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1. Introduction

Daniel B. Stephens & Associates, Inc. (DBS&A) has prepared this final remediation plan (FRP)
at the Lovington 66 Site (the site) in Lovington, New Mexico. The FRP was prepared in
accordance with applicable sections of Part 119 of the New Mexico Petroleum Storage Tank
Regulations (PSTR) and work plan identification (WPID) #4123 (DBS&A, 2020), which was
approved by the New Mexico Environment Department (NMED) Petroleum Storage Tank
Bureau (PSTB) on January 29, 2020 (NMED, 2020).

1.1 Site Summary

The site is located at 424 South Main, Lovington, New Mexico, and (Figure 1). The property is
currently occupied by a McDonald’s franchise. A fuel release was discovered during an
environmental site assessment and associated tank pull activities conducted at the site in 1991.
Subsequent investigations in 1992 and 1993 revealed hydrocarbon impacts to soil and
groundwater, specifically soil contamination to a depth of 40 feet below ground surface (bgs), a
large light nonaqueous-phase (LNAPL) plume extending to the southeast under the intersection
of Main Street and Avenue D, and a dissolved-phase plume migrating off-site to the southeast.
Site investigation data suggests that contamination from the site is comingled with an LNAPL
and dissolved-phase plume originating from the Allsup’s #109 (Allsup’s) site, located at the

southeast corner of Avenue D and Main Street (Figure 2).

Investigation and monitoring activities were conducted between 2006 and 2015, including
installation of additional monitor wells southeast of the Allsup’s site. The extent of the
dissolved-phase 1, 2-dichloroethane (EDC) plume remains undefined to the southeast. No
documented corrective action has been implemented at the site, except limited soil excavation
during tank removal and LNAPL recovery by hand bailing. The site was designated a State
Lead site on November 1, 2018.
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1.2 Site History

In 1991, AEI Tank, Inc. (AEI) was contracted to perform a minimum site assessment (MSA) on
the existing underground storage tank (UST) system at the Phillips 66 gasoline station as part of
a proposed property transaction between Jack Walstad Oil Company, Inc. (Walstad) and Queen
Oil and Gas Company. At that time, AEI discovered contamination in soil samples collected
near the five USTs and associated conveyance and dispensers. Walstad then contracted AEI
to remove the USTs and ancillary piping and to over-excavate the contaminated piping trenches
and tank pits. AEI provided the results of shallow soil sampling to NMED in December 1991
(AEI, 1991). Per NMED’s request, AEI coordinated the installation of three monitor wells at the
site in February and March 1992 (designated W-1 through W-3). NMED received this revised
report April 3, 1992 (AEI did not change the date of the report).

During the MSA investigations conducted by AEI, hydrocarbon impacts to soil and groundwater
contamination above New Mexico Water Quality Control Commission (NMWQCC) standards
were discovered on-site and extending off-site downgradient to the southeast. Soil impacts
were noted in association with the tank pit on the north side of the station building, the diesel
dispenser on the west side of the station building, and the gasoline conveyance and dispensers
to the southeast of the station building; these locations are presumed to be primary release sites
(Figure 3). AEI reported removing approximately 90 percent of the impacted shallow soil from
the vicinity of the identified release sites (AEI, 1991).

Soil and groundwater investigations completed by Billings & Associates, Inc. (BAI) in 1992 and
1993 identified soil contamination to a depth of at least 40 feet bgs, a large LNAPL plume, and a
dissolved-phase plume migrating off-site to the southeast under the intersection of Main Street
and Avenue D. BAI coordinated installation of monitor wells W-4 through W-18 during these

initial characterization efforts (Figure 2).

Previous consultants coordinated investigation and monitoring activities from 2006 to 2018,
including the installation of three additional monitor wells (W-19 through W-21) 400 to 600 feet
southeast of the Allsup’s site. In 2015, a vertical multi-phase extraction well (MPE-1) was
installed on-site and subsequently included in dual-phase extraction (DPE) pilot testing. In
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addition, DPE quick tests and LNAPL bail-down and recovery testing were completed on wells
W-1, W-2, and W-3.

The site was included in a Responsible Party (RP)-Lead solicitation for remediation services,
dated March 19, 2018. Although DBS&A was deemed the winner of that solicitation, the
request for proposals (RFP) was revoked when the designated representative for the RP
(Walstad) stated he no longer wished to participate in the cleanup process. The site was
designated a State Lead site on November 1, 2018, and on April 22, 2019, the NMED PSTB
issued a new RFP for State-Lead remediation services for the site. DBS&A responded to the
RFP with a proposal submitted to the PSTB on May 28, 2019. DBS&A provided supplementary
information to the proposal in a short list presentation to the PSTB on July 11, 2019. The
DBS&A proposal was deemed to be the most responsive, and in a letter dated October 23,
2019, the PSTB requested preparation of an FRP to address the confirmed petroleum

hydrocarbon release at the site.

The McDonald’s restaurant on-site was torn down and rebuilt in October 2018, which resulted in
destruction of all the on-site surface completions. The construction contractor hired Atkins
Engineering, Inc. (AEA) of Roswell, New Mexico, to replace the surface completions. At that
time, well W-4 (previously paved over) was recovered and repaired. In July 2020, AEA also
recovered W-7, which had been paved over in the street adjacent to the curb. To date,
25 groundwater monitoring wells (W-1 through W-21, MPE-1, and MW-1 through MW-3) have
been installed both on-site and in the vicinity of the site and the Allsup’s site (Figure 2). Based
on field reconnaissance conducted by PSTB and DBS&A in March 2019 and November 2019,
respectively, and recent repair work, 21 of these wells remain in service. Wells MW-2, W-6, and
W-10 appear to have been paved over, and well W-2 was found by NMED to be obstructed
above the water table. Efforts will be made to clear the obstruction in well W-2 in a future

groundwater monitoring event.

A baseline groundwater monitoring event was included in the current work plan (DBS&A, 2020);
however, that work has been postponed due to ongoing access negotiations between the City of
Lovington and NMED. This work will be completed prior to implementation of corrective action,
but it is extremely unlikely (due to the extensive history of prior site investigation) to produce

findings that alter the remedial approach or design presented in this FRP.
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1.3 Site Hydrogeology

The site is located in the Llano Estacado section of the Great Plains physiographic province, at
an elevation of approximately 3,910 feet above mean sea level (msl). The geology underlying
the City of Lovington is comprised of layered sedimentary deposits of the Pliocene-age Ogallala
Formation. The Ogallala Formation consists of fine-to-coarse-grained sand, silt, and clay; a
weathering-resistant, carbonate-cemented “caprock” unit is present near the top of the
formation. At the site, the caprock unit has been observed in borehole logs with a thickness of
approximately 40 feet and is underlain by a thick sequence of fine-grained sands. Regionally,
the Ogallala Formation is bounded below by the fine-grained red beds of the Triassic-age

Dockum Group; this unit has not been encountered in borings at the site (Cronin, 1969).

Based on the groundwater monitoring event completed in February and March 2018,
groundwater is present at a depth of approximately 60 feet bgs (Golder, 2018). This water level
represents the regional groundwater level of the Ogallala aquifer, from which the City of
Lovington obtains its water supply. Based on regional geologic data, the saturated thickness of
the Ogallala Aquifer in the site vicinity is approximately 150 feet (Cronin, 1969; Tillery, 2008).
The City of Lovington 40-Year Water Development Plan published in 2014 (JSAI) states that
“groundwater is being pumped out at a faster rate than it is being recharged.” This has been
observed at the site with typical decreases in groundwater elevation of 5 to 6 feet in all site wells
since 2008. Groundwater flow beneath the site has consistently been to the southeast at an

average gradient of approximately 0.004 foot per foot (ft/ft) (Figure 4).

Based on on-site slug testing performed in 1992, aquifer hydraulic conductivity (K) was
estimated at 1 foot per day (BAI 1992). Assuming effective porosity of 15 percent and an
average gradient of 0.004 ft/ft, lateral contaminant migration rates would be on the order of
10 feet per year (ftlyr). Based on NMED risk assessment guidance and reasonable
assumptions of aquifer properties, a retardation coefficient of approximately 2.0 can be applied,
yielding an overall migration rate of 5 ft/ yr. Considering the length and geometry of the plume,
and published K values for the Ogallala Aquifer, this estimate appears unreasonably slow, and
data gathered during remediation pilot testing in 2015 suggested considerably greater K values.
Lacking a properly executed aquifer pumping test, DBS&A believes a more reasonable estimate
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of aquifer hydraulic conductivity to be on the order of 4 to 6 feet per day, yielding a retarded

linear migration rate of approximately 20 to 30 ft/yr.

1.4 Distribution of Contaminants

1.4.1 Contaminants of Concern

The primary contaminants of concern (COCs) are gasoline fuel constituents, including benzene,
toluene, ethylbenzene, and total xylenes (BTEX), EDC, 1,2-dibromoethane (EDB), and
naphthalenes. Multiple investigations conducted since 1991 indicate that soil and groundwater
contamination are present at the site. Groundwater in Lovington is used for potable domestic,
public/municipal, and agricultural purposes. In the January 2008 Secondary Investigation
Report (Golder Associates Inc. [Golder]), one municipal supply well was identified approximately
0.5 mile downgradient of the site; however, there are currently no active municipal supply wells
located within the Lovington city limits. Based on the City of Lovington Comprehensive Plan,
Lovington has a total of 20 active municipal supply wells, all of which are located in an industrial
park wellfield 4 miles southeast of the site (Figure 1). No domestic wells were identified within
1,000 feet of the site.

1.4.2 Distribution of Contaminants in Soil

The lateral and vertical distribution of contaminants in the vadose zone has not been well
defined due to the lack of discrete samples collected during air rotary drilling activities. Despite
the limitations of the available soil characterization data, infiltration of hydrocarbons through
sandy vadose zone materials is typically vertical, and the area of shallow vadose-zone
contamination is expected to be limited to the immediate vicinity of the releases. The residual
mass of hydrocarbon contamination in the shallow vadose zone is presumed to be minimal as
the vast majority of the hydrocarbon-impacted soil above 15 feet bgs was removed by over-
excavation during the tank pull (AEl, 1991), and there is limited available pore space in the
underlying caprock. Soil samples collected during installation of monitor wells W-1, W-2, and
W-3, during the MSA, show vadose zone contamination to be widespread in the smear zone
above the current water table.
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1.4.3 LNAPL Impacts

The current LNAPL plume encompasses more than 0.5 acre (Figure 5). Approximately
70 percent of the plume extends off-site, and more than half is located under state and federal
highways (U.S. Highway 82 [US 82], New Mexico Highway 18 [NM 18], and New Mexico
Highway 83 [NM 83]). LNAPL has been observed in on-site monitor wells W-1, W-2, W-3, and
MPE-1, as well as off-site monitor well W-14 and Allsup’s site well MW-3. Apparent LNAPL
thickness has consistently exceeded 6 feet in on-site monitor wells since 2014. LNAPL was first
documented in Allsup’s well MW-3 in June 2016 (Golder, 2016); however, the first occurrence
was likely in the monitoring data gap between 2009 and 2016. Groundwater elevation

decreases during this time period likely mobilized LNAPL in the capillary fringe.

CMB Environmental (CMB) of Roswell, New Mexico, the previous consultant for the site,
conducted LNAPL bail down and recovery testing in June 2015. Testing results showed that,
despite the large apparent thickness, actual formation thickness of the LNAPL was less than
0.5 foot in all tested wells (Golder, 2015a). Average estimates of LNAPL transmissivity based
on the bail down and recovery data varied from 0.24 to 0.66 square foot per day (ft/day)
(Golder, 2015a), which is near the practical limit of 0.5 ft?/day for active recovery systems, such
as DPE.

DBS&A performed its own calculations to estimate the volume of LNAPL present in the
subsurface based on a variety of U.S. Environmental Protection Agency (EPA) methods for
estimating LNAPL formation thickness from measured thicknesses in wells. These thicknesses
were higher than those estimated during bail down testing, and variations in off-site LNAPL
thickness are difficult to quantify as the majority of the LNAPL plume is located within the
highway right-of-way (ROW). However, combining a 9-inch (0.75-foot) thickness in those areas

with on-site data, total volume of LNAPL would be approximately 22,000 gallons (Appendix A).

LNAPL samples from three on-site monitor wells (MPE-1, W-1, and W-3) were collected on
June 15, 2020, and analyzed for total petroleum hydrocarbons (TPH) using EPA method 8015D.
Results are summarized in Table 1, and the full laboratory report is provided in Appendix B.
Approximately 20 percent of each sample fell within the diesel range; however, DBS&A

contacted the laboratory to discuss these findings. The laboratory manager stated that this data
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was at the tail end of the gasoline peaks on the chromatograph, and that the samples looked

like relatively fresh gasoline.

1.4.4 Distribution of Contaminants in Water

BTEX constituents, methyl tertiary-butyl ether (MTBE), naphthalenes, EDC, and EDB have been
detected in groundwater at concentrations exceeding applicable water quality standards.
Figure 5 shows the approximate extent of the dissolved-phase benzene plume based on the
current monitoring well network last sampled in March 2018. Benzene is the constituent found
at the highest concentrations. The plume extends for at least 600 feet downgradient to the
south of the site. The dissolved-phase plume has been previously defined upgradient by
monitor well W-7, cross-gradient by monitor wells W-13 and W-18 to the northeast and by
monitor wells W-12, W-15, and W-16 to the southwest, and has been partially defined
downgradient by monitor wells W-20 and W-21. DBS&A discussed the feasibility of installing
additional downgradient monitor wells with the primary property owner, Haarmeyer Electric, but
were denied access. No public ROW exists for a reasonable distance downgradient from the

existing monitor well network.

Results from the most recent groundwater monitoring event in March 2018 showed EDC to be
present above the NMWQCC standard across the greatest areal extent, including downgradient
monitor well W-19 at 71 micrograms per liter (ug/L) (Golder, 2018; Figure 6). EDC
concentrations in this well increased between monitoring events in 2009 and 2014, and show a
stable trend since October 2014. EDC concentrations in wells W-8, W-9, and W-11 are
decreasing over the same time period (Figure 7). The downgradient extent of actionable EDC

remains undefined.
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2. Contractor Qualifications

DBS&A is a licensed contractor in the state of New Mexico and holds a GS-29 license
(License #89947).

DBS&A will use Ellingson-DTD of West Concord, Minnesota (DTD), for horizontal drilling and
well installation. DTD has an established history of drilling horizontal remediation wells through
caliche to underlying softer materials, including recent projects in Odessa and Knox City, Texas,
and in Las Vegas, Nevada. Well screen lengths at the sites in Texas were 250 to 350 feet,
which are similar to proposed lengths for this site. DTD also recently installed a 450-foot-long
horizontal well in Las Vegas, New Mexico, while dealing with difficult drilling conditions through
a competent shale formation, and has installed horizontal remediation wells for PSTB sites in

New Mexico since 2009.

EnviroWorks of Edgewood, New Mexico, has been selected to serve as the general contractor
at the site and will coordinate installation of the remediation system. The equipment
manufacturer will be Intellishare Environmental (Intellishare) of Menomonie, Wisconsin. All
work will be performed under the supervision of a professional engineer licensed in the state of

New Mexico.
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3. Remediation Goals/Cleanup Standards

3.1 Exposure Pathways

Potential exposure pathways evaluated for this site include soil vapor, soil, and groundwater.
AEI reportedly removed approximately 90 percent of the impacted shallow soil associated with
the release locations (AEl, 1991), and the site is now completely covered by asphalt and
concrete pavement. Therefore, direct exposure to hydrocarbon-contaminated soil is not

considered a complete potential exposure pathway at the site.

Petroleum hydrocarbon contaminants are likely widespread in the smear zone above the water
table, at a depth of 50 to 60 feet bgs. Based on current EPA guidance, petroleum hydrocarbons
in soil at this depth are not considered a risk through the vapor intrusion pathway. However,
concentrations of the halogenated organic compound EDC in groundwater exceeds the March
2017 New Mexico vapor intrusion screening level (VISL) for industrial land use of 109 ug/L.
Halogenated organic compounds are comparatively stable in the vadose zone and may diffuse
upward in the vapor phase from the water table to shallow soil. Based on the distribution of
EDC in groundwater as shown on Figure 6, some occupied commercial structures may

potentially overlay groundwater containing concentrations of EDC above the VISL.

Potential groundwater impacts to municipal production wells constitute an exposure pathway.
Hydrocarbon concentrations above NMWQCC standards have been noted across a broad area,
extending at least 600 feet downgradient of the site. However, the nearest active downgradient
municipal production well is located more than 4 miles southeast of the site. Based on the
distance to the municipal wellfield, the risk to water production wells is minimal under current

conditions.
3.2 Remediation Goals and Performance Standards
The primary remedial objective is removing source area hydrocarbon mass to mitigate the

potential for contaminant migration to regional groundwater. Dissolved-phase contamination will

be monitored on a quarterly basis to assess plume stability and response to the source-area
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mitigation. DBS&A has observed that during previous remedial actions, such as the nearby Lea
County Electric Co-op (LCEC) site, dissolved-phase hydrocarbon concentrations in groundwater
decreased significantly following removal of the source area contaminant mass. During and
after the remedial action, residual dissolved-phase hydrocarbons in groundwater will be allowed
to naturally attenuate, with the goal of reaching NMWQCC standards. If site conditions or
priorities change, PSTB could implement active groundwater treatment to accelerate reduction

of dissolved-phase contaminants.

The following performance standards will be met to document the success of the remediation

work performed:

e Within 2 years of system operation, document that measurable LNAPL is no longer
present within the monitor well network and extracted soil vapor concentrations contain
less than 100 parts per million by volume (ppmv) of volatile organic compounds (VOCs)

as measured by a photoionization detector (PID).

e Maintain minimum run-time of 90 percent for major remediation equipment. This is
achievable through proper preventive maintenance of equipment and the use of
telemetry to provide instant notification of system shutdowns through text message

and/or email.
o Document efficacy of the vapor treatment system by collecting system influent and
effluent air samples at a minimum of once per month to demonstrate optimization of

mass removal and destruction of contaminants prior to discharge to the atmosphere.

DBS&A calculated the estimated time to cleanup following the method outlined by Kroopnick

(1998), which indicates that recoverable LNAPL can be removed within one year (Appendix A).
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4. Description of Proposed Remediation System

4.1 Overview

DBS&A will implement a site-specific soil vapor extraction (SVE) cleanup strategy that uses two
horizontal wells to remove LNAPL and vadose zone soil contaminants from beneath the site and
the Allsup’s site, as well as beneath the highway ROW present within the NM 83 and US 82

intersection between the two sites (Figure 8).

Approximately 275 feet of well screen will be installed in each of the two wells at a depth of
approximately 50 feet bgs to address the LNAPL plume. The wells will extend under the
intersection of Main Street and Avenue D, from the site to the Allsup’s site. The well screen in
the horizontal wells will be located approximately 10 feet above the current water table to avoid

upwelling that could otherwise decrease performance.

The horizontal wells will be completed at the surface at both ends of each well. This provides
the ability to perform assessment of applied vacuum at both ends of the wells to ensure flow is
being evenly distributed across the well screen. This also allows remediation equipment to be
installed at either or both ends of the wells, to accelerate cleanup or address areas of well

screen that are not operating at design conditions.

Remediation equipment will be located on vacant property off-site near the southern end of the
horizontal wells as shown on Figure 8. Assuming SVE well flow of 1 standard cubic foot per
minute (scfm) per foot of well screen, major remediation equipment would include a 550 scfm
SVE blower, vapor/liquid-phase separator, condensate storage tank, and a natural gas-fired
thermal oxidizer, as described in Section 4.2. The SVE blower will be equipped with a variable
frequency drive (VFD) for operational flexibility based on projected flow rates, and to minimize
stops and starts. In addition, instrumentation and controls will be included to alert DBS&A
through email and/or text message when alarm conditions are triggered. The SVE blower,
vapor-liquid separator, and associated equipment will be provided within a modified shipping

container to reduce noise and mitigate theft and vandalism. The shipping container, thermal
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oxidizer, and intake manifold will be enclosed within an 8-foot-tall, gated chain-link fence

forming a secure compound.

The remediation system is designed to achieve the goals outlined in Section 3 through the

following primary processes:

¢ Recovery of contaminant mass from the release area and vicinity using SVE

e Reduction of hydrocarbon groundwater impacts by diffusing mass from a liquid to a

vapor phase that can be removed through the SVE system

The proposed remediation system is detailed in the engineering drawings (Appendix C),
supporting calculations (Appendix A), product cut sheets (Appendix D), and technical
specifications (Appendix E).

4.2 Aboveground Treatment Equipment

The proposed aboveground equipment, as shown in the mechanical series of the drawings

(Appendix C), will include the following:

e Inlet piping manifold: SVE wells will be piped to a common piping manifold using
individual schedule (SCH) 40 polyvinyl chloride (PVC) conveyance lines. The
conveyance piping will connect to the influent manifold, consisting of a 6-inch SCH 40
PVC header, with 4-inch SCH 40 PVC risers and fittings. Each riser will include a
vacuum gauge, isolation valve, sample port, and ¥s-inch threaded plug for a manometer-

type insertion flow meter.

e Equipment enclosure: The SVE blower, vapor-liquid separator, and associated
equipment and controls will be located within a modified shipping container. This
enclosure will be used to reduce noise and mitigate vandalism and theft of remediation
equipment. The enclosure will be provided with an insulated floor, walls, ceiling, and
steel access doors; the floor will be sealed with a non-skid bed liner. Heating and

cooling will be provided using a wall-mounted heater and vent fan with sound-insulated
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inlet/outlet louvers and a thermostat. A floor sump and high-level sensor will be included
in the event of a water leak from tanks or process piping. The noise level outside of the
enclosure is estimated to be less than 70 A-weighted decibels (dBA) and closer to

55 dBA at the closest occupied structure 60 feet south of the site.

e Vapor-liquid separator: The piping manifold will connect to a 200-gallon vapor-liquid
separator, including a 75-gallon liquid-holding capacity. The vapor-liquid separator will
include a liquid coalescing media internal to the separator. External devices will include
a 6-inch sediment clean-out port, sight tube and 3-point level switch, vacuum relief valve,
and bottom drain valve that will be connected, using a condensate transfer pump, to a
200-gallon, single-walled, polyethylene storage tank. The condensate storage tank

bottom drain valve will provide access for disposal.

e SVE blower: The SVE blower will be a Sutorbuilt Legend 7M positive displacement
blower, or equivalent, capable of maintaining an extraction flow rate of 550 scfm at
100 inches water column vacuum at an elevation of 3,910 feet msl. A 40-horsepower
(hp), 480-volt, 3-phase completely enclosed fan-cooling variable speed motor will be
provided, equipped with a VFD located at the main control panel. The blower will be
mounted on a steel discharge silencer with adjustable motor base for belt tensioning.
The blower inlet will include a particulate filter, and the discharge piping from the blower
will be galvanized steel and will include a sample port, pressure gauge, and temperature

gauge.

e Thermal oxidizer: The oxidizer used for treatment of extracted soil vapor will be the
NMED-owned, Intellishare model TO-500 unit that has been used previously at the
Santa Fe County Judicial Complex and Lil's Food and Fuel sites in Santa Fe and Tatum,
New Mexico, respectively. A brief visual inspection of the equipment was recently
performed by a representative of Intellishare, who stated the unit appears to be in very
good shape. The oxidizer is designed to operate at concentrations between 0 and
50 percent of the lower explosive limit (LEL) for gasoline and rated at a nominal flow of
500 scfm (the proposed flow of 550 scfm will not result in reduced performance). The
base and reactor will be composed of A-36 carbon steel, with a 300-series stainless
steel stack. The treatment unit will discharge through a stack that will vent at a height of
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between 20 and 25 feet above the ground surface. An existing heat exchanger module
in the discharge stack that was used with previous thermal injection applications will be

removed prior to use at this site.

e Control panel: The control panel will consist of a NEMA 3R enclosure, or equivalent
enclosure rated for outdoor use, with an interior swing door. A fused main disconnect
will be located in a separate enclosure mounted next to the control panel. The panel will
have circuit breakers for protection of all motors. Each motor will have a Hand-Off-Auto
switch with green run light indicators. Red lights will be labeled for all alarms. The panel
will include intrinsically safe barriers for all switches and surge and lightning protection
for the controls and telephone line. The system will be controlled with an Allen Bradley
programmable logic control (PLC) that has data logging capability and a touch-screen
graphical user interface. The PLC will be sized with two additional inputs and outputs
beyond the number required to run the system and an uninterruptible power supply. The
panel will include a control transformer, emergency stop switch, and ground fault
interrupter outlet. The control panel will be labeled with an Underwriters Laboratory
certification sticker.

4.3 Horizontal Wells, Piping, and Trenching

The layout of the remediation system and the extent of contamination are depicted on Figure 8.
A cross-section depicting the subsurface geology and the path of the horizontal wells is
provided in Figure 9. The remediation system will require the completion of two horizontal SVE
wells and associated conveyance piping and trenching (Appendix C). The minimum area of
influence anticipated to be affected by the system is shown on Figure 8. Based on the results of
DPE pilot testing completed by AcuVac Remediation, LLC (AcuVac) of Houston, Texas, the
radius of influence (ROI) is expected to be approximately 30 feet. Analysis in Golder’'s 2015
DPE pilot test report suggested a smaller ROI (Golder, 2015b); however, that analysis failed to
adjust for barometric pressure and is altogether questionable due to the suggestion that
increased vacuum would lead to decreased ROIl. The AcuVac analysis accounts for barometric
pressure changes and falls more in line with work completed at the nearby LCEC PSTB site,

which has similar subsurface lithology.
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Installation of well materials will be accomplished using a pull-back method of placement. Wells
will be drilled from southeast to their northwest termination points, and well materials will be
pulled back through the hole, using a reaming bit if necessary. Investigation-derived waste
(IDW) generated during horizontal well installation will be stored in lined mud (roll-off) boxes that
are easily transported to the licensed disposal facility. Mud boxes will be located at each end of

the wells.

Trenching, installation of conveyance lines and well vaults, and major remediation equipment
installation will be performed by licensed contractors. Representatives of the remediation
equipment manufacturer will also be on-site during shake-down operations to ensure that
equipment is functioning safely and that operations team members are adequately trained on

future operations and maintenance (O&M) of the remediation equipment.

4.3.1 Horizontal Extraction Wells

Horizontal wells will be installed using directional drilling technologies. An 8-inch nominal boring
will be drilled for installation of the well casing and screen. A biodegradable drilling fluid will be
used to cool the drill bit and keep the boring open during well installation. This fluid will make
characterization of soil VOC concentrations infeasible, so no laboratory sampling will be

performed during installation of the horizontal well.

The total length of each horizontal well will be nearly 800 feet. From the borehole entrance in
the south, each well will be drilled at approximately a 5 to 1 slope until the boring passes
through the caliche layer and reaches approximately 50 feet bgs (around 250 feet horizontally).
The horizontal screened portion of the well will maintain a depth of approximately 50 feet bgs
over its entire length, approximately 10 feet above the static water table. Under the McDonald’s
restaurant structure, the well will turn upward at a similar 5 to 1 slope and exit the subsurface at
the southwest corner of the McDonalds employee parking lot, as shown on Figure 8 and
Appendix C. Exact slopes will be influenced by the drilling conditions encountered. The exact

bore path will be documented in an as-built report.

Installation of the horizontal well boring will require use of hand-carried, aboveground detection

equipment above the bit. The aboveground equipment allows for precise location of the drilling
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head during horizontal drilling operations. The wells will traverse New Mexico Department of
Transportation (NMDOT) ROW, so a traffic control plan (TCP) has been developed for submittal
with an NMDOT utility permit application during implementation of the horizontal wells
(Appendix F). Well installation will require temporary closure of certain lanes of traffic within the
NM 83 and US 82 intersection as the wells are tracked across the intersection. A shadow truck

will be used to expedite multiple lane closures for each well.

The horizontal well boring pit will be located on the vacant lot south of the Crosswinds Lovington
Church parking lot. This area will also be the staging area for drilling equipment and well
materials (Figure 8). The well exits will be located in the southwest corner of the McDonald’s
employee parking lot. HDPE well piping will be laid out and welded north of this location along
the sidewalk before being pulled through the boreholes. DBS&A has already negotiated access
with McDonald’s for this work, and that agreement is currently being reviewed by NMED

counsel.

Wells will be constructed of 4-inch-diameter high density polyethylene (HDPE) materials. Each
well will be screened with machine-cut, longitudinally-slotted well screen with 0.02-inch slots
and 0.25 percent open area. These SVE screen specifications had proven success at the
Moberg’s Garage site in Watrous, New Mexico. The target screen sections for the new wells
have been selected to accomplish mass removal along the full length of the comingled LNAPL

plume.

Following installation of the wells, surface completions will be installed at borehole entrance and
exit points within a 2-foot by 2-foot flush-mounted, hinged, traffic-rated well vault, surrounded by
a 6-inch-thick concrete pad. A sample port will be installed within each well vault to facilitate
vapor and vacuum monitoring, and wye fittings will be used to provide a clean-out for each SVE
well, if needed (Drawing C-2, Appendix C).

4.3.2 Conveyance Line Piping and Trenching

Details of conveyance piping trenches are shown on Drawing C-2 (Appendix C). The
conveyance piping for horizontal extraction wells will be 4-inch-diameter SCH 40 PVC. The

conveyance piping will be placed below ground in trenches; extraction well piping will be
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supported on top of plastic chairs. The piping circuits will be backfilled with native soil and
compacted in accordance with the specifications (Appendix E). The non-paved surfaces will be
brought to grade with native soil and any existing vegetative matter to match the existing land
surface. Paved surfaces in the McDonald's employee parking lot will be machine-cut and

replaced with similar material and thickness to the existing pavement.

Due to the shallow depth of the trenching and piping, it is not anticipated that contaminated

media will be encountered during the installation of the remediation system.

When the system is completed, each piping circuit will have a shutoff valve, a sample port, a
vacuum gauge, and access for a flow meter, as shown in the system schematic in Drawing M-1
(Appendix C). The sample port will be used for collecting air samples and as a port for

connecting a redundant digital manometer.

4.4 Utility Requirements/Utility Clearances

Lea County Electric Cooperative is the electric service provider in Lovington. A new
three-phase electric service will be required for the remediation system, which will be supplied
through aboveground power lines and utility poles located within the alley west of the
remediation system (Drawing C-1, Appendix C). The contractor will install a new pole and
meter base to facilitate the electric service tie-in, similar to other recent remediation systems

installations.

New Mexico Gas Company (NM Gas) is the natural gas provider in Lovington. NM Gas will
install the new connection and gas meter after the service line is installed to the remediation
equipment by a licensed plumber. This line will also be run to the alley west of the remediation

system (Drawing C-1, Appendix C).

DBS&A will contact New Mexico One Call to mark utilities for proposed well installation
activities. The approximate locations of known utilities in the installation area are shown on
Drawing G-2 (Appendix C). At a boring depth of approximately 50 feet bgs, no utility conflicts

are anticipated for the majority of proposed site activities.

P:\_DB19-1395\FRP.8-20\Lovington_66_FRP_828.docx 17



Daniel B. Stephens & Associates, Inc.

DBS&A has already had lengthy discussions with property owners affected by proposed
remediation activities and will continue to communicate with these properties as the work
progresses. Property owners have expressed to DBS&A that they are pleased by the proposed
low-impact design. Access agreements will be signed by these parties as needed, and DBS&A
will coordinate with the PSTB to help resolve conflicts or other modifications to standard access
documents. Notice will be provided to the PSTB with a minimum of 96 hours prior to initiating

field activities.

4.5 As-Built Report Preparation and Submittal

Following implementation of the FRP, record drawings signed and sealed by DBS&A'’s Engineer
of Record will be prepared and submitted to the NMED PSTB project manager as part of an as-
built report. The report will conform to the requirements of 20.5.119.1925.D NMAC and will

include, but not be limited to, the following:

e Arealvicinity map

o Detailed site diagram with locations of underground utilities and other subsurface
structures on or adjacent to the site’s property boundaries, buildings, monitor wells,

storage tanks and lines, water lines, and other relevant structures
e Any deviations from the drawings and specifications included in the FRP

e Tabulation of pertinent data including, but not limited to, flow rates, vacuums,

temperatures, contaminant concentrations and groundwater elevations, at start up
e Boring logs and well completion diagrams
¢ Inventory of purchased remediation equipment
e Discussion of the data collection methods

o Laboratory results with chain-of-custody records and laboratory quality assurance/quality
control (QA/QC)

¢ Photo documentation of critical construction junctures

e Characterization of wastes, including handling and disposal
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o Elevation survey results
o Detailed description of remedial system and as-built drawings

e Discussion of system startup, including observed performance and operational

adjustments made to optimize system performance
e Discussion of the remedial system’s performance criteria

e Summary and recommendations

4.6 Operations

Operation of the remediation system will include initial startup activities and regular
maintenance. O&M will be performed regularly to optimize mass removal and expedite site
closure. Safety controls will be installed to automatically shut down the system under certain
circumstances, including malfunction or failure of any integral system component or loss of
power. System monitoring objectives include tracking the progress of mass removal,
maximizing treatment efficiency, and documenting compliance with permits issued for this

project. Controls will also be implemented to protect equipment from weather and vandalism.

Progress of the source area abatement will be evaluated by monitoring the concentration of
VOCs in the extracted air (from both the system as a whole and from individual SVE wells) and
documenting system efficiency under different well operating configurations. The total mass of
VOCs and chemical composition of extracted vapors will be quantified and tracked. To
document hydrocarbon recovery efficiency, influent and effluent vapor will be tested daily for the
first week of operations, weekly for the remainder of the first month, and biweekly thereafter.
Extracted vapor concentrations are expected to be at their highest levels during the first month

of system operation.

To ensure that the project objectives are achieved, an authorized representative of DBS&A will
have direct supervisory control over all aspects of the project. All drilling, construction, and
equipment setup activities conducted during the project will be performed under the direction of
a New Mexico-licensed professional engineer. All activities proposed in this FRP will be

conducted in accordance with DBS&A standard operating procedures (SOPs), applicable
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federal and state regulations, and frequent communication with the PSTB project manager and

other stakeholders.

4.7 Contingency Plan

If there is a change in site conditions that threatens public health, safety, or the environment,
DBS&A will re-evaluate the extraction well network. The most likely change in conditions would
be a substantial change in groundwater elevation or flow direction. The current dissolved-phase
plume is relatively stable and does not pose an immediate threat to the municipal water supply.
Groundwater extraction will only be used as a contingency, after the source area mass is
removed. If necessary, groundwater could be extracted, treated, and discharged to an
infiltration gallery on one of the many vacant properties in the vicinity of the proposed extraction

wells.
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5. Remediation System Operation and Maintenance

5.1 Overview

O&M of the remediation system and monitoring of the subsurface conditions is required at

regular intervals to accomplish the following tasks:

e Collect data on system operation

e Maximize the system’s mechanical performance

o Optimize the SVE operating configurations

e Document groundwater quality in response to system operation

e Perform general equipment preventive maintenance

5.2 Off-Gas Vapor Monitoring

Off-gas emission concentrations will be measured to document system effectiveness, regulatory
compliance, and hydrocarbon recovery rates. Total ionizable VOC concentrations will be
measured during each O&M event using a PID. DBS&A will collect influent and effluent air
samples from the system and have them analyzed for TPH and BTEX using EPA methods

8015D and 8021, respectively, on the following schedule:

e Startup and shakedown: Collect system influent/effluent samples within 4 hours of

startup and again approximately 48 hours after startup

e Second week to end of first month: Collect system influent/effluent samples weekly until

the end of the first month of operation

e Remainder of first quarter and subsequent quarters of O&M: Collect one influent and

one effluent sample every two weeks

P:\_DB19-1395\FRP.8-20\Lovington_66_FRP_828.docx 21



Daniel B. Stephens & Associates, Inc.

Field and laboratory analytical data will be used to optimize system operation and to calculate

system efficiency, extraction rates, emission rates, and quantities of recovered hydrocarbons.

To minimize the potential to emit regulated substances to the environment, the remediation
system is designed and will be constructed and operated such that malfunction or failure of any

integral component results in automatic shutdown of the entire system.

5.3 SVE System Operation and Maintenance

SVE system startup will require daily site visits for the first week of operation to document
system performance and hydrocarbon recovery rates. During this initial startup period, the SVE
system will be adjusted to obtain optimum performance. Well vacuum will be increased
gradually to minimize submergence of LNAPL during startup. Startup testing will include
training field technicians on system specifications, troubleshooting, and sampling. Applied
vacuum and resultant flow rates and vapor concentrations in each SVE well will be recorded
using a form similar to the example provided in Appendix G. Applied vacuum will be measured
at both ends of each horizontal SVE well. Vacuum and fluid levels in surrounding wells will be

observed to document the actual ROI for the horizontal treatment wells.

DBS&A will coordinate with the various stakeholders to ensure representatives of the
manufacturer and PSTB can attend startup. In addition to monitoring applied wellhead vacuum,
DBS&A will use nearby vertical wells not operating with the remediation system to assess
residual vacuum during system startup, groundwater elevations (upwelling), and ongoing

system operation.

After the startup period, the system will be operated and maintained for optimal efficiency. O&M
and evaluation of the SVE system will be performed on a bi-weekly, monthly, quarterly, and
annual basis. Actual remediation system performance will be documented in quarterly O&M

reports.
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DBS&A will perform the following biweekly (every two weeks) activities during regular system

monitoring events:

o Record vapor flow rates, concentrations, and other pertinent operations data for

individual wells and the overall system.
e Adjust and maintain applied well vacuums within design specifications.
e Adjust vapor flow rates to maximize mass removal rates.

e Monthly O&M updates documenting relevant field activities and mass removal will be

provided electronically to the PSTB project manager.

In case of a change in site conditions that threatens public health, safety, and welfare or the
environment, the system will be shut down immediately. The change in conditions will be
evaluated and, if necessary, modifications will be made to the system and its operations to

remedy the risk to the public or the environment.

5.3.1 Quarterly Activities

On a quarterly basis, DBS&A will evaluate the efficacy of coalescing media and filters and will
replace those materials that exhibit a decrease in performance. DBS&A will also prepare and
submit a report to the PSTB documenting all O&M activities and groundwater monitoring results

for the previous quarter.

5.3.2 Monthly Activities

DBS&A or its subcontractors will perform the following activities on a monthly basis:

e Measure SVE well flow rates and vacuum
¢ Adjust and maintain flow rates at design specifications
¢ Adjust flow rates and applied well vacuum to maximize mass removal rates

e Empty knockout tank and dispose of condensate as required
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o Collect, recycle, and dispose of LNAPL (if applicable); check and clean filters
¢ Respond to system shutdowns

e Conduct other miscellaneous activities necessary to ensure efficient and effective

system performance
o Perform routine preventive maintenance on all equipment and motors

o Evaluate the efficacy of filters and replace those materials that exhibit a significant

decrease in performance

e Calculate system extraction and emission rates and destruction efficiency

5.4 One Year of Quarterly Monitoring and Reporting

Subsequent to system and monitoring well installation, DBS&A will initiate quarterly
groundwater monitoring in accordance with DBS&A SOPs. Assuming access is granted for
sampling at the Allsup’s site, a total of 21 groundwater monitor wells associated with the site will
be gauged during each monitoring event. All wells that do not contain LNAPL will be sampled.
In the event that remedial activities cause a decrease in site concentrations, the sampling

program may be adjusted in future years.

Fluid levels will be gauged using an electronic interface probe to determine if LNAPL is present
and to determine the depth to water. If detected by the interface probe, the LNAPL thickness
will be measured to within 0.01 foot. The interface probe will be decontaminated before each

measurement using a solution of deionized water and soap.

Prior to sampling, the wells will be purged using new dedicated, disposable polyethylene hand
bailers by bailing a minimum of three casing volumes or until groundwater chemistry has
stabilized. If a well is purged dry, it will be sampled when the well has recharged. Groundwater
field parameters (dissolved oxygen [DO], oxidation/reduction potential [ORP], electrical
conductivity [EC], pH, and temperature) will be measured during purging using a YSI

Professional or equivalent device.
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After purging, each well will be sampled for laboratory analysis, provided it contains a sufficient
amount of groundwater. To minimize volatilization and ensure sample integrity, new dedicated,
disposable polyethylene bottom-emptying devices will be used to transfer groundwater samples
from the bailers to the appropriate containers. Samples collected for VOC analysis will be
transferred from bailers into laboratory-prepared 40-milliliter (mL) glass sample bottles that
contain mercuric chloride as a preservative. The bottled groundwater samples will be labeled
and preserved on ice in an insulated cooler for delivery to Hall Environmental Analysis

Laboratory (HEAL) in Albuquergue, New Mexico, for analysis.

During the first year of system operation, groundwater samples will be analyzed for VOCs using
EPA method 8260B (full list) and EDB using EPA method 504.1. These methods may be
adjusted with ongoing system operation. Groundwater samples will be accompanied by full
chain-of-custody documentation at all times. LNAPL will be recovered by hand bailing from

wells with a measurable thickness.

Following completion of each quarter of sampling and O&M, and upon receipt of laboratory
analytical reports, DBS&A will prepare and submit to the NMED PSTB project manager a
guarterly monitoring report conforming to 20.5.119.1926 NMAC. The report will include, but not
be limited to, the following:

Arealvicinity map

e Detailed site diagram with locations of all underground utilities and other subsurface
structures on or adjacent to the site’s property boundaries, buildings, monitor wells,

storage tanks and lines, water lines, and other relevant structures
e Summary of site conditions
¢ Discussion of the sampling collection procedures
e Laboratory results with chain of custody records and quality assurance information
e Groundwater elevation map

¢ Groundwater contaminant and isoconcentration maps with contaminant concentrations

for each well (baseline data will be included as a separate appendix in each report)
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e Tabulation and graphs of recent and historical (including baseline) groundwater
elevations, LNAPL levels (if applicable), and contaminant concentrations in each well,

such as the following tables and graphs:

Groundwater analytical chemistry

— Soil vapor analytical chemistry

— Fluid level measurements and groundwater elevations
— Summary of LNAPL recovery

— System operations data

— Cumulative mass removal

— Well circuit soil vapor field screening data

— Groundwater elevation and LNAPL thickness over time for each well containing
LNAPL

e Identification and explanation of any operational adjustments made for system

optimization
e Characterization of wastes, including handling and disposal
o Elevation survey results
e Documentation of purchased remediation equipment

o Discussion of actual system operation and effectiveness compared to expected

parameters used for the remedial design
e Evaluation of contaminant reduction
e Any deviations from the drawings and specifications included in the FRP
e Description of actions taken or future plans for the recovery of contaminant mass

e Summary and recommendations
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5.5 Health and Safety Requirements

Safety of the public is the project’s top priority. All work will be completed in accordance with
applicable Occupational Safety and Health Administration (OSHA) regulations, including
preparing and implementing a site-specific health and safety plan (HASP), conducting daily
health and safety meetings with subcontractors and on-site personnel during field activities, and
monitoring ambient air quality, as necessary. Personnel who may be in direct contact with
petroleum-contaminated soil will have a minimum of 24-hour OSHA Hazardous Waste
Operations and Emergency Response (HAZWOPER) training. Ambient air monitoring using a
properly calibrated PID will be performed by the health and safety officer on a daily basis when
appropriate based on site conditions and observations. Safety data sheets (SDSs) will be
included in the HASP for the materials to be handled (e.g., cement, bentonite, etc.) and COCs
(e.g., BTEX and naphthalenes). Standard safety operating procedures, emergency

communication procedures, and routes to hospital(s) will also be included in the HASP.

All activities at the site will be completed with appropriate safety precautions, including fencing
off working areas, barricading open trenches, and monitoring ambient air conditions. The
majority of site work is expected to occur more than 100 feet from the highway, which will
minimize impacts to vehicular and pedestrian traffic. The site TCP will only need to address

surface monitoring of the horizontal bore path by DTD staff.

DBS&A has generated a site-specific health and safety plan (HASP) for the proposed field
activities at the site related to the remediation system installation and operation pursuant to the
requirements of CFR 1910.120. The HASP is provided as Appendix H. A copy of the HASP will

be kept on-site during all field activities.
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6. Permits

The following permits will be required to complete the scope of work, (1) NMDOT ROW permit
and (2) Construction Industries Division (CID) permits for utility services. As discussed in

Section 4.3, a draft NMDOT utility permit has been provided in Appendix F.

DBS&A reviewed current guidance from the NMED Air Quality Bureau (AQB) regarding air
permitting, which states that “facilities that emit less than 10 tons per year of any criteria
pollutant do not need an air quality permit nor do they need a Notice of Intent (NOI)". After the
system is implemented, DBS&A will monitor remediation system emissions, which are typically
multiple orders of magnitude below regulatory standards, and will submit the relevant paperwork

if required. However, a draft NOI permit application has not been included in this FRP.
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7. Notifications

DBS&A has provided provide public notice in accordance with 20.5.119.1923.D.10 NMAC.
Legal notice of the submission of the remediation plan will be published twice in the Hobbs
News-Sun, on August 27 and September 3, 2020. The format for the legal notice follows the
guidelines dictated in 20.5.119.1923.D.10.b NMAC. The legal notices were submitted to PSTB
for prior approval and translation. The certified affidavit of publication for each legal notice will
be provided to the PSTB project manager following the second date of publication and issuance
of the affidavit.

Certified letters containing the legal notice were sent to owners and occupants of affected and
adjacent properties. The list of addresses was compiled from Lea County Assessor data and
through additional contacts with property owners and occupants. Initial letters were sent to the
owners and occupants of 15 parcels on August 26, 2020. DBS&A will update the PSTB project

manager when return receipts from the certified letters are received.

A copy of the text of the legal notices (English and Spanish), a list of certified addresses, and a
map indicating which residences and businesses received certified letters are provided in
Appendix I. Additionally, DBS&A has conducted in-person meetings with the most directly
affected property owners regarding business disruption, equipment footprint, noise, and other

potential issues.

Notices of submission of the remediation plan are posted at the site, and at the proposed
location of the remediation equipment, in a prominent location where they can be easily seen by
the public. A set of signs were attached to T-posts near the proposed horizontal well entry and
exit locations on property owned by McDonald’s and the Crosswinds Church. Signs were
posted within 48-hours of the date of this FRP.
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8. Implementation Schedule

A schedule for implementing this FRP is provided in Appendix J. Implementation milestones

include the following:

e Approval of the FRP

¢ Installation of horizontal SVE wells, conveyance piping, and utility services
¢ Installation of remediation equipment

e System startup

e Submittal of the final as-built report

e Quarterly O&M reports
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9. Evaluation of Remedial Actions

The remediation system performance will be evaluated annually in accordance with
20.5.119.127 NMAC. The system evaluation will be incorporated into the fourth quarter
monitoring report and submitted to the NMED PSTB project manager. This evaluation will
provide NMED with the information necessary to determine whether the remedial approach
undertaken is successful in achieving the remedial action objectives. Key elements of the report
include the following:

e Contaminant plume maps with contaminant levels from each well
e Evaluation of SVE system performance based on mass of fuel compounds removed
e Evaluation of the rate of natural attenuation

e Summary and recommendations

In the event that the data collected during the first six months of operation suggest that the
system as installed has not been effective at removing or reducing contaminant mass, DBS&A
may propose an alternative approach or change to the existing remediation plan. A variety of
technologies could augment the removal. DBS&A believes that the remedial approach
documented in this FRP is a prudent and cost-effective approach to achieve removal of

contaminant mass in the most expeditious time frame and to ultimately bring the site to closure.
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10. Statement of Familiarity

This FRP was prepared by DBS&A under contract number 20-667-3200-0002 for the Lovington
66 UST Site under the PSTB State Lead remediation program. Preparation of all engineering
drawings and specifications was conducted under the direction and supervision of Thomas

Golden, a New Mexico-Licensed Professional Engineer (License #22750).

\Zﬁ‘ /—g Q’é"' August 28, 2020

Thomas Golden, P.E. Date
Project Engineer
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Table 1. Summary of Product Type Analysis
Lovington 66, Lovington, New Mexico

Percent Composition
Well Name Date DRO MRO GRO TPH"
MPE-1 06/15/20 21 <3.9 110 131
W-1 06/15/20 22 <4.4 100 122
W-3 06/15/20 22 <4.4 85 107

a Samples analyzed in accordance with U.S. Environmental Protection Agency (EPA) method 8015D.
Samples were analyzed separately for each hydrocarbon group, so total may not be 100%.

DRO = Diesel range organics

MRO = Motor oil range organics

GRO = Gasoline range organics
TPH = Total petroleum hydrocarbons
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By CES Checked By _TG Calculation No. __DB19.1395-001

1.0 OBJECTIVES

1. Determine the volume of light non-aqueous phase liquid (LNAPL) present in the
commingled plume that encompasses the Lovington 66 and Allsup’s #109 sites.
2. Calculate the expected LNAPL removal time for the commingled plume.

2.0 GIVEN

Soil vapor concentrations and the extent and measured thickness of LNAPL from the March
2018 groundwater monitoring event completed by Golder®. Based on the horizontal well design,
average air flow rate of 500 standard cubic feet per minute (scfm) from the two extraction wells
along the length of the LNAPL plume.

3.0 METHOD

Theissen polygons are used to estimate spatially varying quantities. Perpendicular bisectors to
lines connecting locations where the quantity of interest (here, LNAPL thickness) is known are
drawn. The perpendicular bisectors and their intersections with each other and the LNAPL
boundary define polygons, each with one known value of LNAPL thickness, that are used to
estimate the extent of each known value. ArcGIS is used to generate Theissen polygons using
the LNAPL plume boundary and approximate ROW boundary as the Theissen polygon
boundary.

EPA document 510-R-96-001, How To Effectively Recover Free Product At Leaking
Underground Storage Tank Sites: A Guide For State Regulators®, presents seven methods for
estimating product thickness in a subsurface formation. These methods are based on a variety
of material properties, including fluid densities, surface tension, displacement pressure, and
coefficients, such as the “formation factor”. The equations and definitions for the methods are
presented together in Appendix 1, as well as in the PSH_calcs spreadsheets. The thickness at
each well is estimated with each method presented. For the area of the plume which falls under
New Mexico Department of Transportation (NMDOT) right-of-way (ROW) a formation thickness
shall be estimated based on the values at each of the wells. After the thickness is estimated, a
volume of product for each polygon can be determined by multiplying the median or average
product thickness by the areal extent of the corresponding Theissen polygon® and the soil
porosity. For this analysis, it will be assumed that 60% of the available LNAPL volume is
recoverable, which is slightly more aggressive than standard industry practice?. It will also be
assumed that the maximum daily LNAPL removal rate is governed by the concept that 100 liters
of vapor is required to remove one gram of LNAPL?Z.

To calculate the time needed to remove the recoverable LNAPL, first determine the expected
initial influent concentration of TPH by converting the field measurements for TPH reported in
parts per million by volume (ppmv) to mass concentrations. Use the calculated volume of
LNAPL to estimate a total mass of contaminant that requires removal. Kroopnick® states that
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the concentration of organic vapors observed historically at soil vapor extraction sites decreases
exponentially with time and can be described by the formula:

Ci=C, e [egn. 1]
Where: C; = vapor concentration of a contaminant at time, t
Co = initial vapor contaminant concentration
RF = removal factor

This behavior can be modeled to estimate a time for LNAPL removal. For each simulated day
of system operation, the estimated initial mass of recoverable LNAPL is reduced by the LNAPL
removed on the previous day. At the same time, the initial concentration is reduced according
to equation 1. The removal factor, RF, is then adjusted by trial and error (or using the Excel
Solver utility) to force the vapor concentration and mass of LNAPL remaining to simultaneously
approach zero.

4.0 SOLUTION

Calculate an estimated LNAPL thickness for each polygon using the seven methods presented
in EPA document 510-R-96-001. The results of this analysis are presented below for the
polygon based on well W-1; results for all polygons are given in “Summary of NAPL
volume.xlsx” attached at the end of this calculation.

Table 1: Summary of product thickness estimation methods for W-1

Method Thickness (ft)
Method of de Pastrovich (1979) 2.01
Method of Hall, et. al. (1984) 5.63
Method of Blake and Hall (1984) 1.51
Method of Ballestero et. al. (1994) 1.51
Method of Schiegg (1985) 1.45
Method of Farr et. al. (1990) 0.82
Method of Lenhard and Parker (1990) 4.78

Only positive estimated values of LNAPL thickness will be considered valid. Compute the
average LNAPL thickness for all reasonable values, excluding outliers:

H¢ag = AVERAGE(2.01,5-63,1.51,1.51,1.45,0.82,4-#8) = 1.46 feet

Note that the large values estimated from Hall, et. al. (1984), and Lenhard and Parker (1990)
are excluded as outliers when calculating average product thickness for each well. These
methods rely on empirical coefficients and are assumed not to be representative of site
conditions at Lovington 66.
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Use GIS software to determine the areal extent of LNAPL":

Apoiygon = 2,279 ft*
Well density for this site is not ideal, so measured well thicknesses do not likely account for
decreases in plume thickness that would be observed at the edge of the LNAPL plume. Adjust
the calculated formation thickness to account for these conditions:

H¢ = Hiavg * 0.70 = 1.46 * 0.70 = 1.02 feet

Calculate the estimated volume of LNAPL within the polygon using the LNAPL thickness,
polygon area, and assumed soil porosity, ¢, of 15%.
VinapL = Hr * Apoygon * & = 1.02 ft * 2,279 ft* * 0.15 * 7.481 gal/ft® = 2,615 gal

Calculate the recoverable volume of LNAPL:
Viec = Vinare ¥ 0.60 = 2,615 gal *0.60 = 1,569 gal

Table 2: Summary of monitoring well LNAPL calculations

Well Effective Formation Calculated LNAPL Recoverable LNAPL
Thickness (ft) Volume (gallons) Volume (gallons)
Lovington 66 Monitoring Wells
W-1 1.02 2,615 1,569
W-2 1.12 1,732 1,039
W-3 1.07 2,602 1,561
MPE-1 1.11 1,391 835
Allsups #109 Monitoring Wells
W-14 0.88 2,219 1,331
MW-3 0.44 1,291 775
Total 11,850 7,110
Table 3: Summary of LNAPL volumes for entire plume
Location Area (ft%) Estimated NAPL | Calculated LNAPL Recoverable LNAPL
Formation Volume (gallons) Volume (gallons)
Thickness (ft)
Lovington 66 6,951 see Table 2 8,340 5,004
Allsups #109 4,846 see Table 2 3,510 2,106
NMDOT ROW 12,234 0.75 10,296 6,178
Totals 24,031 22,146 13,288

The sample calculations given below are for the flow from horizontal wells SVE-1 and SVE-2,
which will be located along the length of the LNAPL plume.
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Assume the total standard well flow is 500 ft¥/min (scfm) based on the expected total length of
open well screen. This is conservatively lower than the total design air flow of 550 scfm.
Convert standard flow to actual flow assuming standard temperature is 520 R, standard
pressure is 14.696 psia, and actual atmospheric pressure is 12.73 psia. An applied well
vacuum of 100 inches water column (3.61 psi) is also factored into the actual pressure. Actual
temperature is approximately 60 °F. Convert actual temperature to standard units:

°R="°F +459.69 = 60 + 459.69 = 520 °R

Calculate actual well flow®:

Tacto) (Pstd

520°R)( 14.696 psia
° Pact

ACFM = SCFM ( 520°R/ \12.73 psia — 3.61

) = 500 scfm * ( ) ~ 800 acfm

Tstd

The following calculations utilize a well flow of 800 ft/min (acfm).
Compute the volume of air that passes through the system per day:
Var = 800 ft¥/min * 60 min/hr * 24 hr/day = 1,152,000 ft*/day

Compute the maximum mass of contaminant removed per day based on assumptions stated
above:

Rmax = (1,152,000 ft¥day) * (100 L / 3.5336 ft*) * (1 gr / 100 L) = 326,016 gr/day

Rmax = (326,016 gr/day) * (0.002205 Ib/gr) = Rpmax = 719 Ib/day
Assume the initial soil vapor concentration, C,omy, is approximately 25,000 ppmv, which is a
reasonable value between the DPE pilot test field screening® and laboratory data. Convert field
measurements for TPH from ppmv to mass concentrations:

CO = Cppmv * pair * (MqueI / I\/IWair)

Co = (25,000 / 1E6) * (1.184 g/L) * (1E6 pg/g) * (103 g/mol / 29 g/mol) = C, = 105,131 ug/L
Based on the method described by Kroopnick®, model SVE system performance (see Cleanup
time estimation.xls). Assuming approximately 19,800 gallons are recoverable, convert the
volume into a mass assuming a specific gravity for LNAPL of 0.75:

Mree = Vinapt * Viec = (62.4 Ib/ft * 0.75) * (ft> / 7.4805 gal) * (19,800 gal) = 123,874 Ib

Assuming that 90 percent of the (rounded) total volume of LNAPL will be recoverable is
extremely conservative with regard to cleanup time estimation.
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Two time steps are calculated below using computed values for the maximum vapor extraction
flow rate, 800 ft*/min (acfm), initial vapor concentration, 105,131 pg/L, and maximum daily
removal based on the vapor extraction flow rate, 719 Ib/day.

After one day, the total mass of LNAPL remaining will be reduced by the maximum daily
removal:

Mrem(1 day) = Mrec — Rmax = 123,874 Ib — 719 Ib = 123,155 Ib

After one day, the vapor concentration will be reduced according to equation 1 (note that the
removal factor for this equation has already been set, as described below):

C, = Co eRFY = (105,131 pg/L) * e (-0.019513 * 1) = 103,100 ug/L

Subsequent time steps can be treated similarly; however, after some time, the vapor
concentration will not be sufficient for the maximum mass to be removed and R. will not
apply. Thus for each time step, the removal rate must be calculated. Consider the time step at
200 days — the removal rate can be calculated based on the vapor concentration and flow rate
at that time step:

R200 = C200 * Vair
Rogo = (2,123 pg/L) * (28.3 L/ft3) * (800 ft3/min) *(Ib / 453,592,370 ug) * (1,440 min/day)
R,g = 153 Ib/day

The mass remaining at the next time step (201 days) will be equal to the mass remaining at the
current time step minus the removal rate at the current time step (200 days):

M201 = M200 - Rgoo = 7,900 Ib—1531b = 7,747 b
Using a spreadsheet (Cleanup time estimate.xls) these values can be calculated and the
removal factor, RF, can be determined by adjusting the value until both the LNAPL mass
remaining and the vapor concentration simultaneously approach zero. For this system, RF is
determined to be 0.019513 using the SOLVER function.

Figure 1 estimates the modeled removal of the LNAPL contaminant with time:
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Calculation Sheet

Daniel B. Stephens & Associates, Inc.

Project No. _ DB19.1395 Date _ 4/30/20
Subject LNAPL volumes and removal time Sheet _6 of _6
By CES Checked By _TG Calculation No. __DB19.1395-001

Contaminant Removal Over Time
First Year Only

140,000

120,000

100,000

80,000

60,000

40,000

Contaminant Remaining (Ib))

20,000

0 50 100 150 200 250 300 350 400

Time (days)

This figure illustrates how the mass of contaminant remaining asymptotically approaches zero.
Therefore, use 2-log removal as an estimation of the total cleanup time. For this system, the
amount of recoverable LNAPL mass remaining is less than 1% of the initial recoverable mass
(123,874 Ib * .01 = 1,239 Ib) after 295 days or approximately 0.8 year.

While all calculations presented above are based on industry standard practice, it should be
noted that these are theoretical removal rates based on an assumed linear rate of removal (i.e.
doubling the well flow doubles the concentration received), and that actual SVE removal is a
non-linear process.
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Variables for W-1

3.27
1.44

0.019
0.25 g/cm®

12.5 cm (fine sand)

980 cm/s?
0 cm

70 cm (fine sand)

184.1 cm

6.51 cm H20
5.21 cm H20
1,00 g/em’

0.75 g/em’
0.150
72 dynes/cm

22 dynes/cm
50 dynes/cm

0.091
138.1 cm

Daniel B. Stephens & Associates, Inc.

Bao  air-oil scaling factor

Bow oil-water scaling factor

D function of interfluid displacement pressure and hydrostatics

Ap density difference between water and hydrocarbon (p,-p.)

F formation factor

g acceleration of gravity

h, distance from the water table to bottom of mobile hydrocarbon

h.or average water capillary height under drainage conditions

H,  hydrocarbon thickness measured in the well

Py water-hydrocarbon displacement pressure

Paod air-hydrocarbon displacement pressure

Pw density of water

Po density of hydrocarbon liquid

) soil porosity

Caw  Surface tension of water

Oz  Ssurface tension of hydrocarbon

Cow hydrocarbon-water interfacial tension

S, residual saturation

X distance from the water table to interface between free product
and groundwater in the well -- x is equal to the product of the
thickness of the hydrocarbon and the hydrocarbon density

Explanation:

Value from EPA 510-R-96-001 Appendix
Value from field approximations
Calculated value
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Daniel B. Stephens & Associates, Inc.

THICKNESS CALCULATIONS FOR W-1

From How to Effectively Recover Free Product At Leaking Underground Storage Tank Sites:
A Guide for State Regulators. (EPA 510-R-96-001). September 1996.

1.46  Average of the 5 methods with reasonable values (ft)
1.51 Median of the 7 methods with positive thicknesses (ft)
0.82  Min of the 7 methods with positive thicknesses (ft)
5.63  Max of the 7 methods with positive thicknesses (ft)

Method of de Pastrovich (1979) Method of Farr et. al. (1990)
Hy(pw —P5) ey [Ho
H, =0 w =" Fo’ Hy = 0(1 - S5)D [__1]
f T
Po b
Hi= 61.37 cm in formation D= Pdow _ Pdao
2.01 ft in formation Apg  p.9
Method of Hall, et. al. (1984) D= 0.019
Hf :Ho —-F He = 25.10 cm in formation

0.82 ft in formation

H; = 171.60 cm in formation

5.63 ft in formation Method of Lenhard and Parker (1990)
Method of Blake and Hall (1984) Hy = PoPaotlo —h, g
H,=H,—(x+h,) PoBao = Bow(l — po '
(o2 (o}
Hi= 46.02 cm in formation Ba = —— p ow = ——
1.51 ft in formation O .0 O ow

Method of Ballestero et. al. (1994)
IH, =((1-p,) e Hy)-h,

Bao= 3.272727

Bow= 1.44
H; = 145.74 cm in formation
Hi= 46.02 cm in formation 4.78 ft in formation

1.51 ft in formation

Method of Schiegg (1985)
H;, =H, - 2(hc,dr )

Hi=  44.1 cm in formation
1.45 ft in formation

S:\Projects\DB19.1395_Lovington_66\Engineering\Calculations\Final NAPL volume\PSH_calcs W-1.xIsx



Variables for W-2
3.27
1.44
0.019
0.25 g/cm’

12.5 cm (fine sand)

980 cm/s?
0 cm

70 cm (fine sand)

194.77 cm
6.51 cm H20
5.21 cm H20
1,00 g/em’

0.75 g/em’
0.150
72 dynes/cm

22 dynes/cm
50 dynes/cm

0.091
146.1 cm

Daniel B. Stephens & Associates, Inc.

Bao  air-oil scaling factor

Bow oil-water scaling factor

D function of interfluid displacement pressure and hydrostatics

Ap density difference between water and hydrocarbon (p,-p.)

F formation factor

g acceleration of gravity

h, distance from the water table to bottom of mobile hydrocarbon

h.or average water capillary height under drainage conditions

H,  hydrocarbon thickness measured in the well

Py water-hydrocarbon displacement pressure

Paod air-hydrocarbon displacement pressure

Pw density of water

Po density of hydrocarbon liquid

) soil porosity

Caw  Surface tension of water

Oz  Ssurface tension of hydrocarbon

Cow hydrocarbon-water interfacial tension

S, residual saturation

X distance from the water table to interface between free product
and groundwater in the well -- x is equal to the product of the
thickness of the hydrocarbon and the hydrocarbon density

Explanation:

Value from EPA 510-R-96-001 Appendix
Value from field approximations
Calculated value
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Daniel B. Stephens & Associates, Inc.

THICKNESS CALCULATIONS FOR W-2

From How to Effectively Recover Free Product At Leaking Underground Storage Tank Sites:
A Guide for State Regulators. (EPA 510-R-96-001). September 1996.

1.60  Average of the 5 methods with reasonable values (ft)
1.80  Median of the 7 methods with positive thicknesses (ft)
0.87  Min of the 7 methods with positive thicknesses (ft)
5.98 Max of the 7 methods with positive thicknesses (ft)

Method of de Pastrovich (1979) Method of Farr et. al. (1990)
Hy(pw —P5) ey [Ho
H, =0 w =" Fo’ Hy = 0(1 - S5)D [__1]
f T
Po b
Hi= 64.92 cm in formation D = Pdow _ Pdao
2.13 ft in formation Apg  p.9
Method of Hall, et. al. (1984) D= 0.019
Hf :Ho —-F H; = 26.55 cm in formation

0.87 ft in formation

H; = 182.27 cm in formation

5.98 ft in formation Method of Lenhard and Parker (1990)
Method of Blake and Hall (1984) Hy = PoPaotlo —h, g
H,=H,—(x+h,) PoBao = Bow(l — po '
(o2 (o}
Hi= 48.69 cm in formation Ba = —— p ow = ——
1.598 ft in formation O .0 O ow

Method of Ballestero et. al. (1994)
IH, =((1-p,) e Hy)-h,

Bao= 3.272727

Bow= 1.44
H; = 158.24 cm in formation
H;= 48.69 cm in formation 5.19 ft in formation

1.598 ft in formation

Method of Schiegg (1985)
H;, =H, - 2(hc,dr )

Hi= 54.77 cm in formation
1.80 ft in formation
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Variables for W-3
3.27
1.44
0.019
0.25 g/cm’

12.5 cm (fine sand)

980 cm/s?
0 cm

70 cm (fine sand)

188.98 cm
6.51 cm H20
5.21 cm H20
1,00 g/em’

0.75 g/em’
0.150
72 dynes/cm

22 dynes/cm
50 dynes/cm

0.091
141.7 cm

Daniel B. Stephens & Associates, Inc.

Bao  air-oil scaling factor

Bow oil-water scaling factor

D function of interfluid displacement pressure and hydrostatics

Ap density difference between water and hydrocarbon (p,-p.)

F formation factor

g acceleration of gravity

h, distance from the water table to bottom of mobile hydrocarbon

h.or average water capillary height under drainage conditions

H,  hydrocarbon thickness measured in the well

Py water-hydrocarbon displacement pressure

Paod air-hydrocarbon displacement pressure

Pw density of water

Po density of hydrocarbon liquid

) soil porosity

Caw  Surface tension of water

Oz  Ssurface tension of hydrocarbon

Cow hydrocarbon-water interfacial tension

S, residual saturation

X distance from the water table to interface between free product
and groundwater in the well -- x is equal to the product of the
thickness of the hydrocarbon and the hydrocarbon density

Explanation:

Value from EPA 510-R-96-001 Appendix
Value from field approximations
Calculated value
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Daniel B. Stephens & Associates, Inc.

THICKNESS CALCULATIONS FOR W-3

From How to Effectively Recover Free Product At Leaking Underground Storage Tank Sites:
A Guide for State Regulators. (EPA 510-R-96-001). September 1996.

1.52  Average of the 5 methods with reasonable values (ft)
1.61 Median of the 7 methods with positive thicknesses (ft)
0.85  Min of the 7 methods with positive thicknesses (ft)
5.79  Max of the 7 methods with positive thicknesses (ft)

Method of de Pastrovich (1979) Method of Farr et. al. (1990)
Hy(pw —P5) ey [Ho
H, =0 w =" Fo’ Hy = 0(1 - S5)D [__1]
f T
Po b
Hi= 62.99 cm in formation D= Pdow _ Pdao
2.07 ft in formation Apg  p.9
Method of Hall, et. al. (1984) D= 0.019
Hf :Ho —-F He = 25.76 cm in formation

0.85 ft in formation

H; = 176.48 cm in formation

5.79 ft in formation Method of Lenhard and Parker (1990)
Method of Blake and Hall (1984) Hy = PoPaotlo —h, g
H,=H,—(x+h,) PoBao = Bow(l — po '
(o2 (o}
Hi= 47.24 cm in formation Ba = —— p ow = ——
1.55 ft in formation O .0 O ow

Method of Ballestero et. al. (1994)
IH, =((1-p,) e Hy)-h,

Bao= 3.272727

Bow= 1.44
H; = 151.46 cm in formation
Hi= 47.24 cm in formation 4.97 ft in formation

1.55 ft in formation

Method of Schiegg (1985)
H;, =H, - 2(hc,dr )

H;= 48.98 cm in formation
1.61 ft in formation
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Variables for W-14
3.27
1.44
0.019
0.25 g/cm’

12.5 cm (fine sand)

980 cm/s?
0 cm

70 cm (fine sand)

168.25 cm
6.51 cm H20
5.21 cm H20
1,00 g/em’

0.75 g/em’
0.150
72 dynes/cm

22 dynes/cm
50 dynes/cm

0.091
126.2 cm

Daniel B. Stephens & Associates, Inc.

Bao  air-oil scaling factor

Bow oil-water scaling factor

D function of interfluid displacement pressure and hydrostatics

Ap density difference between water and hydrocarbon (p,-p.)

F formation factor

g acceleration of gravity

h, distance from the water table to bottom of mobile hydrocarbon

h.or average water capillary height under drainage conditions

H,  hydrocarbon thickness measured in the well

Py water-hydrocarbon displacement pressure

Paod air-hydrocarbon displacement pressure

Pw density of water

Po density of hydrocarbon liquid

) soil porosity

Caw  Surface tension of water

Oz  Ssurface tension of hydrocarbon

Cow hydrocarbon-water interfacial tension

S, residual saturation

X distance from the water table to interface between free product
and groundwater in the well -- x is equal to the product of the
thickness of the hydrocarbon and the hydrocarbon density

Explanation:

Value from EPA 510-R-96-001 Appendix
Value from field approximations
Calculated value
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Daniel B. Stephens & Associates, Inc.

THICKNESS CALCULATIONS FOR W-14

From How to Effectively Recover Free Product At Leaking Underground Storage Tank Sites:
A Guide for State Regulators. (EPA 510-R-96-001). September 1996.

1.26  Average of the 5 methods with reasonable values (ft)
1.38  Median of the 7 methods with positive thicknesses (ft)
0.75  Min of the 7 methods with positive thicknesses (ft)
5.11 Max of the 7 methods with positive thicknesses (ft)

Method of de Pastrovich (1979) Method of Farr et. al. (1990)
Hy(pw —P5) ey [Ho
H, =0 w =" Fo’ Hy = 0(1 - S5)D [__1]
f T
Po b
H;= 56.08 cm in formation D= P _ P;°
1.84 ft in formation Apg  p.9
Method of Hall, et. al. (1984) D= 0.019
Hf :Ho —-F He = 22.94 cm in formation

0.75 ft in formation

H; = 155.75 cm in formation

5.11 ft in formation Method of Lenhard and Parker (1990)
Method of Blake and Hall (1984) Hy = PoPaotlo —h, g
H,=H,—(x+h,) PoBao = Bow(l — po '
(o2 (o}
Hi= 42.06 cm in formation Ba = —— p ow = ——
1.38 ft in formation O .0 O ow

Method of Ballestero et. al. (1994)
IH, =((1-p,) e Hy)-h,

Bao= 3.272727

Bow= 1.44
H; = 127.17 cm in formation
Hi= 42.06 cm in formation 4.17 ft in formation

1.38 ft in formation

Method of Schiegg (1985)
H;, =H, - 2(hc,dr )

H;= 28.25 cm in formation
0.93 ft in formation
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Variables for MW-3

3.27
1.44

0.019
0.25 g/cm®

12.5 cm (fine sand)

980 cm/s?
0 cm

70 cm (fine sand)

77.724 cm
6.51 cm H20
5.21 cm H20
1,00 g/em’

0.75 g/em’
0.150
72 dynes/cm

22 dynes/cm
50 dynes/cm

0.091
58.3 cm

Daniel B. Stephens & Associates, Inc.

Bao  air-oil scaling factor

Bow oil-water scaling factor

D function of interfluid displacement pressure and hydrostatics

Ap density difference between water and hydrocarbon (p,-p.)

F formation factor

g acceleration of gravity

h, distance from the water table to bottom of mobile hydrocarbon

h.or average water capillary height under drainage conditions

H,  hydrocarbon thickness measured in the well

Py water-hydrocarbon displacement pressure

Paod air-hydrocarbon displacement pressure

Pw density of water

Po density of hydrocarbon liquid

) soil porosity

Caw  Surface tension of water

Oz  Ssurface tension of hydrocarbon

Cow hydrocarbon-water interfacial tension

S, residual saturation

X distance from the water table to interface between free product
and groundwater in the well -- x is equal to the product of the
thickness of the hydrocarbon and the hydrocarbon density

Explanation:

Value from EPA 510-R-96-001 Appendix
Value from field approximations
Calculated value
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Daniel B. Stephens & Associates, Inc.

THICKNESS CALCULATIONS FOR MW-3

From How to Effectively Recover Free Product At Leaking Underground Storage Tank Sites:
A Guide for State Regulators. (EPA 510-R-96-001). September 1996.

0.63  Average of the 5 methods with reasonable values (ft)
0.66  Median of the 6 methods with positive thicknesses (ft)
0.35  Min of the 6 methods with positive thicknesses (ft)
214  Max of the 6 methods with positive thicknesses (ft)

Method of de Pastrovich (1979) Method of Farr et. al. (1990)
Hy(pw —P5) ey [Ho
H, =0 w =" Fo’ Hy = 0(1 - S5)D [__1]
f T
Po b
Hi= 25.91 cm in formation D = Pdow _ Pdao
0.85 ft in formation Apg  p.9
Method of Hall, et. al. (1984) D= 0.019
Hf :Ho —-F H; = 10.60 cm in formation

0.35 ft in formation

H:;= 65.22 cm in formation

2.14 ft in formation Method of Lenhard and Parker (1990)
Method of Blake and Hall (1984) Hy = PoPaotlo —h, g
H,=H,—(x+h,) PoBao = Bow(l — po '
(o2 (o}
Hi= 19.43 cm in formation Ba = —— p ow = ——
0.638 ft in formation O .0 O Lw

Method of Ballestero et. al. (1994)
IH, =((1-p,) e Hy)-h,

Bao= 3.272727

Bow= 1.44
H; = 21.08 cm in formation
Hi= 19.43 cm in formation 0.69 ft in formation

0.638 ft in formation

Method of Schiegg (1985)
H;, =H, - 2(hc,dr )

H; = -62.28 cm in formation
-2.04 ft in formation
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Variables for MPE-1

3.27
1.44

0.019
0.25 g/cm®

12.5 cm (fine sand)

980 cm/s?
0 cm

70 cm (fine sand)

193.55 cm
6.51 cm H20
5.21 cm H20
1,00 g/em’

0.75 g/em’
0.150
72 dynes/cm

22 dynes/cm
50 dynes/cm

0.091
145.2 cm

Daniel B. Stephens & Associates, Inc.

Bao  air-oil scaling factor

Bow oil-water scaling factor

D function of interfluid displacement pressure and hydrostatics

Ap density difference between water and hydrocarbon (p,-p.)

F formation factor

g acceleration of gravity

h, distance from the water table to bottom of mobile hydrocarbon

h.or average water capillary height under drainage conditions

H,  hydrocarbon thickness measured in the well

Py water-hydrocarbon displacement pressure

Paod air-hydrocarbon displacement pressure

Pw density of water

Po density of hydrocarbon liquid

) soil porosity

Caw  Surface tension of water

Oz  Ssurface tension of hydrocarbon

Cow hydrocarbon-water interfacial tension

S, residual saturation

X distance from the water table to interface between free product
and groundwater in the well -- x is equal to the product of the
thickness of the hydrocarbon and the hydrocarbon density

Explanation:

Value from EPA 510-R-96-001 Appendix
Value from field approximations
Calculated value
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Daniel B. Stephens & Associates, Inc.

THICKNESS CALCULATIONS FOR MPE-1

From How to Effectively Recover Free Product At Leaking Underground Storage Tank Sites:
A Guide for State Regulators. (EPA 510-R-96-001). September 1996.

1.58  Average of the 5 methods with reasonable values (ft)
1.76  Median of the 7 methods with positive thicknesses (ft)
0.87  Min of the 7 methods with positive thicknesses (ft)
5.94  Max of the 7 methods with positive thicknesses (ft)

Method of de Pastrovich (1979) Method of Farr et. al. (1990)
Hy(pw —P5) ey [Ho
H, =0 w =" Fo’ Hy = 0(1 - S5)D [__1]
f r
Po D
Hi= 64.52 cm in formation D = Pdow _ Pdao
2.12 ft in formation Apg  p.9
Method of Hall, et. al. (1984) D= 0.019
Hf :Ho —-F H; = 26.39 cm in formation

0.87 ft in formation

H; = 181.05 cm in formation

5.94 ft in formation Method of Lenhard and Parker (1990)
Method of Blake and Hall (1984) Hy = PoPaotlo —h, g
H,=H,—(x+h,) PoBao = Bow(l — po '
(o2 (o}
Hi= 48.39 cm in formation Ba = —— p ow = ——
1.588 ft in formation O .0 O ow

Method of Ballestero et. al. (1994)
IH, =((1-p,) e Hy)-h,

Bao= 3.272727

Bow= 1.44
H; = 156.81 cm in formation
Hi= 48.39 cm in formation 5.14 ft in formation

1.588 ft in formation

Method of Schiegg (1985)
H;, =H, - 2(hc,dr )

H;= 53.55 cm in formation
1.76 ft in formation

S:\Projects\DB19.1395_Lovington_66\Engineering\Calculations\Final NAPL volume\PSH_calcs MPE-1.xIsx



Table 2. Summary of measured and calculated product thicknesses, LNAPL Volume, and recoverable LNAPL

Calculated from EPA document

Avg. LNAPL
formation LNAPL formation
Measured NAPL thickness thickness for Calculated Recoverable
Well Area | well thickness” for well plume area LNAPL volume | LNAPL volume
ft’ ft ft ft gal gal Values Used in Calculations
Lovington 66 Monitoring wells Assumed porosity
W-1 2,279 6.04 1.46 1.02 2,615 1,569 Well density adjustment factor
W-2 1,379 6.39 1.60 1.12 1,732 1,039 Conversion from CF to gal
W-3 2,174 6.20 1.52 1.07 2,602 1,561 Assumed recoverable LNAPL
MPE-1 1,119 6.35 1.58 1.11 1,391 835
Allsups #109 Monitoring Wells
W-14 2,249 5.52 1.26 0.88 2,219 1,331
MW-3 2,597 2.55 0.63 0.44 1,291 775
Totals| 11,797 11,850 7,110
Notes

A. Measured LNAPL = thickness in the well casing (2018)

Table 3.
Estimated LNAPL
formation Calculated Recoverable
Location Area thickness LNAPL volume | LNAPL volume
ft’ ft gal gal

Lovington 66 6,951 see Table 2 8,340 5,004
Allsups #109 4,846 see Table 2 3,510 2,106
NMDOT ROW 12,234 0.75 10,296 6,178

Totals| 24,031 22,146 13,288

15%
70%
7.481
60%



Maximum

Contaminant SVE SVE Vapor Daily Daily
Time | Remaining | Flowrate | Concentration |Removal] Emissions
(days)| (pounds) (acfm) (pg/L) (Ibs/day)}] (Ibs/day)

0 123,874 800 105,131 719 7 = 0.0195126 Contaminant removed in first year =| 123,558 |Ib
1 123,155 800 103,100 719 7 1m’= 35.31 ft° Estimated first year removal rate = 61.8 |ton/yr 14.1048 |Ib/hr
2 122,436 800 101,107 719 7 1lb= 453,592 \mg Contaminant removed in second year = 309 Ib
3 121,718 800 99,154 719 7 Yo = 62.4 |Ib/Mt” Estimated second year removal rate = 0.2 ton/yr 0.035323 |Ib/hr
4 120,999 800 97,238 719 7 11t = 7.48 |gal Contaminant removed in life of project = 31.0 [tons
5 120,280 800 95,359 719 7 1day= 1,440 |min

6 119,561 800 93,516 719 7 1ton = 2000 |Ib

7 118,843 800 91,709 719 7

8 118,124 800 89,937 719 7

9 117,405 800 88,199 719 7

10 116,686 800 86,495 719 7 Contaminant Removal Over Time
11 115,968 800 84,823 719 7

12 | 115249 | 800 83,184 719 7 sos2.4| MO0

13 114,530 800 81,577 719 7

14 113,811 800 80,000 719 7 120,000

15 113,093 800 78,454 719 7

16 112,374 800 76,938 719 7 = 100000

17 111,655 800 75,452 719 7 s

18 110,936 800 73,994 719 7 2 \

19 110,218 800 72,564 719 7 £ 80000

20 109,499 800 71,162 719 7 £

21 108,780 800 69,787 719 7 E:_ 50,000 \

22 108,061 800 68,438 719 7 g

23 107,343 800 67,116 719 7 € \

24 106,624 800 65,819 719 7 S 40,000

25 105,905 800 64,547 719 7 ©

26 105,186 800 63,300 719 7 \

27 | 104,468 800 62,076 719 7 20000 N\

28 103,749 800 60,877 719 7

29 103,030 800 59,701 719 7 0

30 102,311 800 58,547 719 7 100 200 300 400 500 600 700 800 900 1000
31 101,593 800 57,416 719 7 Time (days)
32 100,874 800 56,306 719 7

33 100,155 800 55,218 719 7

34 99,437 800 54,151 719 7

35 98,718 800 53,105 719 7

36 97,999 800 52,079 719 7

37 97,280 800 51,072 719 7 Contaminant Removal Over Time
38 96,562 800 50,085 719 7 First Year Only
39 95,843 800 49,118 719 7

40 95,124 800 48,168 719 7 140,000

41 94,405 800 47,238 719 7

42 93,687 800 46,325 719 7 A

43 92,968 800 45,430 719 7 120,000

44 92,249 800 44,552 719 7 _ \

45 91,530 800 43,691 719 7 S 100,000

46 90,812 800 42,847 719 7 2 \

47 90,093 800 42,019 719 7 £ s0.000

48 89,374 800 41,207 719 7 £ ’ \

49 88,655 800 40,411 719 7 ©

50 87,937 800 39,630 719 7 E 60,000

51 87,218 800 38,864 719 7 E \

52 86,499 800 38,113 719 7 £ 40,000

53 85,780 800 37,376 719 7 3 \

54 85,062 800 36,654 719 7

55 | 84,343 800 35,946 719 7 20000

56 83,624 800 35,251 719 7 \
57 82,905 800 34,570 719 7 0

58 82,187 800 33,902 719 7 50 100 150 200 250 300 350 400
59 81,468 800 33,247 719 7 Time (days)
60 80,749 800 32,605 719 7

61 80,030 800 31,975 719 7

62 79,312 800 31,357 719 7

63 78,593 800 30,751 719 7

64 77,874 800 30,157 719 7

65 77,156 800 29,574 719 7

66 76,437 800 29,002 719 7

67 75,718 800 28,442 719 7

68 74,999 800 27,892 719 7

69 74,281 800 27,353 719 7

70 73,562 800 26,825 719 7

4l 72,843 800 26,306 719 7

72 72,124 800 25,798 719 7

73 71,406 800 25,300 719 7

74 70,687 800 24,811 719 7

75 69,968 800 24,331 719 7

76 69,249 800 23,861 719 7

77 68,531 800 23,400 719 7

78 67,812 800 22,948 719 7

79 67,093 800 22,504 719 7

80 66,374 800 22,070 719 7

81 65,656 800 21,643 719 7

82 64,937 800 21,225 719 7

83 64,218 800 20,815 719 7

84 63,499 800 20,413 719 7

85 62,781 800 20,018 719 7

86 62,062 800 19,631 719 7

87 61,343 800 19,252 719 7

88 60,624 800 18,880 719 7

89 59,906 800 18,515 719 7

90 59,187 800 18,157 719 7

91 58,468 800 17,806 719 7

92 57,749 800 17,462 719 7

93 57,031 800 17,125 719 7

94 56,312 800 16,794 719 7

95 55,593 800 16,470 719 7

96 54,874 800 16,151 719 7

97 54,156 800 15,839 719 7

98 53,437 800 15,533 719 7

99 52,718 800 15,233 719 7

100 52,000 800 14,939 719 7

101 51,281 800 14,650 719 7

102 50,562 800 14,367 719 7

103 49,843 800 14,089 719 7

104 49,125 800 13,817 719 7

105 48,406 800 13,550 719 7

106 47,687 800 13,288 719 7

107 46,968 800 13,031 719 7
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Maximum

Contaminant SVE SVE Vapor Daily Daily
Time | Remaining | Flowrate | Concentration |Removal] Emissions
(days)| (pounds) (acfm) (pg/L) (Ibs/day)}] (Ibs/day)

108 46,250 00 12,780 719 7
109 45,531 00 12,533 719 7
110 44,812 00 12,290 719 7
1 44,093 00 12,053 719 7
1 43,375 00 11,820 719 7
1 42,656 00 11,59: 719 7
114 41,937 00 11,36 719 7
115 41,218 00 11,14 719 7
116 40,500 00 10,933 719 7
117 781 00 10,721 719 7
118 ,062 00 10,514 719 7
119 43 00 10,311 719 7
120 7,625 00 10,112 719 7
1 6,90 00 ,916 713 7
1 6,19: 00 ,725 99 7
1 5,49 00 ,537 86 7
124 4,80 00 ,353 73 7
125 4,135 00 72 60 7
126 3,475 00 ,995 47 6
127 2,828 00 ,821 34 6
128 2,194 00 ,650 22 6
129 1,572 00 ,483 10 6
130 0,962 00 ,319 598 6
1 0,364 00 158 587 6
1 JI77 00 ,001 575 6
1 ,202 00 7,846 564 6
134 ,637 00 7,695 553 6
135 ,084 00 7,546 543 5
136 7,541 00 7,400 53: 5
137 7,009 00 7,257 52. 5
138 6,487 00 7,117 51 5
139 5,975 00 979 50 5
140 5,473 00 ,844 49 5
14 4,981 00 712 483 5
14 4,498 00 ,583 473 5
14 4,025 00 ,455 464 5
144 3,561 00 ,331 455 5
145 3,105 00 ,208 446 4
146 2,659 00 ,088 438 4
147 2,221 00 5,971 429 4
148 1,792 00 5,855 421 4
149 1,371 00 5,742 413 4
150 0,95 00 5,63 405 4
15 0,55 00 5,522 397 4
15: 0,1 00 5,416 389 4
15: 19,7 00 5,311 382 4
154 19,384 00 5,208 375 4
155 19,010 00 5,108 367 4
156 18,64 00 5,009 360 4
157 18, 00 4,912 353 4
158 17, 00 4,817 346 3
159 17, 00 4,724 340 3
160 17,24 00 4,633 333 3
16 16,90 00 4,543 327 3
16: 16,58: 00 4,456 320 3
16: 16,26 00 4,370 314 3
164 15,94 00 4,285 308 3
165 15,640 00 4,202 302 3
166 15,338 00 4,121 96 3
167 15,041 00 4,041 91 3
168 14,750 00 ,963 85 3
169 14,465 00 ,887 80 3
170 14, 00 ,812 74 3
17 13, 00 ,738 269 3
17. 13,64 00 ,666 264 3
17 13,37 00 ,595 59 3
174 13,121 00 ,525 54 3
175 12,867 00 457 49 2
176 12,619 00 ,391 44 2
177 12,375 00 ,325 39 2
178 12,136 00 ,261 35 2
179 11,901 00 ,198 30 2
180 11,671 00 136 26 2
18 11,446 00 ,075 21 2
18 11,224 00 ,016 17 2
18: 11,008 00 ,958 13 2
184 10,795 00 ,901 09 2
185 10,586 00 ,844 05 2
186 10,382 00 ,790 01 2
187 10,181 00 ,736 197 2
188 ,984 00 ,683 193 2
189 ,791 00 ,631 189 2
190 ,602 00 ,580 18 2
19 417 00 ,530 18 2
19 ,235 00 ,481 178 2
19: ,056 00 ,433 175 2
194 ,881 00 ,386 172 2
195 ,710 00 ,340 168 2
196 ,541 00 ,295 165 2
197 ,376 00 ,251 162 2
198 214 00 ,207 159 2
99 ,056 00 ,165 156 2
00 7,900 00 123 153 2
0 7,747 00 ,082 150 1
0. 7,598 00 ,041 147 1
0: 7,451 00 ,002 144 1
04 7,307 00 1,963 141 1
05 7,166 00 1,925 138 1
06 7,027 00 1,888 136 1
07 ,89 00 1,852 133 1
08 .75 00 1,816 131 1
09 ,62 00 1,781 128 1
0 ,500 00 1,746 126 1
374 00 1,713 123 1

,251 00 1,680 121 1

,130 00 1,647 118 1

4 ,012 00 1,615 116 1
5 5,895 00 1,584 114 1

6 5,781 00 1,553 112 1
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Maximum

Contaminant SVE SVE Vapor Daily Daily
Time | Remaining | Flowrate | Concentration |Removal] Emissions

(days)| (pounds) (acfm) (pg/L) (Ibs/day)}] (Ibs/day)
7 5,670 00 1,523 110 1
8 5,560 00 1,494 107 1
9 5,453 00 1,465 105 1
0 5,347 00 1,437 103 1
5,244 00 1,409 101 1
5,14 00 1,382 99 1
5,04 00 1,355 97 1
4 4,94 00 1,329 96 1
| 225 4,850 00 1,303 94 1
26 4,757 00 1,278 92 1
27 4,665 00 1,253 90 1
| 228 4,57 00 1,229 8 1
9 4,48 00 1,205 7 1
0 4,39 00 1,182 5 1
4,314 00 1,159 3 1
4,23 00 1,137 2 1
4,14 00 1,115 0 1
34 4,06 00 1,093 79 1
5 ,990 00 1,072 7 1
6 913 00 1,052 76 1
7 ,838 00 1,031 74 1
8 764 00 1,011 73 1
9 ,691 00 92 71 1
40 ,620 00 73 70 1
4 ,550 00 54 9 1
4 ,481 00 35 7 1
4 414 00 17 6 1
44 ,348 00 00 5 1
45 ,283 00 82 3 1
46 ,220 00 65 2 1
47 ,157 00 4 1 1
48 ,096 00 3. 0 1
49 ,037 00 1 59 1
50 978 00 0 58 1
5 ,920 00 785 56 1
5. ,864 00 770 55 1
5. ,809 00 755 54 1
54 754 00 740 53 1
55 ,70 00 726 52 1
56 ,64 00 712 51 1
57 ,59 00 98 50 1
58 ,547 00 85 49 0
59 ,498 00 7 48 0
60 ,450 00 5 47 0
6 ,403 00 46 46 0
6. ,356 00 33 46 0
6 ,31 00 21 45 0
64 ,26/ 00 09 44 0
65 ,22. 00 597 43 0
66 A7 00 586 42 0
67 137 00 574 41 0
68 ,096 00 563 41 0
69 ,055 00 552 40 0
70 ,016 00 542 39 0
7 977 00 531 38 0
7. ,939 00 521 37 0
7. ,901 00 511 37 0
74 ,864 00 501 36 0
75 ,82 00 49 35 0
76 79 00 482 35 0
77 75 00 472 34 0
78 724 00 463 33 0
79 ,69 00 454 33 0
280 ,65 00 446 32 0
28 ,62 00 437 31 0
28 ,595 00 429 31 0
28 ,564 00 420 30 0
284 ,534 00 412 30 0
285 ,504 00 404 9 0
286 AT5 00 6 9 0
287 447 00 9 8 0
288 419 00 1 7 0
289 ,391 00 74 7 0
90 ,364 00 67 26 0
9 ,338 00 60 26 0
9. 312 00 53 5 0
9. ,287 00 46 5 0
94 ,262 00 39 4 0
95 ,238 00 33 4 0
96 214 00 26 3 0
97 ,190 00 20 3 0
98 167 00 14 3 0
99 145 00 0 2 0
300 122 00 0. 2 0
30 ,101 00 1 0
30: ,080 00 1 0
30: ,05! 00 4 0 0
304 ,03: 00 79 0 0
305 01 00 74 0 0
306 98 00 68 19 0
307 79 00 63 19 0
308 60 00 58 19 0
309 42 00 53 18 0
310 23 00 48 18 0
3 06 00 43 18 0
3 88 00 9 17 0
3 71 00 4 17 0
314 54 00 0 17 0
315 38 00 5 1 0
316 21 00 1 0
317 06 00 1 1 0
318 790 00 1 15 0
319 775 00 0 15 0
320 760 00 04 15 0
3. 745 00 00 14 0
3. 731 00 6 14 0
3. 717 00 3 14 0
324 703 00 9 14 0
325 689 00 5 13 0
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Maximum

Contaminant SVE SVE Vapor Daily Daily
Time | Remaining | Flowrate | Concentration |Removal] Emissions
(days)| (pounds) (acfm) (pg/L) (Ibs/day)}] (Ibs/day)
326 76 00 8. 13 0
327 63 00 7 13 0
328 50 00 75 13 0
329 37 00 71 1 0
330 25 00 8 1 0
3 13 00 5 1 0
3 01 00 2 1 0
3 590 00 58 11 0
334 578 00 55 11 0
335 567 00 52 11 0
336 556 00 49 11 0
337 545 00 47 1 0
338 535 00 44 10 0
339 524 00 4 10 0
340 514 00 10 0
34 504 00 10 0
34 495 00 3 10 0
34 485 00 0 9 0
344 476 00 8 9 0
345 466 00 5 9 0
346 457 00 3 9 0
347 449 00 9 0
348 440 00 1 9 0
349 431 00 1 0
350 423 00 14 0
35 415 00 12 0
35. 407 00 09 0
35. 9 00 07 0
354 1 00 05 0
355 4 00 03 7 0
356 76 00 01 7 0
357 69 00 9 7 0
358 62 00 7 7 0
359 55 00 5 7 0
360 48 00 4 7 0
36 41 00 2 7 0
36. 5 00 0 0
36 00 8 0
364 00 7 0
365 1 00 5 0 Year 1
366 1 00 3 0
367 04 00 2 0
368 00 0 0
369 00 78 0
370 00 7 0
37 1 00 75 5 0
37. 75 00 74 5 0
37 70 00 73 5 0
374 65 00 71 5 0
375 60 00 70 5 0
376 55 00 8 5 0
377 50 00 7 5 0
378 45 00 6 5 0
379 40 00 5 5 0
380 6 00 3 5 0
3 1 00 2 4 0
3 7 00 1 4 0
3 2 00 0 4 0
384 18 00 59 4 0
385 14 00 57 4 0
386 10 00 56 4 0
387 05 00 55 4 0
388 01 00 54 4 0
389 8 00 53 4 0
390 4 00 52 4 0
39 0 00 51 4 0
39: 6 00 50 4 0
39 3 00 49 4 0
394 79 00 48 0
395 7 00 47 0
396 7. 00 46 0
397 9 00 45 0
398 6 00 45 0
399 3 00 44 0
400 59 00 43 0
40 56 00 42 0
40: 53 00 41 0
40: 50 00 40 0
404 47 00 40 0
405 45 00 9 0
406 42 00 8 0
407 9 00 7 0
408 6 00 7 0
409 4 00 6 0
410 1 00 5 0
4 9 00 5 0
4 26 00 4 0
4 24 00 0
414 21 00 0
415 19 00 0
416 17 00 1 0
417 14 00 1 0
418 12 00 0 0
419 10 00 0 0
420 08 00 0
4 06 00 0
4 04 00 0
4 02 00 7 0
424 00 00 7 0
[ 425 8 00 26 0
426 6 00 26 0
427 4 00 5 0
428 2 00 5 0
429 0 00 4 0
430 9 00 4 0
4 7 00 3 0
4 5 00 3 0
4 4 00 3 0
434 2 00 2 0
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Maximum

Contaminant SVE SVE Vapor Daily Daily
Time | Remaining | Flowrate | Concentration |Removal] Emissions
(days)| (pounds) (acfm) (pg/L) (Ibs/day)}] (Ibs/day)
544 10 00 3 0 0
545 00 0 0
546 00 0 0
547 00 0 0
548 00 0 0
549 00 0 0
550 00 0 0
55 00 0 0
55. 00 0 0
55. 00 0 0
554 00 0 0
555 00 0 0
556 7 00 0 0
557 7 00 0 0
558 7 00 0 0
559 7 00 0 0
560 7 00 0 0
56 7 00 0 0
56. 7 00 0 0
56. 7 00 0 0
564 00 0 0
565 00 0 0
566 00 0 0
567 00 0 0
568 00 0 0
569 00 0 0
570 00 0 0
57 00 0 0
57. 5 00 0 0
57. 5 00 0 0
574 5 00 0 0
575 5 00 0 0
576 5 00 0 0
577 5 00 0 0
578 5 00 0 0
579 5 00 0 0
580 5 00 0 0
5 5 00 0 0
5 4 00 0 0
5 4 00 0 0
584 4 00 0 0
585 4 00 0 0
586 4 00 0 0
587 4 00 0 0
588 4 00 0 0
589 4 00 0 0
590 4 00 0 0
59 4 00 0 0
59: 4 00 0 0
59: 4 00 0 0
594 4 00 0 0
595 00 0 0
596 00 0 0
597 00 0 0
598 00 0 0
599 00 0 0
600 00 0 0
60 00 0 0
60: 00 0 0
60: 00 0 0
604 00 0 0
605 00 0 0
606 00 0 0
607 00 0 0
608 00 0 0
609 00 0 0
610 00 0 0
6 00 0 0
6 00 0 0
6 00 0 0
614 00 0 0
615 00 0 0
616 00 0 0
617 00 0 0
618 00 0 0
619 00 0 0
620 00 0 0
6. 00 0 0
6. 00 0 0
6. 00 0 0
624 00 0 0
625 00 0 0
626 00 0 0
627 00 0 0
628 00 0 0
629 00 0 0 0
630 00 0 0 0
6: 00 0 0 0
6: 00 0 0 0
6: 00 0 0 0
634 00 0 0 0
635 00 0 0 0
636 00 0 0 0
637 00 0 0 0
638 00 0 0 0
639 00 0 0 0
640 00 0 0 0
64 00 0 0 0
64 00 0 0 0
64 00 0 0 0
644 00 0 0 0
645 00 0 0 0
646 00 0 0 0
647 00 0 0 0
648 00 0 0 0
649 00 0 0 0
650 00 0 0 0
651 00 0 0 0
652 00 0 0 0
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Maximum

Contaminant SVE SVE Vapor Daily Daily

Time | Remaining | Flowrate | Concentration |Removal] Emissions
(days)| (pounds) (acfm) (pg/L) (Ibs/day)}] (Ibs/day)
653 00 0 0 0
654 00 0 0 0
655 00 0 0 0
656 00 0 0 0
657 00 0 0 0
658 00 0 0 0
659 00 0 0 0
660 00 0 0 0
66 00 0 0 0
66. 00 0 0 0
66. 00 0 0 0
664 00 0 0 0
665 00 0 0 0
666 00 0 0 0
667 00 0 0 0
668 00 0 0 0
669 00 0 0 0
670 00 0 0 0
67 00 0 0 0
67. 00 0 0 0
67. 00 0 0 0
674 00 0 0 0
675 00 0 0 0
676 00 0 0 0
677 00 0 0 0
678 00 0 0 0
679 00 0 0 0
680 00 0 0 0
6 00 0 0 0
6 00 0 0 0
6 00 0 0 0
684 00 0 0 0
685 00 0 0 0
686 0 00 0 0 0
687 0 00 0 0 0
688 0 00 0 0 0
689 0 00 0 0 0
690 0 00 0 0 0
69 0 00 0 0 0
69: 0 00 0 0 0
69: 0 00 0 0 0
694 0 00 0 0 0
695 0 00 0 0 0
696 0 00 0 0 0
697 0 00 0 0 0
698 0 00 0 0 0
699 0 00 0 0 0
700 0 00 0 0 0
70 0 00 0 0 0
70: 0 00 0 0 0
70: 0 00 0 0 0
704 0 00 0 0 0
705 0 00 0 0 0
706 0 00 0 0 0
707 0 00 0 0 0
708 0 00 0 0 0
709 0 00 0 0 0
710 0 00 0 0 0
7 0 00 0 0 0
7 0 00 0 0 0
7 0 00 0 0 0
714 0 00 0 0 0
715 0 00 0 0 0
716 0 00 0 0 0
717 0 00 0 0 0
718 0 00 0 0 0
719 0 00 0 0 0
720 0 00 0 0 0
7. 0 00 0 0 0
7. 0 00 0 0 0
7. 0 00 0 0 0
724 0 00 0 0 0
725 0 00 0 0 0
726 0 00 0 0 0
727 0 00 0 0 0
728 0 00 0 0 0
729 0 00 0 0 0
730 0 00 0 0 0 Year 2
7 0 00 0 0 0
7 0 00 0 0 0
7 0 00 0 0 0
734 0 00 0 0 0
735 0 00 0 0 0
736 0 00 0 0 0
737 0 00 0 0 0
738 0 00 0 0 0
739 0 00 0 0 0
740 0 00 0 0 0
74 0 00 0 0 0
74 0 00 0 0 0
74 0 00 0 0 0
744 0 00 0 0 0
745 0 00 0 0 0
746 0 00 0 0 0
747 0 00 0 0 0
748 0 00 0 0 0
749 0 00 0 0 0
750 0 00 0 0 0
75 0 00 0 0 0
75. 0 00 0 0 0
75. 0 00 0 0 0
754 0 00 0 0 0
755 0 00 0 0 0
756 0 00 0 0 0
757 0 00 0 0 0
758 0 00 0 0 0
759 0 00 0 0 0
760 0 00 0 0 0
761 0 00 0 0 0
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Maximum

Contaminant SVE SVE Vapor Daily Daily
Time | Remaining | Flowrate | Concentration |Removal] Emissions
(days)| (pounds) (acfm) (pg/L) (Ibs/day)}] (Ibs/day)
762 0 00 0 0 0
763 0 00 0 0 0
764 0 00 0 0 0
765 0 00 0 0 0
766 0 00 0 0 0
767 0 00 0 0 0
768 0 00 0 0 0
769 0 00 0 0 0
770 0 00 0 0 0
77 0 00 0 0 0
7. 0 00 0 0 0
77 0 00 0 0 0
774 0 00 0 0 0
775 0 00 0 0 0
776 0 00 0 0 0
777 0 00 0 0 0
778 0 00 0 0 0
779 0 00 0 0 0
780 0 00 0 0 0
781 0 00 0 0 0
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Notes on SVE time estimation:
Based on method described by Peter Kroopnick, Pollution Engineering, November 1998, pp. 36-40.

Assumes that vapor concentrations experience first order decay Ct=Coe'kt
where:

C, is the concentration at time t

C, is the initial vapor concentration

tis the time in days

k is the decay factor days™

For each day the initial mass of PSH is reduced by the PSH removed on the previous day. k is adjusted to force the vapor
concentration and mass of PSH remaining to approximately zero at the same time.

Assumptions:
105,131 pg/L, estimated initial PSH vapor concentration

19,800 gallons, 90% of estimated initial PSH volume
0.75 estimated PSH specific gravity
123,874 pounds, estimated initial total PSH mass
719 pounds, estimated daily maximum removal rate of PSH

Conversion Factors:
453,592 milligrams per pound
62.4 Ib/ft®, specific weight of water
7.48 gallons per ft®
1,440 minutes per day
35.31 ft* per m®




Concentration Concentration

Contaminant (ppmv) (ug/L)
TPH** 25,000 105,131
Benzene*** 500 2,103

Assumptions
* Applies to all wells

** Average measured TPH concentrations from July 2015 pilot test
*** Benzene assumed to be 2% of the TPH

103 Approximate molecular weight of fuel
29 Molecular weight of air
1.184 g/L, air density

Conversion Factors
3.785 L/gallon
7.481 gallons/cubic foot
1.00E+09 ug/kg
2.2 Ib/kg
2000 Ib/ton
60 min/hr
24 hr/day
365.25 daylyr




Daniel B. Stephens & Associates, Inc.

VOLUME CALCULATIONS

Total = 22,000 gal
Using SCE to remove 90% of total volume = 19,800 gal

800 acfm removal in LNAPL area, daily volume removal is 1,152,000 ft*/day
Per Johnson et. al. removal of 1 g of PSH needs 100L of air
100 liter = 3.5336 cubic foot

326,016 grams of contaminant per day
719 pounds per day

1gram = 2.2046E-03 pound
1gram = 1.1023E-06 ton

29.95 Ibs/hr

0.359 tons per day
131.2 tons per year
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EGEIVE

AUG 12 2015
‘ Golder
¥ Associates NMED

PETROLEUM STORAGE TANK BUREAU
August 10, 2015 Project Number: 140-4221

Celestine Ngam

New Mexico Environment Department
Petroleum Storage Tank Bureau
2905 Rodeo Park Drive E., Bldg. 1
Santa Fe, NM 87505

RE: NOTICE OF COMPLETION OF DELIVERABLE ID 17138-3; COMPLETION OF DPE WELL PILOT
TEST, LOVINGTON 66, LOVINGTON, NEW MEXICO

FACILITY #: 1489 RELEASE ID#: 1182 WPID#: 17138
Dear Mr. Ngam:

I am transmitting this letter to advise you that Golder has completed the task associated with Deliverable
Identification number 17138-3, which included pilot testing a DPE well (DPE-1) at the above referenced
site. Proposed equipment and tasks were set forth in our May 7, 2014 workplan.

The pilot well test was completed by AcuVac Remediation, LLC (AcuVac) out of Houston, Texas on July
12 and July 13, 2015. Figure 1 is a map showing the locations of the tested wells and summary results of
testing. Attachment A includes photos detailing the specific equipment used and the overall layout of the
test. Attachment B includes copies of the raw data and interpretations of the multiphase pilot testing
prepared by AcuVac. The tests included an extended (8.6 hour) variable flow rate test of the MPE pilot
test well (A-1), an extended constant flow rate test of Well A-1 (6 hours) and short-duration (1 hour) tests
of wells W-1 and W-2. Gasoline recovered as LNAPL and vapor mass during the combined testing (16.6
hours, total combined test time) was approximately 229.5 gallons.

The NMED-PSTB agency workplan approval sets forth an approved budget of $26,069.48 for this task;
we anticipate that we will issue a claim for the full amount upon receipt of your acceptance of deliverable

for deliverable identification number 17138-3. If you have any questions regarding this transmittal, please
do not hesitate to contact us.

Sincerely,

GOLDER ASSOCIATES INC.

e e

Clay Kilmer Phillip D. Carrillo
Senior Hydrogeologist EIT, Civil Engineer

Attachments:  Figure 1: Site map showing locations of tested wells and summary MPE test results
Attachment A: Photographic Log
Attachment B: AcuVac Remediation, LLC Report

CK/rj

p\abq projects\2014 projects\140-4221 walstad pilot testing\deliverablesitask 3 - completion and oversight of dpe pilot test and letter reporttextinotice of completion -
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August 2015 A-1 140-4221

Attachment A: Photographic Log

PHOTO 1

AcuVac Inc. arrives on set
with their rig setup.

2015-07-12

PHOTO 2

The rig from AcuVac for
producing the vacuum and
oxidizing vapor
contamination during the
test.

2015-07-12

3
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August 2015 A-2 140-4221

PHOTO 3

The pilot test was focused
on DPE-1.

2015-07-13

PHOTO 4

W-1, W-2, & W-3 were used
for monitoring during the
test. Pictured is W-1.

2015-07-12
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August 2015

12

W-2 is shown.
07-

W-3 is shown.

2015-07-12

140-4221.3 attachment a docx

PHOTO 5
PHOTO 6

2015




August 2015 A-4 140-4221

PHOTO 7

AcuVac Inc. installing the
apparatus for testing.

2015-07-12

PHOTO 8

The testing setup is shown
with the vacuum hose and
flowmeter attached to DPE-
1.

2015-07-12
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140-4221

PHOTO 9

The rig was used to create
the vacuum for the test and
oxidize vapor
contamination.

2015-07-12

PHOTO 10

The pump test apparatus
provided sight on water
quality and a sampling port
for coliecting lab
specimens.

2015-07-13
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August 2015 A-6 140-4221

PHOTO 11

The flow meter read flow
rate and total gallons
pumped.

2015-07-13

PHOTO 12

A clear portion of the outlet
hose shows the condition of
water being pumped.

2015-07-13
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August 2015 A-7 140-4221

PHOTO 13

AcuVac periodically
collected water samples to
gauge NAPL content.

2015-07-13

PHOTO 14

Bio-fouling material was
observed during the pilot
test on day two.

2015-07-13
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A-8

140-4221

PHOTO 15

The testing apparatus for
collecting air monitoring
samples as well as the
sample submitted for lab
testing.

2015-07-12

PHOTO 16

AcuVac checked the
vacuum induced in the
surrounding wells with a
digital manometer. W-1
shown.

2015-07-12
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August 2015 A-9 140-4221

PHOTO 17

AcuVac checked the
vacuum induced in the
surrounding wells with a
digital manometer. W-2
shown.

20156-07-12

PHOTO 18

All produced water was
containerized by Gandy in a
tanker truck and sent off-
site for proper disposal.

2015-07-12

140-4221 3 attachment a docx
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AcuVac Remediation, LLC

1656-H Townhurst, Houston, Texas 77043
713.468.6688 » www.acuvac.com

July 15,2015

Mr. Clay Kilmer:

Senior Hydrogeologist

Golder Associates, Inc.

5200 Pasadena Avenue N.E. Suite C
Albuquerque, NM 87113

Dear Clay:
Re: Walstadd 66, Lovington, NM

At your request, we performed one Mobile Dual Phase (MDP) Pilot Test on July 12, 2015 at the above
referenced sites. An Engineer and an Environmental Specialist, with over 14,500 hours of on-site testing,
conducted the Pilot Test. The total MDP test time, including static data time, was 8.6 hours. The
contaminant was weathered gasoline.

OBJECTIVES
The Objectives of an MDP Pilot Test are to:
+ Evaluate the potential for removing liquid and vapor LNAPL and contaminated groundwater
{GW) from soils in the subsurface formations.
<+ Expose the capillary fringe area and below to induced soil vacuum extraction (SVE) in the
extraction well (EW).
< With induced vacuums, increase the GW specific yields. Stress the GW System and monitor its
response.
< Maintain a near constant GW depression in the EW.
< Create an induted hydraulic gradient (IHG) to gain hydraulic control of the area.
< Record GW depression and pump rates to accomplish the above objectives

The purpose of the EW induced vacuum variable rate test is to define the pressure/flow characteristics of
sub-surface soils around the EW and to estimate potential conditions for an operational Dual Phase
System. Starting a test with lower variable rates of vacuum and flow allows the EW and outer wells
sufficient time to adjust and stabilize and minimizes the risk of developing preferential paths. This will also
assist the development of newly installed extraction wells.



METHODS AND EQUIPMENT

The tests were conducted using AcuVac's |-6 System, with Roots RAI-33 and RAI-22 blowers, various
instrumentation, including the HORIBA® Analyzer, Solinst Interface Probes, Lumidor O, Meter, vapor flow
gauges, liquid volume/flow meter, a sensitive instrument to determine barometric pressure, V-1 vacuum
box to capture non-diluted vapor samples, Redi-Flo 2 total fluids (TF) pump and other special equipment.
The vacuum extraction portion of the AcuVac System consists of a vacuum pump driven by an internal
combustion (IC) engine. The vacuum pump is connected to the extraction well and the vacuum created
on the extraction well causes light hydrocarbons in the soil and on the GW to volatilize and flow through a
moisture knockout tank, to the vacuum pump and the IC engine where they are burned as part of the
normal coEnbustion process. Propane is used as auxiliary fuel to help power the engine if the well vapors

do not provide the required BTU.

The GW Extraction is provided by an in-well, Redi-Flo 2 total fluids pump that has the discharge line
connected to a total volume meter. The discharge line from the volume meter is then connected to the
stand-by tank truck. The electrical power for the GW pump was supplied from a 120v Honda generator.
The GW flow rate can be adjusted to maintain a target level. Interface meters are used to measure Depth
to Groundwater (DTGW)/Depth to Light Non-Aqueous Petroleum Liquids (DTLNAPL).

The AcuVac IC engine is fully loaded for maximum power that is necessary to achieve and maintain high
induced vacuums and/or high well vapor flows required to maximize the vacuum SVE Radius of Influence
(ROI) for Pilot Tests and short term Event remediation. The lower part of the IC engine is encased with a
liquid collection pan designed to catch any oil drips or liquid leaks if it should occur.

Emissions from the engine are passed through three catalytic converters to ensure maximum destruction
of removed hydrocarbon vapors. The engine's fuel to air ratio can be adjusted to maintain efficient
combustion. Because the engine is the power source for all IC engine driven equipment, all systems stop
when the engine stops. This eliminates any uncontrolled release of hydrocarbons. Since the AcuVac
System is held entirely under vacuum, any leaks in the seals or connections are leaked into the System
and not emitted into the atmosphere. The engine is automatically shut down by vacuum loss, low oil

pressure or overheating.

The design of the AcuVac System enabies complete independent control of both the Induced Well
Vacuum and the GW pumping functions such that the AcuVac System operator can control the IHG to
expose the maximum amount of the formation to SVE. The ability to separate the induced vacuum and
liquid flows within the EW improves the LNAPL recovery rates, and enables the test data to be recorded
independently. All the systems are properly grounded to eliminate any static electrical charge.

PROJECT SCOPE AND PROCEDURES
%+ Gauge the DTGW and DTLNAPL in the EW.
<+ Cailculate the Hydro-equivalent in the EW.
<+ Determine the appropriate placement for the GW pump inlet.

2
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Calculate the GW depression necessary to gain hydraulic contro! of the area

Record the distances from the selected EW to the outer wells.

Install the GW pump into the EW (A-1).

Connect the ground wires for the AcuVac System and Honda generator

Set pump and data probe at the selected depth from TOC.

Connect discharge hoses to liquid volume meter and then connect to the on-site tank truck.
Connect the AcuVac System to the selected EW manifold and seal the selected outer
observation wells with plugs designed to accept magnehelic gauges or digital manometers.
Record the static well data, DTGW/DTLNAPL, weil size, TD, screen intervals and then apply EW
induced vacuum. Record the vacuum and well flow, all System data (including fuel flow of
propane), temperature and barometric pressure.

The test procedures are to provide variable rates of induced vacuum and GW pumping rates over
the test period.

Start the GW pump and set at proper fiow rate to achieve the selected GW drawdown

Monitor the GW pump and adjust the flow to maintain the selected GW drawdown.

Record pump flow rate and total liquid volume.

Collect GW/LNAPL samples in a 2,000 m| beaker to determine the percentage of LNAPL in the
recovered liquid volume

Install and observe the digital manometer on the outer observation wells to determine if the
selected EW induced vacuum is in vacuum communication with the outer observation wells.
Gauge the outer wells to determine the GW drawdown.

Record the data at a selected interval of time.

Operate the AcuVac System in such a manner that all well vapors are passed through the engine
and catalytic converters, to destruct the contaminants and exhausted, to meet air emission
standards. Comply with all security and safety regulations.

Complete the tests by providing a report consisting of operating and analytical data, projection of
SVE radius of influence (ROI), the IHG ROl and the collected volumes of GW and LNAPL.

CONDITIONS AFFECTING PILOT TESTS

*,
[ x4

Generally, a decreasing barometric pressure resuits in increased well pressures (decreased
vacuums) on those wells plugged and sealed at the TOC, while an increasing barometric
pressure results in increased well vacuums. This is the function of GW levels increasing and
decreasing. There are many variables that can affect Pilot Test data, but barometric
pressure fluctuations have the most immediate and profound effect. This assumes that SVE
short-circuiting is not a factor.

To offset the induced vacuum/pressure as a result of GW depression or upwelling in the outer
monitoring wells, the wells are vented periodically to atmosphere and then re-plugged prior to
recording data at select intervals. The potential for increased vacuum or pressure as a result of
in/decreasing GW levels will be minimized. GW depression surrounding an outer observation well
will result in an induced vacuum not associated with the induced vacuum created in the EW.
Likewise, GW mounding will create the opposite effect creating well pressures.



TEST #MDP-1
WALSTADD 66
LOVINGTON, NM
JULY 12, 2015

PRE-TEST FUNCTIONS - PILOT TEST #MDP-1

Prior to starting the MDP test with GW Extraction, all systems were checked for normal and safe
operation. The DTGW/DTLNAPL, barometric and absolute pressure and ambient air temperature were
recorded. The hydro equivalent (HE) was calculated. Based upon the HE, the GW pump inlet was set at
65 ft below the top of the well casing. The pump hose was then connected to the total volume meter. The
discharge hose was connected to the on-site 3,000 gal liquid collection tank truck. Each magnehelic
gauge was checked and calibrated to zero. The outer monitoring wells were plugged with expandable
well piugs designed to accept a digital manometer. Static well data and the atmospheric effect on the
outer wells were recorded prior to engaging the AcuVac System. The propane tank fuel level was
recorded so that accurate fuel consumption could be estimated for the total test period. All safety checks
were performed on the Systems. (See list of Attached Schedules and Figures, Page 11.)

DISCUSSION OF DATA - TEST #MDP-1

Test #MDP-1, with vacuum and GW/LNAPL extraction, was an 8.6 hour MDP test including static well
data, conducted from well A-1 as the EW. immediately prior to starting the test, the selected outer
monitoring wells were recording zero vacuums. The general weather conditions were clear and cool. At
the start of the MDP test, the EW induced vacuum was set at 40"H,0, with an initial well vapor flow of
12.19 scfm. The data probe static reading was 7.5 ft, immediately decreasing to 2.0 ft when the GW pump
was engaged. Based upon the data probe, it was determined that a constant drawdown creating a GW
depression (GWD) of approximately 5.5 ft below HE static level would be appropriate for this test (see
Table #1A). The initial GW pump rate was set at 3.5 gpm to achieve the selected GWD and then
remained constant for 2.0 hours. The GWD and related GW pump rate are monitored constantly
throughout the test and recorded every 30 minutes. Table #1A summarizes the GWD, GW pump rate and
the drawdown in the EW and Table #1B summarizes the GWD in the outer observation wells.

During the first 2.0 hours of the test, the EW induced vacuum remained constant at 40"H,0 with a well
vapor flow of 12.19 scfm. Outer well W-2, which is located 16.2 ft from the EW, immediately recorded a
well vacuum increasing from 0 to 0.07"H,0 and continued on an increasing trend during the test period to
0.88"H,0. Outer wells W-1 and W-3 which are located 25.8 and 38.3 ft from the EW, recorded a slight
increasing vacuum level and then continued on a slight increasing vacuum trend to 0.36 and 0.17"H,0.
The ambient air temperature increased from 72.4 to 79.6°F and the barometric pressure was mostly
steady at 30.10"Hg. The GW depression averaged 5.5 ft below static level. The total collected liquid
volume was 420 gals and 38.9 gals of liquid LNAPL were observed on the collected GW.



EXTRACTION WELL A-1
OPERATING DATA TEST #MDP-1

Table #1A
Location: Walstadd 66, Lovington, NM
EW EW
A-1 DTGW GWD GWR Total Volume Vacuum
Project Date 07/12/2015 ft ft gpm gal "H,0
IIWell Data
TD 75.0 - - - -
Screen 45.0-75.0 - - - -
Well Size 4.0 - - - -
DTGW 0715 hrs 64.08 - - - -
DTGW Hydro Equivalent 59.14 - - - -
DTLNAPL 0715 hrs 57.40 - - - -
LNAPL 0715 hrs 6.68 - - - -
Drawdown Data
Data Probe 0730 hrs  Start 7.50 - - - -
Data Probe 0800 hrs 2.00 -5.50 3.50 105 40
Data Probe 0830 hrs 2.00 -5.50 3.50 210 40
Data Probe 0900 hrs 2.00 -5.50 3.50 315 40
Data Probe 0930 hrs 2.00 -5.50 3.50 420 40
Data Probe 1000 hrs 2.00 -5.50 4.30 549 60
Data Probe 1030 hrs 2.00 -5.50 4.30 678 60
Data Probe 1100 hrs 2.00 -5.50 4.30 807 60
Data Probe 1130 hrs 2.00 -5.50 4.30 936 60
Data Probe 1200 hrs 2.00 -5.50 4.30 1065 60
Data Probe 1230 hrs 2.00 -5.50 4.30 1194 60
Data Probe 1300 hrs 2.00 -5.50 4.30 1323 60
Data Probe 1330 hrs 2.00 -5.50 4.60 1460 75
Data Probe 1400 hrs 2.00 -5.50 4.60 1598 75
Data Probe 1430 hrs 2.00 -5.50 4.60 1736 75
Data Probe 1500 hrs 2.00 -5.50 5.20 1892 90
Data Probe 1530 hrs  Stop 2.00 -5.50 5.20 2048 90
Data Probe 1600 hrs  Static 7.46 -0.04 0.00 - -
DTGW 1600 hrs 61.65 - - - -
DTGW Hydro Equivalent 61.64 - - - -
DTLNAPL 1600 hrs 61.61 - - - -
LNAPL 1600 hrs 0.04 - - - -
Average GW Depression - -5.50 - - -




OBSERVATION WELLS
INDUCED HYDRAULIC GRADIENT DATA

TEST #MDP-1
TABLE #1B
ILocation: Walstadd 66, Lovingﬁm, NM
Project Date 07/12/2015 W-2 W-1 W-3
IWell Data
TD 75.0 80.0 75.0
Screen 50.0-70.0 50.0-70.0 50.0-70.0
Well Size in 4.0 4.0 4.0
Change in Change in Change in | GW Pump
DTGW GWD DTGW GWD DTGW GWD Rate
ft ft ft ft ft ft gpm
Static/Start Data
DTGW 0730 hrs ft 63.92 64.62 63.81 3.50
DTGW Hydro Equivalent ft 58.87 0 59.84 0 58.94 0
DTLNAPL 0730 hrs ft 57.10 58.16 57.23
LNAPL 0730 hrs ft 6.82 6.46 6.58
Drawdown Data
DTGW 1030 hrs ft 64.13 64.82 63.87 4.30
DTGW Hydro Equivalent ft 58.99 -0.11 59.91 -0.07 58.97 -0.03
DTLNAPL 1030 hrs ft 57.18 58.19 57.25
LNAPL 1030 hrs ft 6.95 6.63 6.62
Drawdown Data
DTGW 1330 hrs ft 64.81 65.28 64.08 4.60
DTGW Hydro Equivalent ft 59.46 -0.59 60.16 -0.32 58.14 -0.20
DTLNAPL 1330 hrs ft 57.58 58.36 57.41
LNAPL 1330 hrs ft 7.23 6.92 6.67
Drawdown Data
DTGW 1530 hrs ft 64.91 65.38 64.21 5.20
DTGW Hydro Equivalent ft 59.53 -0.66 60.21 -0.37 59.18 -0.24
DTLNAPL 15630 hrs ft 57.64 58.39 57.41
LNAPL 1530 hrs ft 7.27 6.99 6.80
Maximum Drawdown ft -0.66 -0.37 -0.24
Distance From EW 16.2 25.8 38.3

Specific Gravity .74




HORIBA® analytical data indicated the two influent vapor samples taken from the EW had HC
concentrations of 76,990 and 74,020 ppmv, with CO, at 4.72 and 5. 12%, CO at 3.82 and 3.09%, O, at6.8
and 6.1% and H,S at 0 ppm. The propane flow to the IC engine averaged 0 cfh, with a well flow of 12.19
scfm. The influent vapors were supplying 100% of the IC engine required fuel. The HC levels were within
the mid to high range normally found in soil gas samples collected from an area contaminated with

weathered gasoline.

At test hour 2.0, the test continued with the induced vacuum increased to 60"H,0 and a well flow
of 19.88 scfm. The test period was 3.5 hours with the EW induced vacuum and well flow remaining
steady. Outer well W-2 continued on an increasing vacuum trend to 1.14"H,0 in response to the EW
vacuum increase and then developed a slight decreasing trend when the barometric pressure decreased.
Outer wells W-1 and W-3 recorded an increased vacuum trend to 0.43 and 0.15"H,0 and then decreased
to 0.38 and 0.12"H,0. The GW pump rate increased to 4.30 gpm and remained steady during this test
period. The collected volume was 903 gals which brings the total to 1,323 gals, with a GW depression
average of 5.5 ft. The ambient air temperature increased to 91.8°F and the barometric pressure
decreased from 30.10 to 30.07"Hg. The influent vapor temperature increased to 71°F. A total LNAPL
volume of 14.4 gals was observed on the collected GW.

Additional HORIBA® analytical data indicated the influent vapor samples recorded HC levels of 71,750,
68,490 and 61,890 ppmv, with CO, at 4.60, 5.24 and 5.12%, CO at 2.37, 2.55 and 1.88%, O, at 5.8, 6.4
and 8.3% and H,S at 0 ppm. The influent vapors continued to supply 100% of the IC engine’s fuel and the
TPH levels continued to be within the range of weathered gasoline vapors.

At test hour 5.5, the test continued with the induced vacuum increased to 75"H,0, and a vapor
well flow of 21.34 scfm. The test period was 1.5 hours with the EW vacuum and well flow remaining
steady. The outer observation wells, W-2, W-1 and W-3, immediately recorded increased vacuum levels
for 1.0 hour, and then developed a decreasing trend as the barometric pressure continued to decrease
This is an excellent example of the effect of barometric pressure oscillations on the vacuum/pressures
observed on the outer observation wells. The average GW drawdown in the EW was 5.5 ft. A drawdown
of 0.59 ft was recorded in W-2, 0.32 ft in W-1 and 0.2 ft in W-3. The GW pump rate averaged 4.60 gpm
with a collected volume 413 gals. The total collected volume increased to 1,736 gals and 7.6 gals of
liquid LNAPL was observed on the GW. The ambient air temperature increased from 91.8 to 93.3°F
and the barometric pressure decreased from 30.07 to 30.04"Hg.

Additional HORIBA® analytical data indicated the influent vapor samples recorded a HC level of 61,720
ppmv, with CO, at 5.20%, CO at 1.75%, O, at 8.7% and H,S at 0 ppmv. The influent vapors continued to
supply 100% of the IC engine's fuel. Although the HORIBA® Analyzer has been proven to be reasonably
accurate compared to laboratory analysis of influent vapors, projections should be based on analytical
results from a Certified Testing Laboratory qualified to conduct tests on air emission sampies.



At test hour 7.0, the test continued with the induced vacuum increased to 90"H,0 and a vapor well
flow of 27.95 scfm. The test period was 1.0 hour with the EW vacuum and well flow remaining steady.
Outer observation well W-2 recorded an increased vacuum level from 1.10 to 1.23"H,0 and continued to
increase to 1.54"H,0 during the test period. Outer well W-1 recorded an increasing vacuum ranging from
0.37 to a maximum of 0.60"H,0 and well W-3 recorded an increase from 0.09 to 0.20"H,0. The average
GW drawdown in the EW was 5.5 ft. A maximum drawdown of 0.66 ft was recorded in W-2, 0.37 ft in W-1
and 0.24 ft in W-3. This was the maximum recorded drawdown before any required well vacuum
adjustments resuiting from the decreasing barometric pressure. The GW pump rate averaged 5.2 gpm
with a collected volume of 312 gals. The total collected volume increased to 2,048 gals and 6.2 gals of
liquid LNAPL was observed on the GW. The ambient air temperature increased from 95.3 to 96.1°F
and the barometric pressure decreased from 30.04 to 30.02"Hg.

Immediately before the conclusion of this test period, the outer observation wells were gauged. The

gauging data is included on Table #18B.

RADIUS OF INFLUENCE & INDUCED HYDRAULIC GRADIENT

Figure #1A indicates that the effective vacuum radius of influence from Test #MDP-1 with
groundwater extraction (GWE) would be from 25.91 to 32.64 ft, with extraction well flow of 22.0 to
24.0 scfm and extraction welli vacuum in the 80 to 85"H.0 range. An approximation of the radius of
influence may be obtained by determining the point at which the measured vacuum is 0.50 to 0.70"H,O.
It is assumed that beyond the lower point, the pressure gradient (driving force) is negligible to effectively
transport vaporized contaminants to the extraction well. Under continuous operation, vacuum and
radius of influence will most likely continue to increase horizontally and vertically.

Figure #1B indicates that the effective vacuum radius of influence from Test #MDP-1 with
groundwater extraction (GWE) would be from 22.02 to 24.53 ft, with extraction weifl flow of 22.0 to
24.0 scfm and extraction well vacuum in the 80 to 85"H20 range. An approximation of the radius of
influence may be obtained by determining the point at which the measured vacuum is 0.75 to 0.85"H,0
or approximately 1.0% of the EW induced vacuum. It is assumed that beyond the lower point, the
pressure gradient (driving force) is negligible to effectively transport vaporized contaminants to the
extraction well. Under continuous operation, vacuum and radius of influence will most likely
continue to increase horizontally and vertically.

Figure #2 indicates that the effective induced hydraulic gradient from Test #MDP-1 with vacuum
and groundwater extraction would be greater than approximately 31.0 ft, with a pump rate of 4.0 to
4.3 gpm. An approximation of the radius of influence may be obtained by determining the point at which
the measured GW level effect on the outer wells is greater than 0.30 ft. At the point at which the
measured GW level effect on the outer wells is greater than 0.20 ft, the effective induced hydraulic
gradient with vacuum would be greater than approximately 46 ft. Under continuous operation, the
gradient effect of the GW pump rate and depression may cover a larger area.



The effective vacuum radius of influence is based on caiculations and equations using a software
program of which data was provided from an extensive database collected by AcuVac over a period of
years. Each projection is based on the test data and site parameters, and takes into consideration such
variables as barometric pressure oscillations and gauge error. Although we cannot provide total
assurance of accuracy, past experience and resuits have proven these projections to be well within the

acceptable range of accuracy.

PRODUCT RECOVERY

A total liquid volume of 2,048 gals were recovered during the test of which 3.11% or 63.64 gals
was liquid gasoline. A calculated volume of 22.63 gals of gasoline contaminant were removed as
part of the influent vapors and were burned as IC engine fuel bringing the total gasoline recovery

to 86.27 gals or an average of 10.78 gals/hr.

GROUNDWATER RECOVERY
GW recovery was monitored in well A-1 for 30 minutes after the vacuum had ceased. The GW recovery
was recorded with the interface meter. In 30 minutes, the recovery for A-1 was equal to 54.5% based on

the hydro equivaient.

EMISSION DATA

During this Pilot Test, HORIBA® data indicated that the influent vapors had an average hydrocarbon level
(TPH) of 69,142 ppmv. Laboratory analysis of influent vapor samples from previous pilot tests indicated
that those vapor samples had a benzene level of approximately 2.0% of the 69,142 ppmv. Using an
average well flow of 18.83 scfm from this extended test, the calculated emissions from one extraction
well without vapor treatment were as follows:

n
n

17.7 Ibs/hr
0.35 Ibs/hr

HC
Benzene

42.5 Ibs/day
8.5 Ibs/day

ADDITIONAL INFORMATION
The HORIBA® analytical instrument is calibrated with Hexane and CO,. One sample was collected for

laboratory analysis.

The formula used to calculate the emission rate is:
ER = HC (ppmv) x MW (Hexane) x Flow Rate (scfm) x 1.58E-7 (min)(lb mole} = Ibs/hr
(hr)(ppmv)(ft®)

To calculate MDP well placement, the equation we use is as follows:
L= 2 ROI Cos 30° (L = distance between wells, ROI = radius of influence)



Ali other data, including the groundwater depth, well placement, extraction well screened intervals,
induced vacuum and vapor well flow and liquid recovery rate, must be considered in the final design for a
Corrective Action Plan (CAP).

Static (baseline) data, recorded 0.5 hours after the conclusion of the test, indicates that W-1 was
recording a pressure of 0.19"H,0, W-1 was recording a well pressure of 0.15"H,0 and W-3 was recording
a well pressure of 0.17"H,0. The well pressure was the result of the decreasing barometric pressure.

The test provided excellent data to use in the calculation and projection of an SVE vacuum radius
of influence and excellent data to project an induced hydraulic gradient.

CONCLUSION

Pilot Tests are conducted to provide information on short term tests that can be projected into long term
remedial plans. These feasibility tests indicated that Mobile Dual Phase Extraction (MDP) with
groundwater depression should provide an excellent method of remediation for this facility. Aithough the
observed vacuum of the most distant outer monitoring well was moderately low, the duration of the pilot
tests was short compared to continuous operation. However, the tests results provided excellent data
to project that wells W-2, W-1 and W-3 were in vacuum communication with the selected
extraction well. The vacuum radius of influence defines the region within which the vapor in the vadose
zone flows to the extraction well under the influence of a vacuum. The radius of influence depends on the
soil properties of the vented zone, properties of surrounding soil layers, the depth at which the well is
screened, well installation and the presence of any impermeable boundaries such as the water table, clay
layers, surface seal, building basements and the presence of such areas as tank pits with backfill and
underground utilities. The induced hydraulic gradient (IHG) defines the region within which a
selected GW depression is recorded in the outer monitoring wells. The IHG depends on the
hydraulic properties of the underlying sub-surface, aquifer characteristics and the effect of the induced
vacuum on specific yields.

SUMMARY AND OBSERVATIONS - TEST #MDP-1

<» Based on the recorded test data, the sub-surface medium is most likely isotropic.

% Due to the age of the contaminant, the recovered gasoline may contain tetraethyl lead.

< An average induced vacuum of 60.3"H,0O was required to produce an average well vapor flow of

18.83 scfm. The ratio of the average EW induced vacuum to the EW well flow was 3.21:1.

< The average well flow per foot of EW weli screen was 0.96 scfm with a maximum of 1.42 scfm.

< The GW pump rate was increased to provide a sufficient GW depression when the EW induced
vacuum was increased. The average GW pump rate was 4.22 gpm with a maximum of 5.20 gpm.
During each increase of the induced vacuum, outer observation wells W-2, W-1 and W-3
recorded increased vacuum levels. Additionally, GW drawdown in the observation wells

continued to decrease during the test period.



% The average maximum percent of induced vacuum observed in outer observation wells W-2 at
16.2 ft was 1.74-2.30%, W-1 at 25.8 ft was 0.66-0.95% and W-3 was 0.25-0.50%

< The HC levels recorded during the test period were within the range normally associated with
soil gas samples taken from an area that is highly saturated with weathered gasoline.

# The test provided excellent data for the calculation and projection of a vacuum radius of
influence, excellent data for the projection of an induced hydraulic gradient and excellent
data to support the collection and removal of liquid and vapor phase gasoline with Dual
Phase Recovery.

<+ SVE without GW extraction would not be an effective remediation option at this site. The
higher vacuums would result in GW upwelling in the EW which may cover the well screen

and render the SVE ineffective.

ATTACHED SCHEDULES AND FIGURES

Schedule A: Summary of Data

Schedule B: Graphic Summary of Data

Figure #1A. Plot of Observed Vacuum vs Distance at the Facility (ROI) at 0.75% of Induced Vacuum
Figure #1B: Plot of Observed Vacuum vs Distance at the Facility (ROl) at 1.00% of Induced Vacuum
Figure #2:  Plot of Recorded GW Induced Hydraulic Gradient vs Distance at the Facility (ROI)

Additional Information (this should be read as part of the report):
< Field Operating Data and Notes — Test #MDP-1
«<» Site Photographs

Once you have reviewed the report, please call me if you have any questions.

Sincerely,
ACUVAC REMEDIATION, LLC

SosdaT

James E. Sadler,
VP Engineering/Environmental

cc: Paul Faucher



A
ACFM
Al (AS)
BGL
BGS
BP
BTOC
CFH
DNAPL
DPVE
DTGW
DTPSH
DT
EVR
EW
GW
GWD
GWE
GWUP
HC
"H20
"Hg
IHG

LNAPL
MDP
NAPL

ROI
RPM
SCFM
SVE
TD
QT

VEGE
VER

Attachment A
Acronyms and Definitions

Annulus - the space between the pipes and lines in the extraction well and the outer casing
Actual Cubic Feet Per Minute

Air Injection (Sparging) the mass transfer of Oz from air to groundwater
Below Ground Level

Below Ground Surface

Barometric Pressure (Atmospheric Pressure)

Below Top of Casing

Cubic Feet Per Hour

Dense Non-Aqueous Petroleum Liquid

Dual Phase Vacuum Extraction

Depth to Groundwater

Depth to Phase Separated Hydrocarbons/NAPL

Drop Tube

Enhanced Vacuum Recovery, also referred to as SVE/GWD
Extraction Well

Groundwater

Groundwater Depression

Groundwater Extraction

Groundwater Upwelling

Hydrocarbon Concentration (Petroleum-TPH)

Inches of Water

Inches of Mercury

Induced Hydraulic Gradient

Induced Vacuum, normally from a vacuum pump connected to the extraction well or
vapor recovery well

Light Non-Aqueous Petroleum Liquids

Mobile Dual Phase

Non-Aqueous Petroleum Liquids

Pressure, the existence of above atmospheric pressure
Radius of Influence

Revolutions Per Minute

Standard Cubic Feet Per Minute

Soil Vacuum Extraction

Total Depth

Quick Test, a short duration SVE Test

Vacuum, the existence of below atmospheric pressure
Vacuum Enhanced Groundwater Extraction

Vacuum Enhanced Recovery

Vapor Extraction Weill

Vapor Well Flow

Well Vapor Flow



AcuVac Remediation, LLC SCHEDULE A Walstadd 66

Page 1 Test # MDP-1 Lovington, NM
July 12, 2015
DATA ELEMENT
71212015 Static Start
7:25 7:30 8:00 8:30 9:00 9:30 10:00
Influent Vapor Data
Horiba HC ppmv ND ND 76,990 ND 74,020 ND 71,750
Horiba CO,% ND ND 4.72 ND 5.12 ND 4.60
Horiba CO% ND ND 3.82 ND 3.09 ND 2.37
Lumidor O,% ND ND 6.8 ND 6.1 ND 5.8
Lumidor H,S ppm ND ND 0 ND 0 ND 0
Influent Vapor Temp °F OFF 69.0 69.0 69.0 69.0 70.0 70.0
Atmospheric Conditions
Barometric 30.10 30.10 30.10 30.09 30.09 30.10 30.09
Pressure "Hg
Absolute 26.09 26.09 26.09 26.08 26.08 26.09 26.08
Pressure "Hg
Groundwater Data
Sundwaiss OFF 3.50 3.50 3.50 3.50 3.50 430
Pump Rate (gpm)
Total Liquid Vol (gal) 0 0 105 210 316 420 549

Extraction Well Data - Well A-1

Flow SCFM OFF 12.19 12.19 12.19 12.19 12.19 19.88
Vacuum "H,0 OFF 40.0 40.0 40.0 40.0 40.0 60.0
Well Vapor Fiow

SCFM ! 1,0 OFF 0.30 0.30 0.30 0.30 0.30 0.33
Well Vapor Flow OFF 0.621 0.621 0.621 0.621 0.621 1.013

SCFM / ft Well Screen
Observation Well Data - Vacuum "H,0

Well W-2

Dist 16.2 ft 0.00 0.07 0.86 0.88 0.92 0.88 1.07
Well W-1
Dist. 25.8 ft 0.00 0.05 0.31 0.37 0.38 0.36 0.38
Well W-3
Dist. 38.3 ft 0.00 0.02 0.13 0.17 0.20 017 0.14

() Indicates Well Pressure
ND - No Recorded Data



AcuVac Remediation, LLC SCHEDULE A Wallstadd 66

Page 2 Test # MDP-1 Lovington, NM
July 12, 2015
DATA ELEMENT
7/12/2015
10:30 11:00 11:30 12:00 12:30 13:00 13:30
Influent Vapor Data
Horiba HC ppmv ND 68,490 ND ND ND 61,880 ND
Horiba CO,% ND 5.24 ND ND ND 5.12 ND
Horiba CO% ND 2.55 ND ND ND 1.88 ND
Lumidor O,% ND 6.4 ND ND ND 8.3 ND
Lumidor H,S ppm ND 0 ND ND ND 0 ND
Influent Vapor Temp °F 70.0 70.0 71.0 71.0 71.0 71.0 71.0

/Atmospheric Conditions

Barometric

- 30.09 30.09 30.09 30.08 30.08 30.07 30.06
Pressure "Hg
ADSOIUICH 26.08 26.08 26.08 26.07 26.08 26.07 26.06
Pressure "Hg
Groundwater Data
(€ PELET 4.30 4.30 4.30 430 4.30 430 4.60
Pump Rate (gpm)
Total Liquid Vol (gal) 678 807 936 1,065 1,194 1,323 1,460

Extraction Well Data - Well A-1

Flow SCFM 19.88 19.88 19.88 19.88 19.88 19.88 21.34

Vacuum "H,O 60.0 60.0 60.0 60.0 60.0 60.0 75.0

Well Vapor Flow
SCFM/"H,0 0.33 0.33 0.33 0.33 0.33 0.33 0.28

Well Vapor Flow
SCFM/ ft Well Screen

Observation Well Data - Vacuum "H,O

1.013 1.013 1.013 1.013 1.013 1.013 1.087

Well W-2
Dist. 16.2 ft 1.09 1.14 1.13 1.12 113 1.10 1.14
Well W-1
Dist. 25.8 ft 0.42 0.42 0.41 0.42 0.43 0.38 0.43
Well W-3
Dist. 38.3 ft 0.16 0.16 0.15 0.14 0.15 0.12 0.14

() Indicates Well Pressure
ND - No Recorded Data



AcuVac Remediation, LLC SCHEDULE A Walstadd 66
Page 3 T Lovington, NM
est # MDP-1 :
July 12, 2015
DATA ELEMENT
7/12/2015 End Static 8 Hrs
14:00 14:30 15:00 15:30 16:00 Average | Maximum
Influent Vapor Data
Horiba HC ppmv ND ND 61,720 ND ND 69,142 76,990
Horiba CO,% ND ND 5.20 ND ND 5.00 5.24
Horiba CO% ND ND 1.75 ND ND 2,58 3.82
Lumidor O,% ND ND 8.7 ND ND 7.0 8.7
Lumidor H,S ppm ND ND 0 ND ND 0 0
Influent Vapor Temp °F 71 71 7 72 OFF 70 72
[Atmospheric Conditions
Barometric 30.06 30.04 30.02 30.02 30.02 30.08 30.10
Pressure "Hg
Absolute 26.05 26.04 26.02 26.02 26.02 26.07 26.09
Pressure "Hg
Groundwater Data
Groundwater
Pump Rate (gpm) 4.60 4.60 5.20 5.20 OFF 4.22 5.20
Total Liquid Vol (ga!) 1,598 1,736 1,892 2,048 - - -
Extraction Well Data - Well A-1
Flow SCFM 21.34 21.34 27.95 27.95 OFF 18.83 27.95
Vacuum "H,0 75.0 75.0 90.0 90.0 OFF 60.3 90.0
Well Vapor Flow
SCFM/ "H,0 0.28 0.28 0.31 0.31 OFF 0.31 0.33
Well Vapor Flow
SCEM / ft Well Screen 1.087 1.087 1.423 1.423 OFF 0.960 1.420
Observation Well Data - Vacuum "H,0
Well W-2
Dist. 16.2 ft 1.14 1.10 1.23 1.54 (0.19) 0.97 1.54
Well W-1
Dist. 25.8 ft 0.43 0.37 0.43 0.60 (0.15) 0.37 0.60
Well W-3
Dist. 38.3 ft 0.14 0.09 0.15 0.20 (0.17) 0.14 0.20

() Indicates Well Pressure
ND - No Recorded Data




AcuVac Remediation, LLC

Page 1a

SCHEDULE B
Summary of TEST # MDP-1
Atmospheric Conditions

Walstadd 66
Lovington, NM
July 12, 2015
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AcuVac Remediation, LLC
Page 1b

SCHEDULE B
Summary of TEST # MDP-1
Atmospheric Conditions

Walstadd 66
Lovington, NM
July 12, 2015
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AcuVac Remediation LLC SCHEDULE B Walstadd 66
Gegellc Summary of ACUVAC TEST # MDP-1 th‘l';;'a‘g"é;“g
Recorded Well Vacuums and/or (Pressures) .
Induced Well Vacuum
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@ ACUVAC
OPERATING DATA - PILOT TEST # 1 PAGE # | MOBILE DUAL PHASE SYSTEM
Location: Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: ‘7.;’) - - . — -
Parameters Time Time Time Time Time Time
0725 | 0730 o800 | OF3 | oFoe | OK30
Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
wellg A=\ 72194 | 7280.0 | 7280.5 (7380 | 72815 |80
R.P.M. 1000 | 2200 oo Jloo d2c0 | 9200
§ Oil Pressure psi S 50 So So 59 50
S Water Temp °F 156 16D 1Co 6o leo {60
2 Vo 3.5 | /40 | 4= | 14D | (¢0 | I4s
g Intake Vacuum "Hg [ |8 (8 (K=} 12 £
Gas Flow Fuel/Propane cfh oo (o) [ o) ) P o
GW Pump ON/OFF | p&f on o o8 60 av
g Extraction Well Flow sim | o | 120G | (AR | 1304 | 14 g
E o | Extraction Well Vec. "H0 | &FF 4p ac 46 4o 46
-
S :5: Pump Rate galsmin | (x| 3.50 | &so 3.2 | 3.50 | 3.50
é g Total Volume gals = = (05 210 3!5 476
E % Influent Vapor Temp. °F - -9 9 «q 6«9 70
S % Air Temp °F 7«;,3 7).4 74.¢ 758 T z.‘, 1956
é Barometric Pressure Hg | 30.10 300 | Jo.10 | 2002 | 3004 | 3049
Absolute Pressure "Hg | 26.09 16.09 26069 36,08 26 .0% ;G-Oq
Ge)  W-a HO| o 07 8¢ .88 .42 LR3I
£ @s8)  w-) "HO | ® o5 | 31 37 38 36
5 |Ge) w-3 "HO| 8 o | .13 AT Dok
: 0
j "HZO
=
z "HZO \)
S : :
& H:0 'y
z 2]
g "Hz0
"H20
IIHZO
NAPL % Vol
o] — | = lisefieq [as /16 |52 /s | 4o[tn
8 Data Logger/pml,e_ ft 7.5 20 a0 20 *0 A.0
) /5.8 -
% Depth of GW Depression ft O hAE 5.3 -6.5 ~5. 5 -S., 5 -5,
= Extraction Well DTNAPL | §7 40
Extraction Well DTGW | ,4.0Q
() Indicates Well Pressure é:é 8 TFORMS/TestForms/1210010
HE = 59./4

S&=.74



@ OPERATING DATA - MDP PILOT TEST #1 PAGE# | MOBILE DUAL ::AUS‘;EASCYSTEM
Location:  Walstadd 66 Lovington, NM Project Managers: Sadler/Faucher
Date 7-12(¢§ - -
Time 6 RoO 0 400
| Instrument HORIBA HORIBA HORIBA HORIBA HORIBA HORIBA
g [Weio A-| A -\
£ | v | 7e,4¢0 | 14010
3 | % 432 5,12
g | %| 322 3.0¢
g 0 % 6.8 6. |
Z | HaS % O D
0 600 D\rrl'ueco c \oc.mgn‘or\ - 00;\5\-:0«\(1 maf 5q.deu.¢ neov weld MN-L a3
Mo escdraciin well. Mpbilized e.qu’nmc.:’( Operned seleckd wellc -recondd
decdonces “qongcb wells- Tustall Xu-\&-(r(u..g P and) Avo\oc;w Euw. 71044«0 oute
o\oscwva‘nw\ (weflls — Conneded LuaPL ‘C-(Q &\scknuqc (mc 4o Ub(uvw!_ mesker
e shrdbia dadedvpele - Sefedy checks . adl ot ~colibroled mstrwmake
oS | Pewdsd s\o-(":e(basc\\'m) dats ~ald oA wells @ &Y re ~Flurmp inlet e 650 o7k
o130 | STt _mee-1- Talald EW mduced vcaow = 40 K0, WVF =2 12.145fw
G(D_lse“nﬂ vole : 3. 5‘1,&# BN poter wetds recodad slahd inevosed Uceuaon (evels
0800 | flacoedsd doto: BP ~ DUl oukey wuelds on mweuq veeutus Swed - dw L
=D S:,pw . C,wt) -35,5 4 ‘(U«'C—lb\"i Luadl vecoocu, \ lropae @ O <{h
Homsn ORTA uc- 76,420 ppuv CO» 2 AP - CO ‘581} O0+26.83 %
O 830 | acerdod Aots' BP § Oogtr welle candinve on o S\qh\- ineveasing romd
G b2 35qpm LNADL recoveay e @ 55% = s. Beals
400 | Homsa pwzn e T 714,050 Mmu‘ Cor: 50274 Co> 3 0473* NEENEA 4
flacordod dote BO- Qi ouker wells ccmtmveon an Mev@siug  UOROU M
-(»vc,.uo ~GW - 35{9(/\» CyY = ~55H - quu,'wo Lua?l e 4 %
0430 Peeodod Lot ﬁPf Duter wells vecording o 5‘\4\\& DocsEssive) YocwOu1
Feend - LPOPLO3 Y CWI 7 3.5q0w - WAl Uoman cd) YW F Sheody
Ipc.mnxn EW (ndoead = (490“['(;*0 , WVE= (1.8 s efnn . 6LL-3 -
4,341!]“ - Fw vole (ncesse neecstaes o manlain [Z78%)5) g___;.S‘f"k‘

TFORMS/ Test Forms/1210007



@ ACUVAC
OPERATING DATA - PILOT TEST # 1 PAGE # A MOBILE DUA_IM% .
Location: Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: (LS - = — - -
Parameters Time Time Time Time Time Time
1000 | 1030 oo 120 {260 | 1230
Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
well# - | 1282572230 |7283.S | 12840 | 7284.S | 22 BsS0
RP.M. 2300 | 2200 | 3300 | Beo | Jloe | 2302
g Oil Pressure psi 56 50 50 5o 50 50
S Water Temp °F | 165 1G5 {70 170 116 l70
é Volts /4.0 /4o 14.0 14.0 14 /4.0
‘%’ Intake Vacuum "Hg (7 {7 (7 l? 17 (1
Gas Flow Fuel/Propane ch] O D) O 0 o) (&)
GW Pump ON/OFF | om o oV | oP 6w o
;5: Extraction Well Flow scfim | (4.2 | ({.28 1923 | 4.8 | (£.88 | (9.88
E o | Extraction Well Vac. "H:0 | ©O A3 Go &0 6o o
§ % Pump Rate gals/min | 4.36 4.20 4.30 430 4‘30 430
E g Total Volume gals Sq-‘i 61% BROT 4306 l065 ”44_
E g Influent Vapor Temp. SE. 70 70 70 71 ya! 1 ‘
8 = 1 air Temp °F 0.3 82.7 240 84‘(9 8 7-( 404
é Barometric Pressure H | 2004 | 200% | 3009 | 30609 | 3008 | 3009
Absolute Pressure "Hg (2605 | 26.0° 20D | 260D | 26.07 | 20D
W= "o | (.07 | .04 (4 [,13 [ ) .3
W ~ | "wo | 38 2N 4% | Y A | 4
=
5 w-3 'Ho | 14 b A6 | a3 A4 | S
2 "H:0
>
o "H:0
=
z "H,0
-1
= "H:0
z :
s H0
"H20
"H:0 )
NAPL % Vol
Gals 3(05'3\ qu/.,’,L.D lco/,,z y l,S/lo llSﬁq /(S/l.q
3 messﬂ]ﬁ»ln 20| 20 2.0 | R0 Fo | 20
% Depth of GW Depression ft 258 4 -5.5 -5.5 -85 < g -5 5
= | Extraction Well DTNAPL
Extraction Well DTGW

( ) Indicates Well Pressure
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@ OPERATING DATA - MDP PILOT TEST #1 PAGE #- MOBILE DUAL PAISAUS‘;ZASCYSTEM
Location: Walstadd 66 Lovington, NM Project Managers: Sadler/Faucher
Date 713715 - -
Time { bep NOQ
| Instrument HORIBA HORIBA HORIBA HORIBA HORIBA HORIBA
é Well No. A- A
e M v ) 71,750 | 68440
5 | % 460 | 524
g | %237 | 2485
g% 2= &4
> | H:S % O 1)
1000 l{orion baTA Ke- 7/,750”,”‘,@;.’46072 t 02277} -Os ‘—SBZJ
Racondad data' 6 § Outee well W->, reconliva cn inercosed) sacuum
lesel iu respmse o e EW £ othar s, maa\-(— steade, - Gz 43
qpm - EW yocounw QGO ‘Kl WY Er (4.88seke Lvanca (5%
(030 (»q“o o wells- TUE on slqht dscewin Am.&
Rocesdled Sata’ BP— Ouler wels Coniiuiig g o5 mem
U auws 43,_@& Qwo-—s'cfaﬁq e 4—-qu - LwuapC o ¥, o7
({oO (leoedsd Lata’ P — Ouder cye¥ W 1 ﬁ\cq\c&— fnerwse, e $wo
welle  sleady, — Rore-Luare @ 5% of valowe
HoLion Darw: e =68, 4% gy, COr= 52428 Co-2.552Y 0.2¢ 4%
(30 | (leodol) Al (P 5 Ouder u&&ﬂ,ﬁﬁr@&%—
£(Cabt Dpercociin uoesurenttend - GUM -4 age: Linice (5%
1200 | Recorled date’ BP§ -Ouder wetts n\o-;-(-h.\ 34-.-4&... sliqhé fncrese/
Jecveores « Lwe slody € 43qm. LbPL siq..iq @ 1S 7 -6up=-Ss)
1330 (2.”&.& dste’ BP— Outer welly mostly sxcahq wikdn s light
\neveoses - LR = 3o L0APL=(5% G0 ssfe
TFORMS/ Test Forms/1 210007



@ ACUVAC
OPERATING DATA - PILOT TEST # 1 PAGE # 3 MOBILE DUAL PHASE SYSTEM
Location: Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: 17- 12-1% — o = =
Parameters Time Time Time Time Time Time
(300 1336 1400 (43D |50 | 1830
Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
well# -1 7285.8 | 7286.0| 7286,5 | 228720 | 71287.5| 712820
RPM. Jdoo | 14ee | 2400 [AR0C | 2400 |2460
g Oil Pressure psi 5o So 50 5o 5o SO
3 Water Temp °F 115 175 {75 115 [75 {75
é Volts 140 | (.0 (4o | (4o (%o 140
S Intake Vacuum “Hg 1 17 (1 (1 (7 16
&
Gas Flow Fuel/Propane cfh a D O O o) (o)
GW Pump ON/OFF | oW XY o o o o
5 Extraction Well Flow sin | (%8 | 2034 | 3134 | 214 | 2795 | 27.95
E | Extraction Well Vac. "H:0 | Lo 75 15 75 10 90
§ § Pump Rate galsmin | 430 | 4.0 4.0 | 440 530 | 520 |
8 S | Tom Volune s | 1303 | 140 | /598 /136 | |893- | 3048
=
E E Influent Vapor Temp. °F 71 11 T 71 7! 72,
& A Air Temp °F g1 493.6 q‘(’-Q 95.% q5.e Q6|
E Barometric Pressure Hg | 3607 | 30.9% | 30.06 | 300 q 230.02,| 30.0K
Absolute Pressure "Hg | AO1l] X606 26.05 2LO4 (DGO | 26.0n
W -2 wo| [qjo |4 [1i¢ [ o [123 | Ls4
w-1 "HO | 28 . 43 .43 .37 .43 6O
E w3 T O o [ [T R e | B
< "H:0
>
3 "Hz0
=
3 0
-1
2 1o
g "H:0
b3
"Hz0
"Hz0
NAPL % Vol : v
At I.sﬁg.o 115 '/34 3-0/3.7 20 18 9-0/;5,‘ 9"/34.
g Data Logger ft >0 20 Lo *0 2.0 @
£ | Depthof GW Depression R| —-S85 | -3g ~3.5 e [iEiciel [ =gis
<
= Extraction Well DTNAPL b/ ¢l
Extraction Well DTGW 665
() Indicates Well Pressure 7FORMS/TestForms/1210010
LbAo=  0.04'
HE = AR



@ OPERATING DATA - MDP PILOT TEST #1 PAGE# 3 MOBILE DUAL :;}JSVEASCYSTEM
Location: ~ Walstadd 66 Lovington, NM Project Managers: Sadler/Faucher
Date 7-18-15 - -
Time {300 [{$0o
| Instrument HORIBA HORIBA HORIBA HORIBA HORIBA HORIBA
g Well No. Q"l A-
£ | v | 1 B0 | @l o
£ [co, " sun | 500
g | “| @8 (15
2| %l 83 %.1
> | HsS % o o
(3o | toaian daTar Ues G820 my & Corz 5.0% ¢ Cor1.88% 05822
Pecordad Aote’ BPY DU ooter welks MA\‘V‘G{ o laswensivg
Uteasuw~ dvend Lue o BPE - LoavL=1.5 % -G‘.u,o- -5.545&
\__ch.umssof E U ndueed) Goetoa x '73‘4"':-0‘ WV £ 231,3% by
GWN: dCapm ~ LMadL~(S%
(%% ﬂaayd.uo Jo‘(-u“ CP Yy Oute it yecending inereed Uocaom levels
in response. +o dHe EW (nerose , Glarls 4@.:“?.,, Loaol = 3%
Gauqefcﬂ oa(—f-r- wells- Mobe (v\c.rtosc__ L <&4—¢_ T
(400 | Racordid Bake’ BPY Owler well sheody - Mo change
GWL = o g~ LMAVL steody 2% -Gwd= Ssi
1430 gﬂlﬂﬁ&'ﬂ &a—“'ﬂ?' RP ## - Owker ells ‘mcuzﬁt.ut a_ A.e.c:coss:\o\
Yocaum trend diue b BPY "CWR - 4.@,;”,.M - LnAapL =29
1430 (Twecesnonq £ ndacduvesam =90 40, (WU F ~379SaSn
G235 gpm LNBAL: 2.0 Yo
1500|  HomiBa O ATA: HE 61,100, Cor 52088 cO=(152%, 0o 87%F |
|50 Locecded Dotko' Pt Dute welle veccrdd 'Moémx:m\ Ve eusm cved
10\ respong e 4o Ew U Qe ugmA m«——mc - &wfits s)‘“‘)n LNAM = 27
1530 Aate! BP— Pl poetbe veemded (v\chost voewum leuds
;n respense +o A-{ & 90" KvO - GO~ 5. zmibiadl: D07,
. Gmuqul wells — :
l\-SZS Mu__e’:___ﬁw W el ywwdueed U Geuumy o allow Lime

awylco‘lww:\é

'Qr @u+u wells '-\o Oal\uc&
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Forms/1210007



@ ACUVAC
OPERATING DATA - PILOT TEST # 1 PAGE # ‘l‘ MOBILE DUAL PHASE SYSTEM
Location: Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: | 7-73-/5
Parameters Time Time Time Time Time Time
/0O
Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
Well # 12283
RPM. {000
-1
g Qil Pressure psi 5o
3 Water Temp °F {¢s
g Volts 40
S
% Intake Vacuum "Hg 19
2]
Gas Flow Fuel/Propane cfh 40
GW Pump ON/OFF ofr
£ Extraction Well Flow scfm | OFF
g « | Extraction Well Vac. "H20 oL
=
< § Pump Rate galsmin | OFF
4 Total Volume gals | JO
2
= =
E Z | Influent Vapor Temp. °F P [ n
Ly w
& = | irTemp °F | 4¢.4
é Barometric Pressure Hg 20.0
Absolute Pressure "Hg | 36O
- 'H0 | ( (9.
w -\ 0 | (.[5)
z {3
F e wol ()
2 "Hzo
>
= "H0
=2
s "H:0
& U
= "H:0 =
£ T
g "H:0 »
"H20
"H.0
NAPL % Vol <
Gals -
5 Data Logger ft —
g Depth of GW Depression ft i
<
= Extraction Well DTNAPL —
Extraction Well DTGW o

() Indicates Well Pressure
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ACUVAC
@ OPERATING DATA - MDP PILOT TEST # 1 PAGE# & MOBILE DUAL PHASE SYSTEM

Location: ~ Walstadd 66 Lovington, NM Project Managers: Sadler/Faucher

Date 7-1{-16
Time

~ | Instrument HORIBA HORIBA HORIBA HORIBA HORIBA HORIBA

&

F | Well No.

. HC ppmv

& )

=) COZ /0

o

Z [co %

E [+)

2 0O- %

<

> | HsS %

[ o (Ueoded clalic dote: Y% Sjtcno‘-'« DI wells rc_cm-&cnq weld

pressuve doe do g!gro&ec! bm-"ru—- PeShLare m%‘k (=189 ]
“TESr MOO-{ _completel “Motel Tl Ligadd Uolanne 200589 4als
(63S | Seeaved all woelds- Aa_.m-gl_‘:d;ﬁd‘c_
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AcuVac Remediation, LLC

1656-H Townhurst - Houston, Texas 77043
713 468 6688 - acuvac.com

July 15, 2015

Mr. Clay Kilmer

Senior Hydrogeologist

Golder Associates, Inc.

5200 Pasadena Avenue, N.E. Suite C
Albuquerque, NM 87113

Dear Clay:

Re: Walstadd 66, Lovington, NM

At your request, we performed two 1-hour (Wells W-1 and W-2), and one 6.0-hour (Well A-1) Mobile
Dual Phase (MDP) Events at the above referenced location on July 13, 2015. Following is the
Report and a copy of the Operating Data collected during Event #1 at the above referenced location.
Table #1A is the Well Summary Information and Table #1B is the Recovery Summary Information on
wells W-2 (Event #1A), W-1 (Event #1B), and Well A-1 (Event #1C). PSH is referred to as LNAPL in
this report. GW samples are taken in a 2,000 ml beaker to determine the average LNAPL
percentage and volume.

OBJECTIVES
The Objectives of an MDP Event are to:

¢ Evaluate the potential for removing liquid and vapor phase LNAPL (PSH) from the
groundwater (GW) and soils in the subsurface formations.

e Expose the capillary fringe area and below to the Extraction Well (EW) induced vacuums.

¢ Increase the GW and contaminant specific yields with high induced vacuums.

e Provide an induced hydraulic gradient (IHG) to gain hydraulic control of the area during
the Event period.

o Select the GW depression and pump rates to accomplish the above objectives.

METHODS AND EQUIPMENT
The tests were conducted using AcuVac's I-6 System, with Roots RAI-33 and RAI-22 blowers,

various instrumentation, including the HORIBA® Analyzer, Solinst Interface Probes, Lumidor Oz
Meter, flow gauges, a sensitive instrument to determine barometric pressure, V-1 vacuum box to
capture non-diluted vapor samples, Redi-Flo 2 total fluids pump and other special equipment.

The vacuum extraction portion of the AcuVac System consists of a vacuum pump driven by an
internal combustion (IC) engine. The vacuum pump is connected to the extraction well and the
vacuum created on the extraction well causes light hydrocarbons in the soil and on the GW to
volatilize and flow through a moisture knockout tank to the vacuum pump and the IC Engine where
they are burned as part of the normal combustion process. Propane is used as auxiliary fuel to help
power the engine if the well vapors do not provide the required BTU.

e ——
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The AcuVac IC Engine is fully loaded for the maximum power necessary to achieve and maintain
high induced vacuums and/or high well vapor flows required to maximize the vacuum Radius of
Influence (ROI) for Pilot Tests and short term Event remediation.

Emissions from the engine are passed through three catalytic converters to ensure maximum
destruction of removed hydrocarbon vapors. The engine's fuel to air ratio can be adjusted to
maintain efficient combustion. Because the engine is the power source for all equipment, all systems
stop when the engine stops. This eliminates any uncontrolled release of hydrocarbons. Since the
AcuVac System is held entirely under vacuum, any leaks in the seals or connections are leaked into
the System and not emitted into the atmosphere. The engine is automatically shut down by vacuum
loss, low oil pressure or overheating.

The GW Extraction is provided by an in-well, Redi-Flo 2 total fluids pump that has the discharge line
connected to a total volume meter. The discharge line from the volume meter is then connected to
the stand-by tank truck. The electrical power for the GW pump was supplied from a 120v Honda
generator. The GW flow rate can be adjusted to maintain a target level. Interface meters are used to
measure all DTGW/DTLNAPL.

The design of the AcuVac System enables complete independent control of both the Induced Well
Vacuum and the GW pumping functions such that the AcuVac team can control the IHG to expose
the maximum amount of the formation to SVE. The ability to separate the vacuum and liquid flows
within the Extraction Well improves the LNAPL recovery rates, and enables the AcuVac team to
record data specific to each.

SUMMARY OF MDP EVENT #1A- WELL W-2

® The total Event time was 1.0 hour. The Event was conducted on July 13, 2015.
There is no comparative data.

° The total liquid volume recovered was 192 gals, of which 13.50% or 25.92 gals were
liquid LNAPL.

L Total vapor LNAPL burned as IC engine fuel was 1.97 gals, for a total liquid and
vapor LNAPL recovery of 27.89 gals.

° Average HORIBA® Analytical Data from the influent vapor samples was:
HC = 95,790 ppmv, CO2= 3.46%, CO = 7.46%, Oz = 8.6% and H2S = 0 ppm.

° The maximum HORIBA® Analytical Data from the influent vapor samples for TPH
was 95,790 ppmv.

° The Average Induced Vacuum was 60"H20 with a maximum vacuum of 60.00"Hz0.

° The average EW well vapor flow was 9.51 scfm with a maximum well vapor flow of
9.51 scfm.

° The GW pump inlet was set at 65.0 ft BTOC. The average GW pump rate was 3.20
gpm, and the maximum GW pump rate was 3.20 gpm.
° The average GW depression, based on the positioning of the GW pump, was 5.50 ft

below static level.
° An LNAPL thickness of 6.54 ft was recorded prior to the start of Event #1A and no
LNAPL thickness was recorded at the conclusion of the Event.

Walstadd 66 MDP Event #1 ' e ' Page | 2
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The total LNAPL removed, including liquid and vapor, during the 1.0 hour Event #1A, Well
W-2, was 27.89 gals.

ADDITIONAL INFORMATION

° The higher percentage of the LNAPL volume, 25.92 gals or 92.94%, was recovered
as liquid due to the high level of free phase LNAPL at the start of the Event.

° A minimal percentage of the LNAPL, 1.97 gals or 7.06%, was burned as IC engine
fuel as a result of the short duration of the Event period.

o The high HC (TPH) levels indicate contaminant in the gasoline range.

° The relatively low O: levels in the influent vapors indicate SVE short circuiting from
the ground surface most likely did not occur.

o Well W-2 was gauged at the conclusion of Event #1C (1445 hrs) and an LNAPL

thickness of 4.40 ft was recorded indicating a rebound of 67.28%.

SUMMARY OF MDP EVENT #1B- WELL W-1

o The total Event time was 1.0 hour. The Event was conducted on July 13, 2015.
There is no comparative data.

° The total liquid volume recovered was 201 gals, of which 23.69% or 47.61 gals were
liquid LNAPL.

° Total vapor LNAPL burned as IC engine fuel was 1.84 gals, for a total liquid and
vapor LNAPL recovery of 49.45 gals.

o Average HORIBA® Analytical Data from the influent vapor samples was:
HC = 89,750 ppmv, CO2= 3.52%, CO = 5.74%, O2 = 8.6% and Hz2S = 0 ppm.

o The maximum HORIBA® Analytical Data from the influent vapor samples for TPH
was 89,750 ppmv.

° The Average Induced Vacuum was 60"H20 with a maximum vacuum of 60.00"H20.

° The average EW well vapor flow was 9.51 scfm with a maximum well vapor flow of
9.51 scfm.

o The GW pump inlet was set at 65.0 ft BTOC. The average GW pump rate was 3.47
gpm, and the maximum GW pump rate was 3.70 gpm.

° The average GW depression, based on the positioning of the GW pump, was 5.50 ft
below static level.

o An LNAPL thickness of 6.84 ft was recorded prior to the start of Event #1B and an

LNAPL thickness of 0.04 ft was recorded at the conclusion of the Event.

The total LNAPL removed, including liquid and vapor, during the 1.0 hour Event #1B, Well
W-1, was 49.45 gals.

ADDITIONAL INFORMATION

o The higher percentage of the LNAPL volume of 47.61 gals or 96.27%, was recovered
as liquid.
° A minimal amount of LNAPL, 1.84 gals or 3.73%, was burned as IC engine fuel as a

result of the short duration of the Event period.

e ]
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° The high HC (TPH}) levels indicate contaminant in the gasoline range.

° The relatively low Oz levels in the influent vapors indicate SVE short circuiting from
the ground surface most likely did not occur.

° Well W-1 was gauged at the conclusion of Event #1C (1445 hrs) and an LNAPL
thickness of 1.01 ft of was recorded indicating a rebound of 14.77%.

° A thickness of biomass was initially observed on the collected GW/LNAPL sample.

SUMMARY OF MDP EVENT #1C- WELL A-1
° The total Event time was 6.0 hours. The Event was conducted on July 13, 2015. The
data is compared to Pilot Test #1 conducted on July 12, 2015 which had a total Test
time of 8.0 hours.

) The total liquid volume recovered was 1,553 gals, of which 2.35% or 36.53 gals were
liquid LNAPL.

o Total vapor LNAPL burned as IC engine fuel was 29.36 gals, for a total liquid and
vapor LNAPL recovery of 65.88 gals. This equates to an average of 10.98
gals/hr.

o Average HORIBA® Analytical Data from the influent vapor samples was:

HC = 59,027 ppmv, COz2= 5.61%, CO =1.73%, O2 = 7.1% and Hz2S = 0 ppm.
° Compared with MDP Pilot Test #1 data, the average TPH levels decreased 10,115

ppmv, CO:z increased 0.61%, CO decreased 0.85%, Oz increased 0.1% and H2S was
steady at 0 ppm.

° The maximum HORIBA® Analytical Data from the influent vapor samples for TPH
was 64,480 ppmv. Compared with MDP Pilot Test #1 data, the maximum TPH levels
decreased 12,510 ppmv.

o The Average Induced Vacuum was 68.46"H20 with a maximum vacuum of
70.00"H20. Compared with Pilot Test #1 data, the average induced vacuum
increased 8.17"H20 and the maximum induced vacuum decreased 20.00"Hz0.

° The average EW well vapor flow was 23.01 scfm with a maximum well vapor flow of
23.34 scfm. Compared with MDP Pilot Test #1 data, the average EW well vapor flow
increased 4.18 scfm, and the maximum well flow decreased 4.61 scfm.

° The GW pump inlet was set at 65.0 ft BTOC. The average GW pump rate was 4.35
gpm, and the maximum GW pump rate was 4.50 gpm.

o The average GW depression, based on the positioning of the GW pump, was 5.50 ft
below static level.

o An LNAPL thickness of 5.52 ft was recorded prior to the start of Event #1C and a

LNAPL thickness of 0.13 ft was recorded at the conclusion of the Event.

The total LNAPL removed, including liquid and vapor, during the 6.0 hour Event #1C, Well
A-1, was 65.88 gals.
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ADDITIONAL INFORMATION

° The higher percentage of the LNAPL volume, 36.53 gals or 55.44%, was recovered
as liquid.

° Of the total LNAPL volume recovered, 29.36 gals or 44.56%, was burned as IC
engine fuel during the Event period as a result of the high TPH and Well Vapor Flow.

) The high HC (TPH) levels indicate contaminant in the gasoline range.

o The HC (TPH) recorded a decreasing trend throughout the Event period.

o The relatively low Oz levels in the influent vapors indicate SVE short circuiting from

the ground surface most likely did not occur.

TOTAL RECOVERY EVENT #1
The total LNAPL removed, including liquid and vapor, during the 8.0 hour Event #1, Wells
W-1, W-2, and A-1, was 143.22 gals. This equates to 17.90 gal/hr.

RECOMMENDATION

The Events proved to be an extremely effective method of decreasing the liquid LNAPL
thickness in these wells. An Event program should be considered to quickly reduce the LNAPL
thickness before considering a CAP which includes an on-site recovery system. In many cases
the Event program has initially been more cost effective.

METHOD OF CALIBRATION AND CALCULATIONS
The HORIBA® Analytical instrument is calibrated with Hexane, CO and CO..

The formula used to calculate the emission rate is:
ER = HC (ppmv) x MW (Hexane) x Flow Rate (scfm) x 1.58E7 (min)(Ib mole) = lbs/hr
(hr)(ppmv)(ft)
INFORMATION INCLUDED WITH REPORT
e Table #1A Summary Well Data
Table #1B Summary Recovery Data
Recorded Data
Photographs of the MDP System and Wells A-1, W-1 and W-2.

After you have reviewed the report and if you have any questions, please contact me. We
appreciate you selecting AcuVac to provide this service.

Sincerely,
ACUVAC REMEDIATION, LLC

RiDial

Paul D. Faucher
Vice President, Operations

e —
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Summary Well Data

Table #1A

| Event
WELL NO.
Total Event Hours 1.0 1.0 6.0
TD ft 75.0 80.0 75.0
Well Screen ft | 45.0t075.0 50to 70 5010 70
Well Size in 4.0 4.0 4.0
Well Data
DTGW - Static - Start Event ft 64.67 63.96 63.55
DTLNAPL - Static - Start Event ft 58.13 5712 58.03
LNAPL ft 6.54 6.84 5.52
Hydro-Equivalent- Beginning ft 59.83 58.90 59.47
DTGW - End Event ft 57.76 59.21 60.01
DTLNAPL - End Event ft 0 59.17 59.88
LNAPL ft 0 0.04 0.13
Hydro-Equivalent - Ending ft 57.76 59.18 59.91
Extraction Data
Maximum Extraction Well Vacuum "H0 60.00 60.00 70.00
Average Extraction Well Vacuum "HO0 60.00 60.00 68.46
Maximum Extraction Well Vapor Flow scfm 9.51 9.51 23.34
Average Extraction Well Vapor Flow scfm 9.51 9.51 23.01
Maximum GW/ LNAPL Pump Rate gpm 3.20 3.70 4.50
Average GW/ LNAPL Pump Rate gpm 3.20 3.47 435
Influent Data
Maximum TPH ppmv 95,790 89,750 64,480
Average TPH ppmv 95,790 89,750 59,027
Average CO, % 3.46 3.52 5.61
Average CO % 7.46 5.74 1.73
Average O, % 8.6 8.6 71
Average H,S ppm 0 0 0
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Summary Recovery Data
Table #1B

WELL NO.

Recovery Data- Current Event

Total Liquid Volume Recovered gals 192 201 1,653
Total Liquid LNAPL Recovered gals 2592 47.61 36.53
Total Liquid LNAPL Recovered / Total Liquid % 13.50 23.69 2.35
Total Liquid LNAPL Recovered / Total LNAPL % 92.94 96.27 55.44
Total Vapor LNAPL Recovered gals 1.97 1.84 29.36
Total Vapor LNAPL Recovered / Total LNAPL % 7.06 3.73 44.56
Total Vapor and Liquid LNAPL Recovered gals 27.89 49.45 65.88
Average LNAPL Recovery gals/hr 27.89 49.45 10.98
Total LNAPL Recovered Ibs 195 346 461

Total Volume of Well Vapors cu. ft 571 571 8,284

Recovery Data- Cumulative

Total Liquid Volume Recovered gals 192 201 3,601
Total Liquid LNAPL Recovered gals 25.92 47.61 100.16
Total Vapor LNAPL Recovered gals 1.97 1.84 51.87
Total Vapor and Liquid LNAPL Recovered gals 27.89 49.45 152.03
Average LNAPL Recovery gals/hr 27.89 49.45 10.86
Total LNAPL Recovered Ibs 185 346 1,064
Total Volume of Well Vapors cu. ft 571 571 17,322
Wﬂ
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@ OPERATING DATA - EVENT #1 A

PAGE # | ACUVAC MOBILE DUAL PHASE SYSTEM
Location:  Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: 7{ [ y [z
Parameters Time Time Time__ — Time Time Time
/S | oeys | O2/S
- Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
WELL# W ~) | 72825 | 72850 | 7289.5
RPM. 1206 2200 2700
g Oil Pressure psi So SO 50
S Water Temp °F l Ege) / 70 150
§ Volts /C/ 134 T4
g Intake Vacuum "Hg 7ﬁ / 7 { 2
Gas Flow Fuel/Propane cfh [®) (@) (o)
GW Pump ON/OFF |~ ol oOFr
E Extraction Well Flow scfm G5 / S5 2. Si
-
é o Extraction Well Vacuum °H,0 o [Pe) Lo
5 § Pump Rate gals/min ; s ?' T 32
= E Total Volume gals = 96 { 9 =
£ 2
& & | Influent Vapor Temp. °F A 8 (’8 63
E Air Temperature 3 66,7 éq / és‘g
Barometric Pressure "Hg 20. o 2 20 oY 30- ol
e |HC ppmv | GS %50 -
? Co, % — S 4L —
Z co % - 7 76 =
& o
E 0, % S &, é -
s H:S ppm X (o] o
22 vED o S e Ar oSYT M PoSipanads THE Rouvte SYsiom ~ R
WEL -l (7AVGap THE WeELl AMD mdRiL 280 Al €QUIPMENT, PlaseD
TIHE 3 WELPumMP AT 7.0 JT BTeC . EVENT STACTHY A5 06/SHHRS . 3 594
§ WEL VAT SET A= Lo "Mho (2650 L7an34 7 WVF IFS. S0 sScm  ZayFlugas YAPat
Z | SAmle TaDicasss Higr CoeeTRATIR OF (D720 chtizinS ) THE SSam = AP
CANGE. LR D SAMILE TAHEN A5 APFROY D30 FIDroprEs (S A dF 4P APC
PRESELT I 77= C)QUID., Tpsd VeI e VAT RENNED. A7 0705 1Y G
PombnGg s7alfion fs 0Q1S. EVEMT Copciudde fr OUS
LNAPL % Vol | /S 12 ‘
Gals /" //Y‘/b //.fb
a
é Depth of GW Depression ft -_— =iy _( | = ! t./d./ r
g Extraction Well DTLNAPL | £8 , 3 = 5% 00
Extraction Well DTGW & | ¢ ¢,9 §2.76 £3 Y0
( ) Indicates Well Pressure LAAPC 'S & | /O TFORMS/TestForms/1210017B
=% £ = HeE bosd
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OPERATING DATA - EVENT #1 5 PAGE #[ ACUVAC MOBILE DUAL PHASE SYSTEM
Location:  Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: | 7 [ { 3hs”
Parameters Time Time Tim Time Time Time
YEL) 800 0530
WELL # Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
LL W=7 72898 | 7250.0 7250.5
RPM 2200 2,200 22¢C0
-4 . .
;1 Oil Pressure psi SO SO SO
g Water Temp °F /50 /150 150
£ | vois 1Y 19y 19
'g Intake Vacuum "Hg / q { 7 19
Gas Flow Fuel/Propane cfh 0] o 0
GW Pump ONOFF | _ o~ OFF
E Extraction Well Flow scfm 9‘ st G .5 S. S|
§ w | Extraction Well Vacuum  "H,0 (d to Go
s .
§ 3 | Pume Rate gals/min | 3.0 210 3.70
é § Total Volume gals - So 20\
g & | influent Vapor Temp °F 68 (8 ¢8
E Air Temperature °F 7o. 4/ 7/ . 7 72. s
Barometric Pressure "Hg | 0.0 | 3o 0/ 20.0/
E HC ppmy — 8?7 so —
s [co % - 3.2 -
&
g€ |co % - s.7Y -
& .
g |© % 8.6 -
< — =
~ | HsS ppm (o)
Relacarep T AovVAe SY/STEM NERL WELL w-1 . GAVGED THE (WEW. PLARD TH
I el PumP AT 670 F 70t Fan71 AL LWele VAT SETA™ Lo 4o [2ESUGING TO
A WV dE .0 Scrm.
4]
[
[=}
z
LNAPL % Vol
— (5 A
Gals /’ 7/'2-1' 2 23.31
=]
= , ) =
g Depth of GW Depression ft —£.5 - -5y /L/yf
F4
E Extraction Well DTLNAPL  # S7,11 9.7 55,2
Extraction Well DTGW Q 2.9¢ 592/ Co., 3
() Indicates Well Pressure LW‘(’L (_,/6‘_/ R ,/ Hé 5,7 ) g TFORMS/TestForns/1210017B
- ——=




% OPERATING DATA - EVENT #1 C.

PAGE # | ACUVAC MOBILE DUAL PHASE SYSTEM
Location:  Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: 7 /,3//{
Parameters Time Time Time Time Time Time
034s | 095 | 6595 cols s ofs (LIS
Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
WELL# A ~( 22%05 | 725t0 | 92%/.¢ | 725206 | 72252.8 | 725306
RPM Z2100 L 200 7320 2300 23006 2300
g Oil Pressure psi <so 50 (Yo 50 S0 So
§ Water Temp 3 /5D 1S5S0 1350 yAYe) /1SS /60
g | vors 14 /4 19 )7 17 Al
% Intake Vacuum "Hg 16 XA J6 16 /6 /6
Gas Flow Fuel/Propanc cth o) O 50 50 50 50
GW Pump ONIOFF | A o~ o o o o
§ Extraction Well Flow scfm 2334 23.3Y 22.5 < 2255 22 25 2275
5 o Extraction Well Vacuum "H,0 Lo () 70 70 70 70
5 g Pump Rate gals/min "f P oY, 2 9 9 g < Yy S Y. s
g é Total Volume gals = /26 252 359 519 ¢ SY
% & | Influent Vapor Temp. °F 7 71 71 72 72 7
g Air Temperature F | 729 3 77.8 24.3 BL.7 689-5/ 8?,‘{
Barometric Pressure Hg | 30.01 20.0 | 20.00 30,00 30.0° | 29.99
; HC ppmy — == ("-/ 730 — — ——
Tl Rl S 5,09 - = =
% co % £ F= z: 09 ! = =
o % = - = — <=
: |o . 2.1
£ H.S ppm = O - = —
AT pB30 muBiL) x> THE AoV EGVIEmENT o wEll A-(. Serzu-weu
Pumb pr L7 Fr Brec. o)At (el VAT SE A1 (0"Haob 0TG50 A WY F
OF 13.3Y SCiv. ZismAt Ged Fumr ZATE s¢T A5 Y2 G/
B | ar 097S Bunedsen wEll YAx B 70" ZESULDING T WVF oF 2255 S
=)
z | Pum?P AsE BIEASED 70 % Y 6Fm  Anp Tnichchser Asfr~ Ar /oS 11
D Y.S LPm TO QOmIENSATE Fal [hGHER VAR k. THH VAEmS Rikifoal HiGH
T e LA S AE 1RANGE.
LNAPL % Vo | o kA A 11
Gals /" 8//0-0% ‘//‘543"/ /7-—-6"" /Za7 s 2.93
a
§ Depth of GW Depression R | —S. 5~ -5 -5 =SS -5 -5
z _ los2o o3>
s Extraction Well DTLNAPL  ft 58. 03 g? 76
Extraction Weli DTGW | £3.55 C3.87
( ) Indicates Well Pressure LMAPL & S 'L C. U TFORMS/TestForms/1210017B
He  s5.97 £%.25




% OPERATING DATA - EVENT #lg,

PAGE #1 ACUVAC MOBILE DUAL PHASE SYSTEM
Location:  Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: | 7/i3hg
Parameters Time Time Time Time_ Time Time
(<45 | sus 1295 1215 1395 | 1975 |
WELL # Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
A= | 72830 | 72580 | 72575 | 72550 | 72855 | v25eS
RPM 2300 1300 2300 2300 2 Soo 2300
E Oil Pressure psi 50 S0 SO 5D 50 <o
g Water Temp F| 0 1,0 /65 /65 /65 ey
2 Volts 'Y 'Y / ‘f 14 / 7 / y
g Intake Vacuum "He /¢ 16 A 16 16 16
Gas Flow Fuel/Propane cth oY) so 5o 50 So <O
GW Pump ON/OFF o;\) O o~ orJ o) I+
£ Extraction Well Flow  scfm | 2255 | 2.2.55 22,55 22.557 2295 2255
3
§ g Extraction Well Vacuum "H,0 70 J0 =0 20 706 70
§ g Pump Rate galsmin | 4/, < Y < g5 Y 44 3.5
gé Total Volume gals | K9 9.?,7 /05‘(7' AL 1320 1553
% z Influent Vapor Temp. °F 71 71 71 ] ] 71 7 /
b3
e Air Temperature °F 9.3 ? S, 97 P 39‘. T 97 < (; ?- 8
Barometric Pressure "Hg 2—7 98 19- ‘-; 7 2 3 . 9 A 2.6 5‘/ Zﬁ 9 2 23 ; Zz
& HC ppv | <C,750 - - - {58<€0o -_
g Co; % | 5. 7Y = - _ 556 -
£ | *| /.57 - = - 1.5z -
=
g 0; % 2.0 - - = 7.2 -
> JHsS ppm O - - - o -
(NELL YA frip WELL (8L SoAdl DuRDG P2ceo.  72H Vianes
MosST LS STEAY PURiNG THE 2S¥0d
AT 195 EVEarT CamclodTO . AU Wl GAUGD. WEL w~( A-D
8 W -l WeRE GG T2 DRS2m I THhE EXTENT of Are ! RERIUAID.
=
2 | AoV EGunmEaT Areo SYSTEZY OQEMIBI C/2ED, SITE S ELIRED,
DPATED Si7E.
LNAPL % Vol | 4, (. ' s ! /. <
Gals 5’/2-03 ;/2.03 , f/z.co3 /7..03 '(//.98 //»93
a
é Depth of GW Depression R | _ o ¢~ -5 -5.5 -5.5 -5 Y -5
E Extraction Well DTLNAPL  ft 5’5’ 38
Extraction Well DTGW f C0o.0/
{ ) Indicates Well Pressure 7FORMS/TestForins/1210017B
crroC 13

+k= 55.64



% OPERATING DATA - EVENT #1 A

PAGE # | ACUVAC MOBILE DUAL PHASE SYSTEM
Location: ~ Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: ‘7( { 3// i3
Parameters Time Time Time__ — Time Time Time
06/S | oeys | 0275
- Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
WELLY W'~ 72825 | 72850 | 2287.5
RPM. 17206 | 2200 72200
E Ol Pressure psi So SO SO
§ Water Temp °F | So / Yo -Xe)
g | vons 14 17 k4
g Intake Vacuum "Hg 7ﬁ / 7 ! 7
Gas Flow Fuel/Propane cfh o) o) 6
GW Pump ON/OFF onrl 0 ~J o ,"—,—"‘
5 Extraction Well Flow scfm 9 £ ! S. 37 %.51
§ o Extraction Well Vacuum  “H,0 o [PYe) &o
8]
é z: Pump Rate gals/min ; 7 L 32
& E Total Volume gals - 1A 191
-]
g z Influent Vapor Temp. °F b 8 (,8 62
=
: Air Temperature °F b 6 .7 é q./ é 9, 3
Barometric Pressure Heg | o003 gooe So.ol
E HC ppmv — 9! 790 =
S co, 5o B e e S 4L —
g |co % - 7276 o
: o/ — ,D
g 0. %0 o, G -
> H,S ppm _— To) -
20 ve2 a8 Si7E Ar oSYT Mg PoSimana2s THE Aovifa SY sz n R
WELL Wl (7AVGD THE WEL AD maR)L 280 ALl €QUIPMENT, PlazcD
THE 39 (WeELPomP AT (7.0 JT RTuC . EVENT STARRP A+ 0bsSRs . 7% 74
é Wi VAT SET A= Lo "Mho 2ESO g B WVF IF S. S0 Scmm  TuFtusasy VAPt
“ | spmle TIDicaTSs HréH CoNEcTRATI0 OF H7DR0CARERIS T THE SSaos » Py
| CANGE. C(1Ru1D SAMILE THRN A5 AFFROX D630 TFIDiosrss (5 R dF <N AFL
PRESELNT =0 77+= )@WD. IrDYCED e VAT REDGED A7 0705 /Y Gw
Pur o006 ;,;—aﬂﬂoa A5 0715 EVENT Copcluddy fr 015
LNAPL /S r
Gals / — 1946 / 'Sy
a
é Depth of GW Depression ft -3 < =2 { | EC T | c/L/ r
g Extraction Well DTLNAPL  ft | &8 /2 — 5% 00
Extraction Well DTGW & | (4 ¢ S276 AR
() Indicates Well Pressure LANAPC G S q o TFORMS/TestForms/1210017B
% g- i/i Hee Cosd



OPERATING DATA - EVENT #1 5 PAGE #/[ ACUVAC MOBILE DUAL PHASE SYSTEM
Location: ~ Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: | 7//3lts
Parameters Time Time Tim Time Time Time
6730 0O Ogs©
WELL # Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
W=7 72825 | 72500 7250.5
RPM. 2700 2,200 2200
o ! .
';1 Qil Pressure psi $o SO S0
g Water Temp °F {50 1SS0 150
2 Volts 1Y 19y 19
g Intake Vacuum "Hg 9 (7 (9
Gas Flow Fuel/Propane cth 0 o 0
GW Pump ONOFF | o~ OFF
g Extraction Well Flow scfm 9‘ st G. 5t G 5|
§ E Extraction Well Vacuum  "H,O 172 6o Lo
g g Pump Rate galsimin | 3.0 270 3,70
= E Total Volume gals - So 20\
£5
Z & | Influent Vapor Temp °F L8 ¢8 A
é Air Temperature °F 70. ‘/ 7/ 7 72. [ 4
Barometric Pressure "Hg 3 0.0l 3o. 0/ g0.0/
g | HC ppmv — 87750 -
g e % - 352 =
£ |co % - s 7Y -
& -
e |o: % 8 6 5
< o =
> H.S ppm O
Relocarep 7= AouVAe SYSTEM IERML WELL wW-L. GAVGED THE (WEW PLARD TH
ID ~esElL PumP AT 7.0 7 2100, TAnT1 AL (WEle Vi SETA Lo e o /2ESVGhAG T
A WV~ gF 9 % Scr
4]
-
[=]
z
LNAPL % Vol
- 17 i
Gals /’ /'Z'/. 3 /23'31
=
S Depth of GW Depression ft —£.¢ <. 5 -5y / Y 7{
z
§ Extraction Well DTLNAPL  ft 572‘ 1L 59 ‘7 5\?_/ 2
Extraction Well DTGW ~ ft Q 296 592/ Co 3
() Indicates Well Pr . TFORMS/TestForms/1210017B
icates Well Pressure L oL [!/@z -O‘/ }:/lf 59,18
— —_—

1.9 e 5538




@ OPERATING DATA - EVENT #1 C

PAGE # / ACUVAC MOBILE DUAL PHASE SYSTEM
Location:  Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: 7 // z//g :
Parameters Time Time Time Time Time Time
O84S | o%/s | 0945 cols s ofs (LIS
WELL # s, Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
A=l 2205 | 725t0 | 925/.¢ | 72520 | 722%52.% | 72530
RPM 2200 L 200 1320 Z360 2300 2300
; Qil Pressure psi sSo Ae) SO 50 S50 So
g Water Temp °F 750 1.50 1350 /50 /1SS /60
g | Vo 1Y /4 1Y )Y Y /Y
g Intake Vacuum "Hg 16 A 16 16 /6 /6
Gas Flow Fuel/Propanc cth o @) 50 50 oYe) 50
GW Pump ON/OFF onN on o oN ond 01\5
§ Extraction Well Flow  scfin | 23,34 22 3Y 22.5¢ 22955 22 95 22 955
§ = Extraction Well Vacuum °H,0 Lo O 70 70 70 70
gg Pump Rate galsmin [ 4 7 Y. 2 o Y Y < 451 Y, 5
g § Total Volume gals == 126 252 357 519 ¢ S?
g £ | influent Vapor Temp. °F 71 71 7! 7 72 7
s —
g Air Temperature L 7YES 77.8 K4.73 Be. 7 8&.S 9. 4
Barometric Pressure "Hg | So0.01 20.0 | 2o0.00 S0o,00 30 .00 L?-??
£ HC ppmv — — 0'1 Y80 — s =
S o, % = = 5,79 2 o -
E € % = - _Zl oﬁ o = =
o« =
|2 * = 7.1 = = =
£ H:S ppm - - [®, — — 5
L1 pB30 muBiL) x> THE fouVfe E60ilmenT ol well A-(. Se=rzm-weul
Vumb _pr L7 Fr BIaC. TR0 (WE VAT SET AT (o "Hap RESOUTIG %3 A W YF
OF 13.3Y SCH%.  Zrs At G Fume ZA7E s¢T A5 .2 6/
8 | Ar oF7S ZuneAsew wELL Vi B 70°M1 PESUIING TV & wiF AF 2295 Sim.
=)
< | G Purmi? PASE BICREASED 70 4 Y &Fm  Aro TrncncAsse ficfr~ Ar /o5 Y
T0 Y5 £ TO ComIENSATE [l [hGHER VAR M. TEH VAPmS ke HiGH
T e 6 ASolyaE 12ANGE
LNAPL % Vol | o 8 2. 2 1, ¢
Gals /" //0.06 q/s'o‘/ /7—~5"f /2,7 2,03
=]
S | DepthofGW Depression R | ~S. 5 -5 Sy SIS A -5
z ] bezo o83
s Extraction Well DTLNAPL ft | oo )3 &9 76
Extraction Well DTGW f 635 < ¢ 3. 87
( ) Indicates Well Pressure LA 5-_—-: C. tf TFORMS/TestForms/1210017B
be  sS5.y7 5535



% OPERATING DATA - EVENT #1C_

PAGE #1 ACUVAC MOBILE DUAL PHASE SYSTEM
Location:  Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: | 7/)3hs
Parameters Time Time Time Time Time Time
(45| 25 1295 315 1395 | 1945
WELL# 4 — ( ey |"ootre | "yzsvs |"72%50 | Fasss 25
RPM. 2300 2300 2300 72300 1 3co 2300
; Oil Pressure psi Paye) SO SO s0 50 <O
g Water Temp Fl  JeO 1 LO /635 /6S /6S (ef
2| vois 1Y Y 1 o 14 1
g Intake Vacuum wg | /e 70 A A A 16
Gas Flow Fuel/Propane ¢t | 5D 50 o 50 S50 SO
GW Pump ON/OFF on O oS or) oA STF
£ Extraction Well Flow  sefm | 27255 | 2.2.55 22.55 22.6v | 2295 2295
§ @ | Extraction Well Vacuum "H;0 70 70 70 70 70 70
g § PumpRate galsmin | 4, § Y5 4.5 Y d 44 3.5
§§ Total Volume gls | 789 9LY 051 119 1326 1553
% & | influent Vapor Temp. °F 71 71 i 21 71 71
E | Air rempersture ¥ | 5,3 | Ss $7. b 39.v G9. 5 G538
BaomewricPresswe  "Hg | 29.98 | 29.97 29.96 | 29.91 29.9L | 2992
e |HC ppmv | SC, 750 -~ - - Ss85° -
S |co % | 5. 7Y - . -~ 5.96 -
£ |co “| /.57 - 2 - |.S2 -
§ 0, % 2,0 - - - 7.2 -
= HiS ppm O - i - O -
(NELL AT forg NS (o SAAD! DuRSG P00, 724 VAaaniS
| siosSTLS STEARY PURASG THE P S5%0D
AT 19YS Entarr CuaicludED . Bl el GAUGD. WELL -/ AD
8 |2 weRE G 2 Dang2rm It TH: ERTENT of Ar Y RERIIAD.
2 eV S0vinm T Arso SYSTEIY DEMIBI L12e2, S/7E S EgJizc®d,
DPANTED S17E.
A K GV;: "’/2.03 "’/z.oa "5/2.03 "71.93 "’7/.93 /'5//53
g Depth of GW Depression ft o { -~ ‘5:( -5 -y —
g Extraction Well DTLNAPL  ft S 38
Extraction Well DTGW ft C0O.0/

( ) Indicates Well Pressure

TFORMS/TestForms/1210017B
APl 13
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Daniel B. Stephens & Associates, Inc.

MEMORANDUM
TO: Gundar Peterson, PE
FROM Tom Golden, Kelly Isaacson
DATE. January 29, 2010
SUBJECT  Rotameter flow measurement

In response to Katherine MacNeil’s email, we researched the apparent discrepancy between
standard cubic feet per minute (SCFM) measurements given by a rotameter and the SCFM
calculated by AcuVac in their soil vapor extraction (SVE) pilot test reports. The results of our
research are summarized below

Definition of variables

ACFM actual cubic feet per minute (cfm) at a given temperature, pressure (elevation), and
operating conditions

CFMyeter. cubic feet per minute (cfm) measured by a rotameter In the documentation provided,
this is also called observed cfm and indicated scfm.

SCFM: equivalent flow in cubic feet per minute (cfm) at STP

STP- standard temperature and pressure, 70°F and 14 7 psi.

p density of a fluid, given in mass per unit volume

Problem statement

In the AMEC calculation provided regarding cfm measured with a rotameter, the author reports
that the correct reporting unit from a rotameter calibrated for STP is SCFM. The AcuVac
documentation refers to the flow rate measured with a rotameter as ACFM and converts this
value to SCFM in the field. Does the value measured on the rotameter by AcuVac need to be
converted to SCFM?

Solution
The need for the definition of three different types of CFM arises from the difference in
calibration versus operation temperature and pressure conditions.

An analysis of the free body diagram of the float in a rotameter is given by Wellin', which shows
that Q is dependent on the area of flow and density of air-

A
0=K-— M
e

When a rotameter is calibrated at STP, \/; is absorbed into the value of K, because p (air) is
defined. When the density of the air is changed (i.e. elevation of the rotameter is changed), the

S:\Projects\ES09.0215_SFCJC\Docs\SVE Pilot Test\Rotameter Measurements.doc 1



Daniel B Stephens & Associates, Inc.

calibrated rotameter no longer yields flow rate in SCFM, but instead what we will call CFMpeter.

The Dwyer technical documentation? for the VFC series rotameter used by AcuVac
acknowledges this fact in the third paragraph under “Operation”, which states,

“the flowmeter is calibrated to operate at a specific set of conditions, and deviation from those
standard conditions will require correction for the calibration to be valid. In practice, the reading
taken from the flowmeter scale must be corrected back to standard conditions to be used with the
scale units. The correct location to measure the actual pressure and temperature is at the exit of
the flowmeter, except under vacuum applications where they should be measured at the
flowmeter inlet.”

The conversion given to convert CFMpeger t0 SCFM'? is a non linear relationship:

T

actual

P T
Q(SFCM) = CFMmefer \/ actual . calibration (2)

calibration

It can be noted that the calibration temperature and pressure are generally STP; however,
calibration information should be provided by the flowmeter manufacturer

The relationship between SCFM and ACFM is linear

ACFM — SCFM ])standard A TTactual (3)

s tan dord

actual

For completeness, the relationship between ACFM and CFMyet; is given by

Tt !
actuay 4
T )

s tan dard

P
ACFM =CFM,,,,, \/ s tan dard

actual

Supporting documentation

Two Dwyer specification sheets for rotameters® (including the VFC Series Visi-Float used by
AcuVac) are attached, which include the calculation of SCFM from the meter reading. This
calculation is also discussed in Wellin!

The correct conversion from SCFM to ACFM is included in the documentation with the AMEC
calculation (page 3 of 4 from King Correction Formulae & Sizing) >, as well as in Wellin'.

Implications

The primary problem here is one of terminology, although there are implications if formulas in
either the AcuVac or AMEC documents were used to back-calculate ACFM/SCFM values.
Although it may not be intuitive, ACFM is not the value read straight from the meter, rather the

S:\Projects\ES09.0215_SFCJC\Docs\SVE Pilot Test\Rotameter Measurements.doc 2



Daniel B. Stephens & Associates, Inc.

calculated actual volumetric flow rate through the meter.

Page 2 of the AMEC calculation gives an equation to calculate ACFM. This non-linear equation
is the correct way to calculate ACFM from CFMpe,. It is not the correct way to calculate
SCFM from ACFM or vice versa.

For most SVE applications in New Mexico (i.e. 3000-7000 feet elevation, air temperature of 50-
70°F), the value of CFMyte; falls between the ACFM and SCFM, such that ACFM > CFMpeter >
SCFM.

In the design equation given in the AMEC calculation

0 = kA(gh)”’ ()

the fluid density, p(air), is included in the calibration coefficient, &, a fact which is not
acknowledged by the AMEC calculation. While the equation is valid for the calibration
conditions, the flow rate read from the meter must be corrected as indicated above in equation 2
to reflect the correct SCFM.

Conclusions

In the problem statement of the AMEC calculation regarding CFM used in SVE systems, the
correct answer to the question “What is the correct reporting unit directly read off the scale;
SCFM, ACFM, or other?” is “other”, and in this discussion is termed CFMneter.

Additionally, AcuVac is correct in converting the CFM value read on the flowmeter to SCFM to
adjust for changes in temperature and pressure, with the non-linear relationship given above,
although what they call ACFM in their sample calculation is actually CFMpeter .

In summary, both the SCFM value in the AMEC calculation® and the ACFM value in the

AcuVac 1report5 refer to the value measured at the flowmeter, CFMper, therefore, both equations
provided are true, but do not represent the actual relationship between true SCFM and ACFM.

S:\Projects\ES09.0215_SFCJC\Docs\SVE Pilot Test\Rotameter Measurements.doc 3
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APPENDIX

Chapter 1V presented various methods for estimating the volume of
free product in the subsurface. The results of seven methods were
compared for data representative of the same site conditions. Each of these
methods are described in greater detail in this Appendix. To facilitate
comparison, a uniform terminology has been adopted. Exhibit A-1 liststhe
variables that appear in the various equations. Exhibit A-2 isadiagram
showing the relationship of the variables and characteristics of free product
in the vicinity of amonitor well. Experimental datafrom Abdul et al.
(1989) and parameter values for the example calculations are presented in
Exhibit A-3.

Exhibit A-1
Variables Appearing in Volume Estimation Equations
= air-oil scaling factor

b = oil-water scaling factor
D function of interfluid displacement pressures and hydrostatics

Dr = density difference between water and hydrocarbon (', = I' )

formation factor

acceleration of gravity

distance from water table to bottom

of mobile hydrocarbon

edr average water capillary height under
drainage conditions

thickness of mobile hydrocarbon in the adjacent formation
hydrocarbon thickness measured in the well
water-hydrocarbon displacement

pressure

air-hydrocarbon displacement

pressure

oy >Q T
I 1 I

U
a
©
o
1

= density of water

= density of the hydrocarbon liquid
= volume of hydrocarbon in the adjacent formation per unit area

r

r

VO

f = soil porosity
S = surface tension of water (= 72 dynes/cm @ 20°C)
S = surface tension of hydrocarbon

S

hydrocarbon-water interfacial tension (= S ;= S )

residual saturation

distance from water table to
interface between free product and
groundwater in the well-- x is equal
to the product of the thickness of the
hydrocarbon and the hydrocarbon

density ( H0 -y

< wn
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Exhibit A-2

Relationship of Variables and Characteristics
of Free Product in the Vicinity of a Monitor Well

UST |
i o boTP

Capillary Fringe Free Product

Groundwater Table

L,

Legend

H, = apparent (wellbore) product thickness

H, = actual formation free product thickness

DTP = depth to wellbore product level from ground surface

H, = free product distance to groundwater table, within formation
X = interface distance below groundwater table, within well

Modified from Ballestero et al. (1994).

Appendix -2



Exhibit A-3

Parameters and Experimental Data Used
In Calculating Free Product Thickness Based on
Measurements of Free Product in Monitor Wells

Parameters listed in the following table correspond to the variables
appearing in the seven equations described previoudly.

Parameter Values

r,=0.84 S =72 f =0.424
gm/cm?® dynes/cm
r,=1.00 s . =[22 S, = 0.091
gm/cm? dynes/cm
F=75 S =40 P, =5.21cmH,0
(med.sand) ow
dynes/cm
he o = 17 b, =2.25 P, =6.51 cm H,0
g = 980 cm/s? b, =18 D =0.035

The data appearing in the following table are from Abdul et al.
(1989). Their experiment essentially involved introducing dyed diesel fuel
into an acrylic column containing well-graded sand and a minature monitor
well. The cylinder was initially filled with water from the bottom and then
allowed to drain until equilibrium was reached. Diesel fuel was then
allowed to infiltrate from the surface. The height of diesel fuel in the sand
and well was measured and recorded. The experiment was repeated 5
times.

Experimental Data

Trial H, h, x[Hyxr,]
Number (cm) (cm) (cm)
1 6 17 5.04
2 63 9 52.92
3 68 6.5 57.12
4 73 2 61.32
5 84 0 70.56
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Method of de Pastrovich (1979)

This method depends only upon the density (1 ) of the liquid hydrocarbon
relative to the density of water. For a hydrocarbon liquid with a density of
0.8, and assuming that the density of water (r ) isequal to 1, the

hydrocarbon thickness in the formation (the actual thickness) is only one-
fourth the thickness measured in the well (the apparent thickness). Stated
another way, the hydrocarbon thickness measured in the well is four times
greater than the actua thicknessin the formation. The principal weakness
of this method isthat it does not account for the effects of different soil
types. Exhibit 111-12 illustrates that in general, the ratio of apparent to true
free product thickness increases as soil grain size decreases. Thus, this
method may be more accurate in finer grained soil (e.g., silt, clay) thanin
coarser-grained soil (e.g., sand, loam)

Method of Hall, et al. (1984)

H, = H,-F
This method depends upon a “formation factor” (F), which is apparently
empirical, and not related to any other type of formation factor (e.g., those
found in petroleum literature) (Ballestero et al., 1994). For afinesand, F is
equal to 12.5 cm; for amedium sand, F isequal to 7.5 cm; and for a coarse
sand, F isequal to 5 cm. The principal weakness of this method isin
selecting an appropriate value for F, especially when the soil is either not
one of the three types mentioned above or islayered. Hall et al. (1984) also
report that there must be a minimum thickness of hydrocarbon in the well
for this method to be valid. For afine sand, the minimum thicknessis equal
to 23 cm; for a medium sand, the minimum thicknessis equal to 15 cm;
and for a coarse sand, the minimum thicknessis equal to 8 cm.
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Method of Blake and Hall (1984)

H, = H,-(x+h)

This method isrelatively straightforward, depending only upon measured
lengths, however, the parameter h, is difficult to accurately measure
especialy inthefield. Ballestero et al. (1994) indicate that h, should equal
the height of the water capillary fringe when the thickness of hydrocarbon
in the formation is relatively small since no pore water isdisplaced. Asthe
thickness of free product builds up, the water capillary fringe becomes
depressed as pore water is displaced and the value of h, diminishes. When
the hydrocarbon lens reaches the water table, the value of h, becomes zero.
At this point, the thickness of hydrocarbon in the formation is equal to the
distance between the top of the free product layer and the true elevation of
the water table. Both of these measurements can be obtained using the
methodology illustrated in Exhibit 111-10.

Method of Ballestero et al. (1994)

He = ((1-r,)H,)- h,

This method is essentially equivalent to the method of Blake and Hall
(1984) when an actual measurement of their parameter “X” is not available,
but the product density and thickness of product in the monitor well are
known. Recall that x isequal to the product of the thickness of the

hydrocarbon in the well and the hydrocarbon density (H, xr ).

Rearranging the above equation and substituting x for (H,_ X ) yieldsthe

same equation. The principal limitation of this method (as well asthe
method of Blake and Hall) is that the parameter h, is difficult to measurein
thefield. When h, has decreased to zero, the thickness of the free product
layer in the soil isequal to the distance between the top of the free product
layer measured in the well and the true (corrected) elevation of the water
table. Both of these measurements can be obtained using the methodol ogy
illustrated in Exhibit I11-10.
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Method of Schiegg (1985)

H, = H,-2(h)

This method essentially attempts to correct the exaggerated thickness of
free product in awell by subtracting a constant (2 h, ) that depends on the
soil type. Thefiner the soil, the greater the constant. Typical values of h,
as reported by Bear (1972), are 2-5 cm for coarse sand, 12-35 cm for
medium sand, and 35-70 for fine sand. The principal weakness of this
method is that it relies on a parameter that is difficult to accurately
determine. Valuesfor h 4 vary by afactor of 2 over the range from low to
high. Also, itispossible for this method to yield a negative value if thereis
only athin layer of free product in the well.

Method of Farr et al. (1990)

oeH 6 U

€, C J
Vv, = f(1-sf)D8%Dg-1Ld

PdOW PdaO
Drg r,9

This method is dependent upon conditions of static equilibrium. Farr et al.
(1990) present severa variations of this equation for different soil types and
different extent of liquid hydrocarbon in the unsaturated zone. The above
equation is based on equation #15 in their paper, which isvalid for
unconsolidated sand with very uniform pore sizes. The principal limitation
of this method isin obtaining values for P,> and P,*, neither of whichis
easily measured in thefield. Ballestero et al. (1994) present and discuss
this method, however there is a discrepancy in the formulation of the “D”
term, which is not possible to resolve based on the information provided.
Ballestero et al. (1994) aso mistakenly assume that H; and V, are
equivalent. The relationship between H; and V, is discussed later in this
Appendix.
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Method of Lenhard and Parker (1990)

H = Mo Dy H,y - oil-water capillary
fo- fringe thickness
baoro_ bow(l_ ro) J
_ aw
bao - S
ao
b - S aw
ow
S ow

This method is dependent upon conditions of static equilibrium; it assumes
atheoretical, vertical saturation profile based on generalized capillary
pressure relationships. Extensions of this method allow consideration of
residual oil trapped above and below the mobile zone by afluctuating water
table. The principal limitations of this method are that it does not account
for dynamic conditions or small-scale heterogeneities, and few of the
parameters can be measured in the field. Parameters from published
literature for pure compounds may be substituted but it is uncertain how
applicable such values are to aged mixtures of petroleum hydrocarbonsin
the subsurface.

Relationship Between V. and H;,

Although both the thickness of hydrocarbon in the soil (H;) and
specific oil volume (V,) can be expressed in dimensions of length [L], they
are not equivalent terms. Vertical integration of the hydrocarbon content in
the soil yields the volume (V,) of hydrocarbon in the medium per unit area,
whereas H; is merely the corrected thickness of the free product layer in the
geologic formation. V, actually has dimensions of L*/L? and is commonly
expressed in terms of cubic feet per square foot. To determine H;, V, must
be divided by the effective porosity. In the unsaturated zone, effective
porosity is equal to the product of porosity [f ] timesthe quantity ‘one

minus the residual saturation’ (1-S). The length dimension of the V, term
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is equivalent to the height that a specified volume of liquid hydrocarbon
would rise in an empty box measuring one unit of length on each side. The
length dimension of the H; term is equivalent to the height that the same
specified volume of liquid hydrocarbon would rise in the same box filled

with a porous media (e.g., sand) of porosity f and residual saturation S.

Obvioudly, the height of the rise in the box filled with a porous media
would be higher than in the empty box. To illustrate this point, consider an
empty box that measures one unit of length on each side. Take a specific
volume of liquid and pour it into the box. The depth of liquid in the box is
equivalent to the specific volume of the liquid. Now consider the same box
but thistimeit isfilled with marbles that are packed so that the pore spaces
represent only 25 percent of the total volume. If the same volume of liquid
is poured into this box, the height of the liquid will be four times greater
than the height in the empty box.

Relevance To Free Product Recovery

Each of the above methods for determining volume of free product
has its strengths and weaknesses. In general, none of the methodsis
particularly reliable under any given set of conditions either in the field or
in the laboratory. Although there have been some creative attempts to
compensate for the limitations of some of the methods, it is not usually
possible to predict the accuracy. For example, Huntley et al. (1992) apply
the methods of Farr et al. (1990) and Lenhard and Parker (1990) to a
stratified system, with each layer represented by its own specific capillary
pressure-saturation curves. The profiles generated by the layered model
match measured hydrocarbon saturations better than the use of asingle
“average’ layer. However, the study indicates that predicted saturations
can be erroneous if the system is not in equilibrium, and hencein violation
of the assumption of hydrostatic pressure distribution. These non-
equilibrium effects can be caused by rising or falling water table elevations.
Unfortunately, like anisotropy, non-equilibrium is most often the rule, and
isotropy and equilibrium are the exceptions. To estimate the volume of free
product in the subsurface, no one method should be relied on exclusively.
Select the methods that are most appropriate to the site conditions and
determine a volume using each method. In thisway areasonable range of
values can be established.

Appendix -8



From: Peterson, Gundar

Sent: Wednesday, September 03, 2008 3:28 PM
To: Golden, Tom
Subject: 50% recoverable hydrocarbons

Remediation Technologies for Soils and Groundwater (Paperback)

by Alok Bhandari (Editor), Rao Y. Surampalli (Editor), Pascale Champagne (Editor), Say Kee Ong
(Editor), R. D. Tyagi (Editor)Paperback: 456 pages

Publisher: American Society of Civil Engineers (March 15, 2007)

Language: English

ISBN-10: 0784408947

Gundar Peterson, P.E.

Daniel B. Stephens & Associates, Inc.
6020 Academy NE, Suite 100
Albuquerque, NM 87109

TEL: 505-822-9400

FAX: 505-822-8877



el

Repﬁnted from the Spring 1990 Issue of
Ground Water Monitoring Review

A Practical Approach to the Design,
Operatmn, and Monitoring of In Situ-
Soil-Venting Systems

. by P.C. Johnson, C.C. Stan!ey, M.W. Kemblowski, D.L. _B'yers,~ and J.D. Colthart

Abstract

When operated properly, in situ soil venting or vapor extraction can be one of the most cost-effective remediation
processes for soils contaminated with gasoline, solvents, or other relatively,volatile compounds. The components of
soil-venting systems are typically off-the-shelf items, and the installation of wells and trenches can be done by
reputable environmental firms, However, the design, operation, and momtonng of soil-vealing systcms are not
trivial. In fact, choosing whether or not venting should be applied at a given site is a difficult decision in itself, If
one decides to utilize venting, design criteria involving the number of wells, well spacing, well location, well construc-
tion, and vapor treatment systems must be addressed. A series of questions must be addressed to decide if venting
is appropriate at a given site and to design cost-effective in situ soxl-ventmg systems. This series of steps and qucsnons
forms a “decision tree” process. The development of this approach is an attempt to |dcnt1fy the limitations of in
situ soil venting, and subjects or behavior that are currently difficult to quantxfy and for which future study is needed.

Introduction

When operated properly, in situ soil venting or vapor
extraction can be a cost-effective remediation process
for soils contaminated with gasoline, solvents, or other
relatively volatile compounds. A “basic™ system, such
as the one shown in Figure 1, couples vapor extraction
(recovery) wells with blowers or vactum pumps to
remove vapors from the vadose zone and thereby reduce
residual levels of soil contaminants. More complex sys-

tems.incorporate trenches, air injection wells, passive:

wells, and surface seals, Above-ground treatment sys-
tems condense, adsorb, or incinerate vapors; in some
cases vapors are simply emitted to the atmosphcrc
through diffuser stacks. In situ soil venting is an espe-
cially attractive treatment option bécause the soil is
treated in place, sophisticated equipment is not
required, and the cost is typically lower than other
options,

The basic phenomena governing the performance of
soil-venting systems are easily understood. By applying
a vacuum and removing vapors from extraction wells,
vapor flow through the unsaturated soil zone is induced.
Contaminants volatilize from the soil matrix and are
swept by the carrier gas flow (primarily air) to the extrac-
tion wells or trenches. Many complex processes occur
on the microscale, however, the three main factors that
control the performance of a venting operation are the
chemical composition of the contaminant, vapor flow
rates through the unsaturated zone, and the flow path
of carrier vapors relative to the location of the contamin-
ants.

The components of soil-venting systems are typically

off-the-shelf items, and the installation of wells and
trenches can be done by reputable environmental firms,
However, the dmgn, operation, and monitoring of soil-
venling Systems is not trivial. In fact, choosing whether
or not venting should be applied at a given site is a
difficult question in itself. If one decides to utilize vent-
ing, dcs:gn criteria mvolvmg the number of wells, well
spacing, .well location, well construction, and vapor
treatment systems must be addressed. It is the current
state-of-the-art that such questions are answered more
by experience than by ngorous logic. This is evidenced
by published soil venting “sticcess stories” (see Hutzler
et al. 1988 for a good review), which rarely include
insight into the dcsgn process.

In this paper, a series of questions are prcsqntcd that
must be addressed to:

® Decide if venting is appropriatc at a given site.’

® Design cost-ctiective in situ soil-venting systems.
This series of steps and questions forms a “decision
tree” process. The development of this approach is an
attempt to identify the limitations of in situ soil venting,
and subjects or behavior that are currently difficult to
quantify and- for which future study is needed.

The “Practical Approach”

Figure 2 presents a flow chart of the process dis-
cussed in this paper. Each step of the flow chart will be
discussed in detail, and where appropriaté, examples
are given.

The Site Characterization

Whenever a soil contamination i:roblcm is detected
or suspected, a site investigation is conducted to charac-




then Figure 8 predicts that =~ 100 l-air/g-gasoline will,

be required.: This is the minimum amount of vapor
required, because it is based on an equilibrivm-based
model. The necessary minimum average vapor flow rate
is then equal to the spill mass times the minimum
required vapor flow/mass gasoline divided by the
desired duration of venting, Use of this approach is
illustrated in the service station site example provided
at the end of this paper.

Figure 8 also illustrates that there is a practical limit
to the amount of residual contaminant that can be
removed by venting alone. For example, it will take'a
minimum of 100 1-vapor/g-gasoline ta remove 90 peréent
of the weathered gasoline defined in Table 2, while it
will 1ake about 200 l-air/g-gasoline to remove the
remaining 10 percent. In the case of gasoline, by the
time 90 percent of the initial residual has been removed,
the residual consists of relatively insoluble and non-
volatile compounds. It is important to recognize this
limitation of venting. and when sctiing realistic cleanup
target levels, they should be based on the poteatial envi-
ronmental impact of the residual rather than any specific
total residual hydrocarbon fevels. Because mandated
cleanup levels are generalty independent of the remedia-

tion method, this also indicates that soil venting will

often be one of many processes used during a given site
remediation. It is not difficult to envision that in the
future soil venting may be followed or coupled with

enhanced biodegradalion to achieve lower cleanup’

lavels.

It is appropriate 1o mention at this point that the,

mathematical models presented in this paper are being
used as “tools” to help plan and design venting system.
As with any models, they are mathematical descriptions
of processes that at best approximate real phenomena,
and care should be taken not 10 misapply or misinterpret
the results.

Are There Likely to Be Any Negative Effects of Soil
Yenting? . '

Tt is possible that venting will induce the migration
of off-sitc contaminant vapors toward the extraction
wells. This may occur al a service station. which is oftea
in close proximity ta other service stations. If this occurs,
one could spend a lot of time and money to unknowingly
clean up someone else's problem. The solution is to
establish a “vapor barrier” at the perimeter of the coii-
taminated zone, This can be accomplished by allowing
vapor flow into any perimeter ground water monitoring
wells (which often have screened intervals extending
above the saturated zone), which then act as passive air
supply wells, In other cases it may be necessary io install
passive air injection wells, or irenches, as illustrated in
Figure S%a.

As pointed out by Johnson et al. (1988), the applica-
tion of a vacuum to extraction wells can also cause a
water table rise. In many cases contaminated soils lie
just above the water table and they become water satur-
ated, as illustrated in Figure 9b, The maximum rise

occurs at, or below the.vapor extraction well, where the *

waler table rise will be equal to the vacuum at that peint
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Figure 9. (s} Usa of passive vapor wells fo prevent migratioh
of olf-site contamicant vapors. (b) Water table rise caused by
the applied vacuur.

expressed as an equivalent water column height (ie.. in
ft H,0). The recommended solution to this problem is
1o install a dewatering system. with ground water pump-
ing wells located as close to vapor extraction wells as
possible, The dewatering system must be designed to
ensure that contaminated soils remain exposed to vapor
flow. Other corisiderations not directly related to vent-
ing system design, such as soluble plume migration con-
trol and free-liquid product yicld. will also be factors in
the design of the ground water pumping system.

Design Information

H venting is still a remediation option aficr answer-
ing the questions above. then more accurate information
must be collected. Specifically, the soil permeability to
vapor flow, vapor concentrations. and aquifer charac-
teristics need to be determined. These are oblained by
two field experiments: air permeability and ground
water pumping tests, described briefly next.

Air Permeability Tests i

Figure 10 depicts the setup of an air permeability
test. The object of 1his experiment is to remove vapors
a1 2 constant rate from an extraction well, white monitor-
ing with time the transient subsurface pressure distribu-
tion at fixed points. Effluent vapor concentrations are
also mionitored. It isimportant that the test be condizcted
properly 10 obtain accurate design information. The,
axtraction well should be screened through the soil zone
that will be vented during the actual operation. In many:
cases existing ground water monitoring wells are suffici-
ent, if theirscreened sections extend above the water
table. Subsurface pressure .monitoring probes can be




vapor- _stream durmg a soil-vent Cléanup (squares). 771e
solid line represents an exponential decay witha
removal factor of 0.38 per day.
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tion-and expected flow rate so the
and-emissions-control device can beiselected. The cost effec-
tiveness of a venting system thus depends on the quality of
the design and its engineering an ion.
Two factors are critical to effective design and operation.
The first is the extraction systemitself, which includes the
number, spacing and location of the extraction wells, as
well as the size and type of the manifold and its layout. The
second is the vapor treatment system. Carbon generally is
inexpensive to purchase, install and-permit. However, when
high levels of volatile organic compounds (VOCs) are pre-
sent, carbon can be extremely expensive to recycle. On the
other hand, although thermal or catalytic oxidation systems
require higher capital expenditure and take time to permit,
they are relatively inexpensive to ‘operate because they do
not generate hazardous waste. Table 1 illustrates the oper-
ating cost categories and parameters for two hypothetical
abatement methods. Determining which method to use
requires a thorough understanding of the changes in VOC

Table 1. Vapor Abatement Cost Analysis
Program Input Data Worksheet

concentration that occur during the soil venting process.

The change in the hydrocarbon content in<the vapor
stream during a soil-vent cleanup is shown in Figure 1.
The site is a retail service station with two vapor-extrac-
tion wells. The change in discharge concentrations of
hydrocarbons over time, measured with a portable pho-
toionization detector (PID) instrument, indicates a
decrease from 130 parts per million by volume (ppmv) to
10 ppmv during the first two months of operation. Fol-
lowing a rapid initial decrease, a slow (asymptotic)
decline toward the baseline value is observed. This is typ-
ical for soil-vent remediation systems. For comparison, an
exponential decay curve of the form:

C,=C,exp (-RF-9)

where C, equals the concentration of hydrocarbon in the va-
por phase at time t, C, equals the initial concentration at time
0, t equals time and RF is the removal factor, alsois'shown.

This exponential decay is observed at many. sites.
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Buscheck and Peargin (1991) conducted a survey of 143
operating vapor extraction systems and found two distinct

- decay patterns. The first conforms to the exponentialmodel,
while the second exhibits a decay with a non-zero asymp-
tote for the mass removal. This latter pattern usually occurs
in non-homogeneous formations where slow diffusion from
the less permeable zone limits the rate of cleanup (Tormey
et al., 1992).

Simulating a remediation
In most cases, the hydrocarbon concentration. decreases
- very rapldly at startup and is followed by an asym otlc

€ o
ults Th .
Results for VACAP Analysis of a | ' {
Catalytic Oxicizer with a Heat Exchanger '

alytic oxidizer with a heat
“‘exchanger. For each time step,
the hydrocarbon concentra-
“tion in the ‘vapor phase is
‘decreased using the equation.
If the current concentration is
- greater than the abatement
unit can handle, it must be
diluted to an acceptable level.
In that case, the effective
flow from the soil is reduced
as shown in the daily flow
column of Figure 2. This di-
lation usually is accom-
plished by opening a bleed

© Figure 2. Results for the
VACAP analysis of a
catalytic oxidizer with a
heat exchanger.
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~valve and is simulated as shown in Fig-
ure 2 by decreasing the total flow of air
into the unit.

If the newly calculated concentration
is less than the maximum the abatement
unit can handle, the entire process stream
is admitted to the unit, and the amount of
hydrocarbon removed for that time step
is subtracted from the remaining mass.
For the unit in this example, the maxi-
mum influent concentration of 3900
ppmv is reached after 150 days, as shown
in Figure 2. The effects of variable geo-
logic conditions are considered by
adjusting the decay factor by approxi-
mately +10 percent to simulate the rela-
tive effects of very permeable sand or
much less permeable clay.

Figure 3 shows actual data and a sim-
ulation for a retail petroleum site where
the defective UST was removed and four
vapor extraction wells were installed.
The underlying soil were of mixed lithol-
ogy, ranging from silty clay to sandy
gravel, and had concentrations of total
petroleum hydrocarbons as gasoline in
excess of 11,000 mg/kg. Initial mass
balance calculations indicated that
approximately 20,000 pounds of hydro-
carbon could be recovered. Vapor con-
centrations from the wells initially
exceeded 20,000 ppmv of gasoline, and
were diluted by manually opening a
bleed valve until the vapor concentration
remained below 3900 ppmv on day 110.
See the lowest curve in Figure 3. The
upper curve shows the decrease in total
mass. Note that the curve is nearly linear
between days 30 and 110. This is due
to the nearly constant removal rate,
which was controlled by the dilu-
tion process. The results of the VACAP
model are shown by the diamond sym-
bols and appear to match the observed
removal rate.

Abatement devices

The assumptions for estimating the costs
and treatment capacity for each unit must
be based on vendor and engineering expe-
rience. The worksheet can be used to eval-
uate and compare total costs to treat a
volatile contaminant.

Vapor-phase activated carbon is used
as the baseline abatement technology. In
our experience, the adsorption efficiency
of carbon is about 25 percent for most
hydrocarbons. For the sake of compari-
son, the maximum flow rate through the
carbon has been established to be 200 standard cubic
feet per minute (scfm). Due to safety standards, the max-
imum hydrocarbon concentration in the process stream
will be kept below 100 percent of the lower flammability
limit (LFL).

The catalytic oxidizer is a natural gas heated unit. The
gasoline generates a rise in temperature across the catalyst
equivalent to about 20°F for each one percent of LFL.
Thus, a process stream of 30 percent of LFL causes the

® Figire 3. Comparison of VACAP model with data collected during
remédiation of a site contaminated by a leaking UST.

: g‘SloiI Vent SYstém ”Perform;i_hce

VCumulalive removal !

-~ Catalytic oxidizer with heat exchanger
—— Catalytic oxidizer without heat exchanger
—— Thermal oxidizer ™

= Carbon

® Figure 4. The upper figure shows the decrease in the mass remaining versus
time. The lower figure shows the increasing cumulative costs for each of the
three abatement devices. Note: Figures are for illustrative purposes only.

catalyst temperature to rise from a light off point of 650°F
to 1250°F. This represents the maximum temperature the
unit can sustain without damaging the catalyst. Installa-
tion costs can be based on experience at similar sites. Cat-
alyst replacement every six months to 12 months of oper-
ation also must be considered. The equivalent cost sav-
ings for the amount of hydrocarbon usable as fuel could
be as high as 90 percent as a result of using a heat ex-
changer, which preheats the process stream with the
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Using the model, it is possible to compute the total cost
of running designated equipment.

exhaust gas. A unit without the heat exchanger is
less expensive, but results in an efficiency of only
about 25 percent.

A thermal oxidizer unit uses natural
gas to burn the contaminated vapors in a
combustion chamber. An external source
of air is added to the combustion cham-
ber to ensure sufficient oxygen is present.
In addition, this make-up air dilutes the
hydrocarbon concentration so that the
maximum contaminant level is estimated
to be about 60 percent of LFL. Support
fuel is required at all times to keep the
combustion chamber above 1400°F. The
effectiveness of a heat exchanger is sim-
ilar to a catalytic unit.

Life-cycle costs
The proposed simulation model now can be used to com-
pute the life-cycle costs for each of the abatement units. The
user should first fill in the data in Figure 1. For each time
step of the simulation, the daily cost is calculated based on
the daily cost with no hydrocarbouns in the process stream,
minus the amount of fuel recovered from the current hydro-
carbon concentration. The fuel factor represents the cost
savings from the use of the hydrocarbon as support fuel. In
an actual cleanup, once the vapor concentration is less than
about 50 ppmv, the abatement device can be removed. The
vapor can be vented straight to the atmosphere, or activated
carbon can be substituted for the more complicated and
higher-pnced fixed-cost units. The results for a typlca] sce-
nario are presented in Figure 2.

~For a relatively permeable formation, the time. decay

i Pubhshmg, Chelsea MlCh 19‘9'

curves appear to be linear during the early part of the
cleanup. This is because the process stream is di-
luted to meet the maximum hydrocarbon levels per-
mitted by each unit. During this early
stage, the number of pounds removed per
day is constant for each abatement unit,
and the relative slopes of the four curves
reflect the flow rate and concentration for
each device. The life-cycle costs for this
simulation represent the sum of all the
daily costs. The times and life-cycle costs
to achieve removal of 99 percent of the
contaminant mass indicate that while the
carbon system achieves cleanup in the
least time, 526 days, it will cost more than
twice as much as any of the other alterna-
tives considered here. See Figure 4. Net
present value costs also are given, assum-
mg a rather hlgh inflation rate of 10 percent to emphasize the
advantage of using current dollars to pay for future costs. The
thermal unit requires 543 days but costs less. The catalytic
system. without a heat exchanger takes 728 days and costs
still Iess, while using a heat exchanger reduces the final cost
even further

Conclusions
A mathematical model has been developed and shown
applicable to vapor extraction of small sites. It calculates
the expected time required to extract the volatile compo-
nents adsorbed to soil, and then uses the time-dependent
concentration data to drive an economic model that com-
plites the total cost to run the designated equipment. The
assumptlons inherent in the model and the estimated per-
formance characteristics for the various abatement devices
must be developed for each site, but usually can be esti-
mated from prior experience. The life-cycle model indicates
that vapor phase carbon can be used to remediate a site very
quickly, but the associated costs are more than twice that of
the other abatement units. The thermal oxidizer initially
appears to be very cost-effective, but this advantage
decreases with respect to the catalytic unit for longer times.
A heat exchanger raises the initial capital cost but pays for
itself in about 200 days.

These evaluations should be considered generic and used
for illustrative purposes only, because actual site conditions

-may vary considerably with respect to geologic complexi-

ty, quantity of material to be treated and chemical compo-
sition of the contaminant. The final decision as to the most
appropriate abatement device also should take into account
whether time or cost is the most important parameter, and
whether the treated vapor stream complies with local air
discharge regulations.

Dr. Peter Kroopnick is a principal hydrogeologist and direc-
tor of remediation technology at Fluor Daniel GTI, Renton,
Wash., 425-228-9645, or e-mail, pkroopnick @ gtionline.com.
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1.0 OBJECTIVE

Calculate the amount of pressure loss within the soil vapor extraction (SVE) pipe network and
use this information to size a system blower.

2.0 GIVEN

SVE conveyance pipe consisting of 4-inch schedule (SCH) 40 polyvinyl chloride (PVC), and
equipment compound piping consisting of 6-inch SCH 40 PVC; minor loss coefficients, K, for
fittings within the system; individual SVE well air flowrates; and Darcy Weisbach roughness
coefficients of 0.000005 and 0.00015" for plastic and steel pipe, respectively. A vacuum of 85
inches of water applied at the wellhead.

3.0 METHOD

Use the Darcy-Weisbach equation? to determine the amount of major and minor pressure loss
within a given pipe system. Energy lost due to the physical friction of the fluid against the pipe
wall is categorized as major losses, whereas energy losses due to changes in flow direction or
obstructions (e.g. valves) are categorized as minor losses. This equation is dependent on fluid
properties (density and dynamic viscosity of the fluid), pipe material properties (expressed
through the Darcy-Weisbach friction factor), pipe length, and pipe diameter. The Darcy-
Weisbach friction factor' is dependent on the Darcy-Weisbach roughness coefficient®, pipe
diameter, and the Reynolds number?.

The first step in determining the major and minor pressure losses within a given system is to
determine the Reynolds number for the system. This unitless number describes the type of flow
within the system. Reynolds numbers above 4,000 describe fully-developed turbulent flow”. In
order to determine the Reynolds number, three variables are needed: the dynamic viscosity of
the fluid, the characteristic length/diameter of the pipe, and the average fluid velocity.

_pVD
U

Re egn. 1

Where Re = Reynolds number
p = Fluid density
V = Fluid velocity
D = Pipe diameter
1 = Dynamic viscosity

Calculate the Darcy-Weisbach friction factor™.
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1.325
f = 5 eqn. 2
k 5.74
3.7D Re™
Where f = Darcy-Weisbach friction factor
k = Darcy-Weisbach roughness coefficient

Calculate major pressure losses within the system?.

_fIv? eqn. 3
maj ng "
Where Hmaj = Major headlosses
I = Pipe length
g = Gravitational acceleration

Minor pressure losses are dependent on the type of obstruction and the velocity head of the
fluid flowing through the pipe network.

Calculate minor pressure losses within the system. The values of K are additive.

V 2
H. . =K, — eqn. 4
min m Zg
Where Hmin = Minor head losses
Km = Minor loss coefficient for fittings

Use the major and minor pressure losses, together with the design extraction well vacuum of 85
in H,OP, to determine the expected blower operating vacuum.

4.0 SOLUTION

The Lovington 66 site will consist of a single SVE system connected to two 4-inch diameter
horizontal wells each designed to convey up to 275 scfm®. The flow from each extraction well is
conveyed to a 6-inch diameter SCH 40 PVC SVE manifold via 4-inch SCH 40 PVC pipe.

Example calculations are provided below for SVE-1 and manifold piping. Calculations for all
lines are provided in the attached spreadsheet. The following equations display significant
digits carried through in the spreadsheet.
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First, determine the linear flow velocity and Reynold’s number for each conveyance line at the
anticipated flow rate assuming full pipe flow. Average inside diameter is 3.998, and 6.031
inches for the 4- and 6-inch pipe materials®. Assume a dynamic viscosity and air density of 3.64
E-7 Ibf*sec/ft> and 2.13 E-3 slug/ft®, respectively, corresponding to a site elevation of 3,910 feet
above mean sea level®.

Vonveyance = Q / A = (275 ft3/min) *(min /60 sec)/ (m/ 4 *(3.998 in/ 12 in/ft)*2 ) = 52.6
ft/sec
Vvianitold = Q / A = (550 ft¥/min) * (min / 60 sec) / (11 / 4 * (6.031 in / 12 in/ft)"2 ) = 46.2 ft/sec

Reconveyance =P *V*D /pu=(2.13 E-3 slug/fts) * (52.6 ft/sec) * (3.998 in / 12 in/ft) / (3.64 E-7
slug/ft*sec) = 102,408

Rewmaniod = P * V * D/ p = (2.13 E-3 slug/ft®) * (46.2 ft/sec) * (6.031 in / 12 in/ft) / (3.64 E-7
slug/ft*sec) = 135,774

The Reynold’s numbers calculated above are indicative of turbulent flow. Use the calculated

Reynolds numbers and a Darcy-Weisbach roughness coefficient of 0.000005" to calculate the
Darcy-Weisbach friction factor following eqgn. 2:

1.325

evance = - = 0.0179
ffﬂ:zaa_}mzca [1 ( 0.000005 . c 74 )]_
M 37+(3.998/12) " 102,40877
f = 1325 = 0.0168
Manifold — [1 ( ﬂ.ﬂﬂﬂﬂﬂ.s N 5}4 )]2 —
"37%(6.031/12) ' 135,774°7

The schedule of pipe and fittings for the site is presented in Table 1 below. The length of each
pipe circuit is calculated using AutoCAD software, with 25 percent added to each length to
account for vertical changes in direction and piping alignment changes.

Table 1: Pipe and fitting schedule for the SVE system

clTrigSit IE:eILCgutE 90° Elbow B\ljt;ﬁ/rgy TBergnFCithtiendg Entrance | Exit | Flowrate
(f) # K # K | # K | # | K | #| K| scm
SVE-1 65 4 1.5 1 0.8 1 2 0 05| 0 1 275
SVE-2 70 4 1.5 1 0.8 1 2 0 05| 0 1 275
Manifold 10 1 1.5 0 0.7 0 2 1 0.5 1 1 550
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Calculate major pressure losses for each pipe circuit using equation 3 together with the circuit
length and flow rates from Table 1, the specific weight of air, and the Darcy friction factor
calculated above. A sample calculation for pipe circuit SVE-1 is provided with data summarized
in Table 3 below:

0.0179 + 65ft (525 ft)
sec

Hpai = 3998 s 2 ft = 149.7 ft air
lZm;‘ft
Convert this head loss from units of feet of air to umts of inches of water.
lbm |
006846 zFair 5. |
149.7 ft air B ¥ r = 1.97 in water
62.37 Eg'u'ﬂt

Calculate minor pressure losses using equation 4 for fittings on the SVE-1 pipe circuit and data
from Table 1. A sample calculation for pipe circuit SVE-1 is provided with data summarized in
Table 2 below:

m=(4*15)+(1*0.8)+ (1*2)=8.8

2 lbm |
8.8 « (52.53) 0.06846 Zzair
Hpin = ' 3 = 496 in water
2+322 15, ft 523?%’%@:.3? ft

The total design pressure loss for the SVE-1 pipe circuit before the manifold will be the sum of
the major and minor losses:

Hy1 =1.97 +4.96 =6.93 in H,0.
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Table 3: Pipe circuit pressure losses

Major Minor Total
Pressure Pressure Pressure
Pipe Circuit Flow Rate, Loss, Loss, Loss,
Circuit Length, ft scfm in H,O in H,O in H,O
SVE-1 65 275 1.97 4.96 6.93
SVE-2 70 275 2.12 4.96 7.08

The blower will need to be sized for the pipe circuit with the largest vacuum from this branched
flow SVE system. Therefore, use the total pressure loss from pipe circuit SVE-2 as the SVE
system design pressure loss, AP =7.08 in H,O0.

Calculate major pressure losses for the compound piping using equation 3 together with an
approximate length of 6-inch PVC pipe and flow rate in the compound from Table 1, specific
weight of air, and Darcy friction factor calculated above.

. lbm __
0.0168 * 10ft » (45.2 %) 0.06846 iz air 5.
Hmajipiag) = 60311 ; * = 0.15 in water
- . in . ft Ibm ft
—IZITlf}EE’ *2 %322 secs 62.37 ﬁg’%ﬂte‘l‘

Calculate minor pressure losses using equation 4 for fittings on the 6-inch PVC compound pipe
using data in Table 1, as well as adding an entrance (K=0.5) and exit (K=1.0) loss out of the
moisture separator.

Km=(1*15)+05+10=3.0

| fr\’ bm

Hmlnl'bbdg} = * = 1.31 in water
- _ It Ibm ft
2*322@: 52.3?ﬁ3’%ﬂt€1‘

The total design pressure loss for the PVC pipe in the compound will be the sum of the major
and minor losses:

AHb|dg =0.15+131= AHb|dg =1.46in H,0.
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Calculate the expected SVE blower total operating vacuum using the design pressure losses
calculated above and the expected extraction well vacuum of 85 in H,OF:

Hsys =7.08inH,O +1.46inH,O +85in H,O=93.5in H,O
In order to provide an additional factor of safety, the blower will be sized for a vacuum of 100

inches of water. The blower will include a variable frequency drive (VFD), which can be
adjusted down to match air flow operating requirements for the vapor treatment equipment.
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Major Headloss Calculations
SVE COMPOUND PIPING

CONSTANTS

Daniel B. Stephens & Associates, Inc.

Pipe Roughness

e/d

Dynamic Viscosity, u

k, Roughness Height, ft
Air Density

smooth

smooth
3.64E-07 Ibf-sec/ft"2
5.00E-06
0.068464 lbom/ft"3 =

Altitude (ft)

2.13E-03 slugs/ft"3

3910

Major Headlosses

L
h, =f(=)v2/2
L (D) g

\Water Density 62.37 Ibm/ft"3 Horizontal well conveyance pipe, dia=  3.998 in (4" Sch 40 PVC)

Gravitational Acceleration,g 32.17 ft/s"2 Manifold conveyance pipe, dia= 6.031 in (6" Sch 40 PVC)

Table 1. Major Headlosses

Run Flow Rate | Actual Pipe | Actual Pipe| X-Sectional | Velocity | Velocity | Reynolds | Friction L/D hL hL hL
Length,L Q Diameter, D |Diameter, D| Area, A \ \ # Factor, f (ft air) | (ft water) | (in water)
Piping Run (ft) (cfm) (in) (ft) (ft%) (ft/min) (ft/s)

SVE-1 65 275 3.998 0.333 0.087 3154 52.6 102,408 | 0.0179 195.1 149.7 0.16 1.97
SVE-2 70 275 3.998 0.333 0.087 3154 52.6 102,408 0.0179 210.1 161.2 0.18 2.12
Manifold 10 550 6.031 0.503 0.198 2772 46.2 135,774 | 0.0168 19.9 111 0.01 0.15
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Minor Headloss Calculations

SVE Compound Piping
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Minor Loss
Appurtenance Coeff. (KI) Minor Headlosses
90° elbow 1.5
45° elbow 0.4 h — k \V} 2 / 2g
Branch Flow (BF) Tees 2 L L
Butterfly valves 0.8
Gate Valves (3/4 Closed) 17
Flow Meter 0.64
Entrance 0.5
Exit 1
Table 2. Minor Headlosses
Quantinty of Appurtenances
90° 45° Slip Tees Butterfly Valve Gate Valve Flow Meter | Entrance | Exit KI | Velocity,v hL hL hL
Piping Run (Branch Flow)| (Fully Open) (3/4 Closed) Sum (ft/S) (ft air) | (ft water) | (in water)

SVE-1 4 0 1 1 0 0 0 0 8.8 52.6 376.2 0.41 4.96

SVE-2 4 0 1 1 0 0 0 0 8.8 52.6 376.2 0.41 4.96

Manifold 1 0 0 0 0 0 1 1 3.0 46.2 99.6 0.11 131
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Total Design Headloss
SVE Compound Piping
CONSTANTS

Table 3. Total Headlosses

Daniel B. Stephens & Associates, Inc.

hL hL hL
(ft air) | (ft water) | (in. water)
Piping Run
SVE-1 525.9 0.58 6.93
SVE-2 537.4 0.59 7.08
Manifold 110.7 0.12 1.46
Total Design Headloss 648.1 0.71 8.54 inH20
0.63 inHg
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Density of air

Altitude = 3910 ft

Rho = 2.12E-03 slug/ft3
mu = 3.64E-07 slug/ft-sec
Temp = 453 F

Patm = 1,843 Ib/ft2

504.996 R

Fundamentals of Momentum, Heat, and Mass Transfer
Wicks Welty, Wilson Rorrer

h(ft) Temp (F) [Pressure (Ib/ft2) |rho(slug/ft3) |mu(slug/ft-sec)

0 59 2116.2 0.002378 3.72E-07
1000 57.44 2040.9 0.00231 3.70E-07
2000 51.87 1967.7 0.002242 3.68E-07
3000 48.31 1896.7 0.002177 3.66E-07
4000 44,74 1827.7 0.002112 3.64E-07
5000 41.18 1760.8 0.002049 3.62E-07
6000 37.62 1696.0 0.001988 3.60E-07
7000 34.05 1633.0 0.001928 3.58E-07
8000 30.49 1571.9 0.001869 3.56E-07
9000 26.92 1512.8 0.001812 3.54E-07
10000 23.36 1455.4 0.001756 3.52E-07
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Computer Applications in Hydraulic Engineering

given particle in the direction of flow, and at other times detract from it. The result is that
velocity distributions captured at different times will be quite different from one another,
and will be far more chaotic than the velocity distribution of a laminar flow section.

By strict interpretation, the changing velocities in turbulent flow would cause it to be
classified as unsteady flow. Over time, however, the average velocity at any given point
within the section is essentially constant, so the flow is assumed to be steady.

The velocity at any given point within the turbulent section will be closer to the mean
velocity of the entire section than with laminar flow conditions. Turbulent flow velocities
are closer to the mean velocity because of the continuous mixing of flow, particularly the

mixing of low-velocity flow near the channel walls with the higher-velocity flow toward
the center.

To classify flow as either turbulent or laminar, an index called the Reynolds numnber is
used. It is computed as follows:

where Re = Reynolds number (unitless)

average velocity (nvs, ft/s)
hydraulic radius (m, ft)

v = kinematic viscosity (m%/s, ft*/s)

N
Wi

If the Reynolds number is below 2,000, the flow is generally laminar. For flow in closed
conduits, if the Reynolds number is above 4,000, the flow is generally turbulent. Between
2,000 and 4,000, the flow may be either laminar or turbulent, depending on how insulated
the flow is from outside disturbances. In open channels, laminar flow occurs when the

Reynolds number is less than 500 and turbulent flow occurs when it is above 2,000.
Between 500 and 2,000, the flow is transitional.

mple 1-12 Flow Characterisfics

A rectangular concrete channel is 3 m wide and 2 m high. The water in the channel is

1.5 m deep and is flowing at a rate of 30 m*/s. Determine the flow area, wetted perimeter,
and hydraulic radius. Is the flow laminar or tarbulent?

Solution

From the section’s shape (rectangular), we can easily calculate the area as the rectangle’s
width multiplied by its depth. Note that the depth used should be the actual depth of flow,

not the total height of the cross-section. The wetted perimeter can also be found easily
through simple geometry.

A4=30mx15m=45m’
P,=30m+2x1.5m=60m
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Basic Hydraulic Principles

Chapter 1

Table 1-2: Typical Roughness Coefficients

Manning’s | Hazen- Darcy-Weishach
Material Coefficient | Williams Roughness Height -
n C k (mn) k (ft)
Asbestos cement 0.011 140 0.0015 0.000005
Brass 0.011 135 0.0015 0.000005
Brick 0.015 100 0.6 0.002
Cast-iron, new 0.012 130 0.26 0.00085
Concrete:
Steel forms 0.011 - 140 0.18 0.006
‘Wooden forms 0.015 120 0.6 - 0.002
Centrifugally spun 0.013 135 0.36 0.0012
Copper 0.011 135 0.0015 0.000005
Corrugated metal 0.022 - 45 0.15
Galvanized iron 0.016 120 0.15 0.0005
Glass 0.011 140 0.0015 0.000005
Lead 0.011 135 0.0015 0.000005 L
- Plastic 0.009 150 0.0015 0.00D005 v
Steel:
Coal-tar enamel 0.010 148 0.0048 0.000016
New unlined 0.011 145 0.045 0.00015
Riveted 0.019 110 08 0.003
Wood stave 0.012 120 S 0as - 0.0006

1.5 Pressure Flow

For pipes flowing full, many of the friction loss calculations are greatly simplified
because the flow area, wetted perimeter, and hydraulic radius are all functions of pipe
radius (or diameter). Table 1-3 presents the three pipe friction loss equations that are
commonly used to design pressure pipe systems.

There is much more information presented about pressure piping systems in Chapter 6,
including further discussion on pumping systems, minor losses, and network analysis.

Table 1-3: Three Pipe Friction Loss Equations

Equation 0 (m'/s); D (m) 0 (cfs); D (ft) 0 (gpm); D (in.)
N )
. 0.083/0 |/ 0.02510° _0.031/0
Darcy-Wexsbécb S J =T . S y -_-_._DS__ ; S/ __T
- 10.7 ()™ 473 (0} 10.5 (0\"**
Hazen-Williams S ' =W(_C—) S . =BW _C- S . =W E
- 10.3(nQ)* 4.66(nQ)’ 13.2(nQ)*
Mauning Sj:T Sf=—_DT Sj,:T-
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358  Appendixs M Physical Properties of Fluids

® TABLE B.3

Physical Properties of Air at Standard Atmospheric Pressure (BG Units)?

Specific

Specific Dynamic Kinematic Heat :
Density, Weight®, Viscosity, Viscosity, Ratio, Sound

Temperature P v 12 v k c
CF) (slugs/ft) b/f) (Ib-s/fe?) (#2/s) (—) (ft/s)
-40 2939 E -3 0456 E -2 329 E-7 112 E—-4 1.401 1004
—-20 2805 E -3 9.026 E -2 334 E-7 119 E- 4 1.401 1028
0 2683 E -3 8.633 E—-2 338 E-7 126 E—-4 1.401 1051
10 2626 E -3 8449 E — 2 344 E -7 131 E—-4 1.401 1062
20 2571 E-3 8273 E-2 350 E-7 136 E— 4 1.401 1074
30 2519 E-3 8104 E-2 358 BE—7 142 B-4 1.401 1085
40 2469 E -3 7942 E -2 360 E-7 146 E—- 4 1.401 1096
50 2420 E -3 7786 E -2 368 E—-7 152 E-4 1401 1106
60 2373 E-3 7.636 E -2 375 E-17 158 E-4 1.401 1117
70 2329 E-3 7492 E-2, 382 E-7 164 E—- 4 1.401 1128
80 2286 E -3 7353 E -2 386 E -7 169 E~ 4 1.400 1138
90 2244 E -3 7219 E -2 390 E—-7 174 E—- 4 1.400 1149
100 2204 E-3 7.090 E -2 394 E-7 179 E-4 1.400 1159
120 2128 E -~ 3 6846 E — 2 402 E~-7 1890 E—- 4 1.400 1180
140 2057 E-3 6.617 E -2 413 E—-7 201 E—-14 1.399 1200
160 1990 E -3 6404 E -2 422 E-17 212 E—-4 1.399 1220
180 1928 E -3 6204 E -2 434 E -7 225 E—4 1.399 1239
200 1870 E -3 6016 E—-2 449 E -7 240 E—-4 1.398 1258
300 1624 E—3 5224 E-2 497 E—-7 306 E— 4 1.394 1348
400 1435 E -3 4616 E—2 524 E-17 365 E— 4 1.389 1431
500 1285 E-3 4135 E-2 580 E—-7 451 BE—4 1.383 1509
750 1020 E-3 3280 E -2 681 E—-7 6.68 E—4 1.367 1685
1000 8445 E -4 2717 E-2 785 E -7 930 E—4 1.351 1839
1500 6291 E—4 2024 E-2 950 E -7 151 E—-3 1.329 2114

“Based on data from R. D. Blevins, Applied Fluid Dynamics Handbook, Van Nostrand Reinhold Co., Inc., New York. 1984.

*Density and specific weight are related through the equation y = pg. For this table g = 32.174 ft/s2.
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Product Specifications 5 NGS oNLINE

Schedule 40 PVC Pi pe a division of Commercial Industrial Supply
pe bim 10NS
Nominal Pipe Size 0'utside Average Inside | Minimum Wall Nor.ninal Maxir'num
(inches) Diameier Diameter (I.D.) |Thickness WemhyE e Weridng
(0.D.) (Wt./Ft.) Pressure (WP)

1/8" 0.405 0.249 0.068 0.051 810

1/4" 0.540 0.344 0.088 0.086 780

3/8" 0.675 0.473 0.091 0.115 620

1/2" 0.840 0.602 0.109 0.170 600

3/4" 1.050 0.804 0.113 0.226 480

1" 1.315 1.029 0.133 0.333 450
1-1/4" 1.660 1.360 0.140 0.450 370
1-1/2" 1.900 1.590 0.145 0.537 330

20 2.375 2.047 0.154 0.720 280
2-1/2" 2.875 2.445 0.203 1.136 300

3" 3.500 3.042 0.216 1.488 260
3-1/2" 4.000 3.521 0.226 1.789 240

4" 4.500 3.998 0.237 2.118 220

5 5.563 5.016 0.258 2.874 190

6" 6.625 6.031 0.280 3.733 180

8" 8.625 7.942 0.322 5.619 160

10" 10.750 [9.976 0.365 7.966 140

12" 12.750 11.889 0.406 10.534 130

14" 14.000 13.073 0.437 12.462 130

16" 16.000 14.940 0.500 16.286 130

18" 18.000 16.809 0.562 20.587 130

20" 20.000 18.743 0.593 24.183 120

24" 24.000 22.544 0.687 33.652 120

© PVCFittingsOnline.com (866) 777-7990 http://www,pvcfittingsonline,com



EGEIVE

AUG 12 2015
‘ Golder
¥ Associates NMED

PETROLEUM STORAGE TANK BUREAU
August 10, 2015 Project Number: 140-4221

Celestine Ngam

New Mexico Environment Department
Petroleum Storage Tank Bureau
2905 Rodeo Park Drive E., Bldg. 1
Santa Fe, NM 87505

RE: NOTICE OF COMPLETION OF DELIVERABLE ID 17138-3; COMPLETION OF DPE WELL PILOT
TEST, LOVINGTON 66, LOVINGTON, NEW MEXICO

FACILITY #: 1489 RELEASE ID#: 1182 WPID#: 17138
Dear Mr. Ngam:

I am transmitting this letter to advise you that Golder has completed the task associated with Deliverable
Identification number 17138-3, which included pilot testing a DPE well (DPE-1) at the above referenced
site. Proposed equipment and tasks were set forth in our May 7, 2014 workplan.

The pilot well test was completed by AcuVac Remediation, LLC (AcuVac) out of Houston, Texas on July
12 and July 13, 2015. Figure 1 is a map showing the locations of the tested wells and summary results of
testing. Attachment A includes photos detailing the specific equipment used and the overall layout of the
test. Attachment B includes copies of the raw data and interpretations of the multiphase pilot testing
prepared by AcuVac. The tests included an extended (8.6 hour) variable flow rate test of the MPE pilot
test well (A-1), an extended constant flow rate test of Well A-1 (6 hours) and short-duration (1 hour) tests
of wells W-1 and W-2. Gasoline recovered as LNAPL and vapor mass during the combined testing (16.6
hours, total combined test time) was approximately 229.5 gallons.

The NMED-PSTB agency workplan approval sets forth an approved budget of $26,069.48 for this task;
we anticipate that we will issue a claim for the full amount upon receipt of your acceptance of deliverable

for deliverable identification number 17138-3. If you have any questions regarding this transmittal, please
do not hesitate to contact us.

Sincerely,

GOLDER ASSOCIATES INC.

e e

Clay Kilmer Phillip D. Carrillo
Senior Hydrogeologist EIT, Civil Engineer

Attachments:  Figure 1: Site map showing locations of tested wells and summary MPE test results
Attachment A: Photographic Log
Attachment B: AcuVac Remediation, LLC Report

CK/rj

p\abq projects\2014 projects\140-4221 walstad pilot testing\deliverablesitask 3 - completion and oversight of dpe pilot test and letter reporttextinotice of completion -

deliverable 17138-3 rev_1 docx
Golder Associates Inc.
5200 Pasadena Avenue N.E., Suite C
Albuquerque, NM 87113 USA
Tel: (505) 821-3043 Fax: (505) 821-5273 www.golder.com

Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation



AUG 1 92015

TRANSMITTAL

Date:  August 11, 2015 u Ll

NMED

To: Mr. Celestine NggrhE TROLEUM STORAGE TANK B8 y:

From: Clay

Kilmer, Sr Hydrogeologist

cc: Mr. Robert C. Murrell

2317

Tuttington Circle,

Oklahoma, OK 73170

(one

copy)

Email: CKilmer@golder.com

Address:

jécil No.:

140-4221.3

NMED-PSTB

2905 Rodeo Park Drive E, Bldg. 1
Santa Fe, NM 87505

RE: LOVINGTON 66 STATION, PSTB FACILITY #1489, DELIVERABLE ID 17138-3

X Federal Express (priority, standard, 2-day, 3-day) ] u.s. Mail
0 ups [1 Courier
[0 DHL [0 Hand Delivery
] Email [] other
Quantity ltem Description
1 Eﬁ;’,ﬁgtcomplenon of DPE Well Deliverable ID 17138-3, dated August 10, 2015
Notes:

Please call me if you have any questions or concerns at 505-821-3043.

Thank you,

Clay Kilmer

Please advise us if enclosures are not as described.

ACKNOWLEDGEMENT REQUIRED:

[0 Yes

X No

p:\abq projects\2014 projects\140-4221 walstad pilot testing\deliverables\task 3 - completion and oversight of dpe pilot test and letter report\submittai\transmittal lstter

nmead.docx

Golder Associates Inc.

5200 Pasadena Avenue N.E., Suite C

Albuquerque, NM 87113 USA
Tel: (505) 821-3043 Fax: (505) 821-5273 www.golder.com

Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation
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August 2015 A-1 140-4221

Attachment A: Photographic Log

PHOTO 1

AcuVac Inc. arrives on set
with their rig setup.

2015-07-12

PHOTO 2

The rig from AcuVac for
producing the vacuum and
oxidizing vapor
contamination during the
test.

2015-07-12

3
Golder
140-4221 3 attachment a docx Associates



August 2015 A-2 140-4221

PHOTO 3

The pilot test was focused
on DPE-1.

2015-07-13

PHOTO 4

W-1, W-2, & W-3 were used
for monitoring during the
test. Pictured is W-1.

2015-07-12

140-4221 3 attachment a docx



140-4221

A-3

August 2015

12

W-2 is shown.
07-

W-3 is shown.

2015-07-12

140-4221.3 attachment a docx

PHOTO 5
PHOTO 6

2015




August 2015 A-4 140-4221

PHOTO 7

AcuVac Inc. installing the
apparatus for testing.

2015-07-12

PHOTO 8

The testing setup is shown
with the vacuum hose and
flowmeter attached to DPE-
1.

2015-07-12

= Golder

¥ Associates

140-4221 3 attachment a docx



August 2015

140-4221

PHOTO 9

The rig was used to create
the vacuum for the test and
oxidize vapor
contamination.

2015-07-12

PHOTO 10

The pump test apparatus
provided sight on water
quality and a sampling port
for coliecting lab
specimens.

2015-07-13

140-4221 3 attachment a docx
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August 2015 A-6 140-4221

PHOTO 11

The flow meter read flow
rate and total gallons
pumped.

2015-07-13

PHOTO 12

A clear portion of the outlet
hose shows the condition of
water being pumped.

2015-07-13

E Golder
L7 Associates

140-4221 3 attachment a docx



August 2015 A-7 140-4221

PHOTO 13

AcuVac periodically
collected water samples to
gauge NAPL content.

2015-07-13

PHOTO 14

Bio-fouling material was
observed during the pilot
test on day two.

2015-07-13

I Golder

¥ Associates

140-4221 3 attachment a.docx



August 2015

A-8

140-4221

PHOTO 15

The testing apparatus for
collecting air monitoring
samples as well as the
sample submitted for lab
testing.

2015-07-12

PHOTO 16

AcuVac checked the
vacuum induced in the
surrounding wells with a
digital manometer. W-1
shown.

2015-07-12

140-4221 3 attachment a docx
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August 2015 A-9 140-4221

PHOTO 17

AcuVac checked the
vacuum induced in the
surrounding wells with a
digital manometer. W-2
shown.

20156-07-12

PHOTO 18

All produced water was
containerized by Gandy in a
tanker truck and sent off-
site for proper disposal.

2015-07-12

140-4221 3 attachment a docx



ATTACHMENT B
ACUVAC REMEDIATION, LLC REPORT






AcuVac Remediation, LLC

1656-H Townhurst, Houston, Texas 77043
713.468.6688 » www.acuvac.com

July 15,2015

Mr. Clay Kilmer:

Senior Hydrogeologist

Golder Associates, Inc.

5200 Pasadena Avenue N.E. Suite C
Albuquerque, NM 87113

Dear Clay:
Re: Walstadd 66, Lovington, NM

At your request, we performed one Mobile Dual Phase (MDP) Pilot Test on July 12, 2015 at the above
referenced sites. An Engineer and an Environmental Specialist, with over 14,500 hours of on-site testing,
conducted the Pilot Test. The total MDP test time, including static data time, was 8.6 hours. The
contaminant was weathered gasoline.

OBJECTIVES
The Objectives of an MDP Pilot Test are to:
+ Evaluate the potential for removing liquid and vapor LNAPL and contaminated groundwater
{GW) from soils in the subsurface formations.
<+ Expose the capillary fringe area and below to induced soil vacuum extraction (SVE) in the
extraction well (EW).
< With induced vacuums, increase the GW specific yields. Stress the GW System and monitor its
response.
< Maintain a near constant GW depression in the EW.
< Create an induted hydraulic gradient (IHG) to gain hydraulic control of the area.
< Record GW depression and pump rates to accomplish the above objectives

The purpose of the EW induced vacuum variable rate test is to define the pressure/flow characteristics of
sub-surface soils around the EW and to estimate potential conditions for an operational Dual Phase
System. Starting a test with lower variable rates of vacuum and flow allows the EW and outer wells
sufficient time to adjust and stabilize and minimizes the risk of developing preferential paths. This will also
assist the development of newly installed extraction wells.



METHODS AND EQUIPMENT

The tests were conducted using AcuVac's |-6 System, with Roots RAI-33 and RAI-22 blowers, various
instrumentation, including the HORIBA® Analyzer, Solinst Interface Probes, Lumidor O, Meter, vapor flow
gauges, liquid volume/flow meter, a sensitive instrument to determine barometric pressure, V-1 vacuum
box to capture non-diluted vapor samples, Redi-Flo 2 total fluids (TF) pump and other special equipment.
The vacuum extraction portion of the AcuVac System consists of a vacuum pump driven by an internal
combustion (IC) engine. The vacuum pump is connected to the extraction well and the vacuum created
on the extraction well causes light hydrocarbons in the soil and on the GW to volatilize and flow through a
moisture knockout tank, to the vacuum pump and the IC engine where they are burned as part of the
normal coEnbustion process. Propane is used as auxiliary fuel to help power the engine if the well vapors

do not provide the required BTU.

The GW Extraction is provided by an in-well, Redi-Flo 2 total fluids pump that has the discharge line
connected to a total volume meter. The discharge line from the volume meter is then connected to the
stand-by tank truck. The electrical power for the GW pump was supplied from a 120v Honda generator.
The GW flow rate can be adjusted to maintain a target level. Interface meters are used to measure Depth
to Groundwater (DTGW)/Depth to Light Non-Aqueous Petroleum Liquids (DTLNAPL).

The AcuVac IC engine is fully loaded for maximum power that is necessary to achieve and maintain high
induced vacuums and/or high well vapor flows required to maximize the vacuum SVE Radius of Influence
(ROI) for Pilot Tests and short term Event remediation. The lower part of the IC engine is encased with a
liquid collection pan designed to catch any oil drips or liquid leaks if it should occur.

Emissions from the engine are passed through three catalytic converters to ensure maximum destruction
of removed hydrocarbon vapors. The engine's fuel to air ratio can be adjusted to maintain efficient
combustion. Because the engine is the power source for all IC engine driven equipment, all systems stop
when the engine stops. This eliminates any uncontrolled release of hydrocarbons. Since the AcuVac
System is held entirely under vacuum, any leaks in the seals or connections are leaked into the System
and not emitted into the atmosphere. The engine is automatically shut down by vacuum loss, low oil

pressure or overheating.

The design of the AcuVac System enabies complete independent control of both the Induced Well
Vacuum and the GW pumping functions such that the AcuVac System operator can control the IHG to
expose the maximum amount of the formation to SVE. The ability to separate the induced vacuum and
liquid flows within the EW improves the LNAPL recovery rates, and enables the test data to be recorded
independently. All the systems are properly grounded to eliminate any static electrical charge.

PROJECT SCOPE AND PROCEDURES
%+ Gauge the DTGW and DTLNAPL in the EW.
<+ Cailculate the Hydro-equivalent in the EW.
<+ Determine the appropriate placement for the GW pump inlet.

2
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Calculate the GW depression necessary to gain hydraulic contro! of the area

Record the distances from the selected EW to the outer wells.

Install the GW pump into the EW (A-1).

Connect the ground wires for the AcuVac System and Honda generator

Set pump and data probe at the selected depth from TOC.

Connect discharge hoses to liquid volume meter and then connect to the on-site tank truck.
Connect the AcuVac System to the selected EW manifold and seal the selected outer
observation wells with plugs designed to accept magnehelic gauges or digital manometers.
Record the static well data, DTGW/DTLNAPL, weil size, TD, screen intervals and then apply EW
induced vacuum. Record the vacuum and well flow, all System data (including fuel flow of
propane), temperature and barometric pressure.

The test procedures are to provide variable rates of induced vacuum and GW pumping rates over
the test period.

Start the GW pump and set at proper fiow rate to achieve the selected GW drawdown

Monitor the GW pump and adjust the flow to maintain the selected GW drawdown.

Record pump flow rate and total liquid volume.

Collect GW/LNAPL samples in a 2,000 m| beaker to determine the percentage of LNAPL in the
recovered liquid volume

Install and observe the digital manometer on the outer observation wells to determine if the
selected EW induced vacuum is in vacuum communication with the outer observation wells.
Gauge the outer wells to determine the GW drawdown.

Record the data at a selected interval of time.

Operate the AcuVac System in such a manner that all well vapors are passed through the engine
and catalytic converters, to destruct the contaminants and exhausted, to meet air emission
standards. Comply with all security and safety regulations.

Complete the tests by providing a report consisting of operating and analytical data, projection of
SVE radius of influence (ROI), the IHG ROl and the collected volumes of GW and LNAPL.

CONDITIONS AFFECTING PILOT TESTS

*,
[ x4

Generally, a decreasing barometric pressure resuits in increased well pressures (decreased
vacuums) on those wells plugged and sealed at the TOC, while an increasing barometric
pressure results in increased well vacuums. This is the function of GW levels increasing and
decreasing. There are many variables that can affect Pilot Test data, but barometric
pressure fluctuations have the most immediate and profound effect. This assumes that SVE
short-circuiting is not a factor.

To offset the induced vacuum/pressure as a result of GW depression or upwelling in the outer
monitoring wells, the wells are vented periodically to atmosphere and then re-plugged prior to
recording data at select intervals. The potential for increased vacuum or pressure as a result of
in/decreasing GW levels will be minimized. GW depression surrounding an outer observation well
will result in an induced vacuum not associated with the induced vacuum created in the EW.
Likewise, GW mounding will create the opposite effect creating well pressures.



TEST #MDP-1
WALSTADD 66
LOVINGTON, NM
JULY 12, 2015

PRE-TEST FUNCTIONS - PILOT TEST #MDP-1

Prior to starting the MDP test with GW Extraction, all systems were checked for normal and safe
operation. The DTGW/DTLNAPL, barometric and absolute pressure and ambient air temperature were
recorded. The hydro equivalent (HE) was calculated. Based upon the HE, the GW pump inlet was set at
65 ft below the top of the well casing. The pump hose was then connected to the total volume meter. The
discharge hose was connected to the on-site 3,000 gal liquid collection tank truck. Each magnehelic
gauge was checked and calibrated to zero. The outer monitoring wells were plugged with expandable
well piugs designed to accept a digital manometer. Static well data and the atmospheric effect on the
outer wells were recorded prior to engaging the AcuVac System. The propane tank fuel level was
recorded so that accurate fuel consumption could be estimated for the total test period. All safety checks
were performed on the Systems. (See list of Attached Schedules and Figures, Page 11.)

DISCUSSION OF DATA - TEST #MDP-1

Test #MDP-1, with vacuum and GW/LNAPL extraction, was an 8.6 hour MDP test including static well
data, conducted from well A-1 as the EW. immediately prior to starting the test, the selected outer
monitoring wells were recording zero vacuums. The general weather conditions were clear and cool. At
the start of the MDP test, the EW induced vacuum was set at 40"H,0, with an initial well vapor flow of
12.19 scfm. The data probe static reading was 7.5 ft, immediately decreasing to 2.0 ft when the GW pump
was engaged. Based upon the data probe, it was determined that a constant drawdown creating a GW
depression (GWD) of approximately 5.5 ft below HE static level would be appropriate for this test (see
Table #1A). The initial GW pump rate was set at 3.5 gpm to achieve the selected GWD and then
remained constant for 2.0 hours. The GWD and related GW pump rate are monitored constantly
throughout the test and recorded every 30 minutes. Table #1A summarizes the GWD, GW pump rate and
the drawdown in the EW and Table #1B summarizes the GWD in the outer observation wells.

During the first 2.0 hours of the test, the EW induced vacuum remained constant at 40"H,0 with a well
vapor flow of 12.19 scfm. Outer well W-2, which is located 16.2 ft from the EW, immediately recorded a
well vacuum increasing from 0 to 0.07"H,0 and continued on an increasing trend during the test period to
0.88"H,0. Outer wells W-1 and W-3 which are located 25.8 and 38.3 ft from the EW, recorded a slight
increasing vacuum level and then continued on a slight increasing vacuum trend to 0.36 and 0.17"H,0.
The ambient air temperature increased from 72.4 to 79.6°F and the barometric pressure was mostly
steady at 30.10"Hg. The GW depression averaged 5.5 ft below static level. The total collected liquid
volume was 420 gals and 38.9 gals of liquid LNAPL were observed on the collected GW.



EXTRACTION WELL A-1
OPERATING DATA TEST #MDP-1

Table #1A
Location: Walstadd 66, Lovington, NM
EW EW
A-1 DTGW GWD GWR Total Volume Vacuum
Project Date 07/12/2015 ft ft gpm gal "H,0
IIWell Data
TD 75.0 - - - -
Screen 45.0-75.0 - - - -
Well Size 4.0 - - - -
DTGW 0715 hrs 64.08 - - - -
DTGW Hydro Equivalent 59.14 - - - -
DTLNAPL 0715 hrs 57.40 - - - -
LNAPL 0715 hrs 6.68 - - - -
Drawdown Data
Data Probe 0730 hrs  Start 7.50 - - - -
Data Probe 0800 hrs 2.00 -5.50 3.50 105 40
Data Probe 0830 hrs 2.00 -5.50 3.50 210 40
Data Probe 0900 hrs 2.00 -5.50 3.50 315 40
Data Probe 0930 hrs 2.00 -5.50 3.50 420 40
Data Probe 1000 hrs 2.00 -5.50 4.30 549 60
Data Probe 1030 hrs 2.00 -5.50 4.30 678 60
Data Probe 1100 hrs 2.00 -5.50 4.30 807 60
Data Probe 1130 hrs 2.00 -5.50 4.30 936 60
Data Probe 1200 hrs 2.00 -5.50 4.30 1065 60
Data Probe 1230 hrs 2.00 -5.50 4.30 1194 60
Data Probe 1300 hrs 2.00 -5.50 4.30 1323 60
Data Probe 1330 hrs 2.00 -5.50 4.60 1460 75
Data Probe 1400 hrs 2.00 -5.50 4.60 1598 75
Data Probe 1430 hrs 2.00 -5.50 4.60 1736 75
Data Probe 1500 hrs 2.00 -5.50 5.20 1892 90
Data Probe 1530 hrs  Stop 2.00 -5.50 5.20 2048 90
Data Probe 1600 hrs  Static 7.46 -0.04 0.00 - -
DTGW 1600 hrs 61.65 - - - -
DTGW Hydro Equivalent 61.64 - - - -
DTLNAPL 1600 hrs 61.61 - - - -
LNAPL 1600 hrs 0.04 - - - -
Average GW Depression - -5.50 - - -




OBSERVATION WELLS
INDUCED HYDRAULIC GRADIENT DATA

TEST #MDP-1
TABLE #1B
ILocation: Walstadd 66, Lovingﬁm, NM
Project Date 07/12/2015 W-2 W-1 W-3
IWell Data
TD 75.0 80.0 75.0
Screen 50.0-70.0 50.0-70.0 50.0-70.0
Well Size in 4.0 4.0 4.0
Change in Change in Change in | GW Pump
DTGW GWD DTGW GWD DTGW GWD Rate
ft ft ft ft ft ft gpm
Static/Start Data
DTGW 0730 hrs ft 63.92 64.62 63.81 3.50
DTGW Hydro Equivalent ft 58.87 0 59.84 0 58.94 0
DTLNAPL 0730 hrs ft 57.10 58.16 57.23
LNAPL 0730 hrs ft 6.82 6.46 6.58
Drawdown Data
DTGW 1030 hrs ft 64.13 64.82 63.87 4.30
DTGW Hydro Equivalent ft 58.99 -0.11 59.91 -0.07 58.97 -0.03
DTLNAPL 1030 hrs ft 57.18 58.19 57.25
LNAPL 1030 hrs ft 6.95 6.63 6.62
Drawdown Data
DTGW 1330 hrs ft 64.81 65.28 64.08 4.60
DTGW Hydro Equivalent ft 59.46 -0.59 60.16 -0.32 58.14 -0.20
DTLNAPL 1330 hrs ft 57.58 58.36 57.41
LNAPL 1330 hrs ft 7.23 6.92 6.67
Drawdown Data
DTGW 1530 hrs ft 64.91 65.38 64.21 5.20
DTGW Hydro Equivalent ft 59.53 -0.66 60.21 -0.37 59.18 -0.24
DTLNAPL 15630 hrs ft 57.64 58.39 57.41
LNAPL 1530 hrs ft 7.27 6.99 6.80
Maximum Drawdown ft -0.66 -0.37 -0.24
Distance From EW 16.2 25.8 38.3

Specific Gravity .74




HORIBA® analytical data indicated the two influent vapor samples taken from the EW had HC
concentrations of 76,990 and 74,020 ppmv, with CO, at 4.72 and 5. 12%, CO at 3.82 and 3.09%, O, at6.8
and 6.1% and H,S at 0 ppm. The propane flow to the IC engine averaged 0 cfh, with a well flow of 12.19
scfm. The influent vapors were supplying 100% of the IC engine required fuel. The HC levels were within
the mid to high range normally found in soil gas samples collected from an area contaminated with

weathered gasoline.

At test hour 2.0, the test continued with the induced vacuum increased to 60"H,0 and a well flow
of 19.88 scfm. The test period was 3.5 hours with the EW induced vacuum and well flow remaining
steady. Outer well W-2 continued on an increasing vacuum trend to 1.14"H,0 in response to the EW
vacuum increase and then developed a slight decreasing trend when the barometric pressure decreased.
Outer wells W-1 and W-3 recorded an increased vacuum trend to 0.43 and 0.15"H,0 and then decreased
to 0.38 and 0.12"H,0. The GW pump rate increased to 4.30 gpm and remained steady during this test
period. The collected volume was 903 gals which brings the total to 1,323 gals, with a GW depression
average of 5.5 ft. The ambient air temperature increased to 91.8°F and the barometric pressure
decreased from 30.10 to 30.07"Hg. The influent vapor temperature increased to 71°F. A total LNAPL
volume of 14.4 gals was observed on the collected GW.

Additional HORIBA® analytical data indicated the influent vapor samples recorded HC levels of 71,750,
68,490 and 61,890 ppmv, with CO, at 4.60, 5.24 and 5.12%, CO at 2.37, 2.55 and 1.88%, O, at 5.8, 6.4
and 8.3% and H,S at 0 ppm. The influent vapors continued to supply 100% of the IC engine’s fuel and the
TPH levels continued to be within the range of weathered gasoline vapors.

At test hour 5.5, the test continued with the induced vacuum increased to 75"H,0, and a vapor
well flow of 21.34 scfm. The test period was 1.5 hours with the EW vacuum and well flow remaining
steady. The outer observation wells, W-2, W-1 and W-3, immediately recorded increased vacuum levels
for 1.0 hour, and then developed a decreasing trend as the barometric pressure continued to decrease
This is an excellent example of the effect of barometric pressure oscillations on the vacuum/pressures
observed on the outer observation wells. The average GW drawdown in the EW was 5.5 ft. A drawdown
of 0.59 ft was recorded in W-2, 0.32 ft in W-1 and 0.2 ft in W-3. The GW pump rate averaged 4.60 gpm
with a collected volume 413 gals. The total collected volume increased to 1,736 gals and 7.6 gals of
liquid LNAPL was observed on the GW. The ambient air temperature increased from 91.8 to 93.3°F
and the barometric pressure decreased from 30.07 to 30.04"Hg.

Additional HORIBA® analytical data indicated the influent vapor samples recorded a HC level of 61,720
ppmv, with CO, at 5.20%, CO at 1.75%, O, at 8.7% and H,S at 0 ppmv. The influent vapors continued to
supply 100% of the IC engine's fuel. Although the HORIBA® Analyzer has been proven to be reasonably
accurate compared to laboratory analysis of influent vapors, projections should be based on analytical
results from a Certified Testing Laboratory qualified to conduct tests on air emission sampies.



At test hour 7.0, the test continued with the induced vacuum increased to 90"H,0 and a vapor well
flow of 27.95 scfm. The test period was 1.0 hour with the EW vacuum and well flow remaining steady.
Outer observation well W-2 recorded an increased vacuum level from 1.10 to 1.23"H,0 and continued to
increase to 1.54"H,0 during the test period. Outer well W-1 recorded an increasing vacuum ranging from
0.37 to a maximum of 0.60"H,0 and well W-3 recorded an increase from 0.09 to 0.20"H,0. The average
GW drawdown in the EW was 5.5 ft. A maximum drawdown of 0.66 ft was recorded in W-2, 0.37 ft in W-1
and 0.24 ft in W-3. This was the maximum recorded drawdown before any required well vacuum
adjustments resuiting from the decreasing barometric pressure. The GW pump rate averaged 5.2 gpm
with a collected volume of 312 gals. The total collected volume increased to 2,048 gals and 6.2 gals of
liquid LNAPL was observed on the GW. The ambient air temperature increased from 95.3 to 96.1°F
and the barometric pressure decreased from 30.04 to 30.02"Hg.

Immediately before the conclusion of this test period, the outer observation wells were gauged. The

gauging data is included on Table #18B.

RADIUS OF INFLUENCE & INDUCED HYDRAULIC GRADIENT

Figure #1A indicates that the effective vacuum radius of influence from Test #MDP-1 with
groundwater extraction (GWE) would be from 25.91 to 32.64 ft, with extraction well flow of 22.0 to
24.0 scfm and extraction welli vacuum in the 80 to 85"H.0 range. An approximation of the radius of
influence may be obtained by determining the point at which the measured vacuum is 0.50 to 0.70"H,O.
It is assumed that beyond the lower point, the pressure gradient (driving force) is negligible to effectively
transport vaporized contaminants to the extraction well. Under continuous operation, vacuum and
radius of influence will most likely continue to increase horizontally and vertically.

Figure #1B indicates that the effective vacuum radius of influence from Test #MDP-1 with
groundwater extraction (GWE) would be from 22.02 to 24.53 ft, with extraction weifl flow of 22.0 to
24.0 scfm and extraction well vacuum in the 80 to 85"H20 range. An approximation of the radius of
influence may be obtained by determining the point at which the measured vacuum is 0.75 to 0.85"H,0
or approximately 1.0% of the EW induced vacuum. It is assumed that beyond the lower point, the
pressure gradient (driving force) is negligible to effectively transport vaporized contaminants to the
extraction well. Under continuous operation, vacuum and radius of influence will most likely
continue to increase horizontally and vertically.

Figure #2 indicates that the effective induced hydraulic gradient from Test #MDP-1 with vacuum
and groundwater extraction would be greater than approximately 31.0 ft, with a pump rate of 4.0 to
4.3 gpm. An approximation of the radius of influence may be obtained by determining the point at which
the measured GW level effect on the outer wells is greater than 0.30 ft. At the point at which the
measured GW level effect on the outer wells is greater than 0.20 ft, the effective induced hydraulic
gradient with vacuum would be greater than approximately 46 ft. Under continuous operation, the
gradient effect of the GW pump rate and depression may cover a larger area.



The effective vacuum radius of influence is based on caiculations and equations using a software
program of which data was provided from an extensive database collected by AcuVac over a period of
years. Each projection is based on the test data and site parameters, and takes into consideration such
variables as barometric pressure oscillations and gauge error. Although we cannot provide total
assurance of accuracy, past experience and resuits have proven these projections to be well within the

acceptable range of accuracy.

PRODUCT RECOVERY

A total liquid volume of 2,048 gals were recovered during the test of which 3.11% or 63.64 gals
was liquid gasoline. A calculated volume of 22.63 gals of gasoline contaminant were removed as
part of the influent vapors and were burned as IC engine fuel bringing the total gasoline recovery

to 86.27 gals or an average of 10.78 gals/hr.

GROUNDWATER RECOVERY
GW recovery was monitored in well A-1 for 30 minutes after the vacuum had ceased. The GW recovery
was recorded with the interface meter. In 30 minutes, the recovery for A-1 was equal to 54.5% based on

the hydro equivaient.

EMISSION DATA

During this Pilot Test, HORIBA® data indicated that the influent vapors had an average hydrocarbon level
(TPH) of 69,142 ppmv. Laboratory analysis of influent vapor samples from previous pilot tests indicated
that those vapor samples had a benzene level of approximately 2.0% of the 69,142 ppmv. Using an
average well flow of 18.83 scfm from this extended test, the calculated emissions from one extraction
well without vapor treatment were as follows:

n
n

17.7 Ibs/hr
0.35 Ibs/hr

HC
Benzene

42.5 Ibs/day
8.5 Ibs/day

ADDITIONAL INFORMATION
The HORIBA® analytical instrument is calibrated with Hexane and CO,. One sample was collected for

laboratory analysis.

The formula used to calculate the emission rate is:
ER = HC (ppmv) x MW (Hexane) x Flow Rate (scfm) x 1.58E-7 (min)(lb mole} = Ibs/hr
(hr)(ppmv)(ft®)

To calculate MDP well placement, the equation we use is as follows:
L= 2 ROI Cos 30° (L = distance between wells, ROI = radius of influence)



Ali other data, including the groundwater depth, well placement, extraction well screened intervals,
induced vacuum and vapor well flow and liquid recovery rate, must be considered in the final design for a
Corrective Action Plan (CAP).

Static (baseline) data, recorded 0.5 hours after the conclusion of the test, indicates that W-1 was
recording a pressure of 0.19"H,0, W-1 was recording a well pressure of 0.15"H,0 and W-3 was recording
a well pressure of 0.17"H,0. The well pressure was the result of the decreasing barometric pressure.

The test provided excellent data to use in the calculation and projection of an SVE vacuum radius
of influence and excellent data to project an induced hydraulic gradient.

CONCLUSION

Pilot Tests are conducted to provide information on short term tests that can be projected into long term
remedial plans. These feasibility tests indicated that Mobile Dual Phase Extraction (MDP) with
groundwater depression should provide an excellent method of remediation for this facility. Aithough the
observed vacuum of the most distant outer monitoring well was moderately low, the duration of the pilot
tests was short compared to continuous operation. However, the tests results provided excellent data
to project that wells W-2, W-1 and W-3 were in vacuum communication with the selected
extraction well. The vacuum radius of influence defines the region within which the vapor in the vadose
zone flows to the extraction well under the influence of a vacuum. The radius of influence depends on the
soil properties of the vented zone, properties of surrounding soil layers, the depth at which the well is
screened, well installation and the presence of any impermeable boundaries such as the water table, clay
layers, surface seal, building basements and the presence of such areas as tank pits with backfill and
underground utilities. The induced hydraulic gradient (IHG) defines the region within which a
selected GW depression is recorded in the outer monitoring wells. The IHG depends on the
hydraulic properties of the underlying sub-surface, aquifer characteristics and the effect of the induced
vacuum on specific yields.

SUMMARY AND OBSERVATIONS - TEST #MDP-1

<» Based on the recorded test data, the sub-surface medium is most likely isotropic.

% Due to the age of the contaminant, the recovered gasoline may contain tetraethyl lead.

< An average induced vacuum of 60.3"H,0O was required to produce an average well vapor flow of

18.83 scfm. The ratio of the average EW induced vacuum to the EW well flow was 3.21:1.

< The average well flow per foot of EW weli screen was 0.96 scfm with a maximum of 1.42 scfm.

< The GW pump rate was increased to provide a sufficient GW depression when the EW induced
vacuum was increased. The average GW pump rate was 4.22 gpm with a maximum of 5.20 gpm.
During each increase of the induced vacuum, outer observation wells W-2, W-1 and W-3
recorded increased vacuum levels. Additionally, GW drawdown in the observation wells

continued to decrease during the test period.



% The average maximum percent of induced vacuum observed in outer observation wells W-2 at
16.2 ft was 1.74-2.30%, W-1 at 25.8 ft was 0.66-0.95% and W-3 was 0.25-0.50%

< The HC levels recorded during the test period were within the range normally associated with
soil gas samples taken from an area that is highly saturated with weathered gasoline.

# The test provided excellent data for the calculation and projection of a vacuum radius of
influence, excellent data for the projection of an induced hydraulic gradient and excellent
data to support the collection and removal of liquid and vapor phase gasoline with Dual
Phase Recovery.

<+ SVE without GW extraction would not be an effective remediation option at this site. The
higher vacuums would result in GW upwelling in the EW which may cover the well screen

and render the SVE ineffective.

ATTACHED SCHEDULES AND FIGURES

Schedule A: Summary of Data

Schedule B: Graphic Summary of Data

Figure #1A. Plot of Observed Vacuum vs Distance at the Facility (ROI) at 0.75% of Induced Vacuum
Figure #1B: Plot of Observed Vacuum vs Distance at the Facility (ROl) at 1.00% of Induced Vacuum
Figure #2:  Plot of Recorded GW Induced Hydraulic Gradient vs Distance at the Facility (ROI)

Additional Information (this should be read as part of the report):
< Field Operating Data and Notes — Test #MDP-1
«<» Site Photographs

Once you have reviewed the report, please call me if you have any questions.

Sincerely,
ACUVAC REMEDIATION, LLC

SosdaT

James E. Sadler,
VP Engineering/Environmental

cc: Paul Faucher



A
ACFM
Al (AS)
BGL
BGS
BP
BTOC
CFH
DNAPL
DPVE
DTGW
DTPSH
DT
EVR
EW
GW
GWD
GWE
GWUP
HC
"H20
"Hg
IHG

LNAPL
MDP
NAPL

ROI
RPM
SCFM
SVE
TD
QT

VEGE
VER

Attachment A
Acronyms and Definitions

Annulus - the space between the pipes and lines in the extraction well and the outer casing
Actual Cubic Feet Per Minute

Air Injection (Sparging) the mass transfer of Oz from air to groundwater
Below Ground Level

Below Ground Surface

Barometric Pressure (Atmospheric Pressure)

Below Top of Casing

Cubic Feet Per Hour

Dense Non-Aqueous Petroleum Liquid

Dual Phase Vacuum Extraction

Depth to Groundwater

Depth to Phase Separated Hydrocarbons/NAPL

Drop Tube

Enhanced Vacuum Recovery, also referred to as SVE/GWD
Extraction Well

Groundwater

Groundwater Depression

Groundwater Extraction

Groundwater Upwelling

Hydrocarbon Concentration (Petroleum-TPH)

Inches of Water

Inches of Mercury

Induced Hydraulic Gradient

Induced Vacuum, normally from a vacuum pump connected to the extraction well or
vapor recovery well

Light Non-Aqueous Petroleum Liquids

Mobile Dual Phase

Non-Aqueous Petroleum Liquids

Pressure, the existence of above atmospheric pressure
Radius of Influence

Revolutions Per Minute

Standard Cubic Feet Per Minute

Soil Vacuum Extraction

Total Depth

Quick Test, a short duration SVE Test

Vacuum, the existence of below atmospheric pressure
Vacuum Enhanced Groundwater Extraction

Vacuum Enhanced Recovery

Vapor Extraction Weill

Vapor Well Flow

Well Vapor Flow



AcuVac Remediation, LLC SCHEDULE A Walstadd 66

Page 1 Test # MDP-1 Lovington, NM
July 12, 2015
DATA ELEMENT
71212015 Static Start
7:25 7:30 8:00 8:30 9:00 9:30 10:00
Influent Vapor Data
Horiba HC ppmv ND ND 76,990 ND 74,020 ND 71,750
Horiba CO,% ND ND 4.72 ND 5.12 ND 4.60
Horiba CO% ND ND 3.82 ND 3.09 ND 2.37
Lumidor O,% ND ND 6.8 ND 6.1 ND 5.8
Lumidor H,S ppm ND ND 0 ND 0 ND 0
Influent Vapor Temp °F OFF 69.0 69.0 69.0 69.0 70.0 70.0
Atmospheric Conditions
Barometric 30.10 30.10 30.10 30.09 30.09 30.10 30.09
Pressure "Hg
Absolute 26.09 26.09 26.09 26.08 26.08 26.09 26.08
Pressure "Hg
Groundwater Data
Sundwaiss OFF 3.50 3.50 3.50 3.50 3.50 430
Pump Rate (gpm)
Total Liquid Vol (gal) 0 0 105 210 316 420 549

Extraction Well Data - Well A-1

Flow SCFM OFF 12.19 12.19 12.19 12.19 12.19 19.88
Vacuum "H,0 OFF 40.0 40.0 40.0 40.0 40.0 60.0
Well Vapor Fiow

SCFM ! 1,0 OFF 0.30 0.30 0.30 0.30 0.30 0.33
Well Vapor Flow OFF 0.621 0.621 0.621 0.621 0.621 1.013

SCFM / ft Well Screen
Observation Well Data - Vacuum "H,0

Well W-2

Dist 16.2 ft 0.00 0.07 0.86 0.88 0.92 0.88 1.07
Well W-1
Dist. 25.8 ft 0.00 0.05 0.31 0.37 0.38 0.36 0.38
Well W-3
Dist. 38.3 ft 0.00 0.02 0.13 0.17 0.20 017 0.14

() Indicates Well Pressure
ND - No Recorded Data



AcuVac Remediation, LLC SCHEDULE A Wallstadd 66

Page 2 Test # MDP-1 Lovington, NM
July 12, 2015
DATA ELEMENT
7/12/2015
10:30 11:00 11:30 12:00 12:30 13:00 13:30
Influent Vapor Data
Horiba HC ppmv ND 68,490 ND ND ND 61,880 ND
Horiba CO,% ND 5.24 ND ND ND 5.12 ND
Horiba CO% ND 2.55 ND ND ND 1.88 ND
Lumidor O,% ND 6.4 ND ND ND 8.3 ND
Lumidor H,S ppm ND 0 ND ND ND 0 ND
Influent Vapor Temp °F 70.0 70.0 71.0 71.0 71.0 71.0 71.0

/Atmospheric Conditions

Barometric

- 30.09 30.09 30.09 30.08 30.08 30.07 30.06
Pressure "Hg
ADSOIUICH 26.08 26.08 26.08 26.07 26.08 26.07 26.06
Pressure "Hg
Groundwater Data
(€ PELET 4.30 4.30 4.30 430 4.30 430 4.60
Pump Rate (gpm)
Total Liquid Vol (gal) 678 807 936 1,065 1,194 1,323 1,460

Extraction Well Data - Well A-1

Flow SCFM 19.88 19.88 19.88 19.88 19.88 19.88 21.34

Vacuum "H,O 60.0 60.0 60.0 60.0 60.0 60.0 75.0

Well Vapor Flow
SCFM/"H,0 0.33 0.33 0.33 0.33 0.33 0.33 0.28

Well Vapor Flow
SCFM/ ft Well Screen

Observation Well Data - Vacuum "H,O

1.013 1.013 1.013 1.013 1.013 1.013 1.087

Well W-2
Dist. 16.2 ft 1.09 1.14 1.13 1.12 113 1.10 1.14
Well W-1
Dist. 25.8 ft 0.42 0.42 0.41 0.42 0.43 0.38 0.43
Well W-3
Dist. 38.3 ft 0.16 0.16 0.15 0.14 0.15 0.12 0.14

() Indicates Well Pressure
ND - No Recorded Data



AcuVac Remediation, LLC SCHEDULE A Walstadd 66
Page 3 T Lovington, NM
est # MDP-1 :
July 12, 2015
DATA ELEMENT
7/12/2015 End Static 8 Hrs
14:00 14:30 15:00 15:30 16:00 Average | Maximum
Influent Vapor Data
Horiba HC ppmv ND ND 61,720 ND ND 69,142 76,990
Horiba CO,% ND ND 5.20 ND ND 5.00 5.24
Horiba CO% ND ND 1.75 ND ND 2,58 3.82
Lumidor O,% ND ND 8.7 ND ND 7.0 8.7
Lumidor H,S ppm ND ND 0 ND ND 0 0
Influent Vapor Temp °F 71 71 7 72 OFF 70 72
[Atmospheric Conditions
Barometric 30.06 30.04 30.02 30.02 30.02 30.08 30.10
Pressure "Hg
Absolute 26.05 26.04 26.02 26.02 26.02 26.07 26.09
Pressure "Hg
Groundwater Data
Groundwater
Pump Rate (gpm) 4.60 4.60 5.20 5.20 OFF 4.22 5.20
Total Liquid Vol (ga!) 1,598 1,736 1,892 2,048 - - -
Extraction Well Data - Well A-1
Flow SCFM 21.34 21.34 27.95 27.95 OFF 18.83 27.95
Vacuum "H,0 75.0 75.0 90.0 90.0 OFF 60.3 90.0
Well Vapor Flow
SCFM/ "H,0 0.28 0.28 0.31 0.31 OFF 0.31 0.33
Well Vapor Flow
SCEM / ft Well Screen 1.087 1.087 1.423 1.423 OFF 0.960 1.420
Observation Well Data - Vacuum "H,0
Well W-2
Dist. 16.2 ft 1.14 1.10 1.23 1.54 (0.19) 0.97 1.54
Well W-1
Dist. 25.8 ft 0.43 0.37 0.43 0.60 (0.15) 0.37 0.60
Well W-3
Dist. 38.3 ft 0.14 0.09 0.15 0.20 (0.17) 0.14 0.20

() Indicates Well Pressure
ND - No Recorded Data




AcuVac Remediation, LLC

Page 1a

SCHEDULE B
Summary of TEST # MDP-1
Atmospheric Conditions

Walstadd 66
Lovington, NM
July 12, 2015
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AcuVac Remediation, LLC
Page 1b

SCHEDULE B
Summary of TEST # MDP-1
Atmospheric Conditions

Walstadd 66
Lovington, NM
July 12, 2015
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AcuVac Remediation LLC SCHEDULE B Walstadd 66
Gegellc Summary of ACUVAC TEST # MDP-1 th‘l';;'a‘g"é;“g
Recorded Well Vacuums and/or (Pressures) .
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@ ACUVAC
OPERATING DATA - PILOT TEST # 1 PAGE # | MOBILE DUAL PHASE SYSTEM
Location: Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: ‘7.;’) - - . — -
Parameters Time Time Time Time Time Time
0725 | 0730 o800 | OF3 | oFoe | OK30
Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
wellg A=\ 72194 | 7280.0 | 7280.5 (7380 | 72815 |80
R.P.M. 1000 | 2200 oo Jloo d2c0 | 9200
§ Oil Pressure psi S 50 So So 59 50
S Water Temp °F 156 16D 1Co 6o leo {60
2 Vo 3.5 | /40 | 4= | 14D | (¢0 | I4s
g Intake Vacuum "Hg [ |8 (8 (K=} 12 £
Gas Flow Fuel/Propane cfh oo (o) [ o) ) P o
GW Pump ON/OFF | p&f on o o8 60 av
g Extraction Well Flow sim | o | 120G | (AR | 1304 | 14 g
E o | Extraction Well Vec. "H0 | &FF 4p ac 46 4o 46
-
S :5: Pump Rate galsmin | (x| 3.50 | &so 3.2 | 3.50 | 3.50
é g Total Volume gals = = (05 210 3!5 476
E % Influent Vapor Temp. °F - -9 9 «q 6«9 70
S % Air Temp °F 7«;,3 7).4 74.¢ 758 T z.‘, 1956
é Barometric Pressure Hg | 30.10 300 | Jo.10 | 2002 | 3004 | 3049
Absolute Pressure "Hg | 26.09 16.09 26069 36,08 26 .0% ;G-Oq
Ge)  W-a HO| o 07 8¢ .88 .42 LR3I
£ @s8)  w-) "HO | ® o5 | 31 37 38 36
5 |Ge) w-3 "HO| 8 o | .13 AT Dok
: 0
j "HZO
=
z "HZO \)
S : :
& H:0 'y
z 2]
g "Hz0
"H20
IIHZO
NAPL % Vol
o] — | = lisefieq [as /16 |52 /s | 4o[tn
8 Data Logger/pml,e_ ft 7.5 20 a0 20 *0 A.0
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@ OPERATING DATA - MDP PILOT TEST #1 PAGE# | MOBILE DUAL ::AUS‘;EASCYSTEM
Location:  Walstadd 66 Lovington, NM Project Managers: Sadler/Faucher
Date 7-12(¢§ - -
Time 6 RoO 0 400
| Instrument HORIBA HORIBA HORIBA HORIBA HORIBA HORIBA
g [Weio A-| A -\
£ | v | 7e,4¢0 | 14010
3 | % 432 5,12
g | %| 322 3.0¢
g 0 % 6.8 6. |
Z | HaS % O D
0 600 D\rrl'ueco c \oc.mgn‘or\ - 00;\5\-:0«\(1 maf 5q.deu.¢ neov weld MN-L a3
Mo escdraciin well. Mpbilized e.qu’nmc.:’( Operned seleckd wellc -recondd
decdonces “qongcb wells- Tustall Xu-\&-(r(u..g P and) Avo\oc;w Euw. 71044«0 oute
o\oscwva‘nw\ (weflls — Conneded LuaPL ‘C-(Q &\scknuqc (mc 4o Ub(uvw!_ mesker
e shrdbia dadedvpele - Sefedy checks . adl ot ~colibroled mstrwmake
oS | Pewdsd s\o-(":e(basc\\'m) dats ~ald oA wells @ &Y re ~Flurmp inlet e 650 o7k
o130 | STt _mee-1- Talald EW mduced vcaow = 40 K0, WVF =2 12.145fw
G(D_lse“nﬂ vole : 3. 5‘1,&# BN poter wetds recodad slahd inevosed Uceuaon (evels
0800 | flacoedsd doto: BP ~ DUl oukey wuelds on mweuq veeutus Swed - dw L
=D S:,pw . C,wt) -35,5 4 ‘(U«'C—lb\"i Luadl vecoocu, \ lropae @ O <{h
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Ipc.mnxn EW (ndoead = (490“['(;*0 , WVE= (1.8 s efnn . 6LL-3 -
4,341!]“ - Fw vole (ncesse neecstaes o manlain [Z78%)5) g___;.S‘f"k‘
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@ ACUVAC
OPERATING DATA - PILOT TEST # 1 PAGE # A MOBILE DUA_IM% .
Location: Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: (LS - = — - -
Parameters Time Time Time Time Time Time
1000 | 1030 oo 120 {260 | 1230
Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
well# - | 1282572230 |7283.S | 12840 | 7284.S | 22 BsS0
RP.M. 2300 | 2200 | 3300 | Beo | Jloe | 2302
g Oil Pressure psi 56 50 50 5o 50 50
S Water Temp °F | 165 1G5 {70 170 116 l70
é Volts /4.0 /4o 14.0 14.0 14 /4.0
‘%’ Intake Vacuum "Hg (7 {7 (7 l? 17 (1
Gas Flow Fuel/Propane ch] O D) O 0 o) (&)
GW Pump ON/OFF | om o oV | oP 6w o
;5: Extraction Well Flow scfim | (4.2 | ({.28 1923 | 4.8 | (£.88 | (9.88
E o | Extraction Well Vac. "H:0 | ©O A3 Go &0 6o o
§ % Pump Rate gals/min | 4.36 4.20 4.30 430 4‘30 430
E g Total Volume gals Sq-‘i 61% BROT 4306 l065 ”44_
E g Influent Vapor Temp. SE. 70 70 70 71 ya! 1 ‘
8 = 1 air Temp °F 0.3 82.7 240 84‘(9 8 7-( 404
é Barometric Pressure H | 2004 | 200% | 3009 | 30609 | 3008 | 3009
Absolute Pressure "Hg (2605 | 26.0° 20D | 260D | 26.07 | 20D
W= "o | (.07 | .04 (4 [,13 [ ) .3
W ~ | "wo | 38 2N 4% | Y A | 4
=
5 w-3 'Ho | 14 b A6 | a3 A4 | S
2 "H:0
>
o "H:0
=
z "H,0
-1
= "H:0
z :
s H0
"H20
"H:0 )
NAPL % Vol
Gals 3(05'3\ qu/.,’,L.D lco/,,z y l,S/lo llSﬁq /(S/l.q
3 messﬂ]ﬁ»ln 20| 20 2.0 | R0 Fo | 20
% Depth of GW Depression ft 258 4 -5.5 -5.5 -85 < g -5 5
= | Extraction Well DTNAPL
Extraction Well DTGW

( ) Indicates Well Pressure
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@ OPERATING DATA - MDP PILOT TEST #1 PAGE #- MOBILE DUAL PAISAUS‘;ZASCYSTEM
Location: Walstadd 66 Lovington, NM Project Managers: Sadler/Faucher
Date 713715 - -
Time { bep NOQ
| Instrument HORIBA HORIBA HORIBA HORIBA HORIBA HORIBA
é Well No. A- A
e M v ) 71,750 | 68440
5 | % 460 | 524
g | %237 | 2485
g% 2= &4
> | H:S % O 1)
1000 l{orion baTA Ke- 7/,750”,”‘,@;.’46072 t 02277} -Os ‘—SBZJ
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(030 (»q“o o wells- TUE on slqht dscewin Am.&
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U auws 43,_@& Qwo-—s'cfaﬁq e 4—-qu - LwuapC o ¥, o7
({oO (leoedsd Lata’ P — Ouder cye¥ W 1 ﬁ\cq\c&— fnerwse, e $wo
welle  sleady, — Rore-Luare @ 5% of valowe
HoLion Darw: e =68, 4% gy, COr= 52428 Co-2.552Y 0.2¢ 4%
(30 | (leodol) Al (P 5 Ouder u&&ﬂ,ﬁﬁr@&%—
£(Cabt Dpercociin uoesurenttend - GUM -4 age: Linice (5%
1200 | Recorled date’ BP§ -Ouder wetts n\o-;-(-h.\ 34-.-4&... sliqhé fncrese/
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@ ACUVAC
OPERATING DATA - PILOT TEST # 1 PAGE # 3 MOBILE DUAL PHASE SYSTEM
Location: Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: 17- 12-1% — o = =
Parameters Time Time Time Time Time Time
(300 1336 1400 (43D |50 | 1830
Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
well# -1 7285.8 | 7286.0| 7286,5 | 228720 | 71287.5| 712820
RPM. Jdoo | 14ee | 2400 [AR0C | 2400 |2460
g Oil Pressure psi 5o So 50 5o 5o SO
3 Water Temp °F 115 175 {75 115 [75 {75
é Volts 140 | (.0 (4o | (4o (%o 140
S Intake Vacuum “Hg 1 17 (1 (1 (7 16
&
Gas Flow Fuel/Propane cfh a D O O o) (o)
GW Pump ON/OFF | oW XY o o o o
5 Extraction Well Flow sin | (%8 | 2034 | 3134 | 214 | 2795 | 27.95
E | Extraction Well Vac. "H:0 | Lo 75 15 75 10 90
§ § Pump Rate galsmin | 430 | 4.0 4.0 | 440 530 | 520 |
8 S | Tom Volune s | 1303 | 140 | /598 /136 | |893- | 3048
=
E E Influent Vapor Temp. °F 71 11 T 71 7! 72,
& A Air Temp °F g1 493.6 q‘(’-Q 95.% q5.e Q6|
E Barometric Pressure Hg | 3607 | 30.9% | 30.06 | 300 q 230.02,| 30.0K
Absolute Pressure "Hg | AO1l] X606 26.05 2LO4 (DGO | 26.0n
W -2 wo| [qjo |4 [1i¢ [ o [123 | Ls4
w-1 "HO | 28 . 43 .43 .37 .43 6O
E w3 T O o [ [T R e | B
< "H:0
>
3 "Hz0
=
3 0
-1
2 1o
g "H:0
b3
"Hz0
"Hz0
NAPL % Vol : v
At I.sﬁg.o 115 '/34 3-0/3.7 20 18 9-0/;5,‘ 9"/34.
g Data Logger ft >0 20 Lo *0 2.0 @
£ | Depthof GW Depression R| —-S85 | -3g ~3.5 e [iEiciel [ =gis
<
= Extraction Well DTNAPL b/ ¢l
Extraction Well DTGW 665
() Indicates Well Pressure 7FORMS/TestForms/1210010
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@ OPERATING DATA - MDP PILOT TEST #1 PAGE# 3 MOBILE DUAL :;}JSVEASCYSTEM
Location: ~ Walstadd 66 Lovington, NM Project Managers: Sadler/Faucher
Date 7-18-15 - -
Time {300 [{$0o
| Instrument HORIBA HORIBA HORIBA HORIBA HORIBA HORIBA
g Well No. Q"l A-
£ | v | 1 B0 | @l o
£ [co, " sun | 500
g | “| @8 (15
2| %l 83 %.1
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(%% ﬂaayd.uo Jo‘(-u“ CP Yy Oute it yecending inereed Uocaom levels
in response. +o dHe EW (nerose , Glarls 4@.:“?.,, Loaol = 3%
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@ ACUVAC
OPERATING DATA - PILOT TEST # 1 PAGE # ‘l‘ MOBILE DUAL PHASE SYSTEM
Location: Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: | 7-73-/5
Parameters Time Time Time Time Time Time
/0O
Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
Well # 12283
RPM. {000
-1
g Qil Pressure psi 5o
3 Water Temp °F {¢s
g Volts 40
S
% Intake Vacuum "Hg 19
2]
Gas Flow Fuel/Propane cfh 40
GW Pump ON/OFF ofr
£ Extraction Well Flow scfm | OFF
g « | Extraction Well Vac. "H20 oL
=
< § Pump Rate galsmin | OFF
4 Total Volume gals | JO
2
= =
E Z | Influent Vapor Temp. °F P [ n
Ly w
& = | irTemp °F | 4¢.4
é Barometric Pressure Hg 20.0
Absolute Pressure "Hg | 36O
- 'H0 | ( (9.
w -\ 0 | (.[5)
z {3
F e wol ()
2 "Hzo
>
= "H0
=2
s "H:0
& U
= "H:0 =
£ T
g "H:0 »
"H20
"H.0
NAPL % Vol <
Gals -
5 Data Logger ft —
g Depth of GW Depression ft i
<
= Extraction Well DTNAPL —
Extraction Well DTGW o

() Indicates Well Pressure
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ACUVAC
@ OPERATING DATA - MDP PILOT TEST # 1 PAGE# & MOBILE DUAL PHASE SYSTEM

Location: ~ Walstadd 66 Lovington, NM Project Managers: Sadler/Faucher

Date 7-1{-16
Time

~ | Instrument HORIBA HORIBA HORIBA HORIBA HORIBA HORIBA

&
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& )
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o
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AcuVac Remediation, LLC

1656-H Townhurst - Houston, Texas 77043
713 468 6688 - acuvac.com

July 15, 2015

Mr. Clay Kilmer

Senior Hydrogeologist

Golder Associates, Inc.

5200 Pasadena Avenue, N.E. Suite C
Albuquerque, NM 87113

Dear Clay:

Re: Walstadd 66, Lovington, NM

At your request, we performed two 1-hour (Wells W-1 and W-2), and one 6.0-hour (Well A-1) Mobile
Dual Phase (MDP) Events at the above referenced location on July 13, 2015. Following is the
Report and a copy of the Operating Data collected during Event #1 at the above referenced location.
Table #1A is the Well Summary Information and Table #1B is the Recovery Summary Information on
wells W-2 (Event #1A), W-1 (Event #1B), and Well A-1 (Event #1C). PSH is referred to as LNAPL in
this report. GW samples are taken in a 2,000 ml beaker to determine the average LNAPL
percentage and volume.

OBJECTIVES
The Objectives of an MDP Event are to:

¢ Evaluate the potential for removing liquid and vapor phase LNAPL (PSH) from the
groundwater (GW) and soils in the subsurface formations.

e Expose the capillary fringe area and below to the Extraction Well (EW) induced vacuums.

¢ Increase the GW and contaminant specific yields with high induced vacuums.

e Provide an induced hydraulic gradient (IHG) to gain hydraulic control of the area during
the Event period.

o Select the GW depression and pump rates to accomplish the above objectives.

METHODS AND EQUIPMENT
The tests were conducted using AcuVac's I-6 System, with Roots RAI-33 and RAI-22 blowers,

various instrumentation, including the HORIBA® Analyzer, Solinst Interface Probes, Lumidor Oz
Meter, flow gauges, a sensitive instrument to determine barometric pressure, V-1 vacuum box to
capture non-diluted vapor samples, Redi-Flo 2 total fluids pump and other special equipment.

The vacuum extraction portion of the AcuVac System consists of a vacuum pump driven by an
internal combustion (IC) engine. The vacuum pump is connected to the extraction well and the
vacuum created on the extraction well causes light hydrocarbons in the soil and on the GW to
volatilize and flow through a moisture knockout tank to the vacuum pump and the IC Engine where
they are burned as part of the normal combustion process. Propane is used as auxiliary fuel to help
power the engine if the well vapors do not provide the required BTU.

e ——
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The AcuVac IC Engine is fully loaded for the maximum power necessary to achieve and maintain
high induced vacuums and/or high well vapor flows required to maximize the vacuum Radius of
Influence (ROI) for Pilot Tests and short term Event remediation.

Emissions from the engine are passed through three catalytic converters to ensure maximum
destruction of removed hydrocarbon vapors. The engine's fuel to air ratio can be adjusted to
maintain efficient combustion. Because the engine is the power source for all equipment, all systems
stop when the engine stops. This eliminates any uncontrolled release of hydrocarbons. Since the
AcuVac System is held entirely under vacuum, any leaks in the seals or connections are leaked into
the System and not emitted into the atmosphere. The engine is automatically shut down by vacuum
loss, low oil pressure or overheating.

The GW Extraction is provided by an in-well, Redi-Flo 2 total fluids pump that has the discharge line
connected to a total volume meter. The discharge line from the volume meter is then connected to
the stand-by tank truck. The electrical power for the GW pump was supplied from a 120v Honda
generator. The GW flow rate can be adjusted to maintain a target level. Interface meters are used to
measure all DTGW/DTLNAPL.

The design of the AcuVac System enables complete independent control of both the Induced Well
Vacuum and the GW pumping functions such that the AcuVac team can control the IHG to expose
the maximum amount of the formation to SVE. The ability to separate the vacuum and liquid flows
within the Extraction Well improves the LNAPL recovery rates, and enables the AcuVac team to
record data specific to each.

SUMMARY OF MDP EVENT #1A- WELL W-2

® The total Event time was 1.0 hour. The Event was conducted on July 13, 2015.
There is no comparative data.

° The total liquid volume recovered was 192 gals, of which 13.50% or 25.92 gals were
liquid LNAPL.

L Total vapor LNAPL burned as IC engine fuel was 1.97 gals, for a total liquid and
vapor LNAPL recovery of 27.89 gals.

° Average HORIBA® Analytical Data from the influent vapor samples was:
HC = 95,790 ppmv, CO2= 3.46%, CO = 7.46%, Oz = 8.6% and H2S = 0 ppm.

° The maximum HORIBA® Analytical Data from the influent vapor samples for TPH
was 95,790 ppmv.

° The Average Induced Vacuum was 60"H20 with a maximum vacuum of 60.00"Hz0.

° The average EW well vapor flow was 9.51 scfm with a maximum well vapor flow of
9.51 scfm.

° The GW pump inlet was set at 65.0 ft BTOC. The average GW pump rate was 3.20
gpm, and the maximum GW pump rate was 3.20 gpm.
° The average GW depression, based on the positioning of the GW pump, was 5.50 ft

below static level.
° An LNAPL thickness of 6.54 ft was recorded prior to the start of Event #1A and no
LNAPL thickness was recorded at the conclusion of the Event.

Walstadd 66 MDP Event #1 ' e ' Page | 2
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The total LNAPL removed, including liquid and vapor, during the 1.0 hour Event #1A, Well
W-2, was 27.89 gals.

ADDITIONAL INFORMATION

° The higher percentage of the LNAPL volume, 25.92 gals or 92.94%, was recovered
as liquid due to the high level of free phase LNAPL at the start of the Event.

° A minimal percentage of the LNAPL, 1.97 gals or 7.06%, was burned as IC engine
fuel as a result of the short duration of the Event period.

o The high HC (TPH) levels indicate contaminant in the gasoline range.

° The relatively low O: levels in the influent vapors indicate SVE short circuiting from
the ground surface most likely did not occur.

o Well W-2 was gauged at the conclusion of Event #1C (1445 hrs) and an LNAPL

thickness of 4.40 ft was recorded indicating a rebound of 67.28%.

SUMMARY OF MDP EVENT #1B- WELL W-1

o The total Event time was 1.0 hour. The Event was conducted on July 13, 2015.
There is no comparative data.

° The total liquid volume recovered was 201 gals, of which 23.69% or 47.61 gals were
liquid LNAPL.

° Total vapor LNAPL burned as IC engine fuel was 1.84 gals, for a total liquid and
vapor LNAPL recovery of 49.45 gals.

o Average HORIBA® Analytical Data from the influent vapor samples was:
HC = 89,750 ppmv, CO2= 3.52%, CO = 5.74%, O2 = 8.6% and Hz2S = 0 ppm.

o The maximum HORIBA® Analytical Data from the influent vapor samples for TPH
was 89,750 ppmv.

° The Average Induced Vacuum was 60"H20 with a maximum vacuum of 60.00"H20.

° The average EW well vapor flow was 9.51 scfm with a maximum well vapor flow of
9.51 scfm.

o The GW pump inlet was set at 65.0 ft BTOC. The average GW pump rate was 3.47
gpm, and the maximum GW pump rate was 3.70 gpm.

° The average GW depression, based on the positioning of the GW pump, was 5.50 ft
below static level.

o An LNAPL thickness of 6.84 ft was recorded prior to the start of Event #1B and an

LNAPL thickness of 0.04 ft was recorded at the conclusion of the Event.

The total LNAPL removed, including liquid and vapor, during the 1.0 hour Event #1B, Well
W-1, was 49.45 gals.

ADDITIONAL INFORMATION

o The higher percentage of the LNAPL volume of 47.61 gals or 96.27%, was recovered
as liquid.
° A minimal amount of LNAPL, 1.84 gals or 3.73%, was burned as IC engine fuel as a

result of the short duration of the Event period.

e ]
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° The high HC (TPH}) levels indicate contaminant in the gasoline range.

° The relatively low Oz levels in the influent vapors indicate SVE short circuiting from
the ground surface most likely did not occur.

° Well W-1 was gauged at the conclusion of Event #1C (1445 hrs) and an LNAPL
thickness of 1.01 ft of was recorded indicating a rebound of 14.77%.

° A thickness of biomass was initially observed on the collected GW/LNAPL sample.

SUMMARY OF MDP EVENT #1C- WELL A-1
° The total Event time was 6.0 hours. The Event was conducted on July 13, 2015. The
data is compared to Pilot Test #1 conducted on July 12, 2015 which had a total Test
time of 8.0 hours.

) The total liquid volume recovered was 1,553 gals, of which 2.35% or 36.53 gals were
liquid LNAPL.

o Total vapor LNAPL burned as IC engine fuel was 29.36 gals, for a total liquid and
vapor LNAPL recovery of 65.88 gals. This equates to an average of 10.98
gals/hr.

o Average HORIBA® Analytical Data from the influent vapor samples was:

HC = 59,027 ppmv, COz2= 5.61%, CO =1.73%, O2 = 7.1% and Hz2S = 0 ppm.
° Compared with MDP Pilot Test #1 data, the average TPH levels decreased 10,115

ppmv, CO:z increased 0.61%, CO decreased 0.85%, Oz increased 0.1% and H2S was
steady at 0 ppm.

° The maximum HORIBA® Analytical Data from the influent vapor samples for TPH
was 64,480 ppmv. Compared with MDP Pilot Test #1 data, the maximum TPH levels
decreased 12,510 ppmv.

o The Average Induced Vacuum was 68.46"H20 with a maximum vacuum of
70.00"H20. Compared with Pilot Test #1 data, the average induced vacuum
increased 8.17"H20 and the maximum induced vacuum decreased 20.00"Hz0.

° The average EW well vapor flow was 23.01 scfm with a maximum well vapor flow of
23.34 scfm. Compared with MDP Pilot Test #1 data, the average EW well vapor flow
increased 4.18 scfm, and the maximum well flow decreased 4.61 scfm.

° The GW pump inlet was set at 65.0 ft BTOC. The average GW pump rate was 4.35
gpm, and the maximum GW pump rate was 4.50 gpm.

o The average GW depression, based on the positioning of the GW pump, was 5.50 ft
below static level.

o An LNAPL thickness of 5.52 ft was recorded prior to the start of Event #1C and a

LNAPL thickness of 0.13 ft was recorded at the conclusion of the Event.

The total LNAPL removed, including liquid and vapor, during the 6.0 hour Event #1C, Well
A-1, was 65.88 gals.

Walstadd 66 MDP Event#1 g Page | 4
Lovington, NM




ADDITIONAL INFORMATION

° The higher percentage of the LNAPL volume, 36.53 gals or 55.44%, was recovered
as liquid.

° Of the total LNAPL volume recovered, 29.36 gals or 44.56%, was burned as IC
engine fuel during the Event period as a result of the high TPH and Well Vapor Flow.

) The high HC (TPH) levels indicate contaminant in the gasoline range.

o The HC (TPH) recorded a decreasing trend throughout the Event period.

o The relatively low Oz levels in the influent vapors indicate SVE short circuiting from

the ground surface most likely did not occur.

TOTAL RECOVERY EVENT #1
The total LNAPL removed, including liquid and vapor, during the 8.0 hour Event #1, Wells
W-1, W-2, and A-1, was 143.22 gals. This equates to 17.90 gal/hr.

RECOMMENDATION

The Events proved to be an extremely effective method of decreasing the liquid LNAPL
thickness in these wells. An Event program should be considered to quickly reduce the LNAPL
thickness before considering a CAP which includes an on-site recovery system. In many cases
the Event program has initially been more cost effective.

METHOD OF CALIBRATION AND CALCULATIONS
The HORIBA® Analytical instrument is calibrated with Hexane, CO and CO..

The formula used to calculate the emission rate is:
ER = HC (ppmv) x MW (Hexane) x Flow Rate (scfm) x 1.58E7 (min)(Ib mole) = lbs/hr
(hr)(ppmv)(ft)
INFORMATION INCLUDED WITH REPORT
e Table #1A Summary Well Data
Table #1B Summary Recovery Data
Recorded Data
Photographs of the MDP System and Wells A-1, W-1 and W-2.

After you have reviewed the report and if you have any questions, please contact me. We
appreciate you selecting AcuVac to provide this service.

Sincerely,
ACUVAC REMEDIATION, LLC

RiDial

Paul D. Faucher
Vice President, Operations

e —
Walstadd 66 MDP Event #1 Page |5
Lovington, NM



Summary Well Data

Table #1A

| Event
WELL NO.
Total Event Hours 1.0 1.0 6.0
TD ft 75.0 80.0 75.0
Well Screen ft | 45.0t075.0 50to 70 5010 70
Well Size in 4.0 4.0 4.0
Well Data
DTGW - Static - Start Event ft 64.67 63.96 63.55
DTLNAPL - Static - Start Event ft 58.13 5712 58.03
LNAPL ft 6.54 6.84 5.52
Hydro-Equivalent- Beginning ft 59.83 58.90 59.47
DTGW - End Event ft 57.76 59.21 60.01
DTLNAPL - End Event ft 0 59.17 59.88
LNAPL ft 0 0.04 0.13
Hydro-Equivalent - Ending ft 57.76 59.18 59.91
Extraction Data
Maximum Extraction Well Vacuum "H0 60.00 60.00 70.00
Average Extraction Well Vacuum "HO0 60.00 60.00 68.46
Maximum Extraction Well Vapor Flow scfm 9.51 9.51 23.34
Average Extraction Well Vapor Flow scfm 9.51 9.51 23.01
Maximum GW/ LNAPL Pump Rate gpm 3.20 3.70 4.50
Average GW/ LNAPL Pump Rate gpm 3.20 3.47 435
Influent Data
Maximum TPH ppmv 95,790 89,750 64,480
Average TPH ppmv 95,790 89,750 59,027
Average CO, % 3.46 3.52 5.61
Average CO % 7.46 5.74 1.73
Average O, % 8.6 8.6 71
Average H,S ppm 0 0 0

Walstadd 66 MDP Event #1
Lovington, NM

Page | 6



Summary Recovery Data
Table #1B

WELL NO.

Recovery Data- Current Event

Total Liquid Volume Recovered gals 192 201 1,653
Total Liquid LNAPL Recovered gals 2592 47.61 36.53
Total Liquid LNAPL Recovered / Total Liquid % 13.50 23.69 2.35
Total Liquid LNAPL Recovered / Total LNAPL % 92.94 96.27 55.44
Total Vapor LNAPL Recovered gals 1.97 1.84 29.36
Total Vapor LNAPL Recovered / Total LNAPL % 7.06 3.73 44.56
Total Vapor and Liquid LNAPL Recovered gals 27.89 49.45 65.88
Average LNAPL Recovery gals/hr 27.89 49.45 10.98
Total LNAPL Recovered Ibs 195 346 461

Total Volume of Well Vapors cu. ft 571 571 8,284

Recovery Data- Cumulative

Total Liquid Volume Recovered gals 192 201 3,601
Total Liquid LNAPL Recovered gals 25.92 47.61 100.16
Total Vapor LNAPL Recovered gals 1.97 1.84 51.87
Total Vapor and Liquid LNAPL Recovered gals 27.89 49.45 152.03
Average LNAPL Recovery gals/hr 27.89 49.45 10.86
Total LNAPL Recovered Ibs 185 346 1,064
Total Volume of Well Vapors cu. ft 571 571 17,322
Wﬂ

Lovington, NM



@ OPERATING DATA - EVENT #1 A

PAGE # | ACUVAC MOBILE DUAL PHASE SYSTEM
Location:  Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: 7{ [ y [z
Parameters Time Time Time__ — Time Time Time
/S | oeys | O2/S
- Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
WELL# W ~) | 72825 | 72850 | 7289.5
RPM. 1206 2200 2700
g Oil Pressure psi So SO 50
S Water Temp °F l Ege) / 70 150
§ Volts /C/ 134 T4
g Intake Vacuum "Hg 7ﬁ / 7 { 2
Gas Flow Fuel/Propane cfh [®) (@) (o)
GW Pump ON/OFF |~ ol oOFr
E Extraction Well Flow scfm G5 / S5 2. Si
-
é o Extraction Well Vacuum °H,0 o [Pe) Lo
5 § Pump Rate gals/min ; s ?' T 32
= E Total Volume gals = 96 { 9 =
£ 2
& & | Influent Vapor Temp. °F A 8 (’8 63
E Air Temperature 3 66,7 éq / és‘g
Barometric Pressure "Hg 20. o 2 20 oY 30- ol
e |HC ppmv | GS %50 -
? Co, % — S 4L —
Z co % - 7 76 =
& o
E 0, % S &, é -
s H:S ppm X (o] o
22 vED o S e Ar oSYT M PoSipanads THE Rouvte SYsiom ~ R
WEL -l (7AVGap THE WeELl AMD mdRiL 280 Al €QUIPMENT, PlaseD
TIHE 3 WELPumMP AT 7.0 JT BTeC . EVENT STACTHY A5 06/SHHRS . 3 594
§ WEL VAT SET A= Lo "Mho (2650 L7an34 7 WVF IFS. S0 sScm  ZayFlugas YAPat
Z | SAmle TaDicasss Higr CoeeTRATIR OF (D720 chtizinS ) THE SSam = AP
CANGE. LR D SAMILE TAHEN A5 APFROY D30 FIDroprEs (S A dF 4P APC
PRESELT I 77= C)QUID., Tpsd VeI e VAT RENNED. A7 0705 1Y G
PombnGg s7alfion fs 0Q1S. EVEMT Copciudde fr OUS
LNAPL % Vol | /S 12 ‘
Gals /" //Y‘/b //.fb
a
é Depth of GW Depression ft -_— =iy _( | = ! t./d./ r
g Extraction Well DTLNAPL | £8 , 3 = 5% 00
Extraction Well DTGW & | ¢ ¢,9 §2.76 £3 Y0
( ) Indicates Well Pressure LAAPC 'S & | /O TFORMS/TestForms/1210017B
=% £ = HeE bosd




(0 pfE 5538

OPERATING DATA - EVENT #1 5 PAGE #[ ACUVAC MOBILE DUAL PHASE SYSTEM
Location:  Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: | 7 [ { 3hs”
Parameters Time Time Tim Time Time Time
YEL) 800 0530
WELL # Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
LL W=7 72898 | 7250.0 7250.5
RPM 2200 2,200 22¢C0
-4 . .
;1 Oil Pressure psi SO SO SO
g Water Temp °F /50 /150 150
£ | vois 1Y 19y 19
'g Intake Vacuum "Hg / q { 7 19
Gas Flow Fuel/Propane cfh 0] o 0
GW Pump ONOFF | _ o~ OFF
E Extraction Well Flow scfm 9‘ st G .5 S. S|
§ w | Extraction Well Vacuum  "H,0 (d to Go
s .
§ 3 | Pume Rate gals/min | 3.0 210 3.70
é § Total Volume gals - So 20\
g & | influent Vapor Temp °F 68 (8 ¢8
E Air Temperature °F 7o. 4/ 7/ . 7 72. s
Barometric Pressure "Hg | 0.0 | 3o 0/ 20.0/
E HC ppmy — 8?7 so —
s [co % - 3.2 -
&
g€ |co % - s.7Y -
& .
g |© % 8.6 -
< — =
~ | HsS ppm (o)
Relacarep T AovVAe SY/STEM NERL WELL w-1 . GAVGED THE (WEW. PLARD TH
I el PumP AT 670 F 70t Fan71 AL LWele VAT SETA™ Lo 4o [2ESUGING TO
A WV dE .0 Scrm.
4]
[
[=}
z
LNAPL % Vol
— (5 A
Gals /’ 7/'2-1' 2 23.31
=]
= , ) =
g Depth of GW Depression ft —£.5 - -5y /L/yf
F4
E Extraction Well DTLNAPL  # S7,11 9.7 55,2
Extraction Well DTGW Q 2.9¢ 592/ Co., 3
() Indicates Well Pressure LW‘(’L (_,/6‘_/ R ,/ Hé 5,7 ) g TFORMS/TestForns/1210017B
- ——=




% OPERATING DATA - EVENT #1 C.

PAGE # | ACUVAC MOBILE DUAL PHASE SYSTEM
Location:  Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: 7 /,3//{
Parameters Time Time Time Time Time Time
034s | 095 | 6595 cols s ofs (LIS
Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
WELL# A ~( 22%05 | 725t0 | 92%/.¢ | 725206 | 72252.8 | 725306
RPM Z2100 L 200 7320 2300 23006 2300
g Oil Pressure psi <so 50 (Yo 50 S0 So
§ Water Temp 3 /5D 1S5S0 1350 yAYe) /1SS /60
g | vors 14 /4 19 )7 17 Al
% Intake Vacuum "Hg 16 XA J6 16 /6 /6
Gas Flow Fuel/Propanc cth o) O 50 50 50 50
GW Pump ONIOFF | A o~ o o o o
§ Extraction Well Flow scfm 2334 23.3Y 22.5 < 2255 22 25 2275
5 o Extraction Well Vacuum "H,0 Lo () 70 70 70 70
5 g Pump Rate gals/min "f P oY, 2 9 9 g < Yy S Y. s
g é Total Volume gals = /26 252 359 519 ¢ SY
% & | Influent Vapor Temp. °F 7 71 71 72 72 7
g Air Temperature F | 729 3 77.8 24.3 BL.7 689-5/ 8?,‘{
Barometric Pressure Hg | 30.01 20.0 | 20.00 30,00 30.0° | 29.99
; HC ppmy — == ("-/ 730 — — ——
Tl Rl S 5,09 - = =
% co % £ F= z: 09 ! = =
o % = - = — <=
: |o . 2.1
£ H.S ppm = O - = —
AT pB30 muBiL) x> THE AoV EGVIEmENT o wEll A-(. Serzu-weu
Pumb pr L7 Fr Brec. o)At (el VAT SE A1 (0"Haob 0TG50 A WY F
OF 13.3Y SCiv. ZismAt Ged Fumr ZATE s¢T A5 Y2 G/
B | ar 097S Bunedsen wEll YAx B 70" ZESULDING T WVF oF 2255 S
=)
z | Pum?P AsE BIEASED 70 % Y 6Fm  Anp Tnichchser Asfr~ Ar /oS 11
D Y.S LPm TO QOmIENSATE Fal [hGHER VAR k. THH VAEmS Rikifoal HiGH
T e LA S AE 1RANGE.
LNAPL % Vo | o kA A 11
Gals /" 8//0-0% ‘//‘543"/ /7-—-6"" /Za7 s 2.93
a
§ Depth of GW Depression R | —S. 5~ -5 -5 =SS -5 -5
z _ los2o o3>
s Extraction Well DTLNAPL  ft 58. 03 g? 76
Extraction Weli DTGW | £3.55 C3.87
( ) Indicates Well Pressure LMAPL & S 'L C. U TFORMS/TestForms/1210017B
He  s5.97 £%.25




% OPERATING DATA - EVENT #lg,

PAGE #1 ACUVAC MOBILE DUAL PHASE SYSTEM
Location:  Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: | 7/i3hg
Parameters Time Time Time Time_ Time Time
(<45 | sus 1295 1215 1395 | 1975 |
WELL # Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
A= | 72830 | 72580 | 72575 | 72550 | 72855 | v25eS
RPM 2300 1300 2300 2300 2 Soo 2300
E Oil Pressure psi 50 S0 SO 5D 50 <o
g Water Temp F| 0 1,0 /65 /65 /65 ey
2 Volts 'Y 'Y / ‘f 14 / 7 / y
g Intake Vacuum "He /¢ 16 A 16 16 16
Gas Flow Fuel/Propane cth oY) so 5o 50 So <O
GW Pump ON/OFF o;\) O o~ orJ o) I+
£ Extraction Well Flow  scfm | 2255 | 2.2.55 22,55 22.557 2295 2255
3
§ g Extraction Well Vacuum "H,0 70 J0 =0 20 706 70
§ g Pump Rate galsmin | 4/, < Y < g5 Y 44 3.5
gé Total Volume gals | K9 9.?,7 /05‘(7' AL 1320 1553
% z Influent Vapor Temp. °F 71 71 71 ] ] 71 7 /
b3
e Air Temperature °F 9.3 ? S, 97 P 39‘. T 97 < (; ?- 8
Barometric Pressure "Hg 2—7 98 19- ‘-; 7 2 3 . 9 A 2.6 5‘/ Zﬁ 9 2 23 ; Zz
& HC ppv | <C,750 - - - {58<€0o -_
g Co; % | 5. 7Y = - _ 556 -
£ | *| /.57 - = - 1.5z -
=
g 0; % 2.0 - - = 7.2 -
> JHsS ppm O - - - o -
(NELL YA frip WELL (8L SoAdl DuRDG P2ceo.  72H Vianes
MosST LS STEAY PURiNG THE 2S¥0d
AT 195 EVEarT CamclodTO . AU Wl GAUGD. WEL w~( A-D
8 W -l WeRE GG T2 DRS2m I THhE EXTENT of Are ! RERIUAID.
=
2 | AoV EGunmEaT Areo SYSTEZY OQEMIBI C/2ED, SITE S ELIRED,
DPATED Si7E.
LNAPL % Vol | 4, (. ' s ! /. <
Gals 5’/2-03 ;/2.03 , f/z.co3 /7..03 '(//.98 //»93
a
é Depth of GW Depression R | _ o ¢~ -5 -5.5 -5.5 -5 Y -5
E Extraction Well DTLNAPL  ft 5’5’ 38
Extraction Well DTGW f C0o.0/
{ ) Indicates Well Pressure 7FORMS/TestForins/1210017B
crroC 13

+k= 55.64



% OPERATING DATA - EVENT #1 A

PAGE # | ACUVAC MOBILE DUAL PHASE SYSTEM
Location: ~ Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: ‘7( { 3// i3
Parameters Time Time Time__ — Time Time Time
06/S | oeys | 0275
- Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
WELLY W'~ 72825 | 72850 | 2287.5
RPM. 17206 | 2200 72200
E Ol Pressure psi So SO SO
§ Water Temp °F | So / Yo -Xe)
g | vons 14 17 k4
g Intake Vacuum "Hg 7ﬁ / 7 ! 7
Gas Flow Fuel/Propane cfh o) o) 6
GW Pump ON/OFF onrl 0 ~J o ,"—,—"‘
5 Extraction Well Flow scfm 9 £ ! S. 37 %.51
§ o Extraction Well Vacuum  “H,0 o [PYe) &o
8]
é z: Pump Rate gals/min ; 7 L 32
& E Total Volume gals - 1A 191
-]
g z Influent Vapor Temp. °F b 8 (,8 62
=
: Air Temperature °F b 6 .7 é q./ é 9, 3
Barometric Pressure Heg | o003 gooe So.ol
E HC ppmv — 9! 790 =
S co, 5o B e e S 4L —
g |co % - 7276 o
: o/ — ,D
g 0. %0 o, G -
> H,S ppm _— To) -
20 ve2 a8 Si7E Ar oSYT Mg PoSimana2s THE Aovifa SY sz n R
WELL Wl (7AVGD THE WEL AD maR)L 280 ALl €QUIPMENT, PlazcD
THE 39 (WeELPomP AT (7.0 JT RTuC . EVENT STARRP A+ 0bsSRs . 7% 74
é Wi VAT SET A= Lo "Mho 2ESO g B WVF IF S. S0 Scmm  TuFtusasy VAPt
“ | spmle TIDicaTSs HréH CoNEcTRATI0 OF H7DR0CARERIS T THE SSaos » Py
| CANGE. C(1Ru1D SAMILE THRN A5 AFFROX D630 TFIDiosrss (5 R dF <N AFL
PRESELNT =0 77+= )@WD. IrDYCED e VAT REDGED A7 0705 /Y Gw
Pur o006 ;,;—aﬂﬂoa A5 0715 EVENT Copcluddy fr 015
LNAPL /S r
Gals / — 1946 / 'Sy
a
é Depth of GW Depression ft -3 < =2 { | EC T | c/L/ r
g Extraction Well DTLNAPL  ft | &8 /2 — 5% 00
Extraction Well DTGW & | (4 ¢ S276 AR
() Indicates Well Pressure LANAPC G S q o TFORMS/TestForms/1210017B
% g- i/i Hee Cosd



OPERATING DATA - EVENT #1 5 PAGE #/[ ACUVAC MOBILE DUAL PHASE SYSTEM
Location: ~ Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: | 7//3lts
Parameters Time Time Tim Time Time Time
6730 0O Ogs©
WELL # Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
W=7 72825 | 72500 7250.5
RPM. 2700 2,200 2200
o ! .
';1 Qil Pressure psi $o SO S0
g Water Temp °F {50 1SS0 150
2 Volts 1Y 19y 19
g Intake Vacuum "Hg 9 (7 (9
Gas Flow Fuel/Propane cth 0 o 0
GW Pump ONOFF | o~ OFF
g Extraction Well Flow scfm 9‘ st G. 5t G 5|
§ E Extraction Well Vacuum  "H,O 172 6o Lo
g g Pump Rate galsimin | 3.0 270 3,70
= E Total Volume gals - So 20\
£5
Z & | Influent Vapor Temp °F L8 ¢8 A
é Air Temperature °F 70. ‘/ 7/ 7 72. [ 4
Barometric Pressure "Hg 3 0.0l 3o. 0/ g0.0/
g | HC ppmv — 87750 -
g e % - 352 =
£ |co % - s 7Y -
& -
e |o: % 8 6 5
< o =
> H.S ppm O
Relocarep 7= AouVAe SYSTEM IERML WELL wW-L. GAVGED THE (WEW PLARD TH
ID ~esElL PumP AT 7.0 7 2100, TAnT1 AL (WEle Vi SETA Lo e o /2ESVGhAG T
A WV~ gF 9 % Scr
4]
-
[=]
z
LNAPL % Vol
- 17 i
Gals /’ /'Z'/. 3 /23'31
=
S Depth of GW Depression ft —£.¢ <. 5 -5y / Y 7{
z
§ Extraction Well DTLNAPL  ft 572‘ 1L 59 ‘7 5\?_/ 2
Extraction Well DTGW ~ ft Q 296 592/ Co 3
() Indicates Well Pr . TFORMS/TestForms/1210017B
icates Well Pressure L oL [!/@z -O‘/ }:/lf 59,18
— —_—

1.9 e 5538




@ OPERATING DATA - EVENT #1 C

PAGE # / ACUVAC MOBILE DUAL PHASE SYSTEM
Location:  Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: 7 // z//g :
Parameters Time Time Time Time Time Time
O84S | o%/s | 0945 cols s ofs (LIS
WELL # s, Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter Hr Meter
A=l 2205 | 725t0 | 925/.¢ | 72520 | 722%52.% | 72530
RPM 2200 L 200 1320 Z360 2300 2300
; Qil Pressure psi sSo Ae) SO 50 S50 So
g Water Temp °F 750 1.50 1350 /50 /1SS /60
g | Vo 1Y /4 1Y )Y Y /Y
g Intake Vacuum "Hg 16 A 16 16 /6 /6
Gas Flow Fuel/Propanc cth o @) 50 50 oYe) 50
GW Pump ON/OFF onN on o oN ond 01\5
§ Extraction Well Flow  scfin | 23,34 22 3Y 22.5¢ 22955 22 95 22 955
§ = Extraction Well Vacuum °H,0 Lo O 70 70 70 70
gg Pump Rate galsmin [ 4 7 Y. 2 o Y Y < 451 Y, 5
g § Total Volume gals == 126 252 357 519 ¢ S?
g £ | influent Vapor Temp. °F 71 71 7! 7 72 7
s —
g Air Temperature L 7YES 77.8 K4.73 Be. 7 8&.S 9. 4
Barometric Pressure "Hg | So0.01 20.0 | 2o0.00 S0o,00 30 .00 L?-??
£ HC ppmv — — 0'1 Y80 — s =
S o, % = = 5,79 2 o -
E € % = - _Zl oﬁ o = =
o« =
|2 * = 7.1 = = =
£ H:S ppm - - [®, — — 5
L1 pB30 muBiL) x> THE fouVfe E60ilmenT ol well A-(. Se=rzm-weul
Vumb _pr L7 Fr BIaC. TR0 (WE VAT SET AT (o "Hap RESOUTIG %3 A W YF
OF 13.3Y SCH%.  Zrs At G Fume ZA7E s¢T A5 .2 6/
8 | Ar oF7S ZuneAsew wELL Vi B 70°M1 PESUIING TV & wiF AF 2295 Sim.
=)
< | G Purmi? PASE BICREASED 70 4 Y &Fm  Aro TrncncAsse ficfr~ Ar /o5 Y
T0 Y5 £ TO ComIENSATE [l [hGHER VAR M. TEH VAPmS ke HiGH
T e 6 ASolyaE 12ANGE
LNAPL % Vol | o 8 2. 2 1, ¢
Gals /" //0.06 q/s'o‘/ /7—~5"f /2,7 2,03
=]
S | DepthofGW Depression R | ~S. 5 -5 Sy SIS A -5
z ] bezo o83
s Extraction Well DTLNAPL ft | oo )3 &9 76
Extraction Well DTGW f 635 < ¢ 3. 87
( ) Indicates Well Pressure LA 5-_—-: C. tf TFORMS/TestForms/1210017B
be  sS5.y7 5535



% OPERATING DATA - EVENT #1C_

PAGE #1 ACUVAC MOBILE DUAL PHASE SYSTEM
Location:  Walstadd 66, Lovington, NM Project Managers: Sadler/Faucher
Date: | 7/)3hs
Parameters Time Time Time Time Time Time
(45| 25 1295 315 1395 | 1945
WELL# 4 — ( ey |"ootre | "yzsvs |"72%50 | Fasss 25
RPM. 2300 2300 2300 72300 1 3co 2300
; Oil Pressure psi Paye) SO SO s0 50 <O
g Water Temp Fl  JeO 1 LO /635 /6S /6S (ef
2| vois 1Y Y 1 o 14 1
g Intake Vacuum wg | /e 70 A A A 16
Gas Flow Fuel/Propane ¢t | 5D 50 o 50 S50 SO
GW Pump ON/OFF on O oS or) oA STF
£ Extraction Well Flow  sefm | 27255 | 2.2.55 22.55 22.6v | 2295 2295
§ @ | Extraction Well Vacuum "H;0 70 70 70 70 70 70
g § PumpRate galsmin | 4, § Y5 4.5 Y d 44 3.5
§§ Total Volume gls | 789 9LY 051 119 1326 1553
% & | influent Vapor Temp. °F 71 71 i 21 71 71
E | Air rempersture ¥ | 5,3 | Ss $7. b 39.v G9. 5 G538
BaomewricPresswe  "Hg | 29.98 | 29.97 29.96 | 29.91 29.9L | 2992
e |HC ppmv | SC, 750 -~ - - Ss85° -
S |co % | 5. 7Y - . -~ 5.96 -
£ |co “| /.57 - 2 - |.S2 -
§ 0, % 2,0 - - - 7.2 -
= HiS ppm O - i - O -
(NELL AT forg NS (o SAAD! DuRSG P00, 724 VAaaniS
| siosSTLS STEARY PURASG THE P S5%0D
AT 19YS Entarr CuaicludED . Bl el GAUGD. WELL -/ AD
8 |2 weRE G 2 Dang2rm It TH: ERTENT of Ar Y RERIIAD.
2 eV S0vinm T Arso SYSTEIY DEMIBI L12e2, S/7E S EgJizc®d,
DPANTED S17E.
A K GV;: "’/2.03 "’/z.oa "5/2.03 "71.93 "’7/.93 /'5//53
g Depth of GW Depression ft o { -~ ‘5:( -5 -y —
g Extraction Well DTLNAPL  ft S 38
Extraction Well DTGW ft C0O.0/

( ) Indicates Well Pressure

TFORMS/TestForms/1210017B
APl 13
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Computer Applications in Hydraulic Engineering

The roughness component in the Darcy-Weisbach equation is a function of both the
channel material and the Reynolds number, which varies with velocity and hydraulic

radius.
V= 8—gRS
V f

flow velocity (m/s, fi/s)

gravitational acceleration (m/s?, f/s)
Darcy-Weisbach friction factor (unitless)
hydraulic radius (m, ft)

§ = fiiction slope (m/m, ft/ft)

where

kil

”
g
f
R

Il

The Darcy-Weisbach friction factor, £ can be found using the Colebrook-White equation
for fully developed turbulent flow, as follows:

Free Surface Full Flow (Closed Conduit)

L ko, 251 L g F 251
T7 - 2R a7 7 48R Reys
where k& = roughness height (m, ft)

R hydraulic radius (m, ft)
Re = Reynolds number (unitless)

i

This iterative search for the correct value of f can become quite time-consuming for hand
computations and computerized solutions of many pipes. Another method, developed by
Swamee and Jain, solves directly for fin full-flowing circular pipes. This equation is:

[ 1323 —
iog (L )
oe 3&]D o ﬁeo9
where f = friction factor (unitless)
k = roughness height (m, ft)
D = pipe diameter (m, ft)
Re = Reynolds number (unitless)

Typical Roughness Factors

Typical pipe roughness values for each of these methods are shown in Table 1-2. These
values will vary depending on the manufacturer, workmanship, age, and other factors.
For this reason, the following table should be used only as a guideline.

Basic I
Bastc I

Table 1-:

e
]

="
- Asbestc
Brass
Brick
Cast-irc
Concret
Stee
Wot
Cenl
' Copper
Corrugt
Galvam
Glass
Lead
Plastic
Steel:
Coal
New
Rive

1.5

For pipe
because
radius (¢
COMINOI

There is
includin

Table 1-

I
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Library of Congress Cataloging-in-Publication Data

Wurbs, Ralph Allen,
‘Water resources engineering / Ralph A. Wurbs, Wesley P. James.
p. cm.
Includes bibliographical references and index.
ISBN (-13-081293-5
1. Hydra