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measurements were taken of the absolute pressure in the extraction zone, the 
temperature of the extracted air, and the airflow For this application, air permeabilities 
were calculated using a spherical extraction geometry model. Tables C-2 to C-7 present 
the in situ permeability measurements in each of the six boreholes. Figures C-1 to 
C-6 are subsurface profiles of the in situ effective gas permeabilities as a function of 
depth and stratigraphy. Each figure presents subsurface profiles of air production from the 
borehole anemometry tests, and for convenience, the figures also present the subsurface 
in situ moisturel content profiles. See Appendix B for a discussion of subsurface moisture. 

The effective air permeability measurements in boreholes 54-1001 to 54-1006 were all 
performed under air extraction with an open interval of 27 in. between the packers 
(Science and Engineering Associates 1994). For tests in the six boreholes, the measured 
effective air permeabilities ranged from 0.35 darcies to 172.47 darcies (Science and 
Engineering Associates 1994). The highest permeability values were measured in open­
fracture intervals that were identified from continuous core collected during drilling of the six 
boreholes. Table C-8 is a statistical summary of the extraction tests performed in the six 
boreholes. The summary presents an analysis for boreholes 54-1001 to 54-1005 as a 
separate set from boreholes 54-1001 to 54-1006. Borehole 54-1006 is excluded from one 
set of statistical analysis because much higher permeabilities were measured in the tests 
conducted in borehole 54-1006 than were measured in the other five boreholes. The total 
borehole anemometry tests also determined a higher production of air from borehole 54-
1006 than from the other five boreholes. The air production was higher from boreholes that 
were angled south to increase the probability of intersecting open fractures. Borehole 54-
1006 was drilled at the greatest angle from vertical and had the greatest overall production 
of air in the extraction tests. The borehole anelmometry tests were performed with 
completely diffelrent equipment and at different dates than the straddle packer permeability 
tests. 

The total anemometry test for borehole 54-1006 indicated a high production of soil air 
extraction in depth interval of 120 ft to 170 ft. This was supported by high effective 
permeability measurements in this interval with the straddle packer tests. The highest 
effective permeability (53.51 darcies) was measured on a 27-in. interval centered at 162 ft 
in a pumice bed in Unit 1 a of the Tshirege Member. 

The greatest range in effective air permeability values was recorded il1 Unit 1 b of the 
Tshirege Member. This is possibly the result of more straddle packer measurements 
capturing air production from open fractures in this unit. The highest effective permeability 
measured in the straddle packer tests was 172.47 clarcies in Unit 1 b at a depth of 119.6 ft 
in borehole 54-1002. 

The stratigraphic unit that was determined to have the lowest effective air permeability in 
the straddle packer tests is Unit 1 a of the Tshirege Member with measurements of under 
1.0 darcy, and the lowest value measured was 0.35 darcy at a depth of 134.4 ft in 
borehole 54-1005. 

C-3 



TABLE C-2 
IN SITU SOIL-GAS PERMEABILITY DATA 

Borehole 54-1001 Slant (deg. off vert) 22 

Date Time Depth in Hole Extr.Zone Packer Ambient Extraction Air Air Permeability True Depth Stratigraphic 

Borehole Diameter Height Pressure DHa DPb Temperature Flowrate (Darcies) Below Ground Unit 

(ft) (in.) (in.) (psi) Pressure (mbar) (C) (scfm)c (ft) 

(mbar) 

3·Mar 1!li8 33.0 al0 Zl 5.20 800.15 28.47 17.88 1.01 1.70 30.6 2:J 

3-Mar 1100 3&0 al0 Zl 5.18 800.29 16.88 1 are 1.04 2.91 352 2a 

3-Mar 1117 45.0 alO Zl 5.31 799.61 15.13 la07 1.00 3.12 41.7 2a 

3-Mar llZl 50.0 a20 Zl 526 799.39 17.74 1 are 0.98 2.59 46.4 2a 

3-Mar 1137 60.0 a20 Zl 5.22 799.59 12.04 17.87 1.05 4.00 55.6 2a 

(") 3-Mar 1149 71.5 a20 Zl 5.25 799.68 72!J 17.63 1.02 6.60 66.3 2a 
I 

~ 3-Mar 1157 82.5 a20 Zl 5.30 799.98 8.99 17.49 1.03 5.33 76.5 2a 

3-Mar 13» 115.0 aoo Zl 5.25 800.03 7.59 16.04 0.98 6.00 106.6 2a 

3-Mar 1323 130.0 aoo Zl 5.28 801.15 30.88 16.53 1.05 1.62 120.5 lb 

3-Mar 1332 136.0 aoo Zl 5.23 801.37 28.07 16.46 1.09 1.98 126.1 lb 

3-Mar 1341 139.0 aoo Zl 5.20 801.36 28.76 16.52 1.11 1.97 12&9 lb 

3-Mar 1351 143.0 aoo Zl 5.21 80125 44.19 16.81 1.02 1.11 132.6 lb 

a. DH = downhole 

b. DP = drawdown pressure 

c. scfm = standard cubic feet per minute 

- - - - - - - - - - - - - - -
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TABLE C-2 (concluded) 

Borehole 54-1001 Slant (deg. off vert.) 22 

Date TIme Depth In Hole Extr.Zone PacIEr AmblentDH Extraction Air Air Permeability True Depth Stratigraphic 

Borehole Diameter Height Pressure Pressure DP Temperature Flowrate (Darcles) Below Ground Unit 

eft) 11 ... \ (In.) (psi) (mbarj (moar; (e) (scfm (ft) ' .... , 
3-Mar 1401 150.0 8.00 Zl 5.16 Em.84 115.13 17.30 1.03 0.45 139.1 la 

3-Mar 1410 160.0 8.00 Zl 523 Em.74 87.36 17.31 1.00 051 148.3 la 

3-Mar 1420 175.0 8.00 Zl 526 !Kll.oo 38.46 17.15 0.96 123 162.3 la 

3-Mar 1431 190.0 8.00 Zl 524 !Kll.48 54.50 17.50 1.a! 0.96 1762 la 

3-Mar 1440 196.0 8.00 Zl 523 Em.91 28.95 17.35 1.03 1.70 183.6 la 

3-Mar 1450 216D 8.00 Zl 5.28 !Kll.92 37.92 17.56 0.94 1.19 200.3 la 

3-Mar 1505 233.0 8.00 Zl 4.86 a:J2.31 72.33 18.02 1.11 0.75 216.0 la 

3-Mar 1519 255.0 8.10 Zl 526 802.79 74.19 18.06 1.07 0.71 236.4 la 

3-Mar 1528 Zl4.o 8.10 Zl 5.18 803.16 74.35 18.19 0.92 0.61 254.0 la 

3-Mar 1537 282,0 B.OO 'Z? 523 802.96 52.13 1824 HiS 0.99 261.5 la 

3-Mar 1545 287.0 8.00 Zl 522 802.83 7.65 18.a! 1.02 6.28 266.1 CT 



TABLE C-3 

IN SITU SOIL-GAS PERMEABILITY DATA 

Borehole 54-1002 Slant (deg. off vert) 22 

Date Time Depth in Hole Extr.Zone Packer Ambient Extraction Air Air Permeability True Depth Stratigraphic 

Borehole Diameter Height Pressure DHa DPb Temperature Flowrate (Darcies) Below Ground Unit 

(ft) (in.) (in.) (psi) Pressure (mbar) (e) (scfm)c (ft) 

(mbar) 

7·Mar 1121 342 B.20 27 5.01 794.66 56.05 15.84 0.94 0.B1 31.7 2:J 

7·Mar 11~ 37.0 B.20 27 4.00 794.42 29.75 16.26 1.04 1.66 34.3 2:J 

7-Mar 1140 46.7 B.2O 27 5.11 794.69 30.66 16.72 1.07 1.65 43.3 2a 

7-Mar 1150 57.5 B.20 27 4.99 794.78 23.47 16.91 1.04 2.11 53.3 2a 

7-Mar 1243 64.0 B.20 27 4.83 794.48 20.43 15.93 1.14 2.65 59.3 2a 

() 7-Mar 1254 69.0 B.2O 27 4.86 794.33 23.73 15.00 1.07 2.13 64.0 2a 
I 

Q) 

7·Mar 1311 78.B B.20 27 5.15 794.BB 19.57 1623 1.01 2.43 73.1 2a 

7-Mar 1321 89.0 B20 27 5.26 795.09 19.04 16.43 0.94 2.34 82.5 2a 

7-Mar 1329 93.0 B.2O 27 522 794.94 1427 16.59 0.97 3.19 862 2a 

7-Mar 1340 97.5 B.20 27 524 794.82 11.79 16.97 0.87 3.47 00.4 2a 

7-Mar 1349 107.3 B3:> 27 5.26 794.97 25.13 1723 0.94 1.77 99.5 2a 

a. DH = downhole 

b. DP = drawdown pressure 
c. scfm = standard cubic feet per minute 

- - - - - - - - - - - - - - - - - - -
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TABLE C-3 (concluded) 

Borehole 54-1002 Slant (deg. off vert.) Z! 

Date TIme Depth In Hole Extr.Zone PacIcer AmblenlDH Extraction Air Air Penneability True Deplh Stratigraphic 

Bo~ Diameter Heigh! Prnsst..-e I'iessura OF Temperaiure Fiowrate (Darcies) Below Ground Unil 

(ft) On.) (In.) (psi) (mbar) (mbar) (e) (scfm (fl) 

7-Mar 1401 117.0 B.3l 'Zl 5.19 794.94 31.93 17.54 0.92 1.37 100.s 2a 

7-Mar 1400 122.0 820 'Zl 521 795.17 3)25 17.66 0.90 1.42 113.1 1b 

7-Mar 1419 1211.0 820 'Zl 5.10 795.61 025 15.90 0.93 172.47 119.6 1b 

10-Mar 917 135.0 8.20 27 4.90 B01.00 30.73 7.22 0.92 1.37 125.2 lb 

10-Mar 925 137.0 8.20 27 5.11 BOO.66 24.96 B.B5 0.9B 1.79 127.0 1b 

10-Mar 934 141.0 8.20 27 5.26 BOO.32 12.7B 10.0B 1.06 3.79 130.7 1b 

10-Mar 945 146.4 8.20 27 5.22 BOO.B6 29.40 11.79 0.90 1.43 135.7 1a 

(') 
10-Mar 952 15B.0 B.20 27 5.39 B01.10 30.27 12.64 0.94 1.45 146.5 la 

I 
-...j 10-Mar 1001 168.0 8.20 27 5.47 BOO.68 lB.23 13.33 0.90 2.2B 155.B la 

10-Mar 1009 179.0 8.30 27 5.44 B01.34 11.52 14.02 0.99 3.96 166.0 la 

10-Mar 1021 202.0 B.30 27 5.42 B02.74 10.09 14.BB 1.04 4.72 lB7.3 la 

10-Mar 1032 225.0 8.30 27 5.24 B02.72 40.24 15.BO 1.04 1.21 20B.6 la 

10-Mar 1041 250.0 B.30 27 5.4B B03.57 63.20 16.50 0.96 0.73 231.B la 

10-Mar 1052 275.0 B.10 27 5.26 B03.B7 60.17 17.05 1.02 0.B2 255.0 1a 

10-Mar 1110 277.5 B.10 27 5.07 B03.1B 37.2B 17.5B 1.11 1.42 257.3 T 

10-Mar 124B 210.0 B.20 27 5.26 B01.B2 24.32 15.35 1.03 1.9B 194.7 la 
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TABLE C-4 

IN SITU SOIL-GAS PERMEABILITY DATA 

Borehole 54-1003 Slant (deg. off vert.) 0 

Date Time Depth In Hala Extr.Zone Packer Ambient Extraction Air 

Borehole Diameter Height Pressure DHa DPb Temperature 
(tt) (in.) (in.) (psi) Pressure (mbar) (C) 

(mbar) 

4-Feb 1a21 36.0 8.40 Zl 4.82 794.~ ft2..77 15.39 

4-Feb 1037 48.6 8.50 Zl 4.85 794.58 ~.97 15.95 

4-Feb 1049 51.0 8.50 Zl 5.05 794.73 65.34 16.44 

4-Feb 1103 65.5 8.50 Zl 4.82 795.02 56.34 16.84 

4·Feb 1114 72.7 8.60 Zl 5.17 795.03 48.73 17.09 

4·Feb 1135 00.0 8.70 Zl 5.02 795.04 63.36 17.77 

4-Feb 1146 952 8.70 Zl 4.90 795.36 63.73 17.91 

4-Feb 1297 102.0 8.00 Zl 5.01 795.04 78.79 16.67 

4·Feb 1316 117.5 8.40 Zl 5.09 795.46 70.54 17.07 

4·Feb 1329 125.0 ~ Zl 5.14 79625 58.52 17.~ 

4·Feb 1343 137.0 820 Zl 5.20 795.92 59.88 17.66 

4·Feb 1356 157.0 8.40 Zl 523 79629 66.03 18.06 

4-Feb 1406 175.0 8.60 Zl 523 796.76 68.34 18.42 

4-Feb 1418 192.0 8.50 Zl 5.22 79720 68.16 18.66 

4-Feb 1444 207.0 8.50 Zl 5.25 797.94 64.36 2025 

4-Feb 1456 mo 8.50 Zl 5.25 798.65 66.72 20.38 

a. DH = downhole 

b. DP = drawdown pressure 

c. sctm = standard cubic feet per minute 

- - - - - - - - -

Air Permeability True Depth Stratigraphic 

Flowrate (Darcies) Below Ground Unit 
(scfm)c (It) 

1.79 1.35 36.0 a> 

3.09 4.65 48.6 2a 

1.96 1.43 51.0 2a 

2.40 2.03 65.5 2a 

2.50 2.42 72.7 2a 

2.07 1.55 00.0 2a 

1.79 1.33 952 2a 

1.17 0.71 102.0 2a 

0.97 0.66 117.5 1b 

2.27 1.87 125.0 1b 

2.34 1.90 137.0 1b 

1.19 0.87 157.0 1a 

1.55 1.00 175.0 1a 

2.00 1.41 192.0 1a 

1.97 1.48 207.0 1a 

1.67 1.21 ro.O 1a 

- - - - - - -
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TABLE C-S 

IN SITU SOIL-GAS PERMEABILITY DATA 

Borehole 54-1004 Slant (deg. off vert.) 0 

Date Time Depth In Hole Extr.Zone PacIcer Ambient extraction Air 

Borehole Diameter Height Pressure DHa DPb Temperature 

(ft) (In.) (In.) (psi) Pressure (mbar) (e) 
(mbar) 

lHeb lcrl1 37.0 a40 ZJ 4.96 794.26 47.96 10.82 

l1-Feb 1039 48.6 a40 ZJ 5.07 794.00 78.51 12.64 

lHeb 1051 00.0 ~ ZJ 5.16 793.98 4224 13.47 

l1-Feb 1100 70.0 a30 ZJ 5.<ll 794.94 40.52 14.19 

ll-Feb 1117 75.0 a30 ZJ 4.90 794.00 66.37 15.05 

l1-Feb 1133 00.0 ~ ZJ 4.97 794.85 91.74 16.00 

ll-Feb 1243 101.0 820 ZJ 5.12 794.63 96.37 16.17 

l1-Feb 1255 113.0 820 ZJ 5.16 794.94 32.14 15.99 

ll-Feb 1:n3 121.5 820 ZJ 5.05 794.91 135.04 16.97 

ll-Feb 1320 125.2 6.20 ZJ 5.13 794.74 148.63 17.00 

ll-Feb 1332 1282 6.20 ZJ 5.14 794.67 138.85 laoo 

ll-Feb 1350 140.0 6.20 ZJ 5.07 794.77 120.31 lass 

a. DH = downhole 
b. DP = drawdown pressure 
c. scfrn = standard cubic feet per minute 

• Ii • • • 

Air Pl!I'IT!eab!!!ty True Depth Stiatigiaphic 
Flowrate (Darcies) Below Ground Unit 
(scfm) c (ft) 

1.95 1.00 37.0 2:J 

1.75 1.07 48.6 2i 

1.77 1.97 00.0 2i 

1.88 2.19 70.0 2i 

1.72 124 75.0 2i 

1.64 0.88 00.0 2i 

1.56 0.00 101.0 2i 

1.75 2.59 113.0 lb 

1.05 0.40 121.5 lb 

0.63 022 1252 lb 

0.93 0.34 1282 lb 

125 0.53 140.0 la 



TABLE C-S (concluded) 

Borehole 54-1004 Slant (deg. off vert.) 0 

Date TIme Depth In Hole Extr. Zone Packer Ambient DH Extraction Air Air Permeebility True Depth Stratigraphic 
Borehole Diameter Height Pressure Pressure DP Temperature Flowrate (Darcies) Below Ground Unit 

(ft) (In.) (In.) (psi) (mbar) (mbar) (e) (scfm (ft) 

ll-Feb 1400 165.0 8.20 Zl 5.07 795.18 100.77 18.64 1.46 0.72 165.0 la 

11-Feb 1418 179.0 8.20 Zl 5.23 795.52 76.96 18.54 1.75 1.12 179.0 la 

ll-Feb 1431 215.0 8.10 Zl s:n 796.60 73.92 18.75 1.80 1.20 215.0 la 

ll-Feb 1445 223.0 Rl0 Zl 4.99 796.61 87.96 18.89 1.62 0.92 223.0 la 

ll-Feb 1458 241.0 8.00 Zl 5.13 797.10 106.14 19.07 1.37 0.66 241.0 la 

ll-Feb 1513 254.5 ROO Zl 5.17 793.48 29.05 lR97 1.92 321 254.5 la 

l1-Feb 1524 200.0 8.00 Zl 528 797.00 29.77 1922 1.84 2.99 200.0 CT 

o 12-Feb 916 280.5 7PIJ Zl 5.15 796.76 39.38 5.75 1.76 2.11 280.5 CT ...... 
o 

12-Feb 928 291.0 7PIJ Zl 5.03 796.61 74.94 9.95 1.77 1.16 291.0 CT 

12-Feb 943 315.0 7PIJ Zl 4.92 795.58 112.24 12.74 1.23 0.55 305.0 0 

- - - -- - - - - - - - - - - -
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TABLE C-6 

IN SITU SOIL-GAS PERMEABILITY DATA 

Borehole 54-1005 Slant (!leg. off vert.) 22 

Date Time Depth In Hole Extr.Zone PacIIEr Ambient Extraction Air 

Bore!Y.l!e DIa.-nets; Helghi Pressure DHd DpD Temperature 
(ft) (In.) (In.) (psi) Pressure (mbar) (e) 

(mbar) 

29-Feb 1452 36.5 8.00 ZT 4.98 791.19 4.38 13.46 

29-Feb 1502 42.5 8.00 ZT 528 790.94 17.78 1427 

I·Mar 911 51.6 8.00 ZT 5.19 798.93 2825 1.60 

I·Mar !ra) 542 8.00 ZT 5.32 797.95 20.67 3.47 

I-Mar 929 00.0 8.00 ZT 5.32 798.97 0024 5.75 

I-Mar gJ) ?OD 8.00 ZT 525 799.00 5800 757 

I-Mar 948 00.0 8.00 ZT 528 798.95 64.42 9.14 

I·Mar 1001 86.0 8.00 ZT 5.19 79920 7798 10.95 

i·Mar 1010 96D 8.00 ZT 5.33 799.42 75.38 11.78 

I·Mar 1019 106.7 8.00 ZT 5.31 798.38 72.11 12.62 

I·Mar 1055 115.0 8.00 27 5.26 001.37 20.83 13.77 

l·Mar 1104 120.0 8.00 ZT 5.34 800.66 14.85 13.96 

l·Mar 1131 145.0 8.00 ZT 5.17 801.77 13629 15.49 

a. DH = downhole 

b. DP = drawdown pressure 

c. scfm = standard cubic feet per minute 

• • • • • 

Air Permeability True Depth StratigiCIphic 
Flowrate (Darcles) Below Ground Unit 
(scfm) C (ft) 

1.00 10.74 33.8 2a 

1.01 2.69 39.4 2a 

1.00 1.61 47.8 2a 

0.95 2.D8 50.3 2a 

0.88 0.69 55.6 2a 

0.94 0.77 64.9 2a 

0.94 0.69 742 2a 

1.05 0.65 79.7 2a 

0.94 0.00 89.0 2a 

1.01 0.68 98.9 2a 

1.07 2.42 106.6 lb 

1.02 323 111.3 lb 

0.93 0.35 134.4 la 



(') 
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Borehole 

Date 

l-Mar 

l·Mar 

l-Mar 

l-Mar 

l·Mar 

l·Mar 

l-Mar 

-

54-1005 

TIme 

1140 

1151 

1242 

1254 

13:>4 

1316 

1330 

-== 

Slant (deg. off vert.) 22 

Depth in Hole Extr. Zone 

Borehole Diameter Height 

(tt) (In.) (In.) 

165.0 8.00 Zl 

185.0 8.00 Zl 

210.0 8.00 Zl 

242.0 8.00 Zl 

256.0 8.00 Zl 

263.3 8.00 Zl 

131.0 8.00 Zl 

-

TABLE C-6 (concluded) 

Packer AmbientDH Extraction Air Air Penneability True Depth Stratigraphic 

Pressure Pressure DP Temperature Flowrate (Darcies) Below Ground Unit 

(psi) (mbar) (mbar) (C) (scfm (tt) 

5.32 00125 66.81 15.53 1.01 0.74 153.0 la 

5Zl 800.90 50.49 15.78 1.00 0.96 171.5 la 

529 801.69 43.82 15.78 0.99 1.09 194.7 la 

522 802.32 57.61 15.82 1.03 0.86 224.4 la 

5.31 802.59 65.61 16.14 0.95 0.71 237.4 la 

5.34 802.16 47.49 16.52 0.92 0.93 244.1 T 

5.36 800.39 23.84 16.84 0.93 1.86 121.5 lb 

- - .. - - - - - - -
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Borehole 54-1006 Slant (deg. off vert) 'ZT 

Date Time Depth In Hole Extr.Zone 

Boreho'e D!ameter Haight 

(ft) (In.) (In.) 

2·Mar 1015 38.5 8.00 Zl 

2-Mar 1(2; 42.0 8.00 Zl 

2-Mar 1036 48.4 8.00 Zl 

2-Mar 1048 56.7 8.00 Zl 

2-Mar 1057 66.0 8.00 Zl 

2-Mar 1109 72.0 8.00 Zl 

2-Mar 1122 78.8 8.00 Zl 

2-Mar 113:1 88.0 8.00 Zl 

2-Mar 1140 98.0 8.00 Zi 

2-Mar 1149 109.0 8.00 Zl 

2-Mar 1240 116.4 79J Zl 

2-Mar 1251 124.0 7.90 Zl 

2-Mar 13)0 135.0 79J Zl 

a. OH = downhole 

b. OP = drawdown pressure 

c. scfrn = star'ldard cubic feet per minute 

• • • • • • .. • 

TABLE C-7 

IN SITU SOIL-GAS PERMEABILITY DATA 

Packer Ambient Extraction Air Air Penneability True Depth Stratigraphic 

Pressure DH= DPb Temperature F10wrate (Dareles) Below Ground Unit 

(psi) Pressure (mbar) (e) (scfm) c (ft) 

(mbar) 

5JJ7 001.39 13.58 2024 1.09 3.83 34.3 2l 

523 799.42 5.50 19.74 1.12 9.73 37.4 2a 

5.30 001.05 4.12 1927 om 11.16 43.1 2a 

5.19 001.32 3.11 lB.66 1.03 15.69 SO.5 2a 

5.39 001.05 6.83 lB24 0.95 6.62 58.B 2a 

5.36 001.52 6.05 17.89 1.09 B.50 642 2a 

5.06 801.86 5.76 17.15 1.09 B.95 702 2a 

5.40 001.52 10.34 16.94 1.05 4.79 78A 2a 

5.29 aa2.23 11.46 16.92 1.06 4.39 87.3 2a 

5.33 B02.11 10.93 16.88 1.08 4.65 97.1 2a 

5.20 801.55 4.75 15.45 1.07 10.55 103.7 2a 

5.19 002.29 4.41 14.95 1.13 12.07 110.5 lb 

5.33 B02.76 9.58 15.02 1.04 5.11 120.3 lb 



-
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Borehole 54-1006 

Date Tlme 

2-Mar 1312 

2·Mar 1323 

2·Mar 1336 

2-Mar 1345 

2-Mar 1355 

2-Mar 1407 

2-Mar 1416 

2-Mar 1429 

2-Mar 1440 

2-Mar 1452 

2-Mar lro1 

2-Mar 1512 

2-Mar 1525 

-

Slant (dag. off vert.) 'Z1 

Depth In Hole Extr.Zone 

Borehole Diameter Height 

(It) (In.) (In.) 

139.2 7.90 27 

145.0 7.90 27 

151.0 7.90 27 

158.7 8.00 27 

162.0 8.00 27 

172.0 8.00 27 

188.0 7.90 27 

205.0 8.10 27 

217.0 8.10 27 

231.0 8.10 27 

250.0 8.10 27 

264.0 8.10 27 

284.2 8.20 27 

- -

TABLE C-7 (concluded) 

Packer Ambient DH Extraction Air Air Permeability True Depth Stratigraphic 

Pressure Pressure DP Temperature F10wrate (Darcles) BelOW Ground Unit 

(psi) (mbar) (mbar) (e) (scfm (It) 

5.18 ~19 11.87 15.15 1.14 4.54 124.0 lb 

5.22 ~53 23.70 15.41 1.12 2.25 129.2 lb 

5.97 ~06 3.11 15.67 1.09 16.53 134.5 la 

5.26 802.29 0.95 15.79 1.10 53.51 141.4 la 

5.25 ~71 4.14 16.20 1.06 12.18 144.3 la 

5.19 801.63 16.19 16.51 1.15 3.35 1533 la 

5.36 ~14 19.67 16.78 1.10 2.68 167.5 la 

5.19 ~OO 11.69 17.08 1.12 4.49 182.7 la 

5.29 803.37 17.69 17.21 1.10 2.93 193.3 la 

5.28 ~79 31.78 17.49 1.08 1.61 205.8 la 

5.35 801.75 12.38 17.61 1.04 3.95 222.8 la 

5.28 803.67 30.70 17.82 1.09 1.68 235.2 la 

5.25 801.38 2.98 18.04 1.10 17.19 253.2 T 

- - - - - - - -



.. 
• 

• 
• 
I 

I 

I 

I 

It 

•• 

II 

o 
2b 

50 

2a 

100 

1b 

150 

200 roo 

1a 

250 r 
Tsankawi \ 

300 . r:"rm T"I"d" 

Stlratigraph ic 
Units 

Borehole #54-1001 

') 
""I 

r--.~ 
II 

~ ....... 
i--" 

~ 

• 

o 2 4 6 8 10 
Permeability 

(Oarcies) 

... 

} 
» 

) 
". 

-0.5 0 0.5 
Production 
(SCFM/ft of 
borehole) 

, o 

50 

\ 
~ 

~ ::::, 
100 

150 

200 -

250 

\ >' 
300 

o 5 10 1520 
Gravimetric 

Moisture 
Content (%) 

Figure C-1. Anemometry and permeability results, borehole 54-1001. 
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Figure C-2. Anemometry and permeabilit\, results, borehole 54-1002. 
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Figure C-3. Anemometry and permeability results, borehole 54-1003. 
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Figure C-4. Anemometry and permeability results, borehole 54-1004. 
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Figure C-5. Anemometry and permeability results, borehole 54-1005. 

o 
2b 

SO I-

2a 

100 I-

1b 

1S0 

200 
1a 

2S0 r-
T:sankawl 

.... \ 
E£erro Toledo 

300 
Stratigraphic 

Units 

Borehole #54-1006 

--
~ 

I-" 
In ~ 

........ 
~ 

,.,! ....... 
5~J;D Iir" 
~ 

:~ 

t~ 
CoL... ........ 

~ ~ 

o S 10 1S 20 
Permeability 

(Oarcies) 

l' 

\ 

~ 
b 

<./ 
V 

·1 0 1 2 
Production 
(SCFM/ft of 
borehole) 

~, 
~ 

o 

SO 

\ 
100 

bo 

\ 
1S0 

200 

2S0 

..~~. 
300 

o S 1015 20 
Gravimetric 

Moisture 
Content (0/0) 

Figure e-6. Anemometry and permeability results, borehole 54-1006. 
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I 
TABLE C-8 I 

EFFECTIVE AIR PERMEABILITY DETERMINED FROM STRADDLE PACKER 
TESTS (AIR EXTRACTION)8 I 

Bandelier Borehole nC xd me SOf r9 

Tuff, Tshirege Numbersb (darcies) (darcies) I Mem. Unit 

2b 54-1001, 5 1.48 1.66 0.42 0.81-1.70 I -1002, -1003, 

-1004 

2b 54-1001, 6 1.88 1.68 1.03 0.81-3.83 I 
-1002,-1003, 

-1004,-1006 I 2a 54-1001 to 40 2.43 2.05 1.99 0.60-

-1005 10.74 

I 2a 54-1001 to 50 3.65 2.38 3.39 0.60-

-1006 15.69 

1b 54-1001 to 19 10.68 1.79 39.19 0.63- I 
-1005 172.47 

1b 54-1001 to 18 1.70 1.77 0.96 0.63-3.79 Minus I -1005 172.47 

darcy 

I value in 
54-1002 

1b 54-1001 to 23 9.87 1.87 35.53 0.63- I -1006 172.47 

1a 54-1001 to 36 1.21 0.98 0.87 0.35-4.72 I -1005 

1a 54-1001 to 46 3.19 1.20 8.12 0.35-

I -1006 53.51 

a. From Stephens and Associates (1994) 

b. Borehole locations are shown on Figures B-1 and B-2. I c. Number of samples 

d. Mean permeability 

e. Median permeability I f. Sample standard deviation 

g. Range 

I 
I 
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TABLE C-8 (concluded) 

Bandelier Borehole nC xd me sot r9 

Tuff, Tshirege Numbersb (darcies) (dall"cies) 
Mem. Unit 

1a 54-1001 to 43 1.50 1.12 1.11 0.3~j-4.72 Minus 
-1006 53.51, 

16.53 and 
12.18 
darcy 
values in 
upper 1b 
in 54-
1006 

Tsankawi Pumice 54-1002, 4 5.69 2.32 7.73 0.B3-
Bed -1004, -1005, 17.19 

and -1006 

Cerro Toledo 54-1001 and 4 3.14 2.55 2.23 1.16·-6.28 
interval -1004 

Otowi Mem. 54-1004 1 0.55 0.55 

b. Borehole locations are shown on Figures B-1 and B-2. 

c. Number of samples 

d. Mean permeabiHty 

e. Median permeability 

f. Sample standard deviation 

g. Range 

Laboratory measurements of air permeability as a function of water content were 
performed on core samples from four boreholes that are located in the proposed MDA G 
expansion area (54-1001, 54-1002, 54-1003, and 54-1006) and from borehole G-5, which 
is located in the central part of MDA G south of a set of disposal shafts that received 
polychlorinated biphenyl wastes (Figures B-1 and B-2). Appendix B reports the results 
of measurement of in situ moisture content in core from these boreholes. Table C-9 
presents the air permeability measurements on the core samples at the lowest water 
content used in the laboratory test. Table C-9 also identifies the stratigraphic unit for each 
discrete core sample. Air permeability values at other values of water content are 
presented in the geotechnical laboratory reports (Stl3phens and Associates 1994, 1995). 
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TABLE C-g 
INTRINSIC AIR PERMEABILITY VALUES ON CORE SAMPLEsa 

Borehole Depth b (tt) Stratigraphic Intrinsic Air Volumetric 
Number Unite Permeability Water Contentd 

(darcies) (%) 

54-1001 68 2a 0.45 0.3 

54-1001 82.7 2a 0.30 0.2 

54-1001 101.7 2a 2.95 0.3 

54-1001 121.7 1b 2.34 0.1 

54-1001 141.7 1b 1.06 0.4 

54-1002 92.1 2a 0.29 0.12 

54-1002 121.7 1b 0.17 1.0 

54-1002 142.2 1b 0.30 0.44 

54-1002 178.7 1a 1.11 0.63 

54-1002 243.7 1a 2.68 0.57 

54-1003 101.7 2a 1.69 0.11 

54-1003 119.2 1b 0.22 0.26 

54-1003 156.7 1a 1.84 0.44 

54-1003 206.5 1a 1.06 1.02 

54-1003 260.7 1a 1.13 0.72 

54-1003 270.7 Cerro Toledo 3.29 1.11 

54-1006 41.7 2a 4.67 0.18 

54-1006 76.5 2a 0.32 0.03 

54-1006 124.2 1b 1.18 0.10 

54-1006 136.3 1b 0.46 0.18 

54-1006 160.7 1a 0.26 0.60 

G-5 9.0 2b 0.68 0.27 

G-5 21.5 2b 0.49 0.34 

G-5 32.5 2b 0.20 0.25 

G-5 42.5 2b 0.13 0.19 

a. Analytical methods and results from Stephens and Associates (1994,1995) 

b. Laboratory tests were performed on 5-in. lengths of core. 

c. Units 2b, 2a, 1 b, and 1 a are within the Tshirege Member of the Bandelier Tuff. 

d. Reported volumetric water are not in situ values. 
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TABLE e-g (concluded) 

Borehole Depth b (ft) Stratigraphic Intrinsic Air Volumetric 
Number Unite Permeability Water Contentd 

(darcies) (%) 

G-5 52.5 2b 0.14 0.10 

G-5 60.5 2a 0.31 0.13 

G-5 70 2a/1 b contact 0.33 0.23 

G-5 82.5 1b 0.14 0.29 

G-5 92.5 1b 1.21 0.61 

G-5 102.5 1a 0.31 0.56 

b. Laboratory tests were performed on 5-in. lengths of core. 

c. Units 2b, 2a, 1 b, and 1 a are within the Tshirege Member of the Bandelier Tuff. 

d. Reported volumetric water are not in situ values . 

In general, the core measurements determined lower permeability values than the straddle 
packer tests in the same depth interval in the borehole. This is especially noted in 
borehole 54-1001 (Figure C-1) at the approximatB depth interval of 60 ft to 110ft. The 
laboratory tests were all performed on unfractured 6-in. lengths of core whereas the 
straddle packer tests included measurements across a 27-in. interval which could include 
features (fractu res and changes in the rock matrix) that locally change the air permeability 
of the stratigraphic unit. 
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