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EL lower explosive limit
OSHA Occupational Safety and Health Administration
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Metric Conversion Chart

The following conversion chart is provided to the reader as a tool to
aid in conversion.

Into Metric Units

Know

Length

inches
inches
feet
yards
miles

Area

sq. inches
sq. feet

sq. yards
sq. miles
acres

Mass (weight)
ounces
pounds

short ton
Volume
teaspoons
tablespoons
fluid ounces
cups

pints

quarts
gallons
cubic feet
cubic yards

Temperature

Fahrenheit

Multiply By

25.4
2.54
0.305
0.914
1.609

6.452
0.093
.0836
2.6

0.405

28.35
0.454
0.907

15

30
0.24
0.47
0.95
3.8
0.028
0.765

subtract 32,
then
multiply by
5/9 .

Jo Get

millimeters
centimeters
meters
meters
kilometers

sq.
sq. meters
sq. meters
sq.
hectares

grams
kilograms
metric ton

milliliters
milliliters
milliliters
liters
liters
liters
liters
cubic meters
cubic meters

Celsius

centimeters

kilometers

iv

Out of Metric Ur

-r .-

Lengtn
millimeters
centimeters
meters

meters
kilometers
Area

sq. centimeters
sq. meters

sq. meters

sq. kilometers
hectares
Mass (weight)
gfams
kilograms
metric ton
Volume
milliliters
liters

liters

liters

cubic meters
cubic meters

Temperature

Celsius

© “tiply By

0.039
0.394
3.281
1.094
0.621

0.155
10.76
1.196
0.4
2.47

0.035
2.205
1.102

0.033
2.1
1.057
0.264
35.315
1.308

multiply by
9/5, then
add 32

ts
To Get

inches
inches
feet
yards
miles

sq. inches
sq. feet
sq. yards
sq. miles
acres

ounces
pounds
short ton

fluid ounces
pints

quarts
gallons
cubic feet
cubic yards

Fahrenheit
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1.0 INTRODUCTION

This test plan describes the activities that will be conducted as a part
of the laboratory testing of a full-scale mockup of the Stanford in-well vapor
stripping system. Theseé tests will be conducted to delineate design
parameters for the in-well vapor stripping unit and to identify and quantify
variables that are sensitive to the dynamic hydraulic effects induced by
operation of the system. No radioactive materials are involved in this test.

In-well vapor stripping has been used successfully as an alternative to
conventional pump-and-treat technology for remediation of volatile organic
compound (VOC) contaminated groundwater in Europe and more recently in the
United States. In-well vapor stripping permits in situ remediation of
VOC-contaminated groundwater by combining an in-well vapor stripping system
with a treatment well screer = over two distinct intervals. The multiple-
screened treatment well is t | to extract and discharge groundwater -
simultaneously, resulting in the establishment of a vertical circulation
groundwater flow cell in the aquifer. Groundwater extracted from the aquifer
via the lower screened interval is treated for VOCs by in-well vapor stripping
within the treatment well. This stripping causes aqueous phase VOCs to
partition preferentially into a vapor phase. Treated groundwater is
discharged back to =~ aquifer via the upper screened interval of the
treatment well, whi he vapor phase VOCs are simultaneously removed from the
well bore and contained at the surface with a vacuum extraction system.
Groundwater entrained into the vertical circulation flow cell becomes
sequentially cleaned of VOC contamination in an efficient manner without the
need for surface treatment and handling of contaminated groundwater. An added
benefit of in-well vapor stripping is the ability to perform vadose zone vapor
extraction concurrently with groundwater remediation. This uses the vacuum
extraction capabilities of the in-well vapor stripping configured with the
upper screened interval.placed into the vadose zone above the water table.

An in-well vapor stripping system has been developed by faculty at
Stanford University (Gvirtzman and Gorelick 1992) to treat VOC-contaminated
groundwater. This system has been referred to as the Stanford in-well vapor
stripping system. This system is currently in the conceptual design phase and
has not been field tested. Large-scale laboratory testing of a prototype
followed by fiel installation is planned.

2.0 TEST OBJECTIVES

The laboratory tests of the Stanford prototype and well hockup are
designed to accomplish the following objectives.

. Calibrate the integral flow measurement weir and its associated
transducer against a measured flow rate and develop relationships
between the water flow measured by the weir system, air flow rate,
and supply air pressure.

o Test the packer design for field installation.
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o Test the effects of varying 1ift, head (submergence), and air flow
rate on system performance.
o Test the effects of various diffusers on system performance.
. Gather data on the air holdup and actual air velocity within the
" vapor stripping well as a function of air flow rate and
submergence.
o Evaluate the stripping efficiency of the in-well vapor stripping.

3.0 DESCRIPTION OF TEST ACTIVITIES

The test objectives outlined in Chapter 2.0 will be accomplished through
a series of testing activities. These activities include the following:

System checkout, instrument installation, and calib m
Packer test
Diffuser performance verification
Varying 1ift and head test
. Tests under simulated aquifer conditions
Stripping efficiency test.

~ These test activifies are more fully described in Sections 3.1
through 3.6.

3.1 SYSTEM CHECKO_.., INSTRUMENT INSTALLATION, AND CALIBRATION

During this phase of testing, the system instrumentation wil be
calibrated and the system equipment will be checked for proper operation.
Once the system is functioning properly, the weir and its associated pressure
transducer will be calibrated against the water flow rate, which is measured
by a calibrated inline flowmeter. A relationship between the water flow rate
n isured by the weir, the supply air flow rate, and the supply air pressure
will be determined. Selected portions of the test activities will be
videotaped using a portable camcorder and/or photographed using st |1 cameras
positioned at various heights along the well mockup.

3.1.1 Test Item
This activity will test the Stanford prototype weir device, sparger, and

air eductor assemblies fabricated at the Hanford Site 306E Laboratory facility
(Figure 1).
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Environment

.wis activity will occur in the 30L. Laboratory fac. ity in the 300

The full-scale Stanford prototype and well mocl p will be installed in

the test pit of the 306E Laboratory.

3.1.3 Equipment and Facilities

3.1.4

3.1.5

This testing activity will require the following equipment:

The circulation well mockup assembly installed in the 306E
Laboratory test pit (see Figure 1)

An air compressor or bu11d1ng compressed air supply capable of
providing between 1 and 25 ft3/min of air f]ow at a pressure of up
to 95 ft of water (approximately 40 1b/in?)

A bu11d1ng vent11at1on/vesse1 vent system capable of removing up
¢ 25 ft/min of air flow

Supporting 1nstrumentat1on, including air flow, temperature, and

_pressure meters on the air supply ar discharge; a liquid

flowmeter factory calibrated to + 1% accuracy over the range of 10
to 100 gal/min; pressure transducers; combustible gas meters; and
a datalog¢ *

5-gal U.S. Department of Transportation approved container of
liquified petroleum gas (propane)

Approximately 200 to 250 gal of sanitary water.

Data collected during this activity will include the following:

Water flow rate measured by the liquid flo :ter as a function of
system air flow rate and supply air pressure '

. Pressure measured by the transducer in the weir as a function of

the flow rate measured by e liquid flowme

Pressure and temperature (both wet and dry bulb) of the air stream
entering and exiting the test well and of the air/water mixture at
various points within the well as measured by the installed
monitoring equipment. _

Criteria/Constraints

No special criteria or constraints are applicable to this test activity.
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2 PACKER TEST

. During this testing activity, the proposed well packer design for the
Stanford system will be leak tested. After leak testing, several inches of
silty sand will be placed on the packer to simulate the buildup of sediments
during operation, and the effect on the packer seal and withdrawal of the
packer assembly will be determined. '

3.2.1 Test Item

The item to be tested during this activity is the prototype integral in-
wel packer assembly to be manufactured as a part of the field Stanford
system.

3.2.2 Test Environment

This activity will occur in the 306E Laboratory using a test bed
consisting of an 11- to.12-ft-Tong by 6-in.-diameter stainless steel pipe
inside an 11- to . ‘t-long by 10-in.-diameter stainless steel pipe. The
packer will be pli | between the 6-in. and 10-in. pipes.

3.2.3 Equipment and Facilities
1is activity will require the test bed described above, a small amount

of sand (less than 25 1b), and approximately 35 gal of sanitary water.
3.2.4 Data

During this test, the test bed and packer will be visually observed to
determine if leakage is occurring. The ease of withdrawing the packer with a
sediment buildup will be subjectively determined.
3.2.5 Criteria/Constraints

No special criteria or constraints are applicab” to this test activity.

3.3 DIFFUSER PERFORMANCE VERIFICATION

During this test activity, each diffuser will be tested to determine the
range of liquid flow rates that can be achieved at a constant 1ift of 25 to
27 ft. The bubble size and production rate of each diffuser will be observed
and qualitatively evaluated. Selected portions of the test activities v 11 be
videotape using a portable camcorder and/or photographed using still cameras
positionea at various heights along the well mockup.



. " WHC-SD-EN-TP-043, Rev. 0

3.3.1 Test Item

This activity will test the Stanford prototype eductor pipe and diffuser
assembly fabricated at the 306E Laboratory facility. The eductor pipe will be
fitted with a variety of sintered metal diffuser devices of varying
porosities.

3.3.2 Test Environment

This activity will occur in the 306E Laboratory facility in the 300
Area. The full-scale Stanford prototype and well mockup will be installed in
t : test pit of the 306E Laboratory.

3.3.3 Equipment and Facilities

Equipment and facilities required for this activity are the same as
1 1se described in Section 3.1.3.

3.3.4 Data .
The following data will be collected during this activity:

° Supply air pressure, air temperature, and water temperature as a
function of air flow rate

° Water flow rate (measured both by the weir/transduter and the
water flowmeter) as a function of air flow rate and water head at
“a constant 1ift

. Bubble size-and production rate based upon qualitative
observations of the well mockup and scaled photographs

. Pressure and temperature (both wet and dry bulb) of tI air stream
entering and exiting the test well and of the air/water mixture at-
various points within the well as measured by the installed

~monitoring equipment.

3.3.5 Criteria/Constraints

No special criteria or constraints are applicable to this test activity.

3.4 \RYING LIFT AND HEAD TESTS

Of the diffuser assemblies that pass the minimum performance t¢ s
described in Section 3.3, the two assemblies that are anticipated to exhibit
the highest mass transfér rates (based upon bubble size and production rate
evaluations) will be tested further. The« tests will evaluate system
operation, including well drawdown/mounding, at various combinations of 1ift
and head (submergence). Selected portions of the test activities will be
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\ {eotaped using a portable can irder and/or photographed using still camer s
positioned at various heights along the well mockup.

3. 1 Test Item

The test item for this activity is the Stanford assembly described in
Section 3.1.1, fitted with the diffusers described in Section 3.4.

3.4.2 Test Environment

This activity will occur in the 306E Laboratory facility in the 300
Area. The full-sca Stanford prototype and well mockup will be installed in
the test pit of the 306E Laboratory.
3.4.3 Equipment and Fi [lities

Equipment and facilities required for this activity are the same as
those described in Section 3.1.3.
3.4.4 Data

Data to be collected during this activity will include the following:

o Supply air pressure, air temperature, and water temperature as a
funct n of air flow rate

° Water flow rate (measured both by the weir/transducer and the
wal ° flowmeter) as a function of air flow rate and water head at
a constant 1ift

o Bubble size and production rate, based upon qualitative
observations of the well mockup and scaled photographs

° Pressure and temperature (both wet and dry bulb) of the air stream
entering and exiting the test well and of the air/water mixture at
various points within the well as measured by the installed
monitoring equipment.

3.4.5 Criteria/Constraints

No special criteria or constraints are applicable to this test activity.

3.5 TESTS UNDER SIM” “TED AQUIFER CONDITIONS

These tests will use valving to introduce flow resistance in the piping
between the test well mockup and the surge tank. The flow resistances will
cause water level drawdown/moqnding in the test well, simulating the
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the Stanford system on the test well under the following conditions:
o 10 gal/min liquid flow rate

o Simulated 2.5 mg/L, or 1.6 x 10°¢ mol/L, carbon tetrachloride
concentration in groundwater

. Valving set to simulate an effective flow resis’ nce of 30 ft/day.

5.5.1 Initial Conditions

Repe . Steps in Sections 5.5.1 through 5.5.3.3. In addition, perform
the following steps:

. Ensure that all propane piping and valves have been leak tested at
normal operating pre¢ sure

. " Ensure that combustible gas meter has been calibrated to propane

. Confirm that ventilation system, including surge tank ventilation

system, is operational

. Adjust éirf]ow to obta: a 10 gal/min liquid flow rate.

5.5.2 Initjate'Once-Through Liquid Flow.

5.5.2.1 Open Water Supply Valve. Open water supply valve and establish a
10 gal/min flow of water to the test system.

5.5.3 Perform Stripping Efficiency Test

NOTE: The anticipated carbon tetrachloride concentration in groundwater

at the 200 West Area ip-well vapor stripping test site is approximately
2.5 mg/L, or 1.6 x 10°® mol/L. To obtain a 1.6 x 10°® mol/L concentration of
propane in the water, approximately 0.001 L of pui propane must be dissolved
into every gallon of water at standard conditions (1 atm pressure and 0 °C).

1e following instructions assume that approximately 90% of the pure propane

1jected into a 10 gal/min water supply is dissolved; the flow settings may be
adjusted to obtain differing concentrations for various water supply flow
rates.

5.5.3.1 Initiate Propane Flows. Open propane supply valve and adjust valving
until a 0.7 L/hr propane flow rate is established.

NOTE: No smoking or open flames are allowed in the vicinity of the
propane storage area or test well mockup. Propane flows must be shut off if
any of the fol »wing conditions occur:

. Building or test well mockup system ventilation is‘interrupted

J " Propane piping must be repaired or adjusted (fittings tightened)

17
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9.3 ANALYZE TEST DATA # ) PREPARE REPORT

Test data will be analyzed and a draft report will be prepared by
September 30, 1994. )

10.0 REPORTS

A written report documenting test activities performed and the results
of the tests will be prepai | when all testing activities are complete. This
test report will be released as a separate WHC Environmental Division
supporting document. Copies of as-performed test procedures will be included
as an appendix to the f il report.

11.0 REFERENCE
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