the area upgradient of well MW1-17 to 

collect data that would guide the Phase II investigation of this area. In the central landfill 
upgradient of well MW1-17, there was a significant variat ion in geophysical response. The northern 

portion of the area appears to have more anomalies than the southern portion, with areas of voids 

and metal, as shown on Figure 3 in Appendix B. Tree core samples were collected from four native 
trees located downgradient of well MW1-17; tetrachloroethene (PCE) and TCE were detected in all 

four trees. Daughter products of PCE and TCE were not reported in any of the tree core samples. 
Although PCE and TCE were not reported in groundwater samples collected from well MW1-17 in 

2014, daughter products (1,1-DCE, cis-1,2-DCE, trans-1,2-DCE, and vinyl chloride) were detected. 
The detected concentrations of all constituents except trans-1,2-DCE were greater than the 

remediat ion goals. Since 2006, a general increase in daughter products has been reported in 

groundwater samples from MW1-17. 

During the timeframe in which the Phase I investigation was finalized, the fourth 5-year review was 
completed (U.S. Navy 2015b). The review determined that the results of the vapor intrusion 

evaluation performed during the RI east of Bradley Road do not meet current Ecology risk-based 
action levels. Although cVOCs were not detected in groundwater at the two wells east of Bradley 

Road, historically high soil gas concentrations were detected at a location near Building 893, just 

northeast of the landfill. An evaluation of the vapor intrusion pathway was recommended because 
of limited current cVOC data for groundwater and soil gas east of Bradley Road, cVOC detections in 

groundwater at the adjacent landfill, and the undefined eastern extent of the TCE plume. The 5-
year review also recommended sediment sampling from locations in the vicinity of seep SP1-1 for 

PCBs, due to increasing contaminant trends at this location. 
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2.0  OBJECTIVES AND SCOPE OF WORK FOR PHASE II INVESTIGATION 

The purpose of the Phase II investigation is to complete the site recharacterizat ion of OU 1 and 

collect the data necessary to evaluate addit ional remedial alternatives designed to treat identified 

hotspots and reduce the restoration timeframe. Phase II was init iated in 2016 and comprised the 
collection of addit ional screening-level data using MIP borings, to be followed by the collection of 

quantitative data to identify and delimit contaminant hotspots and investigate geophysical 
anomalies identified during Phase I. Phase II was also scoped to include the recommendations from 

the fourth 5-year review regarding determining the concentration of PCBs in sediment and the 

potential for a vapor intrusion pathway east of Bradley Road. 

The objectives for the Phase II investigation, as prescribed in the SAP (U.S. Navy 2016), are as 
follows: 

1. Refine the understanding of contamination in groundwater in the upper aquifer beneath 

the central landfill and the south plantation and in sediment and surface water present 
in watercourses immediately adjacent to the south plantation and upstream of station 

MA-12. 

2. Refine the understanding of transport pathways for cVOC contamination from the south 

plantation to the adjacent marsh. 

3. Assess the presence or absence of a source or sources of cVOC contamination in 
groundwater in the upper aquifer beneath the central landfill, upgradient of monitoring 

well MW1-17. 

4. If one or more source of cVOCs are found, attempt to assess the lateral and vertical 

extent of the source(s). 

5. Assess the presence or absence of the middle aquitard in the area of MW1-17. 

6. Collect data necessary to allow screening of remedial technologies that could potentially 
be incorporated into hotspot cleanup alternatives for remedy optimization. 

7. Identify any data gaps based on the Phase II investigation data, including the need for 

and location of additional monitoring wells, if warranted. 

8. Establish current concentrations of PCBs in sediment. 
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9. Investigate the vapor intrusion pathway by collecting soil gas samples along the east 
side of Bradley Road. 

The Phase II investigation was intended to include the collection of additional samples to meet 
these objectives. The original scope of work for Phase II specifically included the following: 

• Investigation in the south plantation and central landfill to screen relat ive cVOC 

concentrations in soil and groundwater in the field and acquire additional soil lithology data. 

• Advancement and sampling of soil borings in both areas using a sonic drill rig to correlate 

the MIP data with historical soil boring data and delimit the vertical extent of cVOCs in soil 
and groundwater. 

• Stormwater sampling from two outfalls in the area to assess the potential COC transport 

pathway in stormwater. 

• Porewater sampling to assess the lateral extent of cVOCs in groundwater before it daylights 

to surface water. 

• Surface water sampling to assess cVOC concentrations and provide addit ional information 
regarding the groundwater-to-surface water pathway. 

• Soil gas sampling along Bradley Road to investigate the potential vapor intrusion pathway. 

• Sediment sampling to assess current PCB concentrations in sediment. 

• Installat ion and monitoring of new groundwater monitoring wells based on quantitative data 
results collected during Phase II investigation, if warranted. 

The MIP investigation and soil gas sampling are the two components of the Phase II investigation 

that were completed in 2016 and are documented in this report. The Navy plans to complete the 

remainder of the Phase II investigation at OU 1 during summer 2017. After the completion of the 
Phase II investigation, the Navy will engage in a collaborative process to determine the best 

administrat ive option (engineering evaluation/cost analysis or focused feasibility study, followed by 
a non-time-critical removal action, ROD amendment, or explanation of significant differences) to 

address the OU 1 hotspots. 

2.1 Membrane Interface Probe Investigation 

At the south plantation, MIP boring locations were posit ioned to assess the apparent distribution of 

cVOCs in groundwater based on tree core sample results from the Phase I investigation and 
12 
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groundwater data from the LTM program (Figure 3). The MIP was used to refine the apparent 
lateral and vertical extent of relatively higher concentrations of cVOCs in the upper aquifer. 

“Relatively higher concentrations” are defined qualitat ively, based on best professional judgement 

and comparisons of results relative to other adjacent MIP boring locations. 

In the central landfill, MIP boring location placement was restricted due to the presence of a 
motorcycle training area that could not be closed at that time. Therefore, sample locations were 

positioned in the vicinity of well MW1-17 and surrounding the motorcycle training area to assess 
the presence or absence of a cVOC plume migrating toward well MW1-17 and the presence or 

absence of a cVOC plume migrating to the northwest from former Building 884 toward well MW1-

17 (Figure 4). Comparisons of MIP results between boring locations was used to evaluate the 
presence or absence of a cVOC plume in upper aquifer groundwater in this area.  

2.2 Soil Gas Sampling 

Thirteen soil gas sampling locations were proposed along Bradley Road to evaluate the vapor 
intrusion pathway from the landfill to occupied buildings east of Bradley Road (Figure 4). Because 

the results of the vapor intrusion evaluation performed during the RI do not meet the current 
Ecology risk-based action levels, the sampling was designed to provide an updated evaluation of 

concentrations of cVOCs in soil gas in this area. 

2.3 Revisions to Scope of Work 

The scope of work for the Phase II investigation was revised to include vegetation clearing and 

fence removal to provide access for the sampling activit ies between the south plantation and the 

marsh. 

During the field investigation, the scope of work for the init ial field mobilizat ion was further 
changed compared to the planned scope included in the SAP and discussed in Section 2.2 because 

of unanticipated conditions identified during the init ial MIP data collection and unanticipated 
funding issues. Based on results from the init ial MIP investigation work, the project team decided to 

expand the MIP investigation work to collect screening-level data at more points across the south 

plantation and central landfill. Soil gas sampling along Bradley Road was also retained as part of 
the revised scope of work; however, the project team agreed to postpone the sonic drilling and soil, 

groundwater, sediment, surface water, and stormwater sampling with the intention of completing 
the remainder of the Phase II investigation as part of a separate field mobilization in summer 2017. 
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2.4 Deviations from Sampling and Analysis Plan 

During the field investigation, certain deviations from the SAP (U.S. Navy 2016) were necessary 
(Table 1). Resolution submitted three field change requests to the Navy for approval of significant 

deviations from the SAP (Appendix C). All deviations from the SAP during the field investigation 

were made with concurrence from the Navy. 

2.4.1 Flame Ionization Detector 

The flame ionization detector (FID) is typically included with the MIP detector suite and is used to 

evaluate volatile petroleum compounds. The MIP investigation at OU 1 initially included the use of 
the FID. However, because volatile petroleum compounds are not COCs at OU 1, the MIP 

subcontractor recommended that the FID be disabled. Disabling the FID allowed the entire volume 

of the gas sample to be run through the halogen-specific detector (XSD), which provides a better 
response for cVOCs. Therefore, FID use was discontinued after boring MIP-004.  

2.4.2 Pilot Hole Installation 

A pilot hole was drilled using a solid drive point from the ground surface to 5 feet bgs at each MIP 
boring location, instead of using the MIP from the ground surface down. The pilot hole was used to 

displace large landfill debris including concrete chunks, gravel, and cobbles that could potentially 
damage the MIP. The 1.75-inch-diameter pilot hole was slightly smaller than the 2.25-inch-diameter 

MIP, which allowed the MIP detectors to make contact with the borehole sidewall from the ground 

surface on. Using pilot holes to begin the borings reduced the risk of damaging the MIP through an 
encounter with debris. 

2.4.3 Borehole Abandonment 

The procedure for abandoning boreholes specified in the SAP was to pressure grout the boreholes 
by injecting grout through a tremie pipe. During the field investigation, the boreholes were 

observed to be collapsing to approximately 8 to 10 feet bgs after the MIP was removed. Based on 

this finding, Resolution determined that pressure grouting was infeasible due to the potential for 
rapid surfacing. The MIP boreholes were, therefore, abandoned using hydrated bentonite chips. 

2.4.4 MIP Completion Depth 

As prescribed in the SAP, MIP borings were to be completed to depths ranging from 15 to 20 feet 
bgs. Borings MIP-005, MIP-009, and MIP-016 were completed to slightly deeper depths of 

approximately 21 feet bgs. In addition, during the drilling of MIP-017, a significant XSD response 

was observed from 15 to 20 feet bgs, so the boring was extended to define the vertical extent of 

14 



Final OU 1 Phase II Investigation Report   Final Version: 0 
Naval Base Kitsap Keyport, Keyport, Washington  April 21, 2017 

contamination. Based on the presence of contamination between 15 and 20 feet bgs, the Navy 
requested that future borings be drilled deeper in an attempt to identify the regional aquitard.  

Therefore boring MIP-018 was advanced to 36 feet bgs and a significant XSD response was 

observed from about 17 to 30 feet bgs, suggesting that contamination likely extended below the 
completion depth prescribed in the SAP. Based on this observation, subsequent MIP borings were 

advanced deeper (up to 42.5 feet bgs) in an attempt to both assess the vertical extent of impacts 
and identify the depth of the underlying regional aquitard. 

2.4.5 MIP Borings in the South Plantation and Central Landfill 

Up to 120 MIP borings were specified in the SAP, including at least 66 borings in the south 

plantation and 12 borings in the central landfill. During the field investigation, 62 MIP borings were 
completed in the south plantation, and 7 MIP borings were completed in central landfill. 

Throughout the investigation, the boring locations were refined in the field based on MIP results 
obtained, with a majority of the actual boring locations differing from the planned locations in the 

SAP. The locations of completed MIP borings are described in Section 3. 

2.4.6 Soil Gas Sampling 

During the investigation, soil gas sampling was completed at 9 of the 13 locations specified in the 
SAP along Bradley Road. At all 13 sampling locations, soil gas probes were installed using a direct-

push drilling rig and 6 samples (SV-01 through SV-06) were init ially collected; however, a major 
rain event occurred prior to continuing the sampling effort and 3 locations (SV-07, SV-08, and SV-

09) were abandoned due to the presence of groundwater in the borings. Location SV-10 was also 
abandoned due to abnormal pressure in the sample tubing. During the sampling attempts at SV-10, 

the pressure gauge on the SUMMA canister indicated that air was moving slower than the flow rate 

of the flow controller. Sampling was attempted with the use of two different flow controllers, with 
similar results. After the SUMMA canister was closed, the pressure measured on the gauge held and 

was released when the controller was disconnected. A hand pump was connected, but no 
groundwater was encountered during pumping. Groundwater was also not encountered during 

installat ion of the probes, and groundwater measurements taken from monitoring wells prior to the 
installat ion of soil gas sample probes indicated that groundwater was at a depth below the target 

depth for soil gas sampling. 

Soil gas samples were collected in accordance with the SAP; however, due to methane interference 

with the helium detector, leak testing was successfully completed only at SV-01 and SV-05. 
Methane is an atmospheric gas associated with landfills, and it was identified at the site by field 

measurements of combustible gases using an RKI GX 6000 meter calibrated to methane. For 
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locations SV-11, SV-12, and SV-13, sampling was conducted through the shroud with helium. 
Because of the methane interference, methane was included as an analyte for all soil gas samples. 

Helium was included as an analyte for samples collected at locations SV-11, SV-12, and SV-13. 

The soil gas sampling locations, including the locations at which sampling was unsuccessful, were 
moved as close as possible to the east side of Bradley Road because of the presence of utilit ies and 

stormwater drainage features. 

2.4.7 Changes in Project Team 

Because of personnel changes at both AECOM and the Navy, and the addition of vegetation 

clearing fence removal to the scope of work, four changes were made to the project team specified 
in the SAP. The Resolution project manager, Resolution technical lead, and Navy technical 

representative were changed, and an additional subcontractor was hired for the vegetation clearing 
and fence removal. These changes occurred before the field investigation began and affected only 

the SAP worksheets that specified the project team members. 
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3.0   MEMBRANE INTERFACE PROBE INVESTIGATION 

The MIP is a direct-push tool that produces continuous VOC and soil lithology logs of vadose and 
saturated soil zones. It is inserted into the target investigation zone by means of direct-push drilling 

technology. The downhole tool heats the soils and groundwater adjacent to the probe, which 

increases the volatility of VOCs, enabling the vapor phase to diffuse across a membrane into a 
closed, inert nitrogen gas loop that carries the vapors to a series of detectors housed at the 

surface. The MIP was selected for collection of screening-level data because it generates a 
continuous vertical log of soil lithology and groundwater parameters, including relat ive contaminant 

concentrations. These continuous logs from borings throughout OU 1 provide a high degree of 
resolution regarding contaminant distribution and subsurface conditions that can be useful in 

selecting zones for the collection of quantitat ive data. The details and rat ionale of the MIP 

investigation are provided in the following subsections. 

3.1 Membrane Interface Probe Investigation Methods 

A total of 69 MIP borings (MIP-001 through MIP-069) were advanced during the investigation. In 

the south plantation, 61 MIP borings (MIP-001 through MIP-061) were drilled (Figure 3 and 
Table 2). MIP borings MIP-001 through MIP-016 were completed to depths ranging from 15 to 21 

feet bgs, in general accordance with the SAP. As described in Section 2.0, during the drilling of 
MIP-017, a significant XSD response was observed from 15 to 20 feet bgs, so the boring was 

extended to define the vertical extent of contamination. Based on the presence of contamination 

between 15 and 20 feet bgs, the Navy requested that future borings be drilled deeper in an 
attempt to identify the regional aquitard.  Therefore boring MIP-018 was advanced to 36 feet bgs 

and a significant XSD response was observed from about 17 to 30 feet bgs, suggesting that 
contamination likely extended below the completion depth prescribed in the SAP. In order to assess 

the vertical extent of contamination and the depth to the regional aquitard, subsequent MIP borings 
were advanced until the regional aquitard was encountered or the probe could not be advanced 

farther (refusal). The MIP boring locations proposed in the SAP were repositioned in a grid pattern 

to refine the apparent lateral and vertical extent of relat ively higher concentrations of cVOCs and 
identify and delineate potential hotspots and residual sources extending deeper than anticipated. 

In the central landfill, eight MIP borings (MIP-062 through MIP-069) were drilled (Figure 4 and 

Table 2). The MIP boring location placement was restricted due to the presence of a motorcycle 
training area that could not be closed during the investigation.  Therefore, sample locations were 

positioned in the vicinity of well MW1-17 and surrounding the motorcycle training area to assess 

the extent of a cVOC plume migrating west toward well MW1-17 and the presence or absence of a 
cVOC plume migrating to the northwest from former Building 884 toward well MW1-17. 
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Dig permits were submitted to the Navy for approval prior to field mobilization. The permits, which 
were approved by NAVFAC NW, are included in Appendix D. Throughout the field investigation, 

Resolution completed daily safe work assessments, a photograph log, daily field reports, and 

documented site activities in a field logbook. The safe work assessments and photographic log are 
included as Appendices E and F, respectively. The daily field reports, which were submitted to the 

Navy on a regular basis during the investigation, and copies of the field logbook are included in 
Appendix G. 

MIP detectors utilized during the OU 1 investigation included the following: 

• Halogen-specific detector. The XSD is used to specifically evaluate chlorinated or 
halogenated VOCs. It was the primary detector used in the evaluation of cVOC 

contamination at OU 1. This detector was calibrated daily to a 10 percent TCE solution and 
bump checked at the completion of each MIP boring. XSD responses are reported in 

microvolts (µV). 

• Photoionization detector (PID). The PID is typically used to evaluate volatile petroleum 

compounds but also responds to VOCs. This detector is less relevant for OU 1 because 
petroleum compounds are not COCs; however, it is typically included in the MIP detector 

suite. PID responses are reported in µV. 

• Electrical conductivity (EC) probe. The EC probe indicates the general size of soil 
particles, which can help determine zones of sands, silts, and clays. EC responses are 

reported in millisiemens per meter (mS/m). 

• Hydraulic profiling tool (HPT). The HPT is a logging tool that is a part of the MIP that 

measures the pressure required to inject a prescribed volume of water at a constant flow 
rate into the soil as the MIP is advanced into the subsurface. It also measures the volume 

and flow rate of the water injected into the soil as the probe is advanced into the 

subsurface. The injection pressure in the HPT system is measured by a downhole pressure 
transducer, and the volume of injected water is measured by a flow transducer housed at 

the surface. Injection pressure and flow rate correlate well with formation permeability, 
providing an est imate of relat ive permeability with depth. Pressure and flow rate data also 

allow the comparison of lithology between locations based on relative permeability. HPT 
pressure responses are reported in pounds per square inch (psi), and HPT flow responses 

are reported in milliliters per minute (mL/min). 
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Detector response as a function of depth was provided in graphical log format by the MIP 
subcontractor to assess the lateral and vertical extent of contamination. 

Unusual or invalid responses of the MIP can result from malfunctions such as carrier or makeup gas 
leakage, blockage of gas flow, heater failure, and carryover of water vapor across the sensor 

membrane or excessive chemical saturation. The MIP operator is trained to recognize these 
problems and take the appropriate corrective action in the field. As a quality control check, the MIP 

response was evaluated prior to and upon completion of each MIP borehole location. An aqueous-
phase performance test was conducted using specific compounds designed to evaluate the 

sensit ivity of the particular probe, transfer line, and detector suite that was used. The result ing 

values were recorded and compared to predetermined values. As an addit ional quality control 
procedure, the MIP subcontractor started the baseline above 0 for the PID and XSD. This way, any 

natural fluctuations in the detector response, sometimes experienced while the probe moved into 
different media (i.e., saturated versus unsaturated, fill versus natural, etc.), or pressure changes in 

the system (e.g., a blocked gas line) did not result in a 0 or negative number. The MIP 
subcontractor set the two detectors to slightly different baselines so that as one detector showed a 

rapid response, the operator could visually tell which detector line was responding in real time with 

ease while advancing the probe. The baselines for the XSD and PID detectors generally ranged 
from approximately 20,000 to 50,000 µV. The MIP subcontractor’s systems and protocols were 

standardized to provide reliable and comparable detection of cVOCs in soil and groundwater. 

3.2 Membrane Interface Probe Data Evaluation 

The following sections describe the MIP data evaluation process and results obtained for the south 
plantation and central landfill. 

3.2.1 Evaluation Process 

To facilitate the data evaluation process, the data on graphical logs from each individual boring 

location are depicted at the same vertical and horizontal scales. The MIP boring logs are provided in 
Appendix H. The results of the MIP responses by boring, depth, and response type are included as 

a spreadsheet data package in Appendix I. MIP data were reviewed during the field investigation in 
real time to select step-out locations and maximize the effic iency of the MIP data for use in source 

characterizat ion. A description of each detector and how it was used to characterize the south 

plantation and central landfill is provided in the following subsections. 
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XSD Responses 

The detector baseline ranged from approximately 20,000 to 50,000 µV. In general, responses 

greater than 50,000 µV are considered detections, and the higher the response, the higher the 

relative concentration of cVOCs is inferred to be. 

PID Responses 

The detector baseline ranged from 20,000 to 50,000 µV. In general, responses greater than 50,000 

µV are considered detections, and the higher the response, the higher the relat ive concentration of 
cVOCs is inferred to be. 

EC Detector Responses 

The EC detector responses were used to evaluate the general lithology at each MIP boring location. 

Soil conductivity, in general, varies with grain size. Coarser grained soils such as sand and gravel 
tend to produce lower conductivity responses compared to finer grained soils, such as silts or clays. 

Several MIP borings were drilled near existing monitoring wells or historical soil borings in an 
attempt to correlate the EC responses with known lithology at OU 1 (Table 2). A brief description of 

the general lithology as described in the RI (U.S. Navy 1993a) and the associated conductivity 

ranges reported on the EC logs are provided below, although the ranges may vary slightly between 
locations and, therefore, the interpretations may also vary slightly: 

• Fill Material. The composition of this unit varies widely but is most commonly sandy to 

gravelly silt or silty sand and can contain landfill debris. Material in this unit is mostly soft to 
firm or loose. The EC responses appear to correlate well with this unit and generally ranged 

from 0 to 20 mS/m. Several anomalously high EC responses were observed within the Fill 

Material. These responses were attributed to contact of the EC sensor with landfill debris in 
the Fill Material (e.g., metal). These anomalous responses were removed from the data set 

prior to evaluation so that the resulting scale on the EC log would allow for viewing of 
changes in soil lithology. 

• Marsh Deposit. This unit is typically a dark, organic-rich silt, sandy silt, or silty fine sand, 

containing wood/plant material and landfill debris. Material in this unit is very soft to firm. 
The EC responses appear to correlate well with this unit and generally ranged from 20 to 60 

mS/m. 

• Kitsap Formation. As described in the ROD, this unit is subdivided into four subunits, 

including from youngest to oldest:  
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1. Upper Kitsap Sand: Typically a fine- to medium-grained, poorly graded clean sand 
but also forms a coarse sand or silty sand. Material in this unit is generally medium 

dense. 

2. Kitsap Silt/Clay: Typically sandy silt to clean silt to clayey silt. Material in this unit is 

generally firm to stiff.  

3. Kitsap Silt and Sand: Typically consists of interbedded silt and sand with local gravel 
and organic matter. Material in this unit is generally firm to stiff, or medium to very 

dense.  

4. Lower Kitsap Sand: Typically consists of fine- to medium-grained, poorly graded 

clean sand but locally contains some silt, trace fine gravel, and organic matter. 
Material in this unit is generally medium to very dense. 

The EC responses appear to correlate well with the overall Kitsap Formation, which appears 

to be distinguishable from the overlying Marsh Deposit and the underlying Clover Park Silt. 
However, with the exception of the Upper Kitsap Sand (upper aquifer) it  is difficult to 

differentiate the remaining Kitsap Formation subunits based solely on EC responses. The EC 

responses within the Kitsap Formation generally ranged from 10 to 50 mS/m. 

• Clover Park Formation Silt. This unit typically includes silt and peat, with little c lay, very 
fine sand, silty sand, and local gravel. Material in this unit is generally st iff to very hard. 

Based on the findings in the RI (U.S. Navy 1993a), historical soil borings within the south 
plantation investigation area were not advanced deep enough to encounter the Clover Park 

Silt. Therefore, direct MIP correlat ion with known lithology (i.e., exist ing wells or historical 

soil borings) was not possible for the Clover Park Silt. Contact with the Clover Park Silt was 
inferred based on a relatively high (i.e., greater than 40 mS/m) EC response and a 

coincident HPT pressure increase and flow decrease (as described below), that was 
consistent over several feet. An exception to this correlat ion occurred at MIP-049 and MIP-

057 in the eastern portion of the south plantation along Bradley Road. Based on information 
in the RI (U.S. Navy 1993a), the relat ively high EC responses (greater than 50 mS/m) and 

coincident HPT pressure increase and flow decrease in these two MIP borings is inferred to 

be contact with Vashon Glaciolacustrine Deposits (Lawton Clay). 

HPT Responses 

HPT pressure and flow responses were used to evaluate the relat ive permeability of the soil. Soil 

permeability, in general, varies with grain size. Coarser grained soils such as sand and gravel tend 
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to produce lower pressure/higher flow responses than finer grained soils such as silts or clays, 
which tend to produce high pressure/low flow responses.  A discussion of the HPT responses, 

relative permeability, and a comparison with EC responses for each lithologic unit at the site is 

presented below.  

Fill Material.  This unit generally exhibited a low pressure and high flow response consistent with 
a relat ively permeable unit.  Occasional lenses of lower permeability material also appear to have 

been encountered within the Fill Material.  These low pressure and high flow responses are 
consistent with the generally low EC responses at corresponding shallow depths which suggest the 

presence of coarser-grained materials. 

Marsh Deposit.  An increase in HPT pressure response was generally observed near the contact 

with the Marsh Deposit as identified on the EC logs consistent with a decrease in permeability 
relative to the overlying Fill Material.  However, several MIP borings (e.g., MIP-017, MIP-031, MIP-

036, MIP-040, MIP-046, MIP-062, MIP-063, MIP-064) exhibited an increased EC response without a 
coincident HPT pressure increase/flow decrease. This is likely attributed to the soft consistency of 

this deposit (U.S. Navy 1993a), which may allow the HPT water injection to displace soil adjacent to 

the probe, resulting in a low pressure/high flow response.   

Kitsap Formation.  HPT responses within the Kitsap Formation were variable.  Higher flow and 
lower pressure responses were frequently seen at depths identifying the higher permeability 

deposits of the Upper Kitsap Sand (e.g., MIP-009 and MIP-029 through MIP-031) and at some 
locations within the Lower Kitsap Sand (e.g., MIP-026, MIP-033, and MIP-035).  HPT responses 

within the Kitsap Formation fluctuate significantly more than the EC responses suggesting 

heterogeneity that was not directly measured by the EC detector.  Similar to the EC responses, it is 
difficult to differentiate the Kitsap Formation subunits in most borings based solely on HPT 

responses. 

Clover Park Formation Silt.  The apparent contact with the Clover Park Formation Silt was 
typically characterized by a sharp increase in HPT pressure response and decrease in HPT flow 

responses (e.g., MIP-024 though MIP-027) consistent with a low permeability deposit.  These 
changes in flow and pressure generally corresponded with  higher EC responses. 

3.2.2 South Plantation 

In the south plantation, 61 MIP borings (MIP-001 through MIP-061) were drilled (Figure 3 and 
Table 2). 
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XSD Responses 

Isoconcentration maps of the maximum reported XSD responses from 0 to 9 feet bgs, 9 to 18 feet 

bgs, and greater than 18 feet bgs are shown on Figures 5, 6, and 7, respectively. Cross-sectional 

views of the XSD responses are shown on Figures 8, 9, 10, and 11, and a plan view of the cross 
section locations is provided on Figure 3. The XSD results for the south plantation can be 

summarized as follows: 

• The two highest XSD responses in the south plantation were reported at MIP-017 (eastern 
portion of south plantation). The two maximum responses within the contoured depth 

intervals at MP-017 were 1,023,896 µV at 7.05 feet bgs (Figure 5) and 864,437 µV at 19.05 

feet bgs (Figure 7). Each of these responses corresponds to a “peak” of two separate 
contaminant masses (Figure 8). Significant responses were also reported at MIP-018 and 

MIP-019 (eastern portion of south plantation). The maximum XSD responses reported at 
MIP-018 and MIP-019 were 740,837 µV (17.65 feet bgs) and 781,274 µV (19.95 feet bgs), 

respectively (Figures 6, 7, and 8). The only significant XSD response in the unsaturated 
zone was reported at MIP-059 (northeastern portion of south plantation): 118,259 µV at a 

depth of 1.95 feet bgs (Figure 8). This observation, in conjunction with the XSD responses 

reported at MIP-017, MIP-018, and MIP-019, suggests the presence of a significant residual 
source southeast of the Former Hazardous Waste Storage Area near the eastern edge of the 

landfill. The depth of the cVOC contamination appears to range from approximately 2 to 30 
feet bgs in the eastern portion of the south plantation with two hot spots at different depths 

within this range (Figures 5, 6, 7, and 8). The XSD results in this area indicate that 

contamination extends deeper than the existing well network. 

• The XSD responses at MIP-041 (northcentral portion of south plantation), MIP-052 
(southwestern portion of south plantation), and MIP-058 (southeastern portion of south 

plantation) suggest the possible presence of addit ional source areas at depths as great as 
18 feet bgs (Figures 5 and 6). 

• The XSD responses at MIP-018 and MIP-019 suggest that the deepest contamination 

observed during the investigation does not extend into the Clover Park Silt, which was 

encountered at approximately 31 to 33 feet bgs in the eastern portion of south plantation 
(Figure 8). 

• Minimal to no XSD response greater than the baseline was reported in the northwestern 

portion of the south plantation (Figures 5, 6, and 7). 
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PID Responses 

The PID responses are reported on the MIP boring logs provided in Appendix H. The PID results for 

the south plantation can be summarized as follows: 

• PID responses were reported at varying magnitudes at most of the MIP borings and 

generally corresponded with the locations and depths of the XSD responses. 

• Several PID responses were observed to occur independently of XSD responses in the 
western portion of the south plantation, suggesting the potential presence of contaminants 

other than cVOCs. 

EC and HPT Responses 

The EC and HPT detectors were used to evaluate the general lithology at each MIP boring location 
at the south plantation using the evaluation process described above. The EC and HPT responses 

are reported on the MIP boring logs provided in Appendix H.  

The Fill Material was observed in all of the MIP borings from the ground surface to depths as great 
as approximately 7 feet bgs and appears to be laterally continuous across the south plantation. 

The Marsh Deposit appears to have been encountered in all of the south plantation MIP borings 
between approximately 5 and 7 feet bgs and was observed to be approximately 1 to 4 feet thick. 

The Marsh Deposit appears to be laterally continuous across the south plantation. 

The Kitsap Formation appears to extend from a depth of approximately 10 feet bgs down to depths 
greater than 42.5 feet bgs in all MIP borings completed at the south plantation. The thickness of 

the unit appears to range from approximately 18 feet to greater than 35 feet. The Upper Kitsap 

Sand (upper aquifer) was encountered from approximately 6 to 9 feet bgs and was observed to be 
approximately 2 to 8 feet thick across the south plantation. The EC and HPT responses within the 

Kitsap Formation below the upper aquifer suggest a high degree of heterogeneity within the 
formation, and it is inferred to consist of interbedded sands, silts, and clays from the bottom of the 

upper aquifer to the top of the C lover Park Silt. Therefore, it is difficult to correlate the EC and HPT 
results with the Kitsap Formation subunits. For example, a dist inguishable aquitard was not 

consistently evident between the upper aquifer and intermediate aquifer on the basis of the EC and 

HPT responses. 

The Clover Park Silt, when encountered, was observed between approximately 28 and 40 feet bgs 
across the south plantation. The Clover Park Silt does not appear to have been encountered in the 

deepest boring, MIP-029, which was completed to 42.5 feet bgs on the west side of the south 
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plantation. As described in Section 3.2.1, the relatively high EC responses (greater than 40 mS/m) 
and coincident HPT pressure increase and flow decrease observed at MIP-049 and MIP-057 in the 

eastern portion of the south plantation along Bradley Road are inferred to be contact with Vashon 

Glaciolacustrine Deposits (Lawton Clay).  

Summary of South Plantation Data Evaluation 

Geologic Interpretation: The EC, HPT, and XSD results that were used to develop the geologic 

interpretation presented on cross section C-C’ are shown on Figure 12. As shown on cross section 
C-C’, the Fill Material is present near the surface and extends from 5 to 7.5 feet bgs (Figure 12), 

with the thickest fill encountered at MIP-004, near the west edge of the south plantation. The Fill 

Material was placed on top of the Marsh Deposit and ranges from less than 1 foot thick to 2 feet 
thick (Figure 12). The top of the upper aquifer is interpreted to be approximately 7 to 8.5 feet bgs, 

and ranges from 3.5 to 6 feet thick along cross section C-C’. The thickness of the Kitsap Formation 
below the upper aquifer (interbedded sand, silt, and clay) was not determined in the western 

portion of the area represented by cross section C-C’, since the Clover Park Silt was not observed in 
these borings. In the eastern portion of the south plantation, the Kitsap Formation below the upper 

aquifer (interbedded sand, silt, and clay) ranges from 14 feet thick at the east end of cross section 

C-C’ (MIP-049) to approximately 29 feet thick in the central portion of cross section C-C’ (MIP-033). 
The base of the Kitsap Formation, where identified, represents the top of the Clover Park Silt. An 

exception to this was observed at MIP-049, where the relat ively high EC response (greater than 50 
mS/m) and coincident HPT pressure increase and flow decrease are inferred to be contact with 

Vashon Glaciolacustrine Deposits (Lawton Clay). The top of the Clover Park Silt appears to slope 

downward from east to west along the cross section C-C’ trace, ranging from 33 feet bgs in the 
east at MIP-018 to greater than 41 feet bgs at MIP-033.  

The top of the Clover Park Silt, an eroded surface contact, or unconformity (U.S. Navy 1993a), 

slopes downward from northeast to southwest in the eastern portion of the south plantation and 
from the southwest to the northeast in the western portion of the south plantation (Figure 13). An 

apparent drainage cut is observed in the surface of the Clover Park Unit sloping from MIP-018 west 
towards MIP-037. If dense nonaqueous-phase liquid (DNAPL) is (or was) present and has reached 

the top of the Clover Park Silt, drainage cuts along the erosional contact between the Kitsap 

Formation and the underlying Clover Park Silt could provide preferential migration paths for mobile 
DNAPL. 

Contaminant Distribution: The distribution of cVOCs in vadose zone soil and groundwater in the 

south plantation were interpreted for three depth intervals: 0 to 9, 9 to 18, and greater than 18 
feet bgs. At the 0 to 9 feet depth interval, four areas have elevated concentrations of cVOCs, with 
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the highest concentrations appearing in the extreme eastern portion of the south plantation (Figure 
5). This contaminated area appears to be connected via lower cVOC concentrations to a second 

area of elevated cVOC concentrations in the central-northern portion of the south plantation. Two 

less-contaminated, isolated areas of elevated concentrations are located along the western and 
southern portions of the south plantation shoreline. 

In the 9 to 18 feet depth interval, it appears that the area of elevated cVOC concentrations along 

the eastern boundary of the landfill has lower concentrations compared to the 0 to 9 feet depth 
interval and has migrated slightly to the south (Figure 6). The interpreted concentrations of cVOC 

west of this area are relatively heterogeneous and not as elevated. 

At greater than 18 feet bgs, elevated cVOC concentrations are interpreted to be present only along 

the eastern boundary of the landfill and have further elongated to the south (Figure 7). These data 
indicate that the top of the Clover Park Silt has not influenced the migration of cVOCs. 

3.2.3 Central Landfill 

In the central landfill, eight MIP borings (MIP-062 through MIP-069) were drilled (Figure 4 and 

Table 2). 

XSD Responses 

An isoconcentration map of the maximum reported XSD responses from depths greater than 15 
feet bgs is shown on Figure 14. No XSD response significantly greater than the baseline was 

reported from the ground surface to a depth of approximately 15 feet bgs in the completed MIP 
borings.  Therefore, an isoconcentration map of this interval could not be produced. Cross-sectional 

views of the XSD responses are shown on Figures 15 and 16, and a plan view of the cross section 

locations is provided on Figure 4. The XSD results for the central landfill can be summarized as 
follows: 

• The highest XSD response in the central landfill was reported at MIP-064, which is located 

southeast of monitoring well MW1-17 (Figure 14). The response was 267,037 µV at a depth 
of 18.9 feet bgs. Significant responses were also reported at MIP-062 (256,355 µV at 17.3 

feet bgs), MIP-065 (247,200 µV at 20.3 at feet bgs), and MIP-063 (215,156 µV at 16.95 feet 
bgs) (Figures 14, 15, and 16). These results suggest the presence of a source near MW1-

17. 

• As stated above, no XSD response significantly greater than the baseline was reported from 

the ground surface to a depth of approximately 15 feet bgs in the completed MIP borings. 
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• The XSD responses at MIP-065 suggest that the deepest contamination reported during the 
investigation does not extend into the Clover Park Silt, which was encountered at 

approximately 32 feet bgs at this boring (Figure 16). However, the elevated XSD responses 

at depths between approximately 17 and 20 feet bgs indicate that contamination in this 
area extends deeper than the existing well network. 

PID Responses 

PID responses are reported on the MIP boring logs provided in Appendix H. The PID results for the 
central landfill can be summarized as follows: 

• PID responses were reported at varying magnitudes at most of the MIP borings and 
generally corresponded with the locations and depths of the XSD responses. 

• No PID responses were observed to occur independently of XSD responses. 

EC and HPT Responses 

The EC and HPT detectors were used to evaluate the general lithology at each MIP boring location 
at the central landfill using the evaluation process described above. The EC and HPT responses are 

reported on the MIP boring logs provided in Appendix H. 

The Fill Material is present from the ground surface to depths as great as approximately 10 feet bgs 

in all of the MIP borings in the central landfill. 

The Marsh Deposit was encountered between approximately 3 and 10 feet bgs and was observed 
to be 2 to 4 feet thick in all of the MIP borings in the central landfill. 

The Upper Kitsap Sand (upper aquifer) was encountered between approximately 6 to 12 feet bgs 

and was observed to be approximately 4 to 8 feet thick in the MIP borings completed in the central 

landfill. What is inferred to be the Kitsap Silt/Clay was encountered between approximately 13 and 
15 feet bgs, was observed to be approximately 3 to 5 feet thick and is inferred to be the middle 

aquitard that separates the upper and intermediate aquifers. What is inferred to be the Kitsap Silt  
and Sand was encountered between approximately 16 to 21 feet bgs, was observed to be 

approximately 6 to 13 feet thick and is inferred to be the intermediate aquifer. 

The Clover Park Silt, when encountered, was observed between 26 and 34 feet bgs in the MIP 
borings in the central landfill.  
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Summary of Central Landfill Data Evaluation 

Geologic Interpretation: The Fill Material appears to range from 4 to 10 feet thick within the 

investigated area of the central landfill. The Fill Material was placed on top of the Marsh Deposit, 

which was observed to be 2 to 4 feet thick in the central landfill. The top of the upper aquifer is 
interpreted to be approximately 6 to 12 feet bgs, and its thickness ranges from 4 to 8 feet. The 

upper aquifer is underlain by the Kitsap Silt/Clay (middle aquitard), which ranges from 3 to 5 feet 
thick. The Kitsap Silt and Sand (intermediate aquifer) underlies the Kitsap Silt/Clay and ranges from 

6 to 13 feet thick. The base of the Kitsap Formation represents the top of the Clover Park Silt. The 

top of the Clover Park Silt, when encountered, was observed between 26 and 34 feet bgs in the 
MIP borings in the central landfill. Figure 13 presents a contour map of the inferred depth to the 

Clover Park Silt  contact, which appears to slope from south to north in the eastern portion of the 
central landfill and from northwest to southeast in the western portion of the central landfill. An 

apparent drainage cut is observed in the Clover Park Unit sloping from MIP-064 northeast towards 
MIP-065.  

Contaminant Distribution: The distribution of cVOCs in vadose zone soil and groundwater in the 

central landfill were interpreted at two depth intervals: 0 to 15 feet bgs and greater than 15 feet 

bgs. In the depth interval from 0 to 15 feet, the observed cVOC responses were no greater than 
the baseline response of the detector. At depths greater than 15 feet  bgs, elevated cVOC 

responses were observed near MW1-17 (Figure 14). This suggests that contamination is present in 
the intermediate aquifer. The interpreted cVOC concentrations in borings farther east/southeast of 

MW1-17 are relatively heterogeneous and lower. 
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4.0   SOIL GAS SAMPLING 

Thirteen soil gas probes (SV-1 through SV-13) were installed along the east side of Bradley Road 
(Figure 17) for the collection of soil gas samples. Before the drilling and installation of the sample 

probes, a utility locate was completed. Because of the presence of communication lines, SV-13 was 

relocated slightly south. All of the marked locations were cleared. A dig permit for work in Bradley 
Road was submitted to NAVFAC NW on August 19, 2016, and approved on August 23, 2016 

(Appendix D). Throughout the field investigation, Resolution completed daily safe work 
assessments, a photograph log, daily field reports, and documented site activities in a field logbook. 

The safe work assessments and photographic log are included as Appendices E and F, respectively. 
The daily field reports, which were submitted to the Navy on a regular basis during the 

investigation, and copies of the field logbook are included in Appendix G. 

4.1 Soil Gas Probe Installation 

Soil gas probes were installed in accordance with the SAP on August 29, 2016. A direct-push drilling 

rig was used to core to 3.5 feet bgs. Typically, groundwater at OU 1 is encountered between 4 to 5 

feet bgs in the summer and as shallow as 3 feet bgs in the winter. Assuming these typical depths to 
groundwater and a capillary fringe of 1 foot, the selected target depth for soil gas sampling was 3 

feet bgs (U.S. Navy 2016). 

In the locations where the soil gas probes were installed, the asphalt thicknesses varied from 4 to 9 
inches, and no water was encountered during drilling. An inch of sand was placed at the bottom of 

each boring, and a 6-inch soil gas sampling screen was installed, surrounded with sand to 1 inch 

above the screen and overlain with approximately 1 inch of hydrated granular bentonite, with 
Teflon tubing attached to the screen and extending above the bentonite. A one-way valve was 

placed in the closed posit ion on the top of the Teflon tubing, and then the tubing was curled into 
the hole, backfilled with sand, and capped with a thin layer of cement/bentonite mixture. The 

probes were allowed to equilibrate overnight. 

4.2 Soil Gas Sampling Methods 

SV-01 through SV-06 were sampled on August 30, 2016. The thin layer of cement/bentonite 

mixture and sand were removed from the surface to expose the tubing. Cement/bentonite was 

then placed around the tubing to form a seal with the ground surface. The tubing was connected to 
a hand pump, and the Teflon tubing and screen were purged at a flow rate of approximately 200 

mL/min until approximately three void volumes were removed. A shroud was then placed over the 
sample tubing, and ultrapure helium was introduced to the shroud for leak test ing. The hand pump 
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was used to partially fill a Tedlar bag to compare the helium concentration measured in the shroud 
with the concentration in the sample tubing. A helium concentration in the purge air sample in 

excess of 10 percent of the helium concentration in the shroud indicates an inadequate probe seal. 

If the helium concentration in the purge air exceeded the 10 percent threshold, additional sealant 
was added, and the leak test was repeated. The results of the leak testing are provided in 

Appendix J. Samples were collected in 6-liter SUMMA canisters using a flow controller with a 
constant flow rate of approximately 200 mL/min. 

During the leak testing at SV-01, the measured helium concentration in the purge air sample was 

less than the 10 percent threshold, and a soil gas sample was collected as planned. During leak 

testing at SV-02, the helium concentration in the purge air sample was greater than 10 percent of 
the helium concentration in the shroud (approximately 50 percent) on two separate attempts, with 

additional sealant added between leak tests. Similar results were encountered during the leak 
testing at SV-03, SV-04, and SV-06. The presence of methane is known to interfere with helium 

detectors; therefore, methane concentrations in the soil gas were measured by attaching a landfill 
gas meter to the sample tubing. Methane was detected at all of the locations with the failed leak 

tests (SV-02, SV-03, SV-04, and SV-06) (Table 3). After the failed leak test and before sample 

collection, additional sealant was added at each of the four locations to mitigate the potential 
impacts of ambient air. SV-05 passed the leak test ing, and methane was not detected in field 

measurements. 

After detecting methane during soil gas sampling, exist ing monitoring wells were measured to 
determine if the landfill was the potential source of the combustible gas readings (Table 3). 

However, the water levels in all but one monitoring well (MW1-15) were above the top of the 

screen depths; therefore, the readings at all wells except MW1-15 are likely not representative of 
subsurface conditions. Field measurements were also collected from the MIP borings start ing at 

MIP-059 after pre-probing with a drill rod, prior to connecting the MIP, and again after removal of 
the MIP prior to backfilling (Table 3). 

Field measurements were collected using an RKI GX-6000. Although the combustible gas readings 

were calibrated to methane, the catalytic combustible sensor will respond to any combustible gas. 

Therefore, the readings may be a result of methane combined with other combustible gases. 

Because of concerns about the high concentrations of methane detected during the first day of soil 
gas sampling, the collection of soil gas samples from the remaining locations (SV-7 through SV-13) 

was postponed until September 8, 2016. Because of the failed leak tests at SV-02, SV-03, SV-04 
and SV-06, helium was added to the analyte list for the remaining samples and a relatively constant 
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concentration of ultrapure helium was maintained in the shroud throughout the duration of sample 
collection. 

A major rain event occurred prior to collection of the remaining soil gas samples, and groundwater 
was encountered during purging at SV-07, SV-08, and SV-09. So, soil gas samples could not be 

collected and the locations were abandoned. Standing water was also observed in a drainage swale 
east of Bradley Road and in a low spot above the asphalt on the west side of Bradley road. 

At SV-11, SV-12, and SV-13, methane concentrations were detected; therefore, the samples were 

collected with addit ional sealant added and the helium shroud in place. Helium concentrations in 

the shroud were recorded at 5-minute intervals for comparison to laboratory helium concentrations. 

At SV-10, methane concentrations were detected; therefore addit ional sealant was added and the 
helium shroud put in place. However, after 10 minutes of sampling, the mercury level on the 

pressure gauge of the SUMMA canister had decreased only approximately 1 inch; therefore, a new 
flow controller was connected. After an addit ional 10 minutes, the mercury level had decreased 

another 4 inches. After the SUMMA canister was closed, the pressure gauge on the canister still 
read 25 inches of mercury, indicat ing a vacuum in the sample tubing and screen. This pressure was 

released when the flow controller was disconnected from the tubing. The hand pump was 

connected to the tubing to determine whether the presence of groundwater could have caused the 
increased pressure, and air was briefly pumped before pumping became difficult, but no 

groundwater was encountered. SV-10 was subsequently abandoned due the lack of air flow. 

4.3 Soil Gas Laboratory Analysis and Data Validation 

The soil gas samples collected during both sampling events were analyzed for cVOCs by EPA 

Method TO-15 and for methane by EPA Method TO-3. The samples collected on September 8, 
2016, (SV-11, SV-12, and SV-13) were also analyzed for helium by EPA Method 3C. A duplicate 

sample was collected at SV-12, and the results in the two samples were comparable. Data 

validation was completed by Laboratory Data Consultants (Appendix K). 

4.4 Soil Gas Data Evaluation 

Laboratory-measured helium concentrations were compared to a time-weighted average of the 

helium concentrations measured in the shroud during sampling (Appendix J). Helium concentrations 
recorded during each sampling event were averaged over the recorded time step to determine an 

average concentration for the sampling duration. The laboratory-measured helium concentration 
was less than 10 percent of the helium concentration in the shroud helium concentration for the 

sampling locations analyzed for helium (SV-11, SV-12, and SV-13). 
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Ecology and EPA soil gas screening levels for subslab soil gas were compared and the more 
conservative Ecology value was used for all constituents (Ecology 2015 and USEPA 2016). TCE 

concentrations in six of the nine samples and vinyl chloride concentrations in five of the nine 

samples exceeded the applicable soil gas screening levels: 12 micrograms per cubic meter [µg/m3] 
for TCE and 9.3 µg/m3 for vinyl chloride (Figure 17; Table 4). Concentrations of other COCs were 

either less than the screening levels or reported as not detected. 

TCE concentrations were highest at SV-13 (420 µg/m3) and SV-06 (210 µg/m3). Vinyl chloride 
concentrations were highest at SV-01 (9,100 µg/m3) and SV-06 (1,400 µg/m3) and were an order of 

magnitude higher than the concentrations at the other sampling locations (refer to Figure 17). 

Methane concentrations were greater than the lower explosive limit (LEL) of 5 percent (50,000 

parts per million, or approximately 33,000 milligrams per cubic meter [mg/m3]) at all locations 
except SV-05, SV-12, and SV-13. At SV-05, the methane concentration was less than 1 percent of 

the LEL; at SV-12, the methane concentration was approximately 10 percent of the LEL; and at SV-
13, the methane concentration was approximately 60 percent of the LEL. The field measurements 

and laboratory results for methane were consistent for all sampling locations (Tables 3 and 4). The 

field measurements at SV-05 indicated low or nonexistent concentrations of methane, comparable 
to the low concentrations detected in the laboratory analyses. 
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5.0  SUMMARY OF DECISIONS BASED ON SAP DECISION RULES 

As outlined in the SAP, decision rules were developed to guide field decisions and data 
interpretations for identified issues and decisions. After the Phase II investigation, two decisions 

from the SAP (1C and 5) were addressed (U.S. Navy 2016). Other decisions were not addressed 

because they were related to sampling efforts that have not been completed as part of this scope 
of work or will need to be adjusted on the basis of the updated CSM, required in response to 

decision rule 5 and described below in Section 5.2. 

5.1 Decision 1C 

Decision 1C from the SAP can be summarized as follows: 

Decide whether a vapor intrusion study of buildings east of Bradley Road is warranted. 

1. Sample soil gas from locations along the east side of Bradley Road and analyze the 

samples for cVOCs. 

2. Compare the cVOC results to Ecology’s current soil gas screening values (Ecology 2015) 

and the EPA’s screening values (USEPA 2016). 

3. If concentrations of any cVOCs related to the landfill exceed the lower of Ecology’s or 
the EPA’s screening criteria, recommend further investigation of potential vapor intrusion 

at buildings east of Bradley Road. 

Soil gas samples were collected as described above. The sampling locations were as close to the 

east side of Bradley Road as possible based on the presence of utilities and stormwater drainage 

features. 

The cVOC concentrations were compared to the applicable screening criteria and results are 

summarized in Table 4. As described in Section 4.4, detected concentrations of TCE and vinyl 
chloride exceed the screening criteria at multiple sampling locations. Therefore, further 

investigation of potential vapor intrusion at buildings east of Bradley Road is recommended. 

5.2 Decision 5 

Decision 5 from the SAP can be summarized as follows: 

Conclude whether the existing CSM is accurate or needs refinement and refine, as necessary for 

accuracy. 
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1. Use soil lithology data obtained from MIPs and sonic drill locations in the central landfill 
and the south plantation to develop fence diagrams that illustrate contaminant pathways 

and potential receptors. 

2. Compare the existing CSM to the fence diagrams to determine whether refinement of 

the CSM is warranted and if so, refine the CSM to make Decision 5. 

Refinements to the CSM based on the results of the Phase II investigation for the south plantation 
and central landfill are discussed in the following subsections. 

5.2.1 South Plantation 

At the south plantation, the EC and HPT responses within the Kitsap Formation below the upper 
aquifer suggest a high of degree of heterogeneity within the formation, which is inferred to be 

interbedded sands, silts, and clays from the bottom of the upper aquifer to the top of the Clover 
Park Silt. Therefore, it is difficult to correlate the EC and HPT results with Kitsap Formation 

subunits. A dist inguishable aquitard between the upper aquifer and intermediate aquifer was not 
evident based on the EC and HPT responses. This finding is not consistent with the pre-

investigation CSM. 

The XSD responses indicate that contamination extends to approximately 30 feet bgs in the eastern 

portion of the south plantation, which is deeper than the exist ing well network. The most significant 
source observed during the investigation is located on the east side of the landfill adjacent to 

Bradley Road, south of the former Hazardous Waste Building (Building 884). The distribution 
pattern exhibits characteristics consistent with DNAPL or residual DNAPL. 

5.2.2 Central Landfill 

In the central landfill, the EC and HPT responses indicate that the Upper Kitsap Sand (upper 
aquifer) was encountered between approximately 6 and 12 feet bgs and was observed to be 

approximately 4 to 8 feet thick in the MIP borings completed in the central landfill. What is inferred 
to be the Kitsap Silt/Clay was encountered between approximately 13 to 15 feet bgs, is interpreted 

to be approximately 3 to 5 feet thick and is inferred to be the aquitard that separates the upper 
and intermediate aquifers. What is inferred to be the Kitsap Silt and Sand was encountered 

between approximately 16 and 21 feet bgs, is interpreted to be approximately 6 to 13 feet thick, 

and is inferred to be the intermediate aquifer. This finding is consistent with the pre-investigation 
CSM. The XSD responses indicate that contamination extends to approximately 32 feet bgs in the 

western portion of the central landfill, which is deeper than the existing well network. 
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On the basis of these findings and refinements of the CSM, the following recommendations have 
been developed to refine the CSM: 

• Collection of quantitat ive soil and groundwater data to verify the XSD results of the MIP 
investigation and to estimate the extent of hotspots in the south plantation and the central 

landfill.  

• Visual logging of soils and collection of physical soil samples for geotechnical analysis to 
verify the EC and HPT results of the MIP investigation and to refine the hydrogeologic units 

at OU 1. 

• Installat ion of a network of deeper monitoring wells and collection of quantitative 

groundwater data to further assess the extent of groundwater contamination and confirm 
the groundwater flow patterns within the intermediate aquifer beneath the south plantation 

and the central landfill. 
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(Electronic format on CD)  
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Appendix G 

Daily Field Reports and Field Logbook 
(Electronic format on CD) 

  

 













































































































































































































































 

Appendix H 

MIP Logs 
(Electronic format on CD)  

 













































































































































 

Appendix I 

MIP Data Package 
(Native file in electronic format on CD)  
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Soil Gas Sampling Field Forms 
(Electronic format on CD)  

 

























 

Appendix K 

Laboratory Data Packages and Validation Reports 
(Electronic format on CD) 
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ALS Environmental – Simi Valley 

CERTIFICATIONS, ACCREDITATIONS, AND REGISTRATIONS 

 

Agency Web Site Number 

AIHA-LAP, LLC http://www.aihaaccreditedlabs.org 101661 

Arizona DHS http://www.azdhs.gov/lab/license/env.htm AZ0694 

PJLA 
(DoD ELAP) 

http://www.pjlabs.com/search-accredited-labs 
65818 

(Testing) 
Florida DOH 
(NELAP) 

http://www.doh.state.fl.us/lab/EnvLabCert/WaterCert.htm  E871020 

Maine DHHS 
http://www.maine.gov/dhhs/mecdc/environmental-health/water/dwp-
services/labcert/labcert.htm  

2014025 

Minnesota DOH 
(NELAP) 

http://www.health.state.mn.us/accreditation 977273 

New Jersey DEP 
(NELAP) 

http://www.nj.gov/dep/oqa/  CA009 

New York DOH 
(NELAP) 

http://www.wadsworth.org/labcert/elap/elap.html  11221 

Oregon PHD 
(NELAP) 

http://public.health.oregon.gov/LaboratoryServices/EnvironmentalLaborat
oryAccreditation/Pages/index.aspx 

4068-003 

Pennsylvania DEP http://www.depweb.state.pa.us/labs  
68-03307 

(Registration) 
Texas CEQ 
(NELAP) 

http://www.tceq.texas.gov/field/qa/env_lab_accreditation.html 
T104704413-

16-7 
Utah DOH  
(NELAP) 

http://www.health.utah.gov/lab/labimp/certification/index.html  
CA01627201

6-6 

Washington DOE http://www.ecy.wa.gov/programs/eap/labs/lab-accreditation.html C946 

Analyses were performed according to our laboratory’s NELAP and DoD-ELAP approved quality assurance 
program.  A complete listing of specific NELAP and DoD-ELAP certified analytes can be found in the 
certifications section at www.alsglobal.com, or at the accreditation body’s website.   
 
Each of the certifications listed above have an explicit Scope of Accreditation that applies to specific 
matrices/methods/analytes; therefore, please contact the laboratory for information corresponding to a 
particular certification.   
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Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

Quantitation Report 

I :\GC08 \ DATA\H2_HE\2015_09\21\ 
09211507 . D 
TCDlA.CH 
21-Sep-2015, 15:00:33 
NL 
std s30-09211502 lml 

1 Sairple Multiplier: 1 

I ntegration File: autoint1.e 
Quant Time: Sep 21 1 5:16:53 2015 
Quant Method J:\GC08\METHODS\H2HE092115.M 

(Not Reviewed) 

Quant Title : Hydrogen and Helium by EPA Method 3C 
QLast Update : Mon Sep 21 15:16:51 2015 
Response via : Initial Calibration 
Integrator: ChernStation 

Volume Inj. 
Signal Phase 
Signal Info 

TIC: 09211507.D 

112000 

110000 

108000 

106000 

104000 

102000 

100000 

98000 

96000 

"' ci 

94000 

92000 

90000 :a ..., 
0 

88000 

86000 

84000 

82000 

80000 

78000 

76000 

74000 

:Time O.QO 0.10 0.20 o.30 0.40 0.50 o_.eo 0.10 _1.00 1.1Q 1.?D po 1.40. 1.so 1.1q 1.8DJ,.9o 2.00 2.10 2.20 2.30 2.40 

H2HE092115 . M Mon Sep 21 15 : 41:46 2 015 Page : 2 
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Quantitation Report 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 

I:\GC08 \ DATA\ H2_HE\2015_09\21\ 
09211508.D 
TCDlA.CH 
21- Sep-2015, 
NL 

15:20:25 

std s30-09211504 Qcv) 
ALS Vial 1 Sample Multiplier : 1 

Integration File: autointl.e 
Quant Time : Sep 21 15:39 : 05 2015 
Quant Method : J: \ GC08\ METHODS\ H2HE092115 . M 
Q~ant Title : Hydrogen and HelitJn by EPA Method 3C 
QLast Update : Mon Sep 21 15:38 : 09 2015 
Response via : Initial Calibration 
I~tegrator: ChemStation 

Volume Inj. 
Signal Phase : 
Signal Info 

{QT Reviewed) 

Compound R.T . Resp onse Cone Units 

Target Compounds 
1) Helium 
2) Hydrogen 

(f)=RT Delt a > 1 / 2 Window 

H2HE092 115.M Mon Se p 21 15 : 41 :49 2 015 

0.767 
0.915 

44024 1006.713 ppm 
65026 962.072 ppm 

(m) =manual int. 

Page : 1 
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Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

Quantitation Report 

I :\GC08\DATA\H2_HE\2015_09 \21\ 
09211508 .D 
TCDlA.CH 
21-Sep-2015, 15:20:25 
NL 
std s30-09211504 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 21 15:39:05 2015 
Quant Method J:\GC08\METHODS\H2HE092115.M 
Quant Title : Hydroger. and Hel ium by EPA Method 3C 
QLast Update : Mon Sep 21 15:38:09 2015 
Response via : Initial Calibration 
Integrator: ChernStation 

Volume Inj. 
Signal Phase 
Signal Info 

(QT Reviewed) 

~esp0n5e · TIC: 09211508.D 
: 

94000 

93000 

92000 

91000 

90000 

89000 

88000 

87000 

86000 

85000 

84000 

83000 

82000 

81000 

800o0 

79000 ':g ! 
0 

78000 

77000 

7sooo1'' ' ' I '' I '' I I,.' I' I ' I' I'''' j I I'' I ' '~' I'''' l;i;:' 'I I ' I I' I '' 1 1 11 I' I I' I I I 1 1 I I ' j I' I' j I I I I 11' I I I I I I I I I''' I'' 'I''' I I I'' I j ' ' ' 'I'''' i 
[Time o.oo 0,10 o.~Q _0.30 0.40 o.so o.~o 0.10.0.so_ 0.90 1.001.101.20 .1.30 1.40 1.50 1.69 1.10 .1.~o 1.90 ?,Oo 2.10 2.29 2}0 2.40 i 

H2HE092115.M Mon Sep 2 1 15 : 41:49 2 015 Page: 2 
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Method : Helium by modified EPA 3C 
Client : Empirical Labs 

Analyst : amf 

Opening ccv1 

std s30-09131601 He 
Sample result (ppm) inj vol. 10006.30 
ACTUAL 0.10 10000.00 
%Difference 0.06% 

Closing CCV' 
std s30-09131601 He 
Sample result (ppm) inj vol. 10202.10 
ACTUAL 0.10 10000.00 
%Difference 2.02% 

Inject. Dilution 
Sample ID Vol( ml) OF 

Reporting Limit 

mb 1ml 1.000 1.0 

4352-007 1 ml 1.00 1.0 
4352-008 1 ml 1.00 1.0 
4352-009 1 ml 1.00 1.0 
4352-010 1ml 1.00 1.0 

Ei 

-1.99 
-1.95 
-2.35 
-2.00 

1. 15% difference allowed for the opening and closing standards. 
2. 75-124% helium recovery for the lab control spike. 
3. 15% helium RPO allowed between duplicate samples. 

Ef 

3.25 
3.16 
3.16 
3.25 

ALS Enviromental 

REPORT SUMMARY 

Instrument : Instrument #8 I TCD #8 
Date Acquired : 9/13/2016 

Sample Amount : 1 ml 

Laboratory Control Spike2 

lcs s30-09131602 

sample result ppm 
spike amount 
% recovery 

Laboratory Control Spike' 
lcsds30-09131602 
sample result ppm 
spike amount 
% recovery 

%RPO 

FINAL SAMPLE RESULT SUMMARIES 

Pi Pf He Result FINAL HELIUM RESULT 
OF .C!m.ml Im!!! mg/M3 

25.0 4.09 

1.00 0.00 ND ND 

1.41 63.93 90.287 14.774 
1.40 2005.18 2808.825 459.632 
1.45 0.00 ND ND 
1.41 3676.02 5195.635 850.206 

~/;Jti 

J:\EXCEL\REPORT\helium\2016\P1604352_Empirical Labs_HE_ 1609221151 _AM 

He 
10130.9 

10000 
101.31% 

He 
10279.8 

10000 
102.80% 

1.46% 

File ID 

09131606.D 
09131607.D 
09131609.D 
09131610.D 

Acg time 

14:07:56 
14:16:20 
14:43:05 
14:51 :37 

Page 1 of 1 
Printed: 9/22/2016 11 :54 AM 
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Quantitation Report (Qedit) 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

I:\GC08\DATA\H2_He\2016_09\13\ 
09131601.D 
TCDlA.CH 
13-Sep-2016, 12:53:43 
amf 
std s30-09131601 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 13 13:26:55 2016 
Quant Method I:\GC08\METHODS\H2HE092115.M 
Quant Title : Hydrogen and Helium by EPA Method 3C 
QLast Update : Mon Sep 21 15:38:09 2015 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

r·~,::::11 
I 2200. 

I 20001 
i 18001 

I 1600, 

0~82 

/ 1 

I I 
I 1 

/ I 

I I I , 
, I I . 
i I 

I I I 12001 I 

TIC: 09131601.D 

10001 I I 

:::·~~~_J____~~-~-----1~ l ____ ______ • 

I 
400 

I 

l;m, 20:1. • o I ,,·~m~~~rT~~~~~~·-,r~m~~~-,~~~~ 
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 

(1) Helium 

0. 784min 1000.627 ppm 

response 43758 

(+) = Expected Retention Time 
H2HE092115.M Thu Sep 22 11:48:08 2016 

QEdit 
1.20 

,-· I 

1.30 1.40 1.50 1.60 1.70 1.80 

j 
Page: 1 

I 

I 

I 

I 

! 
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Quantitation Report (Qedit) 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

I:\GC08\DATA\H2_He\2016_09\13\ 
09131612.D 
TCDlA.CH 
13-Sep-2016, 15:09:21 
amf 
std s30-09131601 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 13 15:16:53 2016 
Quant Method I:\GC08\METHODS\H2HE092115.M 
Quant Title : Hydrogen and Helium by EPA Method 3C 
QLast Update : Mon Sep 21 15:38:09 2015 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

[Response_, TIC: 09131612.D 
. I o.~1 81 

I ···~ r 

I
, ::::i 11 

I I I 18 •• 

1 

1

1 

16001 I I 
I
' I I 

14001 I I 
I 12001 I i 

I

: j' I I 
1000 I '1 

i • I 
• 8001 \, 

I 6001 I i I 
' ~~~___-t:__~~~~-----· 
I 4001 

I ···1 
i 01 I' T 'r-T....,........,- r• I --:-T....,, 

ime 0.00 0.10 0.20 0.30 040 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20 1.30 

(1) Helium 

0.782min 1020.21 O ppm 

response 44615 

L . 
(+) = Expected Retention Time 

H2HE092115.M Thu Sep 22 11:50:06 2016 

QEdit 

I 

Page: 1 

I 

I 

1609188 73



Injection Log 
Directory: l:\GC08\DATA\H2_HE\2015_09\21 

Line Vial FileName Multiplier SampleName Misc Info Injected 

1 1 09211501.d 1. test std s30-09211502 21-Sep-2015 19:49 
2 1 09211502.d 1. mb1ml 21-Sep-2015 20:09 
3 1 09211503.d 1. std s30-09211503 200u/ 21-Sep-2015 20:22 
4 1 09211504.d 1. std s30-09211503 1ml 21-Sep-2015 26:12 
5 1 09211505.d 1. std s30..Q9211502 1 OOu I 21-Sep-2015 26:23 
6 1 09211506.d 1. std s30..Q9211502 0.5ml 21-Sep-2015 26:46 
7 1 09211507.d 1. std s30..Q9211502 1 ml 21-Sep-2015 27:00 
8 1 09211508.d 1. std s30-09211504 21-Sep-2015 27:20 
9 1 09211509.d 1. mb1ml 21-Sep-2015 27:29 

Page 1 21 Sep 2015 15:39 
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Injection Log 

Directory: l:\GC08\DATA\H2_HE\2016_09\ 13\ 

Sample ID Date/Time 
Acquisition File Name 

Method 
std s30-09131601 l 3-Sep-16, 12:53:43 H2_HE.M 09131601.D 

mb lml l 3-Sep-16, 13:28:02 H2_HE.M 09131602.D 

lcs s30-09131602 13-Sep-16, 13:38:14 H2_HE.M 09131603.D 

lcsds30-09131602 13-Sep· l 6, 13:47:38 H2_HE.M 09131604.D 

4382-001 1 ml 13-Sep· 16, 13:58:35 H2_HE.M 09131605.D 

4352-007 l ml l 3-Sep-16, 14:07:56 H2_HE.M 09131606.D 

4352-008 1 ml l 3-Sep-16, 14:16:20 H2_HE.M 09131607.D 

4352-009 1 ml l 3-Sep-16, 14:25:57 H2_HE.M 09131608.D 

4352-009 l ml 13-Sep-l 6, 14:43:05 H2_HE.M 09131609.D 

4352-01 0 1 ml 13-Sep-16, 14:51:37 H2_HE.M 09131610.D 

xstd s30-09131601 13-Sep-16, 14:58:58 H2_HE.M 09131611.D 

std s30-09131601 1 3-Sep-16, 1 5 :09:21 H2_HE.M 09131612.D 

J:\GC Run Log 

Misc Info Operator 

amf 

amf 

amf 

amf 

amf 

amf 

amf 

amf 

amf 

amf 

amf 

amf 

adam.mcafee - 9/13/2016 4:06 PM 
Page 1of2 
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Quantitation Report (Qedit) 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

I:\GC08\DATA\T0_3M\2016_09\13\ 
09131606.D 
FID2B.CH 
13-Sep-2016, 10:00:52 
amf 
4352-001 O.lml 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 13 10:03:50 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update : Fri Apr 22 09:01:46 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Re~Pfen+1Tr 

1e•07: 

9000000 

8000000 

7000000 

6000000 

5000000 

4000000 

30000001 

2000000 

TIC: 09131606.D 
1.~96 

/I 

I I: 

I 
11 

I 

I 

I I 
100000: ,~~ I I' "IT~, ' -:~'!'" 

Time 0.70 0.80 0.90 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00 2.10 2.20 2.30 2.40 2.50 2.60 2.70 2.80 -----------·----------------- -------------------- ----------- . ------- QEdit____________________ --·------------

(1) Methane 

1.697min 6567.844 ppm 

response 14405251 0 

(+) = Expected Retention Time 
TF042116.M Wed Sep 14 09:33:50 2016 Page: 1 
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Quantitation Report (Qedit) 

Data Path 
Data File 
Signal (s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

I:\GC08\DATA\T0_3M\2016_09\13\ 
09131607 .D 
FID2B.CH 
13-Sep-2016, 10:04:43 
amf 
4352-002 O.lml 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 13 10:07:04 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update : Fri Apr 22 09:01:46 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Response_ 

1.6e•07 

1.4e+07 

1.2e+07' 

1e+07 

8ooooooi 

6000000 

4000000 

20000001 

TIC: 09131607.D 

\ 
I \ I I I I 

0-~~~~~~~~~~~~~I ~~-1 ~~~~~~~~~~'--T-~,.J;,,~-,-11··~~~~~~~~-1 ~~~~ 
Time 0.70 0.80 0.90 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00 2.10 2.20 2.30 -·-- -··--·-------·- ·- ... ·-~------------------ -

(1) Methane 

1.698min 10476.128 ppm 

response 229772915 

(+) = Expected Retention Time 
TF042116.M Wed Sep 14 09:34:05 2016 

QEdit-

Page: 1 
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Quantitation Report (Qedit) 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

I:\GC08\DATA\T0_3M\2016_09\13\ 
09131608.D 
FID2B.CH 
13-Sep-2016, 10:07:53 
amf 
4352-003 O.lml 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 13 10:10:14 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update : Fri Apr 22 09:01:46 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Response_ 

55000001 

5000000 

4500000 

40000001 

! 

35000001 

i 
30000001 

I 

25000001 

2000000c 

TIC: 09131608.D 

i 

I 
I 

r I 
I 
j I 

1500000 I I 
1000000! i I 

I I \ 
500000 I \ I 

oL--:-p-r -p~~~~~~~~~r-; ~~~~ ~~r-1--.,-,-11-,__,u.,,-,-·,.,,--,_,,-n,~~~~~~~,,,, 
0.70 0.80 0.90 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00 2.10 2.20 2.30 Time --------------- - -- ------- -- ----- - - --------- - - --------- ---------------- --------- --··- -·-------- ·--------------------- ----- -------- -

(1) Methane 

1.700min 3727.076 ppm 

response 81745957 

(+) = Expected Retention Time 
TF042116.M Wed Sep 14 09:34:19 2016 

QEdit 

Page: 1 
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Quantitation Report (Qedit) 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

I:\GC08\DATA\T0_3M\2016_09\13\ 
09131610.D 
FID2B.CH 
13-Sep-2016, 10:15:28 
amf 
4352-004 0.05ml 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 13 10:18:25 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update : Fri Apr 22 09:01:46 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Response_ 

1.4e+o7j 
I 

1.3e+071 

I 

1.2e+07] 

1.1 e+o7j 

1e+071 

90000001 

80000001 
I 

70000001 

60000001 

I 
5000000-1

1 

4000000 

TIC: 09131610.D 
1.~99 

11 

'I I 
11 
I ,j 

I 

i 

!1 

30000001 

20000001· 

i I 

100000

0

01 --~- ~~m~• I i j I ~, ,r I'' T' I I TTljLlTr;-p·rn[""T TT~-1 ~mm-
Time 0.70 0.80 0.90 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00 2.10 2.20 2.30 2.40 2.50 2.60 2.70 2.80 --- - ------- -- - --------------- OEC:ilt ______ ------- ------- --- ------------- -----------------------------------------------------

(1) Methane 

1.700min 7424.284 ppm 

response 162836815 

(+) = Expected Retention Time 
TF042116.M Wed Sep 14 09:34:34 2016 Page: 1 
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Quantitation Report (Qedit) 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

I:\GC08\DATA\T0_3M\2016_09\13\ 
09131612. D 
FID2B.CH 
13-Sep-2016, 10:45:18 
amf 
4352-005 lml 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 13 10:50:15 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03ClC6 
QLast Update : Fri Apr 22 09:01:46 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Response_ 

2600
1 

2400 

2000 

1800 

1400 

TIC: 09131612.D 

1~0 

I I 

I\ 
I \ 
I I 
I I I , 
i \ 
I I 
/ II I I 

I \ 
1200 I 1 

I I \ 
1:::r' 1 / \ I 

Ii + ~I 
~-~~-~--------------~----~~~__)_______ -----------~---~-~~-~ 

6001 

400 

200 

O~l~-~~~~~~~~~~~~~~~~~~~~~-~~~~ I 11----,--'l~T'--T-1~,--T...,...----,------,---r-i·-, r-T-T-·l 

Time 0.60 0.70 0.80 0.90 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00 --------- -- --- -------OEdlt ... ---.------ ----------- --- ------------------------ ----- ----------- --- ------------------------------------

(1) Methane 

1.641 min 4.559 ppm 

response 99992 

(+) = Expected Retention Time 
TF042116.M Wed Sep 14 09:34:50 2016 Page: 1 
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Quantitation Report (Qedit) 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

I:\GC08\DATA\T0_3M\2016_09\13\ 
09131613 .D 
FID2B.CH 
13-Sep-2016, 10:47:56 
amf 
4352-006 0.lml 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 13 10:50:23 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update : Fri Apr 22 09:01:46 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Response_ 

! 
2.4e+071 

I 
2.2e+07j 

2e+o71 

18o<071 

1.6e+071 

1.4e+071 

12o+07 

1e+071 

8000000! 

60000001 

40000001 

TIC: 09131613.D 
1.,96 

11 
Ii 
:1 

/1 

1 I: 

11 

11 

I 
I 1 

I '1 

1 I 
. I 
I 1 

I i 

I I 
I I 

I I . I 
I . 
I 
I I 

I I 
I i I. I 2000000l 

0 '~~~~~-~~~~~~ -~~~~~rr-· -· ~~~~~---.,J,,,.,lr-T~-,,...-,..,~~~- ~~-1 ~~-, ~~-,-· 
Time 0.70 0.80 0.90 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00 2.10 2.20 2.30 

----------~----

(1) Methane 

1.697min 15611.640 ppm 

response 342410086 

(+) = Expected Retention Time 
TF042116.M Wed Sep 14 09:35:05 2016 

·-- - -- - OEdlt -·-··-·--···-

Page: 1 
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Quantitation Report (Qedit) 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 

I:\GC08\DATA\T0_3M\2016_09\13\ 
09131614.D 

ALS Vial 

FID2B.CH 
13-Sep-2016, 10:52:17 
amf 
4352-007 O.lml 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 13 10:55:12 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03ClC6 
QLast Update : Fri Apr 22 09:01:46 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Response_ 

3e+071 

2.8e+07 1 

2.6e+07 

2.4e+07 1 

2.2e+07 

2e+07 

1.8e+07 

1.6e+071 

1.4e+07 

1.2e+07j 

1e+071 

80000001 

6000000 

(1) Methane 

1.697min 20105.809 ppm 

response 440980695 

(+) = Expected Retention Time 
TF042116.M Wed Sep 14 09:35:19 2016 Page: 1 
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Quantitation Report (Qedit) 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

I:\GC08\DATA\T0_3M\2016_09\13\ 
09131616.D 
FID2B.CH 
13-Sep-2016, 11:20:03 
amf 
4352-008 O.lml 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 13 11:22:44 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update : Fri Apr 22 09:01:46 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

3000000 

2500000 

\ 

2000000 

1500000 

1000000 

500000 

TIC: 09131616.D 
1.703 

II 

I 
11 

Ii 
I 

/: 

I 

I 

't 

I 
I 

al, 1 ,TT , T·-·-rT-;-,·~~LU en ~P 
Time 0.70 0.80 0.90 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00 2.10 2.20 2.30 2.40 2.50 2.60 2.70 2.80 2.90 ------ ------------------------------------ --------- ------ -- ---- -- ------- --- -- -- --- - -O-Eciif --- -- --- ----------- ----------------- ------- ---------- ----------- --------~-------------

(1) Methane 

1.704min 2108.006 ppm 

response 46234893 

(+) = Expected Retention Time 
TF042116.M Wed Sep 14 09:35:33 2016 Page: 1 
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Quantitation Report {Qedit) 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

I:\GC08\DATA\T0_3M\2016_09\13\ 
09131617.D 
FID2B.CH 
13-Sep-2016, 11:24:55 
amf 
4352-009 O.lml 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 13 11:26:30 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03ClC6 
QLast Update : Fri Apr 22 09:01:46 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Reopoo,._ 

3500001 

3000001 

I 
2500001 

2000001 

15ooooj 

I 
1000001 

50000 

(1) Methane 

1.701min 233.613 ppm 

response 5123843 

(+) = Expected Retention Time 
TF042116.M Wed Sep 14 09:35:49 2016 

TIC: 09131617.D 

Page: 1 
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Quantitation Report (Qedit) 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

I:\GC08\DATA\T0_3M\2016_09\13\ 
09131618.D 
FID2B.CH 
13-Sep-2016, 11:28:23 
amf 
4352-010 0.lml 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 13 11:30:44 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update : Fri Apr 22 09:01:46 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Response_ 

I 

30000001 

j 

25000001 

I 
20000001 

1500000. 

I 
10000001 

5000001' 

TIC: 09131618.D 
1.~99 

I 
I· 
11 

I 

I 

I 

Ill 

I \ 

L. 1 li 
0 I T·:--rT""1-T·~~~~·r1---r-<1 r,....,.~, ~m~,_,.-+... ' Tt-r-,~1·c.,-,--,--T ,,,_,, rrr·--

0. 70 0.80 o.90 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00 2.10 2.20 2.30 2.40 2.so 2.60 2.70 2.80 . -. -·-·· ·- - a-Eciil- - - - -------------- .. __ .. _________________ .. __ ... --- -------·----------

(1) Methane 

1.700min 2037.147 ppm 

response 44680743 

(+) = Expected Retention Time 
TF042116.M Wed Sep 14 09:36:01 2016 Page: 1 
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Quantitation Report 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 

I:\GC08\DATA\T0_3M\2016_09\13\ 
09131602 .D 

ALS Vial 

FID2B.CH 
13-Sep-2016, 08:53:49 
amf 
rnb lml 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 13 09:13:52 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update : Fri Apr 22 09:01:46 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Compound 

Target Compounds 
1) Methane 
2) C2 as Ethane 
3) C3 as Propane 
4) C4 as Butane 
5) cs as Pentane 
6) C6 as Hexane 
7) >C6 - 1 as Hexane 
8) >C6 - 2 as Hexane 
9) >C6 3 as Hexane 

R.T. 

1. 696 
0.000 
0.000 
0.000 
0.000 
7.870 
0.000 
0.000 
0.000 

{QT Reviewed) 

Response Cone Units 

1589 0.072 ppm 
0 N.D. ppm 
0 N.D. ppm 
0 N.D. ppm 
0 N.D. ppm 

286 0.003 ppm 
0 N.D. ppm 
0 N.D. ppm 
0 N.D. ppm 

---------------------------------------------------------------------------

(f)=RT Delta> 1/2 Window (m)=manual int. 

TF042116.M Wed Sep 14 09:05:25 2016 Page: 1 
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Quantitation Report (QT Reviewed) 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

I:\GC08\DATA\T0_3M\2016_09\13\ 
09131602. D 
FID2B.CH 
13-Sep-2016, 08:53:49 
amf 
mb lml 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 13 09:13:52 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03ClC6 
QLast Update : Fri Apr 22 09:01:46 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Response_ 

2300 

2200 

I 

2100 1 

2000 

19001 

I 
1800~ 

I 
! 

1700] 
l 

1600j 

i 
I 

15001 

14001 

13001 

1200 

1100 

1000 

900 

800 

700 

600 

500 

... 
°' "' 
I 

J/ 

Q) 
c: 
<1l 

'cij 

TIC: 09131602.D 

<1l x 
Q) 

I 

"' <1l 
<D 

I 
j 

~,,--f:i!-,-,~,·-r,-,-11- -r11-,~~~~~----,-··~-- TT-,.-r,~~,-,,-1-~~~~~ 

Time 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 

TF042116.M Wed Sep 14 09:05:26 2016 Page: 2 
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Quantitation Report 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 

I:\GC08\DATA\T0_3M\2016_09\13\ 
09131603. D 

ALS Vial 

FID2B.CH 
13-Sep-2016, 09:17:13 
amf 
lcs s30-08011601 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 13 09:30:07 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03ClC6 
QLast Update Fri Apr 22 09:01:46 2016 
Response via Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Compound 

Target Compounds 
1) Methane 
2) C2 as Ethane 
3) C3 as Propane 
4) C4 as Butane 
5) cs as Pentane 
6) C6 as Hexane 
7) >C6 - 1 as Hexane 
8) >C6_2 as Hexane 
9) >C6 3 as Hexane 

(f)=RT Delta > 1/2 Window 

TF042116.M Wed Sep 14 09:05:31 2016 

R.T. 

1.682 
2.050 
3.108 
4. 830 
6.443 
7.856 
0.000 
0.000 
0.000 

(QT Reviewed) 

Response Cone Units 

10834508 493.982 ppm 
20176755 510.316 ppm 
31059617 548.140 ppm 
40298809 536.321 ppm 
49269939 518.702 ppm 
60399116 580.542 ppm 

0 N.D. ppm 
0 N.D. ppm 
0 N.D. ppm 

(m)=manual int. 

Page: 1 
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Quantitation Report (QT Reviewed) 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 

I:\GC08\DATA\T0_3M\2016_09\13\ 
09131603.D 

ALS Vial 

FID2B.CH 
13-Sep-2016, 09:17:13 
amf 
lcs s30-08011601 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 13 09:30:07 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03ClC6 
QLast Update : Fri Apr 22 09:01:46 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Response_ 
\ 

2200000[ 

i 

20000001 
\ 

18000001 

16000001 

14000001 

12000001 

1000000! 
i 

8000001 

I 
6000001 

I 
4000001 

2000001 

I 

Time 

c. e a.. 
"' "' 

TF042116.M Wed Sep 14 09:05:31 2016 

J!l 
" "' "' "' 

TIC: 09131603.D 

c 
<l> a.. 

"' x 
<l> 
I 

"' "' "' "' 
"' <D 

~~-1"":·-T--T-----,----,~--,---,·-~~~--,-~·r~----, ~~, ~-- -r--y---,---,------,----

6.00 7.00 8.00 9.00 10.00 11.00 12.00 

Page: 2 
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Quantitation Report 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 

I:\GC08\DATA\T0_3M\2016_09\13\ 
09131604. D 

ALS Vial 

FID2B.CH 
13-Sep-2016, 09:34:48 
amf 
lcsds30-08011601 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 13 09:51:20 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update : Fri Apr 22 09:01:46 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Compound 

Target Compounds 
1) Methane 
2) C2 as Ethane 
3) C3 as Propane 
4) C4 as Butane 
5) cs as Pentane 
6) C6 as Hexane 
7) >C6 - 1 as Hexane 
8) >C6_2 as Hexane 
9) >C6 3 as Hexane 

(f)=RT Delta> 1/2 Window 

TF042116.M Wed Sep 14 09:05:35 2016 

R.T. 

1. 683 
2.052 
3 .111 
4.834 
6.447 
7.861 
0.000 
0.000 
0.000 

(QT Reviewed) 

Response Cone Units 

10900149 496.975 ppm 
20292177 513.236 ppm 
31202551 550.663 ppm 
40366225 537.218 ppm 
48899246 514.800 ppm 
58775496 564.936 ppm 

0 N.D. ppm d 
0 N.D. ppm d 
0 N.D. ppm 

(m)=manual int. 

Page: 1 
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Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

Quantitation Report 

I:\GC08\DATA\T0_3M\2016_09\13\ 
09131604.D 
FID2B.CH 
13-Sep-2016, 09:34:48 
amf 
lcsds30-08011601 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 13 09:51:20 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update : Fri Apr 22 09:01:46 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

(QT Reviewed) 

Response_ 

22000001 

TIC: 09131604.D 

2000000 

18000001 

I 
i 

1600000 

1400000: 

12000001 

i 

1000000 

800000 

0 

6000001' :;; 1 
~ I\ 

I f] 

4000001 ~/· 11 

I 

Ii jJ 

200000 JI I I ! i I i 

I I I 11, I [ ! 

01 .·- lil __ u -~--LL~---~J. 

I 

0 

"' CD 
....: 

W
£ e s ~ ~ 

~ a... OJ 0.. I 

£~ ~ ~ ~ ~ 

1-, ~~~1--~,_p;-,--·~---.---P,,~--,----,-----r~T-''--,-~TlL__,_.~~.,-.8~~ ,-T~-·"1·-r1~~-,~~~ 
Time 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 
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Response Factor Report HPS890 

Method Path : !:\GC08\METHODS\ 
Method File : TF042116.M 
Title VOA-T03C1C6 
Last Update Fri Apr 22 09:01:46 2016 
Response Via : Initial Calibration 

Calibration Files 
1 =04211630.D 2 

s 4 =04211634.D 

Compound 

1) T Methane 
2) T C2 as Ethane 
3) T C3 as Propane 
4) T C4 as Butane 
5) T cs as Pentane 
6) T C6 as Hexane 
7) T :>C6 1 as Hexane 
8) T :>C6 - 2 as Hexane 
9) T :>C6 - 3 as Hexane 

=04211631 . D 
=0421163S . D 

1 2 3 

2.477 2 .0S9 2.1S8 
3.709 3. 739 4.098 
5. 260 5.361 S.865 
6.902 7.139 7.688 
0.857 0.911 0. 941 
0 .871 1.020 0.962 
0.871 1. 020 0 . 962 
0.871 1.020 0 . 962 
0 . 871 1. 020 0 . 962 

3 
6 

4 

2.1S7 
4.0SS 
5.833 
7.767 
0.989 
1.108 
1 . 108 
1.108 
1 . 108 

=04211633.D 
=04211636.D 

s 6 

2.200 2 . 182 
4.094 4.028 
5.891 5 .789 
7.8S7 7.731 
1. 005 0.996 
1. 134 1.146 
1.134 1.146 
1.134 1 . 146 
1 . 134 1.146 

Avg \RSD 

2.193 E4 6.07 
3.954 E4 4 . 56 
5 .666 E4 4.94 
7.514 E4 S . 23 
0.9SO ES 6.14 
1.040 ES 10.53 
1. 040 ES 10.53 
1. 040 ES 10 . S3 
1.040 ES 10 . 53 

--------------------------------------------------------------------------
{#) = Out of Range ### Number of calibration levels exceeded format ### 

TF042116.M Fri Apr 22 09:01:57 2016 
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Melhane 
Re1ponse 

1 .ooe+004 2.0De+004 3.00e+OOll 

:Fntc~ I 

0 OOOe-tOaO ~ierm 

I. . ~~. i--m. 

r o ~_, c-1nll!ml 

I . fi l'ti. AFRe!SldDev 

C•ncen1ratlen 

'c·:-:::.J!L •..... :·.:_;. • ----------------------------------------' 
c.m I 

·~-··-· 
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Edtt~ 

5-dl by· C:· Aet1'ne r tane ( Jnrb I FRI Gai,.,_,cl I 
r--i' ~Dallbme · · ldenllficallan : ~ I U...Mied I A.!itn2d l ~I 
e-V e:xmna1s...miC'.on1xui· · · · · - · --

1.-j' MelhllOt! btm <lDiiU!11bauan ~ blJO Ollkl!lllraliOt• ~ 

~-!!J.~ 1 . o.~ ; I -~~~1s i I. : _I. ___ _ 

r i C4asa.t.Je 
2 

- n-~000000 L~~ L... . ,.L_.·-----. 
I-i' CS a& Penlllne 3 S0.000000 : I 2019062.500000 . I I 
t=I =;=- 4 ~~;.,DOI? . 1~~-&~«l611 I ., ... ----t··i >e&_2.t1eXilne - s .. _lllDD.ooa~ l~io.:~92469 I I · 1 
·-i' >Cli_Ja.Heicane 6 ~-~ Ja.o557546.#8~7!;i I__ -.. '-----

7 ~-oooooo · I . I I 
.I -1---

I,_ --~I.. .. . --·---- I.. ___ . . .. I._'""". "'""""-"'--

I :I .. I I .. i 
C2 aa Eth•ne 

Response 

5.00e+007 

0 2.00e+083 

O.tlODUOOO ~bt:1am 

,_~ t...b!ml 

0.000@+ollO Clan&tiri ll!l'm . ~- ~ 

1.00e+003 
CunL-enlnltiun 

•c.:.:.....:..., ... ______ J ~ --------------------------------------
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r.ditc~· · ·~ 

Searm-~bt~=-~-Rfi~'~-nne~~·~-C-Nzoni,-=~~--=~~Indoi<-'""=-~-"-.-..~'--"'---"""'-''---~~~-Fftf-. -~---~- ~,"'"-"'-'====-c;;;;;•-=-~---"-"'~~!. 

~o.tlbMR . Jdenlifim~ . ~lliin lu.e-~·1 ~I~ I .'.· ~ i ~ SlandardCoft1J<U' . . . . ... 
f-·J Mcllwie L\'lm ~ ~ blID l'.lllna!nlJllibon 

r-v C2•Efmll 1 I o.52DOO!l ~ I ~~ ! . I · I r-1••• . ____ ..., 
t-J C4a1 llulclne 2 I . S.?DJODI? ! l -~~_' . L _ .' J_ .... 
~I cs .. .__ 3 I 52.ooooooJ~ziSioo : I I 
t-1 ~~:':.-.:._ • I ?·~~!J~~-~~ I . _.· ,..I ---""" 
i-·I >C6_2asHelelne s I ID«l.o~ · J .6~.162500 I. . I 
LJ :>a-'asHelG!nl! 6 I .~:~ ~ L~:~ I_ . Ir-------. 

, I 30000.000000 : I I ; I 
I . ii . I .-i..---
1 _ d. I. ~ l. 
I I. I ---

Cl as Propane 
Response 

1.0luOO 

I o.OOOHOOO ()liUatcll:r.i 

I 5.&f&+ao4 Lae•mm 

I. O.OOOciOOD Clln&bnC1am 

I ..,,,,_. AF RI!! Sid De'I 

2.Doe .. 003 1.0ne .. 003 
Concen1nrtion 

.~~•~ ••a•_-~ .. . .__] . • ____________________________________ .... 

OK 
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Edit <Almpounds 

Swdlbv1 (; Retlbe · I",_.. ('. Indea 
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1- c ... __ I I I I t J' 2 . 5.1.50000 31i11i8UBSOOO ; :;.._.....;;. __ , 

~1 csaaPl!ntw 3 I .51.~_; l~l?'-6:!'~.' L . .:;,..1-.. -----i 
1--1' ~::-Hexane " 515.~ :1:'9~1.750010; . ,!;,...-__ _ 
~·• >C5..,'Z•Hexane 5 10~.00D0110_:laomlS4.~1!il • I 
l ••• >C6_3asliellane ti ~'.~~J~~Sl!J ;;,....,----_ 

1 :11000.00000!' · I l 
:I .1 ..... ----. 

----"---.J I 

Respunse 

1.0De+008 

0 

·- ,-----
C4 BS Butane 

1.00e+003 
Coni:i:ntr1tlon 

2.00e+003 

I . 0 DCIOHOOQ 

I 7 Sl<le-+00+ 

L 0 OOQe..alll . 

I 5 2'ro 

~all.cllnn 

'-ll:rln 
Ccnltsltllm 

RF 118 SldOeY 
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7 1. 30000.oooooo L. : I 
I ... ,---
1. I. ·I 
I. I. .' ..... I ---

C5 H Pent1ne 
Response 

2.00e+OOB 

I. 0 OOOtiQOO Q.lldr.l1lc lmn 

I 9.199efll04 . 1-lmn 

I_ O~iGGll Ccn11m1t aerm 

I 61% llF Riil SllUJew 

0 2.DOetOOl 1.00e+003 
Concentration 

·r:.... ... ~ -~~ • -·--------------------------------------
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.. 1 
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~1 
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'l 

s-chby <='. Ret'llne (" Name (' Index 
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0 1.00e+003 
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Method Path 
Method File 
Title 
Last Update 
Response Via 

# ID cone 

1 1 1 
2 2 5 
3 3 so 
4 4 500 
5 5 1000 
6 6 2000 
7 7 30000 

Calibration Status Report HP5890 

I: \ GC08\METHODS \ 
TF042116.M 

VOA-T03C1C6 
Fri Apr 22 08:50:30 2016 

: Initial Calibration 

ISTD Path\File 
Cone 

0 J :\GC08 \ DATA\ TO 3M\2016 04 \21 \ 04211630.D 
0 J: \ GC08 \ DATA\ T0-3M\ 2016- 04 \ 21 \ 04211631.D 
0 J: \ GC08\DATA\ T0-3M\ 2016-04 \2 1 \ 04211633.D 
0 J:\GC08\DATA\ T0-3M\2016- 04\21\04211634.D 
0 J:\GC08\DATA\T0-3M\2016-04\21\04211635.D 
0 J:\GC08\DATA\T0=3M\2016=04\ 21\04211636.D 

0 J:\GC08\DATA\ T0_3M\2016_ 04\21\04211637 .D 

# ID Update Time Quant Time Acquisition Time 

------ ---- ---------- --- -------------- -- -------------- -----
1 1 Apr 22 08:41 2016 Apr 2 2 08:40 2016 21-Apr-2016, 16 : 45:35 
2 2 Apr 22 08 : 43 2016 Apr 22 08:43 2016 21-Apr-2016, 16 : 57:19 
3 3 Apr 22 08:46 2016 Apr 22 08:46 2016 21-Apr-2016 , 17 : 44:30 
4 4 Apr 22 08 : 47 2 016 Apr 22 08:46 2016 21 -Apr-201 6 , 17 : 57 : 49 
5 5 Apr 22 08 : 48 2 016 Apr 2 2 08:47 2 016 21-Apr-2016, 18 : 22 : 30 
6 6 Apr 22 08 : 48 2 016 Apr 22 08:48 20 1 6 21 - Apr-2016 , 18 : 46:21 
7 7 Apr 22 08 : 50 2016 Apr 2 2 08:49 2016 21-Apr-2016, 18:58:10 

TF042116.M Fri Apr 22 08:59:21 2016 
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Quantitation Report 

Data Path 
Data File 
Signal(s) 
Acq on 
Operator 
Sample 
Misc 

J : \GC08\DATA\T0_3M\2016_04\21\ 
04211637 .D 
FID2B . CH 
21-Apr-2016, 18:58:10 
amf 
3C std s30-04081603 0.75ml 

ALS Vial 1 Sample Multiplier: 1 

Integration File : autointl.e 
Quant Time: Apr 22 08:49:31 2016 
Quant Method I : \GC08\METHODS\TF042116 . M 
Quant Title VOA-T03ClC6 
QLast Update : Fri Apr 22 08:48:57 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Compound 

Target Compounds 
1) T Methane 
2) T C2 as Ethane 
3) T C3 as Propane 
4) T C4 as Butane 
5) T cs as Pentane 
6) T C6 as Hexane 
7) T >C6 - 1 as Hexane 
8) T >C6 - 2 as Hexane 
9) T >C6 3 as Hexane -

R.T . 

1.679 
2.060 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

(QT Reviewed) 

Response Cone Units 

635879216 29164.446 ppm 
31606 0.799 ppm 

0 N.D. ppm 
0 N.D. ppm 
0 N.D. ppm 
0 N.D. ppm 
0 N.D. ppm 
0 N.D. ppm 
0 N.D. ppm 

---------------------------------------------------------------------------
(f)=RT Delta > 1/2 Window (m)=-manual int. 

TF042116.M Fri Apr 22 08:55:08 2016 Page: 1 
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Quantitation Report (QT Reviewed) 

Data Path 
Data File 
Signal (s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

J:\GC08\DATA\T0_3M\2016 04\21\ 
04211637 .D 
FID2B.CH 
21-Apr-2016, 18:58:10 
amf 
3C std s30-04081603 0 . 75ml 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Apr 22 08:49:31 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update : Fri Apr 22 08:48:57 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Response 
1.8e+O 

1.7e+07 

1.6e+07 

1.5e+07 

1.4e+07 

1.3e+07 

1.2e+07 

1.1e+07 

1e+07 

9000000 

8000000 

7000000 

6000000 

5000000 

4000000 

3000000 

2000000 

1000000 

TIC: o42°1163'fo 

~ 
Q!--~~~~~~~~~~~~~~-'----------'"--~N~·~~~~·~~~~~~~~~~~~~~~~~~ 

-1000000 

-2000000 
.. 
:6 
w .. 
'" N 

Time 0.00 0.20 0.40 0.60 (l._80 1 ~00 1,20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.~Q .. 3.-~ _ __3.80 4.00 ~,?Q_ _4M_ 

TF042116.M Fri Apr 22 08:55:08 2016 Page: 2 
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Quantitation Report 

Data Path 
Data File 
Signal(s) 
Acq on 
Operator 
Sample 
Misc 

J:\GCOB\DATA\T0_3M\2016_04\21\ 
04211630.D 
FID2B.CH 
21-Apr-2016, 16:45:35 
amf 
std s30-04211601 0.05ml(x100) 

ALS Vial 1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Apr 22 08:40:36 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update Fri Apr 22 08:25:17 2016 
Response via Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Compound 

Target Compounds 
1) T Methane 
2) T C2 as Ethane 
3) T C3 as Propane 
4) T C4 as Butane 
5) T cs as Pentane 
6) T C6 as Hexane 
7) T >C6 1 as Hexane 
8) T >C6 2 as Hexane 
9) T >C6 3 as Hexane 

(f)=RT Delta> 1/2 Window 

TF042116.M Fri Apr 22 08:52:33 2016 

R.T. 

1. 725 
2.099 
3.154 
4 .872 
6.482 
7.893 
0.000 
0.000 
0.000 

(QT Reviewed) 

Response Cone Units 

12383 0.645 ppm 
18546 0.553 ppm 
27352 0.564 ppm 
35546 0.546 ppm 
42838 0.517 ppm 
43537 0.518 ppm 

0 N.D. ppm 
0 N.D. ppm 
0 N.D. ppm 

(m) =manual int. 

Page: 1 
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Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

Quantitation Report 

J:\GC08\DATA\T0_3M\2016_04\21\ 
04211630.D 
FID2B.CH 
21-Apr-2016, 16:45:35 
amf 
std S30-04211601 O.OSml(xlOO) 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Apr 22 08 : 40:36 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03ClC6 
QLast Update : Fri Apr 22 08:25:17 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

(QT Reviewed) 

Response:_--- TIC: 04211630.D 

2600 

2500 

2400 

2300 

2200 

2100 

2000 

1900 

1800 

1700 

1600 

1500 

1400 

1300 

1200 

1100 

1000 

900 

800 

700 

600 

500 
I I I I I I I I I 

T,irl1~ .. .... QJ>Q _ ,Q,50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 

TF042116 .M Fri Apr 22 08:52: 34 2016 

I 
5.00 

I I I I I 

§50 -__ 6.00 6.50 ?,Q() . J .!)() 
I I 

8.00 8.50 

Page: 2 
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Quantitation Report 

Data Path 
Data File 
signal(s) 
Acq On 
Operator 
Sample 
Misc 

J:\GCOB\DATA\T0_3M\2016 04\21\ 
04211631.D 
FID2B.CH 
21-Apr-2016, 16:57:19 
amf 
std s30-04211601 0.5ml(x100) 

ALS Vial 1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Apr 22 08:43:02 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update : Fri Apr 22 08:41:09 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Compound 

Target Compounds 
1) T Methane 
2) T C2 as Ethane 
3) T C3 as Propane 
4) T C4 as Butane 
5) T cs as Pentane 
6) T C6 as Hexane 
7) T >C6 1 as Hexane 
8) T >C6 2 as Hexane 
9) T >C6 3 as Hexane 

(f)=RT Delta > 1/2 Window 

TF042116.M Fri Apr 22 08:53:08 2016 

R.T . 

1. 690 
2.077 
3.143 
4.868 
6 .480 
7.892 
0.000 
0.000 
0.000 

(QT Reviewed) 

Response Cone Units 

102956 5.363 ppm 
186933 5.501 ppm 
278762 5.725 ppm m 
367681 5.628 ppm 
455270 5.496 ppm 
510147 5.979 ppm 

0 N.D. ppm 
0 N.D. ppm 
0 N.D. ppm 

(m) =manual int. 

Page: 1 
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Quantitation Report (QT Reviewed) 

Data Path 
Data File 
Signal (s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

J:\GC08\DATA\T0_3M\2016 04\21\ 
04211631.D 
FID2B.CH 
21-Apr-2016, 16:57:19 
amf 
std s30-04211601 0.5ml(x100) 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Apr 22 08:43:02 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update : Fri Apr 22 08:41:09 2016 
Response via : Initial Calibration 
Integrator: Chemstation 

Volume Inj. 
Signal Phase 
signal Info 

Response -
2000 0 

1900 0 

1800 0 

0 1700 

1600 0 

1500 0 

14000 

13000 

12000 

11000 

10000 

9000 

8000 

7000 

6000 

5000 

4000 

3000 

2000 

1000 

0 

-1000 

-2000 

I I 

"' ~ 
<'i 

"' t"i 
"' 

"' "' ~ 

\. 

I 

~ 
2! 
w 

~ 
CL .. .. .. .<: .. .. 

~ fl ~ 
I I I I I 

TIC· 04211631 D 

"' ~ .... 

l!I 
"' lil .. .. 
;"; 

I I I I I 

SJ 
"' ,...: 

i 
~ 
co 

....._. ___ 

'E ~ " CL J: .. .. ... .. 
~ ~ 

I I I I I 
Time 0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 E),90 6.50 7.00 7.50 8.00 8.50 

TF042116.M Fri Apr 22 08:53:09 2016 Page: 2 
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Quantitation Report (Qedit) 

Data Path 
Data File 
Signal(s ) 
Acq On 
Operat or 
Sample 
Misc 
ALS Via l 

J:\GC08\DATA\T0_3M\2016_04 \ 21 \ 
04211631.D 
FID2B.CH 
21-Apr-2016, 16 : 57:19 
amf 
std s30-04211601 0 . 5ml(xlOO ) 

1 Sample Multipli er : 1 

Integration File : autointl.e 
Quant Ti me : Apr 22 08 : 43:02 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title : VOA-T03ClC6 
QLast Update : Fri Apr 22 08:41:09 2 0 16 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Pha s e 
Signal Info 

Response 

6000 

5500 

5000 

4500 

4000 

35()0 

3000 

2500 

2000 

1QOO 

TTC: 04211631 :0 

3.143 

500.....,_,~,....,...,..,..,..~........-~,....,-,-.-.-~........-~,....,...,..,..,..~~rr-r,....,...,...,.,...~~rr-r,....,-,-r-rT"T-'l-~rr-r,....,-,rrr-r.,-,-.-.-,....,...,...,....,-rTT,....,...,-,-,-~,....,...,...,.,...,....,...,..,..,..rTT,....,...,..,.-,-
Time "-· • -2_j_0 . ~_,?0 ,. ~'.~-°- -~4Q 2.50_.~60 2.70 2.80 2.90 3.00 3.10 3.20 3.30 3.40 3.50 ~-~Q.~Q __ 3_,_~Q ],9Q ~,OQ . 4.·.rn .. 4.20 ···············-······ -· ........ -....... .... -~·- ···-·--- ·-·- QEdit- ·---· · ··· ----~-------···· 

(3) C3 as Propane (T) 

3.143min 5.725 ppm m 

response 278762 

( + ) = Expec t e d Retentio n Time 
TF042116.M Fr i Ap r 22 08:53 : 03 2 016 Page : 1 
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Quantitation Report 

Data Path 
Data File 
signal(s) 
Acq On 
Operator 
Sample 
Misc 

J:\GC08\DATA\T0_3M\2016_04\2 1 \ 
04211633 .D 
FID2B . CH 
21-Apr-2016, 17:44:30 
amf 
std s30-10041501 0 . 05ml 

ALS Vial 1 Sample Multipl ier : 1 

Integration File: autointl.e 
Quant Time : Apr 22 08:46:14 2016 
Quant Method I : \GC08\METHODS\TF04 2116 . M 
Quant Title : VOA-T03C1C6 
QLast Update : Fri Apr 22 08:43:29 2016 
Response via : Initial Calibration 
Integrator : Chemstation 

Volume I n j . 
signal Phase 
Signal I nfo 

compound 

Target Compounds 
1) T Methane 
2) T C2 as Ethane 
3) T C3 as Propane 
4) T C4 as Butane 
5) T cs as Pentane 
6) T C6 as Hexane 
7) T >C6 1 as Hexane -8) T >C6 2 as Hexane -9) T >C6 3 as Hexane -

R . T . 

1. 728 
2.101 
3 . 156 
4.873 
6 . 482 
7.894 
0.000 
0.000 
0.000 

(QT Reviewed) 

Response Cone Units 

1079161 51.087 ppm 
2049062 53. 728 ppm 
3049636 55.984 ppm 
39591 75 54.285 ppm 
4707484 50.825 ppm 
4811318 49.469 ppm 

0 N.D. ppm 
0 N.D. ppm 
0 N.D. ppm 

------------------ -- ------~--------------------------------------- - --------

(f ) =RT Delta > 1/ 2 Window (m) =manual int . 

TF042116.M Fri Apr 22 08:53:32 2016 Page: 1 
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Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

Quantitation Report 

J:\GCOS\DATA\TO 3M\2016 04\21\ 
04211633.D - -
FID2B.CH 
21-Apr-2016, 17:44:30 
amf 
std s30-10041501 0.05ml 

1 Sample Multiplier: 1 

Integration Fi l e: autointl.e 
Quant Time: Apr 22 08:46:14 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update : Fri Apr 22 08:43:29 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

{QT Reviewed) 

Ri!sponse· · · r1c:04211e33.o -

18000 0 

17000 0 

0 16000 

15000 0 
a; 

0 ... w 14000 

13000 0 

120000 

110000 
... "' N ... ..., "l - .... 100000 

90000 

80000 0 
0 

N 

70000 :g 
M 

60000 

50000 

40000 

30000 

20000 

10000 

0 

-10000 

., 
~ !!! 'E 

! ~ .. 
n. "' n. ., .. .. .. .. .z:;: .. .. .. .. 

~ fl rl ~ ~ 

-20000 

I I I I I I I I I I I I 

"' "' "l .... 

~ 

~ 
::c 
; 
~ 

I I I I I I I 

ifim_t't __ 0.00 0.50 1.00 1.50 2,00. 2.50 3.0() 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 ' 

TF042116.M Fri Apr 22 08:53:33 2016 Page: 2 
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Quantitation Report 

Data Path 
Data File 
signal(s) 
Acq On 
Operator 
Sample 
Misc 

J:\GC08\DATA\T0_3M\2016 04\21\ 
04211634 .D 
FID2B.CH 
21-Apr-2016, 17:57:49 
amf 
std s30-10041501 0.5ml 

ALS Vial 1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Apr 22 08:46:55 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03ClC6 
QLast Update : Fri Apr 22 08:46:34 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
signal Phase 
Signal Info 

Compound 

Target Compounds 
1) T Methane 
2) T C2 as Ethane 
3) T C3 as Propane 
4) T C4 as Butane 
5) T cs as Pentane 
6) T C6 as Hexane 
7) T >C6 1 as Hexane 
8) T >C6 2 as Hexane 
9) T >C6 3 as Hexane 

{f)=RT Delta > 1/2 Window 

TF042116.M Fri Apr 22 08:53:49 2016 

R.T . 

1.705 
2 .077 
3.144 
4.869 
6.482 
7.894 
0.000 
0.000 
0.000 

(QT Reviewed} 

Response Cone units 

10784984 502.697 ppm 
20275251 518.598 ppm 
30330167 542.143 ppm 
39999452 534.106 ppm 
49469434 523.449 ppm 
55414072 562.603 ppm 

0 N.D. ppm 
0 N.D. ppm 
0 N.D. ppm 

(m)=manual int. 

Page: 1 
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Quantitation Report (QT Reviewed) 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

J:\GC08\DATA\T0_3M\2016_04\21\ 
04211634.D 
FID2B.CH 
21-Apr-2016, 17:57:49 
amf 
std s30-10041501 O.Sml 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Apr 22 08:46:55 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update : Fri Apr 22 08:46:34 2016 
Response via : Initial calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Res-iionse_ -· 
2100000 

TIC: 04211634.0 

2000000 

1900000 

1800000 

1700000 

1600000 

1500000 

1400000 

1300000 

1200000 

1100000 

1000000 

900000 

800000 

700000 

600000 

500000 

400000 

300000 

200000 

100000 

-100000 

-200000 

I I I 

:Tiri::i.e 0.00 0.50_ __!.QO _ 1,50 
I I 

2.00 2.50 

TF042116.M Fri Apr 22 08:53:50 2016 

I I I I I I 

3.00 .. 3,5Q ... :4,0Q 4.50 5.00 5.50 ---· - - ·-· ·····························--
I I I I I 

6.00 6.50 7.00 ...... } .50 .~QO 
I 

8.50 

Page: 2 
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Quantitation Report 

Data Path 
Data File 
signal{s) 
Acq On 
Operator 
Sample 
Misc 

J:\GC08\DATA\T0_3M\2016 04\21\ 
04211635.D 
FID2B.CH 
21-Apr-2016, 18:22:30 
amf 
std s30-10041501 lml 

ALS Vial 1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Apr 22 08:47:58 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update : Fri Apr 22 08:47:52 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Compound 

Target Compounds 
1) T Methane 
2) T C2 as Ethane 
3) T C3 as Propane 
4) T C4 as Butane 
5) T cs as Pentane 
6) T C6 as Hexane 
7) T >C6 1 as Hexane 
8) T >C6 2 as Hexane 
9) T >C6 3 as Hexane 

(f)=RT Delta > 1/2 Window 

TF042116.M Fri Apr 22 08:54:20 2016 

R.T. 

1.659 
2.055 
3.134 
4.867 
6.481 
7.895 
0.000 
0.000 
0.000 

(QT Reviewed.) 

Response Cone Units 

22002670 1021. 692 ppm 
40939911 1041. 857 ppm 
61267229 1089.893 ppm 
80925154 1078.700 ppm 

100476333 1060.635 ppm 
113449295 1130.523 ppm 

0 N.D. ppm 
0 N.D. ppm 
0 N.D. ppm 

(rn)=manual int . 
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Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

Quantitation Report 

J:\GC08\DATA\T0_3M\2016 04\21\ 
04211635.D 
FID2B.CH 
21-Apr-2016, 18:22:30 
amf 
std s30-10041501 lml 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Apr 22 08:47:58 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update : Fri Apr 22 08:47:52 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
signal Phase 
Signal Info 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 

500000 

(QT Reviewed) 

QJ---------'-_,_,__ ·---- L ...... "-···················-··-··- - -----'--· 

~ 
Cl. .!! 

!! 2 " IL m .. .. :I "ii .. 
"' ... 

Time 0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 
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Quantitation Report 

Data Path 
Data File 
signal(s) 
Acq On 
Operator 
Sample 
Misc 

J:\GC08\DATA\T0_3M\2016_04\21\ 
04211636 .D 
FID2B.CH 
21-Apr-2016, 18:46:21 
amf 
std s30-10041501 2ml 

ALS Vial 1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Apr 22 08:48:35 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update : Fri Apr 22 08:48:16 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Compound 

Target Compounds 
1) T Methane 
2) T C2 as Ethane 
3) T C3 as Propane 
4) T C4 as Butane 
5) T cs as Pentane 
6) T C6 as Hexane 
7) T >C6 1 as Hexane 
8) T >C6 2 as Hexane 
9) T >C6 3 as Hexane 

(f)=RT Delta > 1/2 Window 

TF042116.M Fri Apr 22 08:54:39 2016 

R.T , 

1.644 
2.034 
3.121 
4.863 
6.480 
7.895 
0.000 
0.000 
0.000 

{QT Reviewed) 

Response Cone units 

43643298 2011. 697 ppm 
80552547 2035.967 ppm 

120409600 2126.901 ppm 
159250171 2114. 540 ppm 
199253149 2096.400 ppm 
229256240 2244.813 ppm 

0 N.D. ppm 
0 N.D. ppm 
0 N.D. ppm 

(m)=manual int . 
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Data Path 
Data File 
signal(s) 
Acq On 
Operator 
Sample 
Misc 
ALS Vial 

Quantitation Report 

J:\GC08\DATA\T0_3M\2016 04\21\ 
04211636.D 
FID2B.CH 
21-Apr-2016, 18:46:21 
amf 
std s30-10041501 2ml 

1 Sample Multiplier: 1 

Integration File: autoint1.e 
Quant Time: Apr 22 08:48:35 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03C1C6 
QLast Update : Fri Apr 22 08:48:16 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

(QT Reviewed) 

Response TIC: 04211636.D 

8500000 

8000000 

7500000 

7000000 

6500000 

6000000 

5500000 

5000000 

4500000 

4000000 

3500000 

3000000 

2500000 

2000000 

1500000 

1000000 
~ 
N 

500000 
"' ~ 

0 

-500000 

~ 
D. .!!! 

"' 
e :I 

c ~ m .. ., .. ;i 
~ "' .. 

N "' .... 

a 
I 

= 
"' 

Time 0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 ......... 5.50 6.00 6.so ....... .1.'·9P. HiO, .... ~-QQ 8.50 
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Quantitation Report 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 

I :\GC08 \ DATA\ T0_3M\ 2016_04 \ 22 \ 
04221604 . D 
FID2B.CH 
22-Apr-2016, 10:18 :19 
amf 
: cv s30-12281501 

ALS Vial 1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Apr 22 10 : 30:21 2016 
Quant Method I: \GC08 \METHO~S\TF042116.M 
Quant Ti tle : VOA-T03Cl C6 
QLast Update : Fri Apr 22 09:01: 46 2016 
Response via : Initial Calibrati on 
Integrator : ChemStation 

Volume Inj . 
Signal Phas e : 
Si gnal Info 

Co~pound 

Target Compounds 
1) T Methane 
2) T C2 as Ethane 
3) T C3 as Propane 
4) T C4 as Butane 
5) T CS as Pentane 
6) T C6 as Hexane 
7) T >C6_1 as Hexane 
8) T >C6_2 as Hexane 
9) T >C6_3 as Hexane 

(f)=RT Delta > 1/ 2 Window 

TF042116 . M Fri Apr 22 10 :33:31 2016 

R.T . 

1. 699 
2.071 
3.134 
4.859 
6.471 
7 .884 
0.000 
0.000 
0.000 

(QT Reviewed) 

Response Cone Units 

V/u ~ 
10911181 497. 478 ppm q t!l, fjl'.J 
20172372 510 .2 06 ppm I ot.•d --1 
30219396 533.312 ppm I Db.bl> 
39436863 524.850 ppm \t>~A~ 
47617725 501.308 ppm Jol.)1l.1> 

52732688 506 . 854 ppm f O I 1 ~r 
0 N. D. ppm 
0 N. D. ppm 
0 N. D. ppm 

(m) =manual int . 
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Quantitation Report 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 

I:\GC08\DATA\ T0_3M\2016_04\22 \ 
04221604.D 

ALS Vial 

FID2B.CH 
22-Apr- 2016, 10:18:19 
amf 
ICV s30-12281501 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Apr 22 10:30:21 2016 
Quant Method I :\GC08\METHODS\ TF04211 6.M 
Quant Title : VOA-T03C1C6 
QLast Update : Fri Apr 22 09:01:46 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj . 
Signal Phase 
Signal Info 

;:tespon&e · - · 
200000 
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1900000 
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1400000 
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TF04211 6 .M Fri Apr 22 10: 33:31 2016 
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(QT Reviewed) 
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Method : VOA-T03C1C6 
Client : Empirical Labs 

Analyst : amf 

Sample IC 
std s30-09121601 
ACTUAL 
%Difference 

lcs s30-08011601 
ACTUAL 
%Recovery 

lcsds30-08011601 
ACTUAL 
%Recovery 
%RPO 

mb 1ml 

4352-001 0.1 ml 
4352-002 0.1 ml 
4352-003 0.1 mi 
4352-004 0.05m 
4352-005 1 ml 
4352-006 0.1 mi 
4352-007 0.1 ml 
4352-008 0.1 ml 
4352-009 0.1 m: 
4352-010 0.1 ml 

std s30-05021602 
ACTUAL 
%Difference 

Sample IC 
MRL 

mb 1ml 

4352-001 0.1 ml 
4352-002 0.1 ml 
4352-003 0.1 ml 
4352-004 0.05m 
4352-005 1 ml 
4352-006 0.1 ml 
4352-007 0.1 ml 
4352-008 0.1 ml 
4352-009 0.1 ml 
4352-010 0.1 m 1 

Inject. Dilution 
Vollmll OF 

0.5 1.0 

0.5 1.0 

0.5 1.0 

1.0 1.0 

0.1 1.0 
0.1 1.0 
0.1 1.0 
0.1 1.0 
1.0 1.0 
0.1 1.0 
0.1 1.0 
0.1 1.0 
0.1 1.0 
0.1 1.0 

0.5 1.0 

Ei Et 

0.00 0.00 

-1.63 3.40 
-2.03 3.70 
-2.44 3.22 
-1.41 3.46 
-2.95 3.30 
-2.40 3.35 
-1.99 3.25 
-1.95 3.16 
-2.35 3.16 
-2.00 3.25 

C1-C6 & C6+ Hydrocarbon 

ALS Environmental 
REPORT SUMMARY 

ALS Service Request P1604352 
Instrument: Instrument 8 I FID #8 

Date Acquired 9/13/2016 

SAMPLE RESULT SUMMARIES (ppm) 

Methane 
983.4 

1000.0 
1.7% 

987.96 
1010.0 
97.8% 

993.94 
1010.0 
98.4% 

0.6% 

0.07 

6567.84 
10476.13 

3727.08 
7424.28 

4.56 
15611.64 
20105.81 

2108 01 
233.61 

2037.15 

1023.3 
1000.0 

2.3% 

FINAL SAMPLE RESULT SUMMARIES (ppm) 

Methane 
0.50 

ND 

90954.79 
152139.54 
54477.38 

202896.80 
6.99 

229097.64 
283949.09 
29528.67 

3378.36 
28792.79 

J \Excel\Report\ T0312016\P1604352 _Empirical Labs_ T 0-3 _ 1609140938 _AM 
Final_ Report 

Page 1 of 2 
Printed: 9/14/2016 9:39 AM 
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Quantitation Report 

Data Path 
Data File 
Signal(s) 
Acq On 
Operator 
Sample 
Misc 

I:\GC08\DATA\T0_3M\2016_09\13\ 
09131601. D 

ALS Vial 

FID2B.CH 
13-Sep-2016, 08:28:52 
amf 
std s30-09121601 

1 Sample Multiplier: 1 

Integration File: autointl.e 
Quant Time: Sep 13 08:52:29 2016 
Quant Method I:\GC08\METHODS\TF042116.M 
Quant Title VOA-T03ClC6 
QLast Update : Fri Apr 22 09:01:46 2016 
Response via : Initial Calibration 
Integrator: ChemStation 

Volume Inj. 
Signal Phase 
Signal Info 

Compound 

Target Compounds 
1) Methane 
2) C2 as Ethane 
3) C3 as Propane 
4) C4 as Butane 
5) cs as Pentane 
6) C6 as Hexane 
7) >C6 - 1 as Hexane 
8) >C6_2 as Hexane 
9) >C6 3 as Hexane 

(f}=RT Delta> 1/2 Window 

TF042116.M Wed Sep 14 09:05:20 2016 

R.T. 

1. 678 
2.046 
3.103 
4. 826 
6.439 
7.852 
0.000 
0.000 
0.000 

(QT Reviewed) 

Response Cone Units 

10784592 491.706 ppm 
20037270 506.788 ppm 
29922672 528.075 ppm 
39110513 520.506 ppm 
47350087 498.491 ppm 
51267514 492.771 ppm 

0 N.D. ppm d 
0 N.D. ppm 
0 N.D. ppm 

(m) =manual int. 
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