
Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P6________ Depth ___28______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #3A (1 cfm to INJ2; ~88% N2, 10% H2, 1% CO2 & LPG)

2/29/2008 1319 Test Start

2/29/2008 1436 8.6 0.30 0.22 0.98 64.6 24.4 1009

3/3/2008 1051 9 0.32 0.28 2.3 66.8 15.6 1019

3/3/2008 1130 Test End

Optimization Test #3B (1 cfm to INJ1, INJ2 & INJ3; ~88% N2, 10% H2, 1% CO2 & LPG)

3/3/2008 1130 Test Start

3/4/2008 931 11.6 0.36 0.16 1.3 73.4 12.8 1013

3/7/2008 1108 11.7 0.18 0.14 1.1 63.8 18.4 1018

3/7/2008 1306 Test End

Optimization Test #3C (90 cfm to INJ1, INJ2 & INJ3 for 15 minutes then shut down; ~79% N2, 10% H2 & LPG, 1% CO2)

3/7/2008 1306 Start Pulse

3/7/2008 1321 End Pulse

3/7/2008 1339 9.4 0.2 1.02 2.1 60 22.2 1016

3/10/2008 1056 11.7 0.1 0.18 0.1 69.1 16.6 1016

Optimization Test #4 ( 2, 45-minutes pulses; daily 15-minutes pulses w/30cfh constant flow)

3/10/2008 1326 1.4 0.72 6.5 7.3
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P6________ Depth ___28______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #5 (20 cfm to INJ2 for 125 minutes while maintaing 30 cfh the rest of the time; ~80% N2, 10% H2 & LPG)

Optimization Test #6 (50 cfh to P4-18 & P4-28; ~80% N2, 10% H2 & LPG)

3/20/2008 1330 Start Test

3/21/2008 1015 7.5 0.10 2.5 1.4 78.7 12.5 1020

3/24/2008 1009 5.2 0.06 2.5 1.1 68.7 15.8 1012

3/26/2008 950 4.0 0.02 2.5 1.3 79.4 11.0 1017

3/28/2008 947 3.8 0.02 2.0 0.98 76.2 10.5 1009

3/31/2008 949 0.9 0.00 12.0 6.8 83.5 9.7 1013

4/2/2008 1046 0.4 0.02 13.0 6.1 77.3 14.7 1008

Optimization Test #7 (20 cfh to P4-18, --28, -38 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/2/2008 1233 Start Test

4/4/2008 930 0.6 0.04 12.0 5.5 77.2 12.5 1013

4/7/2008 1357 4.0 0.10 9.0 3.8 68.9 18.8 1012

Optimization Test #7B (30 cfh to P4-18, & P4-28 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/7/2008 1458 Start Test

4/9/2008 1049 6.2 0.04 7.0 1.6 79.0 14.5 1009
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P6________ Depth ___28______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #7C (50 cfh to P4-18, & P4-28 (100 cfh total); ~79% N2, 10% H2 & LPG, 1% CO2)

4/10/2009 1121 Start Test

4/11/2008 1226 8.2 0.06 4.5 1.4 65.4 21.6 1013

4/14/2008 1009 2.3 0.02 10.0 1.4 82.5 15.8 1007

4/16/2008 1020 1.4 0.02 9.5 4.1 69.1 15.1 1011

4/22/2008 1042 4.1 0.06 4.5 1.7 84.2 19.6 1009

4/23/2008 937 2.2 0.00 6.5 0.60 83.2 12.6 1010

4/25/2008 950 0.0 0.00 9.5 0.10 73.0 18.9 1015

4/29/2008 1100 0.5 0.00 8.5 2.3 58.8 25.4 1007

5/5/2008 1305 2.0 0.00 7.0 2.1 53.1 33.1 1001

5/13/2008 924 0.0 0.00 10.0 1.3 41.4 33.3 1007

5/20/2008 925 2.5 0.10 7.5 0.69 74.9 23.8 1004

5/23/2008 1509 1.5 0.00 8.5 1.2 49.6 31.2 990

5/27/2008 855 1.4 0.16 8.0 2.9 75.9 16.4 1007

6/4/2008 858 0.0 0.04 9.0 2.4 58.8 24.3 1002

6/12/2008 1139 0.4 0.02 9.0 4.1 32.7 39.5 1003

6/20/2008 1011 0.0 0.06 8.5 2.200 39.0 37.4 1006

6/25/2008 1036 0.1 0.16 8.0 2.0 50.3 31.0 1005

7/2/2008 1136 0.0 0.26 8.0 2.2 51.0 32.3 1004

7/7/2008 1126 0 0.12 8.5 2 43.7 35.3 998
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P6________ Depth ___28______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

7/18/2008 1053 0 0.38 8.5 2.2 80.8 25

7/24/2008 1051 0.0 0.46 8.5 2.100 59.1 28.0 1005

7/31/2008 1149 0.0 0.42 8.5 2.500 59.6 26.7 1003

8/7/2008 924 0.0 0.40 8.5 2.3 70.1 25.1 1004

8/12/2008 1027 0.0 0.44 8.5 2.0 60.0 28.7 1002

Optimization Test #8 (100 cfh of 100% Propane to P4-18, & P4-28 (50 cfh to each point)

9/8/2008 0905 Test Start

9/8/2008 1030 4.4 0.2 7 0.005 999

9/15/2008 915 4.2 0.2 30 0.005 58.2 24.9 1007

9/29/2008 933 4.6 0.10 30 0.005 59.3 22.2 1006

10/13/2008 1156 8.0 0.10 30 0.005 34.3 31.2 1017

10/20/2008 1123 5.8 0.12 30 0.005 45.9 26.1 1013

11/5/2008 1359 5.0 0.16 30 0.005 78.4 18.8 1016

11/17/2008 1112 4.2 0.18 30 0.005 49.7 28.6 1014

12/1/2008 1113 3.7 0.22 30 0.002 56.2 22.7 1014
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P6________ Depth _____38____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

12/12/2007 1158 19.4 0.48 0 0.002 60,000 87.0 0.00 11.8 1020

12/12/2007 1536 0.24

12/13/2007 906 10.8 0.08 0 0.46 79.4 7.2 1016

12/13/2007 1000 11.7 0 0 5.7 70.6 12.7 1016

12/13/2007 1200 Discovered leak in O2 - all O2 data for 12/13/07 before 1200 invalid

12/13/2007 1344 0 0.12 0 8.6 76.1 16.2 1013

12/13/2007 1509 0 0.10 0.16 6.6 86.4 13.8 1013

12/13/2007 1540 0 0.08 0.38 2.6 84.3 13.1 1013

12/14/2007 849 0 0.02 0.16 0.87 65.9 0.06 7.5 1017

12/21/2007 1214 8.1 0.52 0.08 0.59 90.7 0.02 10.8 1012

12/26/2007 1238 13.3 0.56 0.04 0.22 76.1 0.03 13.3 1016

12/27/2007 1027 10.5 0.58 0.04 2.5 80.1 0.04 6.1 1018

12/27/2007 1329 9.7 0.46 0.04 3.2 84 9 1016

12/27/2007 1448 9.3 0.46 0.04 3.7 87.7 8.4 1017

12/27/2007 1611 8.9 0.48 0.04 4.1 88.1 0.02 7.3 1017

1/2/2008 1045 1.1 0.42 0 0.22 62.2 0.02 16.5 1012

Tracer Test #1 (10 cfm to INJ2, ~7% H2)

1/21/2008 1046 Test start

1/21/2008 1214 2.1 0.26 0 0.74 82.4 0.06 10.3 1007

Well or Injection Gas Sample
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P6________ Depth _____38____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

1/21/2008 1314 2.1 0.30 0 0.79 82.9 9.7 1006

1/21/2008 1510 2.1 0.28 0 0.83 81.3 11.1 1006

1/22/2008 1003 1.9 0.28 0 4.0 82.1 0.07 6.7 1011

1/22/2008 1406 1.7 0.24 0 4.4 83.8 8.7 1009

1/23/2008 1027 1.7 0.28 0 5.2 85.8 0.06 8.1 1008

1/23/2008 1120* 1.1

Tracer Test #2 (20 cfm to INJ2, ~8% H2)

1/18/2008 1120 Test start

1/18/2008 1205 1.9 0.34 0 0.85 71.5 12.9 1015

1/18/2008 1307 1.7 0.30 0 0.81 65.2 14.8 1014

1/18/2008 1356 2.1 0.30 0 0.90 67.1 15.2 1014

1/18/2008 1534 1.9 0.28 0 1.6 48.2 0.04 23.5 1014

1/19/2008 1014 1.4 0.34 0 9.2 62.3 0.01 9.4 1019

1/19/2008 1148* 0.8 0.32 0 9.2 71.8 12.7 1018

Tracer Test #3 (30 cfm to INJ2, ~4% H2)

1/30/2008 1036 Test start

1/30/2008 1114 0.0 0.04 0 1.8 90.5 0.10 9.7 1020

1/30/2008 1224 0.0 0.02 0 1.6 81.8 11.2 1019
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P6________ Depth _____38____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

1/30/2008 1423 0.0 0.02 0 2.6 76.2 0.10 13.5 1018

1/31/2008 952 0.0 0 0 4.3 86.0 0.11 8.7 1019

1/31/2008 1132 0 0 0 3.9 83.3 9.5 1018

1/31/2008 1348 0 0 0 3.8 79.4 0.11 8.8 1016

1/31/2008 1435

1/31/2008 1516 0 0.02 0 3.8 83.6 0.05 8.2 1014

Tracer Test #4 (60 cfm to INJ2, ~7% H2)

1/28/2008 1236 Test start

1/28/2008 1304 4.1 0.28 0 0.22 90.8 10.5 1010

1/28/2008 1415 4.4 0.26 0 1.6 81.1 0.26 12.9 1011

1/28/2008 1556 1.0 0.16 0 4.8 81.5 0.18 12.3 1011

1/29/2008 801 0.0 0.06 0 7.4 85.4 0.07 7.8 1016

1/29/2008 Final O2* 0.0

Tracer Test #5 (90 cfm to INJ2, ~3% H2)

2/5/2008 1015 Test start

2/5/2008 1035 3.3 0 0 0.10 68.0 0.20 9.4 1019

2/5/2008 1132 1.8 0 0 1.2 70.0 11.0 1019

2/5/2008 1342 0.1 0 0 3.7 75.5 0.22 12.6 1019
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P6________ Depth _____38____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

2/5/2008 1508 0 0 0 3.6 75.4 16.3 1019

2/5/2008 1552 0 0 0 3.5 59.5 19.0 1018

Tracer Test #6 (30 cfm total; 10 cfm to each INJ1, 2, and 3; ~8% H2)

2/7/2008 1500 Test start

2/7/2008 1533 0.0 0.04 0 0.046 51.2 22.0 1016

2/7/2008 1621 0.0 0.04 0 0.46 51.7 20.9 1016

2/8/2008 1015 0.0 0.02 0 6.5 66.8 10.1 1017

2/8/2008 1059 0.0 0 0 6.3 76.2 11.1 1017

Tracer Test #7 (60 cfm total; 20 cfm to each INJ1, 2, and 3, ~5% H2)

1/17/2008 900 Test start

1/17/2008 1031 14.2 0.30 0 0.22 72.4 0.02 8.4 1015

1/17/2008 1144 12.6 0.28 0 0.22 75.1 9.9 1015

1/17/2008 1359 7.7 0.46 0 3.0 68.2 13.7 1013

1/17/2008 1521 4.5 0.48 0 4.2 55.7 19.2 1012

Tracer Test #8 (90 cfm total; 30 cfm each to INJ1, 2, and 3; ~4.5% H2)

2/6/2008 1000 Test start

2/6/2008 1037 0.0 0 0 0.86 77.4 0.18 11.1 1020
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P6________ Depth _____38____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

2/6/2008 1148 0.0 0 0 0.77 74.3 12.8 1020

2/6/2008 1246 0.0 0 0 1.8 72.3 14.4 1019

2/6/2008 1442 0.0 0 0 3.8 74.4 0.16 16.2 1017

2/6/2008 1538 0.0 0 0 3.9 62.2 17.5 1017

2/6/2008 1627 0.0 0.02 0 4.0 62.6 17.9 1017

Optimization Test #1 (90 cfm to INJ2 for 4 hours then shut down; ~88% N2, 10% H2, 1% CO2 & LPG)

2/20/2008 1137 6.5 0.12 0 0.046 73.8 15.3 1010

2/20/2008 1206 Test start

2/20/2008 1545 0.5 0.04 0.94 11 52.3 24.4 1008

2/20/2008 1606 Test End

2/20/2008 1632 0.4 0.02 0.96 11 51.8 22.7 1008

2/21/2008 918 3.0 0.08 0.44 6 74.3 10.9 1004

2/22/2008 1044 4.2 0.10 0.26 3.2 82.7 9.9 1003

Optimization Test #2 (30 cfm to INJ2 for 12 hours then shut down; ~88% N2, 10% H2, 1% CO2 & LPG)

2/25/2008 1845 Test Start

2/26/2008 653 Test End

2/26/2008 710 1.0 0.32 0.7 6.2 88.7 3.4 1017

2/27/2008 1538 4.7 0.16 0.28 2.5 36.9 37.1 1009

2/28/2008 1102 5.5 0.12 0.24 1.6 74.9 16.4 1007
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P6________ Depth _____38____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #3A (1 cfm to INJ2; ~88% N2, 10% H2, 1% CO2 & LPG)

2/29/2008 1319 Test Start

2/29/2008 1437 6.4 0.06 0.24 0.82 71.8 24.7 1009

3/3/2008 1052 8.1 0.14 0.14 0.046 63.8 15.6 1019

3/3/2008 1130 Test End

Optimization Test #3B (1 cfm to INJ1, INJ2 & INJ3; ~88% N2, 10% H2, 1% CO2 & LPG)

3/3/2008 1130 Test Start

3/4/2008 933 8.7 0.22 0.12 0.022 71.9 12.9 1013

3/7/2008 1109 10.1 0.12 0.1 0.022 65.9 18.5 1018

3/7/2008 1306 Test End

Optimization Test #3C (90 cfm to INJ1, INJ2 & INJ3 for 15 minutes then shut down; ~79% N2, 10% H2 & LPG, 1% CO2)

3/7/2008 1306 Start Pulse

3/7/2008 1321 End Pulse

3/7/2008 1341 10 0.1 0.1 0.022 64.2 22.3 1016

3/10/2008 1057 10.8 0.22 0.08 0.022 68.9 16.6 1016

Optimization Test #4 ( 2, 45-minutes pulses; daily 15-minutes pulses w/30cfh constant flow)
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P6________ Depth _____38____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #5 (20 cfm to INJ2 for 125 minutes while maintaing 30 cfh the rest of the time; ~80% N2, 10% H2 & LPG)

Optimization Test #6 (50 cfh to P4-18 & P4-28; ~80% N2, 10% H2 & LPG)

3/20/2008 1330 Start Test

3/21/2008 1017 9.4 0.24 1.0 0.022 81.1 12.6 1020

3/24/2008 1010 8.7 0.34 1.78 0.022 69.5 15.8 1012

3/26/2008 952 8.2 0.34 2.0 0.022 80.3 11.0 1017

3/28/2008 948 8.1 0.36 2.0 0.022 74.0 10.5 1009

3/31/2008 950 6.5 0.30 2.5 1.2 84.7 9.8 1013

4/2/2008 1047 6.2 0.30 3.5 1.3 76.5 14.9 1008

Optimization Test #7 (20 cfh to P4-18, --28, -38 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/2/2008 1233 Start Test

4/4/2008 932 4.1 0.32 8.0 1.2 80.2 12.6 1013

4/7/2008 1358 3.1 0.34 9.0 0.72 68.9 18.7 1011

Optimization Test #7B (30 cfh to P4-18, & P4-28 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/7/2008 1458 Start Test

4/9/2008 1051 3.1 0.28 8.5 0.1 84.7 14.6 1009
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P6________ Depth _____38____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #7C (50 cfh to P4-18, & P4-28 (100 cfh total); ~79% N2, 10% H2 & LPG, 1% CO2)

4/10/2009 1121 Start Test

4/11/2008 1227 2.8 0.36 9.0 0.1 68.6 21.6 1013

4/14/2008 1011 3.2 0.38 8.0 0.046 79.8 15.7 1007

4/16/2008 1021 3.1 0.38 7.5 0.1 67.6 15.2 1011

4/22/2008 1044 2.6 0.42 6.5 0.022 81.4 19.9 1009

4/23/2008 938 2.6 0.42 6.5 0.010 85.6 12.6 1010

4/25/2008 951 2.2 0.34 6.5 0.10 78.3 19.5 1015

4/29/2008 1102 2.1 0.42 7.0 0.046 63.5 25.2 1007

5/5/2008 1306 1.5 0.44 7.0 0.1 64.8 33.1 1001

5/13/2008 925 1.3 0.52 7.0 0.046 40.6 33.7 1007

5/20/2008 926 0.8 0.60 7.5 0.046 69.0 23.3 1004

5/23/2008 1511 0.7 0.44 7.5 0.10 51.0 31.0 990

5/27/2008 856 0.8 0.68 8.0 0.022 70.3 16.4 1007

6/4/2008 859 1.1 0.64 7.5 0.046 53.8 24.2 1002

6/12/2008 1140 0.5 0.60 8.0 0.046 28.5 39.4 1003

6/20/2008 1012 0.0 0.58 8.0 0.10 33.2 38.0 1006

6/25/2008 1037 0.0 0.56 8.0 0.10 46.2 31.1 1005

7/2/2008 1137 0.0 0.56 8.0 0.10 48.1 32.0 1004

7/7/2008 1127 0 0.5 8 0.1 43 35.3 998
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P6________ Depth _____38____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

7/18/2008 1054 0 0.6 8 0.1 80.4 25.3

7/24/2008 1052 0.0 0.60 8.0 0.100 59.9 28.2 1005

7/31/2008 1050 0.0 0.64 8.0 0.100 60.4 26.7 1003

8/7/2008 926 0.0 0.62 8.0 0.10 60.6 26.4 1004

8/12/2008 1028 0.0 0.64 8.0 0.10 56.6 28.6 1002

Optimization Test #8 (100 cfh of 100% Propane to P4-18, & P4-28 (50 cfh to each point)

9/8/2008 0905 Test Start

9/8/2008 1032 0.7 0.7 10.5 0.022 999

9/15/2008 916 1.6 1.1 30 0.022 50.9 25.0 1007

9/29/2008 934 0.4 0.60 30 0.022 55.4 22.6 1006

10/13/2008 1157 1.0 0.44 30 0.022 31.4 31.4 1017

10/20/2008 1124 0.6 0.46 30 0.022 47.4 26.1 1013

11/5/2008 1400 0.4 0.48 30 0.022 77.9 18.7 1016

11/17/2008 1113 0.3 0.46 30 0.046 52.1 28.3 1014

12/1/2008 1114 0.1 0.44 30 0.022 53.5 23.2 1014
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ______P6______ Depth _____48____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

12/12/2007 1200 20.8 0.00 0 0.002 80,000 0.02 11.9 1020

12/12/2007 1536 0.10

12/13/2007 907 20.7 0 0 0.22 75.0 7.4 1016

12/13/2007 1002 19.1 0 0 0.22 63.6 13.2 1016

12/13/2007 1200 Discovered leak in O2 - all O2 data for 12/13/07 before 1200 invalid

12/13/2007 1345 9.4 0.62 0 1.4 69.2 16.0 1013

12/13/2007 1510 6.7 0.64 0 2.8 78.9 13.9 1013

12/13/2007 1542 5.8 0.66 0 3.4 78.4 13.2 1013

12/14/2007 850 20.7 0.04 0 0.5 61.0 0.04 7.6 1017

12/21/2007 1216 20.9 0 0 0.22 87.7 0.02 11.3 1012

12/26/2007 1240 20.9 0 0 0.22 72.3 0.02 13.2 1016

12/27/2007 1030 20.9 0 0 0.22 79.2 0.03 6 1018

12/27/2007 1331 20.9 0 0 0.22 82.5 9.1 1016

12/27/2007 1450 20.9 0 0 0.22 88.7 8.3 1017

12/27/2007 1614 20.9 0 0 0.22 88.8 0.03 7.3 1017

1/2/2008 1047 20.9 0.02 0 0.22 50.7 0.03 16.5 1012

Tracer Test #1 (10 cfm to INJ2, ~7% H2)

1/21/2008 1046 Test start

1/21/2008 1215 9.9 0.52 0 0.81 79.0 0.06 10.3 1007

Well or Injection Gas Sample
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ______P6______ Depth _____48____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

1/21/2008 1316 9.7 0.50 0 0.81 83.4 10.6 1006

1/21/2008 1511 9.7 0.52 0 0.74 80.0 11.1 1006

1/22/2008 1005 20.9 0.04 0 0.022 84.0 0.06 6.7 1011

1/22/2008 1410 20.9 0 0 0.022 84.2 8.8 1009

1/23/2008 1029 20.9 0.04 0 0.022 85.2 0.03 8.0 1008

1/23/2008 1127* 20.9

Tracer Test #2 (20 cfm to INJ2, ~8% H2)

1/18/2008 1120 Test start

1/18/2008 1206 9.9 0.54 0 0.92 74.7 12.9 1015

1/18/2008 1308 9.5 0.54 0 0.98 67.3 14.9 1014

1/18/2008 1358 9.5 0.54 0 1.0 68.6 15.8 1014

1/18/2008 1535 9.1 0.54 0 1.1 46.1 0.04 23.7 1014

1/19/2008 1015 20.7** 0.08 0 0.022 70.5 0.01 9.7 1019

1/19/2008 1149* 20.2 0.08 0 0.046 72.2 12.6 1018

Tracer Test #3 (30 cfm to INJ2, ~4% H2)

1/30/2008 1036 Test start

1/30/2008 1115 5.3 0.42 0 2.0 91.1 0.03 9.7 1020

1/30/2008 1225 4.3 0.48 0 2.0 82.3 11.2 1019
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ______P6______ Depth _____48____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

1/30/2008 1426 3.4 0.56 0 2.2 71.6 0.06 13.7 1018

1/31/2008 954 0.9 0.80 0 1.9 86.7 0.05 8.9 1019

1/31/2008 1133 0.8 0.82 0 1.7 85.0 9.6 1018

1/31/2008 1345 0.7 0.80 0 1.7 80.2 0.06 8.8 1016

1/31/2008 1435

1/31/2008 1517 4.1 0.82 0 0.88 84.2 0.03 8.3 1014

Tracer Test #4 (60 cfm to INJ2, ~7% H2)

1/28/2008 1236 Test start

1/28/2008 1306 16.0 0.26 0 0.022 91.3 10.6 1010

1/28/2008 1417 12.6 0.50 0 0.022 81.1 0.15 12.7 1011

1/28/2008 1559 10.3 0.56 0 0.022 77.8 0.07 12.1 1011

1/29/2008 803 3.2 0.94 0.02 3.4 86.3 0.04 4.9 1016

1/29/2008 1014* 2.8 0.98 3.6

Tracer Test #5 (90 cfm to INJ2, ~3% H2)

2/5/2008 1015 Test start

2/5/2008 1037 14.6 0.10 0 0.010 68.2 0.06 9.6 1019

2/5/2008 1133 9.2 0.20 0 0.022 72.7 11.0 1019

2/5/2008 1343 5.2 0.36 0 0.022 78.0 0.10 12.7 1019
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ______P6______ Depth _____48____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

2/5/2008 1509 4.3 0.46 0 0.046 62.1 18.3 1019

2/5/2008 1553 3.8 0.48 0 0.046 57.4 18.9 1018

Tracer Test #6 (30 cfm total; 10 cfm to each INJ1, 2, and 3; ~8% H2)

2/7/2008 1500 Test start

2/7/2008 1534 1.1 0.54 0 1.0 53.3 22.0 1016

2/7/2008 1621 1.1 0.52 0 0.90 52.6 20.7 1016

2/8/2008 1016 17.5 0.40 0 0.022 67.1 10.1 1017

Tracer Test #7 (60 cfm total; 20 cfm to each INJ1, 2, and 3, ~5% H2)

1/17/2008 900 Test start

1/17/2008 1034 17.1 0.08 0 0.022 69.9 0.02 8.4 1016

1/17/2008 1146 15.9 0.20 0 0.22 75.0 9.9 1015

1/17/2008 1401 15.1 0.50 0 0.22 69.0 13.6 1013

1/17/2008 1523 14.5 0.60 0 0.22 52.0 19.8 1012

Tracer Test #8 (90 cfm total; 30 cfm each to INJ1, 2, and 3; ~4.5% H2)

2/6/2008 1000 Test start

2/6/2008 1039 3.5 0.40 0 0.10 78.3 0.06 11.1 1020

2/6/2008 1150 2.7 0.42 0 0.10 75.7 12.9 1020
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ______P6______ Depth _____48____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

2/6/2008 1247 2.3 0.44 0 0.046 73 14.4 1019

2/6/2008 1443 1.6 0.44 0 0.22 71.1 0.08 16.3 1017

2/6/2008 1539 1.4 0.44 0 0.61 60.8 18.8 1017

2/6/2008 1630 1.2 0.56 0 0.78 59.6 18.3 1017

Optimization Test #1 (90 cfm to INJ2 for 4 hours then shut down; ~88% N2, 10% H2, 1% CO2 & LPG)

2/20/2008 1139 20.9 0.04 0 0.022 75.8 15.3 1010

2/20/2008 1206 Test start

2/20/2008 1547 8.7 0.36 0 0.01 49.2 24.6 1008

2/20/2008 1606 Test End

2/20/2008 1634 9.9 0.32 0 0.022 50.4 22.7 1008

2/21/2008 919 20.9 0.00 0 0.01 73.2 10.9 1005

2/22/2008 1045 20.9 0.00 0 0.022 82 10 1003

Optimization Test #2 (30 cfm to INJ2 for 12 hours then shut down; ~88% N2, 10% H2, 1% CO2 & LPG)

2/25/2008 1845 Test Start

2/26/2008 653 Test End

2/26/2008 711 11.6 0.48 0.1 0.01 88 3.4 1017

2/27/2008 1539 19.6 0.04 0 0.022 35.2 37.7 1009

2/28/2008 1103 20.6 0 0 0.022 76.4 16.4 1007
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ______P6______ Depth _____48____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #3A (1 cfm to INJ2; ~88% N2, 10% H2, 1% CO2 & LPG)

2/29/2008 1319 Test Start

2/29/2008 1439 18.9 0.00 0 0.022 71.3 25.3 1009

3/3/2008 1053 20.7 0 0 0.022 64.4 15.7 1019

3/3/2008 1130 Test End

Optimization Test #3B (1 cfm to INJ1, INJ2 & INJ3; ~88% N2, 10% H2, 1% CO2 & LPG)

3/3/2008 1130 Test Start

3/4/2008 934 20.9 0 0 0.01 71.1 13 1013

3/7/2008 1110 20.1 0 0 0.005 64.6 18.5 1018

3/7/2008 1306 Test End

Optimization Test #3C (90 cfm to INJ1, INJ2 & INJ3 for 15 minutes then shut down; ~79% N2, 10% H2 & LPG, 1% CO2)

3/7/2008 1306 Start Pulse

3/7/2008 1321 End Pulse

3/10/2008 1059 20.2 0 0 0.005 68 16.7 1016

Optimization Test #4 ( 2, 45-minutes pulses; daily 15-minutes pulses w/30cfh constant flow)
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ______P6______ Depth _____48____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #5 (20 cfm to INJ2 for 125 minutes while maintaing 30 cfh the rest of the time; ~80% N2, 10% H2 & LPG)

Optimization Test #6 (50 cfh to P4-18 & P4-28; ~80% N2, 10% H2 & LPG)

3/20/2008 1330 Start Test

3/24/2008 1011 14.2 0.40 0.06 0.022 68.1 15.8 1012

3/26/2008 953 12.2 0.50 0.16 0.010 82.2 11.0 1017

3/28/2008 949 14.7 0.46 0.1 0.01 72.1 10.5 1009

3/31/2008 951 11.9 0.54 0.46 0.022 84.6 9.9 1013

4/2/2008 1049 10.0 0.60 1.02 0.022 78.5 15.2 1008

Optimization Test #7 (20 cfh to P4-18, --28, -38 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/2/2008 1233 Start Test

4/4/2008 934 9.3 0.62 1.30 0.022 72.7 12.7 1013

4/7/2008 1359 9.2 0.74 2.0 0.022 73.5 18.6 1011

Optimization Test #7B (30 cfh to P4-18, & P4-28 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/7/2008 1458 Start Test

4/9/2008 1053 6.9 0.72 5.0 0.022 82.0 14.8 1009
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ______P6______ Depth _____48____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #7C (50 cfh to P4-18, & P4-28 (100 cfh total); ~79% N2, 10% H2 & LPG, 1% CO2)

4/10/2009 1121 Start Test

4/11/2008 1228 5.3 0.88 6.5 0.1 70.2 21.7 1013

4/14/2008 1013 5.7 0.92 6.5 0.046 77.0 15.8 1007

4/16/2008 1023 5.8 0.96 5.5 0.046 71.4 15.3 1011

4/22/2008 1045 6.6 0.92 5.0 0.046 81.9 19.9 1009

4/23/2008 940 5.0 0.98 6.5 0.010 88.7 12.6 1010

4/25/2008 952 3.9 0.82 7.5 0.046 69.9 20.5 1015

4/29/2008 1103 3.7 0.94 7.5 0.046 60.9 25.1 1007

5/5/2008 1307 3.5 0.98 7.0 0.046 57.4 33.2 1001

5/13/2008 926 2.8 1.04 7.5 0.046 35.0 34.0 1007

5/20/2008 927 2.7 1.24 7.0 0.046 71.3 23.1 1004

5/23/2008 1512 2.6 1.02 7.0 0.046 47.6 30.8 990

5/27/2008 859 1.8 1.32 7.5 0.046 71.0 16.6 1007

6/4/2008 900 1.7 1.30 7.5 0.046 57.2 24.2 1002

6/12/2008 1144 1.5 1.16 7.0 0.022 30.9 39.5 1003

6/20/2008 1014 1.0 1.20 7.0 0.022 37.4 38.6 1006

6/25/2008 1038 0.9 1.22 7.0 0.10 46.7 31.2 1005

7/2/2008 1139 0.7 1.26 7.0 0.10 55.2 31.9 1004

7/7/2008 1129 0.5 1.16 7 0.046 46.7 35.7 998
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ______P6______ Depth _____48____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

7/18/2008 1056 0.2 1.32 7 0.046 89.8 25.4

7/24/2008 1053 0.2 1.30 7.0 0.100 60.0 28.2 1005

7/31/2008 1052 0.1 1.36 7.0 0.046 68.4 26.7 1003

8/7/2008 927 0.0 1.38 7.0 0.10 60.1 27.1 1004

8/12/2008 1029 0.0 1.30 7.0 0.10 57.1 28.5 1002

Optimization Test #8 (100 cfh of 100% Propane to P4-18, & P4-28 (50 cfh to each point)

9/8/2008 0905 Test Start

9/8/2008 1034 0.0 1.12 16.5 0.022 999

9/15/2008 917 0.8 1.3 30 0.022 49.1 25.2 1007

9/29/2008 936 0.1 1.18 30 0.022 52.8 23.2 1006

10/13/2008 1158 0.2 1.04 30 0.022 32.6 31.5 1017

10/20/2008 1126 0.2 1.08 30 0.010 50.6 25.8 1013

11/5/2008 1401 0.0 1.00 30 0.022 77.9 18.6 1016

11/17/2008 1114 0.0 0.88 30 0.022 54.2 28.1 1014

12/1/2008 1114 0.0 0.82 30 0.010 52.3 23.5 1014
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P7________ Depth ____28_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

12/12/2007 1109 20.5 0.00 0 0.002 <100 81.7 0.01 10.2 1021

12/12/2007 1540 0.11

12/13/2007 1025 13.3 0 0 7.9 65.5 12.7 1016

12/13/2007 1200 Discovered leak in O2 - all O2 data for 12/13/07 before 1200 invalid

12/13/2007 1348 0 0 0 8.6 72.7 15.9 1013

12/14/2007 854 0 0 0.04 0.5 65.6 0.02 7.0 1017

12/21/2007 1228 18.0 0.02 0 0.46 80.3 0.04 10.7 1012

12/26/2007 1243 18.6 0 0 0.022 76.4 0.04 12 1016

12/27/2007 1043 5.7 0.06 0 6.5 80.8 0.04 5.5 1018

12/27/2007 1333 4.6 0 0 7 78.7 9.2 1016

12/27/2007 1454 3.7 0 0 7.5 84.6 0.04 8.4 1017

1/2/2008 1050 0.2 0 0 0.22 53.1 0.04 16.4 10.2

Tracer Test #1 (10 cfm to INJ2, ~7% H2)

1/21/2008 1046 Test start

1/21/2008 1219 2.6 0 0 0.046 73.8 0.04 10.4 1007

1/21/2008 1318 2.6 0 0 1.3 80.2 10.4 1006

1/21/2008 1517 2.4 0 0 4.5 75.8 10.9 1006

1/22/2008 1022 2.2 0 0 6.9 83.8 0.06 6.2 1011

1/22/2008 1416 1.8 0 0 7.0 82.8 8.6 1009

Well or Injection Gas Sample
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P7________ Depth ____28_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

1/23/2008 1031 2.1 0 0 6.9 86.4 0.06 7.9 1008

1/23/2008 1128* 0.7

Tracer Test #2 (20 cfm to INJ2, ~8% H2)

1/18/2008 1120 Test start

1/18/2008 1212 2.3 0 0 0.046 69.0 13.2 1015

1/18/2008 1257 2.1 0 0 2.1 63.4 14.2 1014

1/18/2008 1359 2.5 0 0 3.9 66.2 15.8 1014

1/18/2008 1537 2.1 0 0 6.4 45.8 0.02 23.9 1014

1/18/2008 1626 2.3 0 0 6.9 63.8 16.4 1014

1/18/2008 1633* 0.8 0 0 7.1 65.4 15.9 1014

1/18/2008 1639** 2.3 0 0 7.1 72.4 15.0 1014

1/19/2008 1023 2.0 0 0 9.4 67.3 0.01 9.7 1019

1/19/2008 1153* 0.6 0 0 7.9 96.0 14.1 1017

Tracer Test #3 (30 cfm to INJ2, ~4% H2)

1/30/2008 1036 Test start

1/30/2008 1118 0.0 0 0 0.57 89.2 0.06 9.7 1020

1/30/2008 1227 0.0 0 0 2.4 81.5 11.1 1019

1/30/2008 1428 0.0 0 0 4.4 75.5 0.09 13.8 1018
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P7________ Depth ____28_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

1/31/2008 955 0.0 0 0 4.2 85.3 0.10 8.9 1019

1/31/2008 1134 0 0 0 3.8 83.2 9.5 1018

1/31/2008 1353 0 0 0 3.7 82.9 0.08 8.8 1016

1/31/2008 1435

1/31/2008 1519 0 0 0 3.7 85.0 0.03 8.3 1014

1/31/2008 1614 0 0 0 3.8 83.7 8.2 1013

Tracer Test #4 (60 cfm to INJ2, ~7% H2)

1/28/2008 1236 Test start

1/28/2008 1322 2.4 0 0 2.6 91.1 10.3 1010

1/28/2008 1419 0.5 0 0 5.0 82.8 0.13 12.5 1011

1/28/2008 1601 0.1 0 0 6.1 76.8 0.11 11.6 1012

1/29/2008 805 0.0 0 0 7.3 84.0 0.05 4.9 1016

1/29/2008 Final O2* 0.0

Tracer Test #5 (90 cfm to INJ2, ~3% H2)

2/5/2008 1015 Test start

2/5/2008 1039 1.2 0 0 1.0 63.2 0.11 9.8 1019

2/5/2008 1135 0.1 0 0 2.6 68.4 11.0 1019

2/5/2008 1345 0 0 0 3.8 77.4 0.12 12.6 1018
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P7________ Depth ____28_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

2/5/2008 1511 0 0 0 3.6 64.3 19.3 1019

2/5/2008 1554 0 0 0 3.4 60.8 19.0 1018

Tracer Test #6 (30 cfm total; 10 cfm to each INJ1, 2, and 3; ~8% H2)

2/7/2008 1500 Test start

2/7/2008 1536 0.0 0 0 0.046 58.8 21.8 1016

2/7/2008 1624 0.0 0 0 0.10 56.6 20.6 1016

2/8/2008 1018 0.0 0 0 8.4 69.1 10.0 1017

Tracer Test #7 (60 cfm total; 20 cfm to each INJ1, 2, and 3, ~5% H2)

1/17/2008 900 Test start

1/17/2008 1038 11.3 0 0 1.5 67.8 0.02 8.5 1015

1/17/2008 1404 4.0 0 0 4.9 63.8 13.7 1013

1/17/2008 1535 3.2 0 0 5.5 48.5 18.8 1012

Tracer Test #8 (90 cfm total; 30 cfm each to INJ1, 2, and 3; ~4.5% H2)

2/6/2008 1000 Test start

2/6/2008 1041 0.0 0 0 0.61 76.9 0.15 11.1 1020

2/6/2008 1152 0.0 0 0 3.0 73.1 13.0 1020

2/6/2008 1249 0.0 0 0 3.8 72.7 14.5 1019
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P7________ Depth ____28_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

2/6/2008 1445 0.0 0 0 4.4 72.6 0.06 16.3 1017

2/6/2008 1541 0.0 0 0 4.4 62.6 19.5 1017

Optimization Test #1 (90 cfm to INJ2 for 4 hours then shut down; ~88% N2, 10% H2, 1% CO2 & LPG)

2/20/2008 1140 9.5 0.00 0 0.046 75.7 15.3 1010

2/20/2008 1206 Test start

2/20/2008 1552 0.0 0.20 1.02 11 50.2 24.4 1007

2/20/2008 1606 Test End

2/20/2008 1635 0.0 0.12 1.02 10 52.8 22.3 1008

2/21/2008 929 7.4 0.08 0.4 3.9 74.6 10.4 1005

2/22/2008 1046 10.2 0.00 0.18 1.5 83.2 10.1 1003

Optimization Test #2 (30 cfm to INJ2 for 12 hours then shut down; ~88% N2, 10% H2, 1% CO2 & LPG)

2/25/2008 1845 Test Start

2/26/2008 653 Test End

2/26/2008 713 0.1 0.76 0.62 7.2 89.2 3.6 1017

2/27/2008 1541 9.3 0.2 0.18 1 35.9 38.2 1009

2/28/2008 1105 10.5 0.02 0.14 0.1 73.5 16.4 1007
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P7________ Depth ____28_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #3A (1 cfm to INJ2; ~88% N2, 10% H2, 1% CO2 & LPG)

2/29/2008 1319 Test Start

2/29/2008 1440 11 0.00 0.14 0.046 69.3 26.2 1009

3/3/2008 1055 11.3 0.04 0.18 0.046 60.7 15.7 1019

3/3/2008 1130 Test End

Optimization Test #3B (1 cfm to INJ1, INJ2 & INJ3; ~88% N2, 10% H2, 1% CO2 & LPG)

3/3/2008 1130 Test Start

3/4/2008 935 12.3 0.04 0.16 0.022 65.6 13.1 1013

3/7/2008 1112 11.4 0 0.18 0.022 66.3 18.5 1018

3/7/2008 1306 Test End

Optimization Test #3C (90 cfm to INJ1, INJ2 & INJ3 for 15 minutes then shut down; ~79% N2, 10% H2 & LPG, 1% CO2)

3/7/2008 1306 Start Pulse

3/7/2008 1321 End Pulse

3/7/2008 1342 11.1 0 0.18 0.01 66.4 22.3 1016

3/10/2008 1101 11.7 0.06 0.2 0.022 71.3 16.8 1016

Optimization Test #4 ( 2, 45-minutes pulses; daily 15-minutes pulses w/30cfh constant flow)
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P7________ Depth ____28_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #5 (20 cfm to INJ2 for 125 minutes while maintaing 30 cfh the rest of the time; ~80% N2, 10% H2 & LPG)

Optimization Test #6 (50 cfh to P4-18 & P4-28; ~80% N2, 10% H2 & LPG)

3/20/2008 1330 Start Test

3/21/2008 1018 7.2 0.00 3.0 0.046 80.9 12.7 1020

3/24/2008 1013 6.7 0.00 2.5 0.046 70.4 15.8 1012

3/26/2008 954 5.9 0.00 2.0 0.022 80.1 11.0 1017

3/28/2008 951 6.6 0.04 2.0 0.022 68.9 10.5 1009

3/31/2008 952 0.3 0.00 13.5 6.7 79.6 10.0 1013

4/2/2008 1051 0.1 0.00 14.0 6.0 73.6 15.4 1008

Optimization Test #7 (20 cfh to P4-18, --28, -38 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/2/2008 1233 Start Test

4/4/2008 936 0.2 0.00 13.0 5.7 72.7 12.8 1013

4/7/2008 1405 7.5 0.06 6.5 2.0 89.0 18.7 1011

Optimization Test #7B (30 cfh to P4-18, & P4-28 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/7/2008 1458 Start Test

4/9/2008 1057 8.9 0.00 4.5 1.0 83.6 15.0 1009

Page 7 of 9



Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P7________ Depth ____28_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #7C (50 cfh to P4-18, & P4-28 (100 cfh total); ~79% N2, 10% H2 & LPG, 1% CO2)

4/10/2009 1121 Start Test

4/11/2008 1230 10.9 0.02 3.0 0.1 70.7 21.8 1013

4/16/2008 1024 2.3 0.00 8.5 2.3 60.3 15.4 1011

4/22/2008 1047 4.3 0.06 4.0 0.10 87.9 20.1 1009

4/25/2008 955 1.8 0.02 7.5 0.046 66.2 21.3 1015

4/29/2008 1105 0.9 0.00 8.0 1.0 63.6 24.6 1007

5/5/2008 1309 1.5 0.02 7.5 0.82 56.5 33.2 1001

5/13/2008 928 0.1 0.08 9.0 0.83 32.3 34.3 1007

5/20/2008 928 5.8 0.14 5.0 0.046 58.1 22.8 1004

5/23/2008 1514 4.0 0.10 7.0 0.046 41.6 30.7 990

5/27/2008 900 1.1 0.20 8.5 1.4 56.0 16.5 1007

6/4/2008 902 0.1 0.16 9.5 1.5 45.0 24.7 1002

6/12/2008 1147 1.1 0.24 8.5 0.22 44.6 40.0 1003

6/20/2008 1017 0.2 0.26 8.5 0.96 32.9 39.2 1006

6/25/2008 1040 0.4 0.26 8.5 1.1 42.1 30.9 1005

7/2/2008 1140 0.3 0.40 8.5 1.2 51.1 31.4 1004

7/7/2008 1130 0.1 0.36 8.5 0.8 50.3 35.8 998

7/18/2008 1057 0 0.44 8.5 1.2 89.8 25.5

7/24/2008 1055 0.0 0.46 8.5 1.400 56.8 28.3 1005

Page 8 of 9



Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P7________ Depth ____28_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

7/31/2008 1053 0.0 0.46 8.5 1.500 61.0 26.7 1003

8/7/2008 929 0.0 0.44 9.0 1.4 50.2 26.4 1004

8/12/2008 1031 0.0 0.46 9.0 1.2 55.1 28.4 1002

Optimization Test #8 (100 cfh of 100% Propane to P4-18, & P4-28 (50 cfh to each point)

9/8/2008 0905 Test Start

9/8/2008 1038 5.6 0.78 4.5 0.005 999

9/15/2008 919 3.2 0.94 9.5 0.010 36.2 25.6 1007

9/29/2008 938 5.1 1.70 19.5 0.005 42.3 23.9 1006

10/13/2008 1200 8.8 2.18 16.0 0.010 25.3 31.8 1017

10/20/2008 1127 6.2 3.00 21.5 0.010 46.6 25.6 1013

11/5/2008 1403 5.9 4.82 20.5 0.010 75.9 18.7 1016

11/17/2008 1116 5.0 5.00 25.5 0.010 54.1 28.2 1014

12/1/2008 1116 4.3 5.00 24.5 0.005 52.7 23.9 1014
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P7________ Depth ___38______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

12/12/2007 1117 20.6 0.22 0 0.002 3,000 86.8 0.02 10.2 1020

12/12/2007 1540 0.11

12/13/2007 1021 13.3 0 8.2 62.7 12.7 1016

12/13/2007 1200 Discovered leak in O2 - all O2 data for 12/13/07 before 1200 invalid

12/13/2007 1349 0 0 0 8.6 73.9 15.6 1013

12/14/2007 855 0 0.22 0 0.50 67.4 0.01 6.9 1016

12/21/2007 1229 18.6 0.34 0 0.46 83.8 0.04 10.5 1012

12/26/2007 1246 19 0.34 0 0.022 83.3 0.02 11.6 1016

12/27/2007 1044 12.4 0.44 0 3.6 82.8 0.04 5.7 1018

12/27/2007 1335 9.9 0.32 0 4.6 81.9 9.1 1016

12/27/2007 1456 9.2 0.32 0 4.9 86.1 0.03 8.4 1017

1/2/2008 1058 0.3 0.04 0 0.22 57.9 0.04 15 1012

Tracer Test #1 (10 cfm to INJ2, ~7% H2)

1/21/2008 1046 Test start

1/21/2008 1220 2.5 0 0 0.10 72.4 0.04 10.4 1007

1/21/2008 1321 2.5 0.02 0 1.7 78.3 10.7 1006

1/21/2008 1519 2.4 0 0 4.0 73.1 10.8 1006

1/22/2008 1023 2.2 0.04 0 6.3 79.1 0.06 6.2 1011

1/22/2008 1417 1.9 0 0 6.4 79.4 8.6 1009

Well or Injection Gas Sample
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P7________ Depth ___38______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

1/23/2008 1033 2.2 0.04 0 6.4 85.5 0.08 7.8 1008

1/23/2008 1129* 0.8

Tracer Test #2 (20 cfm to INJ2, ~8% H2)

1/18/2008 1120 Test start

1/18/2008 1213 2.2 0.04 0 0.46 65.8 13.3 1015

1/18/2008 1258 2.0 0.06 0 2.8 62.4 14.3 1014

1/18/2008 1400 2.3 0.02 0 5.0 63.2 15.7 1014

1/18/2008 1539 1.9 0.02 0 6.5 43.8 0.04 24.0 1014

1/18/2008 1628 2.2 0 0 6.8 60.8 16.3 1014

1/18/2008 1632* 0.8 0 0 6.8 62.9 16.0 1014

1/18/2008 1641** 2.3 0 0 7.0 69.2 14.7 1014

1/19/2008 1024 2.0 0.08 0 8.9 62.8 0.02 9.8 1019

1/19/2008 1154 0.6 0.06 0 7.5 97.4 14.3 1017

Tracer Test #3 (30 cfm to INJ2, ~4% H2)

1/30/2008 1036 Test start

1/30/2008 1119 0.0 0 0 1.0 89.6 0.08 9.8 1020

1/30/2008 1229 0.0 0 0 3.3 80.7 11.3 1019

1/30/2008 1431 0.0 0 0 4.5 70.2 0.08 14.2 1018
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P7________ Depth ___38______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

1/31/2008 957 0.0 0 0 4.2 84.3 0.08 8.9 1019

1/31/2008 1135 0 0 0 3.8 83.1 9.5 1018

1/31/2008 1354 0 0 0 3.7 81.8 0.10 8.7 1016

1/31/2008 1435

1/31/2008 1520 0 0 0 3.7 83.3 0.05 8.3 1014

1/31/2008 1615 0 0 0 3.9 82.5 8.1 1013

Tracer Test #4 (60 cfm to INJ2, ~7% H2)

1/28/2008 1236 Test start

1/28/2008 1336 0.8 0.04 0 4.6 92.2 10.6 1010

1/28/2008 1423 0.0 0.02 0 6.1 84.1 0.14 12.2 1011

1/28/2008 1603 0.0 0 0 6.4 77.8 0.12 11.3 1012

1/29/2008 807 0.0 0 0 7.3 84.0 0.04 5.0 1017

1/29/2008 Final O2* 0.0

Tracer Test #5 (90 cfm to INJ2, ~3% H2)

2/5/2008 1015 Test start

2/5/2008 1042 0.1 0 0 2.4 61.4 0.10 9.9 1019

2/5/2008 1141 0 0 0 3.4 70.3 11.0 1019

2/5/2008 1346 0 0 0 3.9 76.7 0.13 12.6 1018
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P7________ Depth ___38______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

2/5/2008 1512 0 0 0 3.6 63.6 19.8 1019

2/5/2008 1556 0 0 0 3.5 60.7 19.1 1018

Tracer Test #6 (30 cfm total; 10 cfm to each INJ1, 2, and 3; ~8% H2)

2/7/2008 1500 Test start

2/7/2008 1537 0.0 0 0 0.046 59.7 21.7 1016

2/7/2008 1625 0.0 0 0 1.0 58.4 20.5 1016

2/8/2008 1019 0.0 0 0 8.5 68.8 8.9 1017

Tracer Test #7 (60 cfm total; 20 cfm to each INJ1, 2, and 3, ~5% H2)

1/17/2008 900 Test start

1/17/2008 1039 9.3 0.02 0 1.9 65.2 0.03 8.6 1015

1/17/2008 1406 4.1 0.12 0 4.8 63.3 13.7 1013

1/17/2008 1537 3.5 0.12 0 5.4 47.6 19.0 1012

Tracer Test #8 (90 cfm total; 30 cfm each to INJ1, 2, and 3; ~4.5% H2)

2/6/2008 1000 Test start

2/6/2008 1044 0.0 0 0 2.1 78.0 0.12 11.0 1020

2/6/2008 1153 0.0 0 0 3.6 73.0 13.2 1020

2/6/2008 1250 0.0 0 0 3.9 73.5 14.5 1019
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P7________ Depth ___38______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

2/6/2008 1446 0.0 0 0 4.6 73.9 0.12 16.4 1017

2/6/2008 1542 0.0 0 0 4.5 61.6 19.6 1017

Optimization Test #1 (90 cfm to INJ2 for 4 hours then shut down; ~88% N2, 10% H2, 1% CO2 & LPG)

2/20/2008 1142 10.2 0.00 0 0.046 76.2 15.3 1010

2/20/2008 1206 Test start

2/20/2008 1553 0.0 0.56 1.02 10 52.9 24.4 1008

2/20/2008 1606 Test End

2/20/2008 1637 0.0 0.46 1.04 10 54.2 22 1007

2/21/2008 930 9.1 0.20 0.22 2.8 74.8 10.4 1005

2/22/2008 1048 11.1 0.14 0.1 1 80.8 10.2 1003

Optimization Test #2 (30 cfm to INJ2 for 12 hours then shut down; ~88% N2, 10% H2, 1% CO2 & LPG)

2/25/2008 1845 Test Start

2/26/2008 653 Test End

2/26/2008 714 0.0 1.86 0.54 7.2 89.1 3.7 1017

2/27/2008 1543 10.1 0.6 0.12 0.65 34.9 38.6 1009

2/28/2008 1106 11.3 0.48 0.1 0.046 72.6 16.5 1007
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P7________ Depth ___38______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #3A (1 cfm to INJ2; ~88% N2, 10% H2, 1% CO2 & LPG)

2/29/2008 1319 Test Start

2/29/2008 1445 11.8 0.40 0.12 0.022 56 29.1 1009

3/3/2008 1056 12.2 0.32 0.16 0.022 58.4 15.8 1019

3/3/2008 1130 Test End

Optimization Test #3B (1 cfm to INJ1, INJ2 & INJ3; ~88% N2, 10% H2, 1% CO2 & LPG)

3/3/2008 1130 Test Start

3/4/2008 936 13 0.36 0.16 0.022 64.1 13.2 1013

3/7/2008 1113 12.2 0.2 0.16 0.022 70.9 18.7 1018

3/7/2008 1306 Test End

Optimization Test #3C (90 cfm to INJ1, INJ2 & INJ3 for 15 minutes then shut down; ~79% N2, 10% H2 & LPG, 1% CO2)

3/7/2008 1306 Start Pulse

3/7/2008 1321 End Pulse

3/7/2008 1343 11.6 0.18 0.16 0.046 67.3 22.4 1016

3/10/2008 1102 12.2 0.24 0.16 0.022 67.1 16.8 1016

Optimization Test #4 ( 2, 45-minutes pulses; daily 15-minutes pulses w/30cfh constant flow)
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P7________ Depth ___38______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #5 (20 cfm to INJ2 for 125 minutes while maintaing 30 cfh the rest of the time; ~80% N2, 10% H2 & LPG)

Optimization Test #6 (50 cfh to P4-18 & P4-28; ~80% N2, 10% H2 & LPG)

3/20/2008 1330 Start Test

3/24/2008 1014 7.8 0.22 2.5 0.046 70.4 15.8 1012

3/26/2008 955 7.2 0.20 2.5 0.022 80.6 11.0 1017

3/28/2008 952 8.1 0.20 2.0 0.022 68.5 10.5 1009

3/31/2008 954 0.2 0.08 13.5 6.2 82.6 10.1 1013

4/2/2008 1052 0.1 0.10 14.0 5.3 76.6 15.5 1008

Optimization Test #7 (20 cfh to P4-18, --28, -38 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/2/2008 1233 Start Test

4/4/2008 937 0.1 0.08 13.5 4.9 69.3 12.8 1013

4/7/2008 1406 5.8 0.06 8.0 1.3 81.2 18.6 1011

Optimization Test #7B (30 cfh to P4-18, & P4-28 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/7/2008 1458 Start Test

4/9/2008 1059 6.4 0.00 6.5 0.72 79.8 145.2 1009
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P7________ Depth ___38______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #7C (50 cfh to P4-18, & P4-28 (100 cfh total); ~79% N2, 10% H2 & LPG, 1% CO2)

4/10/2009 1121 Start Test

4/11/2008 1231 9.4 0.06 4.0 0.1 71.3 21.9 1013

4/16/2008 1026 2.7 0.08 8.0 1.7 61.9 15.6 1011

4/22/2008 1048 5.0 0.16 3.5 0.10 87.9 20.3 1009

4/25/2008 956 0.8 0.14 8.5 0.046 61.6 21.6 1015

4/29/2008 1106 1.1 0.06 8.0 0.22 65.6 24.5 1007

5/5/2008 1311 1.9 0.06 7.0 0.1 55.9 33.6 1001

5/13/2008 929 0.1 0.16 9.0 0.10 34.4 34.3 1007

5/20/2008 930 5.2 0.28 6.0 0.022 61.0 22.8 1004

5/23/2008 1515 4.8 0.26 7.0 0.046 41.8 30.7 990

5/27/2008 901 2.4 0.34 8.0 0.86 58.5 16.5 1007

6/4/2008 904 0.1 0.32 9.5 0.74 45.9 25.0 1002

6/12/2008 1151 1.6 0.34 8.0 0.046 48.5 40.9 1003

6/20/2008 1019 0.1 0.34 8.5 0.10 35.6 39.3 1006

6/25/2008 1041 0.2 0.44 8.5 0.10 44.3 30.9 1005

7/2/2008 1143 0.0 0.58 8.0 0.50 63.7 31.1 1004

7/7/2008 1132 0 0.58 8.5 0.1 54.2 35.9 998

7/18/2008 1058 0 0.68 8.5 0.77 93.8 25.6

7/24/2008 1056 0.0 0.68 8.5 0.920 55.8 28.4 1005
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ____P7________ Depth ___38______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

7/31/2008 1054 0.0 0.66 8.5 1.000 63.9 26.8 1003

8/7/2008 930 0.0 0.68 9.0 1.0 53.8 25.8 1004

8/12/2008 1032 0.0 0.64 8.5 0.82 54.4 28.4 1002

Optimization Test #8 (100 cfh of 100% Propane to P4-18, & P4-28 (50 cfh to each point)

9/8/2008 0905 Test Start

9/8/2008 1036 4.9 0.98 5.5 0.005 999

9/15/2008 920 2.3 1.38 16.5 0.010 38.8 25.7 1007

9/29/2008 940 3.9 2.12 30 0.010 39.1 24.2 1006

10/13/2008 1201 7.6 2.58 30 0.010 23.7 32.2 1017

10/20/2008 1129 4.9 3.18 30 0.010 47.7 25.5 1013

11/5/2008 1405 4.0 4.56 30 0.010 79.6 18.7 1016

11/17/2008 1117 3.7 4.90 30 0.010 54.5 28.1 1014

12/1/2008 1117 3.3 5.00 30 0.005 54.9 24.3 1014
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ___P7_________ Depth ___48______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

12/12/2007 1120 18.8 0.68 0 0.002 40,000 84.0 0.04 10.4 1020

12/12/2007 1540 0.09

12/13/2007 1019 19.8 0 0 0.022 55.1 13.0 1016

12/13/2007 1200 Discovered leak in O2 - all O2 data for 12/13/07 before 1200 invalid

12/13/2007 1350 18.0 0.82 0 0.22 80.1 15.2 1013

12/14/2007 855 18.4 0.84 0 0.22 71.3 0.0 6.8 1017

12/21/2007 1232 18.4 1.22 0 0.22 88.5 0.02 10.1 1012

12/26/2007 1248 17.7 1.36 0 0.22 84.2 0.02 12.3

12/27/2007 1046 17.9 1.42 0 0.22 81.2 0.03 6.1 1018

12/27/2008 1337 17.6 1.2 0 0.22 82.2 9.1 1016

12/27/2008 1457 17.6 1.18 0 0.22 86.4 0.02 8.3 1017

1/2/2008 1101 17.3 1.58 0 0.22 61.7 0.04 14.6 1012

Tracer Test #1 (10 cfm to INJ2, ~7% H2)

1/21/2008 1046 Test start

1/21/2008 1222 17.5 1.44 0 0.022 71.9 0.04 10.4 1007

1/21/2008 1322 17.4 1.50 0 0.046 76.4 10.8 1006

1/21/2008 1551 17.8 1.42 0 0.010 79.9 10.0 1006

1/22/2008 1025 18.0 1.46 0 0.022 78.4 0.04 6.2 1011

1/22/2008 1419 17.7 1.36 0 0.022 79.5 8.6 1009

1/23/2008 1035 17.9 1.62 0 0.022 84.8 0.04 7.8 1008

1/23/2008 1130* 17.6

Well or Injection Gas Sample
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ___P7_________ Depth ___48______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Tracer Test #2 (20 cfm to INJ2, ~8% H2)

1/18/2008 1120 Test start

1/18/2008 1259 17.7 1.16 0 0.010 62.1 14.5 1014

1/18/2008 1402 17.7 1.16 0 0.022 62.0 15.7 1014

1/18/2008 1540 17.5 1.12 0 0.022 42.4 0.03 24.0 1014

1/18/2008 1630 17.7 1.12 0 0.022 59.7 16.2 1014

1/18/2008 1635* 17.5 1.26 0 0.022 64.5 15.7 1014

1/18/2008 1642** 17.7 1.16 0 0.022 68.2 14.8 1014

1/19/2008 1026 17.9 1.34 0 0.022 61.3 0.01 9.8 1019

1/19/2008 1157* 17.6 1.48 0 0.022 80.6 14.3 1017

Tracer Test #3 (30 cfm to INJ2, ~4% H2)

1/30/2008 1036 Test start

1/30/2008 1120 16.9 1.60 0 0.010 88.2 0.03 9.9 1020

1/30/2008 1230 16.9 1.58 0 0.010 80.0 11.2 1019

1/30/2008 1432 16.8 1.56 0 0.010 70.5 0.05 14.4 1018

1/31/2008 958 16.9 1.56 0 0.010 85.8 0.04 9.0 1019
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ___P7_________ Depth ___48______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

1/31/2008 1136 16.9 1.60 0 0.010 83.9 9.6 1018

1/31/2008 1358 17.0 1.62 0 0.010 80.1 0.08 8.7 1016

1/31/2008 1435

1/31/2008 1521 16.9 1.62 0 0.010 82.8 0.03 8.3 1014

1/31/2008 1617 16.6 1.62 0 0.010 82.2 8.1 1013

Tracer Test #4 (60 cfm to INJ2, ~7% H2)

1/28/2008 1236 Test start

1/28/2008 1328 17.1 1.70 0 0.010 93.5 10.9 1010

1/28/2008 1425 16.9 1.78 0 0.005 82.0 0.05 12.1 1011

1/28/2008 1604 16.8 1.62 0 0.010 76.3 0.05 11.1 1011

1/29/2008 808 16.9 1.70 0.02 0.010 82.9 0.03 5.0 1017

1/29/2008 Final O2* 16.9

Tracer Test #5 (90 cfm to INJ2, ~3% H2)

2/5/2008 1015 Test start

2/5/2008 1043 15.5 1.12 0 0.010 62.8 0.04 10.1 1019

2/5/2008 1142 15.5 1.08 0 0.010 69.1 11.1 1019

2/5/2008 1347 15.3 1.06 0 0.022 75.0 0.08 12.6 1018

2/5/2008 1513 15.7 1.18 0 0.010 58.6 20.3 1019

2/5/2008 1556 15.6 1.14 0 0.010 58.6 19.3 1018
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ___P7_________ Depth ___48______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Tracer Test #6 (30 cfm total; 10 cfm to each INJ1, 2, and 3; ~8% H2)

2/7/2008 1500 Test start

2/7/2008 1538 15.9 1.30 0 0.005 61.1 21.5 1016

2/7/2008 1627 15.9 1.28 0 0.010 57.8 20.4 1016

2/8/2008 1020 15.7 1.22 0 0.022 69.1 10.0 1017

Tracer Test #7 (60 cfm total; 20 cfm to each INJ1, 2, and 3, ~5% H2)

1/17/2008 900 Test start

1/17/2008 1042 17.8 0.96 0 0.022 65.7 0.02 8.6 1015

1/17/2008 1406 18.0 1.40 0 0.22 61.8 13.5 1013

1/17/2008 1540 17.9 1.44 0 0.022 48.9 18.8 1012

Tracer Test #8 (90 cfm total; 30 cfm each to INJ1, 2, and 3; ~4.5% H2)

2/6/2008 1000 Test start

2/6/2008 1046 15.5 1.06 0 0.005 79.9 0.07 10.9 1020

2/6/2008 1155 15.5 1.06 0 0.005 76.5 13.2 1020

2/6/2008 1252 15.4 1.04 0 0.010 75 14.5 1019

2/6/2008 1446 15.3 1.02 0 0.022 76.4 0.07 16.3 1017

2/6/2008 1543 15.3 1.02 0 0.022 63.5 19.7 1017

2/6/2008 1632 15.9 1.24 0 0.005 60.0 19.0 1017

Page 4 of 8



Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ___P7_________ Depth ___48______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #1 (90 cfm to INJ2 for 4 hours then shut down; ~88% N2, 10% H2, 1% CO2 & LPG)

2/20/2008 1143 15.1 1.52 0 0.022 75.2 15.3 1010

2/20/2008 1206 Test start

2/20/2008 1554 14.7 1.36 0 0.022 53.2 24 1008

2/20/2008 1606 Test End

2/20/2008 1638 14.7 1.32 0 0.022 55.4 21.9 1008

2/21/2008 932 15.5 1.62 0 0.022 74.8 10.4 1005

2/22/2008 1054 15.3 1.62 0 0.005 84.5 10.4 1003

Optimization Test #2 (30 cfm to INJ2 for 12 hours then shut down; ~88% N2, 10% H2, 1% CO2 & LPG)

2/25/2008 1845 Test Start

2/26/2008 653 Test End

2/26/2008 716 14.9 1.76 0.08 0.01 89.2 3.7 1017

2/27/2008 1544 14.6 1.4 0 0.022 35 38.8 1009

2/28/2008 1108 15.2 1.32 0 0.022 71.8 16.6 1007

Optimization Test #3A (1 cfm to INJ2; ~88% N2, 10% H2, 1% CO2 & LPG)

2/29/2008 1319 Test Start

2/29/2008 1446 14.5 1.08 0 0.005 58.3 29.3 1009

3/3/2008 1057 14.5 1.12 0 0.022 58.7 15.8 1019

3/3/2008 1130 Test End
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ___P7_________ Depth ___48______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #3B (1 cfm to INJ1, INJ2 & INJ3; ~88% N2, 10% H2, 1% CO2 & LPG)

3/3/2008 1130 Test Start

3/4/2008 937 14.9 1.36 0 0.01 65.7 13.3 1013

3/7/2008 1114 14.5 1.02 0 0.022 70 18.8 1018

3/7/2008 1306 Test End

Optimization Test #3C (90 cfm to INJ1, INJ2 & INJ3 for 15 minutes then shut down; ~79% N2, 10% H2 & LPG, 1% CO2)

3/7/2008 1306 Start Pulse

3/7/2008 1321 End Pulse

3/7/2008 1344 14.3 1 0 0.022 66.6 22.5 1016

3/10/2008 1103 14.7 1.14 0 0.022 66.4 16.8 1016

Optimization Test #4 ( 2, 45-minutes pulses; daily 15-minutes pulses w/30cfh constant flow)

Optimization Test #5 (20 cfm to INJ2 for 125 minutes while maintaing 30 cfh the rest of the time; ~80% N2, 10% H2 & LPG)

Optimization Test #6 (50 cfh to P4-18 & P4-28; ~80% N2, 10% H2 & LPG)

3/20/2008 1330 Start Test

3/26/2008 956* 6.0 0.02 2.0 0.046 85.3 11.1 1017

3/28/2008 953 15.1 1.52 0.00 0.010 72.4 10.6 1009

3/31/2008 956 14.7 1.28 0.04 0.022 82.8 10.1 1013

4/2/2008 1053 15.0 1.40 0.02 0.022 75.8 15.5 1008

Optimization Test #7 (20 cfh to P4-18, --28, -38 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/2/2008 1233 Start Test
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ___P7_________ Depth ___48______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

4/4/2008 938 14.5 1.30 0.08 0.022 71.6 12.9 1013

4/7/2008 1407 13.5 1.38 0.52 0.022 79.7 18.7 1011

Optimization Test #7B (30 cfh to P4-18, & P4-28 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/7/2008 1458 Start Test

4/9/2008 1100 12.9 1.24 0.8 0.022 78.4 15.3 1009

Optimization Test #7C (50 cfh to P4-18, & P4-28 (100 cfh total); ~79% N2, 10% H2 & LPG, 1% CO2)

4/10/2009 1121 Start Test

4/11/2008 1232 11.3 1.32 2.0 0.1 72.8 21.9 1013

4/16/2008 1027 10.4 1.34 2.5 0.0 62.2 15.6 1011

4/22/2008 1050 10.1 1.42 3.0 0.046 88.3 20.5 1009

4/25/2008 957 8.4 1.18 3.5 0.046 58.1 21.8 1015

4/29/2008 1108 10.0 1.34 3.0 0.046 64.5 24.7 1007

5/5/2008 1312 10.3 1.36 2.5 0.022 55.4 33.9 1001

5/13/2008 931 8.2 1.34 4.0 0.022 32.2 34.4 1007

5/20/2008 932 9.0 1.48 3.5 0.046 58.3 23.0 1004

5/23/2008 1516 11.5 1.44 1.6 0.010 41.0 30.3 990

5/27/2008 903 7.7 1.62 4.0 0.022 60.0 16.6 1007

6/4/2008 905 9.0 1.50 3.0 0.022 49.7 24.9 1002

6/12/2008 1154 6.8 1.40 3.5 0.010 46.6 41.4 1003

6/20/2008 1020 6.0 1.40 4.0 0.022 34.7 39.5 1006

6/25/2008 1042 5.6 1.44 4.0 0.046 43.5 31.1 1005

7/2/2008 1144 5.4 1.48 4.0 0.022 63.2 30.9 1004

7/7/2008 1133 6.5 1.44 3 0.022 52.3 36 998

7/18/2008 1059 4 1.64 4.5 0.046 93.3 25.5
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID ___P7_________ Depth ___48______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

7/24/2008 1058 3.6 1.64 4.5 0.046 57.7 28.4 1005

7/31/2008 1055 3.2 1.74 4.5 0.046 66.8 26.9 1003

8/7/2008 931 2.5 1.44 5.5 0.046 54.6 25.2 1004

8/12/2008 1033 3.0 1.78 4.5 0.046 63.8 28.3 1002

Optimization Test #8 (100 cfh of 100% Propane to P4-18, & P4-28 (50 cfh to each point)

9/8/2008 0905 Test Start

9/8/2008 1040 2.4 1.98 6.5 0.010 999

9/15/2008 922 1.1 2.06 30 0.010 35.6 25.6 1007

9/29/2008 941 0.1 2.08 30 0.010 37.1 24.3 1006

10/13/2008 1202 0.0 1.78 30 0.010 21.9 32.2 1017

10/20/2008 1131 0.1 1.84 30 0.005 49.4 26.2 1013

11/5/2008 1406 0.0 1.80 30 0.005 80.4 18.8 1016

11/17/2008 1118 0.0 1.64 30 0.005 55.3 27.8 1014

12/1/2008 1118 0.0 1.62 30 0.005 54.9 24.4 1014
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ___18______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

12/12/2007 1134 20.8 0.10 0 0.002 30,000 76.5 0.04 10.4 1020

12/12/2007 1542 0.05

12/13/2007 1029 13.2 0 0 8.0 64.5 12.6 1016

12/13/2007 1200 Discovered leak in O2 - all O2 data for 12/13/07 before 1200 invalid

12/13/2007 1351 0 0 0 8.7 68.4 14.6 1013

12/14/2007 858 0.2 0.32 0.04 0.55 72.1 0.01 6.6 1017

12/21/2007 1236 18.4 0.28 0 0.22 82.4 0.04 10.3 1012

12/26/2007 1250 19.3 0.2 0 0.22 74.3 0.02 12.2 1016

12/27/2007 1050 12.4 0.42 0 2.7 76.2 0.04 6.3 1018

12/27/2007 1339 11.2 0.32 0 3.3 78.5 8.9 1016

12/27/2007 1501 10.7 0.34 0 3.7 84.5 0.06 8.5 1017

1/2/2008 1104 2.5 0.16 0 0.22 61.8 0.04 13.6 1012

Tracer Test #1 (10 cfm to INJ2, ~7% H2)

1/21/2008 1046 Test start

1/21/2008 1223 3.7 0.10 0 0.046 72.8 0.05 10.4 1007

1/21/2008 1323 3.6 0.10 0 0.10 76.8 10.9 1006

1/21/2008 1553 3.6 0.04 0 2.6 74.7 0.07 10.0 1006

1/22/2008 1027 3.8 0.12 0 5.0 79.2 0.05 6.2 1011

1/22/2008 1420 3.3 0.06 0 5.3 79.8 8.5 1009

Well or Injection Gas Sample
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ___18______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

1/23/2008 1036 3.7 0.10 0 5.7 84.9 0.04 7.9 1008

1/23/2008 1138* 1.3

Tracer Test #2 (20 cfm to INJ2, ~8% H2)

1/18/2008 1120 Test start

1/18/2008 1249 3.0 0.08 0 0.10 67.2 13.9 1014

1/18/2008 1403 3.4 0.04 0 3.8 63.7 15.7 1014

1/18/2008 1541 2.9 0.02 0 5.4 42.9 0.03 24.3 1014

1/19/2008 1032 3.0 0.08 0 9.0 60.2 0.01 10.0 1019

1/19/2008 1200* 0.7 0.10 0 7.6 61.4 14.6 1018

Tracer Test #3 (30 cfm to INJ2, ~4% H2)

1/30/2008 1036 Test start

1/30/2008 1123 0.1 0 0 0.46 91.2 0.07 9.9 1020

1/30/2008 1232 0.1 0 0 2.4 82.9 11.2 1019

1/30/2008 1435 0.1 0 0 4.2 74.0 0.09 14.7 1018

1/31/2008 1000 0.1 0 0 4.1 85.9 0.08 9.1 1019

1/31/2008 1138 0.1 0 0 3.7 83.2 9.6 1018

1/31/2008 1400 0.1 0 0 3.7 80.6 0.08 8.7 1016

1/31/2008 1435

1/31/2008 1523 0.1 0 0 3.6 82.2 0.06 8.3 1014
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ___18______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Tracer Test #4 (60 cfm to INJ2, ~7% H2)

1/28/2008 1236 Test start

1/28/2008 1330 3.4 0.16 0 2.5 88.0 11.4 1010

1/28/2008 1429 0.3 0.10 0 5.6 82.4 0.04 12.3 1011

1/28/2008 1606 0.1 0.02 0 6.1 77.0 0.10 10.8 1012

1/29/2008 811 0.0 0 0.02 7.2 84.2 0.03 5.1 1017

1/29/2008 1012* 0.1 6.5

Tracer Test #5 (90 cfm to INJ2, ~3% H2)

2/5/2008 1015 Test start

2/5/2008 1044 1.4 0 0 0.84 65.4 0.08 10.2 1019

2/5/2008 1144 0.1 0 0 3.1 73.8 11.1 1019

2/5/2008 1348 0.0 0 0 3.8 79.5 0.10 12.6 1018

2/5/2008 1514 0.0 0 0 3.5 51.1 20.9 1019

2/5/2008 1558 0.0 0 0 3.4 62.2 19.2 1018

Tracer Test #6 (30 cfm total; 10 cfm to each INJ1, 2, and 3; ~8% H2)

2/7/2008 1500 Test start

2/7/2008 1540 0.1 0 0 0.046 63 21.5 1016

2/7/2008 1629 0.0 0 0 0.10 59.1 20.1 1016

2/8/2008 1022 0.0 0 0 8.5 69.3 10.0 1017
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ___18______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Tracer Test #7 (60 cfm total; 20 cfm to each INJ1, 2, and 3, ~5% H2)

1/17/2008 900 Test start

1/17/2008 1045 10.8 0.06 0 1.8 64.4 0.03 8.6 1015

1/17/2008 1410 4.8 0.22 0 4.8 62.4 13.3 1013

1/17/2008 1542 3.4 0.22 0 5.6 47.3 0.01 18.6 1012

Tracer Test #8 (90 cfm total; 30 cfm each to INJ1, 2, and 3; ~4.5% H2)

2/6/2008 1000 Test start

2/6/2008 1048 0.1 0 0 0.22 82.6 0.11 10.9 1020

2/6/2008 1158 0.0 0 0 3.2 79.7 13.2 1020

2/6/2008 1253 0.1 0 0 3.7 78.0 14.4 1019

2/6/2008 1448 0.0 0 0 4.3 80.4 0.11 16.4 1017

2/6/2008 1544 0.0 0 0 4.3 63.6 19.7 1017

Optimization Test #1 (90 cfm to INJ2 for 4 hours then shut down; ~88% N2, 10% H2, 1% CO2 & LPG)

2/20/2008 1144 11.4 0.02 0 0.022 74.7 15.4 1010

2/20/2008 1206 Test start

2/20/2008 1556 0.1 0.76 1 11 55 23.8 1008

2/20/2008 1606 Test End

2/20/2008 1640 0.1 0.72 1.02 9.9 57.3 21.6 1008

2/21/2008 934 7.6 0.46 0.44 4.2 75.8 10.4 1005

2/22/2008 1055 10.1 0.34 0.26 1.6 82.7 10.4 1003
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ___18______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #2 (30 cfm to INJ2 for 12 hours then shut down; ~88% N2, 10% H2, 1% CO2 & LPG)

2/25/2008 1845 Test Start

2/26/2008 653 Test End

2/26/2008 718 0.1 2.36 0.56 7 89.3 3.8 1017

2/27/2008 1546 8.7 0.96 0.24 1.5 35.3 39.2 1009

2/28/2008 1110 9.7 0.78 0.22 0.61 71.3 16.7 1007

Optimization Test #3A (1 cfm to INJ2; ~88% N2, 10% H2, 1% CO2 & LPG)

2/29/2008 1319 Test Start

2/29/2008 1448 10.2 0.60 0.22 0.046 58.1 29.6 1009

3/3/2008 1102 11.3 0.42 0.18 0.022 75.3 16 1019

3/3/2008 1130 Test End

Optimization Test #3B (1 cfm to INJ1, INJ2 & INJ3; ~88% N2, 10% H2, 1% CO2 & LPG)

3/3/2008 1130 Test Start

3/4/2008 944 10.8 0.44 0.22 0.022 78.5 13.8 1013

3/7/2008 1116 10.1 0.22 0.26 0.005 66.5 19 1018

3/7/2008 1306 Test End

Optimization Test #3C (90 cfm to INJ1, INJ2 & INJ3 for 15 minutes then shut down; ~79% N2, 10% H2 & LPG, 1% CO2)

3/7/2008 1306 Start Pulse

3/7/2008 1321 End Pulse

3/7/2008 1345 11.1 0.18 0.22 0.01 68.6 22.6 1016

3/10/2008 1104 11 0.24 0.24 0.005 66.8 16.8 1016
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ___18______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #4 ( 2, 45-minutes pulses; daily 15-minutes pulses w/30cfh constant flow)

Optimization Test #5 (20 cfm to INJ2 for 125 minutes while maintaing 30 cfh the rest of the time; ~80% N2, 10% H2 & LPG)

Optimization Test #6 (50 cfh to P4-18 & P4-28; ~80% N2, 10% H2 & LPG)

3/20/2008 1330 Start Test

3/21/2008 1020 20.9 0 0 0.01 76.6 12.7 1020

3/26/2008 958 20.9 0 0 0.01 83.3 11.1 1017

3/28/2008 955 20.9 0 0 0.005 73.5 10.6 1009

3/31/2008 958 20.9 0 0 0.005 75.8 15.6 1013

4/2/2008 1224* 6.5 0.16 6.5 3.9 85.2 18.5 1008
*Tubing to P8-18 was disconnected; all data from 3/21/08 - 4/2/08 @1054 invalid

Optimization Test #7 (20 cfh to P4-18, --28, -38 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/2/2008 1233 Start Test

4/4/2008 939 6.6 0.20 6.0 2.5 70.8 12.9 1013

4/7/2008 1409 7.8 0.28 6.5 2.7 79.8 18.6 1011

Optimization Test #7B (30 cfh to P4-18, & P4-28 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/7/2008 1458 Start Test

4/9/2008 1103 11.9 0.22 3.0 1.4 79.3 15.4 1009
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ___18______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #7C (50 cfh to P4-18, & P4-28 (100 cfh total); ~79% N2, 10% H2 & LPG, 1% CO2)

4/10/2009 1121 Start Test

4/11/2008 1234 12.9 0.32 2.0 0.7 70.9 21.9 1013

4/16/2008 1029 10.8 0.20 3.5 0.8 59.3 15.7 1011

4/22/2008 1051 4.8 0.32 4.5 1.4 86.4 20.1 1009

4/25/2008 959 7.8 0.18 4.0 0.10 52.5 22.1 1015

4/29/2008 1109 2.3 0.26 7.5 1.7 66.3 24.3 1007

5/5/2008 1314 3.5 0.28 6.5 1.9 58.9 34.6 1001

5/13/2008 934 2.2 0.26 8.0 0.96 23.8 34.2 1007

5/20/2008 933 10.3 0.54 3.5 0.86 51.1 22.7 1004

5/23/2008 1519 9.0 0.28 4.0 0.10 24.4 30.0 990

5/27/2008 905 6.3 0.60 6.5 1.8 47.5 16.7 1007

6/4/2008 907 1.4 0.58 9.0 2.1 41.5 25.2 1002

6/12/2008 1156 3.6 0.42 7.5 0.93 26.5 42.0 1003

6/20/2008 1023 1.0 0.52 8.5 1.7 32.1 40.4 1006

6/25/2008 1048 1.1 0.6 8.0 2.5 47.7 32.6 1005

7/2/2008 1146 1.1 0.64 8.0 2.1 61.6 30.7 1004

7/7/2008 1136 0.5 0.58 8.5 1.4 51.4 36.1 998

7/18/2008 1101 0.2 0.64 8.5 1.8 95.2 25.6

7/24/2008 1059 0.4 0.54 8.5 1.900 57.1 28.4 1005

7/31/2008 1058 0.0 0.56 9.0 1.900 67.7 27.2 1003

8/7/2008 933 0.0 0.60 9.0 1.8 49.7 24.7 1004

8/12/2008 1038 0.0 0.56 9.0 1.5 64.2 28.2 1002
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ___18______

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #8 (100 cfh of 100% Propane to P4-18, & P4-28 (50 cfh to each point)

9/8/2008 0905 Test Start

9/8/2008 1045 10.2 0.82 2.5 0.005 999

9/15/2008 926 9.1 1.02 3.5 0.005 36.7 26.3 1007

9/29/2008 950 12.0 1.12 2.5 0.002 62.4 22.3 1006

10/13/2008 1205 16.2 1.08 0.90 0.010 22.6 31.5 1017

10/20/2008 1133 14.8 1.36 1.76 0.005 48.1 26.6 1013

11/5/2008 1408 17.1 1.46 0.84 0.005 76.1 18.8 1016

11/17/2008 1120 15.7 1.46 1.62 0.005 62.9 27.2 1014

12/1/2008 1120 16.4 1.42 1.32 0.005 56.2 24.7 1014
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ____28_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

12/12/2007 1140 20.7 0.04 0 0.002 50,000 77.7 0.02 10.7 1020

12/12/2007 1541 0.06

12/13/2007 1031 14.1 0 0 7.0 61.8 12.8 1016

12/13/2007 1200 Discovered leak in O2 - all O2 data for 12/13/07 before 1200 invalid

12/13/2007 1353 0.2 0.1 0 8.4 71.8 14.3 1013

12/14/2007 859 0.8 0.28 0.14 0.88 69.6 0.0 6.5 1017

12/21/2007 1238 19.0 0.18 0 0.22 86.2 0.03 10.4 1012

12/26/2007 1253 20 0.14 0 0.022 78.2 0.01 11.6 1016

12/27/2007 1053 13.5 0.18 0 2.5 79.9 0.02 6.3 1018

12/27/2007 1341 12.4 0.1 0 3 82.2 9 1016

12/27/2007 1504 11.8 0.1 0 3.5 85.4 0.02 8.5 1017

1/2/2008 1107 3.3 0.18 0 0.22 62.6 0.03 13.4 1012

Tracer Test #1 (10 cfm to INJ2, ~7% H2)

1/21/2008 1046 Test start

1/21/2008 1225 4.6 0.12 0 0.046 76.5 0.02 10.4 1007

1/21/2008 1325 4.5 0.10 0 0.046 80.9 11.1 1006

1/21/2008 1554 4.0 0.10 0 0.79 79.4 0.05 10.0 1006

1/22/2008 1028 3.4 0.08 0 4.6 80.5 0.04 6.3 1011

1/22/2008 1422 2.9 0.02 0 4.9 82.7 8.6 1009

Well or Injection Gas Sample
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ____28_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

1/23/2008 1038 3.2 0.06 0 5.4 85.8 0.02 7.6 1008

1/23/2008 1132* 1.2

Tracer Test #2 (20 cfm to INJ2, ~8% H2)

1/18/2008 1120 Test start

1/18/2008 1251 3.7 0.16 0 0.10 68.2 14.8 1014

1/18/2008 1405 3.8 0.12 0 1.0 64.7 15.8 1014

1/18/2008 1543 2.9 0.12 0 3.8 45.0 0.02 24.7 1014

1/19/2008 1033 2.9 0.08 0 9.5 59.2 0.01 10.1 1019

1/19/2008 1201* 0.8 0.10 0 8.6 69.2 14.8 1018

Tracer Test #3 (30 cfm to INJ2, ~4% H2)

1/30/2008 1036 Test start

1/30/2008 1124 0.2 0.04 0 0.93 90.4 0.08 10.0 1020

1/30/2008 1233 0.1 0.02 0 0.87 84.2 11.1 1019

1/30/2008 1436 0.0 0.02 0 3.2 73.5 0.08 15.0 1018

1/31/2008 1001 0.0 0 0 4.1 86.0 0.07 9.2 1019

1/31/2008 1138 0 0 0 3.7 83.5 9.6 1018

1/31/2008 1401 0 0 0 3.6 80.8 0.10 8.7 1016

1/31/2008 1435

1/31/2008 1524 0.1 0 0 3.6 82.2 0.08 8.3 1014
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ____28_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Tracer Test #4 (60 cfm to INJ2, ~7% H2)

1/28/2008 1236 Test start

1/28/2008 1331 11.1 0.06 0 0.046 89.6 11.6 1010

1/28/2008 1431 2.7 0.08 0 3.9 83.7 0.07 12.6 1011

1/28/2008 1607 0.5 0.04 0 5.3 78.3 0.11 10.7 1012

1/29/2008 813 0.1 0.04 0 7.1 83.6 0.03 5.1 1017

1/29/2008 1013* 0.2 6.4

Tracer Test #5 (90 cfm to INJ2, ~3% H2)

2/5/2008 1015 Test start

2/5/2008 1046 5.6 0 0 0.022 63.5 0.06 10.3 1019

2/5/2008 1145 1.4 0 0 1.8 72.5 11.1 1019

2/5/2008 1349 0.5 0 0 3.2 80.1 0.08 12.6 1018

2/5/2008 1515 0.3 0 0 3.0 55.6 21.2 1019

2/5/2008 1559 0.2 0 0 3.0 64.1 19.1 1018

Tracer Test #6 (30 cfm total; 10 cfm to each INJ1, 2, and 3; ~8% H2)

2/7/2008 1500 Test start

2/7/2008 1541 0.0 0.06 0 0.10 63.2 21.6 1016

2/7/2008 1630 0.0 0.04 0 0.10 59.7 20.1 1016

2/8/2008 1023 0.0 0 0 8.3 68.3 10.0 1017
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ____28_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Tracer Test #7 (60 cfm total; 20 cfm to each INJ1, 2, and 3, ~5% H2)

1/17/2008 900 Test start

1/17/2008 1051 18.0 0 0 0.22 65.5 0.02 8.7 1015

1/17/2008 1412 6.1 0.16 0 4.4 66.2 13.3 1013

1/17/2008 1544 4.8 0.18 0 5.0 48.9 0.02 19.0 1012

Tracer Test #8 (90 cfm total; 30 cfm each to INJ1, 2, and 3; ~4.5% H2)

2/6/2008 1000 Test start

2/6/2008 1049 0.2 0 0 0.64 81.2 0.09 10.9 1020

2/6/2008 1159 0.0 0 0 1.3 78.4 13.2 1020

2/6/2008 1255 0.0 0 0 2.4 79.8 14.5 1019

2/6/2008 1448 0.0 0 0 3.8 80.9 0.11 16.2 1017

2/6/2008 1546 0.0 0 0 3.9 65.7 19.7 1017

2/6/2008 1635 0.0 0 0 3.9 60.2 19.4 1017

Optimization Test #1 (90 cfm to INJ2 for 4 hours then shut down; ~88% N2, 10% H2, 1% CO2 & LPG)

2/20/2008 1145 11.3 0.00 0 0.022 74.4 15.4 1010

2/20/2008 1206 Test start

2/20/2008 1557 0.6 0.32 0.96 10 55.4 23.7 1008

2/20/2008 1606 Test End

2/20/2008 1641 0.5 0.30 0.96 10 58.5 21.3 1008

Page 4 of 8



Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ____28_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

2/21/2008 935 4.2 0.28 0.72 4.9 75.3 10.8 1005

2/22/2008 1056 8.3 0.20 0.38 1.8 82.3 10.4 1003

Optimization Test #2 (30 cfm to INJ2 for 12 hours then shut down; ~88% N2, 10% H2, 1% CO2 & LPG)

2/25/2008 1845 Test Start

2/26/2008 653 Test End

2/26/2008 719 0.2 1.3 0.62 6.6 87.7 3.9 1017

2/27/2008 1547 5.6 0.76 0.34 1.5 34.9 39.2 1009

2/28/2008 1111 7.9 0.62 0.3 0.69 70.3 16.7 1007

Optimization Test #3A (1 cfm to INJ2; ~88% N2, 10% H2, 1% CO2 & LPG)

2/29/2008 1319 Test Start

2/29/2008 1449 8.8 0.46 0.28 0.046 58.8 29.7 1009

3/3/2008 1103 11 0.24 0.18 0.022 63.5 16 1019

3/3/2008 1130 Test End

Optimization Test #3B (1 cfm to INJ1, INJ2 & INJ3; ~88% N2, 10% H2, 1% CO2 & LPG)

3/3/2008 1130 Test Start

3/4/2008 945 10 0.26 0.24 0.022 67.9 13.8 1013

3/7/2008 1118 9.1 0.12 0.28 0.01 66.1 19.4 1018

3/7/2008 1306 Test End
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ____28_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #3C (90 cfm to INJ1, INJ2 & INJ3 for 15 minutes then shut down; ~79% N2, 10% H2 & LPG, 1% CO2)

3/7/2008 1306 Start Pulse

3/7/2008 1321 End Pulse

3/7/2008 1347 9.1 0.1 0.28 0.01 73 22.9 1016

3/10/2008 1105 9.9 0.16 0.32 0.005 65.5 16.8 1016

Optimization Test #4 ( 2, 45-minutes pulses; daily 15-minutes pulses w/30cfh constant flow)

Optimization Test #5 (20 cfm to INJ2 for 125 minutes while maintaing 30 cfh the rest of the time; ~80% N2, 10% H2 & LPG)

Optimization Test #6 (50 cfh to P4-18 & P4-28; ~80% N2, 10% H2 & LPG)

3/20/2008 1330 Start Test

3/26/2008 959 7.8 0.24 1.74 0.010 79.6 11.2 1017

3/28/2008 956 8.3 0.26 1.3 0.005 70.8 10.7 1009

3/31/2008 959 10.0 0.22 1.58 0.005 81.4 10.2 1013

4/2/2008 1055 8.0 0.18 3.5 1.8 74.5 15.7 1008

Optimization Test #7 (20 cfh to P4-18, --28, -38 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/2/2008 1233 Start Test

4/4/2008 940 7.9 0.12 3.5 1.1 69.3 13.0 1013

4/7/2008 1410 7.3 0.18 6.5 2.7 80.6 18.7 1011
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ____28_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #7B (30 cfh to P4-18, & P4-28 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/7/2008 1458 Start Test

4/9/2008 1105 12.3 0.10 2.5 1.4 80.0 15.4 1009

Optimization Test #7C (50 cfh to P4-18, & P4-28 (100 cfh total); ~79% N2, 10% H2 & LPG, 1% CO2)

4/10/2009 1121 Start Test

4/11/2008 1235 12.7 0.20 2.0 0.8 72.8 22 1013

4/16/2008 1030 12.9 0.22 2.0 0.1 59.1 15.8 1011

4/22/2008 1052 4.6 0.22 4.5 1.8 86.5 19.8 1009

4/25/2008 1001 7.5 0.14 4.0 0.10 49.9 22.3 1015

4/29/2008 1111 2.0 0.20 7.5 1.7 67.1 24.1 1007

5/5/2008 1315 2.3 0.16 7.0 1.9 55.1 35.0 1001

5/13/2008 935 3.9 0.18 7.0 0.10 25.3 34.2 1007

5/20/2008 936 9.0 0.34 4.0 1.2 56.5 24.0 1004

5/23/2008 1521 10.2 0.28 3.5 0.10 35.2 30.0 990

5/27/2008 907 5.5 0.44 7.0 2.0 47.5 16.9 1007

6/4/2008 909 1.3 0.38 9.0 2.0 41.4 25.6 1002

6/12/2008 1158 9.2 0.34 4.0 0.1 31.4 41.3 1003

6/20/2008 1025 0.5 0.34 8.5 1.8 32.5 40.8 1006

6/25/2008 1049 0.5 0.36 8.5 2.7 44.8 32.7 1005

7/2/2008 1147 0.7 0.48 8.5 2.6 72.4 30.4 1004

7/7/2008 1137 0.1 0.38 9.0 1.8 58.6 36.2 998
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ____28_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

7/18/2008 1102 0.1 0.46 8.5 2.3 94.6 25.6

7/24/2008 1101 0.4 0.40 8.5 2.300 62.0 28.5 1005

7/31/2008 1059 0.0 0.38 9.0 2.300 68.5 27.3 1003

8/7/2008 934 0.0 0.36 9.0 2.2 49.5 24.4 1004

8/12/2008 1036 0.0 0.40 9.0 1.9 64.8 28.3 1002

Optimization Test #8 (100 cfh of 100% Propane to P4-18, & P4-28 (50 cfh to each point)

9/8/2008 0905 Test Start

9/8/2008 1047 11.9 0.56 2.0 0.005 999

9/15/2008 927 11.0 0.64 2.5 0.005 34.7 26.5 1007

9/29/2008 951 1.2 1.76 30 0.005 44.3 22.5 1006

10/13/2008 1206 17.7 0.76 0.38 0.005 22.9 32.0 1017

10/20/2008 1134 16.1 0.84 1.06 0.005 47.2 26.8 1013

11/5/2008 1409 18.2 0.90 0.46 0.005 76.5 18.8 1016

11/17/2008 1121 17.0 0.86 0.70 0.005 66.3 27.0 1014

12/1/2008 1121 17.7 0.82 0.58 0.005 55.9 24.8 1013
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ____38_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

12/12/2007 1143 19.2 0.56 0 0.002 100,000 76.4 0.02 10.9 1020

12/12/2007 1541 0.04

12/13/2007 1033 20.2 0 0 0.22 62.3 12.9 1016

12/13/2007 1200 Discovered leak in O2 - all O2 data for 12/13/07 before 1200 invalid

12/13/2007 1354 19.0 0.62 0 0.022 74.8 13.9 1013

12/14/2007 900 18.7 0.6 0 0.46 70.8 0.02 6.5 1017

12/21/2007 1240 18.9 1.04 0 0.22 86.1 0.05 10.6 1012

12/26/2006 1254 18.7 1.04 0 0.022 80.1 0 11.2 1016

12/27/2007 1055 18.9 1.2 0 0.22 81.4 0.03 6.5 1018

12/27/2007 1343 18.7 0.98 0 0.22 80.9 9 1016

12/27/2007 1507 18.8 1 0 0.22 85.9 0.04 8.5 1017

1/2/2008 1108 18.9 1.14 0 0.22 63.7 0.02 13.3 1012

Tracer Test #1 (10 cfm to INJ2, ~7% H2)

1/21/2008 1046 Test start

1/21/2008 1226 18.9 0.92 0 0.005 72.7 0.01 10.4 1007

1/21/2008 1326 18.8 0.90 0 0.022 77.6 11.2 1006

1/21/2008 1556 18.8 0.88 0 0.022 74.4 0.04 10.0 1006

1/22/2008 1030 18.9 1.02 0 0.022 77.6 0.03 6.3 1011

1/22/2008 1423 18.7 0.88 0 0.022 79.7 8.5 1009

Well or Injection Gas Sample
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ____38_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

1/23/2008 1039 18.9 1.02 0 0.10 84.8 0.01 7.6 1008

1/23/2008 1133* 18.7

Tracer Test #2 (20 cfm to INJ2, ~8% H2)

1/18/2008 1120 Test start

1/18/2008 1252 18.6 0.76 0 0.022 65.7 14.1 1014

1/18/2008 1406 18.7 0.84 0 0.010 64.8 15.9 1014

1/18/2008 1544 18.5 0.84 0 0.022 41.9 0.03 24.8 1014

1/19/2008 1035 18.8 1.02 0 0.022 59.9 0.01 10.1 1019

1/19/2008 1203* 18.5 1.16 0 0.022 62.7 15.6 1018

Tracer Test #3 (30 cfm to INJ2, ~4% H2)

1/30/2008 1036 Test start

1/30/2008 1126 16.5 1.18 0 0.046 90.7 0.06 9.9 1020

1/30/2008 1235 16.4 1.20 0 0.046 83.8 11.0 1019

1/30/2008 1443 16.3 1.16 0 0.10 77.0 0.04 15.0 1018

1/31/2008 1003 15.9 1.18 0 0.10 85.3 0.05 9.3 1019

1/31/2008 1140 15.9 1.22 0 0.10 83.6 9.6 1018

1/31/2008 1402 15.8 1.22 0 0.10 80.9 0.05 8.7 1016

1/31/2008 1435

1/31/2008 1525 15.8 1.24 0 0.10 82.5 0.05 8.4 1014

Page 2 of 8



Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ____38_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Tracer Test #4 (60 cfm to INJ2, ~7% H2)

1/28/2008 1236 Test start

1/28/2008 1333 17.2 1.34 0 0.046 89.0 11.8 1010

1/28/2008 1433 17.1 1.38 0 0.005 82.6 0.04 12.7 1011

1/28/2008 1609 17.2 1.32 0 0.010 78.3 0.05 10.5 1012

1/29/2008 814 16.9 1.38 0 0.022 83.0 0.02 5.1 1017

1/29/2008 Final O2* 16.9

Tracer Test #5 (90 cfm to INJ2, ~3% H2)

2/5/2008 1015 Test start

2/5/2008 1047 14.2 0.82 0 0.010 62.3 0.04 10.5 1019

2/5/2008 1147 14.2 0.80 0 0.010 73.9 11.1 1019

2/5/2008 1354 14.1 0.78 0 0.002 79.3 0.04 12.7 1018

2/5/2008 1517 14.4 0.88 0 0.022 55.2 21.4 1019

2/5/2008 1601 14.3 0.86 0 0.022 62.6 19.3 1018

Tracer Test #6 (30 cfm total; 10 cfm to each INJ1, 2, and 3; ~8% H2)

2/7/2008 1500 Test start

2/7/2008 1543 13.7 0.96 0 0.010 63.7 21.8 1016

2/7/2008 1631 13.6 0.94 0 0.022 59.6 20.0 1016

2/8/2008 1024 13.3 0.88 0 0.022 69.5 10.0 1017
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ____38_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Tracer Test #7 (60 cfm total; 20 cfm to each INJ1, 2, and 3, ~5% H2)

1/17/2008 900 Test start

1/17/2008 1054 18.6 0.56 0 0.22 65.7 0.02 8.8 1015

1/17/2008 1414 19.1 1.00 0 0.022 65.8 13.5 1013

1/17/2008 1546 18.9 0.96 0 0.22 45.4 0.03 19.3 1012

Tracer Test #8 (90 cfm total; 30 cfm each to INJ1, 2, and 3; ~4.5% H2)

2/6/2008 1000 Test start

2/6/2008 1051 13.9 0.84 0 0.010 83.1 0.05 11.0 1020

2/6/2008 1201 13.8 0.76 0 0.010 80.0 13.2 1020

2/6/2008 1256 13.8 0.72 0 0.010 80.2 14.4 1019

2/6/2008 1450 13.7 0.76 0 0.022 81.1 0.06 16.1 1017

2/6/2008 1547 13.6 0.74 0 0.022 66.2 19.5 1017

Optimization Test #1 (90 cfm to INJ2 for 4 hours then shut down; ~88% N2, 10% H2, 1% CO2 & LPG)

2/20/2008 1146 13.9 1.04 0 0.022 74.9 15.5 1010

2/20/2008 1206 Test start

2/20/2008 1558 13.6 0.92 0 0.022 56.4 23.6 1008

2/20/2008 1606 Test End

2/20/2008 1642 13.4 0.90 0 0.022 58.8 21.2 1008

2/21/2008 936 13.9 1.02 0 0.022 75.6 10.4 1005

2/22/2008 1057 14.1 1.02 0 0.022 82.6 10.4 1003
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ____38_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #2 (30 cfm to INJ2 for 12 hours then shut down; ~88% N2, 10% H2, 1% CO2 & LPG)

2/25/2008 1845 Test Start

2/26/2008 653 Test End

2/26/2008 720 14.7 1.08 0.08 0.01 87.5 4 1017

2/27/2008 1549 13.8 0.92 0 0.005 34.3 39.1 1009

2/28/2008 1112 14.2 0.72 0 0.022 69.3 16.9 1007

Optimization Test #3A (1 cfm to INJ2; ~88% N2, 10% H2, 1% CO2 & LPG)

2/29/2008 1319 Test Start

2/29/2008 1450 14.2 0.72 0 0.005 58.7 30.2 1009

3/3/2008 1104 14.5 0.82 0 0.005 62.1 16 1019

3/3/2008 1130 Test End

Optimization Test #3B (1 cfm to INJ1, INJ2 & INJ3; ~88% N2, 10% H2, 1% CO2 & LPG)

3/3/2008 1130 Test Start

3/4/2008 946 14.5 0.9 0 0.01 65.7 13.8 1013

3/7/2008 1120 14.3 0.74 0 0.005 68.7 19.6 1018

3/7/2008 1306 Test End

Optimization Test #3C (90 cfm to INJ1, INJ2 & INJ3 for 15 minutes then shut down; ~79% N2, 10% H2 & LPG, 1% CO2)

3/7/2008 1306 Start Pulse

3/7/2008 1321 End Pulse

3/7/2008 1348 14.2 0.66 0 0.005 71.9 23 1016

3/10/2008 1107 14.5 0.8 0 0.005 67.8 16.9 1016
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ____38_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #4 ( 2, 45-minutes pulses; daily 15-minutes pulses w/30cfh constant flow)

Optimization Test #5 (20 cfm to INJ2 for 125 minutes while maintaing 30 cfh the rest of the time; ~80% N2, 10% H2 & LPG)

Optimization Test #6 (50 cfh to P4-18 & P4-28; ~80% N2, 10% H2 & LPG)

3/20/2008 1330 Start Test

3/26/2008 1000 13.8 0.92 0.24 0.010 77.9 11.2 1017

3/31/2008 1000 13.3 0.88 0.46 0.010 79.9 10.2 1013

4/2/2008 1057 13.2 0.90 0.52 0.046 77.8 15.8 1008

Optimization Test #7 (20 cfh to P4-18, --28, -38 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/2/2008 1233 Start Test

4/4/2008 942 11.8 0.86 0.94 0.046 65.9 13.0 1013

4/7/2008 1411 10.3 0.88 2.0 0.22 81.1 18.8 1011

Optimization Test #7B (30 cfh to P4-18, & P4-28 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/7/2008 1458 Start Test

4/9/2008 1107 9.5 0.82 9.4 0.022 81.2 15.4 1009

Optimization Test #7C (50 cfh to P4-18, & P4-28 (100 cfh total); ~79% N2, 10% H2 & LPG, 1% CO2)

4/10/2009 1121 Start Test

4/16/2008 1031 8.8 0.92 3.5 0.046 57.1 15.9 1011

4/22/2008 1054 9.2 0.94 3.5 0.046 88.2 19.9 1009

4/25/2008 1002 9.2 0.80 3.0 0.046 48.5 22.6 1015

4/29/2008 1112 9.2 0.90 3.5 0.046 65.1 23.8 1007
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ____38_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

5/5/2008 1316 8.2 0.90 3.5 0.022 54.9 35.4 1001

5/13/2008 937 7.5 0.94 4.0 0.022 24.6 34.2 1007

5/20/2008 937 6.7 0.98 4.5 0.046 52.1 25.6 1004

5/23/2008 1522 6.4 0.60 4.0 0.046 26.4 29.9 990

5/27/2008 908 6.8 1.16 4.5 0.046 46.3 17.0 1007

6/4/2008 910 6.2 0.66 4.5 0.046 41.1 25.8 1002

6/12/2008 1202 6.0 1.02 4.5 0.010 29.3 42.0 1003

6/20/2008 1025 4.9 1.02 5.0 0.005 32.4 42.0 1005

6/25/2008 1050 4.5 1.02 5.0 0.046 45.3 32.8 1005

7/2/2008 1152 4.1 1.04 5.0 0.010 73.4 30.3 1004

7/7/2008 1138 3.8 0.94 5.0 0.022 58.5 36.1 998

7/18/2008 1103 3 1.12 5.5 0.046 93.6 25.6

7/24/2008 1102 2.6 1.10 5.5 0.010 71.5 28.6 1005

7/31/2008 1100 2.2 1.18 5.5 0.046 63.9 27.3 1003

8/7/2008 935 1.9 1.22 6.5 0.046 47.6 24.2 1004

8/12/2008 1038 1.7 1.18 6.0 0.046 61.8 28.3 1002

Optimization Test #8 (100 cfh of 100% Propane to P4-18, & P4-28 (50 cfh to each point)

9/8/2008 0905 Test Start

9/8/2008 1049 1.3 1.26 6.5 0.010 999

9/15/2008 928 1.3 1.44 13.0 0.022 34.5 26.8 1007

9/29/2008 Did not measure 1006

10/13/2008 1208 0.8 1.82 30 0.010 20.6 32.5 1017

10/20/2008 1135 0.9 1.94 30 0.005 45.2 26.8 1013
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8_______ Depth ____38_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

11/5/2008 1411 0.9 2.18 30 0.005 75.1 18.9 1016

11/17/2008 1122 0.5 2.16 30 0.010 70.9 27.0 1014

12/1/2008 1122 1.0 2.16 30 0.002 54.8 24.8 1013

Page 8 of 8



Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8______ Depth ____48_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

12/12/2007 1145 18.9 0.00 0 0.002 90,000 83.0 -0.05 11.0 1020

12/12/2007 1541 0.04

12/13/2007 1035 20.1 0 0 0.22 67.4 12.5 1016

12/13/2007 1200 Discovered leak in O2 - all O2 data for 12/13/07 before 1200 invalid

12/13/2007 1356 18.7 0 0 0.022 88.2 19.7 1013

12/14/2007 901 18.6 0.04 0 0.46 75.6 0.0 6.5 1017

12/21/2007 1245 18.4 0.20 0 0.22 87.5 0.03 11.3 1012

12/26/2007 1257 18.3 0.18 0 0.022 87 0 11 1016

12/27/2007 1057 18.3 0.2 0 0.22 80.8 0.04 6.5 1018

12/27/2007 1344 18.1 0 0 0.022 81.4 9 1016

12/27/2007 1509 18.5 0.1 0 0.022 86.2 0.02 8.5 1017

1/2/2008 1110 18.1 0.22 0 0.22 79.9 0.02 13.4 1012

Tracer Test #1 (10 cfm to INJ2, ~7% H2)

1/21/2008 1046 Test start

1/21/2008 1229 18.2 0.28 0 0.022 73.0 0.01 10.3 1007

1/21/2008 1328 18.4 0.28 0 0.022 75.0 11.3 1006

1/21/2008 1557 18.4 0.26 0 0.022 73.8 0.02 10.0 1006

1/22/2008 1031 18.2 0.40 0 0.022 77.3 0.03 6.3 1011

1/22/2008 1424 18.1 0.36 0 0.022 78.6 8.5 1009

1/23/2008 1040 17.7 0.36 0 0.10 84.3 0.02 7.5 1008

1/23/2008 1134*

Well or Injection Gas Sample
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8______ Depth ____48_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Tracer Test #2 (20 cfm to INJ2, ~8% H2)

1/18/2008 1120 Test start

1/18/2008 1254 18.2 0 0 0.022 64.6 14.0 1014

1/18/2008 1408 18.7 0.26 0 0.046 63.0 15.9 1014

1/18/2008 1546 18.6 0.30 0 0.046 41.1 0.04 25.0 1014

1/19/2008 1036 18.6 0.40 0 0.046 58.8 0.02 10.1 1019

1/19/2008 1204* 18.4 0.24 0 0.046 68.3 16.5 1017

Tracer Test #3 (30 cfm to INJ2, ~4% H2)

1/30/2008 1036 Test start

1/30/2008 1127 12.3 0.44 0 0.77 90.7 0.07 9.9 1020

1/30/2008 1237 12.3 0.50 0 0.94 84.1 11.0 1019

1/30/2008 1445 12.0 0.48 0 0.94 79.7 0.05 15.0 1018

1/31/2008 1142 10.4 0.50 0 0.10 83.7 0.06 9.6 1018

1/31/2008 1403 10.3 0.52 0 0.10 81.2 0.06 8.7 1016

1/31/2008 1435

1/31/2008 1526 10.3 0.48 0 0.10 82.8 0.06 8.4 1014

Tracer Test #4 (60 cfm to INJ2, ~7% H2)

1/28/2008 1236 Test start

1/28/2008 1336 14.9 0.66 0 0.005 86.4 12.1 1010
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8______ Depth ____48_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

1/28/2008 1434 14.8 0.54 0 0.002 82.5 0.06 12.8 1011

1/28/2008 1613 15.1 0.70 0 0.002 78.4 0.04 10.1 1012

1/29/2008 816 14.5 0.66 0 0.046 83.9 0.01 5.1 1017

1/29/2008 1016* 14.8 0.50

Tracer Test #5 (90 cfm to INJ2, ~3% H2)

2/5/2008 1015 Test start

2/5/2008 1050 10.8 0.46 0 0.005 62.8 0.06 10.6 1019

2/5/2008 1148 10.8 0.42 0 0.002 71.2 11.2 1019

2/5/2008 1355 10.7 0.44 0 0.002 79.4 0.06 12.7 1018

2/5/2008 1518 10.9 0.42 0 0.002 54.8 21.8 1019

2/5/2008 1601 10.9 0.36 0 0.005 63.9 19.5 1018

Tracer Test #6 (30 cfm total; 10 cfm to each INJ1, 2, and 3; ~8% H2)

2/7/2008 1500 Test start

2/7/2008 1544 9.3 0.46 0 0.022 62.5 22.0 1016

2/7/2008 1632 9.4 0.44 0 0.005 59.3 20.1 1016

2/8/2008 1025 8.7 0.42 0 0.022 69.6 10.0 1017

Tracer Test #7 (60 cfm total; 20 cfm to each INJ1, 2, and 3, ~5% H2)

1/17/2008 900 Test start

1/17/2008 1057 18.4 0.12 0 0.22 64.3 0.02 8.7 1015
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8______ Depth ____48_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

1/17/2008 1419 19.2 0.40 0 0.002 64.9 13.8 1013

1/17/2008 1551 19.2 0.42 0 0.002 45.2 0.01 19.9 1012

Tracer Test #8 (90 cfm total; 30 cfm each to INJ1, 2, and 3; ~4.5% H2)

2/6/2008 1000 Test start

2/6/2008 1052 10.4 0.46 0 0.005 82.0 0.06 11.0 1020

2/6/2008 1202 10.4 0.46 0 0.005 79.3 13.3 1020

2/6/2008 1257 10.4 0.44 0 0.005 77.9 14.4 1019

2/6/2008 1451 10.3 0.40 0 0.005 80.6 0.09 16.0 1017

2/6/2008 1548 10.2 0.38 0 0.005 66.6 19.3 1017

Optimization Test #1 (90 cfm to INJ2 for 4 hours then shut down; ~88% N2, 10% H2, 1% CO2 & LPG)

2/20/2008 1148 12.8 0.64 0 0.022 75.1 15.5 1010

2/20/2008 1206 Test start

2/20/2008 1559 12.5 0.54 0 0.01 54.9 23.5 1008

2/20/2008 1606 Test End

2/20/2008 1643 12.5 0.52 0 0.022 58.1 21.1 1008

2/21/2008 938 12.8 0.62 0 0.022 74.9 10.5 1005

2/22/2008 1059 13 0.62 0 0.022 82.4 10.4 1003

Optimization Test #2 (30 cfm to INJ2 for 12 hours then shut down; ~88% N2, 10% H2, 1% CO2 & LPG)

2/25/2008 1845 Test Start
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8______ Depth ____48_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

2/26/2008 653 Test End

2/26/2008 722 13.6 0.86 0.1 0.022 86.7 4 1017

2/27/2008 1551 13.0 0.56 0 0.022 33.1 39.2 1009

2/28/2008 1126 13.2 0.26 0 0.01 73.8 16.8 1007

Optimization Test #3A (1 cfm to INJ2; ~88% N2, 10% H2, 1% CO2 & LPG)

2/29/2008 1319 Test Start

2/29/2008 1452 13.4 0.40 0.02 0.005 58.3 30.5 1009

3/3/2008 1106 13.6 0.42 0 0.005 60.8 16 1019

3/3/2008 1130 Test End

Optimization Test #3B (1 cfm to INJ1, INJ2 & INJ3; ~88% N2, 10% H2, 1% CO2 & LPG)

3/3/2008 1130 Test Start

3/4/2008 947 13.9 0.44 0 0.005 63.7 13.9 1013

3/7/2008 1121 13.5 0.32 0.02 0.005 63.8 19.7 1018

3/7/2008 1306 Test End

Optimization Test #3C (90 cfm to INJ1, INJ2 & INJ3 for 15 minutes then shut down; ~79% N2, 10% H2 & LPG, 1% CO2)

3/7/2008 1306 Start Pulse

3/7/2008 1321 End Pulse

3/7/2008 1348 13.7 0.4 0 0.005 67.5 23.1 1016

3/10/2008 1108 13.7 0.46 0 0.005 66 16.9 1016

Page 5 of 8



Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8______ Depth ____48_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #4 ( 2, 45-minutes pulses; daily 15-minutes pulses w/30cfh constant flow)

Optimization Test #5 (20 cfm to INJ2 for 125 minutes while maintaing 30 cfh the rest of the time; ~80% N2, 10% H2 & LPG)

3/26/2008 1002 Could not sample; insufficient flow 1013

Optimization Test #7 (20 cfh to P4-18, --28, -38 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/2/2008 1233 Start Test

4/4/2008 943 Could not sample; insufficient flow 1013

4/7/2008 1412 Could not sample; insufficient flow 1011

Optimization Test #7B (30 cfh to P4-18, & P4-28 (60 cfh total); ~80% N2, 10% H2 & LPG)

4/7/2008 1458 Start Test

4/9/2008 Could not sample; insufficient flow 1009
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8______ Depth ____48_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #7C (50 cfh to P4-18, & P4-28 (100 cfh total); ~79% N2, 10% H2 & LPG, 1% CO2)

4/10/2009 1121 Start Test

4/16/2008 1032 Could not sample; insufficient flow 1011

4/22/2008 1058 Could not sample; insufficient flow

4/25/2008 1003 Could not sample; insufficient flow

4/29/2008 1113 Could not sample; insufficient flow 1007

5/5/2008 1318 Could not sample; insufficient flow 1001

5/13/2008 938 Could not sample; insufficient flow 1007

5/20/2008 938 Could not sample; insufficient flow 1004

5/23/2008 1523 Could not sample; insufficient flow 990

5/27/2008 910 Could not sample; insufficient flow 1007

6/4/2008 911 Could not sample; insufficient flow 1002

6/12/2008 1203 Could not sample; insufficient flow 1003

6/20/2008 1028 Could not sample; insufficient flow 1005

6/25/2008 1051 Could not sample; insufficient flow 1005

7/2/2008 1153 Could not sample; insufficient flow 1004

7/7/2008 1139 Could not sample; insufficient flow 998

7/18/2008 1105 Could not sample; insufficient flow

7/24/2008 1105 Could not sample; insufficient flow 1005

7/31/2008 1102 Could not sample; insufficient flow 1003

8/7/2008 937 Could not sample; insufficient flow 1004
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Aerojet GEDIT - Injection Test Input

Phase II Piezometer Monitoring Data Well ID _____P8______ Depth ____48_____

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Optimization Test #8 (100 cfh of 100% Propane to P4-18, & P4-28 (50 cfh to each point)

9/8/2008 0905 Test Start

9/8/2008 1051 Could not sample; insufficient flow 999

9/15/2008 929 Could not sample; insufficient flow 1007

9/29/2008 929 Could not sample; insufficient flow 1006

10/13/2008 1209 Could not sample; insufficient flow 1017

10/20/2008 1136 Could not sample; insufficient flow 1013

11/5/2008 1412 Could not sample; insufficient flow 1016

11/17/2008 1123 Could not sample; insufficient flow 1014

12/1/2008 1123 Could not sample; insufficient flow 1013
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Phase II Process Monitoring Data

Date Time Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow
(psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfh) (scfm) (psig) (cfh) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm)

12/12/2007 1559 34 48 89 34 0 0.0 34 0 0.00 34 0 0.00 34 0 0.0 34 0 0 4 50 57.5 34 0 0

12/12/2007 1605 29 43 76 29 0 0.0 29 0 0.00 29 0 0.00 29 1.4 6.5 29 0 0 4 50 65.0 29 0 0

12/12/2007 1611 32 48 87 32 0 0.0 32 0 0.00 32 0 0.00 32 0 0.0 32 0 0 4 50 57.5 32 0 0

12/12/2007 1645 3 10 11 3 0 0.0 3 0 0.00 3 0 0.00 3 0 0.0 3 0 0 3 9.5 10.6 3 0 0

12/13/2007 845 27 44 76 27 0 0.0 27 0 0.00 27 0 0.00 27 0 0.0 27 0 0 4 50 57.5 27 0 0

12/13/2007 826 26 40 68 26 1.2 7.6 26 0 0.00 26 0 0.00 26 0 0.0 26 0 0 4 50 73.4 26 0 0

12/13/2007 1416 34.5 48 90 34.5 0 0.0 34.5 30 0.73 34.5 30 0.74 34.5 0 0.0 34.5 0 0 4 50 57.3 34.5 0 0

12/13/2007 1600 35 52 98 35 0 0.0 35 28 0.69 35 32 0.79 35 0 0.0 35 0 0 5 50 58.9 35 0 0

12/13/2007 1605 10 10 0 0 0.0 0 0 0.00 0 0 0.00 0 0 0.0 0 0 0.0 0 0

12/14/2007 930 52 10 22 52 0 0.0 52 0 0.00 52 0 0.00 52 0 0.0 52 0 0 1 8 8.4 52 0 0

12/26/2007 1347 44 5 10 44 0.25 1.9 44 0 0.00 44 0 0.00 44 0 0.0 0 0 0 0 10 14.6 0 0 0

12/26/2007 1347 Start test; Target = 9 cfm N2, 1 cfm H2

12/26/2007 1425 48 5 11 48 0.3 2.4 48 0 0.00 48 0 0.00 48 0 0.0 0 0 0 0 10 15.3 0 0 0

12/26/2007 1425 Increase H2 flow, Re-adjust to 0.25 on rotameter

12/27/2007 921 44 5 10 44 0.3 2.3 44 0 0.00 44 0 0.00 44 0 0.0 0 0 0 1.5 8 12.9 0 0 0

12/27/2007 922 44 5 10 44 0.3 2.3 44 0 0.00 44 0 0.00 44 0 0.0 0 0 0 1.5 10 16.1 0 0 0

12/27/2007 1635 Pat decides to shut off H2, decrease nitrogen to 5cfm over the weekend

12/27/2007 1645 57 5 11 57 0 0.0 57 0 0.00 57 0 0.00 57 0 0.0 0 0 0 2 5 5.4 3 0 0

1/2/2008 928 56 5 11 56 0 0.0 56 0 0.00 56 0 0.00 56 0 0.0 1 0 0 1 5.5 5.8 0 0 0

1/2/2008 929 Nitrogen Tank=12 inches H2O

1/2/2008 1148 53 5 11 53 0 0.0 53 0 0.00 53 0 0.00 53 0 0.0 0 0 0 0 4.5 4.6 0 0 0

1/2/2008 1256 0 0 0 0 0 0.0 0 0 0.00 0 0 0.00 0 0 0.0 0 0 #DIV/0! 0 0 #DIV/0! 0 0 #DIV/0!

Tracer Test #1 (10 cfm to INJ2, ~7 H2)

1/21/2008
729 (N2 
Flush) 8 82 104 8.0 0 0.0 8 0 0.00 8 0 0.00 8 0 0.0 2 39 42.4 1.5 40 42.8 0.5 40 41.5

1/21/2008
1046 (test 
start) 2 8 8.7 2.0 0.2 0.81 2 0 0.00 2 0 0.00 2 0 0.0 3 0 0 1 10 13.0 0 0 0

1/21/2008 1625 2 8 8.7 2.0 0.2 0.81 2 0 0.00 2 0 0.00 2 0 0.0 2 0 0 1.5 10.5 13.9 0 0 0

1/22/2008 1432 2.5 8 8.8 2.5 0.2 0.82 2.5 0 0.00 2.5 0 0.00 2.5 0 0.0 3 0 0 2 10 13.4 0 0 0

1/23/2008 1228 2.5 8 8.8 2.5 0.2 0.82 2.5 0 0.00 2.5 0 0.00 2.5 0 0.0 2.5 0 0 1.5 10 13.2 0 0 0

1/23/2008
1229 (test 
end) 0 0 0.0 0 0 0.0 0 0 0.00 0 0 0.00 0 0 0.0 0 0 #DIV/0! 0 0 #DIV/0! 0 0 #DIV/0!

Tracer Test #2 (20 cfm to INJ2, ~8% H2)

1/18/2008
1120 (test 
start) 50.5 8 17 50.5 0.3 2.4 50.5 0 0.00 50.5 0 0.00 50.5 0 0.0 0 0 0 0 20 27.3 0 0 0

1/18/2008 1655 52 8 17 52 0.2 1.6 52 0 0.00 52 0 0.00 52 0 0.0 0.5 0 0 0.5 18.5 23.7 0 0 0

1/19/2008 838 52 8 17 52 0.2 1.6 52 0 0.00 52 0 0.00 52 0 0.0 2 0 0 1 17 22.1 0 0 0

1/19/2008 848 Notice pressure in 2nd H2 18-pack = 0 psi; open valve to 3rd H2 18-pack (close valve to 2nd 18-pack); adjust H2 rotameter to 7.9% H2 at INJ2 (@ 1050 am H2 = 5.8% at INJ2)

Nitrogen Hydrogen LPG CDM-INJ3CO2 Helium CDM-INJ1 CDM-INJ2
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Phase II Process Monitoring Data

Date Time Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow
(psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfh) (scfm) (psig) (cfh) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm)

Nitrogen Hydrogen LPG CDM-INJ3CO2 Helium CDM-INJ1 CDM-INJ2

1/19/2008
1215 (test 
end) 0 8 8 0 0 0.0 0 0 0.00 0 0 0.00 0 0 0.0 0 0 0 0 0 0.0 0 0 0

1/19/2008
1216 (N2 
flush) 6.5 82 100 6.5 0 0.0 6.5 0 0.00 6.5 0 0.00 6.5 0 0.0 0 39 39.8 0 40 40.8 0 40 40.8

1/19/2008
1230 (end 
N2 flush) 0 0 0 0 0 0.0 0 0 0.00 0 0 0.00 0 0 0.0 0 0 #DIV/0! 0 0 #DIV/0! 0 0 #DIV/0!

Tracer Test #3 (30 cfm to INJ2, ~4%H2)

1/30/2008
854 (begin 
N2 flush) 8 82 104 8 0.00 0.0 8 0 0.00 8 0 0.00 8 0 0.0 3 39 43.7 1.5 40 42.8 0.5 40 41.48826

1/30/2008 Nitrogen tank = 36" Hydrogen 18-packs = 700, 200, 850 psi

1/30/2008
1011 (end 
N2 flush) 1.0 0 0 1 0.00 0.0 1 0 0.00 1 0 0.00 1 0 0.0 2 0 #DIV/0! 0.5 0 #DIV/0! 0 0 #DIV/0!

1/30/2008 1013 (no start test - NO GO)

1/30/2008 1020 (Can't get hydrogen to flow; Called pat and Praxair to reset pressure on N2 tank)

1/30/2008
1036(test 
start) 16.0 17 25 16 0.30 1.7 16 0 0.00 16 0 0.00 16 0 0.0 2 0 0.0 0.5 30 36.4 0 0 0

1/30/2008 1402 16.0 17 25 16 0.30 1.7 16 0 0.00 16 0 0.00 16 0 0.0 0 0 0.0 0 30 35.8 0 0 0

1/30/2008 1528 16.0 17 25 16 0.30 1.7 16 0 0.00 16 0 0.00 16 0 0.0 0 0 0.0 0 30 35.8 0 0 0

1/30/2008 Nitrogen tank =  ;Hydrogen 18-packs = 650, 100, 900 psi

1/31/2008 844 19.0 17 26 19 0.20 1.2 19 0 0.00 19 0 0.00 19 0 0.0 2.5 0 0.0 2 30 36.4 0 0 0

1/31/2008 Nitrogen tank = 23"  ;Hydrogen 18-packs = 0, 0, 850 psi

1/31/2008 1332* 12.0 20 27 12 0.30 1.5 12 0 0.00 12 0 0.00 12 0 0.0 3 0 0.0 2 30 37.3 0.5 0 0

1/31/2008
1435 (test 
end) 2.0 0 0 2 0.00 0.0 2 0 0.00 2 0 0.00 2 0 0.0 2.5 0 #DIV/0! 1.5 0 #DIV/0! 0.5 0 #DIV/0!

Tracer Test #4 (60 cfm to INJ2)

1/28/2008 1029 Nitrogen tank = 35.5" Hydrogen 18-pack = 2300 psi

1/28/2008
1236 (test 
start) 46 28 58 46 0.70 5.4 46 0 0.00 46 0 0.00 46 0 0.0 0.5 0 0.0 0.5 58* #VALUE! 0 0 0

1/28/2008 1402 47 27 56 47 0.65 5.1 47 0 0.00 47 0 0.00 47 0 0.0 0 0 0.0 0.5 58* #VALUE! 0 0 0

1/28/2008 1630 Nitrogen tank = 30.0" Hydrogen 18-pack = 1700 psi

1/29/2008 730 54 27 60 54 0.65 5.4 54 0 0.00 54 0 0.00 54 0 0.0 2 0 0.0 2.5 58* #VALUE! 0.5 0 0

1/29/2008
1019 (end 
test) Nitrogen tank = 9.0" Hydrogen 18-packs = 700, 200, 850 psi Note - did not record final readings on control panel, just noted gas levels

1/29/2008
1020 
(begin N2 8 85 108 8 0 0.0 8 0 0.00 8 0 0.00 8 0 0.0 3.5 40 45.4 2.5 40 44.1 1.0 40 42.2

1/29/2008
1246 (end 
N2 flush)

Tracer Test #5 (90 cfm to INJ2, Target ~3% H2)

2/5/2008 953 Nitrogen tank = 54 psi, 36" Hydrogen =59 psi; 2200, 59 & 2200, 60, 2250

2/5/2008 1001 24 55 91 24 0.60 3.7 24 0 0.00 24 0 0.00 24 0 0.0 0 0 0.0 2.5 >50 #VALUE! 0 0 0

2/5/2008 4 70 Not sure if N2 flow is right; call Pat, restart; Test N2 to all 3 INJs

2/5/2008
1015 (test 
start) 22 50 81 22 0.65 3.9 22 0 0.00 22 0 0.00 22 0 0.0 0 0 0.0 2 >50 #VALUE! 0 0 0

2/5/2008 1618 22 48 77 22 0.65 3.9 22 0 0.00 22 0 0.00 22 0 0.0 0.5 0 0.0 3 >50 #VALUE! 0 0 0

Nitrogen tank = 58 psi, 27"; Hydrogen = 55 & 2000, 55 & 1900, 55 & 2200
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Phase II Process Monitoring Data

Date Time Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow
(psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfh) (scfm) (psig) (cfh) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm)

Nitrogen Hydrogen LPG CDM-INJ3CO2 Helium CDM-INJ1 CDM-INJ2

2/5/2008
1635 (test 
end) 2 0 0 2 0 0.0 2 0 0.00 2 0 0.00 2 0 0.0 0.5 0 #DIV/0! 1.5 0 #DIV/0! 0 0 #DIV/0!

2/5/2008
1636 (N2 
flushstart) 8 82 104 8 0 0.0 8 0 0.00 8 0 0.00 8 0 0.0 2 39 42.4 2 40 43.5 0.5 40 41.5

2/5/2008
1730 (end 
N2 flush) 0 0 0 0 0 0.0 0 0 0.00 0 0 0.00 0 0 0.0 0 0 #DIV/0! 0 0 #DIV/0! 0 0 #DIV/0!

Tracer Test #6 (30 cfm total, 10 cfm each to INJ1, 2, and 3; ~8% H2)

2/7/2008 839 Begin N2 flush; N2 trailer = 6"

2/7/2008 1016 End N2 flush; N2 trailer = 1", will resume flushing after Praxair refills tank

2/7/2008 1150 Resume N2 flush; at 1455 still have N2 at 1.5 - 1.8% at some points; decdide to start test and run H2 at 7-8%

2/7/2008
1500 Test 
start 27 15 26 27 0.50 3.2 27 0 0.00 27 0 0.00 27 0 0.0 0 10 13.3 0 10 13.3 0 10.0 13.3

2/8/2008 836 30 14 25 30 0.55 3.7 30 0 0.00 30 0 0.00 30 0 0.0 2 10 14.7 1 10 14.2 0 9.0 12.4

1103 26 15 25 26 0.55 3.5 26 0 0.00 26 0 0.00 26 0 0.0 0 10 13.6 0 10 13.6 0 10.0 13.6
1104 End 
test 0 0 0 0 0.00 0.0 0 0 0.00 0 0 0.00 0 0 0.0 0 0 #DIV/0! 0 0 #DIV/0! 0 0.0 #DIV/0!

1105 N2 trailer = 21" ; H2 18-packs = 650, 50, 2250 psi (~2250 psi = full 18-pack, 3600 cfm per 18-pack)

Tracer Test #7 (60 cfm total; 20 cfm to each INJ1, 2, and 3, ~5% H2)

1/17/2008 859 0 0 0 0 0 0.0 0 0 0.00 0 0 0.00 0 0 0.0 3 0 #DIV/0! 1 0 #DIV/0! 0 0 #DIV/0!

1/17/2008
900 (test 
start) 3 50 56 3 0.85 3.6 3 0 0.00 3 0 0.00 3 0 0.0 3 22 28.6 1 20 24.5 0 22 26.1

1/17/2008 1210 2.5 50 55 2.5 0.82 3.4 2.5 0 0.00 2.5 0 0.00 2.5 0 0.0 1 22 26.9 0.5 20 24.0 0 22 26.0

1/17/2008 1554 3 50 56 3 0.84 3.5 3 0 0.00 3 0 0.00 3 0 0.0 0.5 22 26.5 0.5 20 24.1 0 22 26.1

1/17/2008
1650 (end 
test) 3 50 56 3 0 0.0 3 0 0.00 3 0 0.00 3 0 0.0 0.5 22 22.8 0.5 20 20.7 0 22 22.4

1/17/2008
1651 (N2 
flush) 8 80 101 8 0 0.0 8 0 0.00 8 0 0.00 8 0 0.0 2 36 39.1 1.5 38 40.7 0.5 38 39.4

1/17/2008
1750 (N2 
flush) 60 0 0 0 0 0.0 0 0 0.00 0 0 0.00 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0

1/18/2008
817 (N2 
flush) 8 80 101 8 0 0.0 8 0 0.00 8 0 0.00 8 0 0.0 4 36 41.4 2.5 38 41.9 1.5 38 40.7

1/18/2008
1051(begi
n test 2) 50 8 17 50 0 0.0 50 0 0.00 50 0 0.00 50 0 0.0 0 0 0 0 20 20.4 0 0 0.0

Tracer Test #8 (90 cfm total; 30 cfm each to INJ1, 2, and 3; ~4.5% H2)

2/6/2008 806 Begin N2 flush

2/6/2008 959 End N2 flush

2/6/2008
1000 Test 
Start 38 40 77 38 0.7 5.1 38 0 0.00 38 0 0.00 38 0 0.0 2 30 38.1 0.5 30 36.3 0 30 35.7

2/6/2008 1705 41 40 79 41 0.75 5.6 41 0 0.00 41 0 0.00 41 0 0.0 2 30 38.5 0.5 30 36.7 0 30 36.1

2/6/2008
1706 Test 
End 2 0 0 2 0 0.0 2 0 0.00 2 0 0.00 2 0 0.0 1.5 0 #DIV/0! 1 0 #DIV/0! 0 0 #DIV/0!

Optimization Test #1 (90 cfm to INJ2 for 4 hours, then shut down; 88% N2, 10% H2, 1% CO2, 1% LPG)

2/20/2008
1206 Test 
start 23 44 72 23 2.3 14.0 23 66 1.41 23 68 1.47 23 0 0.0 1.5 0 0.0 3.5 >50 #VALUE! 0 0 0.0

2/20/2008 1602 22 45 73 22 1.75 10.5 22 68 1.43 22 35 0.75 22 0 0.0 0 0 0.0 2.5 >50 #VALUE! 0 0 0.0

2/20/2008
1606 Test 
End 48 0 0 48 0 0.0 48 0 0.00 48 0 0.00 48 0 0.0 0 0 #DIV/0! 0 0 #DIV/0! 0 0 #DIV/0!
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Phase II Process Monitoring Data

Date Time Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow
(psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfh) (scfm) (psig) (cfh) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm)

Nitrogen Hydrogen LPG CDM-INJ3CO2 Helium CDM-INJ1 CDM-INJ2

Optimization Test #2 (30 cfm to INJ2 for 12 hours, then shut down; 88% N2, 10% H2, 1% CO2, 1% LPG)

2/25/2008
1845 Test 
start 5.5 23 28 5.5 0.6 2.7 5.5 22 0.34 5.5 22 0.35 5.5 0 0.0 2 0 0.0 2 30 40.2 0 0 0.0

2/26/2008 643 6 21 25 6 0.6 2.7 6 10 0.16 6 27 0.43 6 0 0.0 4 0 0.0 3 29 40.7 0.5 0 0.0

2/26/2008
653 Test 
End 54 0 0 54 0 0.0 54 0 0.00 54 0 0.00 54 0 0.0 4 0 #DIV/0! 2 0 #DIV/0! 0 0 #DIV/0!

Optimization Test #3A (1 cfm to INJ2; ~88% N2, 10% H2, 1% CO2 & LPG)

2/29/2008
1319 Test 
start Total Flow = 60 cfh (N2 = 53, H2 = 6, CO2 & LPG = 0.6 cfh)

3/3/2008 1121 Total Flow = 57 cfh

3/3/2008
1130 Test 
End

Optimization Test #3B (1 cfm to INJ1, INJ2, & INJ3, ~0.33 cfh per well; ~88% N2, 10% H2, 1% CO2 & LPG)

3/3/2008
1130Test 
start Total Flow = 60 cfh to INJ1, INJ2 & INJ3 (approx. 0.33 cfm per well)

3/4/2008 1015 Total Flow = 56 cfh

3/7/2008 1030 Total Flow = 49 cfh

3/7/2008
1306 Test 
End Total Flow = 0

Optimization Test #3C (90 cfm to INJ1, INJ2 & INJ3 for 15 minutes then shut down; ~79% N2, 10% H2 & LPG, 1% CO2)

3/7/2008
1306 
StartPulse 4 60 69 4 2.4 10.3 4 240 3.61 4 67 1.02 4 0 0.0 0 29 39.2 0 30 40.5 0 30 40.5

3/7/2008
1321 
EndPulse 60 0 0 60 0 0.0 60 0 0.00 60 0 0.00 60 0 0.0 2 0 #DIV/0! 2 0 #DIV/0! 0 0 #DIV/0!

Optimization Test #4 (30 cfm to INJ1, INJ2 & INJ3 (10 cfm each) for 45 minutes, then 30 cfm to INJ2 for 45 minutes; ~79% N2, 10% H2 & LPG, 1% CO2)

Followed by 15 minutes daily pulses at 30 cfm to INJ2 while maintaing ~30 cfh the rest of the time

3/10/2008
1217 
StartPulse 0.5 21 22 0.5 0.85 3.3 0.5 >100 #VALUE! 0.5 22 0.30 0.5 0 0.0 0 10 #VALUE! 0 10 #VALUE! 0 10 #VALUE!

3/10/2008 1302 3 19 21 3 0.85 3.6 3 >100 #VALUE! 3 22 0.33 3 0 0.0 2 0 #VALUE! 2 30 #VALUE! 0 0 #VALUE!

3/10/2008
1347 
Endpulse Total flow = 30 cfm

3/11/2008 858 Total flow = 48 cfm

3/11/2008
950 
Startpules 18 13 20 18 0.85 4.8 18 >100 #VALUE! 18 24 0.48 18 0 0.0 0 0 #VALUE! 0 30 #VALUE! 0 0 #VALUE!

3/11/2008
1005 
Endpulse Total flow = 30 cfm

3/12/2008 940 Total flow = 28 cfm

3/12/2008
1017 
Startpules 22 13 21 22 0.8 4.8 22 >100 #VALUE! 22 22 0.47 22 0 0.0 0.5 0 #VALUE! 0.5 30 #VALUE! 0 0 #VALUE!

3/12/2008
1032 
Endpulse Total flow = 30 cfm

3/13/2008 900 Total flow = 23 cfm

3/13/2008
925 
Startpules 6 13 16 6 0.8 3.6 6 >100 #VALUE! 6 22 0.35 6 0 0.0 1 0 #VALUE! 1 30 #VALUE! 0 0 #VALUE!

3/13/2008
940 
Endpulse Total flow = 30 cfm

3/14/2008 1120 Total flow = 41 cfm
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Phase II Process Monitoring Data

Date Time Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow
(psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfh) (scfm) (psig) (cfh) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm)

Nitrogen Hydrogen LPG CDM-INJ3CO2 Helium CDM-INJ1 CDM-INJ2

3/14/2008
1154 
Startpules 17 40 60 17 2.3 12.9 17 >100 #VALUE! 17 50 0.99 17 0 0.0 0.5 0 #VALUE! 2 >50 #VALUE! 0 0 #VALUE!

3/14/2008
1202 
Endpulse Total flow = 30 cfm

3/15/2008 1105 Total flow = 52 cfm

3/15/2008
1156 
Startpules 17 40 60 17 2.35 13.1 17 >100 #VALUE! 17 66 1.31 17 0 0.0 0 0 #VALUE! 1.5 >50 #VALUE! 0 0 #VALUE!

3/15/2008
1204 
Endpulse Total flow = 30 cfm

3/16/2008 1055 Total flow = 22 cfm

3/16/2008
1120 
Startpules 4 15 17 4 2.3 9.9 4 >100 #VALUE! 4 66 1.00 4 0 0.0 0 0 #VALUE! 0 30 #VALUE! 0 0 #VALUE!

3/16/2008
1128 
Endpulse Total flow = 30 cfm

3/17/2008 907 Total flow = 14 cfm

Optimization Test #5 (20 cfm to INJ2 for 125 minutes while maintaing 30 cfh the rest of the time; ~80% N2, 10% H2 & LPG)

3/17/2008
1037 
StartPulse 5 11 13 5 0.6 2.6 5 >100 #VALUE! 5 0 0.00 5 0 0.0 0 0 #VALUE! 0 20 #VALUE! 0 0 #VALUE!

3/17/2008
1242 
Endpulse Total flow = 30 cfm

3/18/2008 930 Total flow = 8 cfm

3/18/2008 931 Total flow = 36 cfm

3/19/2008 943 Total flow = 22 cfm

3/20/2008 927 Total flow = 19 cfm

Optimization Test #6 (50 cfh to P4-18 & P4-28; ~80% N2, 10% H2 & LPG)

3/20/2008
1330 Start 
Test Total flow = 50 cfh

3/21/2008 945 Total flow = 50 cfh

3/24/2008 935 Total flow = 49 cfh

3/26/2008 910 Total flow = 50 cfh

3/26/2008 1055 Total flow = 57 cfh

3/28/2008 920 Total flow = 57 cfh

3/31/2008 1030 Total flow = 57 cfh

4/2/2008 920 Total flow = 57 cfh

4/2/2008
1233 
(Test 7) P4-18, -28, -38 = 20 cfh each (60cfh total) Control Panel = 33 cfh, 34 psi

Optimization Test #7A (60 cfh to P4-18, -28, -38 (20 cfh each), 10% H2 & LPG)

4/2/2008
1233 
(StartTest) P4-18, -28, -38 = 20 cfh each (60cfh total) Control Panel = 33 cfh, 34 psi

4/4/2008 913 P4-18 = 24 cfh, P4-28 = 23 cfh, P4-38 = 21 cfh Control Panel = 39 cfh, 34 psi

4/4/2008 1005 O2 = 0.0% H2 = 6.9% LPG = 13.5%

4/4/2008 1006 Reset: P4-18, -28, -38 = 20 cfh each H2 = 8.0% LPG = 10.5%

4/7/2008 1343 P4-18 = 20 cfh, P4-28 = 19 cfh, P4-38 = 20 cfh Control Panel = 33 cfh, 34 psi

4/7/2008 1456 Control Panel = 57 cfh, 32 psi P4-18, -28, -38, -48 = 25, 25, 24, 24 cfh (98 cfh total)

Page 5 of 10



Phase II Process Monitoring Data

Date Time Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow
(psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfh) (scfm) (psig) (cfh) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm)

Nitrogen Hydrogen LPG CDM-INJ3CO2 Helium CDM-INJ1 CDM-INJ2

4/7/2008
1458 start 
test 7B Set P4-18 & P4-28 = 30 cfh each (60 cfh total)

Optimization Test #7B (60 cfh to P4-18, & P4-28, (30 cfh each), 10% H2 & LPG)

4/7/2008
1458 start 
test 7B Set P4-18 & P4-28 = 30 cfh each (60 cfh total)

4/9/2008 1016 Control Panel = 37 cfh, 34 psi P4-18 = 33 cfh; P4-28 = 33 cfh

4/9/2008 1154 H2 = 1.8%; LPG = 1.74%; O2 = 0.0%

4/9/2008 1242 H2 = 8.4%; LPG = 9.5%; 02 = 0.0%; P4-18 = 30 cfh; P4-28 = 30 cfh

4/10/2008 1058 Control Panel = 35 cfh, 28 psi P4-18 = 29 cfh; P4-28 = 29 cfh

4/10/2008 1121 Open up P4-18 & P4-28 all the way to >40 cfh each

Optimization Test #7C (100 cfh to P4-18, & P4-28, (50 cfh each), 10% H2 & LPG, 1% CO2)

4/10/2008
1311 start 
test Control Panel = 55 cfh, 33 psi P4-18 = >40 cfh; P4-28 = >40 cfh

4/11/2008 1205 Control Panel = 54 cfh, 32 psi P4-18 = >40 cfh; P4-28 = >40 cfh

4/11/2008 1205 32.0 54 98.2

4/11/2008 1422 Propane tank filled, tank volume = 80%, 38 psi

4/11/2008 1515 P4-18 = >40 cfh; P4-28 = >40 cfh, H2 = 8.5%, LPG = 11.0%

4/11/2008 1516 Control Panel = 50 cfh, 26 psi

4/14/2008 940 Control Panel = 34 cfh, 11 psi P4-18 = 20 cfh; P4-28 = 20 cfh H2 = 15%, LPG = 26% Propane tank = 63%, 38 psi

4/14/2008 1154 Control Panel = 58 cfh, 35 psi P4-18 = >40 cfh; P4-28 = >40 cfh H2 = 9.7%, LPG = 10.5%, CO2 = 1.10%

4/16/2008 1005 Control Panel = 57 cfh, 35 psi P4-18 = >40 cfh; P4-28 = >40 cfh

4/16/2008 1050 H2 = 8.0%, LPG = 10.0%, CO2 = 0.36% Readjust rates to: H2 = 9.0%, LPG = 10.5%, CO2 = 0.86%

4/16/2008 1115 Connect "T" fittings at P4 P4-18 = 25 + 25 = 50 cfh; P4-28 = 25 + 24 = 49 cfh

4/16/2008 1125 Propane tank = 54%, 38 psi H2 18-packs = 0, 0, 900 psi (~2300 psi = full 18-pack)

4/17/2008 1000 Control Panel = 57 cfh, 35 psi P4-18 = 50 cfh; P4-28 = 49 cfh

4/17/2008 1001 Begin Nitrogen flush in preparation for drilling

4/17/2008 3 60 67 3 0 0.0 3 0 0.00 3 0 0.00 3 0 0.0 26 26.5 27 27.5 27 27.5

4/17/2008 1420 Stop Flushing

4/18/2008 1522 Propane Tank = 50% full, 38 psi, H2 = 800 psi, N2 = 37 psi

4/18/2008 CO2 leaking at 16 pack, will call Praxair

4/18/2008 Control Panel = 58 cfh, 34 psi P4-18 = 48 cfh; P4-28 = 48 cfh

4/18/2008 1533 Injected %s --> CO2 = 0%, LPG = 10%, H2 = 8%, O2 = 0%

4/22/2008 930 Control Panel = 58 cfh, 34 psi; propane = 31% volume, 38 psi

4/22/2008 930 P4-18 = 48 cfh; P4-28 = 48 cfh; H2 = 0 psi (empty); N2 = 10"

4/22/2008 1056 Injected %s --> O2 = 0%, CO2 = 0%, LPG = 12.5%, H2 =0.91%

4/22/2008 1104 Note - out of H2; call praxair for refill; adjust LPG to 10.5%

4/22/2008 1105 Open up "empty" H2 18-packs, injecting 1.0% H2
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Phase II Process Monitoring Data

Date Time Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow
(psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfh) (scfm) (psig) (cfh) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm)

Nitrogen Hydrogen LPG CDM-INJ3CO2 Helium CDM-INJ1 CDM-INJ2

4/23/2008 914 Injected %s --> O2 = 0%, CO2 = 0%, LPG = 9.5%, H2 =1.3%

4/23/2008 916 P4-18 = 49 cfh; P4-28 = 48 cfh; Contorl Panel = 58 cfh, 35 psi

4/23/2008 Propane = 26% volume, 38 psi; N2 = 36"

4/25/2008 900 Control Panel = 57 cfh; propane ~ 10.5%; 930 Adjust flow rates

4/25/2008 938 Control Panel = 58 cfh, 34 psi; H2 = 9.0%, LPG = 10.5%, CO2 = 0.76%, O2 = 0%

4/25/2008 938 P4-18 = 48 cfh, P4-28 = 47 cfh, N2 = 31", propane = 70% volume 

4/25/2008 H2, N2, LPG = 37 psi, CO2 = 49 psi, H2 = full, 3-18 packs

4/25/2008 1030 Readjust to H2 = 10%, LPG = 10%, CO2 = 1.06%, O2 = 0%

4/29/2008 1047 P4-18 = 48 cfh, P4-28 = 47 cfh, N2 = 24", 37 psi; propane = 52% volume, 37 psi H2 18-packs = 2300/38 psi; 1800/38 psi; 2300/39 psi

4/29/2008 1048 Control Panel = 58 cfh, 34 psi; H2 = 8.6%, LPG = 10.0%, CO2 = 0.10%, O2 = 0% CO2 = 740/46 psi

4/29/2008 1145 Readjust to H2 = 10%, LPG = 10%, CO2 = 1.10%, O2 = 0%

5/5/2008 1336 P4-18 = 47 cfh, P4-28 = 47 cfh Injected %s --> O2 = 0%, CO2 = 0.92%, LPG = 10.0%, H2 =6.8%

5/5/2008 1340 Control Panel = 57 cfh, 33 psi propane = 80% volume, 38 psi H2 18-packs = 2400/38 psi; 800/38 psi; 2400/38 psi CO2 = 840/58 psi

5/5/2008 1344 N2 = 12", 36 psi

5/5/2008 1350 Readjust to H2 = 9.5%, LPG = 9.5%, CO2 = 0.84%, O2 = 0% P4-18 = 48 cfh, P4-28 = 47 cfh 

5/13/2008 837 Control Panel = 57 cfh, 34 psi propane = 50% volume, 38 psi 

5/13/2008 841 H2 18 packs = 2300/36psi; 0/35 psi; 2050/36 psi; CO2 = 80/68 psi

5/13/2008 843 N2 = 22", 36 psi

5/13/2008 856 P4-18 & 28 = 47 cfh; Injected %s --> O2 = 0%, CO2 = 1.72%, LPG = 11.0%, H2 =1.2%

5/13/2008 1010 Change CO2 tank source: CO2 = 900/62 psi

5/13/2008 1040 Readjust to H2 = 10%, LPG = 9.5%, CO2 = 1.00%, O2 = 0% P4-18 & 28 = 47 cfh

5/20/2008 853 Control Panel = 57 cfh, 35 psi propane = 60% volume, 38 psi 

5/20/2008 855 H2 18 packs = 2300/36psi; 0/35 psi; 0/36 psi; CO2 = 660/58 psi

5/20/2008 858 N2 = 35", 37 psi

5/20/2008 909 P4-18 & 28 = 47 cfh; Injected %s --> O2 = 0%, CO2 = 1.00%, LPG = 9.5%, H2 =4.2%

5/20/2008 1052 Readjust to H2 = 10%, LPG = 9.5%, CO2 = 0.94%, O2 = 0% P4-18 & 28 = 47 cfh

5/23/2008 842 Control Panel = 56 cfh, 35 psi propane = 50% volume, 38 psi 

5/23/2008 844 H2 18 packs = 2200/39psi; 0/38 psi; 0/38 psi; CO2 = 660/58 psi

5/23/2008 846 N2 = 30", 37 psi

5/23/2008 918 P4-18 & 28 = 47 cfh; Injected %s --> O2 = 0%, CO2 = 1.02%, LPG = 10%, H2 =4.2%

5/23/2008 948 hooked up H2 6 pack to line: 1950/36 psi

5/23/2008 1032 readjust injection %'s: H2 = 9.8%, LPG = 9.5%, CO2 = 1.06%, O2 = 0.0%

5/23/2008 1336 readjust injection %'s: H2 = 10%, LPG = 9.5%, CO2 = 1.06%, O2 = 0.0%

5/23/2008 1450 Check injection %'s: H2 = 10%, LPG = 9.5%, CO2 = 1.02%, O2 = 0.0%

5/23/2008 1550 Check injection %'s: H2 = 9.4%, LPG = 9.0%, CO2 = 1.14%, O2 = 0.0% P4-18 & 28 = 47 cfh

5/27/2008 826 Control Panel = 57 cfh, 35 psi propane = 30% volume, 37 psi 

5/27/2008 828 H2 18 packs = 1500/40psi; H2 6 pack: 1800/40 psi; CO2 = 380/64 psi

5/27/2008 830 N2 = 22", 38 psi

5/27/2008 844 P4-18 & 28 = 47 cfh; Injected %s --> O2 = 0%, CO2 = 2.48%, LPG = 11%, H2 =9.5%

5/27/2008 935 readjust injection %'s: H2 = 9.8%, LPG = 10%, CO2 = 0.98%, O2 = 0.0%

5/28/2008 900 Hook up 2 H2 18 packs: 2300/40 psi; 2300/40psi

5/28/2008 905 Check injection %'s: H2 = 9.9%, LPG = 10.5%, CO2 = 1.20%, O2 = 0.0%

6/4/2008 833 Control Panel = 57 cfh, 35 psi propane = 50% volume, 38 psi 
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Phase II Process Monitoring Data

Date Time Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow
(psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfh) (scfm) (psig) (cfh) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm)

Nitrogen Hydrogen LPG CDM-INJ3CO2 Helium CDM-INJ1 CDM-INJ2

6/4/2008 835 H2 18 packs = 600/40psi; 2300/40 psi; 2300/40 psi;  CO2 = 20/46 psi

6/4/2008 837 N2 = 37", 37 psi

6/4/2008 846 P4-18 & 28 = 47 cfh; Injected %s --> O2 = 0%, CO2 = 0%, LPG = 11%, H2 = 7.6%

6/4/2008 939 Change CO2 tank source: CO2 = 760/66 psi

6/4/2008 955 readjust injection %'s: H2 = 10%, LPG = 10.0%, CO2 = 1.02%, O2 = 0.0%

6/10/2008 841 Control Panel = 57 cfh, 34 psi P4-18 & 28 = 48, 47 cfh; 

6/10/2008 842 Stop test to drill confirmation borings 3 & 4

6/10/2008 1652 Restart test; P4-18 & 28 = 48, 47 cfh; 

6/10/2008 1652 Injected %s --> O2 = 0%, CO2 = 0.94%, LPG = 10%, H2 = 9.7%

6/12/2008 1231 P4-18 & 28 = 48, 46 cfh; Injected %s --> O2 = 0%, CO2 = 0.80%, LPG = 10.5%, H2 = 0.0%

6/12/2008 1232 Control Panel = 56 cfh, 33 psi propane = 20% volume, 37 psi N2 = 21", 36 psi

6/12/2008 1232 H2 18 packs = 0/34psi; 2200/35 psi; 2450/35 psi;  CO2 = 920/56 psi

6/12/2008 1305 Readjust Hydrogen 18-packs to 40 psi; 

6/12/2008 1305 Injected %s --> O2 = 0%, CO2 = 1.06%, LPG = 9.5%, H2 = 9.4% P4-18 & 28 = 47 chf 

6/20/2008 1103 P4-18 & 28 = 47, 47 cfh; Injected %s --> O2 = 0%, CO2 = 0.00%, LPG = 10.0%, H2 = 5.5%

6/20/2008 1103 Control Panel = 57 cfh, 32 psi propane = 50% volume, 37.5 psi N2 = 30", 35 psi

6/20/2008 1103 H2 18 packs = 0/30psi; 1100/38 psi; 2500/38 psi;  CO2 = 0/46 psi

6/20/2008 1120 Open new CO2 cylinder.  Adjust CO2 to 58 psi and H2 to 40 psi

6/20/2008 1220 Injected %s --> O2 = 0.0%, CO2 = 0.94%, LPG = 9.0%, H2 = 10.0% P4-18 & 28 = 47 chf 

6/25/2008 1010 Control Panel = 57 cfh, 34 psi propane = 80% volume, 38 psi N2 = 28"

6/25/2008 1010 H2 18 packs = 0/28psi; 1050/40 psi; 1400/40 psi;  CO2 = 710/53 psi

6/25/2008 1110 P4-18 & 28 = 48, 47 cfh; Injected %s --> O2 = 0%, CO2 = 1.08%, LPG = 10.0%, H2 = 10%

7/2/2008 1054 Control Panel = 56 cfh, 34 psi propane = 50% volume, 38 psi N2 = 35"

7/2/2008 1054 H2 18 packs = 0/24psi; 1050/41 psi; 0/40 psi;  CO2 = 520/56 psi

7/2/2008 1054 P4-18 & 28 = 47, 47 cfh; 

7/2/2008 1221 Injected %s --> O2 = 0%, CO2 = 1.62%, LPG = 10.5%, H2 = 10%

7/2/2008 1235 Turned CO2 down to 53 psi

7/2/2008 1235 Injected %s --> O2 = 0%, CO2 = 1.08%, LPG = 10.5%, H2 = 10%

7/2/2008 1235 P4-18 & 28 = 47, 47 cfh; 

7/7/2008 1033 P4-18= 47 cfh P4-28= 47 cfh 

7/7/2008 1044 Three New H2 18-packs delivered and 6 new CO2 tanks delivered

7/7/2008 1044 Injected %s --> O2 = 0.0%, Propane = 10%, CO2 = 1.10%, H2 = 12%

7/7/2008 1044 Control Panel = 57 cfh, 33 psi

7/7/2008 1044 propane = 30% volume, 37 psi 

7/7/2008 1044 H2 18 packs = off; off; 2400/41 psi

7/7/2008 1044 CO2 = >1000/52 psi

7/7/2008 1044 N2 = 26" / 36 psi

7/7/2008 1114 Turned all new H2 tanks and adjusted tank pressures

7/7/2008 1114 propane = 30% volume, 37 psi 

7/7/2008 1114 H2 18 packs = 2400/41 psi; 2400/41 psi; 2400/41 psi

7/7/2008 1114 CO2 = >1000/53 psi

7/7/2008 1114 N2 = 26" / 36 psi

7/7/2008 1114 Injected %s --> O2 = 0.0%, Propane = 10%, CO2 = 1.00%, H2 = 11%
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Phase II Process Monitoring Data

Date Time Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow
(psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfh) (scfm) (psig) (cfh) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm)

Nitrogen Hydrogen LPG CDM-INJ3CO2 Helium CDM-INJ1 CDM-INJ2

7/11/2008 1051 Confirmation borings drilled yesterday

7/11/2008 1051 P4-18= 47 cfh P4-28= 49 cfh 

7/11/2008 1051 Injected %s --> O2 = 0.0%, Propane = 10%, CO2 = 1.42%, H2 = 13%

7/11/2008 1053 Control Panel = 58 cfh, 34 psi

7/11/2008 1053 propane = 16% volume, 37 psi 

7/11/2008 1053 H2 18 packs = 2300/41 psi; 1650/41 psi; 2300/41 psi

7/11/2008 1053 CO2 = 840/54 psi

7/11/2008 1053 N2 = 18" / 36 psi

7/11/2008 1109 Adjusted tank pressures

7/11/2008 1109 propane = 16% volume, 37 psi 

7/11/2008 1109 H2 18 packs = 2300/40 psi; 1650/40 psi; 2300/40 psi

7/11/2008 1109 CO2 = 840/52 psi

7/11/2008 1109 N2 = 18" / 36 psi

7/11/2008 1109 Injected %s --> O2 = 0.0%, Propane = 10%, CO2 = 1.16%, H2 = 11%

7/11/2008 1109 P4-18= 47 cfh P4-28= 49 cfh 

7/18/2008 946 Control Panel = 56 cfh, 34 psi

7/18/2008 946 propane = 48% volume, 38 psi 
7/18/2008 946 H2 18 packs = 1100/39 psi; 1600/40 psi; 2400/40 psi
7/18/2008 946 CO2 = 40/45 psi
7/18/2008 946 N2 = 30" / 36 psi
7/18/2008 946 P4-18= 46 cfh P4-28= 49 cfh 
7/18/2008 946 Injected %s --> O2 = 0.0%, Propane = 11%, CO2 = 0.00%, H2 = 10%
7/18/2008 1129 Hooked up new CO2 tank and adjusted tank pressures
7/18/2008 1129 propane = 48% volume, 38 psi 
7/18/2008 1129 H2 18 packs = 1100/39 psi; 1600/40 psi; 2400/40 psi
7/18/2008 1129 CO2 = 900/53 psi
7/18/2008 1129 N2 = 30" / 36 psi
7/18/2008 1129 P4-18= 46 cfh P4-28= 49 cfh 
7/18/2008 1129 Injected %s --> O2 = 0.0%, Propane = 10.5%, CO2 = 0.98%, H2 = 11%
7/24/2008 1000 Control Panel = 56 cfh, 34 psi
7/24/2008 1000 propane = 70% volume, 38 psi 
7/24/2008 1000 H2 18 packs = 40/40 psi; 1650/41 psi; 2400/42 psi
7/24/2008 1000 CO2 = 820/50 psi
7/24/2008 1000 N2 = 18" / 36 psi
7/24/2008 1000 P4-18= 46 cfh P4-28= 49 cfh 
7/24/2008 1000 Injected %s --> O2 = 0.0%, Propane = 10%, CO2 = 0.66%, H2 = 13%
7/24/2008 1020 Adjusted tank pressures
7/24/2008 1020 propane = 70% volume, 38 psi 
7/24/2008 1020 H2 18 packs = 40/40 psi; 1650/40 psi; 2400/40 psi
7/24/2008 1020 CO2 = 820/53 psi
7/24/2008 1020 N2 = 18" / 36 psi
7/24/2008 1020 P4-18= 46 cfh P4-28= 49 cfh 
7/24/2008 1106 Injected %s --> O2 = 0.0%, Propane = 10%, CO2 = 1.06%, H2 = 10%
7/31/2008 1004 Control Panel = 56 cfh, 34 psi
7/31/2008 1004 propane = 40% volume, 38 psi 
7/31/2008 1004 H2 18 packs = 0/40 psi; 700/40 psi; 2100/40 psi
7/31/2008 1004 CO2 = 800/53 psi
7/31/2008 1004 N2 = 32" / 36 psi
7/31/2008 1004 P4-18= 46 cfh P4-28= 49 cfh 
7/31/2008 1018 Injected %s --> O2 = 0.0%, Propane = 10.5%, CO2 = 1.26%, H2 = 11%
7/31/2008 1103 Injected %s --> O2 = 0.0%, Propane = 10.5%, CO2 = 1.14%, H2 = 10%
8/7/2008 840 Control Panel = 56 cfh, 36 psi
8/7/2008 840 propane = 75% volume, 38 psi 
8/7/2008 840 H2 18 packs = 0/40 psi; 0/40 psi; 1600/40 psi
8/7/2008 840 CO2 = 40/44 psi
8/7/2008 840 N2 = 19" / 37 psi
8/7/2008 840 P4-18= 46 cfh P4-28= 48 cfh 
8/7/2008 840 Injected %s --> O2 = 0.0%, Propane = 10.5%, CO2 = 0.00%, H2 = 11%
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Phase II Process Monitoring Data

Date Time Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow Pressure Rotameter Flow
(psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfh) (scfm) (psig) (cfh) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm) (psig) (cfm) (scfm)

Nitrogen Hydrogen LPG CDM-INJ3CO2 Helium CDM-INJ1 CDM-INJ2

8/7/2008 946 Replace CO2 source - 860/46psi
8/7/2008 1005 Injected %s --> O2 = 0.0%, Propane = 10%, CO2 = 1.02%, H2 = 10%

8/12/2008 928 Control Panel = 56 cfh, 34 psi
8/12/2008 928 propane = 50% volume, 38 psi 
8/12/2008 928 H2 18 packs = 0/39 psi; 0/40 psi; 700/40 psi
8/12/2008 928 CO2 = 880/46 psi
8/12/2008 928 N2 = 10" / 36 psi
8/12/2008 928 P4-18= 45 cfh P4-28= 49 cfh 
8/12/2008 928 Injected %s --> O2 = 0.0%, Propane = 10.5%, CO2 = 0.00%, H2 = 10%
8/12/2008 1049 Adjusted tank pressures
8/12/2008 1049 Injected %s --> O2 = 0.0%, Propane = 11%, CO2 = 0.92%, H2 = 5%

Optimization Test #8 (100 cfh total of 100% Propane  - 50 cfh to P4-18, & P4-28 (50 cfh each)
System LPG Panel Sampling Port

Date Time Pressure Rotameter Rotameter Pressure Volume Rotameter 1 Rotameter 2 Rotameter 1 Rotameter 2
(psig) (cfh) (cfm) (psig) (%) (cfh) (cfh) (cfh) (cfh)

9/8/2008 905 34.5 63 60 38 35 25 25 25 25

9/15/2008 901 33.5 67 60 38 60 25 25 25 25

9/15/2008 948 Injected %s --> LPG = 30 % (O2 = 0.0%, CO2 = 0.00%)

9/29/2008 915 33 75 60 38 60 25 25 25 24

9/29/2008 1010 Injected %s --> LPG = 30 % (O2 = 0.0%, CO2 = 0.00%)

9/30/2008 949 33 75 60 38 47 25 25 25 24

9/30/2008 957 33 74 58 36 36 12 12

9/30/2008 1005 33 74 58 37 36 12 11

10/13/2008 1134 33 77 58 38 85 36 36 12 12

10/13/2008 1222 Injected %s --> LPG = 30 % (O2 = 0.0%, CO2 = 0.00%)

10/20/2008 1105 33 76 58 38 60 35 36 12 12

10/20/2008 1152 Injected %s --> LPG = 30 % (O2 = 0.0%, CO2 = 0.00%)

11/5/2008 1300 34 76 59 38 85 35 36 13 12

11/5/2008 1415 Injected %s --> LPG = 30 % (O2 = 0.0%, CO2 = 0.00%)

11/17/2008 1052 32 76 58 37.5 60 35 37 12 11

11/17/2008 1143 Injected %s --> LPG = 30 % (O2 = 0.0%, CO2 = 0.00%)

12/1/2008 1035 33 76 59 38 85 34 36 14 12

12/1/2008 1125 Injected %s --> LPG = 30 % (O2 = 0.0%, CO2 = 0.00%)

Propane Tank P4-18 P4-28
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Phase II Tracer Test Injection Data Well ID ____INJ1________

Well Ambient Air
O2 CO2 Propane H2 He RH PressureTemperaturmetric pres

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)
12/12/2007 1527 0.18
12/21/2007 1258 16.2 0.60 0.02 0.22 84.9 0.0 11.4 1012
12/27/2007 1304 9.6 0.58 0 2.4 78.9 9 1016

Tracer Test #1 (10 cfm to INJ2, ~7% H2)
1/21/2008 1046 Test start
1/21/2008 1128 1.8 0 0 0.022 58.8 0.03 9.9 1008
1/23/2008 1210* 1.4

Tracer Test #2 (20 cfm to INJ2, ~8% H2)
1/18/2008 1120 Test start
1/18/2008 1229 1.5 0 0 0.046 57.6 13.4 1015
1/18/2008 1557 0.9 0 0 2.8 53.4 0.04 18.3 1014
1/19/2008 1110* 1.3 0.08 0 7.0 76.9 18.6 1018

Tracer Test #3 (30 cfm to INJ2, ~4% H2)
1/30/2008 1036 Test start
1/30/2008 1143 0.0 0 0 0.10 91.0 0.10 9.8 1020
1/30/2008 1300 0.0 0 0 1.2 94.0 12.0 1019
1/30/2008 1458 0.0 0 0 2.9 81.7 0.10 15.4 1018
1/31/2008 1015 0.0 0 0 3.9 79.8 0.10 9.4 1019
1/31/2008 1150 0 0 0 3.5 76.8 9.6 1018
1/31/2008 1414 0.0 0 0 3.4 74.9 0.16 8.7 1016
1/31/2008 1435
1/31/2008 1543 0 0 0 3.4 77.5 0.07 8.4 1014

Tracer Test #4 (60 cfm to INJ2, ~7% H2)
1/28/2008 1236 Test start
1/28/2008 1536 0.6 0.04 0 4.2 76.4 0.17 10.2 1011
1/29/2008 835 0 0.04 0 6.6 76.3 -0.04 5.2 1017
1/29/2008 Final O2* 0

Well or Injection Gas Sample

Source file: Test 8 -  6 
Feb 2008.xls

Page 1 of 2



Phase II Tracer Test Injection Data Well ID ____INJ1________

Well Ambient Air
O2 CO2 Propane H2 He RH PressureTemperaturmetric pres

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Source file: Test 8 -  6 
Feb 2008.xls

Tracer Test #5 (90 cfm to INJ2, ~3% H2)
2/5/2008 1015 Test start
2/5/2008 1055 0.2 0 0 0.71 90.4 0.22 10.9 1019
2/5/2008 1158 0.3 0 0 2.1 89.8 11.3 1019
2/5/2008 1405 0.1 0 0 3.3 82.6 0.22 12.8 1018
2/5/2008 1526 0.1 0 0 3.2 55.5 21.2 1019
2/5/2008 1610 0.1 0 0 3.2 69.0 11.7 1018

Tracer Test #6 (30 cfm total; 10 cfm to each INJ1, 2, and 3; ~8% H2)
2/7/2008 1500 Test start
2/7/2008 1507 0.0 0 0 7.8 33.1 21.4 1016
2/7/2008 1509 0.0 0 0 7.2 32.3 28.2 1016
2/8/2008 925 0.0 0 0 8.8 59.6 0.16 8.3 1017
2/8/2008 1043 0.0 0 0 8.2 77.8 10.2 1017

H2ave = 8.000
Tracer Test #7 (60 cfm total; 20 cfm each to INJ1, 2, and 3; ~5% H2)

1/17/2008 900 Test start
1/17/2008 1257 0.1 0 0 5.1 8.4 0.10 11.9 1013

H2ave = 5.100
Tracer Test #8 (90 cfm total; 30 cfm each to INJ1, 2, and 3; ~4.5% H2)

2/6/2008 1000 Test start
2/6/2008 1006 0.0 0 0 4.6 90.4 0.54 10.2 1020
2/6/2008 1111 0.0 0 0 4.5 39.0 11.8 1020
2/6/2008 1213 0.0 0 0 4.3 52.6 13.4 1019
2/6/2008 1403 0.0 0 0 5.1 41.1 0.58 15.4 1017
2/6/2008 1515 0.0 0 0 4.7 43.2 17.6 1017

H2ave = 4.640
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Phase II Tracer Test Injection Data Well ID ____INJ2________ Depth _________ Source file: Test 8 -  6 Feb 2008.xls

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)
12/12/2007 1522 9.9
12/13/2007 840 0 0 0 8.1 10^5 11.3 4.3 5.1 1016
12/13/2007 1328 0 0 0 8.5 10.9 17.1 1014
12/13/2007 1424 0 0.70 0.54 0.22 6.2 15.2 1013
12/13/2007 1554 0 0.70 0.52 0.022 13.9 13.0 1013
12/14/2007 834 0 0 0 0.22 0.11 5.4 1016
12/21/2007 1122 10.3 0.90 0.08 0.22 60.8 0.01 13.2 1013
12/26/2007 1355 0.2 0 0 0.57 12.3 0.1 11.9 1015
12/26/2007 1425 0.1 0 0 8.4
12/27/2007 925 0.1 0 0 9.1 6.6 0.06 5.3 1017
12/27/2007 1244 0.1 0 0 9 6.9 9.3 1017
12/27/2007 1525 0.2 0 0 9.6 7.2 0.08 7.9 1017

1/2/2008 933 0.1 0 0 0.22 4.5 0.04 9.5 1012

Tracer Test #1 (10 cfm to INJ2, ~7% H2)
1/21/2008 1046 Test start
1/21/2008 1049 0.9 0 0 6.4 46.5 7.8 1007
1/21/2008 1121 0.9 0 0 6.4 43.8 9.1 1007
1/21/2008 1241 0.8 0 0 6.2 34.5 0.21 9.9 1007
1/21/2008 1439 0.8 0 0 6.3 15.6 0.22 10.1 1006
1/21/2008 1624 0.9 0 0 6.3
1/22/2008 908 0.8 0 0 7.1 23.3 0.20 7.5 1011
1/22/2008 1200* 0.1 0 0 6.8
1/23/2008 946 0.7 0 0 6.6 59.2 0.20 9.0 1008
1/23/2008 1104* 0.3 6.8

H2ave = 6.544
Tracer Test #2 (20 cfm to INJ2, ~8% H2)

1/18/2008 1120 Test start
1/18/2008 1123 0.5 0 0 8.8 54.5 0.06 12.3 1015
1/18/2008 1143 0.5 0 0 7.4
1/18/2008 1300 0.5 0 0 6.9
1/18/2008 1552* 0.1 0 0 7.8 4.2 0.12 22.3 1014
1/19/2008 848 0.5 0 0 7.9 15.3 7.4 1018
1/19/2008 1015* 0.1 0 0 5.8 8.9 0.14 13.6 1019

H2ave = 7.433
Tracer Test #3 (30 cfm to INJ2, ~4% H2)

1/30/2008 1036 Test start
1/30/2008 1043 0.0 0 0 4.6 26.1 0.50 9.2 1020
1/30/2008 1153 0.0 0 0 4.4 24.7 10.1 1019
1/30/2008 1406 0.0 0 0 4.7 37.0 0.50 12.3 1018
1/31/2008 920 0.0 0 0 4.1 39.8 0.50 7.9 1019
1/31/2008 1121 0 0 0 3.6 42.8 9.4 1018
1/31/2008 1318 0 0 0 3.4 43.3 0.53 8.5 1017
1/31/2008 1342 0 0 0 3.9 28.2 8.7 1016
1/31/2008 1435
1/31/2008 1453 0.0 0 0 3.6 43.9 0.08 7.9 1015
1/31/2008 1555 0.0 0 0 3.7 48.0 8.0 1014

H2ave = 4.100

Well or Injection Gas Sample
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Phase II Tracer Test Injection Data Well ID ____INJ2________ Depth _________ Source file: Test 8 -  6 Feb 2008.xls

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Tracer Test #4 (60 cfm to INJ2, ~7% H2)
1/28/2008 1236 Test start
1/28/2008 1239 0 0 0 6.4 76.4 1.95 10.4 1010
1/28/2008 1337 0 0 0 5.7
1/28/2008 1340* 0 0 0 6.2
1/28/2008 1535 0 0 0 6.0 70.8 1.90 10.3 1011
1/29/2008 741 0 0 0 7.1 43.5 1.70 5.9 1016
1/29/2008 1010* 0 6.6

  H2ave = 6.333
Tracer Test #5 (90 cfm to INJ2, ~3% H2)

2/5/2008 1015 Test start
2/5/2008 1016 0 0 0 3.5 11.0 2.4 8.3 1019
2/5/2008 1051 0 0 0 3.3 1019
2/5/2008 1117 0 0 0 3.5 13.2 10.5 1019
2/5/2008 1324 0 0 0 4.0 23.2 2.40 12.0 1019
2/5/2008 1435 0 0 0 3.7 14.8 1018
2/5/2008 1541 0 0 0 3.5 23.9 16.8 1019

H2ave = 3.583
Tracer Test #6 (30 cfm total; 10 cfm to each INJ1, 2, and 3; ~8% H2)

2/7/2008 1500 Test start
2/7/2008 1504 0.0 0 0 7.8 13.8 21.1 1016
2/7/2008 1609 0.0 0 0 7.2 25.7 22.9 1016
2/8/2008 1001 0.0 0 0 8.8 37.2 13.0 1017
2/8/2008 1051 0.0 0 0 8.6 45.3 10.6 1017

H2ave = 8.100
Tracer Test #7 (60 cfm total; 20 cfm to each INJ1, 2, and 3, ~5% H2)

1/17/2008 900 Test start
1/17/2008 917 0.4 0 0 4.7 69.5 0.06 2.5 1015
1/17/2008 1119 0.4 0 0 4.9 55 10.0 1015
1/17/2008 1302* 0.1

H2ave = 4.800
Tracer Test #8 (90 cfm total; 30 cfm each to INJ1, 2, and 3; ~4.5% H2)

2/6/2008 1000 Test start
2/6/2008 1001 0.0 0 0 4.6 22.4 0.64 9.8 1020
2/6/2008 1125 0.0 0 0 4.4 32.1 12.1 1020
2/6/2008 1231 0.0 0 0 4.3 27.5 13.4 1019
2/6/2008 1415 0.0 0 0 5.0 29.8 0.65 15.8 1017
2/6/2008 1524 0.0 0 0 4.7 36.0 16.1 1017

H2ave = 4.600
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Phase II Tracer Test Injection Data Well ID ____INJ3________ Depth _________

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)
12/12/2007 1528 0.12
12/13/2007 1319 0.10
12/21/2007 1155 16.6 0.42 0 0.22 86.6 0.02 10.1 1013
12/27/2007 1307 9.9 0.42 0 2.9 78.8 8.8 1016

1/2/2008 1027 4.0 0.52 0 0.22 71.8 0.02 17.7 1012

Tracer Test #1 (10 cfm to INJ2, ~7% H2)
1/21/2008 1046 Test start
1/21/2008 1136 2.0 0 0 0.022 61.4 9.8 1008
1/23/2008 1135* 0.6 0.02 0 4.5

Tracer Test #2 (20 cfm to INJ2, ~8% H2)
1/18/2008 1120 Test start
1/18/2008 1248 1.4 0 0 0.022 83.1 13.7 1014
1/18/2008 1555* 0.5 0 0 1.2 44.6 0.03 19.5 1014
1/19/2008 1151* 0.4 0.02 0 7.0 92.4 13.4 1018

Tracer Test #3 (30 cfm to INJ2, ~4% H2)
1/30/2008 1036 Test start
1/30/2008 1057 0.0 0 0 0.046 86.1 0.12 9.6 1020
1/30/2008 1238 0.0 0 0 0.046 80.3 11.0 1019
1/30/2008 1446 0.0 0 0 1.5 72.0 0.16 15.0 1018
1/31/2008 1004 0.0 0 0 3.6 82.1 0.18 9.4 1019
1/31/2008 1143 0.1 0 0 3.2 81.4 9.6 1018
1/31/2008 1405 0 0 0 3.4 80.4 0.09 8.7 1016
1/31/2008 1435
1/31/2008 1527 0.1 0 0 3.3 83.0 0.04 8.4 1014

Tracer Test #4 (60 cfm to INJ2, ~7% H2)
1/28/2008 1236 Test start
1/28/2008 1615 1.2 0.02 0 3.5 76.9 9.9 1012
1/29/2008 819 0.1 0.04 0 7.0 81.7 0.14 5.1 1017
1/29/2008 Final O2* 0.1

Well or Injection Gas Sample

Source file: Test 8 -  6 Feb 2008.xls
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Phase II Tracer Test Injection Data Well ID ____INJ3________ Depth _________

Well Ambient Air
O2 CO2 Propane H2 He RH Pressure Temperature Barometric pressure

Date Time (%) (%) (%) (%) (ppm) (%) (in wc) (Cº) (mbar)

Well or Injection Gas Sample

Source file: Test 8 -  6 Feb 2008.xls

Tracer Test #5 (90 cfm to INJ2, ~3% H2)
2/5/2008 1015 Test start
2/5/2008 1150 0.3 0 0 1.1 75.1 0.11 11.3 1019
2/5/2008 1357 0.2 0 0 2.7 79.7 0.14 12.8 1018
2/5/2008 1519 0.1 0 0 2.9 45.8 22.0 1019
2/5/2008 1603 0.1 0 0 2.9 55.5 19.6 1018

Tracer Test #6 (30 cfm total; 10 cfm to each INJ1, 2, and 3; ~8% H2)
2/7/2008 1500 Test start
2/7/2008 1505 0.0 0 0 7.7 44.9 21.3 1016
2/7/2008 1558 0.0 0 0 7.2 25.2 28.0 1016
2/8/2008 1033 0.0 0 0 8.5 34.8 10.0 1017

H2ave = 7.800
Tracer Test #7 (60 cfm total; 20 cfm to each INJ1, 2, and 3, ~5% H2)

1/17/2008 900 Test start
1/17/2008 1255 0.2 0 0 5.1 52.0 0.27 11.9 1014

H2ave = 5.100
Tracer Test #8 (90 cfm total; 30 cfm each to INJ1, 2, and 3; ~4.5% H2)

2/6/2008 1000 Test start
2/6/2008 1005 0.0 0 0 4.6 65.8 1.05 10.0 1020
2/6/2008 1204 0.0 0 0 4.3 55.8 13.4 1020
2/6/2008 1259 0.0 0 0 4.1 71.8 14.5 1019
2/6/2008 1452 0.0 0 0 4.8 62.5 1.05 16.0 1017
2/6/2008 1550 0.0 0 0 4.6 44.7 19.1 1017

H2ave = 4.480
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Table 
Soil Analytical Data 

USCS
PID Soil Moisture

(ppm) Type µg/kg (dry) flag mg-N/kg (dry) flag %
P4-10-102907 0.1 CL 14667 4.4 25
P4-15-102907 0.0 CL 25000 6.4 36

P4-15-D NA NA 17647 5.7 32
P4-20-102907 0.0 CL 21875 8.0 36
P4-30-102907 0.0 SP 28125 8.6 36
P4-40-102907 0.1 CL 19403 6.9 33

P4-40-D NA NA 18667 7.1 25
P4-50-102907 0.0 SW 1116 2.0 14
P3-10-102307 0.1 CL/SP 75342 5.6 27
P3-20-102307 0.0 CL/SW 75362 7.8 31
P3-30-102307 0.5 GC/CL 68657 7.0 33
P3-40-102307 0.0 CL 33333 4.5 22
P3-50-102307 1.2 GW 2907 3.1 14

CDM-INJ2-10-102607 0.0 CL/ML 4324 5.0 26
CDM-INJ2-20-102607 0.0 CL 8806 6.4 33
CDM-INJ2-25-102607 0.0 CL 5921 5.0 24

CDM-INJ2-25-D NA NA 4459 3.9 26
CDM-INJ2-30-102607 0.0 SM 4524 3.6 16
CDM-INJ2-40-102607 0.0 GC 2556 3.0 10
CDM-INJ2-50-102607 0.0 SP-SM 282 3.6 15

P5-10-102407 0.0 CL 7206 5.3 32
P5-20-102407 0.0 CL 3944 5.6 29
P5-30-102407 0.2 CL/SW 3433 6.4 33
P5-40-102407 0.0 CL/SC 4571 7.0 30
P5-50-102407 0.0 SP 1798 3.5 11

CDM-INJ1-US-073106-15 NA ML 41000 5.2 19.9
CDM-INJ1-US-073106-20 NA CL/GC 73000 10.0 34.6
CDM-INJ1-US-073106-35 NA SM 17000 2.3 13.7
CDM-INJ1-US-073106-50 NA SM 7700 2.2 13.2
CDM-INJ1-US-073106-70 NA SM 5700 1.6 7.8

CDM-INJ3-10-101807 0.0 GC 333333 37.7 31
CDM-INJ3-20-101807 0.0 GC 36111 3.8 28
CDM-INJ3-30-101807 0.0 SM 22222 4.3 19
CDM-INJ3-40-101807 0.0 ML/SP 9302 2.9 14
CDM-INJ3-50-101807 0.0 SW 3444 2.8 10

P6-10-102207 0.6 CL/GC 1068 3.9 26
P6-20-102207 0.2 CL/GW 13415 4.4 18
P6-30-102207 2.5 SP/CL 1957 2.6 8
P6-40-102207 0.0 GM/SW 5435 2.7 8
P6-50-102207 0.0 SW 11023 3.1 12
P2-05-102507 0.3 CL 597222 5.8 28

P2-05-D NA NA 463768 15.9 31
P2-10-102507 0.0 CL 231884 27.5 31
P2-20-102507 0.2 GW 242857 15.7 30

Sample Perchlorate Nitrate



USCS
PID Soil Moisture

(ppm) Type µg/kg (dry) flag mg-N/kg (dry) flag %
Sample Perchlorate Nitrate

P2-20-D NA NA 388889 16.7 28
P2-30-102507 0.5 GW 47561 8.5 18
P2-40-102507 0.0 SP/CL 12088 4.2 9
P2-50-102507 0.0 CL 51724 5.3 13
P7-10-101607 162.0 ML 14030 4.5 33
P7-20-101607 63.0 GM 13187 3.7 9
P7-30-101607 86.0 CL/SP 21429 3.0 16
P7-40-101607 28 SP 6047 3.6 14

CDM-P1-US-072706-15 NA ML 11 U 3.2 10.1
CDM-P1-US-072706-25 NA GC 1300 4.0 12.6
CDM-P1-US-072706-35 NA SP/GC 5000 1.8 6.9
CDM-P1-US-072706-45 NA GC/SM 8500 2.2 10.8
CDM-P1-US-072706-70 NA SM 12000 1.3 16.7

P8-10-101107 55.9 CL/GW 75000 8.5 40
P8-30-101107 110.0 GC/GP 4048 3.1 16
P8-40-101207 217.0 GP-GC/SP-SC 89 3.0 17
P8-50-101207 184.0 GW 18 J 2.6 16

CDM-CB-1-041808-10 2.2 CL 4598 0.6 30.4
CDM-CB-1-041808-20 1.4 GC 4454 0.8 30.4
CDM-CB-1-041808-30 2.2 GW/CL 7018 0.6 31.6

CDM-CB-1-041808-30D NA NA 2479 0.2 15.3
CDM-CB-1-041808-40 2.6 GW 1487 0.4 12.6
CDM-CB-1-041808-50 3.0 GW 869 0.2 14.8
CDM-CB-2-041808-10 24.9 ML/CL 8905 0.4 31.5
CDM-CB-2-041808-20 1.7 SW 657 0.3 7.14
CDM-CB-2-041808-30 6.2 GW 2576 0.2 U 37.9

CDM-CB-2-041808-30D NA GW-GM 5196 0.1 13.4
CDM-CB-2-041808-40 4.6 GW 12277 0.5 10.4
CDM-CB-2-041808-50 12.5 GW 2700 0.2 11.1
CDM-CB3-10-061008 NA CL 21277 0.6 29.5
CDM-CB3-20-061008 NA GP 7859 0.4 9.66
CDM-CB3-30-061008 NA GM 3869 0.1 U 9.53

CDM-CB3-30D-061008 NA NA 5875 0.7 14.9
CDM-CB3-40-061008 NA GP 1582 0.6 11.5
CDM-CB3-50-061008 NA GP 1076 0.1 7.97
CDM-CB4-10-061008 NA CL 191458 14.4 32.1
CDM-CB4-20-061008 NA GC/CL 12065 2.6 8.83
CDM-CB4-30-061008 NA GC/ML 12135 0.8 9.35

CDM-CB4-30D-061008 NA NA 14192 1.0 8.4
CDM-CB4-40-061008 NA GP-GM 22379 0.9 15.1
CDM-CB4-50-061008 NA GM 5297 0.1 U 9.38
CDM-CB5-10-071008 NA MLCL 310 0.2 29.3
CDM-CB5-20-071008 NA SM 2200 0.5 34.6
CDM-CB5-25-071008 NA SM 3200 0.5 36.9

CDM-CB5-30D-071008 NA NA 370 0.1 9.6
CDM-CB5-40-071008 NA SM 1400 0.4 15.6
CDM-CB5-50-071008 NA SM 1600 0.1 10.4
CDM-CB6-10-071008 0 CL/ML 51000 0.2 28
CDM-CB6-20-071008 0 CL/SM 4000 0.2 31
CDM-CB6-25-071008 0 SM 1700 0.2 15.8
CDM-CB6-30-071008 0 SM 1200 0.1 19.1
CDM-CB6-40-071008 0 GM/SM 2500 0.1 11.8
CDM-CB6-50-071008 0 SM 4400 0.1 10.1
CDM-CB7-10-090208 NA CL 16000 0.2 29.5
CDM-CB7-20-090208 NA CL 3800 1.1 32.9
CDM-CB7-30-090208 NA CL 8000 0.9 31.5



USCS
PID Soil Moisture

(ppm) Type µg/kg (dry) flag mg-N/kg (dry) flag %
Sample Perchlorate Nitrate

CDM-CB7-30D-090208 NA NA 8800 0.9 33
CDM-CB7-40-090208 NA GM 210 0.1 11.3
CDM-CB7-50-090208 NA GM 1400 0.1 17.7
CDM-CB8-10-090208 NA CL 560000 13.0 36
CDM-CB8-20-090208 NA GC 37000 5.3 11
CDM-CB8-30-090208 NA GW 16000 0.2 4.4

CDM-CB8-30D-090208 NA NA 27000 0.2 6.8
CDM-CB8-40-090208 NA GM 56000 0.1 19.9
CDM-CB8-50-090208 NA GM 1800 0.2 23
CDM-CB9-10-120208 NA GW 120 0.4 19.5
CDM-CB9-20-120208 NA CL 960 0.2 22.1
CDM-CB9-30-120208 NA CL 150 0.3 11.3

CDM-CB9-30D-120208 NA NA 140 0.2 9.4
CDM-CB9-40-120208 NA GM 350 0.3 12.1
CDM-CB9-50-120208 NA SW 1500 0.5 9.3

CDM-CB10-10-120208 NA GW 26000 0.1 10.5
CDM-CB10-20-120208 NA CL 11000 0.1 16.3
CDM-CB10-30-120208 NA GW 270 0.2 10.3

CDM-CB10-30D-120208 NA NA 130 0.2 9.5
CDM-CB10-40-120208 NA GW/GM 8800 0.2 10.1
CDM-CB10-50-120208 NA GW 210 0.3 13.5
CDM-CB11-10-120308 NA GW/GM 47000 0.4 9.4
CDM-CB11-20-120308 NA GM 14000 1.5 16.7
CDM-CB11-30-120308 NA GC 23000 0.1 16.9

CDM-CB11-30D-120308 NA NA 18000 0.1 14.9
CDM-CB11-40-120308 NA ML 26000 0.5 13.3
CDM-CB11-50-120308 NA GW 11000 0.9 8.4
CDM-CB12-10-120308 NA CL 7500 0.5 31.1
CDM-CB12-20-120308 NA GM 7600 3.4 27.9
CDM-CB12-30-120308 NA GW 1400 0.1 U 9.3

CDM-CB12-30D-120308 NA NA 780 0.1 U 9.8
CDM-CB12-40-120308 NA GW/GM 25000 0.1 7.2
CDM-CB12-50-120308 NA GW 9400 0.4 8.3
CDM-CB13-10-120308 NA CL 110000 2.7 30.2
CDM-CB13-20-120308 NA GM 140000 1.0 29.3
CDM-CB13-30-120308 NA GM 15000 0.1 U 11.4

CDM-CB13-30D-120308 NA NA 15000 0.1 10.7
CDM-CB13-40-120308 NA GM 6900 0.1 8.2
CDM-CB13-50-120308 NA GW 4300 0.3 7.2
CDM-CB14-10-120308 NA CL 14 U 0.1 27.8
CDM-CB14-20-120308 NA CL 24 0.2 31
CDM-CB14-30-120308 NA GM 1400 0.1 U 6.8

CDM-CB14-30D-120308 NA NA 2900 0.1 7.8
CDM-CB14-40-120308 NA GM 1600 0.4 15.4
CDM-CB14-50-120308 NA GM 2700 0.3 9.1
CDM-CB15-10-120308 NA CL 15 U 0.2 31.6
CDM-CB15-20-120308 NA CL 35 0.1 31.8
CDM-CB15-30-120308 NA GW 1200 0.1 9.1

CDM-CB15-30D-120308 NA NA 3200 0.1 9.7
CDM-CB15-40-120308 NA GC 390 0.1 14.7
CDM-CB15-50-120308 NA GW 2300 0.1 9.1
CDM-CB16-10-120308 NA CL 15 U 0.2 32.4
CDM-CB16-20-120308 NA CL 15 U 0.1 35.5
CDM-CB16-30-120308 NA GW 13 U 0.1 25.6

CDM-CB16-30D-120308 NA NA 13 U 0.1 23.4
CDM-CB16-40-120308 NA GM 440 0.1 13.5
CDM-CB16-50-120308 NA GM 3100 0.24 9.1



USCS
PID Soil Moisture

(ppm) Type µg/kg (dry) flag mg-N/kg (dry) flag %
Sample Perchlorate Nitrate

CDM-CB17-10-120308 NA CL 660 0.15 32.00
CDM-CB17-20-120308 NA CL 4900 2.9 30.80
CDM-CB17-30-120308 NA GM 8800 0.1 U 11.60

CDM-CB17-30D-120308 NA NA 6800 0.1 9.50
CDM-CB17-40-120308 NA CL 3800 1.1 25.10
CDM-CB17-50-120308 NA GW 700 0.3 6.10
CDM-CB18-10-120308 NA CL 48000 0.1 18.20
CDM-CB18-20-120308 NA CL 3000 0.1 31.40
CDM-CB18-30-120308 NA GC 7400 0.1 19.40

CDM-CB18-30D-120308 NA NA 9900 0.2 16.70
CDM-CB18-40-120308 NA GM 1900 0.1 11.60
CDM-CB18-50-120308 NA GM 2900 0.1 7.10
CDM-CB19-10-120308 NA CL 160000 8.0 32.30
CDM-CB19-20-120308 NA GW 59000 4.2 19.30
CDM-CB19-30-120308 NA GW-GM 13000 0.1 7.50

CDM-CB19-30D-120308 NA NA 8400 0.1 7.70
CDM-CB19-40-120308 NA GW-GM 25000 0.4 10.30
CDM-CB19-50-120308 NA GW-GM 4900 0.8 8.30

Notes
PID - Photoionization detector
USCS - Unified Soil Classification System
µg/kg - Micrograms per kilogram
mg-N/kg - Milligrams nitrogen per kilogram
ppm - parts per million
U - Not detected
NA - Not analyzed
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1.0 Introduction 

The Department of Defense Environmental Security Technology Certification Program (ESTCP) 
is funding CDM to conduct a demonstration of gaseous electron donor injection technology 
(GEDIT) for in situ bioremediation of perchlorate in soil.  CDM and ESTCP have selected the 
Aerojet Inactive Rancho Cordova Test Site Propellant Burn Area (IRCTS-PBA) as a suitable site 
for this demonstration. A treatability study was conducted using soil collected from the site to 
determine engineering design parameters for the demonstration. The treatability study was 
conducted in accordance the February 14, 2006 Workplan and the September 1, 2006 
memorandum Response to Treatability Study Workplan Comments (ER-0511). This treatability 
study involved the following tasks: 
 

• Completion of two soil borings  
• Collection and analysis of soil samples 
• Installation of one injection well and one piezometer 
• Completion of a perchlorate biodegradation study comprised of microcosm and column 

tests by The Pennsylvania State University 
• Completion of an air injection test 

 
This report presents the methods, results, and conclusions from this treatability study. 
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2.0 Soil Borings, Lithology, Sample Collection, Sample Analysis Results, 
and Well Installation 

This section presents the methods and procedures that were utilized to drill and install one air 
injection well (CDM-INJ1) and one multi-level air monitoring well (CDM-P1). The location of 
the wells is presented on Figure 2-1.   
 
2.1 Pre-Field Activities 
Drilling and well construction permits were obtained from the County of Sacramento 
Environmental Management Department prior to drilling. The approved drilling permits are 
included in Appendix A-1. Underground Service Alert (USA) and Aerojet utilities were notified 
72 hours prior to drilling to determine the locations of any subsurface utilities.  
 
2.2 Drilling 
From July 27, to August 2, 2006, two boreholes were advanced by the Water Development 
Corporation (WDC) of Woodland, California. Both boreholes were drilled utilizing the sonic 
drilling method. The injection well (CDM-INJ1) was advanced to a total depth of 70.5 feet 
below ground surface (bgs) using a 6-inch diameter core barrel and a 10-inch diameter wash-
over casing. The monitoring well (CDM-P1) was advanced to a total depth of 72 feet bgs using a 
4-inch diameter core barrel and a 6-inch diameter wash-over casing.  
 
The boreholes were continuously cored to total depth by advancing the core barrel in 10-foot 
increments. As the core barrel was advanced, a continuous core sample was simultaneously 
collected inside the core barrel. After each 10-foot increment, the temporary wash-over casing 
was advanced to depth and the core barrel was tripped from the borehole. The core sample was 
removed from the core barrel and placed in a plastic core bag. This process was repeated until 
the borehole was advanced to total depth.  
 
The continuous core was logged using the Unified Soil Classification System in accordance to 
ASTM Standard D2488: Standard Practice for Description and Identification of Soils (Visual-
Manual Procedure). The core was logged by a CDM field geologist under the supervision of a 
State of California, Professional Geologist. The log included a description of the materials 
encountered during drilling and noting zones impacted of visual contamination. Additionally, the 
core was screened for volatile organic compounds using a photo-ionization detector (PID) by 
placing a portion of the core in a zip-lock sealed bag. After approximately five to 10 minutes, the 
zip-lock bag was punctured with a small hole and the tip of the PID was inserted into the bag to 
assess the head space in the bag for volatile organic compounds. The measurements were 
recorded on the boring log. The boring logs are presented in Appendix A-2. 
Soil samples were collected from the continuous core and placed in sample containers. As 
required, some of the samples were placed on ice. Samples were submitted to the CDM 
laboratory in Bellevue, Washington; Laucks Testing Labs (Laucks) in Seattle, Washington; and 
The Pennsylvania State University (PSU) in University Park, Pennsylvania under chain-of-
custody protocol.   
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Soil samples were collected and submitted to the laboratory for analysis from the core of each 
boring at 5-foot intervals from the 5-foot to 70-foot depth. The samples submitted to the CDM 
laboratory were analyzed for perchlorate using a perchlorate ion-selective probe following 
extraction with an equal weight of water in accordance with the Workplan, and moisture by 
ASTM Method D2216. The samples submitted to Laucks were analyzed for perchlorate by EPA 
Method 314.1, nitrate and nitrite as nitrogen by EPA Method 353.2, total organic carbon (TOC) 
by EPA Method 415.1 modified for soil, moisture by ASTM Method D2216, pH by Standard 
Method number 9045-C, and grain size by ASTM D422. The samples submitted to the 
Pennsylvania State University (PSU) were used for a perchlorate bioremediation study as 
described in Section 3. 
 
2.3 Well Construction 
Upon reaching total depth of the borehole, an air injection well was installed in CDM-INJ1 and a 
multi-level air monitoring well was installed in CDM-P1. CDM-INJ1 was installed as an air 
injection location. CDM-P1 was installed as a monitoring point to assess the extent of influence 
of the injection air. The as-built construction details of the wells are shown on Figure 2-2 and  
2-3.  
 
The injection well CDM-INJ1 was constructed with a 6-inch diameter schedule 40 PVC well 
casing with flush-threaded joints (Figure 2-2). The well screen consisted of a 6-inch diameter 
schedule 40 PVC machine slotted pipe with a total of 60 feet of 0.020-inch slotted screen. The 
screen was installed between 10 and 70 feet bgs. The filter pack consisted of Number 3 sand 
sealed with a bentonite pellet seal.  The annular space above the bentonite pellet seal was sealed 
with a cement bentonite grout.  The well was completed in an above grade monument.   
 
The monitoring well CDM-P1 was constructed with four nested wells completed at different 
depths. Each well was constructed with a 0.25-inch diameter polyurethane tubing (Figure 2-3). 
Each well was completed with a 0.25-inch diameter, 6-inch long stainless steel vapor probe. The 
vapor probes were installed at depths of 18, 33, 48, and 68 feet bgs. The filter pack placed in the 
annular space around each probe consisted of Number 3 Monterey sand. The annular space 
above and below the filter pack was sealed with a benonite chip seal. The annular space above 
the uppermost bentonite seal was sealed with a cement bentonite grout. The multi-port well was 
completed in an above grade monument. 
 
The wells were not developed because water was not used during drilling and groundwater was 
not encountered during drilling. 
 
2.4 Decontamination 
All field equipment including the drill rig and downhole tools were cleaned and decontaminated 
prior to being introduced into the drilling and sampling environment. The equipment and 
downhole tools were decontaminated by steam cleaning or washing in a solution of non-
phosphate detergent followed by a double rinse of clean water.  
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2.5 Lithology 
The lithology encountered during drilling ranged from silt and clay to silty sand and clayey 
gravel to cobbles. No soil discoloration or odors were observed in the drill cuttings from either 
boring. All of the PID readings were non-detect. No groundwater was encountered in any 
formations during drilling. A detailed description of the soils encountered in each borehole is 
presented on the boring logs (Appendix A-2). Table 2-1 and Figures 2-4 and 2-5 show the grain 
size distribution for soils encountered during boring completion and Figure 2-6 shows a 
lithologic cross-section based on these data and existing data (Aerojet, 2000). These data indicate 
that soil is generally coarse-grained and supportive of gas injection with the exception of shallow 
soil (i.e., 15 ft bgs) in boring CDM-INJ1. 
 

Table 2-1 Soil Grain Size Analysis Results 
       
   Sample Sieve Slot Size Weight Retained Cumulative Retained 

 Well Date Depth Type (mm) (grams) (%) 
CDM-INJ1 7/31/2006 15 Sample < 0.075 77 77 
CDM-INJ1 7/31/2006 15 Sample 0.075 18 95 
CDM-INJ1 7/31/2006 15 Sample 0.106 4.4 99.4 
CDM-INJ1 7/31/2006 15 Sample 0.25 0.4 99.8 
CDM-INJ1 7/31/2006 15 Sample 0.425 0.1 99.9 
CDM-INJ1 7/31/2006 15 Sample 0.85 0.2 100.1 
CDM-INJ1 7/31/2006 15 Sample 2 0 100.1 
CDM-INJ1 7/31/2006 15 Sample 4.75 0 100.1 
CDM-INJ1 7/31/2006 15 Sample 9.5 0 100.1 
CDM-INJ1 7/31/2006 15 Sample 19 0 100.1 
CDM-INJ1 7/31/2006 15 Sample 25 0 100.1 
CDM-INJ1 7/31/2006 15 Sample 37.5 0 100.1 
CDM-INJ1 7/31/2006 15 Sample 50 0 100.1 
CDM-INJ1 7/31/2006 20 Sample < 0.075 30 30 
CDM-INJ1 7/31/2006 20 Sample 0.075 9 39 
CDM-INJ1 7/31/2006 20 Sample 0.106 31 70 
CDM-INJ1 7/31/2006 20 Sample 0.25 14 84 
CDM-INJ1 7/31/2006 20 Sample 0.425 16 100 
CDM-INJ1 7/31/2006 20 Sample 0.85 0 100 
CDM-INJ1 7/31/2006 20 Sample 2 0 100 
CDM-INJ1 7/31/2006 20 Sample 4.75 0 100 
CDM-INJ1 7/31/2006 20 Sample 9.5 0 100 
CDM-INJ1 7/31/2006 20 Sample 19 0 100 
CDM-INJ1 7/31/2006 20 Sample 25 0 100 
CDM-INJ1 7/31/2006 20 Sample 37.5 0 100 
CDM-INJ1 7/31/2006 20 Sample 50 0 100 
CDM-INJ1 7/31/2006 35 Sample < 0.075 5.2 5.2 
CDM-INJ1 7/31/2006 35 Sample 0.075 2.1 7.3 
CDM-INJ1 7/31/2006 35 Sample 0.106 11 18.3 
CDM-INJ1 7/31/2006 35 Sample 0.25 4.9 23.2 
CDM-INJ1 7/31/2006 35 Sample 0.425 6.5 29.7 
CDM-INJ1 7/31/2006 35 Sample 0.85 7.5 37.2 
CDM-INJ1 7/31/2006 35 Sample 2 13 50.2 
CDM-INJ1 7/31/2006 35 Sample 4.75 15 65.2 
CDM-INJ1 7/31/2006 35 Sample 9.5 30 95.2 
CDM-INJ1 7/31/2006 35 Sample 19 6 101.2 
CDM-INJ1 7/31/2006 35 Sample 25 0 101.2 
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Table 2-1 Soil Grain Size Analysis Results (cont.) 
       
   Sample Sieve Slot Size Weight Retained Cumulative Retained 

Well  Date Depth Type (mm) (grams) (%) 
CDM-INJ1 7/31/2006 35 Sample 37.5 0 101.2 
CDM-INJ1 7/31/2006 35 Sample 50 0 101.2 
CDM-INJ1 7/31/2006 50 Sample < 0.075 14 14 
CDM-INJ1 7/31/2006 50 Sample 0.075 8.1 22.1 
CDM-INJ1 7/31/2006 50 Sample 0.106 22 44.1 
CDM-INJ1 7/31/2006 50 Sample 0.25 13 57.1 
CDM-INJ1 7/31/2006 50 Sample 0.425 18 75.1 
CDM-INJ1 7/31/2006 50 Sample 0.85 9.7 84.8 
CDM-INJ1 7/31/2006 50 Sample 2 7.8 92.6 
CDM-INJ1 7/31/2006 50 Sample 4.75 7.9 100.5 
CDM-INJ1 7/31/2006 50 Sample 9.5 0 100.5 
CDM-INJ1 7/31/2006 50 Sample 19 0 100.5 
CDM-INJ1 7/31/2006 50 Sample 25 0 100.5 
CDM-INJ1 7/31/2006 50 Sample 37.5 0 100.5 
CDM-INJ1 7/31/2006 50 Sample 50 0 100.5 
CDM-INJ1 7/31/2006 70 Sample < 0.075 5.6 5.6 
CDM-INJ1 7/31/2006 70 Sample 0.075 3.4 9 
CDM-INJ1 7/31/2006 70 Sample 0.106 9.1 18.1 
CDM-INJ1 7/31/2006 70 Sample 0.25 5.5 23.6 
CDM-INJ1 7/31/2006 70 Sample 0.425 9.7 33.3 
CDM-INJ1 7/31/2006 70 Sample 0.85 7.4 40.7 
CDM-INJ1 7/31/2006 70 Sample 2 11 51.7 
CDM-INJ1 7/31/2006 70 Sample 4.75 13 64.7 
CDM-INJ1 7/31/2006 70 Sample 9.5 15 79.7 
CDM-INJ1 7/31/2006 70 Sample 19 20 99.7 
CDM-INJ1 7/31/2006 70 Sample 25 0 99.7 
CDM-INJ1 7/31/2006 70 Sample 37.5 0 99.7 
CDM-INJ1 7/31/2006 70 Sample 50 0 99.7 
CDM-INJ1 7/31/2006 70 Duplicate < 0.075 7 7 
CDM-INJ1 7/31/2006 70 Duplicate 0.075 6 13 
CDM-INJ1 7/31/2006 70 Duplicate 0.106 9.5 22.5 
CDM-INJ1 7/31/2006 70 Duplicate 0.25 5.7 28.2 
CDM-INJ1 7/31/2006 70 Duplicate 0.425 13 41.2 
CDM-INJ1 7/31/2006 70 Duplicate 0.85 14 55.2 
CDM-INJ1 7/31/2006 70 Duplicate 2 15 70.2 
CDM-INJ1 7/31/2006 70 Duplicate 4.75 6 76.2 
CDM-INJ1 7/31/2006 70 Duplicate 9.5 30 106.2 
CDM-INJ1 7/31/2006 70 Duplicate 19 0 106.2 
CDM-INJ1 7/31/2006 70 Duplicate 25 0 106.2 
CDM-INJ1 7/31/2006 70 Duplicate 37.5 0 106.2 
CDM-INJ1 7/31/2006 70 Duplicate 50 0 106.2 
CDM-P1 7/27/2006 15 Sample < 0.075 8 8 
CDM-P1 7/27/2006 15 Sample 0.075 3.8 11.8 
CDM-P1 7/27/2006 15 Sample 0.106 14 25.8 
CDM-P1 7/27/2006 15 Sample 0.25 6.7 32.5 
CDM-P1 7/27/2006 15 Sample 0.425 10 42.5 
CDM-P1 7/27/2006 15 Sample 0.85 14 56.5 
CDM-P1 7/27/2006 15 Sample 2 25 81.5 
CDM-P1 7/27/2006 15 Sample 4.75 19 100.5 
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Table 2-1 Soil Grain Size Analysis Results (cont.) 
       
   Sample Sieve Slot Size Weight Retained Cumulative Retained 

 Well Date Depth Type (mm) (grams) (%) 
CDM-P1 7/27/2006 15 Sample 9.5 0 100.5 
CDM-P1 7/27/2006 15 Sample 19 0 100.5 
CDM-P1 7/27/2006 15 Sample 25 0 100.5 
CDM-P1 7/27/2006 15 Sample 37.5 0 100.5 
CDM-P1 7/27/2006 15 Sample 50 0 100.5 
CDM-P1 7/27/2006 25 Sample < 0.075 3.3 3.3 
CDM-P1 7/27/2006 25 Sample 0.075 1.4 4.7 
CDM-P1 7/27/2006 25 Sample 0.106 4.7 9.4 
CDM-P1 7/27/2006 25 Sample 0.25 2.4 11.8 
CDM-P1 7/27/2006 25 Sample 0.425 3.8 15.6 
CDM-P1 7/27/2006 25 Sample 0.85 11 26.6 
CDM-P1 7/27/2006 25 Sample 2 22 48.6 
CDM-P1 7/27/2006 25 Sample 4.75 15 63.6 
CDM-P1 7/27/2006 25 Sample 9.5 31 94.6 
CDM-P1 7/27/2006 25 Sample 19 5.5 100.1 
CDM-P1 7/27/2006 25 Sample 25 0 100.1 
CDM-P1 7/27/2006 25 Sample 37.5 0 100.1 
CDM-P1 7/27/2006 25 Sample 50 0 100.1 
CDM-P1 7/27/2006 25 Sample < 0.075 10 10 
CDM-P1 7/27/2006 35 Sample 0.075 5.3 15.3 
CDM-P1 7/27/2006 35 Sample 0.106 16 31.3 
CDM-P1 7/27/2006 35 Sample 0.25 5.6 36.9 
CDM-P1 7/27/2006 35 Sample 0.425 8 44.9 
CDM-P1 7/27/2006 35 Sample 0.85 15 59.9 
CDM-P1 7/27/2006 35 Sample 2 18 77.9 
CDM-P1 7/27/2006 35 Sample 4.75 15 92.9 
CDM-P1 7/27/2006 35 Sample 9.5 8.1 101 
CDM-P1 7/27/2006 35 Sample 19 0 101 
CDM-P1 7/27/2006 35 Sample 25 0 101 
CDM-P1 7/27/2006 35 Sample 37.5 0 101 
CDM-P1 7/27/2006 35 Sample 50 0 101 
CDM-P1 7/27/2006 45 Sample < 0.075 7 7 
CDM-P1 7/27/2006 45 Sample 0.075 4.1 11.1 
CDM-P1 7/27/2006 45 Sample 0.106 14 25.1 
CDM-P1 7/27/2006 45 Sample 0.25 15 40.1 
CDM-P1 7/27/2006 45 Sample 0.425 38 78.1 
CDM-P1 7/27/2006 45 Sample 0.85 21 99.1 
CDM-P1 7/27/2006 45 Sample 2 1.8 100.9 
CDM-P1 7/27/2006 45 Sample 4.75 0 100.9 
CDM-P1 7/27/2006 45 Sample 9.5 0 100.9 
CDM-P1 7/27/2006 45 Sample 19 0 100.9 
CDM-P1 7/27/2006 45 Sample 25 0 100.9 
CDM-P1 7/27/2006 45 Sample 37.5 0 100.9 
CDM-P1 7/27/2006 45 Sample 50 0 100.9 
CDM-P1 7/27/2006 70 Sample < 0.075 9.4 9.4 
CDM-P1 7/27/2006 70 Sample 0.075 4.6 14 
CDM-P1 7/27/2006 70 Sample 0.106 13 27 
CDM-P1 7/27/2006 70 Sample 0.25 9.6 36.6 
CDM-P1 7/27/2006 70 Sample 0.425 17 53.6 
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Table 2-1 Soil Grain Size Analysis Results (cont.) 
       
   Sample Sieve Slot Size Weight Retained Cumulative Retained 

 Well Date Depth Type (mm) (grams) (%) 
CDM-P1 7/27/2006 70 Sample 0.85 8.2 61.8 
CDM-P1 7/27/2006 70 Sample 2 2.8 64.6 
CDM-P1 7/27/2006 70 Sample 4.75 2.1 66.7 
CDM-P1 7/27/2006 70 Sample 9.5 20 86.7 
CDM-P1 7/27/2006 70 Sample 19 14 100.7 
CDM-P1 7/27/2006 70 Sample 25 0 100.7 
CDM-P1 7/27/2006 70 Sample 37.5 0 100.7 
CDM-P1 7/27/2006 70 Sample 50 0 100.7 

       
Notes:       
bgs = below ground surface      
mm = millimeters      

 
Figure 2-4 CDM-INJ1 Grain Size Distribution 
 

 

 

 

 

 

 

Figure 2-5 CDM-P1 Grain Size Distribution 
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2.6 Analytical Chemistry 
The results for soil samples that were collected are presented in Table 2-2. Data for perchlorate, 
nitrate/nitrite, and moisture are graphically presented in Figures 2-7 and 2-8.  
 
For soil from boring CDM-INJ1, the data indicate that nitrate/nitrite concentrations were less 
than 5 mg-N/kg and perchlorate ranged from 3.7 to 59 mg/kg based on field screening analyses. 
Field screening results generally correlated to laboratory confirmatory analyses. Perchlorate was 
present in greater concentrations at shallower depths and was associated with the finer grained 
soils based on comparison to Figure 2-4. Greater concentrations of perchlorate were also 
associated with greater moisture contents. The maximum moisture content in soil from CDM-
INJ1 was 34 percent and the minimum moisture content was 6.5 percent.  
For soil from boring CDM-P1, nitrate/nitrite concentrations were similar but perchlorate was 
nondetectable at shallow depths and ranged from 0.45 to 9.8 mg/kg at greater depths. Field 
screening results for perchlorate correlated generally well with laboratory results except at 
concentrations near the limit of detection for the ion-selective probe (about 0.2 mg/kg). Moisture 
ranged from 6.9 to 18 percent. For soil from both borings, soil moisture ranged from 6.9 to 16 
percent in the more permeable soils (i.e., not silt or clay).  
Total organic carbon (TOC) was generally nondetectable or near the limit of detection (0.2 to 0.3 
mg/kg) and pH ranged from 6.9 to 8.1. 
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Table 2-2 Soil Analytical Chemistry Results 
                

 
 

        CDM Analysis Laucks Analysis 

Well Date Depth Sample Perchlorate  Moisture USCS Moisture Perchlorate Difference Moisture Difference pH 
Nitrate & Nitrite 

as Nitrogen TOC 
Total 
Solids 

    (bgs) Type (mg/kg) (%)   Non-Clay Silt (mg/kg) (%) (%) (%)   (mg/kg) (%) (%) 
CDM-P1 7/27/2006 5 sample 0.15 18.1 ML -- -- -- -- -- -- -- -- -- 
CDM-P1 7/27/2006 5 duplicate 0.12 -- ML -- -- -- -- -- -- -- -- -- 
CDM-P1 7/27/2006 10 sample 0.17 7.5 GM 7.5 -- -- -- -- -- -- -- -- 
CDM-P1 7/27/2006 15 sample 0.12 8.4 GM 8.4 < 0.011 991.0 10.1 -16.0 8.1 3.2 < .21 89.9 
CDM-P1 7/27/2006 15 duplicate -- 8.3 GM -- -- -- -- -- -- -- -- -- 
CDM-P1 7/27/2006 20 sample 0.079 9.4 GM 9.4 -- -- -- -- -- -- -- -- 
CDM-P1 7/27/2006 25 sample 0.45 9.0 GC 9.0 1.3 -65.0 12.6 -29.0 7.7 4 < .23 87.4 
CDM-P1 7/27/2006 30 sample 0.45 7.5 GC 7.5 -- -- -- -- -- -- -- -- 
CDM-P1 7/27/2006 35 sample 0.69 6.9 GC/SP 6.9 5 -86.0 6.9 0.0 7.8 1.8 <.21 93.1 
CDM-P1 7/27/2006 40 sample 3.6 13.9 GC 13.9 -- -- -- -- -- -- -- -- 
CDM-P1 7/27/2006 45 sample 7.3 9.5 GC/SM 9.5 8.5 -14.0 10.8 -12.0 7.5 2.2 0.24 89.2 
CDM-P1 7/27/2006 50 sample 9.0 11.8 SM 11.8 -- -- -- -- -- -- -- -- 
CDM-P1 7/27/2006 55 sample 6.2 12.0 SM 12.0 -- -- -- -- -- -- -- -- 
CDM-P1 7/27/2006 55 duplicate -- 10.7 SM -- -- -- -- -- -- -- -- -- 
CDM-P1 7/27/2006 60 sample 5.0 7.1 SM 7.1 -- -- -- -- -- -- -- -- 
CDM-P1 7/27/2006 65 sample 3.2 15.9 SC/SM 15.9 -- -- -- -- -- -- -- -- 
CDM-P1 7/27/2006 65 duplicate 3.1 -- SC/SM -- -- -- -- -- -- -- -- -- 
CDM-P1 7/27/2006 70 sample 9.8 13.3 SM 13.3 12 -18.0 16.7 -20.0 7.4 1.3 <.22 83.3 

CDM-INJ1 7/31/2006 5 sample 59 25.7 ML -- -- -- -- -- -- -- -- -- 
CDM-INJ1 7/31/2006 10 sample 49 32.9 ML/CL -- -- -- -- -- -- -- -- -- 
CDM-INJ1 7/31/2006 15 sample 30 18.5 ML -- 41 -27.0 19.9 -7.0 7 5.2 0.34 80.1 
CDM-INJ1 7/31/2006 20 sample 58 34.3 CL/GC -- 73 -21.0 34.6 -1.0 6.9 10 <.3 65.4 
CDM-INJ1 7/31/2006 25 sample 18 13.2 GC/SM 13.2 -- -- -- -- -- -- -- -- 
CDM-INJ1 7/31/2006 30 sample 10 10.2 SM 10.2 -- -- -- -- -- -- -- -- 
CDM-INJ1 7/31/2006 35 sample 5.6 11.2 SM 11.2 17 -67.0 13.7 -18.0 7.6 2.3 <.23 86.3 
CDM-INJ1 7/31/2006 40 sample 6.7 11.9 SM 11.9 -- -- -- -- -- -- -- -- 
CDM-INJ1 7/31/2006 45 sample 4.9 7.9 SM 7.9 -- -- -- -- -- -- -- -- 
CDM-INJ1 7/31/2006 45 duplicate 4.2 -- SM -- -- -- -- -- -- -- -- -- 
CDM-INJ1 7/31/2006 50 sample 5.6 8.8 SM 8.8 7.7 -27.0 13.2 -33.0 7.8 2.2 <.22 86.8 
CDM-INJ1 7/31/2006 55 sample 4.6 7.6 SM 7.6 -- -- -- -- -- -- -- -- 
CDM-INJ1 7/31/2006 60 sample 4.1 7.4 SM 7.4 -- -- -- -- -- -- -- -- 
CDM-INJ1 7/31/2006 65 sample 3.7 6.5 SM 6.5 -- -- -- -- -- -- -- -- 

 

92.2 CDM-INJ1 7/31/2006 70 sample 4.1 6.5 SM 6.5 5.7 -28.0 7.8 -17.0 7.7 1.6 <.21 
0.9 CDM-INJ1 7/31/2006 70 duplicate -- 7.5 SM -- -- -- 8 -0.1 7.7 -- -- 

 

 
 
 

Notes:               
bgs = below ground surface  GM = silty           
mg/kg = milligrams per kilogram  GL = clayey           

ML = silt    CL = clay           

<20 = Not detected at indicated detection limit SP = poorly graded sand          
TOC = Total organic   SL = clayey sand           
-- = Not analyzed   SM = silty sand           
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gure 2-7 CDM-INJ1 Contaminant and Moisture Distribution 

 

 
 
 
 
 
 

 
Figure 2-8 CDM-P1 Contaminant and Moisture Distribution 
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3.0 Microcosm Tests

3.1 Abstract 
Sacrificial batch microcosm tests were used to rapidly assess the ability of gaseous electron 
donors and various moisture contents to achieve optimal perchlorate remediation in vadose zone 
soil taken from the Aerojet Propellant Burn Area site in California. The electron donor 
candidates tested were hydrogen, 1-hexene, ethyl acetate, and liquefied petroleum gas (LPG) 
also known as propane. Each electron donor was tested at two different concentrations under two 
different soil moisture contents that were representative of minimum and maximum site moisture 
contents at the site. No perchlorate reduction occurred in low moisture (7%) bottles after an 
incubation time of 125-187 days, and all bottles except ethyl acetate achieved complete or partial 
perchlorate reduction in high moisture (16%) bottles. Results from these microcosm tests 
indicate that hydrogen is the most promising of the tested electron donors for the treatment of 
perchlorate in vadose zone soil, achieving complete perchlorate degradation within 35-42 days, 
with a perchlorate reduction rate of 0.1327-0.1894 d-1. LPG promoted complete perchlorate 
reduction at the high LPG dose and 1-hexene promoted partial perchlorate reduction at both 
doses; however, when compared to hydrogen, these donors had more significant lag periods of 
21 - 49 days and lower perchlorate reduction rates of 0.0083-0.0326 d-1 and 0.0079-0.0161 d-1, 
respectively. 
 
3.2 Materials and Methods 
3.2.1 Soil Characterization 
The soil used in this test was collected using sonic drilling methods from the site and shipped to 
The Pennsylvania State University in six 5-gallon buckets in August 4, 2006.  The day after 
arrival, the soil was processed as follows. After removing large stones by hand and passing the 
soil through a ½ inch sieve, all of the soil was well mixed together in a large container and then 
transferred to four buckets, sealed, and stored at room temperature. The following day, duplicate 
grab samples were taken from each bucket and tested for perchlorate, nitrate, pH, and soil 
moisture. The resulting standard deviation of perchlorate concentration was approximately 41% 
of the average concentration, so the soil was remixed and redistributed to four buckets again and 
retested for perchlorate, nitrate, pH, and soil moisture, as well as for total nitrogen and total 
carbon. The remaining soil was stored at room temperature in the sealed buckets for 10 days 
until the experiments were performed. 
 
3.2.2 Experimental Design and Setup 
The microcosm tests were performed in a standard statistical factorial design (Table 3-1). Soil 
moisture content, electron donor type, and electron donor concentration were the variables 
evaluated in the test. According to the lowest and highest moisture level naturally present at the 
field site, the moisture contents tested were 7 and 16%. The electron donors tested were 
hydrogen, ethyl acetate, 1-hexene, and commercial liquid petroleum gas (LPG), the main 
component of which is propane. These electron donors were selected because of their high vapor 
pressures and high Henry’s constants (Table 3-2), making them well-suited to transport in the 
vadose zone. Low and high electron donor concentrations were designed to be three and ten 
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times the quantity required to stoichiometrically reduce all of the oxygen, nitrate, and perchlorate 
present in the soil. The concentrations listed in Table 3-1 reflect these stoichiometric calculations 
based on the actual nitrate and perchlorate concentrations, and conservatively assume that the 
entire headspace is air. A negative control containing no electron donor and a positive control 
containing ethanol, which was previously shown by CDM to give positive perchlorate 
degradation results, were also tested. 
 
For each test condition shown in Table 3-1, nine replicate bottles were established to enable 
periodic sacrificial analysis of the soil, and half of the active tests (tests 1, 2, 6, 7, 11, 12, 13, and 
16) were randomly selected to be run in duplicate. To setup the 234 microcosms, soil from the 
field site was transferred in 10-gram (g) aliquots to 150-mL glass serum bottles. After the bottles 
were sealed with thick butyl rubber stoppers and aluminum crimp tops, the gas in the bottles was 
purged with 10-psi ultra-high purity nitrogen gas for at least 15 minutes to remove oxygen and 
maintain anoxic conditions. Ten percent (10%) of the bottles were randomly chosen for 
headspace oxygen analysis. Greater than 1% oxygen was detected in one of the bottles in the 
Test 5 set, so all nine bottles in Test 5 were re-purged with nitrogen, retested for oxygen, and 
passed. After degassing all of the bottles, one of the candidate electron donors and de-ionized 
water were injected into the bottles to achieve the desired test conditions. During the injection, 
liquid electron donors (ethyl acetate and 1-hexene) were dropped onto the wall of the bottles and 
allowed to completely vaporize into the gaseous phase rather than injecting the electron donor 
liquid directly onto the soil. Prior to injecting the gaseous electron donors (hydrogen and LPG), 
an equivalent volume of nitrogen gas was withdrawn from the bottles to avoid increasing 
pressure. Carbon dioxide at 748 and 2508 mg/kg was added as a carbon source to microcosms 
containing hydrogen. The amount of carbon dioxide needed in the hydrogen microcosms was 
conservatively assumed to be half of the electron donor concentration (in mol/L), in order to 
ensure that lack of carbon would not be a limiting factor for bioremediation.  See Appendix A-3 
for additional details about the microcosm setup.  
 
The total setup time for all 234 bottles was 48 days (extended due to an instrumentation problem) 
during which time the bottles were stored at room temperature on the open bench. After adding 
the electron donor and shaking to facilitate homogeneous headspace-soil contact, the first bottle 
of each test condition was sacrificed immediately as the time zero measurement. The remaining 
bottles were incubated in the dark at room temperature for a total of two to three months and 
were shaken about 3 times per week to help gaseous electron donor distribution and increase 
headspace-soil contact.  
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Table 3-1 Matrix of Experimental Conditions Tested in the Microcosm Experiments

Test 
Number 

Electron donor concentration 
(mg/kg soil) Electron Donor Soil moisture 

1 H2 (+CO2) 34 (+374) 7% 
2 Ethyl acetate 150  7% 
3 1-Hexene 80 7% 
4 LPG 75 7% 
5 H2 (+CO2) 114 (+1254) 7% 
6 Ethyl acetate 501 7% 
7 1-Hexene 165 7% 
8 LPG 250 7% 
9 H2 (+CO2) 34 (+374) 16% 
10 Ethyl acetate 150 16% 
11 1-Hexene 80 16% 
12 LPG 75 16% 
13 H2 (+CO2) 114 (+1254) 16% 
14 Ethyl acetate 501 16% 
15 1-Hexene 165 16% 
16 LPG 250 16% 
17 Negative Control 0 16% 
18 Positive Control 436 (Ethanol) 16% 

Table 3-2 Properties of Tested Electron Donors in Microcosm Tests 
 

 
 
 

Electron donor 
Candidates 

Molecular 
formula 

Formula weight H Psat
(atm-m3/mol)(g/mol) (mm Hg) 

Hydrogen H2 2 1.28E+00  760 

 
 
 
 
 

Ethyl Acetate CH3CH2COOCH3 88.11 1.34E-04 60 

1-Hexene CH3(CH2)3CHCH2 84.16 4.17E-01 100 

 
 
 
 

 
During the incubation, one of the replicates of each test condition was analyzed every one to four 
weeks, the frequency depending on the observed rate of perchlorate degradation. During the 
analysis process, the headspace electron donor concentration, O2, and CO2 were tested first, and 
then the bottles were sacrificed (i.e., opened) to test the soil for perchlorate, nitrate, nitrite, 

LPG 
(Liquefied Petroleum 
Gas, 90% propane) 

CH3CH2CH3 44.1 6.00E-01 5700 

Ethanol C2H5OH 46.07 5.00E-06 40 
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chlorate, chlorite, and chloride concentration, moisture content, and pH. Between every two 
sampling points, the concentration of electron donor in the headspace was tested weekly. 
 
3.2.3 Chemical Analyses 
An Agilent model 6890N gas chromatograph (GC) equipped with a DB-624 column and a flame 
ionization detector (FID) was used to test the electron donors (ethyl acetate, 1-hexene, propane, 
and ethanol). Headspace samples (1000 µL) were transferred from the microcosm bottles in a 
gas-tight locking syringe to the injector which was held at a temperature of 150°C. Helium was 
used as the carrier gas at a flow rate of 0.2 mL/min. The oven temperature was held at 45°C for 4 
minutes, and then ramped to 60°C at a rate of 10°C /min, ramped to 100°C at a rate of 20°C /min 
and then held at 100°C for 1 minute, giving a total run time of 8.5 minutes. The detector was 
held at 240°C where hydrogen, air, and nitrogen (as make up gas) supplied the flame at flow 
rates of 32, 400, and 30.7 mL/min, respectively. 
 
Hydrogen and oxygen concentrations were quantified using a SRI 8610 B gas chromatograph 
(GC) equipped with a thermal conductivity detector (TCD) and a Molesieve 5A molecular sieve 
column (Alltech). Argon was used as the carrier gas at a pressure of 20 psi and the oven was held 
isothermally at 73°C. Carbon dioxide concentration in headspace of samples was measured using 
a SRI GC (Model 310) equipped with a TCD and a Porapak Q column. Helium was used as the 
carrier gas at a pressure of 20 psi and the oven was held isothermally at 83°C. 
 
Perchlorate, chlorate, chlorite, chloride, nitrate, and nitrite were extracted from 5-g soil by 
vortexing for 1 minute in a 50-mL centrifuge vial containing 20-mL deionized water. A 
preliminary experiment conducted in triplicate demonstrated that 106.58±6.1% of perchlorate 
was recovered from the soil after only 0.5 minutes of vortexing. After vortexing, the extracts 
were centrifuged at 5000 rpm for 15 minutes and the supernatant filtered through a 0.2-um-pore-
diameter filter to remove soil particles. The anion concentrations were measured using a DX-500 
ion chromatograph (Dionex), equipped with an AS-11 column, and an ED40 Electrochemical 
Detector. A sodium hydroxide solution eluent with a flow rate of 1 mL/min was used to separate 
the species over a 30 minute run time. The eluent was composed of 98.7% DI water and 1.3% 
200 mM sodium hydroxide at the beginning of each run and held for 10 minutes, then ramped to 
96.4% DI water and 3.6% 200 mM sodium hydroxide and held until the time was 17.4 min, 
ramped to 65.5% DI water and 34.5% 200 mM sodium hydroxide and held from 18.8 min to 23 
min, then ramped back to 98.7% DI water and 1.3% 200 mM sodium hydroxide and held until 
the run ended. The detection limit of nitrate was determined according to the procedure in 
USEPA Definition and Method for MDL (USEPA, 1986) and was found to be 150 ppm. 
 
Soil moisture content was determined gravimetrically according to D 2216-98 Standard Test 
Method for Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass 
(ASTM, 1999), and the pH of the extracts after centrifuging was measured with a Fisher 
Accumet AB 15 pH meter equipped with an Orion Thermo Electron combination pH electrode.  
Total carbon and total nitrogen were determined using a Combustion-Fisons NA 1500 Elemental 
Analyzer by the Agricultural Analytical Services Laboratory at The Pennsylvania State 
University. 
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3.3  Microcosm Test Results 
Before the microcosms were initiated, the homogenized soil from the Aerojet site was 
chemically characterized. The results of the soil characterization are provided in the column 
marked “original” in Table 3-3.  The percentage of total nitrogen of the soil sample was 0.016% 
± 0.006% and total carbon was 0.037% ± 0.021% (triplicate averages).  
 
During the microcosm tests, the soil moisture content remained relatively constant in both the 
low and high soil moisture sets. The soil pH remained near 7. No intermediate perchlorate 
reduction products (chlorate and chlorite) were detected during the treatment. The nitrate 
concentration was reduced below the detection limit (150 ppb) at the time zero sampling point in 
all microcosms at both moisture levels.  Nitrite (NO2

-), the intermediate product of nitrate 
reduction, was also below detection (Appendix A-3).  This high rate of denitrification indicates 
that anoxic conditions were achieved in the microcosms and that electron donor was available 
throughout the soil.  The average final conditions of all the analytes in the soil after 125-187 days 
of treatment with the different electron donors under high soil moisture content are summarized 
in Table 3-3. Complete data sets and profiles for each test condition are provided in Appendix 
A-3. 
 
Table 3-3 Original and Final Conditions of the Aerojet Site Soil after 125-187 Days of 
Treatment Using Different Electron Donors at 16% Soil Moisture. (Table Shows Duplicate 
Averages Except where Noted.)

Perchlorate reduction was not observed in any of the 7% soil moisture sets (Appendix A-3), 
regardless of which electron donor was present. Under high soil moisture (16%), the 
bioremediation of perchlorate was supported by all the electron donors tested except ethyl 
acetate (Figure 3-1). Complete perchlorate removal was achieved in 35 and 42 days with 
hydrogen at high and low concentration, respectively. After 184 days of incubation, perchlorate 
concentration was reduced to less than detectable concentrations in high LPG concentration 
bottles, but had a residual of 2.71 ppm in low LPG concentration bottles. The concentration of 
perchlorate was reduced to 1.96 ppm and 5 ppm in high and low 1-hexene concentration bottles, 
respectively. The 1-hexene bottles were only incubated for 125 days in total due to the higher 

       

  Original Ethyl Acetate 1-hexene LPG Hydrogen 
 mg/kg - 150 501 80 265 75 250 34 114 

Soil moisture % 8±0.6* 15 15.4 14.72 15.6 12.9 13.85 15.21 15.31 
Soil pH - 6.85±0.3* 6.82 6.58 6.97 6.97 7.84 7.56 7.15 6.38 

perchlorate mg/kg 8.2±1.3* 8.53 9.52 5 1.96 2.71 ND ND ND 
chloride mg/kg - 2.93 3.36 6.21 4.26 6.85 6.03 7.27 8.12 
nitrate mg/kg 2.1±0.3* ND ND ND ND ND ND ND ND 

electron 
donor ND mg/kg - ND 68.07 121 142.5 491.35 56.98 83.33  

* =  average of soil from 4 buckets after the second time of mixing with two duplicate measurements each. 
ND = non-detect 
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frequency of sacrificing at the beginning of the test. Complete perchlorate reduction occurred 
within 77 days in the positive control and 183 days in the negative control, both of which were 
only run at 16% soil moisture.  The interesting implications of perchlorate reduction in the 
absence of an external electron donor are explored further in the Discussion section that follows. 
 
Figure 3-1 Perchlorate Degradation in Microcosm Tests with Different Electron Donors at 
16% Soil Moisture.
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Although the rates of perchlorate degradation are difficult to accurately quantify in this 
experiment due to the observed shouldering (lag) effect and relatively low sampling frequency, it 
does appear that perchlorate reduction followed a first order decay (Figure 3-2).  First order 
perchlorate reduction has been observed by others (Logan et al., 2001), so this result is not 
unexpected.  Average first order rate constants for perchlorate reduction were estimated for each 
electron donor based on the slopes of the curves of each profile past the shoulder in Figure 3-
2 (i.e., the slopes of negative ln([ClO4

-]/[ClO4
-]0) vs. time), with the exception of hydrogen and 

the positive control, which were determined based on the initial straight portion of the curve past 
the shoulder. Maximum rates of perchlorate degradation were also estimated for each electron 
donor by choosing the maximum slopes in Figure 3-2.  The resulting estimated first-order rates 
of perchlorate degradation, kClO4-(average) and kClO4-(maximum), for each electron donor are provided 
in Table 3-4. The highest rates of perchlorate reduction, kClO4- (maximum), were found for ethanol 
and hydrogen (high concentration), followed by hydrogen (low concentration); 1-hexene (high 
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concentration), negative control, LPG (high concentration), 1-hexene (low concentration), LPG 
(low concentration), and finally ethyl acetate.   

 
Figure 3-2 Relative Change in Perchlorate Concentration Over Time Used to Estimate 
First Order Rate Constants. 
 

-6

-5
-4

-3
-2

-1
0

1

0 25 50 75 100 125 150 175 20
Time (days)

ln
(C

/C
0)

0

34mg/kg H2 114mg/kg H2
150mg/kg Ethyl Acetate 501mg/kg Ethyl Acetate
80mg/kg 1-Hexene 265mg/kg 1-Hexene
Negative Control, no donor. Positive control. 436mg/kg Ethanol.
75mg/kg LPG 250mg/kg LPG

 

 

  21 



 

Table 3-4 First Order Perchlorate Degradation Rate Constants, Lag Periods, and 
Final Perchlorate Concentrations for the Electron Donors Tested in the Microcosm 
Tests at 16% Soil Moisture. 

kClO4- 
(average)# 

kClO4- 
(maximum)* 

 
CCIO4

- final Lag period 
(days) (day-1) (day-1) (mg/kg) 

0.04*

# Rates were estimated based on the slopes of the whole curves past lag periods except for H2 and Positive 
control. The rates of H2 were determined from the data of 7-42 days for low concentration and 7-35 days for 
high concentration. The rate for the positive control was determined by the data of 49-77 days. 
 
*  The maximum perchlorate reduction rate observed for each donor during incubation. 
     The calculation was based on the data from: 
     H2 (low): 7-21 days;                      H2 (high): 7-21 days;            

LPG (low): 49-77 days;                 LPG (high):124-184 days;    
1-hexene (low): 49-77 days;          1-hexene (high): 42-49 days; 
Negative control: 21-35 days;       Positive Control: 49-77 days. 

 
* Perchlorate was non-detectable. The number 0.04 is ten times the method detection limit. 
 
3.4  Discussion 
From the results of the microcosm test, it is obvious that high soil moisture is critical to 
perchlorate bioremediation. Another study which tested the GEDIT technology also concluded 
that soil moisture is the key factor (Evans and Trute, 2006).  A similar conclusion was obtained 
in a pilot study of in situ perchlorate bioremediation at The Longhorn Army Ammunition Plant 
(LAAP) (Nzengung et al., 2003), which found that the best treatment results were achieved in the 
wettest (saturated) soils. For GEDIT, however, it may be impractical to increase in situ soil 
moisture. In this microcosm test, 7% was too low to support perchlorate bioremediation and 16% 
was successful at reducing perchlorate in most bottles, but 16% may not be the minimum 
required moisture. The purpose of this study was to determine the potential for perchlorate 
biodegradation at the observed limits of ambient soil moisture. This study clearly demonstrated 

Low 0.13 0.19 7 H2
0.04*High 0.19 0.20 7 

Low 0.0083 0.037 49 2.71 LPG 
0.04*High 0.033 0.055 21 

Low 0.0079 0.045 28 2.54 1-hexene 
High 0.016 0.17 28 1.96 
Low 0 0 >125 8.53 Ethyl acetate 
High 0 0 >184 9.52 

Negative Control 0.0027 0.10 21 2.12 
Positive Control 0.20 0.20 49 0.04*
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that perchlorate biodegradation may be limited in soil containing 7% moisture. In the field 
demonstration, it will be important to assess further the relationship between soil moisture 
content and perchlorate reduction and also to determine the optimum moisture for both 
perchlorate bioremediation and electron donor transport. 
 
Of the electron donors tested, hydrogen appears to be the most promising for several reasons. 
The high Henry’s constant of hydrogen gives it excellent mobility in the gaseous phase (Table 3-
2), and its small molecular size enables it to easily diffuse into zones of low permeability.  In 
addition, the simple hydrogen molecule is readily utilized by microorganisms. Hydrogen has 
been widely used as an electron donor for isolating perchlorate-reducing bacteria and has also 
been used in the treatment of (per)chlorate contaminated water (Miller & Logan, 2000; 
Nerenberg et al., 2002; Kroon & van Ginkel, 2004).  
 
In this experiment there was a 7 day lag period in both high and low hydrogen bottles before 
perchlorate degradation began. This lag period is similar to the 14 day lag period observed in 
another study of perchlorate bioremediation in vadose zone soil with hydrogen as the electron 
donor (Nozawa-Inoue et al., 2005). Shorter lag periods for perchlorate degradation with 
hydrogen/carbon dioxide than other electron donors may also imply that there are more 
autotrophic than heterotrophic perchlorate-reducing microbial populations in the soil. The 
observed perchlorate reduction rate kClO4

- was almost the same in the low and high hydrogen 
concentration bottles. There is not sufficient data, however, to imply a relationship between 
hydrogen concentration and perchlorate reduction rate due to lack of sampling points between 
day 7 and day 21. To examine how higher hydrogen concentrations affect perchlorate reduction 
rate, a higher sacrificing frequency between 7 and 21 days of incubation is needed. Assuming a 
first order reaction (Logan et al., 2001), the maximum observed perchlorate reduction rate, kClO4

-

(maximum), obtained from this research is on the same order of magnitude as those obtained by 
others with slurry sediments/soils (Table 3-5).  This indicates that saturated soil conditions are 
not necessary to produce high perchlorate reduction rates.   
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Table 3-5 First Order Perchlorate Reduction Rates Observed in the Literature and Their 
Experimental Conditions. 

 
Electron Donor 

(mg/kg) Rate  kClO4
- (d-1) Soil Soil moisture Source 

HW84 Sidestream TVS (115.9) Slurry 0.37±0.07 
HW84 Mainstream TVS (84.5) Slurry 0.14±0.02 

TVS = Total volatile solids in the sediments/soils (a rough approximation of the amount of 
organic matter content in the sediments. Tested with the standard method (APHA et al., 1998)).  
 
The overall observed favorability of electron donors in this experiment, taking into account both 
the rates and extent of perchlorate reduction, was ethanol > H2 >  LPG > 1-hexene > ethyl 
acetate. The reason why ethyl acetate failed to serve as electron donor for perchlorate 
remediation in this microcosm test is not clear. Ethyl acetate was tested in another study of 
GEDIT (Evans and Trute, 2006), in which approximately 10% perchlorate removal was observed 
in the middle and end of a column containing 10% soil moisture while no perchlorate reduction 
occurred at the first 1/3 of column after 34 days of incubation. Ethanol was also tested in that 
research and showed promising perchlorate reduction but poor transport in column tests. Propane 
has been tested to a limited extent; however, it was shown to support perchlorate reduction only 
in one case. (Envirogen, 2002; Hoponick, 2006). To the best of our knowledge this is the first 
research reporting the use 1-hexene as an electron donor for perchlorate bioremediation.  
 
Nitrate was not detected after the t = 0 sampling point, and nitrite was below detection 
throughout the experiment.  The ability of gaseous electron donors to support denitrification has 
significant implications for the potential remediation of this common subsurface contaminant.  
The National Water Quality Assessment (NAWQA), a program of the US Geological Survey, 
has documented that nitrate is the pollutant that most frequently exceeds its standard limits 
(Squillace et al., 2002).  According to the EPA, more than 59 millions pounds of nitrite/nitrate 
were released to water, and more than 53 millions of pounds to land, between 1991 and 1993.  
High nitrate levels are usually found in shallow aquifers underneath agricultural areas with well 
drained soils and permeable vadose zones (Spalding and Exner, 1993; Squillace et al., 2002).  
This research indicates that GEDIT could be used to treat nitrate in these high-risk, permeable 
vadose zones, thereby reducing potential nitrate contamination of groundwater supplies. 
 

Longhorn TVS (43.3) Slurry 0.16±0.08 
HW317 TVS (160.5) Slurry 1.42±0.67 

Tan, 2003 

HW317/MN TVS (70.6) Slurry 0.11±0.03 
H2 (34 -114) 16% 0.19-0.20 

LPG (75 – 250) 16% 0.037-0.056 
1-hexene (80-165) 16% 0.045-0.17 

None (H2?) 16% 0.10 
Aerojet 

Ethanol 16% 0.20 

This research 
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The intermediate products of perchlorate reduction (chlorate and chlorite) were not detected 
during these microcosm tests, similar to the results of other research which documented that 
perchlorate reduction to chlorate is the rate limiting step. Chlorate accumulation has been 
reported, however, in both mixed and pure cultures of hydrogen-oxidizing, perchlorate-reducing 
bacteria (Nerenberg et al., 2002, Nerenberg et al., 2006).  
 
Complete perchlorate reduction occurred in the negative control which contained no external 
electron donor, and the degradation rate was higher than that observed for 1-hexene (low 
concentration), LPG, and ethyl acetate.  Although there was sufficient carbon in the soil (total C 
= 0.037% = 308 umol in 10 g soil) to theoretically account for this perchlorate degradation (10 
mg/kg = 1 umol in 10 g soil) if it was bioavailable, all treatments would have had similar benefit.  
The only other explanation for why the negative control exhibited such a high rate of perchlorate 
reduction is that another electron donor was generated and subsequently utilized in the negative 
control bottles.  During the experimental setup, the bottles were filled with soil, purged with 
nitrogen, and allowed to sit on the open lab bench for at least one day. Immediately after flushing 
with nitrogen, no hydrogen was detected in the headspace, but after sitting in the light of the 
laboratory, a small amount of hydrogen was detected in all of the bottles, before any electron 
donor was injected. This hydrogen peak remained in all of the bottles throughout the entire 
incubation, except for the negative control. In the negative control bottles, the change of 
perchlorate concentration and hydrogen concentration seems related (Figure 3-3).  During the 
first 14 days, hydrogen was accumulating during the lag period prior to perchlorate 
biodegradation. Then, perchlorate and hydrogen concentration dropped simultaneously. The 
measured hydrogen concentration change (1.4 mg/kg) from day 14 to day 49 is approximately 
twice the stoichiometric electron donor requirement for perchlorate reduction (with a 6.4 ppm 
perchlorate concentration change). The kClO4

- in the negative control, however, was only 1/5 of 
that for the low concentration hydrogen bottles (Table 3-4). There was also a longer lag period. 
This may indicate the perchlorate degradation in the negative control was limited by the 
concentration of hydrogen.  
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Figure 3-3 Perchlorate and hydrogen concentration changes over time in negative control 
microcosms containing no external electron donor at 16% soil moisture. 
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To prove that the hydrogen detected in non-hydrogen-injected bottles was produced biologically, 
a small experiment was performed. For this experiment, microcosm bottles were set up in 
duplicate in the same way as described in the Materials and Methods section with a nitrogen gas 
(N2) headspace and Aerojet soil at 16% moisture. The following four conditions were tested: 1) 
Empty Controls containing only N2; 2) Autoclaved Controls containing autoclaved soil; 3) 
Active-Light containing soil incubated in the light on the bench; and 4) Active-Dark containing 
soil incubated in dark (Table 3-6). All bottles were incubated on the bench for one day except 
the Active-Dark which were incubated in a dark drawer. No hydrogen accumulation was 
detected in either the empty or autoclaved controls (kept on the open bench), which eliminated 
the possibility that the hydrogen was introduced with the nitrogen gas or was the result of an 
abiotic reaction in the soil. For the Active ones, the two bottles left in the light on the open lab 
bench (as what happened in the microcosm test) generated hydrogen which was detected the next 
day, whereas the two bottles incubated in the dark immediately after setup showed no hydrogen 
production (Table 3-6.)  
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Table 3-6 Setup and Results of the 1-day Hydrogen Production Test with the Aerojet Soil at
16% Soil Moisture. 

Initial 
H2

Hydrogen 
Produced 

Final H2Purged 
w/ N2

 Soil Autoclaved Incubate (uM) (uM) 
Empty 
Control No Yes No Light 0 0 No 

Autoclaved 
Control Yes Yes Yes Light 0 0 No 

Active-Light Yes Yes No Light 0 3.06±0.34 Yes 

Active-Dark Yes Yes No Dark 0 0 No 

Based on the results of this experiment, it seems that hydrogen producing microorganisms are 
present in the Aerojet site soil and that they are photoautotrophic.  These ubiquitous, spore-
forming organisms (Cheong and Hansen, 2006) were likely washed down into the subsurface soil 
in spore-form during rainfall events and after the soil moisture was adjusted, anoxic conditions 
achieved, and light applied in the laboratory, they germinated because the conditions in 
microcosm bottles were favorable.  H2-photoproducing microorganisms, such as purple bacteria 
(BioCycle, 2004), can convert organic residuals in the soil to hydrogen and carbon dioxide in the 
presence of light as shown in the equation below (this equation is written for the simplest carbon 
source, carbon monoxide, but it can similarly be balanced for other organic compounds): 
 
CO  + H O +  light → H2 2 + CO       2
 
Even though hydrogen production should be companied by carbon dioxide production as shown 
in the equation above, no carbon dioxide was detected in the negative control bottles. It is 
possible that the concentration of carbon dioxide was too low to be detected by the GC, and it is 
also possible that part of the carbon dioxide produced was used as a carbon source for 
perchlorate biodegradation, or remained dissolved as bicarbonate. In those bottles with external 
electron donors of ethyl acetate, 1-hexene (low concentration), and LPG, even though small 
amount of hydrogen was also detected, the perchlorate degradation rate was lower than that in 
the negative control. This may indicate that these chemicals are toxic to hydrogenogens and/or 
perchlorate reducing microorganisms and inhibited their activity, but no evidence has been found 
in the literature to support this conjecture. To better explain the results, a study of the microbial 
community in the Aerojet soil using molecular microbial ecology techniques, and a study of the 
possible toxicity of the tested electron donors to these bacteria, may be needed.  However, since 
photoautotrophic hydrogenogens require light to produce hydrogen, it is unlikely that they would 
provide any benefit to the in situ remediation being proposed, regardless of which external 
electron donor is applied.   
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4.0 Column Test Results 

4.1  Abstract 
A series of column studies were conducted to quantify the transport rate of the best performing 
electron donor from the microcosm study through vadose zone soil from the site containing 10% 
soil moisture. After quantifying the transport rate, the columns were incubated for one to two 
months to evaluate the resulting extent of perchlorate degradation. In the first column study, 20% 
hydrogen (H ) (balance nitrogen, N2 2) was tested as the sole electron donor, without any added 
carbon source. Hydrogen breakthrough times were 3.4 and 5.6 hours. Complete nitrate reduction 
was achieved in both columns but no perchlorate degradation was detected in column #1 after 4 
weeks of incubation or in column #2 after 10 weeks of incubation. To eliminate the possibility of 
carbon limited perchlorate reduction and to leverage the positive microcosm results with 
propane, a mixture of 2% propane, 10% CO , 20% H , and 68% N2 2 2 was tested in the second 
column study. The breakthrough times of hydrogen were 7.2 hours and 8.0 hours. Complete 
nitrate reduction was achieved in both columns #3 and 4 but no perchlorate degradation was 
detected in column #3 after 4 weeks of incubation or in column #4 after 8 weeks of incubation.  
A small batch test conducted after the column experiment indicated that that storage of the soil 
prior to conducting the column study and low soil moisture content both resulted in the lack of 
perchlorate degradation. 
 
4.2 Materials and Methods 
4.2.1 Experimental Design and Setup 
The column studies were conducted in columns made of clear polyvinylchloride (PVC) pipes 
measuring 2 inches in diameter and 5 feet in length. The ends were capped with 2-inch-diameter 
PVC caps and stainless steel Swagelok fittings. Sampling ports consisting of drilled holes 
plugged with thick butyl rubber stoppers were placed every 2 inches along the length of the 
columns (29 in total) to enable the discrete measurement of gaseous electron donor transport 
(Figure 4-1).   
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Figure 4-1  Schematic and Photograph of the GEDIT Column System in the Laboratory. 
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Prior to packing the columns, the soil moisture was adjusted to 10% by adding distilled water 
and mixing well. An attempt was made to run the columns at the average soil moisture of the 
microcosm tests (12%), but at this level the monitoring of electron donor concentrations along 
the column length was impeded due to the high-moisture soil clogging the gas-tight syringe 
needle as soon as it was inserted into the column. Therefore, 10% soil moisture content was 
chosen as a compromise that enabled easier monitoring of soil gas in the columns. The columns 
were packed by adding 1-2” lifts of soil and tapping the sides of the column between lifts to 
promote even soil distribution. Each column was packed with a total of 4.94 kg soil to achieve a 
soil density of 1.6 g/ml. After packing, the column caps and the stoppers placed in the sampling 
ports were sealed with Epoxy glue. Duplicate columns were made for each test. Prior to injecting 
the electron donor, the tubing connections and column sampling ports were leak-tested while the 
column was being purged with nitrogen gas at a flow rate of 4.9 ml/min.  
 
4.2.1.1 Hydrogen Column Setup 
Two duplicate columns (Column #1 and #2) were set up on January 21 and 22, 2007, to test 
hydrogen as the sole external electron donor. Before introducing hydrogen to each column, the 
columns were purged with nitrogen gas at a flow rate of 4.9 ml/min (0.01 cm/s average linear 
velocity) for approximately 10 hours (2.4 pore volumes) until less than 1% oxygen was 
detectable in the column effluent to ensure anoxic conditions. A gas mixture consisting of 20% 
hydrogen and 80% nitrogen was then purged through the columns at a flow rate of 4.9 ml/min 
via mass flow rate controllers (AALBORG, Model# GFC17). The effluents of the columns were 
tested for hydrogen concentration every half hour to capture breakthrough curves. After 
hydrogen was observed to travel from the beginning to the end of the columns and reached the 
same hydrogen concentration throughout, the gas injection was stopped and the column ends 
capped. Headspace samples were taken with a 250-uL gas-tight locking syringe (Hamilton) from 
seven ports spaced evenly along the column length to construct a hydrogen profile. The columns 
were then incubated in dark at room temperature for 4-10 weeks. During incubation, headspace 
samples were taken along the column length to check hydrogen and oxygen concentration every 
1-2 weeks. Columns were repurged with the 20% hydrogen / 80% nitrogen gas mixture every 2-3 
weeks when >1% oxygen concentration was detected in the column, or when the hydrogen 
concentration was observed to significantly decrease.  
 
After 4 weeks of incubation, Column #1 was sacrificed and the soil samples behind every other 
sampling port analyzed for perchlorate, chlorate, chlorite, chloride, nitrate, nitrite, pH and soil 
moisture. The other duplicate column (Column #2) was sacrificed after 10 weeks of incubation 
and the soil similarly analyzed. 

 
4.2.1.2 Four-Gas Mixture Column Setup 
Another column study was similarly performed in which 10% carbon dioxide (CO2) was added 
as a carbon source, 20% hydrogen and 2% propane (the main component of LPG) were added as 
electron donors, and the balance was nitrogen. The resulting four-gas-mixture, consisting of 2% 
propane, 10% carbon dioxide, 20% hydrogen, and 68% nitrogen was added into columns #3 and 
#4 on March 28 and 30, 2007.  Columns #3 and #4 were monitored, sacrificed, and analyzed as 
described above after 4 and 8 weeks of incubation, respectively. 

  30 



 
4.3  Results 
4.3.1  Hydrogen Column 
In Column #1, hydrogen breakthrough time was calculated as 3.4 hours (0.81 pore volumes) 
(Shackelford, 1994), while it took approximately 5.58 hours (1.32 pore volumes) for hydrogen to 
breakthrough in Column #2 (Figure 4-2, see Appendix A-4 for breakthrough time calculations). 
After 21 days of incubation, the hydrogen concentration in both Columns #1 and #2 were found 
to have decreased to 1% of the incubated concentration, and oxygen was detected in Column #2. 
A leak at the column outlet cap was detected in Column #2 and repaired. Both columns were re-
purged with 20% hydrogen / 80% nitrogen gas mixture and then incubated. Before sacrificing, 
Column #2 was re-purged for two more times at 42-days and 63-days of incubation to replenish 
the hydrogen concentration (no oxygen was detected in column #2 during this period). 
 
 

Figure 4-2 Hydrogen Breakthrough Curves for Column #1 and #2 with 10% Soil 
Moisture. 
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After 4 weeks of incubation, no appreciable perchlorate degradation was detected in Column #1 
(Figure 4-3), and no chlorate or chlorite were observed.  The concentration of hydrogen was 
decreased from the initial conditions, but approximately uniform with length at 3 mg/kg, 
indicating that no hydrogen “floating” occurred. Soil moisture was retained its original value at 
approximately 10% along the column length, and pH was approximately 6.5. No nitrate (NO3

-) 
or nitrite was detected in any of the soil samples from Column #1, compared to the original 
background concentration in the soil of 2.1±0.3 ppm NO -. 3
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Figure 4-3 Perchlorate, Chloride, Hydrogen, Nitrate, and Soil Moisture Along Column Length 
in Column #1 after 4 Weeks of Incubation.  Intermediate degradation products (chlorate, 
chlorite, and nitrite) were not detected. 
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After another 6 weeks, Column #2 was sacrificed after being purged two more times with the 
20% H  / 80% N2 2 gas mix, but still no perchlorate reduction or perchlorate intermediates were 
observed (Figure 4-4). Along column length, hydrogen concentrations were fairly uniform, at 
2.5 mg/kg. Soil moisture was approximately 10% along the column length and pH was 
approximately 6.6.  Nitrate and nitrite were not detected in any soil samples from Column #2. 
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Figure 4-4 Perchlorate, Chloride, Hydrogen, Nitrate, and Soil Moisture Along Column 
Length in Column #2 after 10 Weeks of Incubation.  Intermediate Degradation Products 
(Chlorate, Chlorite, and Nitrite) Were Not Detected. 
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4.3.2 Four-Gas-Mixture Column 
The hydrogen breakthrough occurred at almost the same time (7.2 hours (1.7 pore volumes) and 
8.04 hours (1.9 pore volumes)) in columns #3 and #4, respectively, even though there was a 
longer lag period in column #4 (Figure 4-5). 
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Figure 4-5 Hydrogen Breakthrough Curves for Column #3 and #4 with 10% Soil Moisture. 
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The component gas concentrations were also monitored along the column length. Immediately 
after the columns were capped, the percentage of propane, carbon dioxide and hydrogen in the 
column was approximately the same as designed: 2% propane, 10% carbon dioxide, and 20% 
hydrogen (Figure 4-6 and Figure 4-7). 
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Figure 4-6 LPG, H2, and CO2 Profiles Along the Length of Column #3 at the Start of 
Incubation. 
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Figure 4-7 LPG, H2, and CO2 Profile Along the Length of Column #4 at the Start of 
Incubation. 
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Column #3 was purged with the 4 gas mixture (2% propane / 10% CO  / 20% H  / 68% N2 2 2) once 
at 23 days of incubation to replenish diminishing hydrogen levels.  After 4 weeks of incubation, 
no appreciable perchlorate degradation was detected in Column #3 (Figure 4-8), and no chlorate 
or chlorite were observed.  The concentration of hydrogen was decreased from the initial 
conditions, but approximately uniform with length at 3.1 mg/kg. Soil moisture was maintained 
near its original value at an average 9.3% along the column length, and pH was approximately 
7.0.  No nitrate (NO3

-) or nitrite was detected in any of the soil samples from Column #3. 
 
Figure 4-8 Perchlorate, Chloride, Hydrogen, Nitrate, and Soil Moisture along Column 
Length in Column #3 after 4 Weeks of Incubation.  Intermediate Degradation Products 
(Chlorate, Chlorite, and Nitrite) Were Not Detected. 
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 / 20% HColumn #4 was purged twice with the four gas mixture (2% propane / 10% CO2 2 / 68% 

N2) at 22 and 47 days of incubation, but no perchlorate reduction or perchlorate intermediates 
were observed after 8 weeks of incubation (Figure 4-9).  Along column length, hydrogen 
concentrations were fairly uniform, at an average of 2.8 mg/kg.  Soil moisture was an average of 
9.8% along the column length and the pH was approximately 7.6.  Nitrate and nitrite were not 
detected in any soil samples from Column #4. To check for the possibility of biofouling, a 
traceable manometer pressure vacuum gauge (Fisher Scientific) was used to monitor the pressure 
change across the length of Column #4.  A change of only 0.008 psi was observed from the top 
to the bottom of the column, indicating that biofouling was likely not occurring in this column.  
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Figure 4-9 Perchlorate, Hydrogen, Nitrate, and Soil Moisture along the Column Length in 
Column #4 after 8 Weeks of Incubation.  Intermediate Degradation Products (Chlorate, 
Chlorite, and Nitrite) Were Not Detected. 
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4.4  Discussion 
Even though the columns were packed in the same way and had the same density as the site soil, 
the H2 breakthrough curves were variable between columns. This variability may have been 
caused by different soil particle sizes and relative locations in each column causing preferential 
pathways and therefore different retention times. Longer sitting (i.e., settling) time may have 
changed the micro-distribution of soil in the columns as well. Columns that were packed and 
then immediately purged (Columns #2 and #4), seemed to have longer retention times than those 
that were allowed to settle before being purged (Columns #1 and #3). Compared with the 
theoretical breakthrough time calculated as 4.23 hours (Appendix A-4), all columns took a 
longer time to breakthrough except Column #1. This may be because Column #1 was the 
“oldest” column had been packed the earliest and purged with gas several times before 
conducting the column test. Column #2 was later found to have a leak, so this could be the 
reason for delayed breakthrough in this column.  The columns with the 4-gas-mixture 
propane/CO /H2 2/N  (columns #3 and #4) had significantly longer H2 2 breakthrough times than the 
columns containing the 2-gas-mixture, H /N2 2.  It seems that the components of the gas mixture 
altered transport through the column.  Propane is a significantly larger molecule than hydrogen 
with a greater affinity for soil sorption, so it is possible that hydrogen molecules became 
entrapped in soil micropores that were blocked by propane molecules at the pore throats.  The 
phenomenon of size exclusion and pore blockage has been documented in the literature for other 
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compounds (Poulsen et al., 2006; Kwon and Pignatello, 2005), however, we were unable to find 
documentation of this occurrence for propane and hydrogen.   
  
Complete denitrification was achieved in all columns, but no perchlorate reduction was 
observed. Even though many researchers have reported preferential nitrate reduction prior to the 
onset of perchlorate degradation (Nozawa-Inoue et al., 2005), there was no change in perchlorate 
concentration between columns #1 and #2 even after incubating for more than 10 weeks (Figure 
4-10). There are several reasons which may be responsible for the lack of perchlorate 
degradation in the columns including oxygen infiltration, low soil moisture, lack of carbon 
source, insufficient electron donor, and/or extended soil storage time. The column was made 
with clear PVC, which is a slightly oxygen permeable material (Doyon et al., 2006).  Therefore, 
it is possible that the electron donor concentration was decreasing because it was being 
consumed by oxygen infiltrating into the column, and perchlorate degradation was inhibited by 
the presence of oxygen. Lack of moisture may have also impeded perchlorate reduction in the 
columns. Microcosm test results showed that 7% moisture content is too low to support 
perchlorate biodegradation. Ten percent in this column test is higher than 7%, but it is not clear 
that if it is high enough to support perchlorate reduction.  In future tests, a method for sampling 
the soil gas in the columns even in the presence of high soil moisture should be developed.  Lack 
of available carbon could also have impeded perchlorate degradation in Column tests #1 and #2 
since no carbon dioxide was injected with the hydrogen gas.  The natural organic carbon in the 
soil (0.037% = 150 mmol total carbon) was theoretically enough to support complete degradation 
of perchlorate in the columns (10 mg/kg perchlorate = 0.5 mmol perchlorate requiring 1.0 mmol 
carbon if H2 is the electron donor source, based on stoichiometry); however, at least 0.7% of the 
natural carbon in the soil must be bioavailable and present as organic carbon for this to occur.  
The amount of electron donor that could be added to the column at a given time was less than 
that used for the microcosm studies (i.e., mg electron donor per kilogram soil). While additional 
electron donor was added to the columns as it was consumed or otherwise lost, the total 
concentration of electron donor added to soil in the column studies was less than that in the 
microcosm studies. This may have also affected the results. Another reason for lack of 
perchlorate reduction could be the extended storage time of the soil before the column 
experiments were performed.  The soil was collected in August 2006, and was sitting in the lab 
for over 5 months before the column study was initiated, which may have compromised the 
bacterial community and may have resulted in the lack of perchlorate reduction observed.   
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Figure 4-10 Perchlorate, Chlorate, and Nitrate Concentrations in Hydrogen Columns with 
10% Soil Moisture after 4 and 10 Weeks of Incubation.  Intermediate Degradation Products 
(Chlorate, Chlorite, and Nitrite) Were Not Detected. 
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To quickly test if extended storage time and/or soil moisture was responsible for the lack of 
perchlorate degradation in the column experiments, a small batch test was performed in duplicate 
with the stored soil at two soil moisture contents: 10% and 16%.  Similar to the setup of the 
microcosm experiments described in the treatability study report, soil from the field site was 
transferred in 10-gram (g) aliquots to four 150-mL glass serum bottles.  After degassing the 
bottles, 0.44 mL or 1.19 mL de-ionized water was injected into the bottles to achieve 10 or 16% 
soil moisture, respectively. After withdrawing an equivalent amount of headspace, 13570 µL 
pure hydrogen gas was injected into each bottle to achieve the same hydrogen concentration as 
the "high concentration" Microcosm tests.  Carbon dioxide was not added to the microcosms to 
better mimic conditions of columns #1 and #2.  The bottles were incubated in the dark at room 
temperature for a total of 3 weeks.  No significant perchlorate reduction was observed in bottles 
with 10% soil moisture after 21 days of incubation; however, in bottles with 16% soil moisture, 
partial perchlorate reduction (1.32 ± 0.09 mg/kg or 14.6% perchlorate reduced) was observed 
during this same time period (Figure 4-11).  These results indicate that the perchlorate reducing 
bacteria were still active in the stored soil, and that the higher moisture content promoted 
perchlorate reduction.  A significantly higher rate of perchlorate reduction was observed in the 
original Microcosms with hydrogen and carbon dioxide at 16% soil moisture, in which 94% of 
the soil perchlorate was reduced in 21 days (see Section 3.0).  This small batch test, therefore, 
does not rule out the possibility that extended storage and/or lack of carbon source negatively 
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affected perchlorate reduction in the column experiments.  It does demonstrate, however, that 
soil moisture contents greater than 10% are needed to promote significant perchlorate reduction 
in this aged soil.  Had the column experiments been performed with 16% soil moisture, it is 
reasonable to assume that perchlorate reduction would have been observed.   
 
Figure 4-11 Hydrogen, Perchlorate, and Soil Moisture Concentrations in Hydrogen 
Microcosms with 10% or 16% Soil Moisture after 21 Days of Incubation.  Intermediate 
Degradation Products (Chlorate, Chlorite, and Nitrite) Were Not Detected. 
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5.0 Air Injection Test 

5.1 Introduction and Method 
An air injection test was conducted at the IRCTS-PBA site using the newly installed injection 
well (CDM-INJ1) and piezometer (CDM-P1) in combination with the two existing wells at the 
site (SVS1A and SVS2).  The objectives of the air injection test were to: 

• Estimate the corresponding backpressures for various gas flow rates; and 
• Estimate the pneumatic zone of influence of gas injection; 

 
An air compressor was used to inject air into injection well CDM-INJ1 at different flow rates. 
Pressures were measured at the injection well head and at the different monitoring points in 
CDM-P1, SVS-1A, and SVS-2. The flow rates were tested in a series of steps from lowest to 
highest. Wellhead pressure was recorded using a pressure gauge. Actual flow rates to the 
injection well were controlled/measured using an air velocity meter, pressure regulator, and 
globe valve. Pressures were allowed to stabilize prior to increasing flow to the next level. 
 
5.2 Results 
Figure 5-1 shows the effect of air injection flow rate on pressures at the injection well (CDM-
INJ1) and the piezometers at an approximate elevation of 120 feet above mean sea level (ft amsl) 
which corresponded to about 50 ft bgs (see Figure 2-6). The data show minimal pressure at the 
injection well (5 inches water column or less) and a positive effective of air injection on the 
piezometers located up to 84 feet from the injection well.  
 
Figure 5-1 Effect of Air Injection Flow on Pressure at 120 ft amsl. 
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Figure 5-2 shows the relationship between pressure measured at each piezometer and distance 
for various flow rates. Log-linear relationships between these parameters were observed at the 
greater flow rates (r2 greater than 0.96) in accordance with the one-dimensional, steady-state 
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equation for compressible, radial flow modified for gas injection (U. S. Army Corps of 
Engineers, 1999; U. S. Army Corps of Engineers, 2002): 
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where P is the absolute pressure, Qv is the flow rate, µ is the viscosity, b is the well screen 
length, ka is the permeability, and r is the distance (radius) from the injection well. The 
subscripts 1 and 2 refer to individual monitoring points located different distances away from the 
injection well. The average permeability (k) based on these data was calculated to be 5.6E-4 ± 
0.9E-4 cm2 permeability at 120 ft amsl. This permeability is high and typically associated with 
unconsolidated gravels. Because of this high permeability, the radius of pneumatic influence at 
the maximum flow rate of 420 cfm was determined to be at least 84 ft. Pneumatic effects were 
observed at a distance of 34 ft at the lowest flow rate tested – 21 cfm. 
 
Pneumatic effects were observed at elevations down to about 120 ft amsl or about 50 ft bgs. 
Based on this result, the remaining injection wells and piezometers will be installed only to a 
depth of 50 ft bgs rather than 70 ft bgs.  
 
Figure 5-2 Relationship between Distance from Injection Well CDM-INJ1 and Piezometer 
Pressure at 120 ft amsl. 
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Figure 5-3 Effect of Air Flow on Pressure at Piezometer SVS-2. 
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Figure 5-4 Effect of Air Flow on Pressure at Piezometer CDM-P1. 
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Figure 5-5 Effect of Air Flow on Pressure at Piezometer SVS-1A. 
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6.0 Overall Data Assessment 

This section presents a deviations from the work plan (CDM, 2006) and evaluations of data 
quality and the data quality objectives.  
 
6.1 Deviations from the Work Plan 
The following deviations from the work plan were made: 
 

• Piezometer was constructed using 3/8-inch tubing with porous steel vapor probes rather 
than continuous multi-chamber tubing (CMT) as a cost-savings measure. 

• The air injection test was conducted with a maximum flow of 429 cfm rather than 1,000 
cfm because of equipment availability. 

• Transport rates of ethyl acetate and hexene were not determined because these were not 
the best two electron donors. Rather, the transport rates of hydrogen and LPG were 
determined. 

• The effective concentration of electron donor delivered to soil in the column studies was 
less than that used in the microcosm studies because of an observed lack of donor 
consumption.  
 

6.2 Evaluation of Data Quality and Data Quality Objectives  
The intended use of the data is determination of the design requirements for the technology 
demonstration and not regulatory compliance. The quality of the data with respect to precision, 
accuracy, representativeness, completeness, comparability, and sensitivity were suitable for their 
intended use. 
 
The following decision rules and responses were established in the work plan: 

• Decision Rule 1: Use the relationship between perchlorate concentrations and soil 
lithology to focus the GEDIT design in the Phase II Technology Demonstration Plan. 

o Perchlorate was observed in both fine-grained and coarse-grained soils. The soil 
moisture was generally greater in the fine-grained materials. Therefore, the 
technology demonstration will address both fine-grained and coarse-grained soils. 

• Decision Rule 2: Use the pneumatic zone of influence data to design the injection well 
and piezometer spacing in the Phase II Technology Demonstration Plan. 

o The pneumatic zone of influence data were used to design injection wells with a 
20-foot spacing and with piezometers spaced in from 5 to 25 feet away from the 
injection wells. 

• Decision Rule 3: Use the flow-backpressure data in combination with the pneumatic zone 
of influence data to specify the gas injection equipment for the Phase II Demonstration. 
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o Minimal backpressure was observed during injection therefore minimal gas 
injection pressure is required. Pneumatic influences were observed at flow rates as 
low as 21 cfm (i.e., the lowest flow rate tested). Therefore, the gas injection 
equipment will be capable of operating at flow rates of 10 to 30 cfm per well. 

• Decision Rule 4: Select the best electron donors based on extent and rate of perchlorate 
biodegradation in site soil for further evaluation in the treatability study.  Also use the 
microcosm data to select the rate of electron donor injection for the column test to ensure 
that stoichiometric requirements for biological reduction are satisfied. 

o Hydrogen and LPG were observed to be the best electron donors with respect to 
effectiveness. Two column studies were conducted – One contained hydrogen and 
the other contained hydrogen and LPG as electron donors. The effective 
concentration of electron donor that was delivered to soil in the column was less 
than in the microcosm studies because of an observed lack of donor consumption.  

• Decision Rule 5: Select the two best electron donors for column biodegradation tests 
based on the results of Decision Rule 4 and the electron donor transport rates estimated 
using the columns.   

o Hydrogen and LPG were selected as the electron donors for further use. 

• Select one or both of the electron donors identified in decision rule 5 to be used in the 
Phase II demonstration.  The selected electron donors should have demonstrated ability to 
promote perchlorate biodegradation in the microcosm and column systems.  Also 
consider potential for regulatory acceptance, engineering considerations, and cost when 
deciding which electron donors to use in Phase II.   

o Both hydrogen and LPG were observed to be the best electron donors with respect 
to effectiveness, handling, and cost. A mixture of these electron donors was 
therefore selected for the Phase II technology demonstration. Perchlorate 
destruction was only observed microcosm tests, but this may have due to age of 
the soil used for the column tests or other factors that are not representative of 
field conditions.  
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7.0 Conclusions  

The following conclusions are based on the results of this treatability test:  
 

• Soil borings completed at the site indicate that sufficient perchlorate (i.e., greater than 1 
mg/kg) is present in soil for the purposes of this demonstration. Soil moisture ranges 
from 7 to 16% in non-clayey/silty soil where gas transport is expected to be most 
effective. Nitrate is present at detectable but relatively low concentrations. Soil is 
generally comprised of sands and gravels with some clay and silt at shallow and deeper 
zones. 

• The microcosm study demonstrated that hydrogen/carbon dioxide and propane (LPG) 
were capable of promoting nitrate and perchlorate biodegradation. Biodegradation was 
observed at 16% moisture but not at 6% moisture. These data indicate that, as expected, 
moisture will be an important parameter affecting the rate and extent of perchlorate 
biodegradation. Hexene was partially capable of promoting perchlorate biodegradation 
and ethyl acetate was not capable of promoting perchlorate biodegradation. Based on 
these results, a mixture of hydrogen, carbon dioxide, and LPG is recommended for the 
field demonstration. 

• The column studies demonstrated that, as expected, hydrogen and LPG were effectively 
transported through soil. Over time, no evidence of hydrogen “floating” was observed. 
Perchlorate biodegradation was not observed. However, supplemental microcosm studies 
indicated that either the soil moisture was too low or the soil used for the column tests 
was too old to support biodegradation.  

• The air injection test demonstrated a high permeability that was consistent with the soil 
lithology. The pneumatic radius of influence was at least 30 feet and possibly as great at 
80 feet. Relatively low flow rates were capable of promoting pneumatic influences at 
reasonable distances away from the injection well. 
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Appendix A-3 
Microcosm Test Data

A 



A.1 Microcosm Setup Details 

 Design soil moisture Electron Donor 

Test 
# 

Electron 
Donor 

Electron 
donor 
conc. 

(mg/kg) 

Soil 
moisture 

mass 
per 

bottle 
(g) 

No. of 
bottles 

Total 
mass 

soil per 
batch 

(g) 

Final 
(%) 

Initial 
(%) 

Water 
Added per 

batch 
(mL) 

Name 
Final 
Conc 

(mg/kg) 

Pure e.d. 
injected into 
each bottle 

(µL) 

CO2 
injected 
into each 

bottle 
(uL) 

1* H2 34 7% 10 18 180 7% 7.0% 0.00  H2 34 4046.8  2023.4  
2* Ethyl 

acetate 
150 7% 10 18 180 7% 7.0% 0.00  Ethyl 

acetate 150 1.7    

3 1-Hexene 80 7% 10 9 90 7% 7.0% 0.00  1-Hexene 80 1.2    
4 LPG 75 7% 10 9 90 7% 7.0% 0.00  LPG 75 408.9    
5 H2 114 7% 10 9 90 7% 7.0% 0.00  H2 114 13568.7  6784.3  

6* Ethyl 
acetate 

501 7% 10 18 180 7% 7.0% 0.00  Ethyl 
acetate 501 5.6    

7* 1-Hexene 265 7% 10 18 180 7% 7.0% 0.00  1-Hexene 265 3.9    
8 LPG 250 7% 10 9 90 7% 7.0% 0.00  LPG 250 1363.0    
9 H2 34 16% 10 9 90 16% 7.0% 9.64  H2 34 4046.8  2023.4  

10 Ethyl 
acetate 

150 16% 10 9 90 16% 7.0% 9.64  Ethyl 
acetate 150 1.7    

11* 1-Hexene 80 16% 10 18 180 16% 7.0% 19.29  LPG 80 1.2    
12* LPG 75 16% 10 18 180 16% 7.0% 19.29  Propane 75 408.9    
13* H2 114 16% 10 18 180 16% 7.0% 19.29  H2 114 13568.7  6784.3  
14 Ethyl 

acetate 
501 16% 10 9 90 16% 7.0% 9.64  Ethyl 

acetate 501 5.6    

15 1-Hexene 265 16% 10 9 90 16% 7.0% 9.64  1-Hexene 265 3.9    
16* LPG 250 16% 10 18 180 16% 7.0% 19.29  LPG 250 1363.0    
17 Negative 

control 
0 16% 10 9 90 16% 7.0% 9.64  None 0 0.0    

18 Positive 
control 

436 16% 10 9 90 16% 7.0% 9.64  Ethanol 436 5.5    

* = Tests that were randomly chosen to be run in duplicate. 

A 1 



A.2 Microcosm Tests Data 

A.2.1 Test 1: 7% moisture, 34 mg/kg H2

   Time (days) 
    0 7 14 21 28 35 42 49 56 63 91 144 203 

average (ppm) 11.42 10.1 - 9.7 - 10.1 - 11.21 - 10.05 9.46 12.021 12.84 Perchlorate 
std. dev. 2.94 0.39 - 0.35 - 0.13 - 1.22 - 0.1 2.5 0.5215 1.265 

average (ppm) 2.7 1.92 - 2.54 - 3.54 - 5.81 - 5.49 2.7 5.53 5.29 Chloride 
std. dev. 0.08 0.03 - 0.58 - 0.76 - 0.27 - 2.7 1.04 0.28 0.8 

average (ppb) J J - J - J - J - J J J 0 Nitrate 
std. dev. - - - - - - - - - - - - 0 

average (mg/kg) 32.91 31.28 - 33.86 - 62.63 67.7 73.6 62.44 99.28 78.931 76.9 80.106 
Hydrogen 

std. dev. 0.31 4.62 - 0.16 - 0.67 2.75 2.5 1.18 2.04 4.93 0 1.48 
average (ppmv) 31.49 21.638 - 24.315 - 67.3 - 20.92 - 25.85 61.29 63.26 58.62 CO2

std. dev. 0 0 - 0 - 0 - 0 - 0 0 0 0 
average (%) 6.56 7.79 - 6.98 - 6.49 - 6.39 - 7.12 6.87 8.71 6.64 moisture 

std. dev. 0.15 0.119 - 1.37 - 1.1 - 0.25 - 0.31 0.56 0 0.57 
average 7.24 6.45 - 6.69 - 7.2 - 7.19 - 7.2 7.19 7.14 7.02 pH 
std. dev. 0.05 0.05 - 0.01 - 0.08 - 0.04 - 0.15 0.08 0 0.08 

J = below the detection limit (the substance in question was detected, but at levels below that which can be accurately characterized by the test method).  
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A.2.2 Test 2: 7% moisture, 150 mg/kg ethyl acetate 

   Time (days)       
    0 7 14 21 28 35 42 49 56 63 70 91 143 202 

average (ppm) 11.06 11.14 - 10.68 - 10.72 - 10.29 - 10.45 - 10 12.404 11.68 Perchlorate 
std. dev. 0.26 1.05 - 0.14 - 0.55 - 1.94 - 0.19 - 1.68 0.2755 1.14 

average (ppm) 1.75 2.33 - 2.83 - 1.62 - 5.06 - 2.79 - 3.18 4.99 5.8 Chloride 
std. dev. 1.17 0.86 - 0.17 - 0.29 - 0.61 - 0.14 - 0.81 0.77 0.32 

average (ppb) J J - J - J - J - J - J J 0 Nitrate 
std. dev. - - - - - - - - - - - - - 0 
average 
(mg/kg) 53.35 28.35 - 8.31 0.11 4.43 0.02 10.22 0 0 1.36 0 0 0 Ethyl 

Acetate 
std. dev. 2.14 5.34 - 6.9 0.14 5.84 0 14.45 0 0 0.09 0 0 0 
average 
(ppmv) 0 0 - 0 - 0 - 0 - 0 - 0 0 0 CO2

std. dev. 0 0 - 0 - 0 - 0 - 0 - 0 0 0 
average (%) 6.55 7.3 - 6.81 - 6.41 - 7.86 6.13 6.83 - 6.49 7.7 7.37 moisture 

std. dev. 0.54 1.06 - 0.32 - 0.88 - 0.92 0.08 0.37 - 0.5 0.24 0.3 
average 6.71 6.63 - 6.79 - 6.64 - 6.7 - 6.38 - 7.17 7.02 6.81 pH 
std. dev. 0.01 0.08 - 0.11 - 0.16 - 0.04 - 0.03 - 0.06 0.13 0.04 

J = below the detection limit (the substance in question was detected, but at levels below that which can be accurately characterized by the test method). 
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Test 2: 7% moisture, 150mg/kg Ethyl Acetate
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A.2.3 Test 3: 7% Moisture, 80 mg/kg 1-hexene 

   Time (days)       
    0 7 14 21 28 35 42 49 77 125 185 

average (ppm) 10.64 11.21 - 10.16 - 10.9 - 11.86 10.86 11.86 10.44 Perchlorate 
std. dev. 0.01 0.01 - 0.14 - 0.29 - 0 1.05 0.55 1.25 

average (ppm) 1.37 3.02 - 3.99 - 4.67 - 4.87 3.22 7.64 3.59 Chloride 
std. dev. 1.93 0.02 - 0.07 - 0.29 - 0 0.54 0.8 0.62 

average (ppm) J J - J - J - J J J 0 Nitrate 
std. dev. 0 - - - - - - - - - 0 

1-Hexene average 
(mg/kg) 9.96 78.432 100.738 110.49 63.67 131.351 145.61 29.04 29.03 114.541 111.087 

CO2
average 
(ppmv) 0 0 - 0 - 0 - 0 0 0 0 

moisture average (%) 5.95 5.96 - 7.56 - 6.72 - 6.39 6.99 6.01 5.55 
pH average 6.89 6.54 - 6.84 - 7.04 - 7.44 7.25 6.98 7.29 

J = below the detection limit (the substance in question was detected, but at levels below that which can be accurately characterized by the test method) 
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Test 3: 7% moisture, 80mg/kg 1-Hexene
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A.2.4 Test 4: 7% Moisture, 75 mg/kg LPG 

   Time (days)  
    0 7 14 21 28 35 42 49 77 124 184 

average (ppm) 9.73 10.81 - 11.01 - 8.03 - 11.81 10.36 12.4 11.29 Perchlorate 
std. dev. 0.52 0.01 - 0.71 - 5.23 - 0 1.3 0.03 0 

average (ppm) 3.78 4.22 - 5.23 - 2.88 - 5.18 4.13 4.76 4.58 Chloride 
std. dev. 0.04 0.02 - 0.32 - 2.3 - 0 0.81 0.29 0 

average (ppb) J J - J - J - J J J 0 Nitrate 
std. dev. - - - - - - - - - - 0 

LPG average 
(mg/kg) 58.152 221.69 235.62 176.01 253.02 263.4 84.653 312.976 356.734 283.645 221.692 

CO2
average 
(ppmv) 0 0 - 0 - 0 - 0 0 0 0 

moisture average (%) 5.41 5.56 - 4.88 - 6.1 - 5.72 5.67 6.94 6.32 
pH average 7.03 7.17 - 7.18 - 6.91 - 6.99 7.2 7.01 7.32 

J = below the detection limit (the substance in question was detected, but at levels below that which can be accurately characterized by the test method) 
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Test 4: 7% moisture, 75mg/kg LPG
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A.2.5 Test 5: 7% Moisture, 114 mg/kg H2

   Time (days)    
    0 7 14 21 28 35 42 49 77 128 187 

average (ppm) 10.76 11.7 - 9.48 - 11.3 - 10.91 9.82 12.4176 12.98 Perchlorate 
std. dev. 0.04 0.04 - 0.1 - 0.54 - 0.03 2.75 0.5 1.13 

average (ppm) 2.79 3.17 - 2.53 - 5.28 - 3.93 3.68 4 5.56 Chloride 
std. dev. 0.05 0.03 - 0.6 - 0.58 - 0.09 1.57 0.16 0.1 

average (ppb) J J - J - J - J J J 0 Nitrate 
std. dev. - - - - - - - - - - - 

Hydrogen average 
(mg/kg) 91.43 109.8 - 152 122.56 104.38 93.36 75.198 142.173 116.498 123.574 

CO2 average (ppmv) 75.79 82.6 - 196.24 - 66.83 - 36.73 59.31 61.33 96.8 
moisture average (%) 8.39 5.49 - 4.45 - 6.05 - 5.25 4.54 5 5.57 
pH average 7.11 7.23 - 7.05 - 6.92 - 6.54 7.31 6.85 7.3 

J = below the detection limit (the substance in question was detected, but at levels below that which can be accurately characterized by the test method) 
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Test 5: 7% moisture, 114mg/kg H2
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A.2.6 Test 6: 7% Moisture, 501 mg/kg ethyl acetate 

   Time (days)      
    0 7 14 21 28 35 42 49 77 125 184

average (ppm) 9.8 10.35 - 9.04 - 10.87 - 11.48 10.18 12.11 11.1Perchlorate 
std. dev. 0.28 0.75 - 2.07 - 2.38 - 0.02 1.35 0.68 0.58

average (ppm) 2.68 3.16 - 4.18 - 3.92 - 4.95 3.21 4.7 4.62Chloride 
std. dev. 0.37 0.66 - 0.72 - 0.85 - 0.47 1.1 0.19 0.12

average (ppb) J J - J - J - J J J J Nitrate 
std. dev. - - - - - - - - - - 0
average 
(mg/kg) 373.7 289.14 3.83 101.12 2.48 73.22 63.87 21.3 11.7 0 0 Ethyl 

Acetate 
std. dev. 110.1 75.95 0.26 7.65 1.29 50.65 40.6 9.34 11.9 0 0 
average 
(ppmv) 0 0 - 0 - 0 - 0 0 0 0 CO2

std. dev. 0 0 - 0 - 0 - 0 0 0 0 
average (%) 5.86 6.45 - 4.96 - 6.13 - 6.48 6.65 6.71 6.39 moisture 

std. dev. 0.23 0.61 - 0.06 - 0.08 - 0.17 0.04 0.62 0.24 
average 6.84 6.39 - 6.4 - 6.08 - 6.24 6.32 7.07 6.18 pH 
std. dev. 0.01 0.06 - 0.07 - 0.1 - 0.014 0.05 0.06 0.23 

J = below the detection limit (the substance in question was detected, but at levels below that which can be accurately characterized by the test method) 
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Test 6: 7% moisture, 501mg/kg Ethyl Acetate
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A.2.7 Test 7: 7% Moisture, 265 mg/kg 1-hexene 

   Time (days)       
    0 7 14 21 28 35 42 49 77 125 185

average (ppm) 9.55 10.57 - 9.96 - 11.07 - 11.14 10.68 13.09 10.62Perchlorate 
std. dev. 0.39 0.28 - 0.15 - 0.34 - 0.17 0.65 0.42 0.68

average (ppm) 2.28 3.12 - 5.16 - 4.92 - 4.76 3.93 6.17 5.52Chloride 
std. dev. 0.07 0.49 - 0.045 - 0.31 - 0.82 0.68 1.2 0.67

average (ppb) J J - J - J - J J J 0Nitrate 
std. dev. - - - - - - - - - - 0
average 
(mg/kg) 43.8 209.426 311.334 253.403 102.724 74.896 213.139 85.59 221.272 131.273 129.52 1-Hexene 
std. dev. 4.5  - -   - --     -  -  -  -  - 
average 
(ppmv) 0 0 - 0 - 0 - 0 0 0 0CO2

std. dev. 0 0 - 0 - 0 - 0 0 0 0
average (%) 6.51 6.37 - 6.81 - 6.31 - 6.47 6.9 7.21 6.52 moisture 

std. dev. 0.21 0.32 - 0.17 - 0.8 - 0.1 0.73 0.02 0.44 
average 7.08 6.65 - 7.15 - 7.125 - 7.325 7.185 6.965 7.31 pH 
std. dev. 0.13 0 - 0.01 - 0.035 - 0.06 0.02 0.01 0.01 

J = below the detection limit (the substance in question was detected, but at levels below that which can be accurately characterized by the test method) 
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Test 7: 7% moisture, 265mg/kg 1-Hexene
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A.2.8 Test 8: 7% Moisture, 250 mg/kg LPG 

   Time (days) 
    0 7 14 21 28 35 42 49 77 124 184

average (ppm) 9.38 10.85 - 10.73 - 10.83 - 11.38 10.66 11.98 10.34Perchlorate 
std. dev. 0.17 0.11 - 0.19 - 0.22 - 0 1.28 0.04 2.25

average (ppm) 1.27 2.71 - 5.16 - 4.89 - 4.03 2.98 5.03 4.76Chloride 
std. dev. 0.02 0.06 - 0.05 - 0.2 - 0 0.5 0.32 1.26

average (ppb) J J - J - J - J J J 0 Nitrate 
std. dev. - - - - - - - - - - 0 

LPG average 
(mg/kg) 198.05 628.76 705.87 798.79 638.8 506.9 248.261 600.656 826.349 914.157 680.5 

CO2
average 
(ppmv) 0 0 - 0 - 0 - 0 0 0 0 

moisture average (%) 7.48 6.51 - 6.46 - 6.44 - 6.56 6.05 7.03 7.01 
pH average 6.77 7.27 - 7.18 - 6.89 - 6.91 7.22 6.98 7.25 

J = below the detection limit (the substance in question was detected, but at levels below that which can be accurately characterized by the test method) 
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Test 8: 7% moisture, 250mg/kg LPG
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A.2.9 Test 9: 16% Moisture, 34 mg/kg H2

   Time (days)       
    0 7 14 21 28 35 42 49 77 128 187 

average (ppm) 8.34 7.91 - 0.58 - 0.39 0 0 0 1.33 0 Perchlorate 
std. dev. 0.04 0.05 - 0.02 - 0.54 0 0 0 0.49 0 

average (ppm) 1.8 3.57 - 6.77 - 13.26 4.75 5.35 4.65 6.3 7.27 Chloride 
std. dev. 0.08 0.61 - 0.1 - 2.07 0.26 0.2 1.77 0.8 0.31 

average (ppb) J J - J - J J J J J 0 Nitrate 
std. dev. - - - - - - - - - - 0 

Hydrogen average 
(mg/kg) 29.67 36.88 35.35 70.1 122.56 37.795 76.115 62.626 75.689 75.463 56.981 

CO2 average (ppmv) 25.14 22.03 - 20.92 - 19.61 36.75 0 5.22 60.5 0 
moisture average (%) 14.84 14.66 - 15.71 - 15.32 15.65 15.06 15.56 15.17 15.21 
pH average 7.28 7.14 - 6.5 - 7.01 6.32 6.71 7.36 7.01 7.15 

J = below the detection limit (the substance in question was detected, but at levels below that which can be accurately characterized by the test method) 
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Test 9: 16% moisture, 34mg/kg H2
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A.2.10 Test 10: 16% Moisture, 150 mg/kg ethyl acetate 

   Time (days)      
    0 7 14 21 28 35 42 49 77 125 184 

average (ppm) 7.96 9.12 - 9.47 - 7.75 - 9.64 8.71 8.28 8.53 Perchlorate 
std. dev. 0.36 0.002 - 0.1 - 0.34 - 0 1.44 0.63 0 

average (ppm) 1.41 2.46 - 5.53 - 4.67 - 3.64 3.46 3.85 2.93 Chloride 
std. dev. 0.08 0.01 - 0.04 - 0.31 - 0 1.33 0.27 0 

average (ppb) J J - J - J - J J J 0 Nitrate 
std. dev. - - - - - - - - - - 0 

Ethyl 
Acetate 

average 
(mg/kg) 85 34.5 0.07 3.672 0.73 0.142 0 0 0 0 0 

CO2
average 
(ppmv) 0 0 - 0 - 0 - 0 0 0 0 

moisture average (%) 14.05 15.46 - 15.54 - 14.94 - 14.76 14.7 15.59 15 
pH average 6.9 6.9 - 7 - 6.64 - 6.81 6.99 7.05 6.82 

J = below the detection limit (the substance in question was detected, but at levels below that which can be accurately characterized by the test method) 
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Test 10: 16% moisture, 150mg/kg Ethyl Acetate
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A.2.11 Test 11: 16% Moisture, 80 mg/kg 1-hexene 

   Time (days)     
    0 7 14 21 28 35 42 49 77 125

average (ppm) 8.44 8.76 - 6.7 8.23 7.72 8.02 8.91 2.54 5 Perchlorate 
std. dev. 0.28 0.23 - 0.79 0.77 0.9 0.62 0.65 2.94 3.68 

average (ppm) 0.66 2.59 - 2.38 7.87 4.55 3.65 3.74 4.14 6.21 Chloride 
std. dev. 0.74 0.43 - 0.38 4.83 0.42 0.78 0.53 0.68 1.11 

average (ppb) J J - J J J J J J J Nitrate 
std. dev. - - - - - - - - - - 
average 
(mg/kg) 27.4 74.89 70.99 90.9 59.96 73.87 83.11 51.536 24.262 68.065 1-Hexene 
std. dev. 6.42 1.36 3.3 5.89 25.8 4.88 15.61 28.79 6.2 8 
average 
(ppmv) 0 0 - 0 0 0 0 0 0 0 CO2

std. dev. 0 0 - 0 0 0 0 0 0 0 
average (%) 14.32 14.48 - 14.9 15.05 15.02 15.05 14.96 14.65 14.72 moisture 

std. dev. 1.38 0.34 - 0.38 0.95 0.36 0.6 0.3 0.69 0.18 
average 7.08 6.91 - 7.26 7.28 7.34 7.16 7.415 7.27 6.97 pH 
std. dev. 0.01 0.08 - 0.09 0.04 0.11 0.04 0.12 0.04 0 

J = below the detection limit (the substance in question was detected, but at levels below that which can be accurately characterized by the test method) 
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Test 11: 16% moisture, 80mg/kg 1-Hexene
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A.2.12 Test 12: 16% Moisture, 75 mg/kg LPG 

   Time (days)       
    0 7 14 21 28 35 42 49 77 124 184

average (ppm) 8.45 9.1 - 10 - 8.84 - 10.87 3.9 4.25 2.71Perchlorate 
std. dev. 0.42 0.4 - 0.99 - 0.57 - 0.32 4.53 2.92 0.35

average (ppm) 1.56 2.52 - 3.94 - 3.97 - 3.81 4.64 6.14 6.85Chloride 
std. dev. 0.79 0.25 - 0.52 - 0.34 - 0.13 1.28 1.18 1.69

average (ppb) J J - J - J - J J J J Nitrate 
std. dev. - - - - - - - - - - - 
average 
(mg/kg) 63.53 201.05 272.06 170.12 261.36 235.2 347.99 292.187 377.18 374.665 301.312 LPG 
std. dev. 7.26 75.67 14.98 26.66 27.9 5.53 24.7 5.2 34.92 5.97 0 
average 
(ppmv) 0 0 - 0 -  - 0 0 0 0CO2

std. dev. 0 0 - 0 -   - 0 0 0 0
average (%) 13.83 15.07 - 13.31 - 14.36 - 14.28 13.62 14.46 12.87 moisture 

std. dev. 0.44 0.92 - 0.15 - 0.24 - 1.89 0.81 1.2 0 
average 6.96 7 - 7.13 - 6.62 - 7.11 7.2 6.96 7.84 pH 
std. dev. 0.07 0.06 - 0.03 - 0.33 - 0.11 0.02 0 0 

J = below the detection limit (the substance in question was detected, but at levels below that which can be accurately characterized by the test method) 
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Test 12: 16% moisture, 75mg/kg LPG
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A.2.13 Test 13: 16% Moisture, 114 mg/kg H2

   Time (days)       
    0 7 14 21 28 35 42 49 77 128 187

average (ppm) 5.93 8.05 - 0.49 - 0 0.25 0.59 0 0.466 0 Perchlorate 
std. dev. 3.99 0.23 - 0.05 - 0 0.43 0.69 0 0.024 0 

average (ppm) 2.16 3.42 - 4.76 - 8.26 6.22 4.87 5.52 6.73 8.12 Chloride 
std. dev. 0.61 0.45 - 0.12 - 2.88 0.36 3.44 1.65 0.59 1.96 

average (ppb) J J - J - J J J J J J Nitrate 
std. dev. - - - - - - - - - - - 
average 
(mg/kg) 111.77 112.7 118.12 159.82 128.91 97.22 126.455 126.96 112.945 72.85 83.326Hydrogen 
std. dev. 32.6 1.6 3.07 1.14 2.37 1.7 26.02 21.87 32.67 9.02 5.153 

average (ppmv) 77.67 73.88 - 210.15 - 57.35 82.48 19.98 63.52 62.38 68.14 
CO2

std. dev. 2.27 0.61 - 0.78 - 2.36 18.45 20.38 67.18 3.01 0.43 
average (%) 14.11 14.28 - 14.76 - 14.86 14.71 15.42 14.45 15.42 15.31 moisture 

std. dev. 0.02 0.13 - 0.3 - 0.55 0.02 0.44 0.86 1.06 1.23 
average 7.33 7.31 - 6.79 - 6.95 6.6 6.68 7.04 7.045 6.38 pH 
std. dev. 0.07 0.05 - 0.04 - 0.04 0.08 0.06 0.56 0.08 0.1 

J = below the detection limit (the substance in question was detected, but at levels below that which can be accurately characterized by the test method) 
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Test 13: 16% moisture, 114mg/kg H2
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A.2.14 Test 14: 16% Moisture, 501 mg/kg ethyl acetate 

   Time (days)  
    0 7 14 21 28 35 42 49 77 125 184

average (ppm) 9.04 8.97 - 9.52 - 9.42 - 10.15 9.29 9.67 9.52Perchlorate 
std. dev. 0.16 0.04 - 0.13 - 0.51 - 0 1.49 0.44 0

average (ppm) 2.14 2.16 - 5.11 - 3.59 - 3.48 2.62 3.42 3.36Chloride 
std. dev. 0.09 0.05 - 0.19 - 0.18 - 0 0.98 0.42 0

average (ppb) J J - J - J - J J J 0Nitrate 
std. dev. - - - - - 83 - - - - 0

Ethyl 
Acetate 

average 
(mg/kg) 296.38 282.763 3.75 113.974 1.92 25.84 31.99 4.913 1.015 0 0 

CO2
average 
(ppmv) 0 0 - 0 - 0 - 0 0 0 0 

moisture average (%) 12.99 15.74 - 14.75 - 14.74 - 15.64 15.59 15.97 15.4
pH average 6.75 6.56 - 6.55 - 6.25 - 6.3 6.45 6.99 6.58
J = below the detection limit (the substance in question was detected, but at levels below that which can be accurately characterized by the test method) 
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Test 14: 16% moisture, 501mg/kg Ethyl Acetate
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A.2.15 Test 15: 16% Moisture, 265 mg/kg 1-hexene 

   Time (days)     
    0 7 14 21 28 35 42 49 77 125

average (ppm) 8.51 9.11 - 7.91 8.3 7.85 7.67 2.32 1.75 1.96 Perchlorate 
std. dev. 0.01 0.05 - 0.01 0.4 0.56 0.22 0 0.016 0.54 

average (ppm) 2.05 2.68 - 1.97 4.05 4.36 2.69 6.75 4.48 4.26 Chloride 
std. dev. 0.04 0.03 - 0.06 0.01 0.46 0.14 0 0.4 0.34 

average (ppb) J J - J J J J J J J 
Nitrate 

std. dev. - - - - - - - - - - 

1-Hexene average 
(mg/kg) 48.215 211.11 103.13 191.27 67.84 108.556 212.885 40.65 356.845 120.96 

CO2
average 
(ppmv) 0 0 - 0 0 0 0 0 0 0 

moisture average (%) 16.51 - - 12.76 14.23 13.78 13.83 13.83 15.58 15.57 
pH average 7.22 6.88 - 7.18 7.08 7.22 7.3 7.33 7.24 6.97 
J = below the detection limit (the substance in question was detected, but at levels below that which can be accurately characterized by the test method) 
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Test 15: 16% moisture, 265mg/kg 1-Hexene
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A.2.16 Test 16: 16% moisture, 250 mg/kg LPG 

   Time (days)       
    0 7 14 21 28 35 42 49 77 124 184

average (ppm) 8.51 8.67 - 10.08 - 8.06 - 5.77 3.83 1.1 0Perchlorate 
std. dev. 0.57 0.31 - 0.52 - 4.32 - 2 2.33 0.13 0

average (ppm) 1.04 2.19 - 4.36 - 4.66 - 5.09 4.3 5.26 6.03
Chloride 

std. dev. 0.18 0.28 - 0.12 - 0.69 - 0.51 0.72 0.81 0.83
average (ppb) J J - J - J - J J J 0

Nitrate 
std. dev. - - - - - - - - - - 0
average 
(mg/kg) 214.2 590.55 693.16 498.5 733.52 509.3 901.34 615.87 1022.21 830.391 589.22 LPG 
std. dev. 0.25 46.56 52.29 0.07 176.48 69.4 180.8 21.3 82.93 158.8828 2.76 
average 
(ppmv) 0 0 - 0 - 0 - 0 0 0 27.5 CO2

std. dev. 0 0 - 0 - 0 - 0 0 0 38.89 
average (%) 15.84 15.31 - 14.2 - 13.64 - 14.47 14.38 14.78 13.85 moisture 

std. dev. 1.29 1.54 - 0.85 - 0.68 - 0.37 0.07 0.15 0.05 
average 7.04 7.23 - 7.28 - 6.96 - 7.3 7.245 6.975 7.56 pH 
std. dev. 0.99 0.02 - 0.04 - 0.1 - 0.13 0.007 0.01 0.08 

J = below the detection limit (the substance in question was detected, but at levels below that which can be accurately characterized by the test method) 
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Test 16: 16% moisture, 250mg/kg LPG
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A.2.17 Test 17: Negative control. 16% Moisture, no external electron donor. 

   Time (days)       
    0 7 14 21 28 35 42 49 77 124 183

average (ppm) 8.59 9.47 - 8.87 - 2.12 - 2.47 0.85 1.26 0Perchlorate 
std. dev. 0.35 0.03 - 0.08 - 1.91 - 0 0.086 0.13 0

average (ppm) 1.16 4.12 - 4.34 - 6.28 - 1.3 5.09 7.7 5.5Chloride 
std. dev. 0.09 0.004 - 0.04 - 0.02 - 0 0.44 0.88 0.23

average (ppb) J J - J - J - J J J 0 Nitrate 
std. dev. - - - - - - - - - - 0 

Electron Donor average 
(mg/kg) 0 0 0 0 0 0 0 0 0 0 0 

CO2
average 
(ppmv) 0 0 - 0 - 0 - 0 0 0 0 

moisture average (%) 15.41 15.67 - 14.36 - 14.87 - 15.7 14.36 16.25 14.95
pH average 7.07 7.09 - 7.3 - 7.05 - 6.97 7.23 7.13 7.58 

J = below the detection limit (the substance in question was detected, but at levels below that which can be accurately characterized by the test method) 
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Test 17: Negative control. 16% moisture, no electron donor.
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A.2.18 Positive control. 16% Moisture, 436 mg/kg ethanol. 

   Time (days)   
    0 7 14 21 28 35 42 49 77 124 183

average (ppm) 8.49 9.2 - 8.5 - 6.29 - 10.04 0 1.17 0Perchlorate 
std. dev. 0.08 0.04 - 0.27 - 0.11 - 0 0 0.08 0

average (ppm) 1.07 4.06 - 2.96 - 4.2 - 3.8 4.99 4.77 6.64Chloride 
std. dev. 0.03 0.03 - 3.53 - 0 - 0 0.31 0.97 0.68

average (ppb) J J - J - J - J J J 0Nitrate 
std. dev. - - - - - - - - - - 0

Ethanol average 
(mg/kg) 14.23 5.034 3.32 3.184 3.04 3.412 3.964 3.183 5.93 1.742 2.257 

CO2
average 
(ppmv) 0 0 - 0 - 0 - 0 0 0 0

moisture average (%) 14.63 15.34 - 14.65 - 14.69 - 15.14 15.67 14.27 15.8 
pH average 7.11 7.15 - 7.14 - 6.86 - 6.89 7.15 7.05 7.22 

J = below the detection limit (the substance in question was detected, but at levels below that which can be accurately characterized by the test method) 
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Test 18: Positive control. 16% moisture, 436mg/kg Ethanol.
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Appendix A-4 
 

Column Test Data 
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B.1 H2 Column Study Theoretical Breakthrough Calculations 

Electron Donor: Hydrogen                                          
Soil moisture: 10% 
Bulk gas velocity: 0.01 cm/s 
 

1. Measure the moisture content of the stored soil in duplicate.  Add DDI water if necessary to 
raise the soil moisture to 10%.   

 
2. Weigh out the mass of soil to be packed into the two duplicate columns to make the soil 

density in each column similar to the site conditions (1.6 g/mL, GEDIT_calc_Nov2005 
spreadsheet).  

  Column Dimensions:  D = 2 in = 2in × 2.54 cm/in = 5.08 cm 
                    H = 5 ft = 5 × 30.48 cm/ft = 152.4 cm 
                    Area = пD2/4 = п(5.08 cm)2/4 =20.27 cm2 

                    V = Area × H = 152.4 cm × 20.27 cm2 = 3089.15 cm3 = 3089.15 mL 
  So the mass of soil that needs to be packed into each column is: 
   Soil mass = 3089.15 mL ×1.6 g/mL = 4942.64 g = 4.94 kg 
 
3. Pack the soil into two columns made of clear polyvinylchloride (PVC) pipe. Pack the columns 

by adding 1 – 2” lifts of soil and tapping the side of the column between lifts to promote even 
soil distribution within the column.  

 
4. Purge both of the columns with nitrogen gas until less than 1% oxygen is detectable in the 

column effluent. 
 
5. Inject 20% hydrogen and 80% nitrogen mixed gas at a bulk gas average linear velocity, vave = 

0.01 cm/s, assuming a soil porosity, n = 40%.   
  Flow rate, Q = (vave×n) ×A  

= (0.01 cm/s × 0.4)×20.27 cm2 = 0.081 cm3/s×60 s/min = 4.86 cm3/min = 4.86 
mL/min 

The mass flow controllers will be set to 4.9 mL/min. 
 

6. The effluent of the column will be tested for H2 concentration every 30 minutes for the first 2 
hours, and then after an increase in H2 has been observed, samples will be taken approximately 
every 10 minutes to capture a breakthrough curve that contains a minimum of five points for 
each column. 

  Time to breakthrough, t = H/v 
                       = (152.4cm)/(0.01 cm/s) × (1 hour/3600 sec) = 4.23 hours 

 
7. After hydrogen has been observed to travel from the beginning to the end of the duplicate 

columns, gas injection will be stopped, and the column ends capped.  Headspace samples for 
hydrogen will then be taken (at t = 0) with a 250 uL gas-tight syringe from seven sampling 
ports spaced evenly along the column length (i.e., out of the 28 total ports on the column, 
every third port will be sampled).  The columns will then be incubated at room temperature in 
the dark for 2 – 4 weeks. 



 
8. After 2 – 4 weeks, 200 uL headspace samples will again be withdrawn from every third 

sampling port of both columns to measure hydrogen and oxygen concentrations and test for 
“hydrogen floating”.  If hydrogen levels have dropped below 2 mg/kg, the columns will be 
repurged with the 20% H2 / 80% N2 gas mixture as before, and then capped.  The hydrogen 
concentrations along the length of the column will be remeasured prior to continued 
incubation. 

 
9. After approximately 2 months of total incubation, the headspace will again be sampled for 

hydrogen and oxygen as before, and then one of the duplicate columns will be sacrificed and 
the soil behind every other sampling port (i.e., 14 out of the total 28 ports on the column) 
will be analyzed for perchlorate, chlorate, chlorite, chloride, nitrate, nitrite, pH, and soil 
moisture. If, at this time, perchlorate levels are below detection, then the second column will 
also be sacrificed and analyzed; if not, it will be allowed to incubate approximately one more 
month before being sacrificed and analyzed as described above. 

 
 
Appendix 
Electron donor sufficiency calculation: 
Void fraction of soil = 40% (GEDIT_Evans_calc_Nov2005 spreadsheet) 
Volume of H2 in the column = 40% × Vcolumn ×10% = 40% × 3089.15 mL × 10% = 123.57 mL 
Mass of H2 in the column = 1.013 ×105 Pa × 123.57mL × 1m3/1000mL = 5.10 mol 

        8.314472 [m3·Pa·K-1·mol-1] × 295 K 
 
Perchlorate concentration in the soil is about 10ppm. 
Perchlorate mass in the column = 4.94 kg soil × 10 mg/kg = 49.4 mg / 99.45g/mol = 0.5 

mmol 
Degrade 1mol perchlorate needs 4 mol hydrogen,  
So H2 mass needed to degrade all of the perchlorate in column = 0.5 mmol × 4 = 2 

mmol.  
Safety factor = 5.10 × 103 mmol / 2 mmol = 2550 
The hydrogen is sufficient! 
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B.2 Experimental Breakthrough Time Calculation 

Using column #1 as an example, the breakthrough time was calculated as below: 
Inlet hydrogen concentration C0 = 4.96 mg/kg. 

Time 
(hour) 

Peak 
Area 

H2 in Soil (C) 
(mg/kg) c/c0 Integration 

(C2/C0-C1/C0)*t2

0 0.000 0.000 0 0 
0.5 0 0.000 0 0 

1 18.088 0.186 0.037402 0.037402 
1.5 71.017 0.728 0.146847 0.164167 

2 141.871 1.455 0.293356 0.293019 
2.25 173.72 1.782 0.359212 0.148177 
2.5 199.008 2.041 0.411502 0.130724 

2.75 221.248 2.269 0.457489 0.126465 
3 248.329 2.547 0.513486 0.167992 

3.25 269.721 2.766 0.55772 0.143759 
3.5 285.291 2.926 0.589915 0.112683 

4 305.7185 3.135 0.632155 0.168957 
4.25 329.778 3.382 0.681904 0.211435 
4.5 350.768 3.598 0.725306 0.195311 

4.75 369.112 3.786 0.763238 0.180173 
5 388.053 3.980 0.802403 0.195828 

5.25 409.748 4.202 0.847263 0.235516 
5.5 425.169 4.361 0.87915 0.175379 

5.75 444.397 4.558 0.918909 0.228614 
6 461.248 4.731 0.953753 0.209064 

6.25 474.469 4.866 0.981091 0.170862 
6.5 480.1355 4.924 0.992808 0.076161 

6.75 483.188 4.956 0.99912 0.042605 
7 481.6182 4.940 0.995874 0 
8 479.245 4.915 0.990967 0 

10 480.799 4.931 0.99418 0 
15 481.866 4.942 0.996387 0 

     

    SUM=       3.414292 
(Breakthrough time) 

 
 
 

 
 
 
 
 



Plot the breakthrough curve with time as the x-axis and C/C0 as the y-axis. The area surrounded 
by the breakthrough curve, the y-axis, and the C/C0=1 line (as illustrated by the darkened area in 
the plot below), equals the breakthrough time.  
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Meter Calibration Log
ESTCP Project ER-0511

Date Standard Reading Deviation Recalibrated Standard Reading Deviation Recalibrated Standard Reading Deviation Recalibrated Standard Reading Deviation Recalibrated Standard Reading Deviation Recalibrated Standard Reading Deviation Recalibrated
4/7/2008 2.5 2.5 0.0% N 0.0 0.0 #DIV/0! N 12.00 12.00 0.0% N 0.90 0.86 -4.4% N NA NA 2.00 1.80 -10.0% N

4/14/2008 2.5 2.44 -2.4% N 0.0 0.0 #DIV/0! N 12.00 12.00 0.0% N 0.90 0.86 -4.4% N NA NA 2.00 1.80 -10.0% N
4/29/2008 2.5 2.38 -4.8% N 0.0 0.0 #DIV/0! N 12.00 12.10 0.8% N 0.90 0.86 -4.4% N NA NA 2.00 1.80 -10.0% N
5/13/2008 2.5 2.58 3.2% N 0.0 0.0 #DIV/0! N 12.00 12.10 0.8% N 49.00 50.00 2.0% N NA NA 2.00 1.80 -10.0% N
5/20/2008 2.5 2.6 4.0% N 0.0 0.0 #DIV/0! N 12.00 12.30 2.5% N 49.00 50.00 2.0% N NA NA 2.00 1.80 -10.0% N
5/23/2008 2.5 2.4 -4.0% N 0.0 0.0 #DIV/0! N 12.00 12.20 1.7% N 49.00 48.00 -2.0% N NA NA 2.00 1.80 -10.0% N
5/27/2008 2.5 2.7 8.0% N 0.0 0.0 #DIV/0! N 12.00 12.20 1.7% N 49.00 51.00 4.1% N NA NA 2.00 1.90 -5.0% N
6/4/2008 2.5 2.5 0.0% N 0.0 0.0 #DIV/0! N 12.00 12.30 2.5% N 49.00 48.00 -2.0% N NA NA 2.00 1.80 -10.0% N

6/12/2008 2.5 2.28 -8.8% Y 0.0 0.0 #DIV/0! N 12.00 12.30 2.5% N 0.90 0.86 -4.4% N NA NA 2.00 1.80 -10.0% N
6/20/2008 2.5 2.48 -0.8% N 0.0 0.0 #DIV/0! N 12.00 12.00 0.0% N 0.90 0.86 -4.4% N NA NA 2.00 1.70 -15.0% N
6/25/2008 2.5 2.42 -3.2% N 0.0 0.0 #DIV/0! N 12.00 12.00 0.0% N 0.90 0.86 -4.4% N NA NA 2.00 1.80 -10.0% N
7/2/2008 2.5 2.4 -4.0% N 0.0 0.0 #DIV/0! N 12.00 11.80 -1.7% N 0.90 0.86 -4.4% N NA NA 2.00 1.70 -15.0% N
7/7/2008 2.5 2.18 -12.8% N 0.0 0.0 #DIV/0! N 12.00 11.80 -1.7% N 0.90 0.84 -6.7% N NA NA 2.00 1.60 -20.0% N

7/11/2008 2.5 2.46 -1.6% N 0.0 0.0 #DIV/0! N 12.00 11.90 -0.8% N 0.90 0.86 -4.4% N NA NA 2.00 1.70 -15.0% N
7/18/2008 2.5 2.42 -3.2% N 0.0 0.0 #DIV/0! N 12.00 11.90 -0.8% N 0.90 0.86 -4.4% N NA NA 2.00 1.70 -15.0% N
7/24/2008 2.5 2.4 -4.0% N 0.0 0.0 #DIV/0! N 12.00 11.90 -0.8% N 0.90 0.86 -4.4% N NA NA 2.00 1.80 -10.0% N
7/31/2008 2.5 2.5 0.0% N 0.0 0.0 #DIV/0! N 12.00 11.90 -0.8% N 0.90 0.86 -4.4% N NA NA 2.00 1.80 -10.0% N
8/7/2008 2.5 2.48 -0.8% N 0.0 0.2 #DIV/0! N 12.00 11.80 -1.7% N 0.90 0.86 -4.4% N NA NA 2.00 1.80 -10.0% N

8/12/2008 2.5 2.48 -0.8% N 0.0 0.0 #DIV/0! N 12.00 11.80 -1.7% N 0.90 0.86 -4.4% N NA NA 2.00 1.80 -10.0% N
8/18/2008 2.5 NA #VALUE! N 0.0 NA #VALUE! N 12.00 12.30 2.5% N 0.90 0.82 -8.9% N NA NA 2.00 1.80 -10.0% N
9/8/2008 2.5 NA #VALUE! N 0.0 NA #VALUE! N 12.00 12.00 0.0% N 0.90 0.86 -4.4% N NA NA 2.00 1.60 -20.0% N

9/15/2008 2.5 2.48 -0.8% N 0.0 0.0 #DIV/0! N 12.00 12.00 0.0% N 0.90 0.94 4.4% N 10.00 8.50 -15.0% Y 2.00 1.70 -15.0% N
9/29/2008 2.5 2.38 -4.8% N 0.0 0.1 #DIV/0! N 12.00 12.00 0.0% N 0.90 0.94 4.4% N 10.00 9.50 -5.0% N 2.00 1.70 -15.0% N

10/13/2008 2.5 2.36 -5.6% N 0.0 0.0 #DIV/0! N 12.00 12.00 0.0% N 0.90 0.96 6.7% N 10.00 10.00 0.0% N 2.00 1.80 -10.0% N
10/20/2008 2.5 2.4 -4.0% N 0.0 0.0 #DIV/0! N 12.00 12.00 0.0% N 49.00 52.00 6.1% N 10.00 10.00 0.0% N 2.00 1.70 -15.0% N
11/5/2008 2.5 2.48 -0.8% N 0.0 0.1 #DIV/0! Y 12.00 11.90 -0.8% N 0.90 0.96 6.7% N 10.00 10.00 0.0% N 2.00 1.80 -10.0% N

11/17/2008 2.5 2.36 -5.6% N 0.0 0.0 #DIV/0! N 12.00 11.80 -1.7% N 0.90 0.94 4.4% N 10.00 10.00 0.0% N 2.00 1.70 -15.0% N
12/1/2008 2.5 2.4 -4.0% N 0.0 0.0 #DIV/0! N 12.00 12.00 0.0% N 0.90 0.96 6.7% N 10.00 9.50 -5.0% N 2.00 1.80 -10.0% N

*iso-butane used as standard. Low level was reported either as percent (0.9%) or percent of LEL (49%)
LEL - Lower explosive limit

Hydrogen (%)Carbon Dioxide (%) Oxygen - low (%) Propane - low* (% or %LEL)Oxygen - high (%) Propane - high* (% or %LEL)



Soil Precision Results

µg/kg (dry) RPD mg-N/kg (dry) RPD % RPD
Baseline

P4-15-102907 25000 34% 6.4 11% 36 12%
P4-15-D 17647 5.7 32

P4-40-102907 19403 4% 6.9 3% 33 28%
P4-40-D 18667 7.1 25

CDM-INJ2-25-102607 5921 28% 5.0 24% 24 8%
CDM-INJ2-25-D 4459 3.9 26

P2-05-102507 597222 25% 5.8 93% 28 10%
P2-05-D 463768 15.9 31

P2-20-102507 242857 46% 15.7 6% 30 7%
P2-20-D 388889 16.7 28

CDM-CB-1-041808-30 7018 96% 0.6 91% 31.6 70%
CDM-CB-1-041808-30D 2479 0.2 15.3

CDM-CB-2-041808-30 2576 67% 0.2 24% 37.9 96%
CDM-CB-2-041808-30D 5196 0.1 13.4

CDM-CB3-30-061008 3869 41% 0.1 146% 9.53 44%
CDM-CB3-30D-061008 5875 0.7 14.9

CDM-CB4-30-061008 12135 16% 0.8 16% 9.35 11%
CDM-CB4-30D-061008 14192 1.0 8.4

CDM-CB7-30-090208 8000 10% 0.9 6% 31.5 5%
CDM-CB7-30D-090208 8800 0.9 33

CDM-CB8-30-090208 16000 51% 0.2 42% 4.4 43%
CDM-CB8-30D-090208 27000 0.2 6.8

CDM-CB9-30-120208 150 7% 0.3 44% 11.3 18%
CDM-CB9-30D-120208 140 0.2 9.4
CDM-CB10-30-120208 270 70% 0.2 40% 10.3 8%

CDM-CB10-30D-120208 130 0.2 9.5
CDM-CB11-30-120308 23000 24% 0.1 26% 16.9 13%

CDM-CB11-30D-120308 18000 0.1 14.9
CDM-CB12-30-120308 1400 57% 0.1 0% 9.3 5%

CDM-CB12-30D-120308 780 0.1 9.8
CDM-CB13-30-120308 15000 0% 0.1 32% 11.4 6%

CDM-CB13-30D-120308 15000 0.1 10.7
CDM-CB14-30-120308 1400 70% 0.1 50% 6.8 14%

CDM-CB14-30D-120308 2900 0.1 7.8
CDM-CB15-30-120308 1200 91% 0.1 65% 9.1 6%

CDM-CB15-30D-120308 3200 0.1 9.7
CDM-CB16-30-120308 13 0% 0.1 18% 25.6 9%

CDM-CB16-30D-120308 13 0.1 23.4
CDM-CB17-30-120308 8800 26% 0.1 27% 11.60 20%

CDM-CB17-30D-120308 6800 0.1 9.50
CDM-CB18-30-120308 7400 29% 0.1 21% 19.40 15%

CDM-CB18-30D-120308 9900 0.2 16.70
CDM-CB19-30-120308 13000 43% 0.1 18% 7.50 3%

CDM-CB19-30D-120308 8400 0.1 7.70
Notes
µg/kg - Micrograms per kilogram
mg-N/kg - Milligrams nitrogen per kilogram
RPD - Relative percent difference

Sample Perchlorate Nitrate Moisture



 

  

Appendix E: Quality Assurance and Quality Control 
 
This appendix includes specific QAQC-related information as specified in ESTCP guidance for 
the Final Report. 

E.1 Calibration of Analytical Equipment 

E.1.1 Field Instrumentation   
 
Calibration checks of the H2scan and RKI field instruments were conducted in the field at the 
beginning of each day. Standards used for calibration included 0.0 percent oxygen, 12 percent 
oxygen, 2.5 percent carbon dioxide, 2.0 percent hydrogen, 0.9 percent iso-butane, and 10 percent 
iso-butane. iso-Butane was used as a standard for calibration of the propane sensor based on 
manufacturer recommendations and availability of the standard. The RKI instrument was very 
stable and generally did not require re-calibration. Readings were generally within five percent 
of the standard concentration. If these deviations were exceeded the instrument was recalibrated. 
Field instrument calibration procedures were performed in accordance with the manufacturer’s 
recommendations. The H2scan instrument was also stable and readings were generally within 10 
to 15 percent of the standard concentration. The H2scan was not capable of being field 
calibrated. A meter calibration log is included at the end of this Appendix 
 
E.1.2 Laboratory Equipment Calibration  
 
Pace Analytical Services Inc.4 conducted laboratory analyses. Initial and continuing calibration 
procedures for laboratory instruments were conducted in accordance with the laboratory’s QA 
manual. 

E.2 Quality Assurance Sampling and Analysis 

Field duplicates were collected by the sampling team for analysis by the off-site laboratories. 
Field duplicates were collected to provide site-specific, field-originated information regarding 
the homogeneity of the sample matrix and the consistency of the sampling effort and to provide 
an assessment of precision including sampling and handling error. Field duplicates were 
collected at a frequency of approximately 10 percent of the total field samples (i.e. 1 field 
duplicate for every 10 field samples) and were collected concurrently with the field samples so at 
to equally represent the medium at a given time and location.  A precision goal of 35 percent was 
established for soil samples. 
 
Twenty-two complete data pairs (i.e., duplicate samples) were evaluated for precision and data 
are included at the end of this Appendix. Ten perchlorate data pairs (45 percent) exceeded the 35 
percent goal and the greatest relative percent deviation (RPD) was 96 percent. Eight nitrate data 
pairs (36 percent) exceeded the 35 percent goal and the greatest RPD was 146 percent. Four 
moisture data pairs (18 percent) exceeded the 35 percent goal and the greatest RPD was 96 
percent. While a significant percentage of data exceeded the RPD goals, these data are 
representative of a highly heterogeneous site and highlight the challenges in demonstrating soil 

                                                 
4 Laboratory analyses were initially conducted by Laucks Testing Laboratories which was later acquired by Pace. 



 

  

remediation technologies. These data are considered useable based on comparison of the 
observed RPD values to the performance goals of 90 percent contaminant removal. The worst 
case perchlorate of 96 percent RPD corresponded to concentrations of 7,018 and 2,479 µg/kg. If 
the greater value is assumed to be an “initial” concentration, a percent removal of 65 percent is 
calculated. This value is less than the 90 percent performance goal and thus observed removals 
of perchlorate were associated with actual degradation rather than heterogeneity. Similarly, the 
worst case perchlorate of 146 percent RPD corresponded to concentrations of 0.1 and 0.7 mg-
N/kg. If the greater value is assumed to be an “initial” concentration, a percent removal of 86 
percent is calculated. This value is less than the 90 percent performance goal and thus observed 
removals of nitrate were associated with actual degradation rather than heterogeneity. 

E.3 Decontamination Procedures  

Decontamination procedures used at the site were limited to drilling rig sampling equipment. The 
drilling rig and soil sampling components were decontaminated prior to arriving at the site. After 
each boring was completed, decontamination of all downhole drilling equipment and associated 
tools was performed. Equipment and tools were decontaminated by washing in a solution of 
Alconox or equivalent non-phosphate detergent, followed by a double rinsing with clean water. 
Excess soil on the drill rig and support vehicles was removed by steam cleaning, when 
appropriate. Pertinent field activities associated with drilling, well installation, and well 
development were documented in a field notebook in accordance with CDM Standard Operating 
Procedures described in the Quality Assurance Project Plan (Appendix C) of the Technology 
Demonstration Plan.  

E.4 Sample Documentation  

The sampling documentation program included field logbooks, data entry forms, photographs, 
chain-of-custody forms, and laboratory data. Field logbooks were used to document drilling 
events, site visits, material deliveries, and other pertinent project-related activities. Field 
logbooks and data entry forms included soil boring log forms, injection test monitoring forms, 
and instrument calibration forms. Laboratory data were received both electronically and in hard-
copy formats. Data were transcribed to Excel spreadsheets for data analysis. Raw data are 
included in Appendix C. Digital photographs were taken periodically during the project to 
document site layout, equipment setup and configuration, and other technical aspects.  
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Appendix F:  GEDIT General Engineering Guidance  
 

1.0 Introduction 
 

This document provides general engineering guidance for implementation of gaseous electron 
donor injection technology (GEDIT). It is organized as follows: 
 

• Section 1 is this Introduction. 
• Section 2 provides a description of the technology and its intended applications. 
• Section 3 provides engineering design guidance include pre-design data and testing 

requirements. 
• Section 4 provides information on operations of the process. 
• Section 5 describes monitoring, sampling, and analysis requirements. 
• Section 6 describes health and safety considerations.   

 
This guidance does not purport to address all engineering, health and safety, or regulatory 
requirements for implementation of GEDIT. Professional engineering judgment and standard of 
care is required prior to implementation of GEDIT at any site. GEDIT is covered by U.S. Patent 
Number 7,282,149 and a patent pending. 
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2.0 Technology Description 

 
GEDIT involves injection of gaseous electron donors into the soil with the purpose of promoting 
anaerobic bioremediation of perchlorate to water and chloride ion.  This technology can be 
viewed as bioventing in reverse as illustrated in Figure 1.  Bioventing, a proven bioremediation 
technology, involves the injection of a gaseous electron acceptor (e.g., oxygen) into the vadose 
zone resulting in the biodegradation of an electron donor (e.g., hydrocarbons).  In the present 
application, the electron acceptor and donor are reversed with the gaseous electron donor being 
injected in order to biodegrade the electron acceptor.   
 
Bioventing is an effective technology because it relies on the excellent mass transfer 
characteristics of gases and their ability to distribute oxygen through the vadose zone.  Similarly, 
the injection of gaseous electron donors for perchlorate biodegradation in vadose zone soil 
benefits from these same gas mass transfer and distribution characteristics.  The superior mass 
transfer and distribution of gases as compared to liquids is the major advantage of this 
technology over current attempts to introduce liquids into the vadose zone.  Diffusion of gases in 
the vadose zone improves the ability to deliver the electron donor throughout the soil volume and 
helps to overcome problems associated with liquid flow through preferential pathways.  
Additionally, gaseous electron donor technology does not require the capture and treatment of 
infiltrated liquids that could otherwise adversely impact groundwater.  

 
GEDIT involves injection of gaseous electron donors into the soil using injection wells in 
combination with optional soil vapor extraction wells. These gaseous electron donors can include 
hydrogen, propane, or volatile organic compounds such as methanol, ethanol, butanol, acetic 
acid, ethyl acetate, butyl acetate, hexene, etc.  The injected concentration of the electron donor is 
less than its saturation vapor pressure so that the injected electron donor truly exists as a gas and 
not as a mist.  As the gaseous electron donor material is injected into the vadose zone it partitions 
between soil moisture and the vadose zone pore space.  After it has partitioned into the soil 
moisture, anaerobic, perchlorate-reducing bacteria can use the electron donor to reductively 

 
Figure 1 – Comparison of Bioventing and Gaseous Electron Donor Injection 
Technology 
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degrade perchlorate.  Any soil nitrate or oxygen that is present in the pore space will first be 
reduced using the injected gaseous electron donor.  The remaining electron donor will be 
available for use by perchlorate-reducing bacteria.  The rate at which the gaseous electron donor 
is transported through the vadose zone is primarily a function of soil moisture, electron donor 
Henry’s constant, void volume, bulk soil density, bulk gas velocity, soil permeability, and 
biodegradation rate (Evans and Trute, 2006). GEDIT is similar to anaerobic bioventing (U.S. 
EPA, 2006b). Anaerobic bioventing has been described to involve injection of hydrogen and 
carbon dioxide into soil to promote anaerobic biodegradation of organic contaminants including 
chlorinated hydrocarbons and dichlorodiphenytrichloroethane (DDT). GEDIT can include use of 
hydrogen/carbon dioxide and can additionally use liquid electron donors that can be vaporized 
into a gaseous carrier stream. In addition, GEDIT was developed specifically for treatment of 
perchlorate.  
 
GEDIT can be implemented in various configurations two of which are illustrated in Figures 2 
and 3. In the gas injection configuration, nitrogen from a generator or a liquid nitrogen supply is 
amended with gaseous electron donor and then injected into the perchlorate-impacted vadose 
zone.  The presence of nitrogen serves to flush oxygen from the soil gas, enhancing conditions 
for the degradation of perchlorate.  In the SVE configuration, soil vapor is extracted, amended 
with gaseous electron donor, and then injected back into the perchlorate-impacted vadose zone.  
As the reductive degradation of perchlorate progresses, the oxygen content of the extracted soil 
is reduced, thereby facilitating further perchlorate degradation. Well spacing for both of the 
configurations will depend on the pneumatic radius of influence and the specific gaseous 
electron donor selected for use.   
 
Potential applications of GEDIT include treatment of a wide variety of oxidized contaminants in 
soil.  A partial list of oxidized contaminants that are potentially treatable using GEDIT include: 
 

• Perchlorate  
• Chlorate 
• Nitrate  
• Nitrite 
• Selenate 
• Arsenate 
• Chromate and dichromate (i.e., hexavalent chromium) 
• Uranylate 
• Pertechnetate 
• N-Nitrosodimethylamine (NDMA) 
• Trichloroethene (TCE) 
• Trichloroethane (TCA) 
• Highly energetic compounds including nitro-aromatics such as TNT, RDX, and HMX. 
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Figure 2 – Example Gas Injection GEDIT Process and Instrumentation Diagram
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Figure 3 – Example SVE GEDIT Process and Instrumentation Diagram 
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3.0 Engineering Design  
 
This section includes engineering design considerations for injection wells, monitoring 
piezometers, process equipment, and instrumentation and controls. It also includes a description 
of pre-design data and testing requirements.  

3.1 General Design Considerations and Approach 

The GEDIT process should be designed with the objective of minimizing oxygen concentrations 
and distributing sufficiently high concentrations of the gaseous electron donor(s) throughout the 
vadose zone. The absolute concentrations of oxygen and electron donors that are required are 
dependent on the particular contaminant of concern.  
 
In general, contaminants that have a greater free energy for reduction (e.g., nitrate and chromate) 
will require lower oxygen concentrations than contaminants with a lower free energy for 
reduction (e.g., perchlorate, selenate, and uranylate). With respect to perchlorate, oxygen 
concentrations less than 1 percent appeared to be sufficient to promote biological reduction 
based on demonstration results. With respect to nitrate, greater concentrations – 10 percent or 
greater – were sufficiently low to support biological reduction. 
 
The particular electron donor type and concentration are also dependent on the particular 
contaminant of concern. Hydrogen was determined to be required for perchlorate reduction 
whereas liquefied petroleum gas (LPG) was sufficient for nitrate reduction. The minimum 
concentration of hydrogen necessary to support perchlorate reduction was 0.5 percent. Carbon 
dioxide may also be required to support growth of autotrophic bacteria during contaminant 
degradation with the electron donor hydrogen. The requirement for carbon dioxide is site-
specific and depends in part on the natural alkalinity (i.e., bicarbonate and carbonate) present in 
site soil. The minimum concentration of LPG necessary to support nitrate reduction was not 
determined but may be as low as 1 percent.  
 
Achieving these concentrations of oxygen and electron donor(s) requires injection of the electron 
donor(s) and possibly other gases such as nitrogen and/or carbon dioxide. Reduction of oxygen 
concentrations in the vadose zone can occur via two processes: displacement and aerobic 
biodegradation. Displacement can be accomplished using any gas though certain gases are more 
effective than others. For example, because of varying densities, hydrogen floats, LPG sinks, and 
nitrogen does neither. Thus injection of nitrogen is effective at oxygen displacement horizontally 
from the point of injection, hydrogen is effective at oxygen displacement vertically upward from 
the point of injection, and LPG is effective at oxygen displacement vertically downward from the 
point of injection. Gaseous electron donors such as hydrogen and LPG can also remove oxygen 
when they are biodegraded by aerobic bacteria. These bacteria use hydrogen and LPG as electron 
donors and consume oxygen during the biodegradation process.  
 
Other general considerations include soil lithology, permeability, and moisture content. The 
lithology and permeability will affect bulk transport of gas and diffusive transport of the electron 
donor. Permeability will also affect the rate of back diffusion or advection (e.g., barometric 
pumping) of oxygen into the treatment zone. Hydrogen is a small molecule with high diffusivity. 
Thus it has greater potential to diffuse into low permeability soils. Based on demonstration 
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results, GEDIT was determined to be effective in both low and high permeability soil types. 
Therefore, GEDIT is applicable to all soil lithologies; however, the design and operating 
conditions will likely vary and be site-specific. Moisture content often correlates with soil 
lithology. Moisture can affect permeability and also affects biological activity. Very low 
moisture contents can be inhibitory to biological activity. Based on demonstration results, 
acceptable perchlorate biodegradation was observed with soil moisture as low as 7 percent. This 
concentration may not be translatable to other sites and the minimum moisture content may be 
dependent on the soil lithology. Thus the minimum moisture content must be determined 
experimentally in a treatability test. This test will also serve to determine if other inhibitory 
compounds are present in the soil.  
 
Recommended approaches to GEDIT design based on these general guidelines are described in 
the following sections.  

3.2 Pre-Design Testing and Data Requirements  

Laboratory treatability testing and field pilot testing are recommended as part of the GEDIT 
design process. Laboratory treatability testing is used to select electron donors, electron donor 
concentrations, and determine soil moisture limits. Field pilot testing is used to determine site 
permeability and gas flow rate requirements. 
 
3.2.1 Laboratory Testing 
 
Soil microcosms are recommended to determine electron donor requirements and soil moisture 
limitations. In addition, microcosms can give an indication of the potential rate and extent of 
contaminant degradation. Detailed procedures for conducting the microcosms are included in the 
ESTCP Final Report. The general approach for conducting testing is presented here.  
 
Prior to conducting the laboratory testing it is helpful to have an indication of the range of 
lithologies and moisture contents in vadose zone soil at the site and the range of contaminant 
concentrations. In addition, since contaminant concentration can be correlated with lithology 
and/or moisture content (e.g., perchlorate being associated with finer grained soil that also have 
higher moisture content), an understanding of such a correlation is helpful. The variation in soil 
lithology, moisture content, and contaminant concentration will determine the number of soil 
types and moisture contents that should be evaluated during the treatability test. Testing a 
minimum of two moisture contents is recommended. These ideally would be representative of 
low and high moisture contents in soil at the site where contaminant concentrations are well in 
excess of cleanup levels.  
 
Soil for the microcosms is preferably collected by drilling or excavation immediately prior to 
setup of the treatability test. Soil is then homogenized and moisture content is adjusted if 
necessary. Increasing moisture is conducted by adding distilled water to the soil followed by 
homogenization. Soil drying in air can be conducted if the soil is too moist, however, collection 
of soil that is representative of low moisture content conditions is preferable. Following 
adjustment of moisture and homogenization the soil is placed in serum bottles (e.g., 50 grams in 
a 250-mL serum bottle) or other air-tight container with septa. Thick butyl rubber septa are 
inserted into the serum bottles and a gas manifold is used to replace the air in the serum bottle 
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headspace with the desired gas mixture. The number of gas mixtures to be tested will be 
dependent on contaminant of concern and the desired scale of the study. For perchlorate the 
minimum recommended gas compositions are 1) 100 percent nitrogen (control), 2) 1 percent 
hydrogen in nitrogen, 3) 1 percent hydrogen plus 1 percent carbon dioxide in nitrogen), 4) 10 
percent hydrogen in nitrogen, and 5) 10 percent hydrogen plus 1 percent carbon dioxide in 
nitrogen). Multiple bottles are setup for each condition to allow sacrificial sampling and 
replication. At a minimum 10 bottles should be setup for each condition.  
 
Sampling and analysis of the headspace is conducted for oxygen (i.e., to verify its absence) and 
electron donor(s). Sampling and analysis of soil contaminants requires sacrificial sampling of the 
microcosms and analysis using standard analytical methods such as distilled water extraction and 
ion chromatography for perchlorate.  
 
Results are evaluated with respect to rate and extent of contaminant degradation relative to the 
control. If multiple experimental conductions are capable of promoting contaminant degradation, 
then economic and engineering analyses are recommended to identify which electron donor 
should be used in the field. 
 
3.2.2 Field Pilot Testing 
 
Field pilot testing is recommended to determine optimal operating conditions for gas injection 
and quantify radius of influence. In addition, pilot testing can be conducted to evaluate different 
injection well designs. The demonstration included a pilot test to evaluate soil pneumatic 
permeability and an optimization test to evaluate different well designs and injection 
configurations. Detailed procedures for conducting these tests are included in the ESTCP Final 
Report. The general approach for conducting testing is presented here and is based on lessons 
learned from the demonstration.  
 
The optimized injection well design for the ESTCP demonstration is shown in Figure 4.5 This 
design is based on use of 6-inch porous vapor probes embedded in sand packs and located every 
10 feet of boring depth. This design is recommended as a starting point but may not be optimal 
for all sites. The injection well design is also recommended for the soil gas monitoring 
piezometers. This approach allows use of piezometers as injection wells if desired. Injection 
wells and piezometers should be installed in different lithologic zones to allow assessment of soil 
types on gas injection. A minimum of one injection well and two piezometers is recommended 
for the pilot test. The depth and number of vapor probes will be dependent on site lithology and 
heterogeneity but a minimum of four probes per well/piezometer is recommended.  
 
The recommended basic pilot test approach involves injection of nitrogen. Nitrogen can be 
supplied using a nitrogen generator, in liquefied form, or in multiple cylinders. Nitrogen is 
injected at one or more depths in the injection well at pre-determined flow rates and oxygen is 
monitored in the piezometers at all depths. A recommended starting flow rate is 50 ft3/min at 
each injection well depth. Oxygen is monitored in the piezometers to determine which operating 
conditions result in the maximal reduction of oxygen concentration. Analytical equipment for 
monitoring oxygen is discussed in Section 5.2. Various conditions are tested to identify the 
                                                 
5 Note that for the ESTCP demonstration the injection well (i.e., P4) was called a piezometer. 
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optimal operating condition that maximizes the radius of influence for oxygen displacement and 
minimizes gas flow. Pressures are also measured at the injection well and at the piezometer. 
 
The next recommended level of pilot testing involves use of selected gaseous electron donors in 
addition to nitrogen. This level of pilot testing can be important because of the tendency of 
certain electron donors to float (e.g., hydrogen) or sink (e.g., LPG). A manifold will be necessary 
to adjust flow rates of each gas and mix the gases prior to injection. Monitoring of individual 
gases at the piezometers may require additional analytical equipment. Analytical equipment for 
monitoring electron donors is discussed in Section 5.2.  
 
Analysis of pilot test results will involve determination of the optimal operating conditions (e.g., 
flow rate, injection pressure, gas composition, injection depths, etc.) required to maximize the 
radius of influence and minimize gas flow rate. The radius of influence is the maximum distance 
from point of the injection where oxygen and electron donor concentrations are acceptable based 
on laboratory test results or other pertinent data.  

3.3 Wells and Piezometers 

Design of gas injection wells and monitoring piezometers will be based on pilot test results, 
standard practices for well design, and applicable regulations. Figure 4 illustrates the injection 
well/piezometer design used for the ESTCP demonstration. This design is recommended as a 
starting point but site specific lithology and advances in understanding of gas injection for 
GEDIT will likely lead to modifications of this design. 
 
The number and location of injection wells will be dependent on the area and depth requiring 
treatment, pilot test results, and economic evaluations. Pilot test results will establish the radius 
of influence for injection using a single well unless a multiple-well pilot test is conducted. A 
single well pilot test does not account for potential efficiencies of using multiple wells. 
Nevertheless, conservative well spacing based on the experimentally determined radius of 
influence is recommended. Potential for gas migration along subsurface utilities or into 
basements and buildings should also be considered when selecting injection well and piezometer 
placement. 
 
The number and location of piezometers will be based on pilot test results, site heterogeneity, 
regulatory requirements, and cost. Piezometers in general should be located equidistant from 
injection wells. At a minimum, the number of piezometers should be selected to allow 
monitoring of site heterogeneity effects on gas transport.  
 
The ESTCP demonstration design included 1/2-inch and 3/8-inch diameter (OD) poly tubing 
with 1/2-inch diameter by 6-inch long stainless steel vapor sampling probes. This design was 
used for gas injection and monitoring. The tubing diameter for injection wells may need to be 
increased if flows significantly greater than 50 scfh are used.  

3.4 Process Equipment 

GEDIT process equipment includes the gas supply, the gas mixing manifold, and the gas 
distribution system. Each of these process equipment categories are discussed below. The 
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process and instrumentation diagram (P&ID) for the ESTCP demonstration is presented in 
Figure 5. This P&ID illustrates the three process equipment categories that are described in detail 
in the following sections. 
 
3.4.1 Gas Supply 
 
Gas supply equipment will be dependent on the particular gas mixture composition and flow 
rate. Depending on the total flow rate required, some supply configurations will be more 
appropriate and cost-effective than others. For example, relatively low flow rates of gases will be 
better suited through use of gas cylinders or liquefied gases. Relatively greater flow rates will be 
better suited through the use of gas generators. The best gas supply configuration will be 
determined by conducting an engineering analysis of alternatives.  
 
Nitrogen can be supplied as a compressed gas, a liquefied gas, or via various air separation 
systems. Compressed nitrogen is typically provided in cylinders that contain about 228 (K 
cylinder) or 304 (T cylinder) cubic feet of gas each. These cylinders can be manifolded together 
but in general will not be capable of supplying sufficient nitrogen for most GEDIT applications. 
Liquefied nitrogen was used during the ESTCP demonstration and was contained in a portable 
trailer with a capacity of 150,000 standard cubic feet. Larger liquefied nitrogen storage systems 
are available (e.g., 1.2 million standard cubic feet) but these are not portable. Nitrogen generators 
can be used to produce high purity nitrogen from air. Two primary types of generators are 
available: pressure swing adsorption (PSA) and membrane. PSA generators use two alternating 
trains of molecular sieves to separate nitrogen from oxygen. One train is separating the gases 
while the other is being regenerated. Membrane separators continuously generate nitrogen via 
diffusive separation in specialty membranes. Both of these nitrogen generators are capable of 
generating high flow rates of high purity nitrogen but require electricity to operate. They also 
require air compressors to operate. The nitrogen purity is also dependent on the design and 
operation of each system. Greater nitrogen purity will require more costly equipment and will 
increase operating costs. 
Hydrogen can be supplied as a compressed gas, a liquefied gas, or via various generation 
systems. Compressed hydrogen is typically provided in cylinders that contain about 195 (K 
cylinder) or 261 (T cylinder) cubic feet of gas each. These cylinders can be manifolded together 
and 18-packs of K cylinders were used in the ESTCP demonstration. Larger volumes of 
hydrogen can be supplied using compressed hydrogen tube trailers or liquefied hydrogen tanks. 
Hydrogen can also be generated electrolytically or via reformation. Electrolytic hydrogen 
generators convert distilled water to hydrogen and oxygen using electricity. The hydrogen and 
oxygen are separated. Hydrogen reformers use a fuel such as methane or propane to produce 
hydrogen under high temperature and pressure. These systems require the fuel and electricity.  
 
Liquefied petroleum gas (LPG) can be used as a gaseous electron donor and/or as a carrier gas. 
LPG is commonly available and typical odorized organosulfur compounds such as ethyl 
mercaptan. LPG cylinders are available in a variety of volumes. 
 
Other electron donors are conceivable and may include organic compounds that are liquid at 
room temperature such as ethyl acetate or 1-hexene and can be supplied in drums. These liquids 
would be vaporized in a nitrogen carrier gas prior to injection. Carbon dioxide may be required 
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as a carbon source when using hydrogen as an electron donor. Carbon dioxide is available in 
cylinders and is liquid at room temperature when compressed. A K cylinder of carbon dioxide 
contains 560 standard cubic feet of gas. 
 
A major consideration in evaluation of gas supply options is availability of utilities. Compressed 
and liquefied gases do not require electricity or water. This is an advantage for implementation at 
remote sites that do not have ready access to utilities. Electricity can be generated but may 
require significant fuel (e.g., diesel) storage. Distilled water can be generated from groundwater 
following pretreatment (e.g., ion exchange, reverse osmosis) but may necessitate brine disposal. 
 
The gas supply configuration that was used for the ESTCP demonstration is shown in Figure 6. 
This configuration included liquefied nitrogen (150,000 standard cubic feet capacity), three 18-
packs of hydrogen K cylinders, one 18-pack of carbon dioxide K cylinders, and a 120-gallon 
tank of LPG. This configuration was used to supply 100 standard cubic feet per minute of a gas 
mixture comprised of 89 percent nitrogen, 10 percent hydrogen, 10 percent LPG, and 1 percent 
carbon dioxide. A cylinder of helium is also shown in Figure 6 but this was used only for initial 
tracer tests and is not considered part of the standard gas supply configuration.  

 
3.4.2 Gas Mixing Manifold 
 
A gas mixing manifold is required to allow control of individual gas flow rates and generate a 
gas mixture of the desired composition at the desired total flow rate. The manifold design will be 
dependent on the specific gas mixture and flow rates but will in most cases include the following 
elements: 

Figure 6 – Gas Supply for the Demonstration

  LPG                           H2                   CO2       He                                          N2 
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• Connections from the gas 

supplies to the manifold 
• On-off valves to control flow 

of the gas supplies 
• Flow meters to monitor flow 

rate of individual gases and 
gas mixtures 

• Pressure gauges to monitor 
pressures of individual gases 
and gas mixtures 

• A static mixer or other device 
to ensure the gases are well 
mixed prior to distribution to 
the injection wells 

• A sample valve to allow 
collection of samples for on-
site or off-site gas analysis 

• Connections from the 
manifold to the gas 
distribution system  

 
Figure 7 includes photographs of the 
front and back of the manifold used 
for the ESTCP demonstration. This 
design is based on the P&ID 
presented in Figure 5. Alternative 
designs including use of non-metallic 
tubing suitable for compressed gases 
(i.e., not PVC) may be appropriate. 
The design of the ESTCP 
demonstration manifold piping was 
based on the Compressed Gas 
Association (CGA) Standard for 
Hydrogen Piping Systems at 
Consumer Locations (G-5.4-2005) 
which states that 300 series stainless 
or carbon steel shall be used for 
piping. A professional engineer 
should be consulted with regard to 
local code requirements and whether this particular standard applies to a specific application and 
in particular to gas mixtures containing low percentages of hydrogen.  
 
  

 

 

Figure 7 – Gas Supply Control Panel
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Other considerations for gas mixing manifold design include: 
 

• Installation location – Locate the manifold outside rather than inside a building or 
container so potential gas leaks have a greater potential for dispersion. 

• Automation – Consider whether manual or automatic monitoring and control is desired. 
One factor that will affect the need for automation is whether the gaseous electron donor 
will be injected continuously or pulsed. Automatic monitoring and control of flow will 
increase capital costs but has the potential to reduce operating costs. Also, use of 
electronic sensors and controls while using a potentially flammable electron donor gas 
mixture will need to comply with electrical classification requirements under the National 
Electrical Code.   

• Rotameter correction – Ensure that readings from variable area flow meters – also known 
as rotameters – are appropriately compensated for pressure and gas composition. Most 
rotameters are calibrated for air at ambient pressure.  

• System pressure – Calculate the saturation pressure for gas mixtures containing 
condensable gases (e.g., LPG) and ensure that the operating manifold system pressure is 
less than the saturation pressure to prevent condensation.   

• Multiple gas mixtures – Determine during pilot testing whether different gas 
compositions will be injected at different depths. For example, it may be desirable to 
inject hydrogen at deeper locations and LPG at shallower locations. With this approach 
hydrogen can float up through the zone of influence and LPG can sink. Multiple gas 
mixtures will require multiple gas mixing manifolds. 

 
3.4.3 Gas Distribution System 
 
The gas distribution system is used to transfer the gas mixture from the gas mixing manifold to 
the injection well(s) in a GEDIT design based on gas injection only. A GEDIT design that is 
based on soil vapor extraction, electron donor amendment, and re-injection will have additional 
requirements. The ESTCP demonstration was based on the gas injection approach and this 
section addresses this approach. The design of this system will depend on gas flow rates, the 
distance from the gas mixing manifold to the injection wells, and site-specific constraints such as 
vehicle traffic and security.  
 
The ESTCP demonstration used 3/8-inch diameter tubing for the distribution system with 
pneumatic quick-connect fittings for connection to wellhead tubing. The tubing was laid on the 
ground which may not be applicable for all sites. Alternatively, tubing can be run through 
metallic or plastic pipe or conduit for greater security. If necessary the tubing can be buried. 
Regardless, pressure drop is a primary consideration and must be calculated to determine the 
appropriate tubing size. The pressure drop must be sufficiently low to prevent too high a gas 
pressure at the gas distribution system (see Section 3.4.2) and sufficiently high to ensure delivery 
to each well point (see Section 3.2.2). Gas distribution tubing or piping materials must be 
suitable for use with compressed gases. For example, PVC pipe should never be used with 
compressed gas systems.  
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4.0 Operations  
 
Operational requirements of the GEDIT system will be specific to the particular design. 
However, several operational considerations can be generalized for most systems and are 
described below. These considerations are focused on optimization of operating conditions to 
minimize gas use and ensure that subsurface conditions are suitable. 
 
Operating variables for a GEDIT system associated with process optimization include the 
following: 
 

• Injection wells where gas is injected 
• Depths in each well where gas is injected 
• Gas flow rate for each injection location 
• Gas composition for each injection location 
• Gas injection strategy – continuous or pulsed 
• Total time that gas is injected at each point 

 
Other operating considerations include the following: 
 

• Ensuring that gas supplies are sufficient and refilled or maintained accordingly 
• Maintaining the system to ensure that leaks are identified and repaired 
• Adjusting flow rates and gas compositions as necessary to ensure that the actual values 

are in line with the target values 
 
Process optimization will necessitate monitoring of operating conditions and sampling and 
analysis of soil vapor and soil (see Section 5.0 for details on monitoring, sampling, and analysis). 
The objective of process optimization is to minimize gas use while ensuring that the soil vapor 
composition meets pre-determined specifications. The gas composition specifications will be 
determined during bench-scale and field-scale testing (see Section 3.2). In general, operating 
conditions will be adjusted to ensure that, at each monitoring location, oxygen concentrations 
will be less than a specified maximum value and electron donor concentration(s) will be greater 
than a specified minimum value. Additionally, operating conditions will be optimized to 
minimize gas use while meeting these specified gas concentrations at all piezometer locations. 
Analytical data from individual piezometer gas samples will be used to identify specific injection 
wells and depths where gas flow rates and/or compositions should be adjusted to meet gas 
composition specifications. The number and locations of installed piezometers will directly 
affect the extent to which process optimization can be accomplished. 
 
Sampling and analysis of soil gas is conducted to determine whether the soil gas composition is 
supportive of contaminant biodegradation. It is not a direct measurement of contaminant 
biodegradation. For nonvolatile contaminants (e.g., perchlorate) collection of soil samples is the 
only means to assess contaminant biodegradation.6 Sampling of soil requires drilling and must be 
conducted judiciously. Heterogeneity can also complicate data analysis. Nevertheless, analysis of 

                                                 
6 In situ microcosms can be considered but representativeness of the results would need to be established. 
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soil samples and comparison to cleanup goals will ultimately determine whether GEDIT 
operation is complete or continued gas injection is necessary. 
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5.0 Monitoring, Sampling, and Analysis 

5.1 Process Monitoring  

Process monitoring variables will include at a minimum flow rates, pressures, and gas 
composition being delivered to the injection wells. Additional process monitoring variables, 
depending on the GEDIT design, will include gas supply pressures or tank levels, fuel levels in 
the case of on-site power generation, and likely other parameters.  
 
Monitoring of flow rates will depend on the actual flow meter being used. In the case of 
rotameters, corrections for gas composition and pressure may be necessary. Rotameters are 
typically calibrated for air at atmospheric pressure. Rotameter readings are affected by gas 
pressure and density. The rotameter readings must be corrected when measuring the flow rate of 
gases other than air and at pressures other than atmospheric. The following equation7 can be used 
to make these corrections: 
 

ܳ௜ ൌ ௜ܳప෡ܨܥ ට௉೔
௉

 ,   

where,  
 
 ;is the actual flow rate of gas i (i.e., H2, N2, CO2, or LPG) in units of scfm or scfh ࢏ࡽ
 
 is the correction factor for gas i and is based on the relative densities of gas I and the ࢏ࡲ࡯
rotameter calibration gas (i.e., air). The values of  ࢏ࡲ࡯ are specific to the gas composition and the 
rotameter and are presented in Table 1;   
 
 ;ଙ෢ is the rotameter reading for gas i in units of scfm or scfhࡽ
 
 is the absolute pressure of gas i at the rotameter; and ࢏ࡼ
 
 .is the atmospheric pressure (1 atmosphere or 14.696 psia) ࡼ
 

Table 1 – Correction Factors for Key Instruments Rotameters 
 

i   CFi 
N2   1.02 
Propane (LPG) 0.80 
H2   3.81 
CO2  0.81 

 
Monitoring of pressure can be conducted using standard pressure gauges. Monitoring of gas 
composition in the gas mixing manifold is described in Section 5.2.  
 

                                                 
7 Provided by Key Instruments. 
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Process monitoring can be conducted manually as described above or automatically using flow 
and pressure transmitters. These will increase capital costs but have the potential to decrease 
lifecycle costs through more cost-effective monitoring and control. These transmitters may need 
to be intrinsically safe or enclosed in explosion proof housings depending on the electrical 
classification of the area.  

5.2 Gas Sampling and Analysis 

Gas samples from the gas mixing manifold and the piezometer can be manually collected and 
analyzed using field instruments. Alternatively, samples can be submitted to a laboratory for 
analysis. Specialized instruments can also be used to continuously monitor gas composition.  
 
The ESTCP demonstration involved manual sampling and use of field instruments. Figure 8 is a 
photograph of the field sampling and analysis equipment used for the demonstration. This 
equipment was suitable for sample collection and analysis of oxygen, propane, hydrogen, 
temperature, and relative humidity. Oxygen, propane, and carbon dioxide were monitored using 
an RKI Eagle gas monitor. This instrument included a gas sampling pump that drew soil gas 
from the piezometers and had the following sensors: 
 

• Oxygen was measured using an electrochemical cell.  
• Propane was quantified using an infrared sensor which allowed specific quantification 

without interference from hydrogen.  
• Carbon dioxide was measured using an infrared sensor.  

 
Hydrogen was monitored using a H2SCAN HY-ALERTA 500. This instrument is specific for 
hydrogen. Relative humidity and temperature were monitored using Vaisala HMT360 meter.  
 
The RKI Eagle was determined to be a robust and cost-effective field instrument capable of 
measuring multiple gasses during GEDIT operation. Alternative portable instruments are also 
available. When selecting an instrument for use it is important to determine the effect of varying 
oxygen concentrations on the quantification of electron donor concentrations. For example, use 
of a flammability sensor that measures percentage of the lower explosion limit (LEL) might be 
considered for use. However, most of these sensors employ catalytic bead technology which 
requires the presence of oxygen to function. Since depletion of oxygen is necessary for GEDIT, 
this type of an instrument in not suitable for electron donor analysis. Use of an infrared sensor 
for measurement of hydrocarbons is suitable and is unaffected by oxygen. Use of a hydrogen-
specific sensor such as the H2SCAN HY-ALERTA 500 is suitable for hydrogen measurement 
and was determined to be minimally affected by oxygen.  
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5.3 Soil Sampling and Analysis 

Soil sampling and analysis is required for overall determination of GEDIT effectiveness unless 
the contaminant of concern is volatile. Methods for conducting soil sampling and analysis are 
well established and are not discussed further. On the other hand, soil heterogeneity is an 
important consideration when selecting soil sampling locations. If calculation of percent 
contaminant removal is of interest then it is important to collect before and after samples as close 
to each other as possible. The reason for this approach is to minimize effects of heterogeneity on 
data interpretation. If determination of whether soil concentrations are below a cleanup level then 
grid sampling or other standard sampling techniques are appropriate.  
 
When collecting samples for analysis, discrete samples are recommended. Analysis of these 
samples for the contaminant(s) of concern and moisture is recommended to allow determination 
of the effects of moisture on contaminant removal. In addition, the soil type should be 
characterized using the Unified Soil Classification System (USCS) or a grain size analysis 
should be conducted.  
 
  

 Figure 8 – Gas Sampling and Analysis Train
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6.0 Health and Safety 
 
Health and safety considerations must be addressed during design, construction, and operation 
phases. Issues that must be considered include but are not limited to: 
 

• Flammability hazards including requirements for electrical classification 
• Energy hazards including pressure 
• Cold exposure hazards when handling liquefied gases  
• Vapor intrusion issues when injecting gases into the subsurface 
• Oxygen deficient atmosphere hazards  
• Drilling hazards 
• Construction hazards 
• Secondary containment requirements 
• Contaminant exposure hazards 

 
These and other issues as appropriate must be addressed early on during the design process. 
Design of the process by a licensed professional engineer is required. Depending on local 
regulatory requirements, a hazardous materials plan may be required. During operation, regular 
monitoring of the working environment for oxygen and LEL will be necessary and should be 
specified in the site health and safety plan. Regular checking of the GEDIT process equipment 
and piping for leaks using suitable instruments is also necessary. 
 
Factors that affect this optimization will include: 
 

• Number of injection wells – The optimal number of injection wells will be a balance of 
well installation costs and gas consumption. More wells spaced closely together will 
allow use of lower gas flow rates. While this plan specifies the number and placement of 
wells based on pneumatic air injection tests, the data obtained during this demonstration 
will be used to develop optimization strategies for well placement in future applications 
of the technology. 

• Gas flow rate – Increasing gas flow rates will maximize radius of influence but will result 
in greater costs because of greater gas consumption rates. 

• Oxygen infiltration rate – The rate of oxygen infiltration will be influenced by variations 
in barometric pressure, soil permeability, and diffusion. 

• Electron donor consumption rate – The rate of electron donor consumption will be 
influenced by the rate of oxygen infiltration, soil moisture, and biological activity. 

• Gas injection pulsing duration and frequency – Gas injection pulsing will minimize costs 
by allowing use of greater gas flow rates while minimizing gas consumption. However, 
the rate of electron donor consumption and the rate of oxygen infiltration will limit the 
duration between pulses.  

• Soil drying – Prolonged gas injection may result in soil drying which may inhibit 
microbial activity. 

• Injection gas composition – Greater concentrations of electron donor in nitrogen will 
promote increased perchlorate biodegradation but will result in greater costs. The 
composition used in this demonstration is based on the treatability studies. 
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• Electron donor injection volume – The injected electron donor volume must be sufficient 
to result in perchlorate biodegradation but should not be in great excess to minimize 
costs. 
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