PROJECT MEMORANDUM

PROJECT: 191143; Ingersoli-Rand Corporation, 1944 Marina Blvd., San Leandro, CA
SUBJECT: Pilot Test - Enhanced Vacuum Recovery

TASK DATES: September 29 to October 2, 1992

Prepared By: William Schaﬁ’l‘ Corporation

PURPOSE

Because a pump and treat system appears imminent for the project site, the proposed pilot test
was designed to examine the viability and efficiency of groundwater recovery using an
enhanced vacuum procedure that eliminates pumps, timers, and downhole level switches.

The pilot test also served to examine the potential for increasing water production from the
low yield aquifer at the subject property.

METHODS

The selected recovery well was fitted with a specially designed head that provides control
over negative pressure developed inside the well with a vacoum. Vacuum was applied to the
recovery well through a one inch PVC stinger incorporated in the well head design. The
stinger used to administer the vacuum also provided the conduit for water to be brought to the
surface by entraining it with air. Vacuum applied to the well was generated by the RSI
S.A.V.E.™ System used to treat the recovered groundwater. Vacuum pressure was measured
at the well head using a magnehelic™ gauge.

Depth to groundwater at the selected recovery well at the time of the pilot test was 21.5 feet
below surface grade. Combinations of drawdown levels and vacuum pressures were used to
determine optimal parameters for maximizing groundwater recovery. Drawdown levels within
the recovery well ranged from about 2.5 to 8.5 feet below static water level. Vacuum
pressures at the well head ranged from O to 55 inches of water column.

To overcome lift problems associated with a solid stream or slug of water at system start-up,
compressed air was blown down the jump start line incorporated within the stinger.

Water recovery rates were determined by timing the duration required to fill a unit volume
container with water effluent discharged from the S.A.V.E™ System,

To examine the effects of groundwater recovery on the formation, groundwater levels were
recorded from observation wells in the vicinity of the recovery well. These wells were placed
at the following distances from the recovery well: 5, 12, 20, and 40 feet. Measurements were
collected using an electric-tape water level indicator at regularly timed intervals.

Pilot test duration was 72 hours.
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PROJECT: 191143; Ingersoll-Rand Corporation, 1944 Marina Bivd., San Leandro, CA
SUBIECT: Pilot Test - Enhanced Vacuum Recovery

RESULTS

The pilot test effectively demonstrated that enhanced vacuum recovery in a low yield aquifer
can increase formation yield; eliminate pumps, downhole level switches, and timers; and that
the S.A.V.E.™ System used for treating water can also be used to recover it. Recovery using
enhanced vacuum resulted in a sustained production of 1 gallon per minute (gpm). This
represents a two-fold increase in groundwater recovery compared to standard pumping and
non-enhanced vacuum techniques utilized previous to the 72 hour pilot test. Optimal
drawdown and vacuum pressure at the recovery well were 8.5 feet below static water level
and 45 inches of water column, respectively. It should be noted that in recovery tests
conducted previously to the pilot test, recovery was not sustainable beyond 3 or 4 hours.

Groundwater levels monitored at adjacent observation wells showed very little deviation from
static level throughout the pilot test. This was expected and anticipated. Expected because
the water bearing formation was previously shown to be one of low yield and anticipated
because vacuum applied in the manner described controls the groundwater potential.
Experience has shown that vacuum control of groundwater potential is characterized by a

relatively flat water table. sl 7 i : P

Utilization of the specified treatment system also as a water recovery device represents a new
application for the system. Advantages provided or foreseen through the application of
enhanced vacuum recovery include increased well recovery in low yield shallow aquifers,
reduced number of wells required to achieve specific well filed production, reduced
remediation durations, and elimination of labor and down time associated with operation
{fmaintenance of pumps controlled by level switches or timers.

A figure of the enhanced vacuum recovery system well head, optimal recovery system

settings, observation well construction diagrams, and selected groundwater level
measurements gathered during the pilot test are included in the accompanying attachments.
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Enhanced Vacuum Recovery Tables

Optimal System Settings

Tachometer 2300 RPM
§_p_al'ge Tank Vacuum 15in. Hg
intake Vacuum 20in. Hg
Well Head Vacuum 45 in. Water
Air Flow From SpaLge Tank 25 SCFM
Air Flow from Well 8 SCFM
Charging Voltage 14V
Recircuiation Temperature 130-140 F
Water Temperature 150-160 F
Oil Pressure 55 PSI
Recirculation Pressure 35-45 PSI
Fuel Propane
Fuel Flow 110-135 SCFM

Groundwater Level

8.5 feet below static water level
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Enhanced Vacuum Recovery Tables

Selected Groundwater Level

Recovery Observatiorlr Wells
Well ID Well OB1 0B2 OB3 MW-4
Distance
from Recovery
Well (Ft.) 0 5 12 20 40
Duration Depth Below Grade (Ft.)
10 21.53 20.64 20.85 21.18 19.53
11 (2 hr.) 23.48 20.75 20.93 21.23
12 (4 hr.) 26.23 20.88 21.00
13 (8.5 hr.) 30.22 21.04 211 21.34 19,53
t4 (24 hr.) 30.24 21,16 21,23 21.47
15 (45 hr.) 30.25 21.11 21.25 21.54 19.76
t6 (69 hr.) 30.27 21.18 21.28 21.54 19.75




PROJECT MEMORANDUM

PROJECT: 191143; Ingersoll-Rand Corporation, 1944 Marina Blvd., San Leandro, CA
SUBJECT: Pilot Test - RSI S.A.V.E™ (Spray Aeration/Internal Combustion) System
TASK DATES: September 29 to October 2, 1992

Prepared By: William Schaa}’ﬁT Corporation

PURPOSE

Because a pump and treat system appears imminent for the project site, the proposed pilot test
was designed to examine the efficiency and viability of using the RST S.A.V.E™ (spray
aeration/internal combustion) System to recover and treat groundwater contaminated with
dissolved-phase gasoline components. The S.A.V.E™ System is a relatively new product and
selection of it for pilot testing was based on the claim that it is designed to treat recovered
soil vapors and/or groundwater contaminated with volatile organic compounds (VOCs). This
capability initially made the system interesting because the subject site has a temporary soil
vapor extraction (SVE) system with carbon abatement established as an interim pro-active
strategy to be replaced in the future by a system capable of treating both soil vapor and
groundwater. Through examination of its design, the possibility of employing the S.A,V.E™
System to recover groundwater through an enhanced vacuum recovery procedure was
identified. This represented a new application for the system.

The empirical study of treating water with the S.A.V.E™ System at the subject site is the
focus of this Project Memorandum and employing the S.A.V.E™ System for enhanced
vacuum recovery of groundwater is the focus of another Project Memorandum,

METHODS

Groundwater recovered from within the dissolved-phase gasoline plume was provided to the
S.A.V.E™ System for treatment at a rate of 1 gallon per minute (gpm). The S.A.V.E™
System treats water in the following manner.

1. Heat the water to be treated using the exhaust manifold of the accompanying
internal combustion engine.

2. Spray heated water in a thin film on the internal walis of a the aeration tank.

3. Strip the VOCs from the thin film of water by subjecting the aeration tank to
vacuum,

4. Burn the VOCs in the internal combustion engine creating the vacuum that strips
them from the heated thin film of water.

MZ/MEM/93-0501
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PROJECT: 191143; Ingersoli-Rand Corporaiton, 1944 Marina Blvd., San Leandro, CA
SUBJECT: Pilot Test - RSE S.A.V.E™ (Spray Aeration/Internal Combustion) System)

Approximately 2600 gallons of groundwater were treated during pilot testing. For
comparison, samples of untreated and treated groundwater were analyzed for benzene,
toluene, ethyl benzene, xylenes (BTEX) and total petroleum hydrocarbons as gasoline (TPH)
using modified EPA methods 8015 and 8020, respectively, Chemical analysis were
performed by a State certified mobile laboratory stationed on-site.

RESULTS
The pilot test effectively demonsirated that the S.A.V.E.™ System reduced the concentrations
of BTEX and TPH in influent water to levels below detection.

A figure of the S.A.V.E™ System, optimal S.A.V.E™ System settings determined in the pilot

test, and selected laboratory measurements gathered during the pilot test are included in the
accompanying attachments.
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The S AVE. System

Combined Treatment for Contaminated Soil,
Groundwater and Free Floating Product

U.S, Patent
No. 4,979,886

.

i AN ADVANCED product, the S.AV.E. System offers
SOLUTION : significant advantages over conven-

" tional remediation methods. Qur
The RSI S.AV.E. System combines air - process has been sited by the

T

stripping, vacuum extraction and . Cadlifornia Regional Water Quality  °
combustion technologies to provide - Conirol Board as the best available

a complete remediation package.  *  technology economically achievable -
Capable of treating contaminated . for the treatment of gasoline contami- .

soil, groundwater and free floating  *  nated groundwater. ' Remediation Service, Int'l.



Enhanced Vacuum Recovery Tables

Optimal System Settings

[Tachometer 2300 RPM
S_pa_rge Tank Vacuum 15 in. Hg
Intake Vacuum 20in. Hg
{Well Head Vacuum 45 in. Water
Air Flow From Sparge Tank 25 SCFM
Air Flow from Well 8 SCFM
nCharng_g Voltage 14V
Recirculation Temperature 130-140F
Water Temperature 150-160 F
Qil Pressure 55 PSI
{Recirculation Pressure 35-45 PS|
{Fuel Propane
fFuel Flow 110-135 SCFM

{Groundwater Level

8.5 feet below static water level




S.A.V.E. System Table

Selected Lab Measurements

Untreated Untreated Treated

Sample Type Water #1 Water #2 Water
Analyte

Benzene (ug/l) 639.1 165.7 ND
Toluene (ug/l) 518.7 47.2 ND
Ethylbenz (ug/l) 93.0 8.6 ND
Xylene (ug/l) 578.5 39.4 ND
TPH Gass (ug/l) 5483.0 915.0 ND

Note: ND indicates not detected at detection limits.



