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EXECUTIVE SUMMARY

This Corrective Action Plan (CAP) for Site SS-17, the BX Service Station, at Holloman Air
Force Base (AFB), New Mexico (NM) has been prepared by Walk, Haydel & Associates,
inc. (Walk, Haydel) for the United States (U.S.) Army Corps of Engineers. It includes a
performance evaluation of the gasoline removal system currently in operation at the site,
recommendations for system improvement, results of a field investigation performed in
June 1991 which included the drilling and sampling of borings and air monitoring, a
comparative study of selected soil remediation technologies used to develop remedial
action alternatives and recommendation of a preferred remedial action alternative.

The gasoline removal system currently in operation consists of four recovery trenches.
Trench Nos. 1 and 2, located in the area of greatest product thickness, have accounted
for the vast majority of product removed, while Trench Nos. 3 and 4, located on the edge
of the plume, have not recovered as much free product due to the smaller amounts of
mobile free product in these areas. Recovery rates have decreased with operation time.
In May 1988, prior to the current system start-up, it was estimated that 30,000 gallons of
mobile product was on the water table at Site SS-17. Since system start-up (October 16,
1989) to January 12, 1992, approximately 28,800 gallons of gasoline have been removed.
Current product thickness measurements indicate a significant decrease in mobile product
thickness (possibly due in part to groundwater elevation fluctuations). In general, it
appears that the recovery system has been effective in controlling the migration of the
gasoline plume and that the quantity of mobile free product remaining has decreased
significantly.

Recommendations for system improvement can be made only after additional information
concerning recovery performance and furiner characterization of the site are complete.
The following work should be performed and resuits evaluated before recommendations
for system improvements can be made:

1) performance of weekly field bail-out tests,

WH&AﬁOgg?V‘ 5/91)

E-1
WALK, HAYDEL & ASSOCIATES, INC.

NEW ORLEANS—-MOBILE-BATON ROUGE-LITTLE ROCK

PROJECT MANAGERS-ENGINEERS—CONSTRUCTION MANAGERS



2) installation of borings and monitoring wells around well TH-15 (a suspected
new source area), and

3) engineering review of site data.

In addition to the above work, discharge from the Holloman AFB wastewater treatment'
plant should be sampled and analyzed for fuel constituents to determine the impact of
Site SS-17 recovery system water discharge on the quality of treated water.

Field investigations performed in June 1991 indicated typical fuel constituents in soil and
groundwater. Air monitoring was conducted at four vacant residences, 11 sewer
manholes, the Car Wash Grit Chamber and a sanitary sewer lift station. Within
residences, organic vapor readings were below 5 ppm. Had vapors been detected above
5 ppm, BETX (Benzene, Ethylbenzene, Toluene and Xylene) monitoring (using a field Gas
Chromatograph) would have been performed to identify and quantify the compounds
causing the elevated readings. No explosive vapors were detected. With regard to the
sewer manholes, the Car Wash Grit Chamber and sanitary sewer lift station, the highest
BETX constituents were detected in the Car Wash Grit Chamber followed by three
manholes near Trench No. 1. BETX was detected at the grit chamber at concentrations
ranging from <1 ppb to 37 ppb xylene; no explosive vapors were detected. The highest
levels of explosive vapors were recorded in manhole MH-92 (south of the Service Station)
at 35% of the Lower Explosivé Limit (LEL). BETX concentrations at the lift station ranged
from <1 ppb to <3 ppb xylenes; no explosive vapors were detected. Based upon this
June 1991 investigation, it can be concluded that SS-17 soils are not a source of
potentially harmful vapors in utilities, basements or other surface or subsurface structures.
One vapor reading within the sewer lines, however, exceeded the criteria of 30% LEL.

Where highly contaminated soils are present, the New Mexico UST Regulations require
the owner or operator to either: (1) excavate the soils or (2) where highly contaminated
soils remain beyond the depth or horizontal extent of practicable excavation, soils may
be treated in-place. Remedial action alternatives were developed to eliminate highly
contaminated soils assumed to be present at the site. Highly contaminated soils may be

WHaA 1012 (REV. 5/91) E-2 WALK, HAYDEL & ASSOCIATES, INC.
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present due to fuel leaking from underground storage tanks (USTs) and lines. These
alternatives were developed based upon a comparative study of selected remediation
technologies and their applicability to Site SS-17. Five alternatives were identified:

1) Alternative 1 - No Action - The no action alternative would not produce
{ results required by NM UST Regulations. Potentially highly contaminated
| soils would remain in place. The no action alternative is included for
~' comparative purposes only.

2) Alternative 2 - Limited Action - Based upon information obtained from the
August 12, 1991 conference with the NM UST Bureau (see Appendix E), if
groundwater monitoring is conducted for eight consecutive quarters without
detecting free product in any site monitoring well, the site is considered to
be clean and no remediation of soil is necessary. Although the Bureau’s
guidance is not specified in the NM UST Regulations, this criterion for a
clean site is considered a remedial alternative. It is a passive remedial
alternative with no active remediation of highly contaminated soils.

3) Altermative 3 - Excavation - Highly contaminated soil would be excavated
and disposed of at an approved off-base facility or treated on-base. This
alternative would be implemented after trench operations cease to recover
free product. This alternative assumes practical volumes of highly
contaminated soil remain after cessation of trench operations. Should this
not be the case, an alternate means of remediation would be needed.

4) Alternative 4 - Soil Venting - This alternative could be implemented while
the trenéh recovery systems are operating to remove free product. Air
would be drawn from (and possible injected into) the vadose zone (above
the de;S?/éssed groundwater table) to reduce the presence of fuel materials
in soils to a level that is not classified as highly contaminated. After free
product is removed, the groundwater table would be raised and then

lowered. Residuals which have adhered to soils by this raising and lowering
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of the groundwater table would then be removed by reactivation of the soil
venting system. This process of raising and lowering the groundwater,
followed by reactivation of the soil venting system, could be repeated until
recovered vapors stabilize.

5) Alternative 5 - Soil Flushing - A horizontal piping system would be
established over the area believed to contain highly contaminated soils and
water with surfactants would be allowed to percolate into the soil. This
alternative would be implemented while the trench recovery system is
operating to remove free product. Introduced water with washed
constituents and groundwater would be captured by the trench recovery
system and recovered water could be routed to the sanitary sewer system.
Pretreatment of recovered water may be required before discharge to the
sanitary sewer system.

Each alternative was evaluated based upon implementation, impact on base operations,
fire/explosion risk and cost. A comparison was made to determine the preferred
alternative.

Alternative 4, Soil Venting, has been chosen as the preferred remedial alternative for Site
SS-17. This alternative could be implemented under current conditions with the gasoline
removal system in operation. Estimated cost to perform this alternative is $350,000. By
installing a venting system, two systems (venting and gasoline recovery) would be
concurrently remediating Site SS-17 to comply with NM UST Regulations which require
that no floating product be present on the water table and no highly contaminated soils
remain in the ground.

Components of the preferred alternative are as follows:
1) Define area to be remediated - Drill borings to determine area to be

remediated. Collect soil samples for enumeration studies and soil gas
levels. '
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2) Field vapor permeability test - Perform pilot test to determine the vapor
permeability, influence of an extraction well (or trench) and gasoline
constituent concentration of extracted vapors.

3) Engineered design of venting system - Design will be based upon resuits
of component 2 to determine the number, location, configuration and size
of venting wells in addition to air flow extraction (and possible injection)
rates, and trench pumping rates to maintain an adequately depressed
groundwater table.

4) Installation and operation of system - Installation of the system, start up and
operation of the systém and periodic monitoring of discharged air.

5) Confirmation borings - Drilling and sampling of approximately twelve borings
in the remediated area to confirm that the soils are no longer in a highly
contaminated state.

E-S WALK, HAYDEL & ASSOCIATES, INC.
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1.0 INTRODUCTION

1.1

1.2

rganizati f Report

The purpose of this Corrective Action Plan (CAP) is to identify, analyze, and
recommend a means to remediate "highly contaminated” soil which may be
present at Site SS-17, the BX Service Station, at Holloman Air Force Base
(AFB), New Mexico (NM). This report presents background information on
Site SS-17, including an updated records search; discusses the gasoline
recovery trench system currently operating at Site SS-17; summarizes the
CAP field investigation and resuiting analytical data; presents applicable
Underground Storage Tank (UST) regulations; identifies soil remediation
technologies; evaluates remediation alternatives; and describes the
preferred remediation alternative.

This CAP has been prepared by Walk, Haydel & Associates, Inc. (Walk,
Haydel) for the United States (U.S.) Army Corps of Engineers under
Contract No. DACW45-90-D-0007. Appendix A contains a copy of the
Scope of Services.

Background Information

1.2.1 Site Description

Holloman AFB is located on approximately 50,700 acres in the west
central section of Otero County in south central New Mexico (Figure
1-1). Holloman AFB is accessible from the north and south by
United States (U.S.) Highway 54 and from the east and west by U.S.
Highway 70. The base lies within the Tularosa Basin, which is
bounded by the San Andres Mountains to the west and the
Sacramento Mountains ‘o the east. |

WHaA 1012 (REV. 5/91)
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Site SS-17, the BX Service Station, is located on First Street in the
main portion of the base, approximately 1,500 feet from the main
gate (see Figures 1-2 and 1-3). Site SS-17 includes a service station,
convenience store, and car wash. Five USTs (4 - 10,000 gallon, and
1 - 5000 gallon) were removed from the site and disposed in
February 1992. They were replaced with three above ground
storage tanks - 6000 gallons each). Refer to Figure 1-4 for their
location.

The service station has been in its present location since the early
1950’s. The Base Hospital is located approximately 420 feet to the
northeast, an elementary school is located approximately 600 feet to
the northwest, and base residential housing is located approximately
200 feet to the southwest.

Site History and Previous Investigations

The following paragraphs describe the history of Site SS-17 and
previous investigations. A summary of the site history is included in
Table 1-1 and estimations of gallons of gasoline released and
recovered are included in Table 1-2.

January 1981 discrepancies in gasoline storage tank inventories
prompted an investigation of Site SS-17. It was believed that the
highly corrosive nature of the groundwater underlying Holloman AFB
(high total dissolved solids, chlorides, and sulfates) had corroded
underground fuel lines (installed in the early 60’s), causing them to
leak. Subsequent excavation of the area around the tanks verified
that fuel had leaked from these lines. Initial estimates of the total
volume of the spill ranged from 100,000 to 150,000 gallons. The
underground fuel lines were replaced with fiberglass lines to reduce
the potential for future leakage. A tank pressure testing program

WHaA 1012 (REV. 5/91)
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TABLE 1-1
SITE SS-17
SUMMARY OF SITE HISTORY

Discrepancies in inventories prompt investigation; leaking lines
confirmed and replaced; estimated 100,000 to 150,000 gallons of
gasoline have leaked.

Test borings driled and monitoring: wells installed; up-to 4 feet of
gasoline in wells; 2 recovery wells installed and estimated 275 gallons of
gasoline removed. Operation of recovery wells discontinued due to lack
of recovery.

Phase | performed by CHoM HILL; concluded that the BX Service
Station is the site of highest potential for environmental impact.

Phase |li performed by Dames & Moore; 17 wells installed and 12 test
holes drilled; estimated 71,000 gallons of gasoline remained.

Recovery resumed incorporating 3 recovery wells and 2 trenches. From
Janulgw to December 1987, recovered approximately 14,500 gallons of
gasoline.

Walk, Haydel Technical Report issued; estimated 30,000 gallons of
asoline remained; recommended 2 additional trenches, modification of
existing trenches and cessation of recovery wells.

Implemented recommendations; recovery resumed in October 1989.
Walk, Haydel visited site to determine water levels and product
thickness; issues Addendum to Technical Report with
recommendations. From October 16, 1989 to April 15, 1990, 11,900
gallons of gasoline were recovered.

Walk, Haydel records search.

Walk, Haydel CAP field work. From April 16, 1990 to August 25, 1991,
16,800 gallons of gasoline were recovered.

From August 25, 1991 to January 12, 1992, 99 gallons of gasoline have
been recovered.
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TABLE 1-2
SITE $S-17
GALLONS OF GASOLINE RELEASED AND RECOVERED

P

Recovered
Estimation of Estimation to Date
Date Release Remaining Recovered (cumuiative)
1/81 100,000-150,000 100,000-150,000 - -
2/81 - - 275 275
84 - 71,000 - 275
1/87-12/87 - - 14,500 14,775
88 - 30,000 - 14,775
10/16/89- '
4/15/90 - - 11,900 26,675
4/16/90-
8/25/91 - - 16,800 43,475
8/26/91-
1/12/92 - - 99 43,574
RG99 1012 Rev. 5/91) 1-8 WALK, HAYDEL & ASSOCIATES, INC.
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was implemented and the underground fuel storage system reported
to be in satisfactory condition.

In February 1981, test borings were drilled around the station to
assess the extent of gasoline contamination. Gasoline thicknesses
up to 4 feet were found in monitoring wells at depths of 6 to 10 feet
below the ground surface. Two recovery wells were instalied in the
area of maximum gasoline thickness and 5,500 gallons of liquid were
removed. Analysis indicated that the removed liquid was 95 percent
water. Recovery operations were discontinued until a new system
was implemented in 1987.

In 1983, a Phase | evaluation (performed by CH,M Hill) under the
Installation Restoration Program (IRP) identified the BX Service
Station as the site at Holloman AFB with the highest potential for
environmental impact. A Phase |l evaluation performed by Dames
& Moore in 1984 included the installation of 17 monitoring wells and
12 test holes in the suspected area of the gasoline plume. Product
was detected in 21 of the 29 borings at thickness levels ranging from
trace amounts to 2.3 feet. The Phase Il report estimated that about
71,000 gallons of gasoline remained.

In January 1987, recovery operations were resumed using three
recovery wells and two recovery trenches. Based on information
provided by base personnel, approximately 14,500 gallons of
gasoline were recovered during the period from January to
December 1987. The recovery operation was subsequently stopped
in December 1987 in order to determine natural groundwater flow
patterns without the influence of pumping.

In 1988, a comprehensive technical report was prepared by Walk,
Haydel to better define the extent and volume of contamination, to

WHa&A 1012 (REV. 5/91) 1 9 WALK, HAYDEL & ASSOCIATES, INC.
-699 PROJECT MANAGERS-ENGINEERS—CONSTRUCTION MANAGERS
NEW ORLEANS—-MOBILE—-BATON ROUGE—LITTLE ROCK




L —— i -

review the effectiveness of the present recovery system, and to
recommend a conceptual design for improvements to the existing
recovery system. In the 1988 report, it was estimated that about
30,000 gallons of gasoline remained. The Technical Report
recommended the installation of two additional recovery trenches,
the modification of two existing recovery trenches, and the cessation
of operation of existing recovery wells. The recommendations were
implemented in 1989 and recovery began in October 1989.

Walk, Haydel representatives visited the site in April, 1990 to inspect
the trenches and associated systems and to determine the water
level and product thickness in various monitoring wells throughout
the site. Walk, Haydel recommended the following to improve
system performance: 1) deepen Trench No. 3; 2) perform additional
monitoring; 3) perform a tank tightness test, modify reporting forms,
monitoring procedures, and operation and maintenance; 4) perform
an elevation survey; and 5) further monitor the sewer system.
Holloman AFB modified Trench No. 3, and has continued monitoring
the wells and sewer system.

A records search and subsequent field investigation were conducted
in the Spring and Summer of 1991 to support the CAP. Both the
records search and field investigation are discussed in subsequent
sections of this report.

1.2.3 Site Geohydrology

Surficial soils in the vicinity of Holloman AFB are generally thin, well
drained soils composed of fine silts and sands formed from
gypsiferous sediments of eolian or alluvial origin. A few feet below
the surface, occasional white calcareous layers up-to one inch thick
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and lenses of gypsum-cemented sandstone up to one foot thick in
sediments have been encountered.

The ground surface in the vicinity of Site SS-17 is covered with
concrete or asphalt over roughly 30 to 40 percent of the area and
another 10 to 15 percent is covered with coarse gravel. Borings
performed at Site SS-17 indicate that the soils in this area consist
primarily of silty-sand, sand-siit mixtures (SM) down to depths of
approximately 15 to 20 feet below grade with strata of clayey sand,
sand clay mixtures (SC), and inorganic silts and very fine sands (ML)
commonly present. Also present within the SM matrix are smaller
less continuous lenses of poorly-graded sands (SP) and well-graded
sands (SW). Below this upper zone is a layer of red, lean, inorganic
clays (Cl) which appears to be fairly continuous across the subject
area. However, the thickness of this zone cannot be determined with
existing data since site borings have not fully penetrated this layer.
A fence diagram of the generalized soil profile in the area of the BX
Service Station is provided as Figure 1-5. The average soil porosity
is estimated to be approximately 10 percent based on laboratory
tests by El Paso Testing Laboratories.

The groundwater at Holloman AFB contains high cdncentrations of
dissolved minerals (> 10,000 mg/| TDS). The water table at Site SS-
17 has been observed to vary from approximately 5 to 10 feet below
grade. Typically, depths to the water table are greatest near the
operating recovery trenches (particularly Trench Nos. 1 and 2) due
to the drawdown associated with gasoline recovery. The overall
hydraulic gradient in the vicinity of the site is to the south-southeast.
However, the gradient near the operational trenches is significantly
influenced such that the gradient is towards the trenches. Hydraulic
gradients observed at the site away from the operating trenches or
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when the trenches were not operating were found to vary from 0.002
to 0.009 ft./ft.

The hydraulic conductivity at the site has been estimated by
performing slug tests on nine site wells (MW-1 through MW-8). The
slug tests yielded results ranging from 6 x 107 cm/sec at MW-1 to
2 x 105cm/sec at MW-3. Based on the siug test resuits, the overall
site hydraulic conductivity is estimated to be approximately 8 x 10
cm/sec. This estimate is in reasonable agreement with the hydraulic
conductivity estimates obtained from pump tests during the Phase Il
investigation. The average hydraulic conductivity estimate from the
Phase Il investigation is 5.6 x 10™°cm/sec.

1.2.4 Records Search

A records and literature search for Site SS-17 was conducted in April
1991.by Walk, Haydel. The search consisted of interviews, obtaining
drawings of the site, identification and tracing of utility lines, and
confirming the location of five USTs. Personnel from various
Holloman AFB departments, including Engineering, Environmental,
Plumbing, Housing and Bioenvironmental, were interviewed
concerning Site SS-17. The interviews provided the following
information:

o . One, unconfirmed, explosive incident occurred in the summer
of 1984 or 1985 in the sewer system at Site SS-17;

o] Water and sewer lines at and near Site SS-17 are constructed
of polyvinyl chloride (PVC) pipe. The water lines occur
approximately 18 inches below grade and the sewer lines
approximately 4 feet below grade;
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o Confirmation that four base houses (Building Nos. 2149, 2151,
2178, and 2176) next to Site SS-17 have been evacuated due
to petroleum odors.

Historical utility and design drawings of Site SS-17 and its vicinity
were obtained. The drawings were compared and verified in the
field. The field observations confirmed the location and size of the
five USTs and associated piping. Field observation also confirmed
the location of utility lines in the vicinity.
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2.0 GASOLINE RECOVERY TRENCH SYSTEM
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2.0 GASOLINE RECOVERY TRENCH SYSTEM

2.1

Description of Current tem

Operation of the current recovery trench system (inclusive of modifications
recommended in Walk, Haydel’'s November 1988 Technical Report on Site
17) commenced on October 16, 1989. The gasoline recovery trenches are
located generally south, hydraulically down gradient, of the BX Service
Station in areas that were determined to have the gi'eatest product
thickness. Figure 2-1 shows the location of all four trenches and their
relationship to the BX Service Station and the site monitoring wells. The
trenches are three feet wide and of various lengths: Trench No. 1 is 120
feet long, Trench No. 2 is 70 feet long, Trench No. 3 is 40 feet long and
Trench No. 4 is 85 feet long. Trench Nos. 1, 2 and 3 are straight while
Trench No. 4 is constructed with a 90° angle.

Figure 2-2 is a typical recovery trench cross-section. Each trench is filled
with a porous gravel layer. The gravel layer is positioned to intercept
floating product and the water table. Fluid infiltrating the trench migrates to
the bottom of the gravel layer and into a four inch perforated pipe. Gravity
flow in the perforated pipe then transfers the gasoline and water to a
collection sump located near the center of the trench. Inside the sump are
two pumps, a submersible water table depression pump for pumping
collected groundwater and a floating filter scavenger pump for skimming the
gasoline off the top of the water.

Separate discharge systems are provided for the removal of fiuids. Water
from Trench Nos. 1, 2, and 4 is pumped through buried PVC pipes to a grit
chamber located near the BX Service Station car wash. This grit chamber
discharges to the sanitary sewer. Water from Trench No. 3 is pumped into
sewer lift Station No. 4. Gasoline removed from Trench Nos. 1, 2, and 4 is
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pumped through buried fiberglass reinforced plastic (FRP) pipes to a
centralized 1000 gallon mobile tank. Recovery Trench No. 3 transfers
gasoline through FRP pipe to a separate 1000 gallon mobile tank.

In April 1990 a site visit was performed by Walk, Haydel to gather data
regarding the trench recovery system performance. Subsequently,
Addendum 1 to the Technical Report was issued in May 1990. This report
made several recommendations to improve the overall effectiveness of the
gasoline recovery operations. These recommendations included
performance of tank tightness tests on the existing underground storage
tanks at the site and the deepening of Trench No. 3 by two and a half feet
to allow the active area of the trench (gravel layer) to intersect the water
table.

f Free Pr: Recov

2.2.1 Previous Recovery Systems

Shortly after a gasoline leak was first detected in 1981, two recovery
wells were installed in the area of maximum gasoline thickness.
Approximately 275 gallons of gasoline were recovered. In January
1987, recovery operations resumed using three recovery wells and
two recovery trenches. Approximately 14,500 gallons of gasoline
were recovered during the period from January to December 1987.
Total gasoline removed prior to initiation of Walk, Haydel
modifications was approximately 14,775 gallons.

2.2.2 Current Recovery System after Modification

Start-up of the modified trench recovery system, as prescribed by
Walk, Hayde!, occurred in October of 1989. Analysis of data
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obtained from the April 1990 site visit concluded that approximately
11,900 gallons of gasoline were recovered in the period from
October 16, 1989 to April 15, 1990.

In June, 1991, Walk, Haydel performed an investigation of Site SS-17
to gather data to be used in the development of this CAP. Trench
operating data were available through April 7, 1991. A summary of
weekly trench operation reports indicates that between April 16, 1990
and April 7, 1991 approximately 14,500 gallons of gasoline were
removed. |

Based on conversations with Holloman AFB personnel, Weekly
Trench Operation reports from April 8, 1991, to August 25, 1991
indicate about 2,300 gallons of gasoline have been removed during
this period. From August 26, 1991 to January 12, 1992,
approximately 99 gallons of gasoline have been removed.

The total volume of gasoline removed as of January 12, 1992, since
the start-up of the modified recovery trench system on October 16,
1989 is estimated to be 28,799 gallons. The total volume of gasoline
removed from the operation of all recovery systems is estimated at
43,574 gallons.

Perform lyation

Trench Nos. 1 and 2, located in the area of greatest product thickness,
have accounted for the vast majority of product removed, while Trench Nos.
3 and 4, located on the edge of the plume, have not recovered as much
free product due to the smaller amounts of mobile free product in these
areas. The total overall average gasoline recovery since start-up (from
October 16, 1989 to August 25, 1991) is approximately 300 gallons per
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week (GPW). However, gasoline recovery has been generally declining
over time. The average gasoline recovery rate from October 16, 1989 to
April 15, 1990, was 479 GPW,; from April 16, 1990 to April 7, 1991, the
average gasoline recovery rate was 284 GPW,; from April 8, 1991 to August
25, 1991, the average gasoline recovery rate was 115 GPW and from
August 26, 1991 to January 12, 1992, the average gasoline recovery rate
was approximately 5 GPW. The relatively low gasoline recovery rate
observed during the April 8, 1991 to August 25, 1991 interval can in part be
attributed to equipment failures at Trench No. 2, which resulted in significant
downtime.

In May 1988, prior to the current system start-up, Walk, Haydel estimated
that roughly 30,000 gallons of in-situ mobile product were on the water tabie
at Site SS-17. As previously indicated, since system start-up (October 16,
1989) to January 12, 1992, approximately 28,799 gallons of gasoline have
been removed. However, based on water level and apparent product
thickness measurements performed by Walk, Haydel in June 1991 (see
Table 2-1 for depth to groundwater and apparent product thickness reading
of the site wells), it was estimated that approximately 25,000 to 30,000
gallons of in-situ mobile product still remain on the groundwater at Site SS-
17. Apparent product thickness is the thickness of product observed in a
well. In-situ mobile product is the thickness of product atop the water table
which is capable of flowing. Figure 2-3 is an Isopach Map of the in-situ
mobile product using June 1991 data. Figure 2-4 is a plot of the apparent
product thickness using June 1991 data. Based on this data, a new source
of the gasoline plume is possibie in the area of monitoring well TH-15.

In general, the apparent product thicknesses at the site and the
downgradient portion of the plume remained fairty constant between the
April 1990 site visit and the June 1991 site visit. The most notable variability
in product thickness was observed in well TH-15. On April 17, 1990, the
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TABLE 2-1
{ SITE SS-17
i DEPTH TO GROUNDWATER AND APPARENT PRODUCT THICKNESSES
g (JUNE 10, 1991)
o Depth Apparent Product
! Mo&tgunng To Gro(ti‘ltr)\dwater Thickness
| MW-1 80 X
MW-2 8.97 X
MW-3 9.31 X
MW-4 9.25 X
MW-5 6.65 X
MW-6 | 8.09 11.88
.‘ MW-7 8.9 20.4
' MW-8 13.28 216
l MW-9 12.50 5.52
w-2 : 7.36 X
‘ wW-4 10.29 X
[ TH-3 8.35 42
! TH-6 12.26 19.2
TH-14 10.15 18.12
‘ TH-15 10.02 20.52
TH-20 7.25 X
’ TH-22 7.83 0.6
i EPTL 10.70 9.96
1
i
l X = No Product Detected
| REET 2-7 e st EmbconATICTON AANAGRS
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apparent product thickness in well TH-15 was 0.12 feet; on June 15, 1991,
1.71 feet of product was observed; and on August 4, 1991, only a thin fim
of product was observed. Welil TH-15 is hydraulically upgradient of the main
body of the plume and was previously thought to be in an area void of
floating product. Because of the lack of wells near well TH-15 and the low
monitoring frequency, there is little data to determine the size, location, and
volume of free product in this area.

According to information provided by Holloman AFB during the period from
February 1990 through August 1990, approximately 5,000 gallons of
gasoline was unaccounted for from the now inactive USTs at the BX Service
Station. This equates to approximately 8,500 gallons per year (GPY).
Additionally, for June and July 1991, a total of approximately 1,700 gallons
of gasoline was unaccounted for from the present gasoline supply system
(three above ground tanks). It is not known whether a release has
occurred or whether there has been an inventory error.

The projected time remaining for the gasoline trench operation, based on
the volume of mobile product estimated to be present at the site in June
1991, was estimated to be approximately 2.5 to 3 years. For this
estimation, an average recovery rate of approximately 175 GPW was used.
This estimated time was used in the development of remedial action
alternatives to eliminate highly contaminated soils. It should be .noted,
however, that this projection has room for error due to 1) uncertainties in
the amount of product in the vicinity of well TH-15, 2) uncertainties in the
ability of the trench system to affect the entire area of concern in a timely
fashion, 3) ability to accurately estimate mobile product thickness based on
the June 1991 data and 4) water table fluctuations that would affect product
thickness.
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Based on Walk, Haydel's understanding of more recent site events,
relatively rapid and significant changes in apparent product thickness have
occurred at the site since the field work for this investigation was performed
(June 1991). Figure 2-5 is a plot of the apparent product thickness plume
at the end of September 1991. Data used to make this figure is included
in Table 2-2. It could be concluded that the change in apparent product
thickness is the result of hydrocarbon recovery. However, only a relatively
mini f pr W Vi i tem

wwwmumme Flgure

2-6). This could be caused by an increase in the system downtime. Data
used to create Figure 2-6 is included in Table 2-3. Studies (Kemblowski
and Chiang, 1990 and Testa and Winegardner, 1991) have indicated that

rising water tables can cause decreases in apparent thicknesses of floating
product in monitoring wells. Therefore, it is possible that a significant
portion of this decrease in apparent product thickness at the site can be
attributed to the increase in the water table and water/product interface
elevation. The decrease in apparent product thickness at the site is
depicted in Figure 2-7. Data used to create this figure is included in Table
2-3. Note that the areas of largest decrease are generally in the areas of
greatest water table and water/product interface rise. Furthermore, a large
portion of the previously mobile product may be immobilized as residual
saturation over the interval of the fluctuating product table.

Residual hydrocarbon saturation refers to that volume of product which is
immobilized by being retained within the aquifer matrix. Residual
hydrocarbon saturation typically can occur as follows: 1) in the upper limits
of the hydrocarbon-air capillary zone where the adhesive forces between
the hydrocarbon and aquifer matrix are greater than the gravity draining
force and 2) in the upper portion of water-hydrocarbon capillary zone or
within the water saturated zone, where the amount of hydrocarbon present
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TABLE 2-2
SITE SS-17
N A D
(SEPTEMBER 28,1991)
Depth Apparent Product
Monitoring To Groundwater Thickness
Weil (ft) i
MW-1 - -
MW-2 8.58 X
MW-3 9.67 X
MW-4 - -
MW-5 7.58 X
MW-6 7.33 X
MW-7 6.92 X
MW-8 11.67 4
MW-9 9.67 2
W-2 5.67 X
W-4 9.92 X
TH-3 7.33 X
TH-6 - -
TH-14 8.50 6
TH-15 7.58 X
TH-20 6.08 X
T™H-22 7.58 X
EPTL 8.42 X
X = No Product Detected
- = Not Measured
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TABLE 2-3
SITE SS-17

DRIFFERENCE IN DEPTH TQ GROUNDWATER AND APPARENT PRODUCT

THICKNESSES FROM JUNE 10, 1991 (TABLE 2-1) AND
1(TABLE 2-2) M REMENT

Decrease in
Apparent
Difference of Product Thickness
Monitoring Depth to GW from 6/10/91 from 6/10/91 to
Well to 9428/91 9/28/91, (in.)

MW-1 - -
MW-2 0.39 X
MW-3 -0.36 X
MW-4 - -
MW-5 -0.93 X
MW-6 0.76 11.88
MW-7 1.98 20.40
MW-8 1.61 17.60
MW-9 ~ 2.83 3.52
W-2 1.69 X
W-4 0.37 X
TH-3 1.02 420
TH-6 - -
TH-14 1.65 12.12
TH-15 2.44 20.52
TH-20 1.17 X
TH-22 0.25 0.60
EPTL 228 9.96

GW = Groundwater

- = Cannot be determined due to missing data.

X = No product detected

Note: Negative differences in column 2 indicate a lowering of the water surface

elevation between 6/10/91 and 9/28/91 and positive values indicate a
rising of the water surface elevation.
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is minimal and hydrocarbon movement becomes obstructed by water
occupying the aquifer pore spaces. The amount of residual hydrocarbons
present will depend, in part, on the aquifer matrix, hydrocarbon constituents,
hydrocarbon source location and water table fluctuations.

in summary, the current recovery trench system has removed significant
amounts of gasoline from the water table. However, recent changes in
apparent product thickness at the site could result in decreased
hydrocarbon recovery. The recovery system appears to have been effective
in controlling the migration of the gasoline plume and should continue to be
effective. As gasoline recovery operations progress, the gasoline recovery
rate will decline.

24 limi Actions to | Efficien

Preliminary actions to increase the gasoline removal efficiency are discussed
below.

2.4.1 Field Bail - Out Tests

To provide better estimates of in-situ mobile product thickness
across the site, field bail-out tests should be performed on a routine
basis. Procedures for two bail-out test methods are provided in
Appendix H. Both should be used to determine which yields the
better results. The tests shouid be performed on a weekly basis on
approximately one quarter of the wells with various product
thicknesses to allow more accurate correlations to the in situ mobile
product thickness.
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2.4.2 Delineate Extent of Contamination Near TH-15

The areal extent and volume of free product in the vicinity of well TH-
15 must be delineated. It is recommended that water and product
levels in well TH-15 be monitored and field bail-out tests (as
described above) be performed on a weekly basis to provide a better
estimate of in situ mobile product thickness in the area. If no
product is present in the well to allow the performance of the bail-out
test, then ten well volumes of groundwater should be bailed from the
well, and the well observed to see if product accumulates.
Delineation of the areal extent would be accomplished by drilling soil
borings and installing monitoring wells in a radiating pattern from well
TH-15 with particular attention placed on the areas around the pump
island and BX Service Station.

2.4.3 Review of Site Data

Walk, Haydel recommends that a monthly program of engineering
review of the site data (i.e., product and groundwater recovery rates,
product thickness and water table fluctuations) be performed. This
would enable a more rapid response to changing site conditions and
allow for a smoother transition into the next phase of site
remediation.

2.4.4 Monitoring of WWTP Discharge

In addition to the recommendations of bail-out tests, investigation
near TH-15 and review of bail-out data, Walk, Haydel recommends
that discharged water from the Holloman wastewater treatment plant
(WWTP) be analyzed for benzene, ethylbenzene, toluene and xylene
(BETX). Water from Site SS-17 activities (as well as unknown

2-
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releases from other areas of the base) could contribute to elevated
levels of BETX. Currently, the base does not have a NPDES permit.
According to base officials, the State is aware of this deficiency.
Holloman AFB plans to install a new WWTP in 1995. The new plant
will have a NPDES permit.

Recovered water from the trench recovery system currently enters
the sanitary sewer system and enters the WWTP. While no state
regulations (other than not having unacceptabie vapors within lines)
could be found concerning concentrations of constituents discharged
into sanitary sewer lines, New Mexico does, however, have an
Antidegradation Policy which applies to surface waters of the State
of New Mexico. NPDES regulations would aiso apply to the WWTP.

The New Mexico Antidegradation Policy requires that toxic
substances such as, but not limited to, pesticides, herbicides, heavy
metals and organics, not be present in receiving waters in
concentrations which will change the ecological conditions of
receiving waters to an extent detrimental to man or other organisms
of direct or indirect commercial, recreational, or aesthetic value.
Treated wastewater from Holloman AFB flows into Lake Holloman
along with any stormwater runoff. The lake is secured by a fence
and is not used for any recreational, drinking or irrigational purposes.
U.S. Fish and Wildlife personnel are currently involved in a study of
the aquatic life in the sewage ponds, Lake Holloman and Lake
Stinky. Based upon a telephone conversation with U.S. Fish and
Wildlife personnel, a report on conclusions is forthcoming.
Toxicological tests on fish and wildlife have been performed. In
addition to regular monitoring associated with the wastewater
treatment plant, discharge into Lake Holloman should be analyzed
for fuel constituents BETX while the trench recovery system is in
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2.5

operation. Concentrations of these constituents, when added to
receiving waters (Lake Holloman), should not deteriorate ecological
conditions. Treatment of effluent should be impiemented based
upon sampling results.

Possible Actions to incr Effici

The preliminary actions recommended in Section 2.4: 1) performance of
field bail-out tests, 2) installation of borings and monitoring wells around
Well TH-15, 3) engineering review of site data and 4) monitoring of WWTP
discharge, should be implemented before additional actions are performed.
Possible actions to increase gasoline removal efficiency, as discussed
below, should be refined based on data from the above recommended
preliminary actions.

2.5.1 Submersible and Scavenger Pumps

A submersible pump, capable of being lowered into existing site
wells, might be utilized to recover product from areas which are not
readily affected by recovery trench operations. Although, at present,
a pump that scavenges hydrocarbons and pumps groundwater
(depresses the water table) is not available to fit into the 2-inch
diameter wells on site, a hydrocarbon scavenger unit without water
table depression is currently available and could be utilized in 2-inch
wells. Such a pump might be utilized in one well on a short term .
basis and relocated to another well when conditions warrant. Other
deviations of this approach could include the use of a morg mobile
(and fragile) groundwater sampling pump or bailers to manually
remove the floating hydrocarbons from the wells on a more frequent
basis than is currently employed.

WHaA 1012 tREV. 5/91)
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2.5.2 Enlargement of Existing Recovery Trenches

Enlargement of existing recovery trenches could be performed to
increase gasoline recovery rates. Significantly enlarging Trench No.
1 would be inhibited by the location of buildings near each end of the
trench. Although underground piping occurs around the trench ends
of the remaining three trenches, Trench No. 2 would be the most
logical choice to enlarge, since it recovers significantly more product
than Trench Nos. 3 and 4. Trench No. 2 could be lengthened to the
southeast in the direction of well TH-6. To accomplish this, an
overhead utility line would require relocation and well TH-6 would
need to be removed (see Figure 2-1).

At the time of the CAP field investigation (June 1991) Trench No. 3
was not in operation. This was due to the construction of a brick
enclosure for the recovery unit. However, prior to this time, Trench
No. 3 recovered very little product. A possible explanation of why
Trench No. 3 is not recovering gasoline could be that the relatively
small amount of mobile product in the vicinity of the trench becomes
less mobile as the water table drops due to the action of the water
table depression pump. That is, as the water table drops, the
gasoline migrates downward and eventually becomes part of the
immobilized residual hydrocarbon above the water table (refer to
Section 2.3 for a discussion of residual saturation). Operation of the
water -table depression pump at an elevation more closely
approximating the static water table elevation, followed by the
lowering of the pump elevation and operation of the trench in the
typical fashion, could allow the recovery of gasoline that might not
normally be recovered.
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Another possible explanation of why Trench No. 3 is not recovering
gasoline is that the mobile product in the area may actually be
significantly smaller than originally believed. The basis for projecting
the extent of free product into the area is data from MW-9 (refer to
Table 2-1). The nearest well to MW-9 is roughly 160 feet
downgradient. By performing the actions of removing the product
from the well and performing field bail-out tests to determine in-situ
mobile product thickness, as described above, one should be able
to determine if the product in the vicinity of MW-9 is actually more
limited than believed.

2.5.3 Vacuum - Assisted Recovery

A vaccum system could be coupled to the present recovery system,
which could serve to increase the removal of liquid hydrocarbons.
A vacuum would be placed on the recovery manholes causing an
increase in the zone of influence of the liquid hydrocarbon recovery
system. In addition, residual liquid hydrocarbons might be mobilized
and flow to the recovery system when subjected to less than
atmospheric pressures. |
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3.0 CAP FIELD INVESTIGATION

The CAP field investigation was conducted in June 1991 and consisted of: 1)
drilling and sampling of three soil borings, 2) sounding of all Site SS-17 monitoring
wells, 3) sampling of Site SS-17 wells that did not contain floating product, 4)
sampling of the five USTs, §) a vapor survey of the underground utilities and four
abandoned houses at the site, and 6) sampling of the effluent from the gasoline
recovery trench system. Each of these activities is discussed below.

3.1 Geotechnical Investigation

Soil boring logs from borings performed in June 1991 (see Figure 3-1)
indicate that the soils encountered at these locations are generally
consistent with those encountered at other locations in the subject area
during previous investigations. Appendix B contains soil boring logs. It is
noted however that the silt (ML) content at these 1991 boring locations
appears to be higher than at most other boring locations across the site.

3.2 nderground St Tank investigation

The UST investigation was conducted in conjunction with the records
search in April 1991. As part of the UST investigation, historical utility and
design drawings were obtained from Holloman AFB. These drawings
showed the evolution of the BX Service Station and associated tanks and
utilities. Through the use of the drawings, the location of the five USTs
were noted and confirmed in the field. The location of the UST lines and
utilities associated with the BX Service Station were confirmed.
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3.3

Analytical Investigation

Analytical samples were collected from soil borings, monitoring wells that
did not contain floating product, the gasoline recovery trench effluent, and
the 5000 gallbn UST. The four remaining (10,000 gallon) USTs were found
to be empty. The results are discussed below. See Appendix C for raw

analytical data.

3.3.1 Saoil

Four soil borings (B1, B1(A), B2 and B3) were drilled at Site SS-17
in areas which historically had the thickest product layer. See Figure
3-1 for boring locations. Soil samples were collected from three of
the borings (B1(A), B2, and B3). The purpose of the borings was to
determine the degree of soil contamination in the vadose zone above
the floating product. One soil boring, B1, was abandoned at a depth
of four feet after driliing through the water drainage line for Trench
No. 4. The drainage line was later repaired by the base. Four soil
samples were collected from each boring at the following intervals:
BI(A) and B3: 0-2 feet, 2-4 feet, 4-6 feet, and 6-8 feet, and B2: 0.5-
2.5 feet, 2.5-4.5 feet, 4.5-6.5 feet, and 6.5-8.5 feet.

Soil samples were analyzed for volatile organic éompounds (VOCs),
Total Petroleum Hydrocarbons (TPH), and lead. Results of the
above analyses are a means to comparatively measure locations of
contamination. New Mexico UST Regulations contain TPH
requirements, but only if the underlying groundwater contains 10,000
mg/L or less TDS. Samples of groundwater underlying Site SS-17
were analyzed by the USACE for TDS levels. Some samples
contained greater than 10,000 mg/L TDS and others less than
10,000 mg/L TDS. Should groundwater contain less than 10,000
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mg/L TDS, groundwater clean-up woulid be required, as well as soil
remediation to meet TPH requirements. Based upon
correspondence with the NMED (refer to May 11, 1992 letter of
Appendix E), groundwater remediation (other than the removal of
free product) is not necessary. Therefore, it can be inferred that
groundwater quality is not sufficient to enforce soil TPH
requirements.

As shown on Table 3-1, two laboratory contaminants, acetone and
methylene chloride, were detected in samples from all three borings.
Acetone and methylene chioride were also detected in the laboratory
blank in the 2-4 foot sample from BI(A) and the 4.5-6.5 foot sample
from B2. 2-Butanone, a common solvent, was detected in the B1(A)
laboratory blank in samples from the 2-4 feet, 4-6 feet, and 6-8 feet
intervals and in the 4.5 - 6.5 feet and 6.5 - 8.5 feet samples from B2.

Typical petroleum hydrocarbon components - benzene,
ethylbenzene, toluene, and xylene (BETX), were detected in low
concentrations from B1(A). Ethylbenzene and xylene(s)
concentrations increased with depth in all B1(A) samples; benzene
and toluene were only detected in the 6-8 foot interval. High
concentrations of TPH (31,200 to 1,440,000 ug/kg) were detected in
samples collected from B1(A). Lead (ranging from 2.1 to 24.7
mg/kg) were detected in all samples collected from BI(A).

Low concentrations of BETX were detected in soil samples from B2.
Ethylbenzene and xylenes were detected at a maximum
concentration of 65 and 490 ug/kg, respectively, at 2.5 feet.
Benzene and toluene were only detected in the 6.5 foot sample; the
concentrations were 3 ug/kg and 18 ug/kg, respectively. TPH was
detected throughout the boring at concentrations ranging from 7400
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TABLE 3-1
SITE SS-17
AL AL DATA
(JUNE 1991)
B1(A) B1(A) B1(A) B1(A)
Contaminants (0-2) (2-4") (4-6") (6-8")
Acetone (ug/kg) 95 2(B) - -
Benzene (ug (k - - - 10
2-Butanone - 4(B) 9(B) 24(B)
Ethylbenzene (u - 3 38
Methylene Chlonde ?ug/kg) - 0.6(B) - -
Xylene (ug/k ﬁ 17 27 81 230
Toluene (ug { - - - 78
TPH (tag/ 31,200 907,000 852,000 1,440,000
Pb (m kg? 2.1 46 247 3.5
B2 B2 B2 B2
(0.5-2.5") (2.5-4.5") (4.5-6.5") (6.5-8.5)
Acetone (ug/kg) - 74 1(B) -
Benzene (ug/kg) - - -
2-Butanone (ug/kg) - - 4(B) 9(B)
Ethylbenzene? ﬂ( - 65 _ 4
Methylene Chlonde ug/kg) - - - 0.6(B) -
Toluene( (kg) - - - 18
ene (ug - 490 19 110
H(ug/ ) 7,400 599,000 594,000 1,820,000
Pb (m kg? .3 0.86 1.2 1.6
B3 B3 B3 B3
(0-2) (2-4") (4-6’) _ (6-8")
Acetone (ug/kg) 20 - - 28
1 2-D|ch|oroethane (ug/kg) - - - 6
Methylene Chiloride (ug/kg) - 8 8 7
TPH (ug / ) 9,410 - - -
Pb (mg kg? 59 0.81 22 0.89

®)
ug/kg

Below Practical Quantitation Limit
Detected in Blank
micrograms per kilograms

Rm 1012 (Rev. 5/91)
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3.3.2

ug/kg at 0.5 feet to 1,820,000 ug/kg at 6.5 feet. Lead
concentrations ranged from 0.86 to 2.3 mg/kg.

No BETX compounds were detected in samples from B3. Only one
organic compound, 1,2-dichioroethane, an anti-knock gasoline
additive, was detected at a depth of 6 feet at 6 ug/kg. TPH was
detected in only the surface soil sample at a concentration of 9410
ug/kg. Lead was detected in all soil samples at concentrations
ranging from 0.81 to 5.9 mg/kg.

Groundwater

Groundwater samples were collected from eight Site SS-17
monitoring wells (MW-1, MW-2, MW-3, MW-4, MW-5, W-2, W-4, and
TH-20) and were analyzed for VOC, TPH, and lead. See Figure 3-1
for sampling locations and Table 3-2 for groundwater analytical data.
As previously stated, groundwater analytical sampies were collected
only from wells that did not contain floating product as determined
with a bailer and/or an oil/water interface probe. Wells MW-6
through MW-9, TH-3, TH-6, TH-14, TH-15, TH-22 and EPTL
contained free product (see Table 2-1 in Section 2.3). From Table
3-2, it can be seen that no contaminants were detected in MW-4.
Only chloroform, a solvent, was detected in W-4 at a concentration
of 5 ug/L. 1,2-Dichloroethane was detected in MW-1, MW-2 and
MW-3 at concentrations of 870 ug/L, 260 ug/L and 12 ug/L,
respectively. A laboratory contaminant, methylene chloride, was also
detected in MW-3. Benzene and 1,2-dichloroethane were detected
in TH-20 at concentrations of 16 ug/L and 440 ug/L, respectively.
Toluene and xylene were detected at concentrations of 6 ug/L in W-
2. MW-5 contained the highest concentrations of contaminants at
Site SS-17 with benzene detected at 7400 ug/L, ethylbenzene at 980
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TABLE 3-2
SITE SS-17
R ANA AL DATA
(JUNE 1991)
Detected
— Compounds MW-1 MW-2 MW-3 MW4 __MW-5 = W2 W4 TH-20
Benzene (ug/L)- - - - - 1400 - - 16
Chioroform (ug/L) - - - - - - 5 -
1,2-Dichioroethane (ug/l.) 870 260 12 - 120 - - 440D
Ethyibenzene (ug/L) - - - - 980 - - -
Methylene Chioride (ug/L) - - 6 - - - -
Toluene (ug/L) - - - 42 6 - -
Xylene (ug/L) - - - . 210 8 - .
TFH (ug/L) - - - - 2,620 - - -
Pb (mg/L) 0.008 0.005 0.008 - 0.015 0008 - 0.028
- = Below Quantitation Limit
ug/L = micrograms per liter
D = Quantitated by Secondary Dilution
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ug/L, toluene at 42 ug/L and xylene at 210 ug/L. TPH and 1,2-
dichloroethane were also detected in MW-5 at 2,620 ug/L and 120
ug/L, respectively.

Lead was detected in groundwater from MW-1, MW-2, MW-3, MW-5,
W-2, and TH-20 in low concentrations ranging from 0.005 ppm to
0.028 mg/L.

3.3.3 Effluent

A grab sample of the gasoline recovery trench effluent was collected
from the grit chamber. See Figure 3-1 for the location of the grit
chamber. The effluent was collected at the point of discharge into
the grit chamber and analyzed for VOC, TPH, and lead.
Concentrations of BETX and TPH were detected. No lead was
detected in the sample. See Table 3-3 for the effluent analytical data.

3.3.4 Underground Storage Tanks

During the UST investigation, the five Site SS-17 USTs were
sounded. See Figure 3-1 for UST locations. The soundings revealed
that only UST No. 2 contained product. See Table 3-4 for the
physical data on each UST. Since product was confirmed and
measured in only one UST (UST No. 2), it was the only tank
sampled.

UST No. 2 contents were analyzed for lead and flashpoint. The lead
concentration of the sample was 3.2 mg/L and the flashpoint <
25°C. See Table 3-5 for the analytical data from UST No. 2.
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TABLE 3-3

SITE SS-17

GASOLINE RECOVERY TRENCH EFFLUENT ANALYTICAL DATA

(JUNE 1991)

Parameter Concentration (ug/L)

VOC:
Benzene 17,000
Ethylbenzene 2,600
Toluene 18,000
Xylenes 8,500

TPH 10,300

Lead* -

- = not detected

* = mg/l (milligrams per liter)

ug/L =  micrograms per liter
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TABLE 34
SITE §S-17

UNDERGROUND STORAGE TANKS - PHYSICAL DATA

(JUNE 1991)

lF;I;{:IcaI UST No. 1 UST No. 2 UST No.3 UST No. 4 UST No. 5
Volume (gallons) 10,000 5,000 10,000 10,000 10,000
Bottom Description Hard Soft Hard Hard Hard
Contents: (inches)*
Water <1 54 - - -
Product - 0.6 - - -
Unable to determine - - 0.5 1 <1

* As measured with an oil/water interface probe.

R-699



TABLE 3-5
SITE SS8-17

UST NO, 2 CONTENTS - ANALYTICAL DATA
(JUNE 1991)

Parameter Concentration
Lead 3.2mg/L

Flashpoint <259C

mg/L = miligrams per kilogram
°8 = degrees centigrade
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3.4 Vapor Monitoring Results

Air and sewer gas monitoring was conducted at Site SS-17 as part of the
CAP field investigation. Explosivity and organic vapor monitoring (benzene,
ethylbenzene, toluene, xylene) was conducted at four vacant residences
(Buildings 2149, 2151, 2178, 2176), 11 stormwater sewer manholes, the Car
Wash Grit Chamber, and a sanitary sewer lift station. See Figure 3-2 for the
Site SS-17 air monitoring locations. These locations were monitored for four
consecutive days at different time periods each day (early moming, late
morning-early afternoon, late afternoon, and eérly evening). See Appendix
D for a detailed report on the Site SS-17 air monitoring.

The results of the explosivity and organic vapor monitoring in the residences
are presented in Table 3-6. The organic vapor readings are all below 2
ppm. Had vapors been detected above 5 ppm, BETX monitoring, using a
field Gas Chromatograph, would have been performed to identify and
quantify the compounds causing the elevated readings (refer to Site SS-17
CDAP, June 1991). The highest reading was 1.2 ppm in Building 2178 on
June 10, 1991. No explosive vapors were detected in any residences.

Table 3-7 presents the air monitoring results for the 11 manholes (MH-88
was inaccessible), the Car Wash Grit Chamber, and the lift station. The
highest BETX concentrations were detected in the Car Wash Grit Chamber
followed by MH-90, MH-91 and MH-92. The highest levels of explosive
vapors were recorded in MH-92 at 23% Lower Explosive Limit (LEL) and
35% LEL on 12 June and 13 June, respectively. BETX was detected at the
grit chamber at concentrations ranging from <1 ppb to 37 ppb xylene
under all flow conditions. No explosive vapors were detected at the grit
chamber. BETX concentrations at the lift station ranged from a low of <1
ppb to a high of <3 ppb xylenes; no explosive vapors were detected.
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TABLE 3-6

SITE §S-17
EXPL AND ORGANIC VAPOR DATA - RESIDENCE
Resuits
Explosive Gases Organic Vapors Location of
Building Number Date Time (% LEL) (PPM) Peak Reading
2149 6/10/91 1330 0 0.2 Back Bathroom
6/11/91 1515 0 0.2 No Peak Reading
6/12/91 1905 0 0.0 No Peak Reading
6/13/91 0556 0 0.1 No Peak Reading
6/13/91 9848 0 0.0 No Peak Reading
2151 6/10/91 1331 0 0.6 Back Bathroom
6/11/91 1519 0 0.2 No Peak Reading
6/12/91 1909 0 03 Both Bathrooms
6/13/91 0600 0 03 Back Bathroom
6/13/91 0952 0 00 No Peak Reading
2176 6/10/91 1344 0 08 Back Bathroom
6/11/91 1529 0 0.2 No Peak Reading
6/12/91 1919 0 0.2 No Peak Reading
6/13/91 0624 0 0.1 Back Bathroom
6/13/91 1002 0 0.1 Back Bathroom
2178 6/10/91 1344 0 1.2 Hall Bathroom
6/11/91 1524 0 04 Hall Bathroom
6/12/91 1914 0 0.1 No Peak Bathrooms
6/13/91 0606 0 0.8 Both Bathrooms
6/13/91 0957 0 0.6 Back Bathroom

LEL: Lower Explosive Limit _
PPM: Concentration of organic vapors in parts per million on a volume to volume basis.
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TABLE 3-7
SITE SS-17
X A GA OR ING - E
Volatile Organic Aromatic Compounds
' Explosive Gases )
Sampling Location Date Time (% LEL) Benzene Toluene  Ethylbenzene Xylenes Notes
MH-89 6/10/91 1750 0 <1 <1 <1 <3 Low Flow
6/11/91 1119 o <1 <1 <t * <3* Low Flow
6/12/91 1720 o <1 <1 <i <3 Low Flow
6/13/91 0712 0 4 3 <1 <3 Low Flow
MH-90 6/10/91 1705 0 <1 <1 <1 <3 Standing Water
6/11/91 1138 o 17 16 5 14 Low Flow
6/12/91 1734 3 19 18 5 17 Low Flew
6/13/91 0723 0 8 5 <1 4 Low Flow
MH-91 6/10/91 1555 0 25 25 7 21 Modera'e Flow
6/11/91 1152 0 21 26 4 1" Heavy Flow
6/12/91 1820 0 <1 <1 . <1 <3 Moderate Flow
6/13/91 0735 0 17 1_8 1 12 Low Flow
MH-92 6/10/91 1440 1 3 4 < <3 Dry
6/11/91 1104 0 <1 2 <1 <3 Dry
6/12/91 1800 35 12 18 4 13 Dry
6/13/91 0803 23 <2 8 <2 <6 Dry
MH-93 6/10/91 1844 5 6 12 .. <9 <3 Moderete Flow
6/11/91 1056 o 15 27 2 <3 Standirg Water
6/12/91 1624 1 <1 <1 <1 <3 Low Flow
6/13/91 0656 o <1 2 <1 <3 Low Flow
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TABLE 3-7 (Continued)

Volatile Organic Amn;aﬂc Compounds

R-699

Explosive Gases
Sampling Location Date Time (% LEL) Benzene Toluene E one Xylenes Notes
MH-94 6/10/91 1827 0 <1 <1 <1 <3 ing Water
6;1 1;81 1039 0 <1 4 <1 <3*  Standing Water
6/12/91 1638 3 <1 <1 <1 <3 Low Flow
6/13/91 0631 1 <1 <1 <1 <3 Low Flow
MH-95 6/10/91 1812 0 <1 <1 <1 <3 Low Flow
6;11;91 1024 0 <1 <1 <1 <3 * LowFlow
6/12/91 1702 0 <1 <1 <1 <3 Low Flow
6/13/91 0616 0 <1 <1 <1 <3 Moderate Flow
MH-A 6/10/91 1525 0 <1 <1 <1 <3 Dry
6;11;91 1251 0 <1 - <1 <1 <3 Dry
6/12/91 1610 0 <1 <1 <1 <3 Dry
6/13/91 0912 0 <1 <1 <1 <3 Dry
MH-B 6/10/91 1540 0 <1 <1 <1 <3 Heavy Flow Belore
6/11/91 1311 0 <1 <1 <1 <3 Low
6;12//81 1547 1 <1 < : <} <g Modﬂai:lg:kével'“e
6/13/91 1024 0 <1 < < <
/13/ Heavy
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TABLE 3-7 (Continued)
SITE SS-17
X GA -
Volatile Aromatic Compounds
Explosive Gases Organtc ) P
Sampling Location Date Time (% LEL) Benzene Toluene  Ethylbenzene Xylenes Notes
MH-C 6/10/91 1911 0 <1 <1 <1 <3 Low Flow
6/11/91 1431 0 <1 <1 <1 <3 Low Flow
6/12/91 1528 0 <1 <1 <1 <3 Low Flow
6/13/91 1040 0 <1 <1 <1 <3 Low Flow
MH-D 6/10/91 1944 0 <1 <1 <1 <3 Standing Waler
6/11/91 1452 0 <1 <1 <1 <3 Standing Water
6/12/91 1512 0 <1 <1 <1 <3 Standing Waler
6/13/91 1056 0 <1 <1 <1 <3 Low Flow
Lift Station 6/10/91 1735 0 <1 <1 <1 <3 Moderate Flow
6/11/91 1412 0 <1 <1 <1 <3 Moderate Flow
6/12/91 1932 0 <1 2 <1 <3 Moderate Flow
6/12/91 0748 0 <1 <1 <1 <3 Moderate Flow
Car Wash Grit 6/ 10/91> 1615 0 25 as 10 37 Discharge from
Chamber 6/11/91 1327 0 15 18 5 12 Dnsclurge from
Car Wash inUse
6/12/91 1845 0 5 5 <1 <3 Wm from
Car Wash in Use
6/13/91 0840 0 30 31 15 34 Discharge from
Line 2
LEL: Lower Explosive
ug/L: micrograms erm' iler ol alr
. System int es and or contamination may have impactled the abiiity to detect concentrations of the
mducaled constituents at or sfightly above the reported detection lmit.
R-699




L PR

It is believed that these vapors are present due to the operating trench fuel
recovery system. Recovered waters from the four trench systems are
routed to the sanitary sewer system which flows from north to south.
Trench Nos. 1 and 2 are nearest the Service Station and discharge
recovered groundwater to the Grit Chamber. Water from the Grit Chamber
flows to MH-91. It would be logical that manholes MH-90, MH-91, MH-92,
and the Grit Chamber would have elevated vapor readings due to their
proximity to Trenches Nos. 1 and 2 and their downgradient positions. Itis
not believed that vapors within the manholes are due to vapor seepage
from surrounding soils. Based on this data and information obtained, it can
be concluded that Site SS-17 soils are not a source of potentially harmful
vapors in utilities, basements or other surface or subsurface structures.
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4.0 SUMMARY OF APPLICABLE REGULATIONS
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4.0

SUMMARY OF APPLICABLE REGULATIONS

The investigation of Site SS-17 at Holloman AFB began under the Installation
Restoration Program (IRP) format (as initiated by the DOD). The Department of
Defense (DOD) has now adopted the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) protocol pertaining to its site
investigations. CERCLA requires, for substances left on-site at the conclusion of
remedial action, that the action require a level or standard of control which at least
attains applicable or relevant and appropriate Federal or State environmental or
public health requirements (refer to EPA document CERCLA Compliance with
Other Laws Manual, Interim Final, August 1988). Therefore, remediation of Site SS-
17 at Holloman AFB should comply with New Mexico UST Regulations.
Specifically, Part Xll, Corrective Action for. Petroleum UST Systems, would be
applicable to Site SS-17, since tank leakage is likely or known. Therefore,
remediation of this site should follow the New Mexico UST Regulations (UST
Regulations).

As stated in the UST Regulations, if "highly contaminated” soils are present, the
owner and/or operator must follow the requirements of Sections 1209.A, B, C and
D. According to NM UST Bureau Soil Guidelines, "highly contaminated” soils are
defined as soils which are saturated with any type of petroleum product. Two
methods of determining this are:

A Filter paper method
1) Place a sample of the soil on filter paper.

2) Observe the paper under the soil. If hydrocarbon is able to saturate
the paper, the soil is highly contaminated.

WHaA

012 (REV. 5/91)

R-699

.5

WALK, HAYDEL & ASSOCIATES, INC.

PROJECT MANAGERS—ENGINEERS-CONSTRUCTION MANAGERS

NEW ORLEANS-MOBILE—BATON ROUGE—-LITTLE ROCK




[N,

-

B. Observation of physical properties

1) Study a sample of the soil for observable free petroleum product,
moisture content, gross staining, and evidence of very strong odor.
These physical properties are criteria which may be used to
determine if the soil is highly contaminated.

As noted in A and B above, these methods for determining whether a soil is "highly
contaminated™ are subjective, thus it is anticipated that agency assistance will be
needed to aid in this .deten'nination. In the remainder of this report, "highly
contaminated” will not be placed within quotations. When referenced, however,
highly contaminated soils will refer to soils which meet the definition for highly
contaminated soils as stated in the NM UST Bureau Soil Guidelines.

It is believed that highly contaminated soils are dikely at Site SS-17 due to the
known presence of floating product. According to Section 1209A:

Where highly contaminated soils are present, the owner or operator
must

(1)  excavate the contaminated soils to the greatest practicable depth
within 96 hours of discovery and treat them by spreading them
in a single lift no more than 6 inches thick;

(a) in a bermed area where groundwater is greater than 100
feet deep; or

(b) in a bermed area on an impervious liner or surface in a
level area where the groundwater is less than 100 feet
deep. All necessary precautions must be téken to
prevent runoff or infiltration of contaminants; or

WHaA 1012 (REV. $/81)
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(@) treat, recycle or dispose of the excavated soils using an alternate
method approved in advance by the division. Soils stored
temporarily on-site must be stored in a bermed area on an
impervious liner or surface in a manner that does not
contaminate groundwater, surface water or other
uncontaminated soil.

It is likely that highly contaminated soils may be present over a large area of Site
SS-17 (based upon the estimated plume of free product). According to Section
1209.B: ,
Where highly contaminated soils remain beyond the depth or horizontal
extent of practicable excavation, or when the owner or operator choose
to treat contaminated soils in place, the owner and operator must
design, install and operate an enhanced soil venting system, or other
appropriate soil treatment system approved by the divisioh, within 45
days. This system must be capable of reducing soil contamination
levels in a timely manner. Soil venting systems are generally
appropriate only for use on releases of volatile contaminants.

The five inactive USTs at Site SS-17 were removed from January 22 to February
6, 1992. Mr. Lincoln Adkins of the NM Environment Department (NMED) and Mr.
Roger Wilkson of Holloman AFB were present during the tank removals.
According to information gathered from Mr. Wilkson during a February 11, 1992
meeting (refer to letter of February 18, 1992 in Appendix E), soil samples collected
near the removed tanks had PID readings of 300 to 600 ppm. No filter paper
testing was performed on soil within the excavation to determine if it was highly
contaminated. The 5,000 gallon and one - 10,000 gallon tank had evidence of
leakage.

73
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Mr. Adkins believed the soil to be highly contaminated based upon black stains
and odors. Mr. Wilkson did not believe the soil to be highly contaminated. This
difference of opinion prompted the need to determine a less subjective means (i.e.,
other than the NM UST Bureau Soil Guidelines definition of highly contaminated
soil) of defining soils which would need to be remediated. Telephone
conversations and correspondence between the NMED, the USACE, Holloman
AFB and Walk, Haydel are presently attempting to determine a less subjective
means of defining highly contaminated soil.

This CAP report will investigate soil venting as well as other appropriate in-place
soil treatment systems. Excavation will also be investigated as a means of
comparison to in-place soil treatment systems.

UST regulations are applicable to Site SS-17, although not all portions are relevant
and appropriate. According to Section 1209.D:

Remediation of soil contamination will be considered complete when:

(1)  soil contamination has been reduced to a level which will not
contaminate ground water through percolation or as the water
table rises and falls with seasonal fluctuations, and the soil is not
a source of potentially explosive or potentially harmful vapors in
utilities, basements or other surface or subsurface structures;

(2) no highly contaminated soils remain in the ground; and

(3) an analysis of what appears to be the most contaminated soil
reveals:

(@) the total aromatic hydrocarbon value to be less than 50
ppm and the benzene concentration to be less than 10
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ppm when measured using an appropriate laboratory test,
or the total aromatic hydrocarbon value to be less than
100 ppm when measured using an appropriate field
instrument, in areas where the underlying ground water
contains 10,000 milligrams per liter or less total dissolved
solids and the contaminated soil is 50 feet or less above
the seasonal high static ground water level; and

(b) it the soil was contaminated by diesel fuel, motor oil,
heating oil, kerosene, jet aviation fuel or other heavy
petroleum product, the total petroleum hydrocarbon value
(TPH) is less than 100 ppm using an appropriate
laboratory test in areas where the underlying ground
water contains 10,000 milligrams per liter or less total
dissolved solids and the contaminated soil is 50 feet or
less above the seasonal high static ground water level.

Groundwater beneath Holloman AFB contains in excess of 10,000 mg/l Total
Dissolved Solids (TDS). However, groundwater samples collected at Site SS-17
reflect TDS levels above and below 10,000 mg/L. Based upon this data,
clarification of the need for groundwater remediation at Site SS-17 (other than
removal of free product) was requested from the NMED (refer to March 25, 1992
and May 11, 1992 correspondence included in Appendix E). According to Ms.
Kathleen M. Sisneros, the Director of the Water and Waste Management Division
of NMED, during an April 28, 1992 meeting at Holloman AFB in which NMED and
Holloman AFB representatives were in attendance, no groundwater remediation
(other than removal of free product) is necessary. Therefore, requirements (3)(a)
and (b) are not applicable to Site SS-17. Also, based upon correspondence with
the UST Bureau of the NMED, requirement (1) is also not applicable to Site SS-17.
Due to groundwater usage and quality (TDS levels greater than 10,000 mg/l)
beneath Site SS-17, contaminated soil which may -contact groundwater (due to
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seasonal fluctuations in the water table elevations) need not be removed.
However, highly contaminated soils or soils which are potentially explosive or are
a source of potentially harmful vapors in utilities, basements or other surface or
subsurface structures (as per 1209.D.(1)) are subject to the UST requirements.

An investigation was performed to determine whether Site SS-17 contains soils
which are potentially explosive or are a source of potentially harmful vapors in
utilities, basements or other surface or subsurface structures. "Potentially explosive
levels of petroleum hydrocarbon vapors™ are defined by UST Regulations as vapors
which register in excess of 30% LEL (lower explosivity limit) on a combustible gas
indicator properly calibrated for pentane. "Potentially harmful petroleum
hydrocarbon vapors” are defined as vapors which register a reading of 5 ppm total
aromatic hydrocarbons in any off-site surface or subsurface structure, or 10 ppm
total aromatic hydrocarbons in any on-site structure, on a photoionization detector
(PID), flame ionization detector (FID) or an equivalent device properly calibrated
to detect hydrocarbon vapors at a minimum detection limit of at least 1 ppm.

Based upon field measurements performed by Geraghty and Miller from June 10
to June 13, 1991, (see Appendix D) organic vapor readings within nearby
residences did not exceed 5 ppm nor were explosive vapors detected. Explosive
vapor and BTEX readings were also collected from eleven surrounding manholes,
a lift station and the Car Wash Grit Chamber. The highest levels of vapors
recorded at Site SS-17 were in manhole MH-92 at 23% LEL and 35% LEL on June
12th and 15th, respectively. The highest reported concentrations of BETX were
detected in the Car Wash Grit Chamber. As discussed in Section 3.4, it is not
believed that vapors within the manholes are due to vapor seepage from
surrounding soils, rather they are the result of the trench systems effluent emptying
into the sanitary sewer system. It can be concluded that Site SS-17 soils are not
a source of potentially harmful vapors in utilities, basements or other surface or
subsurface structures, based upon results summarized in Section 3.0. Sewer lines,
however, should be vented due to recovered groundwater contents with vapor
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concentrations greater than 30% LEL. Holloman AFB has hired the firm Wilson
and Company of Albuquérque, New Mexico to determine the most effective and
cost-effective means of venting the lines. To date, further monitoring of the lines
has been performed and results, as well as suggested venting methodology,
should be complete in the near future..

Section 1209.D.(1) is not appropriate for Site SS-17. Appropriate sections of
1209.D are reduced to:

Remediation of soil contamination will be considered complete when:
(2) no highly contaminated soils remain in the ground.

This CAP serves as the "Reclamation Proposal” referenced in Section 1212 of the
NM UST Regulations. A variance request (refer to Section 1222 of the UST
Regulations) has been sent to the NMED, UST Bureau, to relieve the time table
requirements of the UST regulations. This variance does not, however, relieve
appropriate reclamation termination requirements which are as follows (from
Section 1219):

(1)  no floating product is present on the water table;

(6) any other conditions which threatened health, public welfare or the
environment have been remediated.

Based upon a conference held in Santa Fe, NM on August 12, 1991 with the
NMED, UST Bureau, and representatives from Walk, Haydel, Holloman AFB and
the U.S. Army Corps of Engineers (USACE), a representative from the UST Bureau
stated that eight consecutive quarters of detecting no free product in any well is
the test used to determine completion of groundwater cleanup. If, after eight
consecutive quarters, no free product is detected in the monitoring wells, then the
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site is considered clean and no remediation of the soil is necessary (refer to
August 12, 1991 Conference Record included in Appendix E). Thus, considering
this possibility, the CAP will investigate the feasibility, effectiveness and cost of
meeting this criterion as an alternative in addition to other alternatives in which soil
remediation technologies are employed to meet appropriate requirements.
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5.0

IDENTIFICATION AND-SCREENING OF SOIL
REMEDIATION TECHNOLOGIES
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5.0

IDENTIFICATION AND SCREENING OF SOIL REMEDIATION TECHNOLOGIES
Four possible means of soil remediation have been identified for Site SS-17:

1) soil venting,

2) soil flushing,

3) bioremediation, and
4) excavation.

Soil venting, soil flushing and bioremediation are in-situ treatments. These
technologies could be implemented at present with the existing recovery trench
system in operation. The fourth possible means of remediation, excavation, would
be implemented only after trench recovery operations cease. If excavation was
implemented prior to the trench system’s cessation, soils within the identified
gasoline plume (and possibly beyond), at depths believed to contain gasoline,
would have to be excavated. This would entail excavation of the trenches
(cessation of free product recovery) as well as recovery of remaining free-phase
gasoline which would flow into excavated areas. In accord with NM UST
Regulations, excavation will be considered as a means of remediation only if a
practicable volume of highly contaminated soil remains to be excavated after
trench operations cease.

The following subsections investigate each technology, its applicability to Site SS-
17. and effectiveness to eliminate highly contaminated soil.

5.1  Soil Venting

Soil venting (also called soil vapor extraction, vacuum extraction, soil
aeration, in-situ volatilization and enhanced volatilization) is a process used
to remove volatile organic contaminants from unsaturated soils by induced
air flow. It is used to treat contamination in the vadose zone. In this
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process, a blower places a vacuum on the soil through a series of trenches
or wells. Soil venting relies on the characteristics that cause a contaminant
to volatilize into the air available in the void spaces within the subsurface soil
matrix. Contaminants volatilize and are then transported to the surface
through withdrawal wells. Refer to Figure 5-1 for a schematic of a typical
venting system.

A treatment system may be required to treat the off-“gas to acceptable air
limits. Soil venting is effective only on volatile organic compounds and
offers little remediation of semi-volatile compounds and no remediation for
metals or non-volatile compounds.

Soil venting has proved successful in remediating contaminated soils at
many sites (Newton, 1990). However, a wide variety of environmental and
soil factors affect this process. They include water content, soil porosity
and permeability, clay content, adsorption, soil density, temperature,
evaporation and precipitation.

Increased water content in the soil decreases the rate of volatilization by
reducing the available soil vapor spaces. Thus, as the water content
increases, the soil air permeability decreases. While a high water content
inhibits volatilization, too low a water content may inhibit volatilization by
increasing the soils sorption coefficient. Reible (1989) showed that
electrostatic force increases for drier soils, leading to reduced volatilization
from the dissolved phase into soil vapor spaces. When adequate water is
available, sorption of contaminants to soil decreases as water displaces
contaminant molecules. The optimal soil moisture for soil venting is a water
content low enough to ensure adequate air permeability, yet wet enough to
reduce electrostatic sorption forces"'(/Pedersen and Curtis, 1991). Davies
(1989) states that the critical moisture for soil venting is 94 to 98.5% relative
humidity in the soil air spaces. Below this range volatiles are more tightly
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bound to soil and may not be as readily volatilized. Soil porosity and
permeability have a decided influence on the capability of the soil to
transport vapor. The more porous the soil, the more vapor that can be
transported through it. Clay content influences soil venting because an
increased clay content causes decreased soil permeability. Soils with high
mineral and organic content will also have a difficult time releasing
contaminants. The contaminants tend to sorb onto the clay or organic
matter surfaces and must be desorbed before volatilization can occur.
Higher temperatures and evaporation will increase volatilization of the
contaminants. Increased precipitation will decrease volatilization.

Often, air is introduced into the vadose zone in concert with a vacuum. Air
can either be injected with aid of a compressor or passively introduced
through a well open to atmospheric conditions. The increased amount of
subsurface oxygen from enduced air enhances biodegradation. [f heated
air is introduced, the time required for microbes to muitiply is typically
reduced. Thus, microbial activity is stimulated and the rate of
biodegradation is increased (Ardito and Billings, 1990).

Soil venting is often hindered by the proximity of the vent wells or trenches
to the water table. Generally, wells can be used if the groundwater is 10
feet or more below the surface. Trenches would typically be used for
shallower water table areas (Newton, 1990). Often, surface seals are used
when employing soil venting to increase the radius of influence of an
induced vacuum and minimize inflow from the surface. Surface seals also
prevent infiltration of precipitation, thus decreasing the volume of air-water
mixture recovered from an extraction well which would require separation.
Surface seals generally are made of high density polyethylene material, clay,
concrete or asphalt (Pedersen and Curtis, 1991).
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The groundwater table at Site SS-17 ranges from five to ten feet below
ground surface. The first one to two feet of soil at the site is gravel, sand
and silt. Two to five feet below the ground surface are silts and fine sands.
Five to ten feet below ground surface is silty sand with a permeability of
approximately 10-°cm/sec. Porosity is estimated to be 10%. Ten to fifteen
feet below ground surface is clay. The top of USTs and lines from the
tanks are approximately three feet or more below ground surface. itis likely
that fuel leakage occurred at three feet or more below the ground surface.
Soils at this depth and below are silts, fine sands, silty sand and clay. The
groundwater has been recorded to occur two feet to seven feet below the
leakage. Therefore, two to seven feet of highly contaminated soil may exist
in the vadose zone (depending upon the present groundwater table level).

The more permeable and porous a soil, the greater the ease of venting.
Soils at Site SS-17 have a moderately low permeability (10"°cm/sec) and
have a rather low porosity. The degree of success of venting can only be
evaluated based upon results of a pilot test. Factors which could increase
the likelihood of successful venting at Site SS-17 would include the high
probability of secondary porosity (burrows, desiccation cracks, fractures in
caliche) and the probable low moisture content of soils above groundwater.
Figure 5-2 (from Pederson and Curtis, 1991), was used as a preliminary
means to determine the likely success of venting at Site SS-17. Using the
time since release as "years", the soil air permeability as an upper range
clay, and vapor pressure ranging from benzene to xylene, the success of
soil venting is somewhat likely.

The greater the moisture content of a soil, the more difficult venting. In
order to vent soils likely to be highly contaminated at SS-17, the
groundwater table would need to be lowered. This would increase the
depth of the unsaturated (vadose) zone and allow venting. Pumps within
existing trenches could be used to depress the water table within their zone
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of influence. Should highly contaminated soils exist beyond their influence,
additional trenches or wells may be needed to depress the water table.

52  Soil Flushing

Soil flushing uses the movement of a fluid through contaminated porous
media to displace contaminants and allow them to be recaptured. Soil
flushing can be described as an accelerated precipitation and percolation
process. Refer to Figure 5-3 for a typical schematic of a soil flushing
system. Fluid can be water or an aqueous solution with a specified
concentration of a surfactant (i.e., a surface-active agent that reduces
surface tension). Soil flushing makes use of the solubility of a substance in
water to transfer it from the soil matrix into the groundwater. Typically, an
underground piping network or above-ground bermed area or pit is
constructed té fit the dimensions of the contaminated area. Water flow is
maintained through the soil and the groundwater is pumped to the surface
through recovery wells and treated. The treated groundwater may be
reinjected into the area in which contaminated soil is located. Organics
having high solubilities are easily flushed from soil. Organics that have
relatively medium solubilities may also be effectively removed. A major
factor to be considered when designing a soil flushing system is the
capacity of the groundwater recovery system. It must be verified that the
groundwater recovery system will recover all the contaminants flushed from
the soil. In addition, the treatment system must be designed to handie the
added contaminant loading.

Soils at Site SS-17 likely to be highly contaminated have an estimated
hydraulic conductivity of 10"°cm/sec and are mostly silty sands. Although
higher hydraulic conductivities are more conducive to soil flushing, flushing
is feasible. Examination of the relative sorption potential of gasoline
components - benzene, 'ethylbenzene, toluene and xylene (BETX) - also
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gives an indication of the likelihood of successtul soil flushing. The organic
carbon partition coefficient (Koc) indicates the tendency of an organic
chemical to be adsorbed and it is largely independent of soil properties
(EPA, 1886). BETX have Koc values ranging from 83 to 1100 mi/g (EPA,
1986). These values indicate a moderate to low adsorption potential.
Therefore, they would tend to leach from soil into groundwéter. A factor,
however, that may inhibit soil flushing at Site SS-17 is the inhomogeneities
which exist in the silty sands requiring flushing. Flow may concentrate in
fractures and more sandy soils and may not adequately flush other portions
of the soil. A surfactant would have to be used due to relatively low
solubilities of BETX components of gasoline. Full recapturing of the
surfactant/water mixture would need to be insured and the mixture treated
before discharge.

53 Bi iation

Bioremediation involves the physical and chemical break down of
contaminants by microorganisms. Refer to Figure 5-4 for a schematic of a
typical bioremediation system. The microorganisms break down
contaminants through metabolic processing into the elemental constituents
of water and carbon dioxide. The microorganisms may be indigenous or
introduced, aerobic or anaerobic bacteria. Over time, the bacteria degrade
the organic compounds that are present.

The in-situ bioremediation process involves the stimulation of the natural
degradation process by introducing nutrients, and/or oxygen, and/or
microbes into the soil. Environmental parameters, such as soil pH and
temperature, may also be adjusted. The environmental factors that affect
microbial activity and the population size determine the rate of remediation.
These factors include:

o Site subsurface hydrology
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Many of these factors can be adjusted to obtain optimal environmental
conditions for the microorganisms.

Under certain conditions, petroleum products (such as those at Site SS-17)
are biodegradable to aerobic bacteria. There are several naturally occurring
bacterial species that utilize gasoline as a source of energy for rapid growth
in the presence of trace nutrients and oxygen. When gasoline is no longer
available, the bacteria die and are decomposed by other natural soil
organisms.

Although major strides have been made in recent years with bioremediation,
enhanced bioremediation has not been fully proven. Furthermore, treatment
of vadose zone contamination with this technology is typically more difficuit
(Hinchee, 1987).

To optimize growth, the soil and groundwater geochemical properties at Site
SS-17 would need to be studied in order to establish the types and
amounts of nutrients to be added. Typical of the added nutrients are
ammonium chloride, sodium phosphate and disodium phosphate. A
standard procedure is to mix the nutrients with water in an air-agitated tank,
then inject the mixture into the contaminant plume. Periodic groundwater
sampling and analysis are required to adjust injection mixtures as needed.
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Oxygen is the primary limiting factor of bioremediation. Addition of
nutrients, as discuésed above, is sometimes needed, but often these
nutrients are already present in the soils. Maintaining moisture content in
the soil (to maintain adequate oxygen) is essential due to the fact that
bioremediation occurs in soil moisture.

Bacterial biodegradation techniques can be effective in eliminating residual
gasoline soil contamination (API, 1989). However, if free-phase gasoline is
present, microbes may not be able to survive in the area containing free-
phase gasoline because the environment is toxic for natural
microorganisms. Site SS-17 may be amenable to bacterial biodegradation
within the vadose zone, but specific testing is warranted to confirm
feasibility. Since bioremediation is still considered by many agencies to be
a developing technology, this technology will not be considered when
developing remedial alternatives for Site SS-17. Instead, venting, which
enhances bioremediation by inducing oxygen into contaminated areas, will
be considered.

54  Excavation

Excavation will be considered as a practical remedial action technology if
and only if after cessation of trench 6perations, highly contaminated soil is
within a practicable horizontal and vertical extent for excavation. Excavatory
equipment would be used to remove the trenches and highly contaminated
soils. Soils would either be disposed of at an approved off-base facility or
treated on base.
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IDENTIFICATION OF REMEDIAL ALTERNATIVES

According to applicable state requirements (UST Regulations), remediation of Site
SS-17 will be complete when no highly contaminated soils remain in the ground
and no floating product is present on the water table. Presently, recovery trenches
are removing free product from atop the water table. After free product has been
removed and trench operations cease, it is likely there will exist residual free
product which will deem some soils highly contaminated. These will likely exist in
the 5 to 10 foot range beneath ground surface in which the water table fluctuates
and in particular, near existing trenches. Other soils above the groundwater table
may be deemed highly contaminated due to strong hydrocarbon odors.
Considering remediation technologies identified in Section 5.0, possible remedial

- alternatives whose results adhere to UST Regulations (with exception of Altemative

1, No Action) have been identified for Site SS-17. Each is listed below:

Altermative 1 - No Action - The no action alternative would not produce resuits
required by NM UST Regulations. Potentially highly contaminated soils would
remain in place and thus violate Section 1209.D.(2). The no action altemnative is
included for comparative purposes only.

Alternative 2 - Limited Action - Based upon information obtained from the August
12, 1991 conference with the NMED, UST Bureau, if no free product is detected
in any site monitoring well after eight consecutive quarters of monitoring, the site
is considered to be clean and no remediation of soil is necessary. Although the
Bureau’s guidance is not specified in the NM UST Regulations, this criterion for a
clean site will be considered a remedial alternative. It is a passive remedial
alternative with no active remediation of highly contaminated soils.

Alternative 3 - Excavation - Highly contaminated soil would be excavated and
disposed of at an approved off-base facility or treated on-base. This alternative
would be implemented after trench operations cease to recover free product. This
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alternative assumes practical volumes of highly contaminated soil remain after
~ cessation of trench operations. Should this not be the case, an alternate means
of remediation would be needed.

Alternative 4 - Soll Venting - This alternative could be implemented while the
trench recovery systems are operating to remove free product. Air would be
drawn from (and possibly injected into) the vadose zone (above the depressed
groundwater table) to reduce the presence of fuel materials in soils to a level that
is not classified as highly contaminated. By inducing subsurface air flow, in
addition to capturing hydrocarbon gases, oxygen from non-contaminated areas
would be forced into contaminated areas. This oxygen would enhance natural
bioremediation of residual hydrocarbons. After free product is removed, the
groundwater table would be raised and then lowered. Residuals which have
adhered to soils by this raising and lowering of the groundwater table would then
be removed by reactivation of the soil venting system. This process of raising and
lowering the groundwater, followed by reactivation of the soil venting system, could
be repeated until recovered vapors- stabilize.

Alternative 5 - Solil Flushing - A horizontal piping system would be established
over the area believed to contain highly contaminated soils and water with
surfactants would be allowed to percolate into the soil. This alternative could be
implemented while the trench recovery system is operating to remove free product.
Introduced water with washed constituents and groundwater would be captured
by the trench recovery system and recovered water could be routed to the sanitary
sewer system. Pretreatment of collected groundwater would likely be needed prior
to discharge to the sanitary sewer system.
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7.0  EVALUATION OF REMEDIAL ALTERNATIVES
7.1 nt ti

Each of the remediation alternatives presented in Section 6.0 will be
evaluated using five criteria. The five criteria are: implementation,
effectiveness, impact on base operations, fire/explosion risk, and cost.
Each criteria is discussed below.

o Implementation - The evaluation of the technical and administrative
feasibility of the alternative and the availability of goods and services.

(o} Effectiveness - The evaluation of the effectiveness of the alternative
methods in achieving the NM UST Regulation requirements.

o Impact on Base Operations - The evaluation of the impacts on
base operations resuiting from the implementation of each

alternative.

o Fire/Explosion Risk - The evaluation of the fire and/or explosion
risks created when implementing each alternative.

o Cost - The evaluation of the capital, operation and maintenance
(O&M), and present worth costs of each altemative.

7.2 Alternative 1 - No Action
7.2.1 Implementation

The no action alternative is the absence of any form of treatment or
response. Other than the operation of the existing trench recovery
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system, no action would be performed to remediate highly
contaminated soils. Therefore, no implementation is required.

7.2.2 Effectiveness

The no action alternative would not be effective in meeting UST
Regulation requirements of soil remediation. According to Section
1209.D, remediation of soil contamination will be considered
complete when no highly contaminated soils remain in the ground.
This alternative does not contribute to the elimination of highly
contaminated soil.

7.2.3 Impact on Base Operations

The no action alternative would have no effect upon existing base
operations. However, should construction be desired in an area
suspected of containing highly contaminated soils, a potential risk of
releasing hydrocarbons into the new construction would exit. In
addition, should excavation be needed for construction,
fire/explosion risks associated with elevated hydrocarbon vapors
could be present. An alternate area may need to be chosen.

7.2.4 Fire/Explosion Risk

Since no construction is necessitated by this alternative,
fire/explosion risks would not increase from risks at present. While
the trench recovery system is in operation, gasoline is collected and
removed from the trench manholes. Soils within the trench and in its
immediate vicinity are likely petroleum saturated (due to the imposed
water table drawdown) and therefore contain higher concentrations
of hydrocarbons and thus a higher risk for fire or explosion than
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other non-saturated soils at the site. After cessation of trench
recovery opérations, it is likely that soils within the trench and in its
immediate vicinity will remain petroleum saturated and thus contain
a higher risk for fire and explosion than other non-saturated soils at
the site.

7.25 Cost
No costs would be incurred with the no action alternative.
7.3 Altemative 2 - Limited Action
7.3.1 Implementation

The limited action alternative entails no active remediation of highly
contaminated soil but requires that site wells be monitored for -
floating product. If after eight consecutive quarters of monitoring, no
free product is observed in any of the wells, the site is considered
clean and no soil remediation is required. The following is a list of
accessible site wells which would be monitored: MW-1 through MW-
9, W-2, W-4, TH-3, TH-6, TH-14, TH-15, TH-20, TH-22 and EPTL.
Their locations can be found on Figure 2-1. Monitoring would begin
when trench product recovery becomes negligible over time. It has
been projected that with recovery trenches operating at the present
rate, and assuming no improvements are made to the existing
system, another 2.5 to 3 years could be required to remove all of the
remaining recoverable product. Thus, monitoring would potentially
begin in mid to late 1994. Monitoring would be performed using an
interface detector to determine if free product is present. It was
assumed, for costing purposes, that during the first two quarters of
sampling, free product is detected in some wells. The free product
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would be pumped (or bailed) out of the wells during each quarter
and the remaining eight quarters of monitoring result in no indication
of free product in any well.

7.3.2 Effectiveness

This alternative assumes that if no floating product is detected in any
site wells over the course of two years, residual quantities of gasoline
remaining in the soil do not warrant remediation. Since no active
remediation is performed on soils in this altenative, effectiveness
cannot be measured, other than to the standard that no further free
product can be removed from the groundwater.

7.3.3 Impact on Base Operations

Since no construction is required for this alternative, base operations
would not be impacted. The base may, however, restrict
construction in areas believed to contain highly contaminated soil
until eight consecutive quarters of well monitoring renders no free
product. At this time, the site soil would be considered clean and no
soil remediation necessary.

7.3.4 Fire/Explosion Risk

Since no construction is necessitated by this alternative,
fire/explosion risks would not increase from risks at present. While
the trench recovery system is in operation, gasoline is collected and
removed from the trench manholes. Soils within the trench and in its
immediate vicinity are likely petroleum saturated (due to the imposed
water table drawdown) and therefore contain a higher risk for fire or
explosion than other non-saturated soils at the site. After cessation
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7.4

of trench recovery operations, it is possible that soils within the
trench and in its immediate vicinity could still be petroleum saturated
and thus contain a higher risk for fire and explosion than other non-
saturated soils at the site. It can be assumed that risks remain if
residual areas of highly contaminated soil are present.

7.3.5 Cost

Monitoring of wells would begin after cessation of trench recovery
operations projected to be approximately 2.5 to 3 years in the future
(approximately mid 1994). Eighteen wells would be monitored
quarterty. For costing purposes, it was assumed that the first two
quarters of monitoring reveal traces of floating product and that the
following eight quarters reveal no detectable free product. Therefore,
a total of 10 sampling events for 18 wells was assumed for this
alternative. Also, pumping or bailing of the wells after the first and
second quarters to remove traces of free product is included in the
cost of the alternative. The present worth cost to perform this
alternative is approximately $10,000.

Alternative 3 - tion
7.4.1 Implementation

This alternative would be irhplemented after operation of the trench
recovery system has ceased. If it were implemented prior to the
cessation of the trench system, it is likely a larger area (possibly the
entire plume contour) may have to be excavated. By removing free
product from atop the groundwater via the trench recovery system,
it is likely that the volume of highly contaminated soils would be
reduced. The less soil to be excavated, the less time for worker
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exposure to hydrocarbon vapors and less volume of soil to be
treated.

Presently, highly contaminated soil may exist in the area estimated
to contain the gasoline plume (see Figure 2-3). It is likely to be
present in the range of 5 to 10 feet below the ground surface in
which the groundwater table fluctuates. During the CAP field work
(June 1991) when borings were drilled, soil samples were tested
using the filter paper test to determine if indeed they were highly
contaminated by the UST Bureau definition (see Section 4.0 for
explanation of the filter paper test). It was found that samples did
not stain the filter paper with hydrocarbons, but that some samples
were discolored, had a petroleum odor and thus could be deemed
highly contaminated.

Once trench recovery operations cease (projected to be in mid
1994), the area suspected to contain highly contaminated soil will
likely differ from that presently assumed. It is possible that by
removing mobile free product from the site through the use of
recovery trenches, soils once considered highly contaminated could
be deemed not highly contaminated and thus need not be
remediated. For estimating purposes, it was assumed that after
trench recovery operations cease, highly contaminated soils remain
only in the trenches and their immediate vicinity. This is assumed to
be probable because water containing petroleum constituents and
the non-aqueous layer are forced to flow toward the trenches under
the influence of groundwater drawdown and thus, accumulations of
high levels of residuals may remain in the trenches and their vicinity.

Figure 7-1 shows the area assumed (for comparison and cost
estimation purposes) to contain highly contaminated soils after
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cessation of trench operations. This area includes the area within
the June 1991 0.3 foot contour of in-situ mobile product and also
Trench Nos. 3, 4 and a portion of Trench No. 2 north of the 0.3 foot
contour.

Before excavation takes place, the area of highly contaminated soils
would be defined by field confirmation. Field confirmation wouid
consist of drilling test borings to 10 feet and collecting samples to be
defined as highly contaminated or not highly contaminated based
upon the UST Bureau definition. Itis recommended that four borings
be drilled around Trench Nos. 3 and 4 (north, south, east and west
of each trench) and six borings be drilled around both Trench No. 1
and Trench No. 2. Thus, twenty borings are estimated initially. If
highly contaminated soils are found to be within a boring, depths
would be noted and another boring drilled at a further distance from
the trench until no highly contaminated soils are encountered. If no
highly contaminated soils are encountered within a boring, another
would be drilled nearer the trench to limit the area defined as highly
contaminated. It is recommended that initial borings be drilled within
ten feet of the trenches. For cost estimating purposes, it was
assumed that 40 test borings would be drilled. By observing test
boring samples, the area to be excavated could be estimated and a
determination made to the practicability of this alternative.

it was assumed, based on Figure 7-1, that 6750 CY of highly
contaminated soil remains after cessation of the trench operations
(refer to Appendix G for calculations). Soil not considered highly
contaminated would need to be excavated and stockpiled in order
to excavate deeper soils deemed highly contaminated. It was
calculated that 6750 CY of non highly contaminated soil may need
to be excavated in order to reach highly contaminated soil.
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Concrete and asphalt would have to be removed prior to excavation.
Rubble would be disposed of at the Main Base Landfill. Excavated
highly contaminated soil would be handled in one of two ways. It
would either be transported to Site 1 (the Main Base Landfill) where
it would be treated, or transported in lined trucks to Nu Mex Landfill
(approximately 150 miles from Holloman AFB in Sunland Park) for
disposal.

Treatment of soil at Site SS-17 was assumed to be landfarming. This
would require a lined, bermed area to be constructed on which
highly contaminated soils would be spread. Soils would be spread
in a single layer no greater than six inches thick and turned or disced
to enhance aeration approximately once every two weeks. The liner
could be constructed of either a goomembrane material or clay. If
a geomembrane material were to be used, sand and gravel would be
needed atop the membrane material to enable discing machinery to
traverse the area without damaging the liner. If clay were to be used
as a liner, it should have a permeability of less than 10”7 cm/sec to
prevent infiltration. |f soil is stockpiled prior to treatment, it must be
stockpiled on a lined, bermed area. Due to high evapotransporation
in the Holloman AFB area, a collection system to collect contained
rainfall within bermed areas is not anticipated.

A preliminary cost estimate was performed to determine the cost of
constructing a landfarm area using a geomembrane liner versus a
clay liner. Results indicate that using a clay liner is approximately
30% less expensive than developing a landfarm area using a
gootextile material for a liner. Therefore, when developing costs for
this alternative, it was assumed that clay would be used as liner
material.
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A treatability study is anticipated prior to implementation of this
alternative to determine if other means besides discing (i.e., addition
of microbes) must be considered for adequate treatment of soil. The
cost for this study has been included in the total cost of Alternative
3.

Referring to Figure 7-1, the Shopette building is within the assumed
area to contain highly contaminated soils after cessation of trench
operations. Soils could not be excavated near the building or under
the building without disturbing its structural integrity. Therefore,
either another means of remediating soil under the building must be
investigated or, the building demolished and reconstructed at another
location or reconstructed at the same location after excavation
activities are complete. The base has plans to enlarge the Shopette
building to incorporate a Car Wash. The existing Car Wash and BX
Service Station are to be demolished. The gasoline pumps and
above ‘ground tanks are to be moved to the Shopette area. This
work is scheduled for fiscal year 1993 or 1994. Because of these
plans, it is not desirable to demolish the Shopette, but rather,
perform in-situ remediation of assumed highly contaminated soils
beneath the building. The form of in-situ remediation could be soil
venting or soil flushing. For costing purposes, it was assumed that
soil venting would be used. |

Once highly contaminated soils are removed, the area would be
backfilled with excavated soil (which is not highly contaminated) and
soil from the base borrow pit used to replace excavated soils
deemed highly contaminated..
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7.4.2 Effectiveness

The excavation alternative would reasonably be considered to be 100
percent effective in removing highly contaminated soil in areas of
positive identification and excavation. The effectiveness of
remediation of soils in areas inaccessible to excavation wouid
depend upon the selected remediation technology. For cost
estimating purposes, soil venting was chosen as the selected
technology for remediating contaminated soils under the Shopette in
this alternative. The reader is referred to Section 7.5.2 for a
discussion of the effectiveness of soil venting.

7.4.3 Impact on Base Operations

Trench Nos. 2 and 3 are very near First Street. First Street is a
highly trafficked street leading into and out of the base. Trench Nos.
1 and 4 are behind (west) of the BX Service Station in an area not as
visible or trafficked. If trenches and surrounding soils are excavated,
base operations could be impacted. Of particular concern would be
the excavation of Trench Nos. 2 and 3. To excavate Trench No. 2
it is likely that one lane of First Street would be closed and traffic
either rerouted or maintained on one lane and a shoulder. Vapors
emitted during excavation may necessitate a detour.

Recovery Trench No. 3 is not located as close to First Street as
Trench No. 2. But, it is possible that egress and ingress to the
trench area may impact traffic on First Street and the hospital
entrance south of the trench. Excavation of Trench Nos. 1 and 4
should not impact base operations (other than pedestrian traffic)
unless vapors become a concern. Should soils north of the eastemn
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leg of Trench No. 4 need to be excavated, the structural integrity of
Building 2151 (vacant residence) may be at risk.

Based upon the present maximum amount of mobile free product,
it is likely that after cessation of trench operations, trench materials,
as well as soils between and surrounding Trench Nos. 1 and 2,
would likely be highly contaminated. Therefore, for calculation
purposes, it was assumed that these soils would need to be
excavated. If highly contaminated soils extend to the east side of
Trench No. 2, the possibility exists that the portion of First Street in
this area may be impacted in order to excavate underlying soils.

7.4.4 Fire/Explosion Risk

If excavation is performed, hydrocarbon vapors in highly
contaminated soils would be allowed to volatilize into the atmosphere
as overlying soils are removed. Because excavation would be taking
place outdoors, surficial volaties would likely disperse quickly.
However, it is estimated that excavation depth would range from 5
to 10 feet. With such a large vertical depth, volatiles would have to
travel to the surface before being dispersed into the atmosphere.
Such a deep excavatioh with “trapped” volatiles could become a
fire/explosion risk if a source of ignition is presented. The area
should be well marked for this risk and strict precautionary
supervision administered. '

7.4.5 Cost
Excavation would take place after cessation of trench recovery

operations (estimated to be in mid or late 1994). Present worth cost
for this alternative if highly contaminated soil is disposed off-site is

WHaA 1012 (REV. 5/91) 7-12 WALK, HAYDEL & ASSOCIATES, INC.

R-Ggg PROJECT MANAGERS—ENGINEERS—CONSTRUCTION MANAGERS
NEW ORLEANS—MOBILE~BATON ROUGE—-LITTLE ROCK




$530,000. Present worth cost of this alternative if highly
contaminated soil is landfarmed on base is $770,000. The cost of
the landfarming alternative is high due to the capital cost of
establishment of the landfarm area. The landfarm must be lined and
bermed and any material stockpiled must be on a lined and bermed
area. Disposal costs were based on quotes from Nu Mex Landfill in
Suniand Park approximately 150 miles from Holloman AFB. Disposal
costs (not inclusive of transportation) were quoted as $6/CY. Note,
costs were derivec for an assumed volume of soil to be excavated.
Only after test borings are drilled to better define the extent of highly
contaminated soil, can costs more accurately be determined.

7.5 Alternative 4 - Soil Venting
7.5.1 Implementation

Prior to implementaticn of Alternative 4, the area to be remediated
(the area containing highly contaminated soil) would need to be
defined. This would be accomplished by drilling soil borings and
examining soil samples to determine highly contaminated soils from
non-highly contaminated soils. The same approach to boring
locations as explained in Alternative 3 (Section 7.4.1) would be
followed. For cost estimating purposes, it was assumed that 40
borings would be drilled.

During sampling to determine the area to be remediated, it is advised
that soil gas samples for CO, and O, be collected as well as samples
for enumeration studies (to determine the present state of biological
action). The resulting data would serve as background information
with which CO,, O, and enumeration results collected during or after
remediation can be compared. The comparison would aid in
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determining the effectiveness of passive bioremediation as a result

| of venting.

i After the area to be remediated is defined, a field vapor permeability
test (pilot test) would be performed. This test could be performed
i under current conditions, with trench pumps operating and free
product being collected. Tests would be performed on a well
j screened in the vadose (unsaturated) zone. All existing site wells are
screened in the saturated zone. The total screened intervals from
{ site wells range from 3 feet to 20 feet below ground surface (BGS).
In all cases, the bottom of screen is 10 feet or greater BGS.
| Considering the depths (at the trenches) to which trenches can
depress the groundwater table (Trench No. 1 to 9 feet, Trench No.
2 to 6 feet, Trench No. 3 to approximately 9.5 feet and Trench No.
4 to 7.5 feet), there are no site wells whose full screened interval
would be in the induced vadose zone. Therefore, a new well would
need to be installed to a depth certain to be within the vadose zone
from which vapors would be extracted. The effects of extraction
could be measured from two additional wells (or a combination of
wells and pressure monitoring probes) screened in the vadose zone
and located at various distances from the extraction well.
Additionally, the effects from a venting trench could be investigated
during the field vapor permeability test. The effects of a vacuum
} pulled on a trench could be measured by the installation of two
| nearby wells (or a combination of wells and pressure monitoring
probes) screened in the vadose zone.

Field vapor permeability tests would be performed using the above
wells and trench to determine the vapor flow rate through soil and
the radius of influence of a well or trench. Evaluation of existing
surfaces would be performed to determine whether or not additional
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surface seals, to increase the radius of influence of an extraction well
or trench, wduld be advisable. Existing concrete may or may not be
adequate. Earthen areas may require a surface seal. Also,
evacuated air would be tested to determine if treatment is needed
prior to discharge. Also, the effects of passive and forced injection
of air on chemical concentrations of evacuated air and the radius of
influence of a well would be investigated. Based on this information,
an engineered venting system would be designed to remediate the
confirmed area of highly contaminated soils. The design of the
venting system would include the number, size, location, depth of
wells and/or trenches, and points of injection or discharge of air, in
addition to operation of the trench pumps and venting pumps. Air
collected from the system would have to be monitored to determine
if treatment is needed before being discharged to the atmosphere.
If treatment is needed, carbon adsorption would likely be used.

The elevation of the groundwater table must be maintained below
venting wells or trenches during operation of the venting system.
Otherwise, groundwater would be vacuumed into the system and
trench recovery of free product disrupted. Should groundwater
inadvertently be collected during operation of the venting system, it
should be drained from the system and appropriately disposed.
Sampling of discharged air on a frequent basis would be desired to
determine the system’s capability to remove volatile hydrocarbon
vapors. There are presently no New Mexico Air Regulations
pertaining to off-gas from a remedial venting system. However,
treatment is anticipated so that vapors do not become a hazard to
base workers and residents.

It is speculated that the venting system would reduce pressure atop
the groundwater and could cause a sympathetic rise in groundwater.
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Depending on the locations of the venting wells, this could decrease
the ability of groundwater (and free product) to flow to trenches.
This could increase the amount of time needed for free product
recovery. Therefore, a vacuum on the trench recovery manhole
could be given consideration to maintain adequate free product
recovery. Based upon recent (1992) data, minimal to no free
product is present in surrounding wells. Therefore, vacuums on
trench recovery manholes are not anticipated and costs for such
have not been included in this alternative’s cost estimate.

Once the trench systems cease to recover free product, the trench
and vacuum pumps should be turned off to allow the groundwater
to rise to its natural level. When rising, residual free product
remaining atop the groundwater would be adsorbed onto soils. The
trench pumps could then be tumed on and the groundwater table
dropped to below venting well or trench depths. The venting system
could be reoperated to remove vapors from resaturated soils. This
process could be repeated until monitored vapors are reduced to an
acceptable level. By raising and lowering the water table, more non-
volatiles previously "caught” in soil lenses or adsorbed to soil may be
allowed to move back into the groundwater as free product. Others
have witnessed this phenomenon. When free product removal was
believed to be complete and pumps tumed off, free product
appeared again. This could occur at Site SS-17.

After remediation is believed complete, confirmation borings should
be drilled within the remediated area and beyond. Samples from
borings would be classified as highly contaminated or not highly
contaminated. [f highly contaminated soils are found within the
remediated area, the venting system in conjunction with the
depressed water table should continue. If highly contaminated soils
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are found beyond the remediated area, the venting system shouid be
extended to cover the additional area. Should the location of an
additional area be beyond the radius of influence of existing recovery
trenches, new trenches (or incorporation, if possible, of pumps in
existing monitoring wells) would be needed in the affected area to
depress the groundwater table. When vapors are reduced to
acceptable levels in the extended area, confirmation borings should
again be drilled.

7.5.2 Effectiveness

It is difficult to predict the effectiveness of this alternative without first
performing site studies. The efficiency of any soil venting operation
depends on three factors: vapor flowrate, vapor flow path relative to
the contaminant distribution, and composition of the contaminant.
Highly permeable soils are easily vented. Soils at Site SS-17 consist
mostly of silts, fine sands and silty sands. These soils are
moderately low in permeability. They can be vented, but not as
easily as soils with higher permeabilities. Gasoline in underlying soils
at Site SS-17 contains many volatile compounds. These compounds
would be volatilized during venting with the intent of reducing the
hydrocarbon levels in highly contaminated soils to levels that allow
the soil’s classification to change (i.e. not highly contaminated).

7.5.3 Impact on Base Operations

Implementation of this alternative would require installation of venting
wells and/or trenches in confirmed areas of highly contaminated soil.
Concrete may have to be removed to install wells and/or trenches.
This would impact activities around the Shopette during construction
and to a lesser degree during operation. During construction,
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7.5.5

ingress and egress to the Shopette would have to be rerouted.
Parking would need to be available elsswhere. Also, should a
surface seal be required, the area affected may need to be paved or
repaved. Venting blowers and possibly air treatment systems would
need to be situated near wells or trenches. Blowers and air
treatment systems and wells would become obstacles to pedestrian
and vehicular traffic. The degree of impact would depend upon the
number and location of wells decided upon in the venting design and
whether a horizontal piping system would be used. If wells or a
piping system are installed east of Trench No. 2, part of First Street
may be closed to vehicular traffic during construction.

Fire/Explosion Risk

Implementation of this alternative would allow volatile hydrocarbons
from underlying soils to be released to the atmosphere. Monitoring
of discharged air would be needed to determine if treatment is
required prior to discharge. Areas surrounding wells in which air is
vacuumed from the soil could potentially contain relatively high
concentrations of volatile hydrocarbons. Ignition sources in these
areas could cause an explosion or fire. Areas should be well posted
for no smoking to prevent such occurrences.

Cost

it is difficult to estimate the cost of this alternative without knowing
definitively the area to be remediated and the design of the venting
system. Assumptions were made however, and are included in
Appendix G. Present worth cost is estimated to be $350,000.

WHaA 1012 (REv. 5/91)

7-18 WALK, HAYDEL & ASSOCIATES, INC.

PROJECT MANAGERS—~ENGINEERS~CONSTRUCTION MANAGERS
NEW ORLEANS—MOBILE~BATON ROUGE~LITTLE ROCK




76 Alternative 5 - Soil Flushing
7.6.1 Implementation

Prior to implementation of Alternative 5, the area to be remediated
(the area containing highly contaminated soil) would need to be
defined. This would be accomplished by drilling soil borings and
examining soil samples to determine highly contaminated soils from
non-highly contaminated soils. The same approach to boring
locations as explained in Alternative 3 (Section 7.4.1) would be
followed. For cost estimating purposes, it was assumed that 40
borings would be drilled.

During sampling to determine the area to be remediated, soil
samples would be collected to determine the effectiveness of various
surfactants in washing contaminants from soils at Site SS-17. A pilot
test using the most effective surfactant would be performed to
determine the efficiency of the flushing system to reduce highly
contaminated soils to a non-highly contaminated state. This would
entail injection of the water/surfactant mixture into a well within the
influence of a trench and then sampling of soils near the well once
flushing is believed complete. Once the pilot test is complete, an
engineered design would be implemented to determine a means of
applying water mixed with an adequate amount of surfactant to areas
containing highly contaminated soil. This would be implemented
while trench operations are recovering free product.

Water with surfactants would need to be applied to the entire
confirmed area containing highly contaminated soils through a
horizontal piping system and/or vertical injection wells.
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Piping would be placed approximately one foot below grade so that
pedestrian traffic would not be disrupted. This would entail removal
of some concrete (particularly near the Shopette) and temporary
parking elsewhere. Water tanks would be placed near piping facility
inlets and surfactant metered into the water. Water with surfactant
would percolate through the soil washing the soil of contaminants.
The water, surfactant and contaminant mixture would percolate to the
groundwater table and be collected (along with free product) in the
operating trench recovery system.

Design of the horizontal piping system would require consideration
of the radius of influence of existing trenches. Percolated water,
surfactant and washed contaminants must be collected and not
allowed to flow beyond the trench influence. If allowed to do so,
previously uncontaminated areas may become contaminated. Also,
the rate of water pumped from the trench system must not exceed
the treatment capacity of water collected from the sanitary sewer
system. Pretreatment of collected groundwater may be needed prior
to discharge to the sanitary sewer system. Groundwater collected
from the trench recovery system could be analyzed to determine if
concentrations of gasoline constituents are decreasing with time and
whether adjustments need to be made to the system. Injection wells
(rather than horizontal pip'ing) would be needed around the Shopette
in order to treat soils beneath the building. Injection of the
water/surfactant mixture to reach the entire affected area under the
Shopette may be difficuit.

After free product can no longer be recovered by the trench systems
and concentrations of gasoline constituents in groundwater stabilize
at acceptable levels, remediation would be considered complete.
Confirmation borings would be drilled within the remediated area and
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beyond. Samples from the borings would be classified as highly
contaminated or not highly contaminated in accordance with the UST
Bureau definition. If highly contaminated soils are found within the
remediated area, the flushing system in conjunction with the
depressed water table created by trench pumps would continue.
The amount and possibly the type of surfactant would be
reevaluated. |f highly contaminated soils are found beyond the
remediated area, the flushing system would be extended to cover the
additional area. This may entail driling of new wells or installation of
new trenches to depress the groundwater table (should the area be
beyond the influence of existing trenches). Percolated water must be
recaptured. Therefore, additional groundwater collection systems
may be needed should areas beyond the radius of influence of
existing trenches need to be treated. When remediation is again
believed complete, confirmation borings would again be drilled.

7.6.2 Effectiveness

It is difficult to predict the effectiveness of soil flushing without first
performing preliminary tests on site samples. However, soils at Site
SS-17 consist mostly of silts, fine sands and silty sands in the area
of suspected highly contaminated soils. Hydraulic conductivity at
Site SS-17 was estimated to be 8x105cm/sec. Soils at the site can
be flushed, but not as easily as soils with higher permeabilities.
Considering the types of soils present and the estimated site
hydraulic conductivity, percolation of water may be inhibited and thus
impede the remediation process. Also, surfactants have a tendency
to adhere to soil particles and thus reduce soil permeability and
further remediation. Some of the more effective surfactants could
inhibit the future natural biodegradation of organic constituents.
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7.6.3 Impact on Base Operations

Assuming the area to be remediated is as shown in Figure 7-1,
implementation of the soil flushing alternative wouid impact activities
around the Shopette during construction and to a lesser degree
during operation.  During construction, ingress and egress to the
Shopette would have to be rerouted. Parking would need to be
available elsewhere. If the piping system is designed to be on the
east side of Trench No. 2, part of First Street may be closed to
vehicular traffic during construction . Injection wells may be opted
here and installed just west of First Street. During operation, in
unpaved area, vehicular traffic would be prohibited.

7.6.4 Fire/Explosion Risk

implementation of this alternative would allow groundwater,
surfactants and gasoline constituents washed from soil to enter
Trench Nos. 1 and 2 (and any new trench systems installed).
Groundwater would contain higher concentrations of dissolved
constituents than groundwater currently entering the systems and
being discharged to the sanitary sewer system. Groundwater would
need to be analyzed to make certain that the treatment capacity of
the wastewater system is not exceeded. If it would be exceeded,
pretreatment would be necessary. If not, groundwater entering the
sanitary sewer system may create a build up of vapors within the
sewer which could become a fire/explosion risk. Proper venting of
the system would be needed to reduce risks.
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7.6.5 Cost

it is difficult to estimate a cost for the soil flushing alternative without
knowing definitively the area to be remediated and the design of the
flushing system. Assumptions were made, however, and are
included in Appendix G. Present worth cost is estimated to be
$390,000.
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8.0 COMPARISON OF ALTERNATIVES AND SELECTION OF THE PREFERRED
ALTERNATIVE

8.1 Comparison of Alternatives

A comparative analysis of the five alternatives for Site SS-17 has been
performed to identify the relative advantages and disadvantages of each in
satisfying the five selection criteria: implementation, effectiveness, impact
on base operations, fire/explosion risks and cost. A summary of the
comparison is included on Table 8-1. Based upon this comparison, the
preferred alternative has been chosen.

8.1.1 Implementation
Alternative 1, No Action, requires no implementation. With regard to

ease of implementation, the remaining alternatives can be ranked
from the least difficult to implement to the most difficult to implement

as follows:

Least Difficult Alternative 2 - Limited Action
Alternatives 4 - Soil Venting
Alternative 5 - Soil Flushing

Most Difficult Alternative 3 - Excavation

For Alternative 2, implementation encompasses only well sampling
and pumping of existing wells.

Alternative 4, Soil Venting, would require installation of venting wells
and/or horizontal piping, start up and mobilization of venting pumps
and sampling of discharged air.
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Criterfa

Implementation

Effectiveness

Impact on Base Operation

Fire/Explosion Risk

o During
Imnplementation

o After Remediation

No greater then present

Less than present only
due to natural degrada-

TABLE 8-1
SUMMARY OF ALTERNATIVE EVALUATION
SITE SS-17
HOLLOMAN AFB
Altermative 2 Alernative 3
Limied Action Excavatien
Eeslly implemented Ditficult to implement

Effectiveness based upon 100% effective in removing Identified
natural degradation due highly contaminated soil.
to time and effectiveness

of trenches t0 remove

product. '

None Extensive: Rerouting of First Street and
possible temporary closure of Service
Station.

No greater than present Higher risk than present

Less than present only Negligible risk
due to natural degrada-
tion

Soil Venting

Moderately difficult to Im-
plement

low soll permeablity may
create difficulties.

Moderate: Pumps (and
possibly air treatment sys-
tem) would be placed by
wells. Wells and equipment
may create pedestrian and
vehicular obstacles. Should
horizontal piping be im-
plemented, vehicular and
pedestrian traffic would be
impacted during construc-
tion.

May require alr trestment
should vapors become @
nuisance.

Mey have some residual
risk

Altermative §
Soll Flushing

Moderately difficult to im-
plement. Requires recap-
ture of water/surfactant
mixture.

Testing required to Imple-
ment design. Moderate to
low soll permeabiiity may
create difficuities. Must be
able to capture washed
constituents to effectively
remediate soils.

Moderate: Piping system
instaliation would impact
pedestrian and vehicular
treffic during construction.

May require groundwater
treatment to reduce risks.

May have some residual
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SITE SS-17
HOLLOMAN AFB

TABLE 8-1
SUMMARY OF ALTERNATIVE EVALUATION

Alternative §
Sofl Flushing

Alternative 4
Soll Venting

Alternative 2 Alternative 3
Limited Action Excavation

Alternative 1
No Actlon

Criteria

Cost

$350,000 $390,000

$530,000 $770,000

(Disposal) (Landfarm)

$10,000

o Present Worth
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Altemnative 5, Soil Flushing, would require the construction of a below
grade horizdntal piping system, water source hook up, set up of a
metered tank(s) of surfactants, maintenance of a specified water flow
rate and groundwater acceptance rate. Recapture of the
water/surfactant mixture must be ensured so as not to contaminate
clean areas. This may require the installation of additional
confirmatory downgradient wells.

Alternative 5, Excavation, would require rerouting of traffic on First
Street and possibly temporary shut down of the Service Station and
Shopette.

8.1.2 Effectiveness

Effectiveness is measured according to each aiternative’s capability
to remove highly contaminated soil. Alternative 1, No Action, is not
effective in removing highly contaminated soil. The effectiveness of
Alternative 2, Limited Action, is unknown. Alternative 3, Excavation,
is reasonably considered to be 100 percent effective in removing
highly contaminated soils from identified areas. The effectiveness of
Soil Flushing (Alternative 5) and Soil Venting (Alternative 4) would be
measured by driling confirmation borings once it is believed that
remediation is complete. Samples from borings would be classified
as highly contaminated or not highly contaminated. It is believed that
both alternatives are capable of reducing soils to a non-highly
contaminated state, but that the Soil Venting alternative may be more
effective. Soil Venting is believed to be more effective than Soil
Flushing due to its relative ease of operation and implementation.
Air, as opposed to water and surfactants, is used to remediate the
vadose zone. Soil Flushing requires recapture of percolated water
with surfactants and desorbed contaminants in order to reduce soils
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to a state not considered highly contaminated . This may be difficult
to ensure. Also, surfactants have a tendency to adhere to soil
particles and thus reduce soil permeability and further remediation.
Some surfactants may even inhibit bacterial metabolism and thus
biodegradation (EPA, 1991). Therefore, ranking of alternatives from
most effective to least effective is as follows:

Most Effective Alternative 3 - Excavation
Alternative 4 - Soil Venting
Alternative 5 - Soil Flushing
Alternative 2 - Limited Action

Least Effective Alternative 1 - No Action

Impact on Base Operations

Alternative 1, No Action, requires no implementation and therefore,
has no impact upon base operations. Alternative 2, Limited Action,
should also have no impact upon base operations. Alternative 4, Soil
Venting, could impact base operations both during construction and
to a lesser degree during operation. Excavatio