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PREFACE

This report was prepared by Halliburton NUS Environmental Corporétion, 800 Oak
Ridge Turnpike, Oak Ridge, TN 37830 under contract F33615-90-D-4011 for the
Armstrong Laboratory Environics Directorate (AL/EQW) (formerly the Air Force
Engineering and Services Center), Tyndall AFB, FL 32403-5323.

This final report summarizes the project’s Phase I efforts for a field demonstration of the
IIT Research Institute’s (IITRI) tri-plate capacitor and the KAI Technologies, Inc.’s
(KAJ) antenna radio frequency heating (RFH) techniques for the enhancement of soil
vapor extraction (SVE) for the in situ decontamination of soils.

The work was performed between June 1992 and December 1994. The AL/EQW
technical project officers were Mr. Paul F. Carpenter (during the initial stage of the
project) and Capt Jeffrey A. Stinson (during the latter stage of the project).
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EXECUTIVE SUMMARY

The United States Air Force developed the Installation Restoration Program to assess past
hazardous waste disposal and spill sites and prepare remedial actions consistent with the National
Contingency Plan for those sites that pose a threat to human health or the environment. Within
that program the Site Remediation Division of the Environics Directorate of the Air Force's
Armstrong Laboratory at Tyndall AFB, Florida, has supported the research and development of

Radio Frequency Soil Decontamination.

Armstrong Laboratory was sufficiently encouraged by the early test results in sandy soils at Tyndéll
AFB, Florida, and Volk Field, Wisconsin, to pursue larger-scale demonstrations in tight soils that are
more difficult to treat. In September 1991, the Air Force Center for Environmental Excellence at
Brooks AFB, Texas, contracted Halliburton NUS Environmental Corporation {(now Brown & Root
Environmental) to conduct pilot scale demonstrations of two different, patented, radio frequency

heating techniques at Site S-1 at Kelly AFB, Texas.

The project was divided into three phases the Preplanning Phase, Phase |, and Phase Il. The
Preplanning Phase, completed in September 1992, included literature review, conceptual cost
estimations, design plans and specifications preparation and review, and publication of a final report
documenting the results. Phase | included two integrated pilot tests and the preparation of this
final technical report evaluating the results of Phase | and the conceptual planning of Phase Il.
Phase Il will include the complete planning and design of a full-scale commercial demonstration of

radio frequency soil decontamination.

Radio frequency soil decontamination is essentially a heat-assisted vapor extraction process. Radio
frequency energy applied to the soil causes polar molecules, including water and many organic
compounds, to vibrate. This vibrational energy is lost as heat. The resulting rise in soil temperature
vaporizes both water and contaminants, which may then be removed by application of a vacuum.
Extracted vapors may be treated by a variety of methods, depending on the site and the nature of

the contaminants. Vapors extracted during the demonstrations at Site S-1 were burned in a flare.

Two types of radio frequency soil heating were demonstrated at Site S-1 from January to August
1993 and 1994. In 1993, a technique developed by the IIT Research institute that uses a series of
exciter and ground electrodes placed in the soil was demonstrated. This technique was tested

previously at Air Force sites. In 1994, a technique developed by KAl Technologies, Inc. which uses




an antenna-like device that may be placed in a vertical or horizontal borehole was demonstrated.
Halliburton NUS Environmental Corporation provided site preparation services, the vapor extraction

system, and supervised and coordinated all other aspects of the demonstrations.

Armstrong Laboratory, Kelly AFB, and the US Department of Energy have contributed funds and
guidance for the work completed to date which includes the Preplanning Phase and Phase I. In
addition, the Phase | demonstrations are part of the US Environmental Protection Agency's

Superfund Innovative Technology Evaluation Program.

Halliburton NUS Environmental Corporation concludes that data gathered during the pilot
demonstrations is invaluable to the development of radio frequency heating for the enhancement of
soil vapor extraction and can be used to design é commercial scale system and implement remedial
activities in accordance with United States Air Force procedures. From lessons learned during the
Site S-1 demonstra:cions, criteria for technology implementation have become apparent that allow
the selection of a site better suited to the unique physical and chemical phenomenon inherent in the
process. To date only six field tests have been completed. These tests have addressed situations
with a wide variance of soil and contaminant characteristics. A phased approach is recommended
which would include more demonstrations to plug data gaps and define unknowns followed by
commercial scale application. A smaller site with a simpler (more homogenous) soil and
contaminant matrix, relative to Site S-1, would simplify the evaluation of results and better define

technology applicability.
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APPENDIX L

PERMEABILITY CALCULATIONS

Radio Frequency Heating Decontamination Demonstration
Site S-1, Kelly AFB

Contract No. F33615-90-D-4011
Delivery Order No. 0007

Calculations Prepared By: Date:
j}?&m@ Jl/ W za /L7/é<{'

Calculations Checked By: Date:

PURPOSE:

Estimate the vapor permeability of the soil at Site S-1 at several times during the demonstration of
KAl's heating method.

REFERENCES:

Johnson, P., M. Kemblowski, and J. Cohart. Quantitative Analysis for the Cleanup of Hydrocarbon-
Contaminated Soils by In-Situ Soil Venting. GROUNDWATER. 1980 May-June;28(3): 413-429.

Operating Conditions Logbook. (Data collected by Brown & Root Environmental personnel! during the
demonstration.)

Radian Corporation. Final Report [Vapor Stream Analysis]: Superfund Innovative Tecnology
Evaluation; KAl Technologies, Inc.: Radio Frequency Heating Demonstration. Sept. 7, 1994.

Shames, Irving. Mechanics of Fluids. New York: McGraw Hill Book Company, 1982,

Subsurface pressure contours hand drawn onto Site Layout Map (Brown & Root Environmental
Drawing # 3688G016.

Surface Weather Observation forms for Kelly AFB from the National Climatic Data Center (NCDC)
ASSUMPTIONS:

The viscosity ©
temperature.

#por stream is estimated as the viscosity of air at the vapor stream

The flow rates measured by Radian Corporation during vapor sampling events are considered to be
more accurate than the flow rates measured daily by Brown & Root Environmental.

The radius of influence (R)) is defined as the distance from the extraction wells to the 0.5" H,O
subsurface pressure contour. R, for these calculations was estimated based on the contours in the
heated area.

Screened length for all extraction wells is 9 feet.
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CALCULATIONS:

PERMEABILITY CALCULATIONS
APPENDIX L

Equation used for calculations (from Reference 1):

Qufin(R, /R,)]

T H”Pwl_1—(PATM /PW)Z]

where:

k = vapor permeability
Q = vapor flow rate (ASCFM)
u = viscosity (Ib-s/ft?)

Rw = well radius (ft.)
R, = radius of influence (ft.)
H = total screen length (ft.)

Pw = pressure at well (Ib/ft?)

Patw = atmospheric pressure (Ib/ft2)

Example Calculation (Data for 5/6/94):

Convert Barometric Pressure to Paru in Ib/ft%:

14.696 1b/in2 ](12in )2

29.921 ian 11ft

PATM = 2072

Convert Differential Pressure, V, at Well To Absolute Pressure, Py, in Ib/ft:

.2 . 2
Poy = Pary +V 14 .696 !b/m (12m)
406 .8in o T:
. 14.696 Ibfin? \( 12in \?
P, = 2072 +(-38.5in
w +( /] HzO)( 406‘8’."”20 J( 1 )
Pw = 1872
Total Screen Lepgthsl::
H = (# of wells)(9ff) =
H=(3)(©)
H= 27
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Science Applications International Corporation
An Employee-Owned Company

November 28, 1994

Clifton F. Blanchard

Brown & Root Environmental
Jackson Plaza, Suite A-600
800 Oak Ridge Turnpike
Oak Ridge, TN 37830

Re: EPA Contract No. 68-C0-0048, WA 0-49
SAIC Project No. 01-0832-07-1123-014

Dear Cliff:

Peggy Groeber asked me to send you the enclosed final pretreatment soil and water
data from the KAI RFH demonstration.

Sincerely,
SCIENCE APPLICATIONS INTERNATIONAL CORPORATION

A rons R

Sharon Krietemeyer
Chemical Engineer

§MK/smk
Encl.

cc: M. Groeber (w/o enclosure)

smk:cliff.let

635 West Seventh Street, Suite 403, Cincinnati, Ohio 45203 * (513) 723-2600 » FAX: (513) 723-2605
Other SAIC Offices: Albugquerque. Colorado Springs. Dayton, Falls Church, Huntsville, Las Vegas. Los Altos, Los Angeles, McLean, Oak Ridge, Ortando, San Diego, Seattie, Tucson
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TABLE B.4.
OPERATING CONDITIONS

KAl DEMONSTRATION

Vapor Extracti
Date B721/54 | 6/21/94 | 6/22/94 | 6/22/94 | 6/23/94 | 6/23/94 | 6/24/94
Time 856 | 1743 | 828 | 1644 | 748 | 18:42 | 19:10
Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure
Well Number |« ooy | e Hooy | ¢ H20) | ¢ H20) | (H20) | (H20) | (H20)
ET 5.0 70| 60 80 7.0 3.0 5.0
E2 70 7.0 $0| 80| 7.0 3.0 5.0
E3 70 70 5.0 80| 7.0 30 7.0
E4 058 09] 09 1.0 0.9 1.0 0.9
E5 07 09 08 0.9 0.8 0.9 1.0
E6 08 0.9 08 1.0 0.9 1.0 04
E7 05 0.6 06 056 05 06 06
E8 058 10l 4 10 0.9 1.0 14
HE 0.1 02 0.1 0.2 0.2 0.2 0.1
TD1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
02 0.0 0.0 0.0 0.0 0.0 0.0 0.0
T03 05 07 05 37 056 06 05
04 0.0 0.0 0.0 0.0 0.0 0.0 0.0
05 0.0 00| 04 0.4 04 0.1 x|
T06 04 356 05 056 06 0.7 05
07 0.0 01 0.1 0.1 0.1 0.1 0.1
T08 04 02 03 03 0.2 03 0.3
Suction 10| 400] 120|110 120 __A1.0] 120
Discharge 10| 120] _ 160]  140] _ 150] _ 140] 140
Compressor | 3875  387.5| 3875 3875 3875 4152 3815
Flare K 4] 1] 14| 114 114 114
Flow Rates
Flow Rate[ Flow Rate] Flow Rate| Flow Rate| Flow Rate| Flow Rate| Flow Rate
FlowMeter | aoriy | (scrmy | (scrmy | (scrmy | (scem) | (scrm) | (scrm)
Compressor 40 40 40 40 40 40 40
Flare 65 60 60 60 70 70 65
Radio Freque
Antenna | yorn ()] Temp. (C)| Temp. (6) Temp. (€)| Temp. (C)| Temp. ()] Temp. ()
Al 41| 450 454  454] 449 448 443
A2 741]  733|  715] 713|693 683 _ 67.1
Temperatures
Location - | remp, (C)| Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C)f Temp. ()
280] 335 276 40| _ 254] 294 ?
37| 347]  318] 36| 315 363 346
408] 398|376 _ 405] _ a70] _ 395 395
397 384  378] 407|350 93] 386
3.2 298] - 340]  280] 337|413
320] 321 - 34 - 338 339
E1,283 34| 364  323]  a11|  308] 354 352
E485 ; ) 3 : - : 3
E6.7, 58 - - 3 - 5 ; :
Christmas Tred  311] _ 333| 22| _ 333 283  372] 328
Mixed Vapor | 322] 400|322 _ 406] _ 267] 378 367
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TABLE B.4.

OPERATING CONDITIONS

KAl DEMONSTRATION

Vapor Extracti ;
Date 6/9/94 | 6/10/94 | 6/10/94 | 6/10/94 | 6/11/94 | 6/11/94 | 6/12/94 | 6/12/94 | 6/13/94 | 6/13/94 | 6/14/94 | 6/14/94
Time 17:52 17.57 10:54 17:.57 9:01 17:23 8:37 21:29 8:00 19:22 9:10 17:49
Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure
Well Number (H20) | ("H20) | (H20) | (H20) | (H20) (H20) | CH20) | (H20) | (H20) | (H20) | (H20) | ( H20)
E1 0.5 -0.6 .6 0.5 0.6 -1.0 -0.8 0.8 09 09 08
E2 -1.3 -1.8 -1.9 -1.6 -1.8 2.6 24 2.3 2.4 2.3 2.5
E3 14 -3.2 3.3 3.0 3.3 47 4.2 4.1 4.3 4.1 44
E4 -6.0 6.0 -6.0 -49.0 -5.0 -6.0 -8.0 8.0 -8.0 -8.0 8.0 8.0
E5 -6.0 -6.0 6.0 -72.1 -5.0 4.0 8.0 8.0 -8.0 -8.0 8.0 -8.0
E6 1.0 -1.3 -1.3 1.0 -1.1 1.7 -1.6 -1.6 -1.6 -15 1.7
E7 -1.0 -1.3 -1.3 1.3 1.2 2.0 1.8 -1.8 -1.9 -18 2.1
E8 04 0.8 0.5 -2.6 -3.0 4.0 4.4 4.4 45 4.3 46
HE 0.5 0.7 0.7 0.6 0.7 -1.0 09 0.9 0.9 09 0.7
D1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TD2 0.1 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
103 0.6 -1.3 -1.5 -1.0 -1.2 -1.8 -1.8 1.7 2.2 -15 2.1
TD4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TD5 0.1 0.4 04 0.3 0.3 0.4 0.5 0.7 -0.6 0.6 0.2
TD6 0.6 -1.6 -1.3 -14 -1.3 2.3 2.2 2.1 2.3 2.4 2.7
D7 0.2 0.2 0.2 0.1 0.1 0.2 0.2 0.2 0.3 0.2 -0.2
TD8 0.4 0.7 0.7 0.5 0.6 -1.0 0.9 0.9 0.9 0.8 -1.0
Suction -15.0 -16.0 -15.0 -16.0 -15.0 -19.0 -18.0 -19.0 -19.0 -18.0 -18.0
Discharge 20.0 19.0 19.0 20.0 19.0 25.0 240 24.0 24.0 240 240
Compressor 802.7 802.7 7751 802.7 830.4 802.7 830.4 830.4 8304 830.4 802.7
Flare 16.6 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8
Flow Rates
Flow Rate] Flow Rate| Flow Rate| Flow Rate] Flow Rate| Flow Rate| Flow Rate| Flow Rate| Flow Rate{ Flow Rate| Flow Rate| Fiow Rate
Fiow Meter (SCEM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) (SCFM) | (SCFM) | (SCFM)
Compressor 45 50 50 50 50 50 50 50 55 50 55
Flare 95 90 90 90 90 95 90 105 105 105 100
Radio Freque
g Temp. (C)} Temp. (C)] Temp. (C)| Temp. (C){ Temp. (C)| Temp. (C)| Temp. (C){ Temp. (C)| Temp. (C)| Temp. (C}} Temp. (C)| Temp. (C)
Al 64.9 59.6 60.4 60.0 58.8 60.0 58.6 575 56.6 547 54.2
A2 1114 110.2 1101 119.1 118.4 1175 115.5 114.0 1122 109.1 107.6
Temperstures ‘
Location Temp. (C) Tanp.,(C) Temp. (C)| Temp. (C)] Temp. (C)| Temp. (C){ Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C){ Temp. (C
Ambient 37 .04 33.0 : 27.0 31.0 26.0 26.0 24.0 28.0 25.0 25.0
E1 - T LA - - . - - - - - .
E2 - - - - - - - - - - -
E3 - - - - - - - - - - -
E4 49.3 49.3 49.8 46.7 475 45.2 44.0 44.0 453 433 422
ES 75.2 739 731 63.3 63.9 61.6 59.0 57.3 58.4 54.1 51.8
E6 - - . - - . . . . N .
E7 - - - - - - - . - . .
E8 - - - - - - - - - - -
HE - - - - - - - - - - -
E1,2,&3 - - - . . - B . - . .
E485 66.2 67.3 68.1 57.5 548 52.8 50.0 476 50.0 46.0 450
E6,7, &8 - - - - - - . . . . .
Christmas Treef 62.8 63.3 62.2 63.3 50.6 48.3 45.6 439 42.8 40.6 38.9
Mixed Vapor | 544 51.7 51.7 40.6 40.6 40.6 37.8 35.0 36.7 3.3 29.4
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TABLE B.4.
OPERATING CONDITIONS

KAl DEMONSTRATION

Vapor Extracti -
Date 5/27/94 | 5/28/94 | 5/28/94 | 5/29/04 | 5/29/94 | 5/30/94 | 5/30/94 | 573194 | 6/1/94 | 6/1/94 | 6/2/94 | 6/3/94
Time 16:45 8:41 18:25 10:10 17:22 8:55 19:14 17:28 10:18 19:37 10.05

Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure { Pressure
Well Number | ooy | ¢ H20) | (H20) | (H20) | (H20) | (H20) | CH20) | CH20) | (H20) | (H20) | (H20) | (H20)
E1 03 0.4 0.4 05 0.4 0.4 04] = 05 05 0.5 0.6
E2 0.9 -1.0 -1.0 -1.0 -1.0 -1.0 -1.2 -1.3 -1.3 -13 -1.4
E3 -2.1 -1.9 -2.1 -2.3 2.6 -2.1 2.0 -1.6 -1.5 -15 -1.4
E4 -9.0 -9.0 9.0 8.5 9.0 8.0 8.5 -1.5 -1.0 -1.0 6.5
ES 0.8 9.5 0.6 -11.5 9.0 -1.5 -8.0 -1.5 -1.0 -1.2 6.5
E6 0.4 0.6 0.5 0.8 0.6 0.6 0.7 0.8 0.9 -1.1 -1.0
E7 -1.1 -1.3 -1.2 -1.2 11 -1.0 -1.2 -1.0 -1.0 -1.1 -1.0
E8 0.2 03 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
HE 8.5 0.9 -1.1 -1.1 0.7 0.7 0.7 0.7 0.6 0.8 0.6
TD1 00 >4 00 >-01 0.0 >4.1 0.0 0.0 0.0 >0.1 0.0
TD2 00 >-0.1 00[ >-0.1 0.0 >0.1 0.0 >0.1 >-0.1 >0.1 0.0
TD3 0.7 0.8 0.6 0.7 06 0.7 0.6 038 -1.0 0.7 0.7
TD4 0.1 >0.1 00f >20.1 0.0 >0.1 0.0 >40.1 0.0 0.0 0.0
TDS 04 0.3 0.4 0.4 0.4 0.4 0.5 0.2 0.1 0.2 0.2
TD6 19 -1.6 -16 1.7 -1.6 -1.6 -1.6 -1.2 0.3 -1.1 0.9
D7 >0.1 0.1 >-0.1 >-0.1 >-0.1 >0.1 >-0.1 0.1 0.7 0.2 0.1
TD8 0.5 0.6 0.5 0.6 0.6 0.2 >-0.1 0.5 -0.5 0.8 0.8
Suction -18.0 -25.0 -25.0 -19.0 -18.0 -18.0 -24.0 -17.0 24.0 -16.0 -17.0
Discharge 24.0 28.0 28.0 220 21.0 22.0 28.0 28.0 28.5 20.0 220
Compressor 719.7 692.0 719.7 3460.1] 3487.8] 3460.1 719.7 718.7 636.7] 3487.8 3543.2
Flare 16.6 16.6 16.6 13.8 13.8 16.6 16.6 16.6 13.8 16.6 16.6
Flow Rates
Flow Rate[ Flow Rate] Flow Rate[ Flow Rate[ Fiow Rate| Flow Rate| Flow Rate] Flow Rate| Flow Rate| Flow Rate| Flow Rate| Flow Rate
FlowMeter | oo | (scrmy | (scrmy | (scrM) | (scrm) | (scrm) | scrmy | (scrm) | (scrm) | (schm) | (scFM) | (scrm)
Compressor | 45 50 50 52 50 50 45 50 50 45 45
Flare 90 80 85 80 95 95 95 95 95 115 95
Radio Freque
Antenna | yome. (€)l Temp. (¢)| Temp. (C)} Temp. (C){ Temp. (C){ Temp. (C)] Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C){ Temp. ()] Temp. ()
Al 143.4 1471 142.3 146.3 144.3 1434 148.2 135.5 129.1
A2 95.7 92.3 87.6 85.6 81.6 88.3 108.9 107.1 86.4
Temperatures
Location ‘
Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C}| Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C
Ambient 270 . 36.0 26.0 35.0 36.0 31.0 31.0
E1 - - - - - . . .
E2 . - - - - . . -
E3 - - - - - - - - - - -
E4 92.5 92.3 90.6 89.3 89.5 90.6 80.8 67.8 62.5 65.0 58.6
E5 933 57.2 57.7 56.2 57.1 55.6 62.7 65.3 67.5 65.6 66.3
E6 - - - - - - - - - . -
E7 - - - - - - - - - -
E8 - - - - - - - - - - -
HE - - - - - - - - - - -
E1,2,83 - - - - - - - . . . .
E485 26.0 65.3 66.4 66.7 66.7 67.5 659 68.8 68.8 65.0 66.3
E6,7, 88 . - . - ; : ; ; ; 5 o
Christmas Tree{ 60.0 60.0 61.7 61.7 63.3 62.2 63.9 65.6 64.4 60.0 633
Mixed Vapor | 47.8 46.1 47.8 47.8 489 489 46.1 51.7 51.7 46.1 48.9

333




TABLE B.4.

OPERATING CONDITIONS

KAl DEMONSTRATION

Vapor Extracti .
Date 5/15/94 | 5/16/94 | 5/16/94 | 5/17/94 | 5/17/84 | 5/18/84 | 5/18/94 | 5/19/94 [ 5/19/94 | 5/20/94 | 520/94 | 5/21/94
Time 19:30 8:01 16:21 7:23 16:25 7:48 16:53 17:34 8.55 8.07 15:50 7:28

Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure

Well Number (H20) | (H20) | ("H20) | (H20) | (H20) | (H20) | (H20) | (H20) | ( H20) | (H20) [ ("H20) | (' H20)

E1 0.0 0.1 04 0.3 0.6 06 0.8 -1.4 -15 04 04 04

E2 -30.0 -22.0 -30.0 -23.0 -30.0 23.0 -24.0 -30.0 -30.0 -12.0 1.5 -1.8

E3 -30.0 -22.0 -30.0 -23.0 -30.0 -25.0 -24.0 -30.0 -30.0 -9.0 -16 -18

E4 0.5 0.5 -1.9 -1.4 2.5 2.6 -3.0 42 45 -1.8] -1.4 15

ES + + -30.0 -23.0 -30.0 -25.0 -21.0 -30.0 -30.0 -41.0 -11.0 -11.0

E6 0.5 0.4 -1.5 -1.2 2.2 2.0 2.4 -3.1 3.3 -1.2 -1.1 1.1

E7 0.5 0.3 17 -1.2 2.3 23 26 -36 -3.8 -1.3 -13 15

E8 0.0 atm. atm. atm. atm. atm. atm, atm. am. atm. afm. afm.

HE 0.0 0.0 0.2 0.2 04 09 -1.3 2.0 2.1 0.7 08 0.8

T01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

D2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

D3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

TD4 0.0 0.0 0.0 - 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0

705 0.0 0.0 0.2 0.2 0.3 0.3 -1.0 -1.4 -1.0 0.3 0.2 04

TD6 0.1 0.1 -1.8 -1.2 2.3 23 -3.0 -39 4.2 1.4 15 1.8

TD7 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.0 0.1 0.1

T08 0.0 0.0 04 0.3 0.8 -1.0 -12 1.7 -1.8 0.6 06 05

Suction 46.0 -38.0 -47.0 -28.0 42.0 -34.0 -33.0 42.0 -43.0 -24.0 -22.0 -20.0

Discharge 50.0 39.0 50.0 30.0 43.0 36.0 35.0 -46.0 48.0 26.0 230 23.0

Compressor 3875 2491 1439.4 5536f 12456| 12456 1079.6] 1910.0] 20484 581.3 553.6 664.3

Fiare 111 8.3 13.8 22.1 22.4 22.1 8.3 221 16.6 13.8 13.8 13.8
Flow Rates

Flow Rate[ Flow Rate| Flow Rate| Flow Rate] Flow Rate] Flow Rate] Flow Rate| Flow Rate] Flow Rate| Flow Rate| Flow Rate| Flow Rate

Flow Meter (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM)

Compressor 40 35 60 45 55 60 50 70 60 40 40 50

Fiare 60 60 95 70 85 90 110 130 140 90 85 85

Radio Freque
Antenna | o, (C)| Temp. (C)] Temp. ()] Temp. (C)| Temp. (€)] Temp. (€)| Temp. (C)| Temp. (C)| Temp. (C)] Temp. (C)| Temp. ()| Temp. (

Al 23.0 233 23.1 23.7 23.8 239 240 245 245 244 243 110.1
A2 145.2 143.7 126.6 120.1 124.6 1105 106.8 115.6 121.0 2015 2235 179.2

Temperatures
Location Temp. (C)] Temp. (C){ Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C)] Temp. (C)j Temp. (C})| Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C
Ambient 26.9, 220 25.0 220(- - 320 23.0 33.0 20.0 32,0 21.0 32.0 19.0

E1 T - .- - - - - - 21.1 - 19.8
E2 56.0| 60.7 54.2 426 442 37.6 38.8 34.2 M7 326 30.8 19.8
E3 251 21.0 28.8 235 447 26.7 435 27.0 453 213 44 226
E4 - - - - - - - - - 235 35.8 245
E5 - - 87.0 854 82.6 78.2 743 745 75.7 744 86.6 86.6
E6 - - - - - - - - - - - -
E7 - - - - - - - - - - - -
E8 - - - - - - - - - - - -
HE - - - - - - - - - - - -
E1,2,83 32.8 395 477 35.6 44.2 345 39.1 30.1 375 28.6 447 23.9
E4&5 - - - 86.8 825 773 714 705 70.3 735 732 68.6
E6,7, &8 - - - - - - - . - . - R
Christmas Tres 294 214 80.0 778 744 70.0 63.9 62.8 62.8 64.4 65.6 58.9
Mixed Vapor 28.3 20.0 61.7 63.3 63.3 52.8 51.7 489 517 47.8 51.7 433
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TABLE B.4.
OPERATING CONDITIONS

KAl DEMONSTRATION

Vapor Extracti .
Date 5304 | .5/4/04 | 5/4/94 | 5/5/94 | 55094 | 56/94 5/6/34 5784 57/94 5/8/94 5/8/94 | 5/9/94
Time 18:24 9:36 18:00 7.00 17:17 9:23 16:54 11:20 18:10 8:43 15:14 8:35

Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure

WellNumber | w0y | ¢ Ho0) | (H20) | (H20) | (H20) | ¢ H20) | (H20) | (H20) | ¢H20) | (H20) | (H20) | (H20)
E1 0.0 0.4 04 04 05 03 0.1 04 05 05 05 04
E2 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 .30.0 -30.0 -30.0 -30.0
E3 0.1 0.7 0.7 0.8 0.9 0.7 0.9 -1.0 1.3 -1.5 17 -1.0
E4 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0
ES -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0
E6 -1.6 13 -1.3 -1.3 1.7 -1.2 4.7 -1.4 1.7 -1.6 -1.9 15
E7 -1.4 13 -1.3 -1.3 -15 -1.1 -14 14 1.7 -1.6 19 15
E8 0.1 0.0 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.1 0.0
HE 0.0 0.0 0.1 0.0 0.1 0.1 0.0 0.1 0.2 0.2 0.3 0.2
TD1 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1D2 0.1 1.0 -1.0 09 -1.3 09 -1.3 -1.0 -1.2 0.1 0.0 0.0
TD3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0
TD4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TD5 0.0 0.1 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.2 0.2
TD6 0.5 0.3 0.4 0.3 05 0.3 04 05 0.8 0.9 1.1 0.6
TD7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TD8 03 0.2 0.3 0.3 04 0.3 04 0.3 0.5 05 0.6 04
Suction -40.0 -38.0 42.0 -38.0 -39.0 -38.0 -39.0 -36.0 -38.0 -36.0 -34.0 -34.0
Discharge 420 40.0 39.0 40.0 37.0 37.0 41.0 39.0 40.0 38.0 36.0 36.0
Compressor 415.2 415.2 4429 4152 4429 415.2 4429 415.2 4429 387.5 4152 415.2
Flare 111 111 11.1 11.1 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8

Flow Rates

Flow Meter Flow Rate[ Flow Rate] Flow Rate] Flow Rate| Fiow Rate[ Flow Rate] Flow Rate| Flow Rate| Flow Rate| Flow Rate| Flow Rate] Flow Rate
ow Meter (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM)

Compressor 40 40 40 40 40 40 40 40 40 40 40 40
Flare 60 60 60 60 60 60 60 60 60 60 60 60
Radio Freque
Antenna Temp. (C)| Temp. (C){ Temp. (C)| Temp. (C)| Temp. (C){ Temp. (C)| Temp. (C){ Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C)
A1 18.3 18.6 18.8 18.6 18.9 19.1 18.9 19.3 19.3 19.7 19.7 19.8
A2 115.4 134.9 97.5 110.2 128.1 124.4 1345 99.7 95.4 94.0 89.7 125.9
Temperatures
Location
Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C){ Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C)
Ambient 23. -:18.0 240 2001 270 23.0 28.0 27.0 32.0 25.0 300 24.0
E1 - = - - - - - - - - - -
E2 271213 210 251 29.5 29.9 33.0 331 3.7 32.5 35.7 31.2
E3 - - - - - - - - - - - -
E4 18.1 221 28.1 2563 316 30.1 353 34.2 374 34.3 405 33.5
E5 90.6 93.5 86.3 91.2 85.6 826 85.5 77.2 72.3 64.3 63.5 89.5
E6 - - - - - - - - - - - -
E7 - - - - - - - - - - - -
E8 - - - - - - - - - - - -
HE - - - - - - - - - - - -
E1,2,43 2671 226 27.8 246 30.7 29.8 33.7 33.7 343 31.5 36.6 30.9
E445 57.6 63.0 59.6 65.4 64.8 64.7 70.4 65.2 62.2 53.1 54.8 77.9
E6,7, &8 - - - - . - - . .

Christmas Tree{ 283 206 35.6 294 36.1 38.9 47.2 46.1 46.7 37.8 433 56.7
Mixed Vapor | 23.3 15.6 261 18.9 40.6 239 344 32.2 35.0 21.2 35.0 35.0
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TABLE B.4.
OPERATING CONDITIONS
KAl DEMONSTRATION

Vapor Extraction System .
Date 4122/94 | 4723094 | 42304 | 4724104 | ARAR4A | A24/94 | 4/25/94 | 4/25/94 | 4/25/94 | A/26/94 | 4/26/94 | 4/26/94
Time 14:41 14:02 9:23 8.12 14:00 20.04 8:00 13:24 18:35 8.03 12:54 16:50

Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure
Well Number | " o) | ¢ H20) | ¢ H20) | (H20) | £ H20) | (H20) | (H20) | ¢ H20) | CH20) | CH20) | (H20) | (H20)
E1 -1.0 0.5 0.5 0.5 -1.0 -1.0 -1.0 -1.0 0.5 0.5 -1.0 -1.0
E2 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0
E3 -2.0 -1.0 -1.0 -1.0 -2.0 -1.5 -15 2.0 -1.0 -1.5 -1.0 -1.0
E4 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0
ES -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0
E6 -3.0 -1.5 2.0 2.0 2.0 -2.0 -2.0 -2.0 -2.0 -2.0 2.0 -2.0
E7 2.5 -1.5 -1.5 25 -2.0 2.0 2.0 2.0 2.0 2.0 2.0 -1.5
E8 0.5 0.0 0.0 0.0 0.0 0.0 0.0 05 0.0 0.0 0.0 0.0
HE 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TD1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TD2 -2.0 -1.0 -15 -1.5 -1.5 -15 -15 -15 -1.5 -1.5 -15 -1.5
TD3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TD4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DS 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TD6 -2.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 05 -1.0 -1.0
D7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
108 1.5 0.5 0.5 -1.0 -1.0 05 -1.0 -1.0 0.5 0.5 05 05
Suction 40.0 -42.0 -40.0 -40.0 -40.0 -40.0 -40.0 40.0 -40.0 -40.0 -40.0 -40.0
Discharge 41.0 450 42.0 42.0 420 420 420 42.0 420 42.0 41.0 41.0
Compressor 664.3 4429 4429 470.6 470.6 470.6 4429 4429 442 9 4429 442.9 4429
Flare 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8
Flow Rates
Flow Rate| Flow Rate| Flow Rate[ Flow Rate] Flow Rate| Flow Rate| Flow Rate] Flow Rate| Flow Rate| Flow Rate| Flow Rate| Flow Rate
FlowMeter | oemy | (sceM) | (scrmy | (scrmy | (scemy | (scrm) | (schm) | (scrm) | (scrm) | (SCFM) | (SCFM) | (SCFM)
Compressor 50 40 40 40 40 40 40 40 40 40 40 40
Flare 60 60 50 60 60 60 60 60 60 60 60 60
Radio Frequency System
Antenna | roms. (C)| Temp. (G)] Temp. (C)] Temp. (¢) Temp. (C)| Temp. (C){ Temp. (€)] Temp. (C)| Temp. (C)| Temp. (C){ Temp. (€)| Temp. (C)
Al - - - - - - 17.2 171 - 17.0 17.2 174
A2 - - - - - - 95.1 95 - 95.0 113.5 957
Temperatures
Location | o ()| Temp. (G)| Temp. (C)] Temp. (¢)| Temp. () Temp. (€)] Temp. (¢)] Temp. (6)] Temp. (€){ Temp. (€)| Temp. (€)| Temp. ()
Ambient 30.6]. 278 234 19.4 274 26.8 221 26.0 30.0 23.0 31.0 33.0
E1 30.1 < - 18.9 - 241 211 25.3 28.3 21.3 36.0 -
E2 29.3 29.1 223 21.8 281 265 22.8 25.6 28.5 23.2 311 315
E3 30.7 - - 19.4 29.2 251 214 26.3 29.0 22.7 4.1 -
E4 29.4 279 21.9 2.7 27.3 26.8 22.9 257 29.0 23.3 323 328
ES 315 29.3 233 242 279 282 26.3 355 485 50.8 56.7 525
E6 N7 - - 19.5 - 243 218 23.7 25.7 27 - -
E7 31.3 - - 19.5 - 243 216 240 26.5 22.0 - -
E8 314 - - 19.7 - 25.0 21.9 251 28.3 23.1 - -
HE 25.8 - - 19.9 24.7 23.3 213 244 26.3 23.0 - -
£1,2,&3 33.8 28.9 23.3 20.8 - 25.3 221 265 3.1 23.7 36.3 33.8
E4&5 31.9 219 22.1 216 - 25.2 231 27.0 32.7 34| 393 38.0
E6,7, &8 334 - - 19.1 - 25.6 21.6 26.1 29.7 23.1 - -
Christmas Tree! 36.1 28.3 23.3 18.9 278 28.9 222 26.7 339 23.3 322 37.8
Mixed Vapor | 37.2 32.8 23.3 18.9 30.0 26.1 211 26.7 328 21.7 44 356
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PERMEABILITY CALCULATIONS

Input data into Equation:

Qulmn (R, /R )]

k =
H”Pw|_1-(PAm wa )2J
. (31 .7 ASCFM )(4.6 x10 "7 s /#2)[in(0.167 1 /ot )](1min )
2V _ (2072 b /2 : 60 s
(27 #)x(1872 b /# )[1 ( %2 b /ﬂz) J
k= 2.7E-11
Convert Vapor Permeability, k in ft*to cm’:
2 2
K:k[g.zg ><1o2 cm }
ft
2 2
K = 9.7 x10 ™ [9‘29 "ﬂ1°2 il ]
k=  2.5E-08 cm?
Convert Vapor Permeability, k in ft*to darcy:
10 2
K=k(9.42 ><102 cm }
ft
10 2
= 9 7 x10 .11[9.42 ><1o2 cm ]
ft
K= 2.6 darcy
Spreadsheet Calculation for Other Dates:
Data from Demonstration 4/8/94| 5/6/94] 5/31/94] 6/7/94| 6/14/94 6/24/94
Flow Rate, Q, (ASCFM) 54.0 31.7 71.4 66.2 75.7 47.5
Number of Wells 2 - 3 2 2 2 3
Well Radius, Ry, (ft.) = - 0.167 0.167 0.167 0.167 0.167 0.167:
Total Screen Length, H, (ft.) : 18 27 18 18 18 27
Differential Pressure at Wells, V, (in. H,0)| . -40 -38.5 -7.5 -6.0 -8.0 -6.33
Absolute Pressure at'Wells, Py, (Ib/ft%) 1864 1872 2026 2020 2024 2025
Barometric Pressure (In. Hg) 29.3 29.3 29.2 29.0 29.2 29.1
Atmospheric Pressure, Pamu, (Ib/fi2) 2072 2072 2065 2051 2065 2058
Radius of Influence, R, (ft.) 7 9 10 9 12 8
Vapor Temperature (°F) 105 126 157 157 100 116
Estimated Vapor Viscosity, p.(lb-s/ftf) 4 4E-07| 4.6E-07] 4.8E-07{ 4.8E-07| 4.4E-07| 4.5E-07
Estimated Vapor Permeability, k, (ﬂz) 6.4E-11| 2.7E-11| 5.1E-10| 5.9E-10| 4.7E-10] 2.5E-10
Estimated Vapor Permeability, k, (sz) 5.9E-08| 2.5E-08] 4.7E-07] 5.5E-07| 4.3E-07] 2.3E-07
Estimated Vapor Permeability, k, (darcy) 6.0 2.6 48.2 55.9 43.8 23.7
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TABLE B 4.
OPERATING CONDITIONS

KAl DEMONSTRATION

Vapor Extracti
Date 4127194 | 427194 | AI27/94 | 4/28/94 | 4728/94 | 4/29/94 | 4/29/94 | 4/30/94 | 51/94 | 5294 | 52/94 | §3/94
Time 8:18 13:29 17:12 7:57 15:52 11:20 17:34 18:44 10:52 12:17 19:10 14:00
Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure
Well Number | o0y | ¢ H20) | (H20) | ¢ H20) | [ He0) | H20) | CHe0) | ¢ HR0) | CH20) | £ H20) | £ H2O) | H20)
E1 0.5 0.7 0.6 0.5 0.0 0.0 0.5 0.7 04 0.3 0.3 0.4
E2 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0
E3 -1.0 -1.8 -1.4 13 -1.3 2.1 -1.3 -2.0 -1.3 -1.3 0.9 0.9
E4 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0
ES -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0
E6 -2.0 2.3 2.2 -2.0 -1.5 2.3 -1.6 2.3 -1.4 -1.5 -1.3 -1.5
E7 -1.0 0.0 2.3 2.0 2.3 -2.7 0.0 2.5 -1.8 -1.7 -1.3 -1.4
E8 0.0 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.0
HE 0.0 0.0 0.0 0.1 0.0 0.0 0.0{ + 0.0 0.0 00 0.1
TD1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 + 0.0
TD2 -1.0 1.7 -1.4 0.1 -1.3 2.7 -1.2 -1.7 -1.2 -1.0 0.9 -1.0
7D3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TD4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TDS 0.0 0.0 0.0 0.0 -0.1 0.1 0.0 0.1 -0.1 0.1 -0.1 0.1
TD6 0.5 -1.0 0.7 0.7 0.9 1.4 0.9 -1.3 09 0.8 0.6 0.5
D7 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3
D8 05 0.7 0.6 0.5 05 0.5 0.4 0.6 0.4 0.3 0.3 0.0
Suction 43.0 -41.0 -40.0 41.0 -46.0 -46.0 -39.0 -38.0 -39.0 -45.0 -33.0 -40.0
Discharge 45.0 43.0 43.0 43.0 48.0 48.0 38.0 39.0 41.0 48.0 35.0 43.0
Compressor 498.3 498.3 498.3 470.6 498.3 498.3 415.2 415.2 415.2 415.2 276.8 415.2
Flare 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8 1.1 1.1 1.1 1.1
Flow Rates
Flow Rate| Flow Rate| Flow Rate| Flow Rate| Flow Rate| Flow Rate| Flow Rate] Flow Rate| Flow Rate| Flow Rate| Flow Rate| Flow Rate
Flow Meter (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) { (SCFM) | (SCFM) | (SCFM) | (SCFM)
Compressor 40 40 40 40 40 40 40 40 40 40 40 40
Flare 60 60 60 60 60 60 60 60 60 60 60 60
Radio Freque
Antenna Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C})| Temp. (C)| Temp. (C)| Temp. (C){ Temp. (C}| Temp. (C){ Temp. (C)
A1 171 171 17.3 171 17.2 17.5 17.5 17.1 175 18.0 18.1 18.2
A2 114.0 105.6 109.4 102.8 107.0 104.6 96.5 724 69.4 99.5 95.1 104.4
Temperatures T '
tocation | temp. (c) Temp. (C)| Temp. ()] Temp. (C)| Temp. (C)| Tem. (C)| Temp. ()] Temp. (C)| Temp. ()] Temp. (¢)| Temp. (¢)
Ambient 24, 300]. 240 25.0 230 210 18.0 14.0 21.0 21.0 28.0
E1 - - - - - - - - - - -
E2 24.1 29.0 234 240 26.4 29.0 23.6 201 211 22.6 285
E3 - - - - 29.8 - - - - - -
E4 247 30.0 2456 235 26.0 285 234 20.2 21.0 20.1 29.7
ES 56.7 58.3 56.5 56.4 64.6 62.1 37.2 36.8 62.3 40.7 92.1
E6 - - - - - - - - - - -
E7 - - - - - - - - - - -
E8 - - - - - - - - - - -
HE - - - - - - - - - - - -
E1,2,83 248 30.8 30.5 24.6 25.0 27.8 29.7 20.1 18.0 21.0 214 33.8
E4&5 36.3 36.2 40.1 373 317 43.2 42.6 22.8 21.7 29.5 22.8 59.5
E6,7, &8 - 30.7 - - - - - - . . - -
Christmas Treet 25.0 311 31.1 25.0 26.1 30.0 333 19.4 13.3 18.9 233 35.0
Mixed Vapor | 233 15.6 30.0 22.8 26.7 26.7 32.2 18.3 133 19.4 214 31.1
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TABLE B.4.

OPERATING CONDITIONS

KA! DEMONSTRATION

Vapor Extracti : .
Date 5/9/94 | 5/10/94 | 51094 | 511194 | 51104 | 51294 | 51294 | 51394 | 1394 | 5/14/94 | 514/94 | 51504
Time 17:40 8:35 16:25 10:04 17:11 741 16:45 7:33 18:08 7:56 18:17 10:52

Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure
Wel Number (H20) | (H20) | (H20) | (H20) | (H20) | (H20) | (H20) | (H20) | (H20) | (H20) | (H20) | (H20)
Ef 0.5 0.5 0.5 0.5 0.5 0.8 0.7 £0.7 0.1 0.2 0.1 0.1
E2 -30.0 -30.0 -30.0 -30.0 -24.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0
E3 -30.0 -30.0 -30.0 -30.0 -24.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0 -30.0
E4 -30.0 -30.0 -30.0 -30.0 -24.0 -30.0 -30.0 -30.0 0.5 -1.0 05 04
E5 -30.0 -30.0 -30.0 -30.0 240 -30.0 -30.0 -30.0 0.5 0.0 05 +
E6 -1.8 -1.8 -1.9 2.1 1.7 2.5 2.5 2.3 0.5 0.8 05 05
E7 1.7 -1.7 -1.9 2.2 -1.7 2.5 2.5 2.4 0.5 0.6 05 03
E8 0.0 0.0 0.0 0.1 0.0 0.1 am. am. atm. 0.0 atm. atm.
HE 0.2 0.1 0.1 0.3 0.3 0.7 0.7 0.8 + 0.0 0.0 +
TD1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TD2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TD3 0.0 0.0 0.0 0.3 -0.1 0.2 0.0 041 0.0 0.0 0.0 0.0
TD4 0.0 0.0] - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TD5 0.2 0.2 0.2 0.3 0.2 0.3 0.8 03 0.1 0.1 0.0 0.1
TD6 0.9 0.9 -1.0 -1.6 -1.0 -1.7 -1.7 -1.8 0.4 0.3 0.1 0.0
TD7 0.0 0.0 0.0 0.1 0.4 0.0 0.0 0.4 0.0 0.0 0.0 0.0
TD8 0.5 0.5 0.5 0.8 0.5 -1.0 -1.0 0.9 0.2 0.2 0.0 0.0
Suction -36.0 -36.0 -38.0 -37.0 -31.0 -40.0 -38.0 -34.0 45.0 45.0 45.0 450
Discharge 38.0 34.0 39.0 38.0 330 420 40.0 36.0 480 48.0 48.0 49.0
Compressor 470.6 498.3 525.9 609.0 4706 1024.2 996.5{ 1190.3] 3875 387.5 3875 3875
Flare 13.8 16.6 13.8 16.6 13.8 19.4 19.4 19.4 13.8 11.1 111 1.4
Flow Rates
Flow Rate[ Flow Rate| Flow Rate] Flow Rate] Flow Rate|Flow Rate| Flow Rate] Flow Rate| Flow Rate| Flow Rate| Flow Rate{ Flow Rate
Flow Meter (SCFM) | (SCFM) | (SCEM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) I (SCFM) | (SCFM)
Compressor 40 45 45 45 45 40 50 60 40 40 40 45
Flare 60 65 65 65 65 80 85 85 60 60 60 60
Radio Freque
Antenna . ()] Temp. (C)f Temp. (€)| Temp. ()] Temp. (€)] Temp. (¢)] Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C)] Temp. (C
Al 19.9 20.1 20.3 20.5 20.6 21.0 209 213 214 221 218 225
A2 130.3 1341 139.4 115.6 137.0 128.1 126.4 121.5 116.8 142.4 137.8 1434
-+ Temperatures
Location | romp ()] Temp. (€)] Temp. (€)| Temp. () Temp. ()] Temp. ()] Temp. (C)| Temp. (¢)| Temp. (C){ Temp. (C)| Temp. (C)| Temp. (©)
Ambient 30.01.—..240 30.0 24.0 28.0 23.0 28.1 2341 19.0 300 17.0 300
E1 - - - - - - - - - - . -
E2 343 318 30 317 3341 294 320 30.1 27.1 433 284 476
E3 343 263 343 274 0.7 252 33.7 258 246 30.6 20.3 296
E4 387 338 375 353 353 34.2 378 335 - - - -
E5 88.3 88.5 88.5 727 84.2 755 713 76.8 - - - -
E6 - - - - - - - - - - - -
E7 - - - - - - - - - - - -
E8 - - - - - - - - - - -
HE - - - - - - - - - - - -
E1,2,83 35.0 30.1 35.6 31.1 327 290 324 20.0 237 36.9 21.8 36.0
E485 787 79.6 80.6 66.1 78.1 71.3 73.3 733 - - - -
E6,7, &8 - - - - - - - . - - . -
Christmas Treg{ 61.1 62.2 63.9 48.9 62.2 58.3 62.2 62.2 194 350 16.7 26.7
Mixed Vapor | 444 42.2 46.1 32.2 444 40.6 461 456 18.3 378 18.3 35.0
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TABLE B.4.
OPERATING CONDITIONS

KAI DEMONSTRATION

Vapor Extracti
Date 521194 | 522194 | 5/22/04 | 523/94 | 523/04 | 524/94 | 5/24/94 | 5/25/94 | 526/94 | 5/26/94 | 5/26/94 | 527/94
Time 18:03 8:56 17:43 8:30 18:41 9:13 16:44 9:54 16:14 8:06 17:52
Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure
Well Number | oy | o) | H20) | (H20) | ¢ Heo) | cH20) | H20) | H20) | £ H20) | ¢ H20) | [ H20) | [H20)
E1 0.4 0.3 -17.0 -13.0 0.3 0.3 0.2 0.2 0.3 - -
E2 -1.8 -1.3 -17.0 -13.0 -1.3 -1.1 -0.9 0.9 0.7 - -
E3 -1.8 -1.3 -18.0 -13.0 2.5 2.2 2.0 -2.0 -1.6 - -
E4 -1.8 -1.1 -14.0 -13.0 -11.0 -10.0 -9.0 9.0 -1.0 -12.0 -10.5
E5 -12.0 -10.0 -14.0 -13.0 -11.0 -11.0 8.5 8.5 6.5 -10.5 -10.0
E6 0.9 0.6 am. 2.0 0.7 0.5 0.7 05 0.3 - -
E7 -1.6 -14 atm. 2.2 -1.5 0.9 14 -1.1 0.9 -
E8 atm. aim. am. 05 0.3 0.2 0.3 0.2 0.2 - -
HE -1.0 0.9 1.5 -14 1.2 0.9 0.9 0.1 0.7 -1.0 0.9
TD1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
TD2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >0.1 0.0 0.0 >-0.1
TD3 0.0 0.0 -1.0 -1.0 0.7 0.7 0.6 0.4 0.5 -0.1 0.7
TD4 0.0 0.0 -0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.1
TD5 04 0.3 £07 0.7 0.6 0.5 0.3 0.3 0.2 >-0.1 03
TD6 -2.0 -1.7 -2.9 2.7 -2.1 24 -1.8 -1.7 -1.3 >-0.1 -1.2
1D7 0.0 0.1 0.1 0.1 0.0 .6 - 0.1 0.1 0.3 >0.1
TD8 0.7 0.6 -1.3 -1.1 0.8 0.0 - 0.6 04 0.8 0.6
Suction -20.0 -21.0 -26.0 -27.0 -23.0 -21.0 -21.0 -19.0 -16.0 -21.0 -20.0
Discharge 23.0 22.0 4.0 -33.0 28.0 23.0 21.0 220 19.0 240 24.0
Compressor 692.0 636.7} 1439.4] 12180 885.8 747.4 636.7 609.0 498.3 650.5 650.5
Flare 13.8 13.8 16.6 13.8 16.6 16.6 13.8 16.6 13.8 13.8 13.8
Flow Rates
Flow Meter Flow Rate] Flow Rate| Flow Rate| Flow Rate| Flow Rate| Flow Rate| Flow Rate| Flow Rate| Flow Rate| Flow Rate| Flow Rate] Flow Rate
(SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM
Compressor 53 50 60 52 5 85 50 50 45 50 50
Flare 85 85 125 120 90 85 85 90 95 85 95
Radio Freque
Antenna | romp. ()] Temp. ()| Temp. (C)| Temp. (€)| Temp. (€)| Temp. ()| Temp. (¢)| Temp. ()] Temp. ()] Temp. (¢)] Temp. ()] Temp. (©)
At 1175 119.2 122.9 122.4 130.4 133.2 138.6 135.8 139.2 139.2 1427
A2 17141 136.2 127.3 181.9 180.7 168.1 159.2 142.5 136.2 123.3 116.1
Temperatures o
Location
Temp. (C)| Temp. (C)| Temp. (C)] Temp. (C)| Temp. (C)| Temp. (C)} Temp. (C){ Temp. (C)| Temp. (C)] Temp. (C)
Ambient 29.0 22.0 29.1 30.6 33.3 32.0 32.0 26.0 33.3
E1 29.6 26.8 - - - - - - -
E2 58.0 58.6 - 314 - - - - -
E3 40.0 29.3 - - - - - - -
E4 69.0 70.7 83.1 88.2 89.9 91.6 91.5 92.5 93.5
ES 79.3 70.1 70.3 65.2 64.8 59.8 58.7 58.5 59.1
E6 - - - - - - - - . - R
E7 - - - - - - - - - - -
E8 - - - - - - - - - - -
HE - - - - - 30.0 - - - .
E1,2,83 340 287 35.0 30.3 - - - - . . .
E485 72.8 64.8 67.3 58.8 62.7 64.6 634 63.2 62.5 64.8 65.9
E6,7, &8 - - - - - - - - - - -
Christmas Treef 57.8 56.7 56.7 44 57.2 56.7 58.9 51.8 58.3 58.3 61.1
Mixed Vapor | 450 433 433 37.2 45.0 46.1 46.7 46.1 46.1 42.8 46.1
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TABLE B.4.
OPERATING CONDITIONS

KAl DEMONSTRATION

Vapor Extracti .
Date 673194 | 0/A/04 | 6/4/94 | 6/5/94 | 6/5/94 | 6/6/94 | 6/6/%4 | 6/1/94 | 6/1/94 | 6/8/94 | 6/8/94 | 6/9/94
Time 16:20 08:52 20:58 9:05 17:55 9:10 18:10 9:22 16.54 10:08 17:58 9:19

Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure
Well Number ooy | ¢ H20) | (H20) | ¢ He0) | H20) | CHe0) | ¢ H20) | ¢ HR0) | CH20) | ¢ H20) | (H20) | (H20)
Ei 0.6 0.6 06 206 05 05 05 06 05 05 05
E2 A7 15 16 14 15 15 13 15 17 14 14
E3 16 14 14 15 14 14 14 15 13 14 14
E4 7.0 55 5.0 5.0 75 5.0 5.0 5.0 7.0 5.0 55
E5 3.0 55 7.0 5.0 6.0 5.0 5.0 55 55 5.0 55
E6 KK A1 1.0 1.0 1.0 10 10 KK 1.0 KK 10
E7 10 12 10 10 1.0 10 10 10 1.0 1.0 10
ES 02 02 02 202 02 02 02 02 02 02 03
HE 06 06 07 06 05 06 05 06 05 05 05
D1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
D2 >04] >0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0
D3 08 1.0 08 209 0.7 10 2.7 05 07 206 07
TD4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
D5 01| >01 02 02 0.1 0.1 02 02 0.1 02 202
TD6 0.9 05 06 06 06 07 06 05 04 05 07
D7 01| >01 0.1 02| >041 0.1 2.1 0.1 X 02 0.1
D8 05 07 05 06 05 05 04 05 05 05| >01
Suction 80| 200 270] 70| -160] 70|  -230]  -17.0] _ -160]  -160] 150
Discharge 2.0 26.0 21.0 210[ 200] 210] 270 21.0 200] 210 18.0
Compressor | 3543.2] _ 802.7 7751] 8304 7754] 802.7] 8027 8304] 7751] 8304| 7751
Flare 16.6 16.6 16.6 13.8 16.6 16.6 16.6 13.8 16.6 138 13.8
Flow Rates
Flow Rate| Flow Rate| Flow Rate| Flow Rate| Flow Rate| Flow Rate| Flow Rate| Flow Rate]| Flow Rate]| Flow Rate| Flow Rate| Flow Rate
FlowMeter | scrmy | (scrm) | (scrmy | (scrmy | (scrmy | (scrmy | scemy | scrmy | (scemy | scrmy | scrmy | (scrm)
Compressor 45 45 50 45 45 45 45 45 50 50 50
Flare 95 95 9% 95 9% 95 85 95 95 95 95
Radio Freque
Antenna o, ()] Temp. (C)| Temp. ()] Temp. (C)| Temp. ()| Temp. ()] Temp. (€)] Temp. ()] Temp. () Temp. (C)| Temp. (C)| Temp. (C)
Al 106.0 993 909 85| 839  823]  744] 737 69.9 68.6 66.1
A2 1166] 1159 1235] 1303|1355 1354] 117.2] 1137] 1070]  1108] 1036
Temperatures
Location 1 emp. (G)] Tem. (c)] Temp. (¢)| Temp. (C)| Temp. (¢)| Temp. ()] Temp. (€| Temp. (0)] Temp. ()] Temp. ()] Temp. ()] Temp. (€)
Ambient 330|250 260 30| 300]  350]  310] 370 320 370 29.0
E1 - T . - . - . - . . .
E2 ; ; B 5 ; ; ; - ; ; ;
E3 ; . ; 3 . ; ; ) ; ; ;
E4 577 55.0 525 541 512]  517] 494|505 50.0 502|480
E5 684] 676 712 736 77| 768] 73| 773|742 768] 705
E6 B ) : N ; ; : ; ; ; 5
E7 3 ; ; 3 ; ; ; ; ; ; ;
E8 : 3 3 : ; ] - ; 3 : -
HE B ; ; ; ; - ; - ; ; ;
£1.2.33 ; ; ; 5 5 3 : N 3 : 5
E485 613] 654 67.7 68.1 67| 669 649 67.2 66.7 66.6 66.2
E6.7. &8 : 5 3 - : 5 N : : 5 3
Christmas Treel _ 62.8] _ 62.8 69.4 56| 656  628] 628 639 628] 628 628
Mixed Vapor | 51.7 57.2 51.7 544]  517|  489] 517 57.2 544 517] 517
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TABLE B.4.
OPERATING CONDITIONS

KAl DEMONSTRATION

Vapor Extracti
Date 6/15/94 | 6/15/94 | 6/16/94 | 6/16/94 | 6/17/94 | 6/17/94 | 6/18/94 | 6/18/94 | 6/19/94 | 6/19/94 | 6/20/94 | 6/20/94
Time 8:52 19:14 0:00 17:20 7:19 18:12 7:27 18:29 8:37 16:34 8:25 16:31
Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure | Pressure
Well Number (" H20) | (H20) | (H20) | ('H20) | (H20) { ((H20) | ("H20) | (H20) | (H20) | (H20) | (H20) | (H20)
E1 8.0 -12.0 -1.0 -11.0 -1.0 9.0 6.0 -11.0 -5.0 -1.0 5.0 -1.0
E2 8.0 -12.0 -1.0 -12.0 -1.0 -10.0 6.0 -12.0 -5.0 -1.0 6.0 -1.0
E3 8.0 -12.0 -1.0 -12.0 -1.0 -10.0 -6.0 -12.0 -1.0 -1.0 -6.0 -1.0
E4 -1.4 2.2 -1.3 -1.8 -1.2 -1.4 -1.1 -1.6 0.8 0.9 -1.0 0.9
E5 -1.5 2.2 -1.4 -1.8 -1.2 -1.4 -1.1 -1.6 -1.0 0.8 -1.0 0.9
ES -1.0 2.0 -15 -1.7 -1.2 -1.4 -1.0 -1.6 -1.0 0.9 0.9 -1.0
E7 -1.0 -1.5 -1.3 -1.2 0.8 -1.0 0.7 -1.0 0.7 0.6 0.7 0.6
E8 -1.0 -2.6 0.0 -2.0 -14 -1.5 -1.3 -1.8 -1.3 0.9 -1.0 -1.0
HE 0.3 0.5 0.0 0.5 0.3 0.3 0.2 04 0.2 0.2 0.2 0.2
TD1 0.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TD2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TD3 -1.5 1.7 -1.0 -1.3 0.8 -1.0 0.8 -1.2 0.8 0.7 0.3 0.6
TD4 0.0 0.0 >40.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TDS 04 0.5 0.5 0.4 0.3 03 0.2 0.3 0.2 0.4 0.0 0.1
TD6 -1.9 -1.6 -1.3 -1.5 -1.1 -1.0 0.9 -1.3 0.9 0.6 0.1 0.5
TD7 0.2 0.2 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.1 0.2 0.2
TD8. 0.7 0.8 0.6 .6 0.4 0.5 0.3 0.6 0.4 0.3 0.3 0.2
Suction -17.0 -17.0 -16.0 -16.0 -15.0 -14.0 -13.0 -17.0 9.0 9.0 -12.0 -10.0
Discharge 21.0 23.0 240 210 19.0 18.0 17.0 220 12.0 13.0 16.0 13.0
Compressor 7474 7474 609.0 581.3 581.3 581.3 747.4 498.3 304.5 387.5 387.5 387.5
Flare 13.8 13.8 13.8 13.8 1.1 11.1 8.3 8.3 111 11.1 11.1 1.1
Flow Rates
Flow Meter Flow Rate] Flow Rate| Flow Rate] Flow Rate] Flow Rate| Flow Rate] Fiow Rate| Flow Rate| Flow Rate| Flow Rate| Fiow Rate| Flow Rate
(SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | (SCFM) | {SCFM) | (SCFM) | (SCFM) | (SCFM)
Compressor 50 50 50 45 50 50 50 50 40 40 40 60
Flare 85 100 80 85 75 80 75 85 70 70 70 65
Radio Freque
Antenna | romp. ()] Temp. (6)] Temp. (©)] Temp. ()] Temp. ()] Temp. ()] Temp. ()] Temp. (©)] Temp. (¢)| Temp. ()| Temp. ()] Temp. (€)
Al 538 52.2 514 51.3 50.2 49.6 49.0 48.8 48.0 476 46.9 46.7
A2 101.5 99.9 96.1 93.7 89.8 87.6 84.6 833 80.6 79.5 771 76.6
Temperatures '
Location | 1.0 (c)] Ta )| Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C)| Temp. (G)| Temp. ()| Temp. (C)| Temp. (C)| Temp. (C)| Temp. (C
Ambient [ . 26.0{"==5%| 250 . 320 240 35.0 25.0 35.0 210 26.0 270 34.0
E1 30.2 314 29.7 348 30.5 36.6 316 364 33.1 342 31.1 36.4
E2 39.7 39.8 39.3 42.7 384 424 38.7 41.8 38.7 399 37.8 414
E3 40.8 415 39.8 424 39.1 42.5 39.2 42.8 39.3 38.2 38.1 41.0
E4 335 36.0 338 43.6 36.1 43.2 318 46.1 M5 3.0 206 -
ES 375 40.1 33.6 40.0 35.6 42.0 34.2 42.0 357 38.3 R5 -
E6 - - - - - - - - - - - -
E7 - - - - - - - - - - -
E8 - - - - - - - - - - - -
HE - - - - - - - - - - - -
E1,2,83 321 33.2 31.8 36.7 32.1 388 327 38.6 333 31.6 323 38.1
E4&5 - - - - - - - - - - - .
E6.7, &8 - - - - - - . . - - . .
Christmas Treg| 31.1 25.6 30.0 36.1 30.0 383 30.0 383 30.6 294 30.6 344
Mixed Vapor | 26.7 26.1 25.6 383 25.6 41.7}, 26.7 41.1 204 26.7 294 40.6
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