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Project Description and Objectives

 Assess the degree to which various types of
engineered source-reduction efforts at selected
fuel-contaminated sites have resulted in
decreasing concentrations of fuel constituents
dissolved in groundwater; and



Project Description and Objectives

 Describe a methodology for evaluating the
potential effectiveness of source-reduction
actions at reducing the magnitude and extent of

dissolved fuel constituents



Source Reduction Sites
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atrick AFB

A Bioventing

e SVE/Bioventing

A Biosparging

® Vacuum-Enhanced Extractio
¢ Excavation



Statistical Tools

« Mann-Kendall Test for Trend
— nonparametric
— non-detects can be used
— requires only small sample sizes

 Sen’s Nonparametric Estimator of Slope
— not greatly affected by outliers
— magnitude of slope is indicator of rate of change



BTEX in Groundwater

Site FT-03, Westover AFB, MA
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BTEX Concentrations in Groundwater
and Soil

Site FT-03 - Westover AFB, MA
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Statistical Summary for BTEX

Site FT-03 - Westover AFB, MA

Pre- Most
Pre- Post- Pre- Post- Remed recent
Well Remed Remed Remed Remed BTEX BTEX
Location MK MK Slope Slope ug/L pg/L
Source -1 -6 -520 -323 1,657 4.9
(0.0 yr) (3.7 yr)
130 feet d/g 1 ) 46 0 124 6
(0.0 yr) (3.7 yr)
270 feet d/g 3 -1 25 -0.4 77 <6
(0.0 yr) (3.7 yr)




Soil BTEX Concentrations, 4°-6’ BGS

Site ST-27, Charleston AFB, SC

>1000 mg/kg
" 500-1000 mg/kg

: B 100-500 mg/kg




BTEX in Groundwater, 1995

Site ST-27, Charleston AFB, SC
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BTEX Concentrations in Groundwater

and Solil
Site ST-27 - Charleston AFB, SC
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Naphthalene Concentrations In

Groundwater
Site ST-27 - Charleston AFB, SC
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Statistical Summary for BTEX

Site ST-27 - Charleston AFB, SC

Pre- Most
Pre- Post- Pre- Post- Remed  recent
Well Remed Remed Remed Remed  BTEX BTEX
Location MK MK Slope  Slope pg/L pg/L
Source -3 -1 -971 -368 1,481 746
(0.5 yr) (2.7 yr)
120 feet d/g -3 -2 -13,065 -3,372 17,500 9,888
(0.5 yr) (2.7 yr)




Soil BTEX Concentrations - 1988-1995

MOGAS Site - Myrtle Beach AFB, SC
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Air Sparging System Layout

MOGAS Site - Myrtle Beach AFB, SC
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Benzene in Groundwater

MOGAS Site - Myrtle Beach AFB, SC

N
N
-—

-—
- —

August/September 1995 Sl August/October 1999

FEET

>1000 pg/L 100-1000 pg/L I 10100 yg/. | 1-10 pg/L



BTEX Concentrations in Groundwater

MOGAS Site - Myrtle Beach AFB, SC
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Statistical Summary for BTEX

MOGAS Site - Myrtle Beach AFB, SC

Pre- Most
Pre- Post- Pre- Post- Remed recent
Well Remed Remed Remed Remed BTEX BTEX
Location MK MK Slope  Slope pg/L pg/L
Source 1 -2 498 -2,422 43,100 160
(0.5 yr) (1.3 yr)
Source 3 -8 2,424 -32 6,380 3
(0.5 yr) (1.3 yr)
Source 3 -8 91 -4 194 5
(0.5 yr) (1.3 yr)




BTEX in Groundwater

Area A Service Station - Tinker AFB, OK

J \
/ | |
|
j \
[ ¢

May 1997 0_ 125 250 March/June 1999

FEET

>10,000 pg/L 2000-10,000 pg/L 8 500-2000 Mg/L Il 100-500 Mg/L Il 20-100 Mg/L




BTEX Concentrations in Groundwater
Area A Service Station - Tinker AFB, OK
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Naphthalene Concentrations In

Groundwater
Area A Service Station - Tinker AFB, OK
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Statistical Summary for BTEX

Area A Service Station - Tinker AFB, OK

Pre- Most
Pre- Post- Pre- Post- Remed recent
Well Remed Remed Remed Remed BTEX BTEX
Location MK MK Slope  Slope pg/L Hg/L
Source -2 -4 -1,925 -4,433 26,150 217
(0.1 yr) (2.2 yr)
Source ) -3 -33 -178 359 4
(0.1 yr) (2.2 yr)
20 feet d/g -7 -9 -101 -42 618 4
(0.1 yr) (1.9 yr)




Summary and Conclusions

« Careful site characterization prior to selection of
remedial method

« Borehole advancement below the water table

« Assessment of smear zone thickness



Bioventing and SVE

Primary factor = smear zone presence

Smear zone persistence = plume persistence

Mounding of water table at SVE sites

Charleston AFB Site ST-27--less effective



Biosparging

Potential for smear zone remediation

Sandy, homogeneous soils

Rapid decreases of dissolved BTEX with depth

Well spacing <= 20 feet

Myrtle Beach AFB - rate increase of 101-586%



Vacuum-Enhanced Extraction

Aggressive method

Thin saturated zones

Low- to moderate-permeability soils

Presence of free product



Vacuum-Enhanced Extraction

 Dewatering of smear zone

 Tinker AFB Area A success

e 130 to 439 % increase in BTEX removal rates



Excavation

 Effectiveness on dissolved contamination
function of thoroughness of excavation

« Excavation below the water table can be
problematic

« Mixed success at Travis AFB N & S Gas
Stations



Additional Fuel Compounds

 Naphthalene

- MTBE



Naphthalene

e Source reduction less effective

« Charleston AFB

— increasing concentrations following SVE/Bioventing

* Eglin and Myrtle Beach AFBs
— 75 to 99 % slower than BTEX reductions



Naphthalene

Lower volatility

More recalcitrant to biodegradation

Higher degree of sorption

More success at Tinker AFB Area A



MTBE

 Travis AFB
— 54 to 95 % slower than BTEX reductions

 Vadose zone source removal less likely to
cause rapid reductions in dissolved
concentrations

« Can be relatively recalcitrant

* Quickly leaches from soil



Methodology for Selecting an Engineered
Source Reduction Technique

neered Source Reduction Required
sed Cleanup Goall

>1“Free
Product Present
That Constitutes a
Significant Continuing
Source of Groundwater,
Contamination?

Relatively
Small Volume
(<500 yd ) of
Shallow Soil
Contamination?

Acceptable
ex-situ soil

Treatment/Disposal
lethod

Available?

Is 0/
i i Smear Zone Soil Air
Soils Readily Homogeneous Present That Permeability
Excavatable to Pegmlaa’;ble Extends >1' Below Sufficient to
Base of 0ils? Average Water Allow Gas
Smear Zone? Table? Flow?

Will Plume
Free Product Contaminant Migration and/or _Sowl COCs
Recoverable Mass Decreases Persistence Be Bl_od_egradz_tble
During Excavation Rapidly With Unacceptable Despite Within Desired
Activities? Depth? Substantial Source Time Frame?
Reduction?

COCs
Removable
via SVE within
Desired Time
Frame?

SVE with
Off-gas
Treatment More
Economical than
Excavation and
ex-situ Treatment/
Disposal?

Sufficient
Acceptable Resources to Danger
ex-situ soil Install Closely of Contaminated
Treatment/Disposal Spaced Sparge Vapor Displacement
Method Points Throughout into Building?
Available? Source Area?,

Moderate
to Low
Permeability and/or
Transmissivity
Water-Bearing

Off-Gas
Treatment
Necessary?

Groundwater Vacuum-enhanced Evaluate Plume
Extraction/ Containment/Cutoff and/or

Dual/multi-phase

Evaluate Use of
Natural Attenu

Treatment with Extraction
Free Product
Skimming

Hotspot Pumping Options




Methodology for Selecting an Engineered
Source Reduction Technique

” Plume
Source Reduction Yes 21" Free Smear Zone Migration/ Evaluate Plume

Required — Product Below Persistence Still Containment and/or

To Meet Cleanup Goals? Pregent Water Table Unacceptable Hotspot Pumping Options
; ?

[\ [o)

Evaluate Evaluate SVE,

Bioventing, or Excavation

Natural
Attenuation

Homogeneous Contaminants Spaced
Permeable Decrease Sparge Points

Soils With
2 Depth
?

Throughout

Evaluate Excavation, Vacuum-Enhanced

Multi-Phase Extraction, or Groundwater
Extraction With Product Skimming




