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ABSTRACT /| SUMMARY

TEST | - DUAL WELL RECIRCULATION CELL

Background/Objectives. This paper

presents a comparative evaluation of two pilot tests
performed using an in-well stripping and recircula-
tion method for treatment of petroleum hydrocar-
bon contaminated groundwater. The method of in-
well stripping and recirculation removes or de-
grades In place volatile organic compounds
(VOCs) from soil and groundwater. The process
uses vacuum to air-lift the water in the well while
stripping volatile organic compounds and increas-
iIng dissolved oxygen in the recirculated water. With
this method, vapor is treated/destroyed using va-
por treatment unit (thermal/catalytic oxidizer or
granular activated carbon) and groundwater recir-
culated for additional stripping and biodegradation.

Approach/Activities. Two tests were

performed using different setups at two different
sites. The first test was performed in New York us-
iIng two separate wells for recirculation (extraction
and injection wells) and the second test was per-
formed in California using a single well recircula-
tion with two separate screen intervals (shallow
and deep screen intervals). Pre-test and post-test
groundwater samples were collected during each
test. Additional groundwater samples were collect-
ed from extraction and injection portions of the re-
circulation cell to evaluate VOC reductions, dis-
solved oxygen increases and temperature chang-
es.

Results/Lessons Learned. The re-

sults obtained during both tests indicated that there
was a significant reduction in VOC concentrations
and significant increases in dissolved oxygen con-
centrations during recirculation. A reduction in FeZ2,
BOD and COD was also observed during the sec-
ond test. Scaling was observed during the second
test in the extraction tube and would require a fre-
guent maintenance or a scale control additive dur-
INng long-term remediation projects.

Figure 1

- Test | Setup: Wellhead connections and Treatment /
Extraction Unit.
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Figure 2 - Test I, Layout and Drawdown / Injection
Mound Data
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Extracted water using
drop tube is stripped off
the volatiles by air
entrainment in the drop
tube. Up to 99% stripping
was observed.

PILOT TEST SUMMARY
Distance between EW and IW: 35 ft.
7 in Hg vacuum and 55 cfm at the system.

Max. Water Mound in IW: -6.09 —
DO in EW:9.57 mg/l, DO in IW:12.54 mg/I

GW Mound at 19 ft from IW: -0.01 ft.
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GROUNDWATER FLOW INDUCED BY
DRAWDOWN AND VACUUM

Water level in EW was 31.97 ft. at the start of the test
EW 8.03 ft. of DD in 5 min. Sustained flow: 0.3 gpm.
Max. EW Vacuum: 65.1 in-WC, Max. Air Flow: 54 CFM
Max. PID: 300 ppm, Max. CO,: 3.7 %, Max. CH,: 25%

Max Benzene Reduction 99% during extraction.
Vac. Resp. at40 ft. 1.3 in WC, GW-DD at 47 ft. 0.02 ft.
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Extracted water with less
VOCs and higher DO is
being injected into the
same water bearing zone
or into the vadose zone
and allowed to percolate
to groundwater level. Up
to 100% of the injected
water is being recaptured
by the extraction well.
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REMOVAL WELL RELEASE WELL
Figure 3 _ Test |, Flow Diagram / Test Summary
Sample Location | Benzene |Ethylbenzene| MTBE | Toluene | Xylene (Total)
Extraction Well 670 2,000 49 310 4,700
Injection Well S 24 4 30 81
% VOC Stripping 99% 99% 92% 90% 98%

Table 1 -

Test I, VOC Removal During Extraction and Recirculation

VACUUM DRIVEN IN-WELL STRIPPING AND RECIRCULATION, COMPARATIVE EVALUATION OF TWO PILOT STUDIES
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TEST Il - SINGLE WELL RECIRCULATION CELL
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Figure 4 - Test |l Layout
In-Well Stripping

VCRW-1D 03/01/17 15:30 2100 20 138 0.52
VCRW-1S 03/01/17 16:45 270 3.1 13.1 <0.5
% Stripping 87% 84% 90% NA
VCRW-1D 03/03/17 11:20 1700 4.7 20.5 <0.5
VCRW-1S 03/03/17 11:40 280 <0.5 <0.5 <0.5
% Stripping 83% 89% 97% NA
VCRW-1D 03/09/17 10:00 1500 16 72.2 <0.5
VCRW-1S 03/09/17 12:00 100 <0.5 <0.5 <0.5
% Stripping 93% 97% 99% NA
VCRW-1D 03/24/17 10:20 780 24 97.5 <0.5
VCRW-1S 03/24/17 12:00 150 0.47 3.62 <0.5
% Stripping 81% 98% 96% NA

Table 2 - Test Il VOC Removal During Recirculation, Between Deep and Shallow

DO and Temperature Changes

VCRW-1D 03/03/17 0.02 85.1
VCRW-1S 03/03/17 0.09 91.4
% Change 350% 7.4%
VCRW-1D 03/10/17 0.04 85.3
VCRW-1S 03/10/17 0.22 98.2
% Change 450% 15%
VCRW-1D 03/15/17 0.08 85.3
VCRW-1S 03/15/17 0.08 102
% Change 0% 19.5%
VCRW-1D 03/24/17 0.05 83.1
VCRW-1S 03/24/17 0.08 100.4
% Change 60% 20.8%

Table 3 - Test I, DO and Temperature Changes between Deep and Shallow

108.79
73.7
NA
108.97
80.24
NA
108.86
83.04
NA
108.98
79.83
NA

To Vapor Treatment Unit

Recirculating water with less VOCs, higher DO and
higher temperature released into the vadose zone
to percolate down to groundwater and mix with
groundwater for additional recirculation. During this
process, circulated water will dissolve hydrocarbons
from soil, and move water down to groundwater
level. Water with higher DO will increase biological
activity and biodegradation of hydrocarbons in the
vadose zone and in the groundwater.

Groundwater drawn into the lower screen
zone(Removal Zone) and is airlifted to the shallow
screen zone (Release Zone).

Release (Shallow) Zone- Above Packer

Max Depth to Water = 85.89 ft.

Min. Depth to Water = 73.70 ft.

Max. Head (mounding) from recirculation=12.19 ft.
Average DO = 0.37 mg/| increased 678%

Fe(ll)= 100 ug/l- BOD =14 mg/l - COD = 120 mg O,/
Average Temp = 97.71°F increased 16% (13 °F)
Average TPH-G = 200 ug/| reduced 87%

Average Benzene = 1.8 ug/l reduced 89%

Average Total BTEX = 8.4 ug/| reduced 88%

Removal (Deep) Zone - Below Packer
Max Depth to Water = 109.04 ft.
Min. Depth to Water = 108.79 ft.

ﬁ
NOT TO SCALE

Max. DD = 0.25 ft. (Negligible)

Average DO = 0.05 mg/|

Fe(ll)=190 ug/l- BOD = 150 mg/l - COD = 620 mg O,/I
Average Temp = 84.23 °F

Average TPH-G = 1520 ug/I

Average Benzene = 16.2 ug/|

Average Total BTEX = 71 ug/I

Figure 5 - Test Il, Flow Diagram / Test Summary




