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This scientific notebook documents work performed to study the 
thermal effects on hydraulic conductivity for vitric tuff. Laboratory 
experiments will be conducted to thermally alter the nonwelded 
tuffs and changes in hydraulic properties of tuff will be monitored. 
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Inflow W o w  Conf 
mi. rnl final 

ml. 
1 14 0.3 
1 14 1 

1 14 1.4 

Hydraulic conductivity measurements for vitric tufE 

Volume of Teflon sample holder for hydraulic conductivity measurements on all disturbed samples: 
Length = 4.00 cm.. Radius = 1.50 cm. 

= 3.14 X 1.5 X 1.5 X 4.0 cm3 
= 28.26 cm3 

VOI. = ~ R ~ L  

Bulk density for BB 1 rock samples = 1.37 gl cm3 as calculated (ref 4821 pg. 32-36) 
Mass of sample BB 1 required for packing in Teflon sample holder = 1.37 X 28.26 = 38.72 g 

Inflow Outflow 
final flnal 
ml. mi. 
11 4 

11 4 
11 4 

AJ 3/17/03 

Sample Confining Inflow Outflow Dlff. Diff. Press 
Press,psi Press Press Press cmH20 

PSI PSI Pslg 
BBl(2)Ptef 13 8 6 2 140.6144 
BBl(2)Plel 16 11 7 4 281.2288 
BBl(2)Ptef 18 12 6 6 421.8432 

Hydraulic conductivity measurements for BB1 vitric hrff: 

Confin 
mi. 

0.3 
1 

1.4 

1. Wt. of teflon sample holder (with caps lined with filter paper on each end) for packing sample BB l(2) 
= 43.7178 

2. Wt. of teflon sample holder (with caps lined with filter paper on each end) for packing sample BBl(3) 
= 43.728g 

3. - 37.39 g of BBl rock sample was weighed and packed in each sample holder. The samples were 
labeled as BBl(2) and BBl(3) and placed in oven @ 90 C to dry overnight. 

Hydraulic conductivity measurements for BBl vitric tuR: 

1. Wt. of teflon sample holder (with caps lined with filter paper on each end) + packed sample BBl(2) = 
80.78g 

2. Wt. of sample BBl(2) added to sample holder = 80.78 - 43.717 = 37.0638 
3. Wt. of teflon sample holder (with caps lined with filter paper on each end) + packed sample BBl(3) = 

80.85g 
4. Wt. of sample BB l(3) added to sample holder = 80.85 - 43.728 = 37.1228 
5. Note: Samples BBl(2) and BBl(3) were packed 0 1 3 2  g/cm3, slightly less than calculated bulk 

density of 137 g/cm3 
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Hydraulic conductivity measurements for BB1 vitric tuff: 

6. Wt. of teflon sample holder (with caps lined with filter paper on each end) for sample BBl(4) = 
43.787 g 

7. Note: This sample BBl(3) was packed @ 1.32 g/cm3, slightly less than calculated bulk density of 
1.37 g/cm3 

Hydraulic conductivity measurements for BB1, BB3 vitric tuff: 

1. Wt. of teflon sample holder (with caps lined with filter paper on each end) + packed sample BBl(4) = 
81.11 g 

7. Wt. of sample BBl(4) packed in sample holder = 81.1 1 - 43.787 = 37.323 g 
8. Note: This sample BBl(4) was packed @ 132 g/cm3, slightly less than calculated bulk density of 

1.37 g/cm3 

Inflow 
final 
ml. 

11 

11 

11 

Conf 
ml. 

8.8 

9 

9.6 

Outflow 
final 
ml. 

4 

4 

4 
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661 (3)Ptef 

BBl(3)Ptef 

lnflow 
Press 

psi 
8 

11 

12 

Confining 
Press, psi 

13 

16 

18 

bat ,  m/sec. 

2.27E-06 

2.43E-06 

2.31 E-06 

Vol. 
Change 

ml. 

10 

10 

10 

Q, mVsec. 

0.056497 

0.1 20482 

0.17241 4 

Sample 

BBl(3)Ptef 

661 (3)Ptef 

BBI (3)~tef 

lnflow 
ml. 

1 

1 

1 

Elapsed 
time 
Sec. 

177 

83 

58 

ba t ,  
cmlsec. 

0.000227 

0.000243 

0.000231 

Outflow 
Press 

PSI 
6 

7 

6 

Outflow 
change 

ml. 

10 

10 

10 

WMth 
(cm) 

3 

3 

3 

Area 
(cmp 

7.065 

7.065 

7.065 

Outflow 
ml 

14 

14 

14 

Sample 

BBl(4)Ptef 

661 (4)Ptef 

661 (4)Ptef 

Outflow 
ml 

14 

14 

14 

Height 
(cm) 

4 

4 

4 

Inflow 
change, 

m I. 

10 

10 

10 

DM. 
Press 
P i g  
2 

4 

6 

Outflow 
P s  
PSI 
6 

7 

6 

. Sample 

BBl(4)Ptef 

661 (4)Ptef 

BBl(4)Ptef 

Vol. 
Change 

ml. 

10 

10 

10 

Conf 
final 
ml. 

8.8 

9 

9.6 

Dlff. 
Press 
Pslg 
2 

4 

6 

Cont 
flnal 
mi. 

13.3 

9 

9.6 

Width 
(cm) 

3 

3 

3 

Dlff. Press 
cm H20 

140.6144 

281.2288 

421.8432 

MH. Pnws 
cm H20 

140.6144 

281.2288 

421.8432 

Confining 
Press, psi 

13 

16 

18 

Elapsed 
time 
sec. 
268 

1 10 

73 

lnflow 
flnal 
ml. 

11 

11 

11 

lnflow 
Press 

PSI 
8 

11 

12 

Height 
(cm) 

4 

4 

4 

Outflow 
final 
mi. 

4 

4 

4 

Conf 
mi. 

13.3 

9 

9.6 

Q, mVsec. 

0.03731 3 

0.090909 

0.1 36986 

lnflow 
ml. 

1 

1 

1 
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(cm? 

7.065 

7.065 

7.065 

b a t ,  
cmlsec. 

0.0001 5 

0.0001 83 

0.0001 84 

b a t ,  mlsec. 

1.50E-06 

1.83E-06 

1.84E-06 

Inflow 
change, 

ml. 

10 

10 

10 

Outflow 
change 

ml. 

10 

10 

10 
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Sample Conflnlng Inflow Outflow Diff. Diff. Press Confining Inflow 
Press Press Press Press cmH20 m 1. ml. 

PSI Psi Psi psig 
BBSPtef 13 8 6 2 140.6144 8.6 1 
BB5Ptef 16 11 7 4 281.2288 9.6 1 
BB5Ptef 18 12 6 6 421.8432 10 1 

Sci Ntbk # 584E 

Outflow Conf Inflow Outflow 
ml final final final 

ml. ml. ml. 
14 8.6 11 4 
14 9.6 11 4 
14 10 11 4 

AJ 3/25/03 

Sample Width Height Area Inflow Outflow Vol. 

ml. ml. ml. 
BB5Ref 3 4 7.065 10 10 10 
BB5Ptef 3 4 7.065 10 10 10 
BB5Ptef 3 4 7.065 10 10 10 

(cm) (cm) (cm? change, change Change 
Elapsed 0,mUsec. Ksat, Ksat,m/sec. 

tlme cmlsec. 

68 0.147059 0.000592 5.92E-06 
38 0.2631 58 0.00053 5.30E-06 
29 0.344828 0.000463 4.63E-06 

sec. 

Sample Confining Inflow Outflow Dlff. DM. Press 
Press,psi Press Prws Press cmH20 

wl PSI PShI 
BB5ptef 13 8 6 2 140.6144 

Conflnlng Inflow Outflow Conf Inflow Oufflow 
ml. ml. ml final final final 

ml. ml. mi. 
8.6 1 14 8.6 11 4 

BB5Ptef 

BB5Ptef 

16 11 7 4 281.2288 9.6 1 14 9.6 11 4 
18 12 6 6 421.8432 10 1 14 10 11 4 

Note: This sample BB5 was packed at estimated bulk density to test the equipment performance and 
measurements on hydraulic conductivity may not be usable. 

' Sample Wldth Helght Area Inflow Outflow Vol. Elapsed 0,mUsec. Ksat, Ksakmlsec. 
(cm) (cm) (cm') change, change Change tlme CmlseC. 

ml. ml. m 1. SLec. 
BB5Ref 3 4 7.065 10 10 10 85 0.117647 0.000474 4.74E-06 
BB5Ptef 3 4 7.065 10 10 10 47 0.21 2766 0.000428 4.28E-06 
BB5Ref . 3 ,  4 , 7.065 , 10 , 10 I 10 I 35 , 0.28571 4 , 0.000383 , 3.83E-06 

Hydraulic conductivity measurements for BB1, BB3 vitric tuff: 

1. 50 ml. of UZ-14 perched water was added to sample holder of pressure vessel and sample BBl(2) 
(packed in teflon holder and saturated with UZ-14 perched water) was placed in 50 ml. of perched 
water. Pressure vessel was closed and placed oven @ 90 C for thermal treatment of sample BB 1 (2). 
Note: Duct tape stayed on to prevent the movement of the caps of sample holder. 

2. 50 d. of UZ-14 perched water was added to sample holder of pressure vessel and sample BBl(3) 
(packed in teflon holder and saturated with UZ-14 perched water) was placed in 50 ml. of perched 
water. Pressure vessel was closed and placed oven @ 90 C for thermal treatment of sample BBl(3). 
Note: Duct tapes stayed on to prevent the movement of the caps of sample holder. 

, 
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Hydraulic conductivity measurements for BB1, BB3 vitric tuft: 

1. 50 rnl. of UZ-14 perched water was added to sample holder of pressure vessel and sample BBl(4) 
(packed in Teflon holder and saturated with UZ-14 perched water) was placed in 50 ml. of perched 
water. Pressure vessel was closed and placed oven @ 90 C for thermal treatment of sample BB l(4). 

2. Wt. of Teflon sample holder (with caps lined with filter paper on each end) for sample BB3(1) = 
44.003 g 

Note: Ksat measurements on samples BB1(2), BBl(3) and BBl(4) may not be usable as density used 
was less than bulk density. 

Hydraulic conductivity measurements for BB3 vitric tufll: 

1. Volume of Teflon sample holder ad calculated (ref. Pg. 1) = 28.26 cm3 
2. Bulk density for sample BB3(1) as calculated (ref. 48U pg. 32-36) = 1.23 gl cm3 

Mass of BB1 rock required for packing in Teflon sample holder = 1.23 X 28.26 = 34.76 g 

3. Wt. of teflon sample holder (with caps lined with filter paper on each end) for sample BB3(2) = 
43.872 g 

Hydraulic conductivity measurements for BB3 vitric t&. 

1. Wt. of teflon sample holder (with caps lined with filter paper on each end) + packed sample BB3(2) = 
78.482 g 

2. Wt. of sample BB3(2) packed in sample holder = 78.482 - 43.872 = 34.610 g 

Sample 

BB3(2)Ptef 

BB3(2)Ptef 

BB3(2)Ptef 

Dlff. Ptess 
cm H20 

140.6144 

281.2288 

421.8432 

Outflow 
ml 

14 

14 

14 

Sample 

BB3(2)Ptef 

BBd(2)Ptef 

BBS(2)Ptef 

Elapsed 
time 
rec. 

125 

73 

49 

Conf 
final 
m ~ .  

2.1 

2.8 

3.2 

Inflow 
final 
m I. 

11 

11 

11 

Outflow 
Press 

PSI 
6 

7 

6 

I 

Width 
(cm) 

3 

3 

3 

Conf 
rnl. 

2.1 

2.8 

3.2 

Outflow 
final 
m~.  

4 

4 

4 

Diff. 
Press 
palg 

2 

4 

6 

Confining 
Press, psl 

13 

16 

18 

Inflow 
ml. 

1 

1 

1 

Inflow 
Press 
psi 
8 

11 

12 

Ksat, m / s a  

3.22E-06 

2.76E-06 

2.74E-06 
1 

Height 
(crn) 

4 

4 

4 

Q, rnusec. 

0.08 

0.1 36986 

0.204082 

ba t ,  
cmlssc. 

0.000322 

0.000276 

0.000274 

Area 
(crn2) 

7.065 

7.065 

7.065 

Inflow 
change, 

rnl. 

10 

10 

10 

Outflow 
change 

ml. 

10 

10 

10 

Vol. 
Change 

rnl. 

10 

10 

10 
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Sample Coniinlng Inflow Outflow Mff. DM. Press Coni Inflow Outflow 
Prcu,psi P m s  Press Pnrss cmH20 ml. ml. ml 

PSI PSI PSkI 
BW(1)Ptef 13 8 6 2 140.6144 3.6 1 14 
BW(1)Ptef 16 11 7 4 281.2288 4.6 1 14 

6 , 421.8432 , 5 1 14 12 I 6 ,  BB3(1)Ptef 18 , 

AJ 4/2/03 

Cont Inflow Outflow 
final final flnal 
ml. ml. ml. 
3.6 11 4 
4.6 11 4 
5 11 4 

Hydraulic conductivity measurements for BB1, BB3 vitric tuff: 

Sample Width Height Area Inflow Outflow Vol. Elapsed Q,mU=. Ksat, Kaat,m/sec. 

ml. ml. ml. sec. 
BB3(1)Ptef 3 4 7.065 10 10 10 121 0.082645 0.000333 3.33E-06 

BW(1)Ptef 3 4 7.065 10 10 10 70 0.142857 0.000288 2.88E-06 

(cm) (cm) (cm’, change, change Change time CmlSeC. 

1. 

2. 

Wt. of Teflon sample holder (with caps lined with filter paper on each end) + packed sample BB3(1) = 
78.887 g 
Wt. of sample BB3(2) packed in sample holder = 78.887 - 44.003 = 34.884 g 

BB3(1)Ptef 3 

Bulk Density Measurements for Sample BB5: 

54 I 0.185185 I 0.000249 I 2.49E-06 , lo I lo I 
4 I 7.065 I 10 I 

3. Wt. of beaker #1 + sample BB5 = 339.93 g 
4. Wt. of beaker #2 + sample BB5 = 213.09 g 
5. Wt. of beaker #3 + sample BB5 = 149.74 g 
6. Wt. of beaker #4 + sample BB5 = 141.28 g 

The samples were placed in oven @ 90 C for complete drying. 

AJ 413/03 

AJ 4/4/03 

Bulk Density Measurements for Sample BB5: 
The samples were removed from the oven and dried in dessicator for several hours before weighing. 

1. Wt. of beaker #1 + dried sample BB5 = 327.28 g 
2. Wt. of beaker #2 + dried sample BB5 = 206.07 g 
3. Wt. of beaker #3 i dried sample BB5 = 146.72 g 
4. Wt. of beaker #4 + dried sample BB5 = 139.33 g 
5. Wt. of beaker #5 + dried sample BB5 = 364.14 g 

AJ 4/7/03 

Bulk Density Measurements for Sample BB5: 
The samples were wrapped in saran wrap and duct tape to calculate volume by water volume displacement. 
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mff. D M . ~ r e u  Conf Inflow Oufflow Conf 
Press cmH20 ml. ml. ml final 
PShJ ml. 
2 140.6144 0.5 1 14 0.5 
4 281.2288 1.5 1 14 1.5 
6 421.8432 2 1 14 2 

1. Vol. of water displaced by sample BB5 in beaker #1 = 140 ml. 
2. Vol. of water displaced by sample BB5 in beaker #2 = 85 ml. 
3. Vol. of water displaced by sample BB5 in beaker #3 = 35 ml. 
4. Vol. of water displaced by sample BB5 in beaker #4 = 25 ml. 

5. Wt. of beaker #1+ left over sample BB5 = 164.09 g 
6. Wt. of beaker #2 + left over sample BB5 = 108.273 
7. Wt. of beaker #3 + left over sample BB5 = 106.34g 
8. Wt. of beaker #4 + left over sample BB5 = 110.50g 

Inflow Outflow 
flnal final 
ml. ml. 
11 4 
11 4 
11 4 

9. 
10. Wt. of sample in beaker w1= 206.07- 108.27 = 97.80g 
11. Wt. of sample in beaker #3 = 146.72- 106.34 = 40.38g 
12. Wt. of sample in beaker #4 = 139.33- 110.50 = 28.83g 

Bulk density of BB5 from sample in beaker #1= 1.17 gld 
Bulk density of BB5 from sample in beaker #2 = 1.15 glml 
Bulk density of BB5 from sample in beaker #3 = 1.15 glml 
Bulk density of BB5 from sample in beaker #4 = 1.15 glml 

13. Wt. of teflon sample holder (with caps lined with filter paper on each end) for sample BB3(3) = 

Wt. of sample in beaker #1 = 327.28- 164.09 = 163.19g 

43.804 g 

Sample Confining Inflow 
Prass,psl Press 

DSl 

AJ 4/10/03 

Outflow 
Press 

PSI 

B63(3) Ref 

BW(3)Ptef 18 12 

AJ 4/15/03 

Bulk Density measurements for sample BB5: 
1. Vol. of water displaced by sample BB5 in beaker #5 = 180 ml 
2. Wt. of beaker #5 + left over sample BB5 = 156.496 
3. Wt. of sample in beaker #5 = 364.14- 156.49 = 207.658 
4. Bulk density of BB5 from sample in beaker #5 = 1.15 g/ml 
5 .  Average Bulk density BB5 = 1.17 + 1.15 + 1.15 + 1.15 +1.15 / 5  = 1.16 glml 
6. Wt. of BB5 required to pack Teflon sample holder = 1.16 g/ml X 28.26 cm3 = 32.65 g 
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Sample Confining Inflow Outflow DW. Dm. Press Conf Inflow Outflow 
Presspsl Press Press Press cmH20 ml. ml. ml 

Psi PSI Pslg 
BBB(3)Ptef 13 8 6 2 140.6144 5 1 14 
BB3(3)Ptef 16 11 7 4 281.2288 6.2 1 14 

BB3(3)Ptef 18 12 6 6 421.8432 6.7 1 14 
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Conf inflow Outflow 
final final final 
ml. mi. ml. 
5 11 4 

6.2 11 4 

6.7 11 4 

1. 
2. 

3. 

Wt. of Teflon sample holder (with caps lined with filter paper on each end) for BB5(1) = 43.415 g 
Wt. of Teflon sample holder (with caps lined with filter paper on each end) + sample BB5(1) = 
75.885g 
Wt. of sample BB5( 1) packed in Teflon sample holder = 75.885 - 43.415 = 32.470 g 

Sample Width Height Area inflow Outflow Vol. Elapsed 
(cm) (cm) (cm? change, change Change time 

ml. ml. ml. tec. 

BB3(3)Ref 3 4 7.065 10 10 10 165 

BB3(3)Ptef 3 4 7.065 10 10 10 71 

BB(3)Ptef 3 4 7.065 10 10 10 52 

AJ 4/16/03 

Q,mHec. b a t ,  Ksat,m/sec. 
CmlSOC. 

0.060606 0.000244 2.44E-06 

0.140845 0.000284 2.84E-06 
0.192308 0.000258 2.58E-06 

Sample Width Height Area Inflow Outflow Vol. Elapsed 0, mllsec. 
(cm) (cm) (cm') change, change Change time 

ml. ml. m I. Set. 

BB5(1)Ptef 3 4 7.065 10 10 10 204 0.04902 

BB5(1)Ptef 3 4 7.065 10 10 10 273 0.03663 

BB5(1)Ptef 3 4 7.065 10 10 10 154 0.064935 
BBS(1)Ptef 3 4 7.065 10 10 10 168 0.059524 

b a t ,  Ksat,mlsec. 
cmlsec. 

0.0001 97 1.97E-06 

0.000147 1.47E-06 

0.000267 2.61 E-06 

0.00024 2.40E-06 

AJ 4/18/03 

1. 
2 
3 

4. 

Average Bulk density BB1( ref 482/ pg. 32-36) = 1.39 + 1.32 + 1.41= 4.1U3 = 137 g/ml 
Wt. of Teflon sample holder (with caps lined with filter paper on each end) for BB5(2) = 43.425 g 
Wt. of Teflon sample holder (with caps lined with filter paper on each end) + sample BB5(2) = 76.303 
g 
Wt. of sample BB5(2) packed in Teflon sample holder = 76.303 - 43.425 = 32.878 g 
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Note: The above data could not be usable. The other measurements were inconsistent due to 
delayed response and sample seemed to be consolidated inside the sample holder. The similar 
observation was recorded with sample BB5(2) on 4/22/03, 

1. Wt. of Teflon sample holder (with caps lined with filter paper on each end) for BBl(5) = 43.938 g 
2. Wt. of Teflon sample holder (with caps lined with filter paper on each end) + sample BB l(5) = 82.80 

g 
3. Wt. of sample BB l(5) packed in Teflon sample holder = 82.80 - 43.938 = 38.862 g 

4. Wt. of Teflon sample holder (with caps lined with filter paper on each end) for BB l(6) = 42.813 g 
5. Wt. of Teflon sample holder (with caps lined with filter paper on each end) + sample BBl(6) = 81.82 

g 
6. Wt. of sample BB l(6) packed in Teflon sample holder = 81.82 - 42.813 = 39.007 g 

7. Wt. of Teflon sample holder (with caps lined with filter paper on each end) for BBl(7) = 43.575 g 
8. Wt. of Teflon sample holder (with caps lined with filter paper on each end) + sample BB l(7) = 82.50 

g 
9. Wt. of sample BBl(7) packed in Teflon sample holder = 82.50 - 43.575 = 38.925 g 

10. Sample BB3(3) was saturated with UZ-14 perched water and interacted with 50 ml. of UZ-14 perched 
in Teflon liner of pressure vessel. The vessel was closed and placed in the oven @ 90C for thermal 
treatment of sample BB3(3). 

The permeameter cell and triaxial lines were tested for blockage by performing a blank run (by 
removing the tuff sample from the permeameter cell). No blockage in the lines was found. 

lnflow 
ml. 

1 

1 

1 

Dlff. 
Press 
PSI0 
2 

4 

6 

Sample 

BEl(6)F'tef 

BE1 (6)Ptef 

BBl(6)Ptef 

Q, mllsec. 

0.0221 24 

0.03891 1 

0.049261 

Elapsed 
time 
Sec. 
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203 

Outflow 
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14 

14 

14 

lnflow 
Press 

Psi 
8 

11 

12 
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Press, psi 

13 

1 6 

18 
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7 
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10 
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9 

9.5 

10 

Ksat, mlsec. 

8.91 E-07 

7.83E-07 

6.61 E-07 
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7.065 

7.065 

7.065 
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final 
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11 

11 

11 
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final 
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4 
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change, 

mi. 

10 

10 

10 
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change 
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10 

10 

10 
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Change 
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10 

10 

10 
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Sample Conflnlng Inflow Outflow Dlff. 0Iff.Press Confin Inflow Outflow Conf 
Press,psi Press Press Press cmH20 ml. ml. ml final 

Psi PSI Psig ml. 
BBl(6)Ptef 13 8 6 2 140.6144 9.4 1 13 9 
BBl(6)Ptef 16 11 7 4 281.2288 10 1 13 9.5 
BBl(6)Ptef 18 12 6 6 421.8432 10.5 1 13 10 

Sci Ntbk # 584E 

Inflow Outflow 
Rnal final 
ml. ml. 
11 3 

11 3 

11 3 

page 11 

Sample Wldth Helght Area inflow Outflow Vol. Elapsed 0, mllsec. Ksat, ba t ,  m/rec. 

ml. ml. ml. rec. 
BB1 (6)Ptef 3 4 7.065 10 10 10 71 0 0.01 4085 5.67E-05 5.67E-07 
BBl(6)Ptef 3 4 7.065 10 10 10 355 0.028169 5.67E-05 5.67E-07 

(cm) (cm) (cm*) change, change Change tlme cmlsec. 

Note: The second set of measurements on sample BBI(6) showed delayed response as obvious 
from the following measuremenfs . The lines were checked again for blockage and were free from 
any blockage. This data may not be false and not usable. 

Sample Conflning lnflo Outflow OM. Dlff.Press Confln Inflow Outflow Conf 
Pms,psl w Press Press cmH20 ml. ml. ml flnal 

Pres PSI pslg ml. 
BBl(5)Ptef 13 8 6 2 140.6144 3.5 1 14 3.5 
BBl(5)Ptef 16 11 7 4 281.2288 4 1 14 4 
BBl(5)Ptef 18 12 6 6 421.8432 4.5 1 14 4.5 

Inflow Outflow 
flnal flnal 
ml. ml. 
11 4 

11 4 

11 4 

Sample Wldth Helght Area Inflow Outflow Vol. Elapsed Q,mVs=. ba t ,  
(cm) (cm) (cm? change, change Change tlme cdsec. 

ml. ml. m I. SBC. 

BBl(5)Ptef 3 4 7.065 10 10 10 297 0.03367 0.0001 36 
BBl(5)Ptef 3 4 7.065 10 10 10 143 0.06993 0.000141 
BBl(5)Ptef 3 4 7.065 10 10 10 1 00 0.1 0.0001 34 

AJ 4/26/03 

Ksafmlsec. 

1.36E-06 

1.41 E-06 

1 34E-06 

Sample Conflnlng Inflow Outflow Dlff. Dlff. Press Confln Inflow Outflow Conf 
Press,psl p n t s  Press Press cmH20 ml. ml. ml final 

PSI PSI PSU ml. 
BBl(5)Ptef 13 8 6 2 140.6144 3.8 1 14 3.8 
BBl(5)Ptef 16 11 7 4 281.2288 4.2 1 14 4.2 

BBl(5)Ptef 18 12 6 6 421.8432 4.6 1 14 4.6 

Inflow Outflow 
final flnal 
ml. ml. 
11 4 

11 4 

11 4 
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Note: The measurements on sample BBl(7) showed delayed response. The lines were free from 
any blockage. The results could not be attributed to blocked lines. This data may be false and not 
usable. 

0, mUsec. 

0.034483 

0.070423 

0.09901 

Ksaf 
crnlsec. 

0.0001 39 

0.0001 42 

0.0001 33 

Bulk Density Measurements for Sample BB7: 

Ksat, mlsec. 

1.39E-06 

1.42E-06 

1.33E-06 

Outflow 
ml 

14 

14 

14 

1. Wt. of beaker # l  + sample BB7 = 289.25 g 
2. Wt. of beaker #2 + sample BB7 = 296.50 g 
3. Wt. of beaker #3 + sample BB7 = 258.04 g 
4. Wt. of beaker #4 + sample BB7 = 473.55 g 
5. Wt. of beaker # l  + sample BB7 = 434.1 1 g 
The samples were placed in oven @ 90 C for complete drying 

Vol. 
Change 

ml. 

10 

10 

10 

Outflow 
change 

ml. 

10 

10 

10 

Outflow 
final 
ml. 

4 

4 

4 

Conf 
final 
ml. 

8 

8.8 

9.2 

inflow 
ml. 

1 

1 

1 

6. Sample BBl(6) was saturated with UZ-14 perched water and interacted with 50 ml. of UZ-14 perched 
in Teflon holder of pressure vessel. The pressure vessel was closed and placed in the oven @ 90C for 
thermal treatment of sample BB l(6). 

7. Wt. of Teflon sample holder (with caps lined with filter paper on each end) for BB5(3) = 43.431 g 

Elapsed 
time 
Sec. 

290 

142 

101 

Inflow 
change, 

ml. 

10 

10 

10 

lnflow 
final 
mi. 

11 

11 

11 

Confin 
mi. 

8 

8.8 

9.2 

1. Wt. of Teflon sample holder (with caps lined with filter paper on each end) + sample BB5(3) = 76.109 

Sample 

BBl(5)Ptef 

BBl(5)Ptef 

BBl(5)Ptef 

g 
2. Wt. of sample BB5(3) packed in Teflon sample holder = 76.109 - 43.431 = 32.678 g 
3. Sample BBl(7) was saturated with UZ-14 perched water and interacted with 50 ml. of UZ-14 perched in 
Teflon holder of pressure vessel. The vessel was closed and placed in the oven @ 90C for thermal 
treatment of sample BB l(7). 

Height 
(cm) 

4 

4 

4 

Width 
(cm) 

3 

3 

3 

Diff. 
Press 
~ s i g  
2 

4 

6 

Sample 

BBl(7)Ptef 

BBl(7)Ptef 

BBI (7)Ptef 

Area 
(cm2) 

7.065 

7.065 

7.065 

Diff. Press 
cm H20 

140.6144 

281.2288 

421.8432 

inflow 
Press 

PSI 
8 

11 

12 

Confining 
Press, psi 

1 3 

16 

18 

Outflow 
Press 
psi 
6 

7 

6 
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Sample Confining Inflow Outflow Dm. Diff. Press Canfln Inflow Outflow 
Press,psi Press Press Press cmH20 ml. ml. ml 

BB5(3)Ref 13 8 6 2 140.6144 3.5 1 14 
BBS(3)Ref 16 11 7 4 281.2288 4.3 1 14 
BB5(3)Ptef 18 12 6 6 421.8432 4.7 1 14 

psi PSI PSb 

Sci Ntbk # 584E 

Conf Inflow Outflow 
final final final 
ml. ml. m 1. 
3.5 11 4 

4.3 11 4 
4.7 11 4 

page 13 

Sample Wldth Helght Area Inflow Outflow Vol. 

ml. m I. ml. 
BB5(3)Ptef 3 4 7.065 10 10 10 
BB5(3)Ptef 3 4 7.065 10 10 10 
BB5(3)Ptef 3 4 7.065 10 10 10 

(cm) (cm) (cm') change, change Change 

AJ 511103 

Elaped Q, mVoec. Ksat, Ksat,m(sec. 
time cmlscc. 
sec. 
452 0.022124 8.91 E-05 8.91 E-07 
431 0.023202 9.34E-05 9.34E-07 
41 6 0.024038 9.68E-05 9.68E-07 

Sample BBl(5) was saturated with UZ-14 perched water and interacted with 50 ml. of UZ-14 perched in 
Teflon holder of pressure vessel. The vessel was closed and placed in the oven @ 9OC for thermal 
treatment of sample BB l(5). 

Note: The measurements on sample BB5(3) showed delayed response. The lines were free from 
any blockage. The results could not be attributed to blocked lines. This data may be false and not 
usable. 

Bulk Density Measurements for Sample BB7: 
The samples were removed from the oven and dried in dessicator for several hours before weighing. The 
samples were wrapped in saran wrap and duck tape to calculate volume by water volume displacement 

1. Wt. of beaker #1 +dried sample BB7 = 282.36 g 
2. Wt. of beaker #2 + dried sample BB7 = 288.94 g 
3. Wt. of beaker #1 + left over sample BB7 in beaker = 166.27 g 
4. Wt. of beaker #2 + left over sample BB7 in beaker = 161.86 g 
5.  Wt. of dried sample BB7 in beaker #I = 282.36- 166.27= 116.09 g 
6. Wt. of dried sample BB7 in beaker #2 = 288.94- 161.86= 127.08 g 
7. Volume of water displaced by sample BB7 in beaker #I = 350-255 = 95 ml 
8. Volume of water displaced by sample BB7 in beaker #1 = 600-505 = 95 ml 
9. Volume of water displaced by sample BB7 in beaker #2 = 700-600 = 100 ml 
10. Volume of water displaced by sample BB7 in beaker #2 = 650-550 = 100 ml 

AJ 516lQ3,5RIO3 

Bulk Density Measurements for Sample BB7: 
The samples were removed from the oven and dried in dessicator for several hours before weighing. The 
samples were wrapped in saran wrap and duck tape to calculate volume by water volume displacement. 
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' Sample Confining Inflow Oufflow Dlff. Dlff. Press Confln inflow Outflow Conf Inflow Outflow 
Press,prl Prsu Pms Press cmH20 ml. ml. ml final final flnai 

Pi PSI P i g  m 1. ml. ml. 
BB7(1)Ref 13 8 6 2 140.6144 1.4 1 14 1.4 11 4 
BB7(l)Ptef 16 11 7 4 281.2288 3.0 1 14 3.0 11 4 

l I  l4 I 3.8 I 11 I 4 1  12 6 6 I 421.8432 I 3.8 I BB7(1)Ptef l8 I 

page 14 

Sample Width 
(cm) 

BB7(l)Ref 3 
BB7(1)Ptef 3 

1. Wt. of beaker #3 + dried sample BB7 = 253.65 g 
2. Wt. of beaker #4 + dried sample BB7 = 458.99 g 
3. Wt. of beaker #3 + left over sample BB7 in beaker = 164.72 g 
4. Wt. of beaker #4 + left over sample BB7 in beaker = 227.84 g 
5. Wt. of dried sample BB7 in beaker #3 = 253.65- 164.72= 88.93 g 
6. Wt. of dried sample BB7 in beaker #4 = 458.99- 227.84= 230.15 g 
7. Volume of water displaced by sample BB7 in beaker #3 = 770-700 = 70 ml 
8. Volume of water displaced by sample BB7 in beaker #3 = 670-600 = 70 ml 
9. Volume of water displaced by sample BB7 in beaker #4 = 780-600 = 180 ml 
10. Volume of water displaced by sample BB7 in beaker #4 = 680-500 = 180 ml 

Height Area Inflow Outflow Vol. Elapsed 0, m u s e  Ksat, Ksabm/sec. 
(cm) (cm') change, change Change time cmlsex. 

4 7.065 10 10 10 1080 0.009259 3.73E-05 3.73E-07 
4 7.065 10 10 10 1063 0.009407 3.79E-05 3.79E-07 

ml. ml. mi. Siec. 

11. Wt. of Teflon sample holder with caps and filter paper at each end for BB7( 1) = 43. 

BB7(1)Ptef 

38g. - 

889 I 0.011249 I 4.53E-05 I 4.53E-07 , lo I lo  I 
3 1  4 7.065 I 10 I 

5.6 g of 
BB7 was packed in the sample holder with aid of water and placed in oven to dry before saturation. 

AJ 5/8/03 

Bulk Density Measurements for Sample BB7: 
The samples were removed from the oven and dried in dessicator for several hours before weighing. The 
samples were wrapped in saran wrap and duck tape to calculate volume by water volume displacement 

1. Wt. of beaker #5 + dried sample BB7 = 422.00 g 
2. Wt. of beaker #5 + left over sample BB7 in beaker = 228.26 g 
3. Wt. of dried sample BB7 in beaker #5 = 422.00- 228.26 = 88.93 g 
4. Volume of water displaced by sample BB7 in beaker #5 = 855-700 = 155 ml 
5. Volume of water displaced by sample BB7 in beaker #5 = 755-600 = 155 ml 
6. Bulk density of BB7 from sample in beaker #1 = 116.09 / 95 = 1.22 g/d 
7. Bulk density of BB5 from sample in beaker #2 = 127.08/ 100 = 1.27 g/ml 
8. Bulk density of BB5 from sample in beaker #3 = 88.93/ 70 = 1.27 g/ml 
9. Bulk density of BB5 from sample in beaker #4 = 230.19 180 = 1.28 g/ml 
10. Bulk density of BB5 from sample in beaker #5 = 193.74/155 = 1.25 g/ml 

11. Average Bulk density for BB7 = 1.22+1.27+1.27+1.28+1.25/ 5 = 1.26 g/ml 
12.Wt. ofBB7 required to pack in Teflon sample holder = 1.26 g/ml X 28.26 cm3 = 35.59 g 

AJ 5/9/03 
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Sample Confining Inflow Oulflo Dlff. Om. Press Confln Inflow Outflow Conf 
Press,psl Press w Press cmH20 ml. ml. ml final 

psi Press psig mi. 
BBl(2)Ptef 6 13 8 6 2 140.6144 5.5 1 17 5.5 

BBl(2)Ptef 6 16 11 7 4 281.2288 6.6 1 17 6.6 

BB1 (2)Ptef 6 18 12 6 6 421.8432 7.2 1 17 7.2 

Wks89OC 

Wks 0 9OC 

Wks 0 9OC 

Sci Ntbk # 584E page 15 

Inflow Outflow 
flnal final 
ml. ml. 
11 7 

11 7 

11 7 

Note: The measurements on sample BB7(1) showed delayed response. The lines were all free 
from blockage. The resulis could not be attributed to blocked lines. This data may not be usable. 

Sample Width Height Area inflow Outflow Vol. Elapsed 0,mVsec. 
(cm) (cm) (cm? change, change Change time 

m I. m 1. ml. SCC. 

BBl(2)Ptef 6 3 4 7.065 10 10 10 196 0.051 02 
w k s o 9 O c  
BBl(2)Ptef 6 3 4 7.065 10 10 10 128 0.0781 25 
Wks 8 9OC 
BBl(2)Ptef 6 3 4 7.065 10 10 10 1 17 0.08547 
Wks 8 9OC 

Gat,  Ksat,mlsec. 
cmlrec. 

0.000205 2.05E-06 

0.000157 1 S7E-06 

0.0001 15 1 .15E-06 

Sample Conflnlng Inflow Outflow Dm. Dlff. Pmss Confln Inflow Outflow Conf 
Press,psl Press Press Press cmH20 ml. mi. ml flnal 

psi pri wig ml. 
BBl(5)Ptef 17 13 8 6 2 140.6144 6.5 1 14 5.5 

BBl(5)Ptef 17 16 11 7 4 281.2288 7.8 1 14 6.6 

BBl(5)Ptef 17 18 12 6 6 421.8432 8.5 1 17 7.2 

wks 0 9Oc 

Wks 0 9OC 

Wks 8 9OC 

Note: The measurements on sample BBI(2) was thermally treated with duct tape on the samp/e 
holder. UZ-14 perched water in contact with sample turned yellow. Possible contamination from 
duct tape on the sample holder. This data. may not be usable. 

Inflow Outflow 
flnal flnal 
ml. ml. 
11 4 

11 4 

11 4 

AJ 7/25/03 

Sample Width Height Area Inflow Outflow Vol. Elapsed 0,mVsec. Gat,  
(cm) (cm) (cm2) change, change Change t h e  cmlsec. 

ml. ml. ml. SeC. 

BBl(5)Ptef 17 3 4 7.065 10 10 10 430 0.023256 9.36E-05 
Wks 8 9OC 

BBl(5)Ptef 17 3 4 7.065 10 10 10 270 0.037037 7.46E-05 
W k  8 9oc 

BBl(5)Ptef 17 3 4 7.065 10 10 10 214 0.046729 6.27E-05 
Wks 0 9OC 

Ksat,mlrec. 

9.36E-07 

7.46E-07 

6.27E-07 
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Note: These measurements on sample BBl(5) showed delayed response. The lines were all free 
from blockage. The results could not be attributed to blocked lines. This data may not be usable. 

Note: The following measurements on sample BBi(5) were repeated after replacing the old filter 
paper inside the sample holder. The old filter paper was in use through out the thermal treatment 
for 17 weeks and could possibly be obstructed. 
These measurements on sample BBi(5) showed drastic difference in Ksat values. This drastic 
change was much quicker response and could be attributed to the use of new filter paper. The 
blockage of old filter paper during thermal treatment seemed significant enough to show delayed 
response. The replacement of filter paper after thermal treatment may be necessary to obtain 
usable data. 

Sample 

BBl(S)Ptef17 
WksO90C 

lntlow 
ml. 

1 

Sample 

BBl(5)Ptefl7 
Wks 8 90C 

Note: These measurements on sample 00 1(5) were repeated to check reproducibilriy and showed 
significant delayed response. The lines were all free from blockage. The results could not be 
attributed to blocked lines. This data may not be usable. 

Wldth 
(cm) 

3 

Outflow 
ml 

14 

Confinlng 
Press, psi 

13 

Outflow 
Press 

PSI 
6 

Sample 

BB1(5)Ptef17 
Wks 8 90C 

BBl(S)Ptef17 
Wks O 90C 

BBl(5)Ptef 17 
Wks 8 90C 

Diff. Press 
cm H20 

140.6144 

lntlow 
Press 

psi 
8 

Diff. 
Press 
Pslg 
2 

Helght 
(cm) 

4 

Diff. Press 
cm H20 

140.6144 

281.2288 

421.8432 

Sample 

BBl(5)Ptef 17 
Wks 8 90C 

BB1(5)Ptef17 
Wks 8 90C 

BB1(5)Ptef17 
Wks B 90C 

Conf 
final 
ml. 
5.5 

Confln 
ml. 

6.5 

Confining 
Press, psi 

13 

16 

18 

Area 
(cm2) 

7.065 

Contln 
ml. 

6.5 

7.8 

8.5 

Width 
(cm) 

3 

3 

3 

Elapsed 
time 
sec. 

165 

81 

69 

lnflow 
final 
ml. 

11 

lnflow 
Press 
PSI 
8 

11 

12 

mat, 
cmlsec. 

0.000244 

0.000249 

0.000195 

Q, ml/sec. 

0.060606 

0.1 23457 

0.1 44928 

Outflow 
final 
rnl. 
4 

Inflow 
change, 

ml. 

10 

lnflow 
ml. 

1 

1 

1 

Ksat, mlsec. 

2.44E-06 

2.49E-06 

1.95E-06 

Oufflow 
Press 

psi 
6 

7 

6 

Helght 
(cm) 

4 

4 

4 

Outflow 
change 

ml. 

10 

Outflow 
ml 

14 

14 

17 

Dlff. 
Press 
Prig 
2 

4 

6 

Inflow 
change 

ml. 

10 

10 

10 

Area 
(cm?) 

7.065 

7.065 

7.065 

Vol. 
Change 

ml. 

10 

Conf 
final 
ml. 

5.5 

6.6 

7.2 

Outflow 
change 

ml. 

10 

10 

10 

Vol. 
Change 

ml. 

10 

10 

10 

Elapsed 
tlme 
Sec. 

645 

lnflow 
final 
ml. 

11 

11 

11 

Outflow 
final 
ml. 

4 

4 

4 

Q, mUsec. 

0.01 5504 

Ksat, 
cmlsec. 

6.24E-05 

b a t ,  mlsec. 

6.24E-07 
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Note: These following measurements on sample BBl(5) were repeated using the same filterpaper 
as on 7/29/03 to test the reproducibility. Also, the sample was not removed from the permeameter 
cell on 7/29/03. The results show a slight delayed response and could be attributed to the 
blockage of filter paper. The replacement of filter paper after each test run may be required to 
obtain reproducible data. 

Note: The following measurements on sample BBl(5) were repeated after replacing the old finer 
paper inside the sample holder. The old filter paper was in use for only two set of measurements 
7/29/03 and 7/3003. 
These measurements on sample BBl(5) showed difference in Ksat values. The observed 
difference was quicker response and could be attributed to the use of new filter paper. The 
blockage of filter paper seemed significant enough to show delayed response. The replacement of 
filter paper after each measurement may be necessary to obtain usable data. 

lnflow 
final 
ml. 

11 

11 

11 

Outflow 
ml 

14 

14 

17 

Outflow 
final 
mi. 

4 

4 

4 

0, mllsec. 

0.054945 

0.1 03093 

0.1 36986 

Ksat, 
crn/rec. 

0.000221 

0.000208 

0.0001 84 

Conf 
flnal 
ml. 

5.5 

6.6 

7.2 

Contin 
ml. 

6.5 

7.8 

8.5 

Ksat, mlsec. 

2.21 E-06 

2.08E-06 

1 .ME-06 

Elapsed 
time 
Sec. 

182 

97 

73 

lnflow 
rnl. 

1 

1 

1 

Diff. 
Press 
w ig  
2 

4 

6 

Outflow 
Press 

Psi 
6 

7 

6 

Outflow 
mi 

14 

14 

17 

lnflow 
ml. 

1 

1 

1 

Diff. Press 
cm H20 

140.6144 

281.2288 

421.8432 

lnflow 
Press 

PSI 
8 

11 

12 

Sample 

BBl(5)Ptef 17 
Wks 8 90C 

BBl(5)Ptef17 
Wks 0 90C 

BB1(5)Ptef17 
Wks 8 90C 

Area 
(cm3 

7.065 

7.065 

7.065 

Sample 

BB1(5)Ptef17 
Wks 8 90C 

BBl(5)Ptef 17 
Wks 8 90C 

BBl(5)Ptef 17 
Wks 8 90C 

Confining 
Press,psi 

13 

16 

18 

Vol. 
Change 

ml. 

10 

10 

10 

Inflow 
change, 

ml. 

10 

10 

10 

Conf 
final 
mi. 

5.5 

6.6 

7.2 

Diff. Press 
cm H20 

140.6144 

281.2288 

421.8432 

Dlff. 
Press 
psig 
2 

4 

6 

Outflow 
change 

ml. 

10 

10 

10 

Wldt 
h 

(cm) 
3 

3 

3 

Confin 
ml. 

6.5 

7.8 

8.5 

Sample 

BB1(5)Ptef17 
Wks 8 9 0 C  

BB1(5)Ptef17 
Wks O 90C 

BB1(5)Ref17 
Wks @ 90C 

Height 
(cm) 

4 

4 

4 

lnflow 
final 
rnl. 

11 

11 

11 

Inflow 
Press 
psi 
8 

11 

12 

Contlnlng 
Press, psi 

13 

16 

18 

Outflow 
final 
ml. 

4 

4 

4 

Outflow 
Press 

psi 
6 

7 

6 
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Sample Width 
(cm) 

Helght Area Inflow Outflow Vol. Elapsed Q, mVsec. Ksat, Ksat, dsec.  
(cm) (cm') change, change Change time CmlSeC. 

mi. ml. ml. SeC. 
BBl(5)Plef 17 3 
Wks G2 9OC 

4 7.065 10 10 10 142 0.070423 0.000284 2.84E-06 

Entries made into Scientific Notebook #584E for the period 
March 13,2003 to September 30,2003 have been made by Atka Jain 
(08/03/2003) 

b 

BBI(5)Ptef 17 3 4 7.065 10 10 10 . 70 0.142857 0.000288 2.88E-06 
wks 8 9oc 

BBl(5)Plef 17 3 4 7.065 10 10 10 51 0.1 96078 0.000263 2.63E-06 
WkS@9OC 

No original text or figures entered into this Scientific Notebook has been removed 
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Water Retention characteristics on Quartz Sand: 
To obtain the moisture retention curve on a porous sample, the moisture 
content of that sample must be measured at a fixed saturation. This is done 
by measuring the controlled outflow of liquid at a known pressure i.e. by 
equilibrating the liquid pore pressure of a moist sample at fixed saturation with 
succession of known pressure values. The amount of moisture that is 
retained in the sample after equilibrium is determined at each known 
pressure. 
The moisture from saturated porous sample is removed by raising the air 
supply pressure in the outflow cell. Partially glazed or epoxy coated porous 
ceramic plate is used and serves two purposes: (1) serves as a hydraulic link 
for water to move from the porous sample to the outflow port of the outflow 
cell, (2) the glazed sides and outside edges provides an impervious surface to 
seal against the O-rings. The high pressure air will not pass through the pores 
in the ceramic plate since the pores are saturated with water. A reservoir of 
water is maintained underneath the ceramic plate in the base of outflow cell. 
During an experimental run, at any set pressure in the outflow cell, moisture 
from the porous sample will flow around sample particles and out through the 
ceramic plate to outflow port and finally in to the graduated burette. The 
stopcock valve is open during this stage. During equilibrium stage the 
stopcock valve is closed and there is redistribution of the wetting (water) and 
non-wetting phase (applied air pressure) within the sample. As a result a 
constant capillary pressure is established. At high saturations, the time 
required for equilibrium is relatively short. As the saturation decreases, the 
time required for equilibrium increases. 

Particle density of quartz, pp = 2.65 gm/cm3 
Bulk density, PB is the density of sand as packed in the sample holder 
Bulk density, p~ = wt. of sand as packed / volume of the sample holder 
For cylindrical sample holder, Bulk density, p~ = W1 -rr?h 
Where, r is the radius of sample holder 

h is the height of the sample holder 
Porosity, cp = 1 - pp 1 p~ 

Saturating Porous Ceramic Plate: 
The objective is to remove trapped air from the porous ceramic plate. The outflow 
cell is assembled and - 1 bar vacuum is applied. The outflow cell is then partially 
filled with deaerated water and soaked overnight. Next day, apply a small 
pressure (- 1 - 8 psi for 1 bar plate, should be less than air entry value of ceramic 
plate) to push 500 to 800 ml of water through the porous plate. 

Weight of sample holder + plastic cap on one side = 26.486 gm 
Weight of dry sand added = 34.780 gm 
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Saturating Sand Sample: 
The objective is to remove trapped air from the pores of the sand sample. Load 
the dry sample in saturation chamber as shown in the figure (Parr lnstument 
Company pressure vessel) and apply - 1 bar vacuum using bench top laboratory 
vacuum pump (KNF Neuberger Inc., Laboport model # UN810.3 FTP, SN 
1/635750).The sample is then flushed with COn using C02 tank. Again apply - 1 
bar vacuum to evacuate the chamber and then wet the sample with deaerated 
water slowly under vacuum. 

Information potentially subject to coptyright protection 

was redacted from this location. The redacted material 

is a diagram from the KNF Neuberger Inc. company 

listed above. 

The sample is then removed from saturation chamber and loaded on saturated 
ceramic plate in the outflow cell. The outflow cell is opened without disturbing the 
water reservoir under the ceramic plate. This is ensured by leaving the ceramic 
plate clamped between the base of outflow cell and the retaining ring. 

Weight of saturated sample + sample holder + plastic cap = 68.012 gm 
Weight of saturated sample = 68.012 - 26.486= 41 526 gm 

The plastic cap was removed before loading the sample in the outflow cell. 
The sample was loaded on 3 bar porous ceramic plate (SoilMoisture Equipment 
Corp., part ## 0604D05-BO3Ml) in the outflow cell. The ceramic plate has 
impervious epoxy coating (SoilMoisture Equipment Corp., part # 0980V004 
) on outside edges and sides. A calibrated micro switch type differential pressure 
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0.56 80 min 15.54 
0.62 95 min 16.55 
0.71 80 min 17.54 

page 2 1 

7.2 
6.8 
6.3 
6 

transducer, 0-1 00 psi (Honeywell, 26PC series, model ## 26PCFFA6D) is used to 
measure the capillary pressure. No additional pressure regulators other than air 
filter regulator (installed on the wall, Binks Oil and Water Extractor, model 86- 
963) were used for supply pressure. A portable absolute pressure standard 
(Paroscientific Inc., model 740-45A) is used to measure the supply pressure. The 
following figure shows the complete set up. 

0.71 14 hrs. 18.52 
1.02 2 hrs 19.52 
1.25 90 min 19.52 
1.45 105 min 19.52 

Information potentially subject to copyright protection 

was redacted from this location. The redacted material 

is a diagram belonging to the Paroscientific Inc. company 

as listed above. 

10.5 -0.16 45 m i  13.54 
8.6 0.44 5 days 13.54 
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This test is performed to test the proper function of the set up. The supply 
pressure varies significantly. The capillary pressure readings from transducer 
also fluctuate generously to accurately measure a stable value. This above data 
would not be usable. 

Water Retention characteristics on Quartz Sand: 
Particle density of quartz, p, = 2.65 gm/cm3 

Weight of sample holder + plastic cap on one side = 26.582 gm 
Weight of dry sand added = 36.860 gm 

The sample and porous ceramic plate are saturated following the procedure on 
page 19. 

Weight of saturated sample + sample holder + plastic cap = 70.412 gm 
Weight of saturated sample = 70.412 - 26.582= 43.830 gm 
The sample is loaded on 3 bar porous ceramic plate in the outflow cell. 

Air Supply 
Pressure (psi) 

0 
1.01 
2.08 
2.08 
3.05 
4.04 
4.04 
4.04 

Water Level in 
burette (mi) 

12 
11.9 
11.8 
11.7 
11.5 
11.3 
11.0 
10.8 

Capillary Pressure 
(psi) 
0.0 
0.0 

-0.23 
-0.22 
-0.18 
-0.16 
-0.09 
0.27 

The run was stopped on 12/3/03 as air bubble was detected in line and would 
cause erroneous values. The above data would not be used. 
The sample stayed undisturbed on the ceramic plate in the outflow cell and 1.2 
ml of water was added to the sample which was drained from the sample during 
run. The air and water lines were shortened by removing extra valves between 
outflow cell, main air supply, and burette to prevent access to air in the lines. The 
run was restarted only to test the performance of the system. 

Equilibration Time 

30 min. 
Left overnight 

30 min. 
30 min. 
35 min. 
45 min. 
45 min. 

Water Level in 
burette (ml) 

12.9 
12.85 
12.8 
12.7 
12.6 

Capillary Pressure 
(psi) 
-0.04 
-0.04 
-0.02 
-0.02 
0.0 

Equilibration Time 

0 
30 min. 
30 min 
30 min 
20 min 

Air Supply 
Pressure (psi) 

0 
1.14 
1.14 
1.15 
1.63 
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-0.28 Left overnight I 1.57 
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12.4 
12.3 
12.2 

-0.25 30 min 1.57 
-0.21 30 min 1.55 
-0.18 35 min 1.54 

10.0 0.59 Left for one day 3.53 
9.9 0.65 75 min 3.58 
9.8 0.72 70 min 3.46 

The above data would not be usable due to continuous variations in air supply, 
instability of transducer readings and pressure drops from equilibrium values 
over a period of several hours. Also, portable pressure standard measures 
absolute values and any slight change in atmospheric pressure changes the 
applied pressure values. 

AJ 12/18/03 

Double Regulation: 
The pressure regulation is of great importance in these experiments as accuracy 
of equilibrium values will be no more accurate than the regulation of air supply. 
Therefore, the air supply is connected with two pressure regulators (Fairchild 
Industrial products company’s precision regulator- Model 10273, range 3-200 
psig and Moore Products Company’s nullmatic pressure regulator - model 40-15, 
range 0.5-15psig) in series for double regulation. The double regulation will 
provide regulated pressure to within 1/100 psi. The pressure regulation using 
double regulators is tested before starting measurements on sand. A portable 
pressure standard is used for read out values. 
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Main supply Regulator Regulator 
Pressure (psi) Pressure Pressure 

Model 10273 Model 40-1 5 
(psi) (psi) 

40 10 - 1  

Sci Ntbk # 584E 

Time Portable 
standard read 

out (psi) 

0 0.887 
15 rnin 0.8868 
40 min 0.8855 
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95 min 
135min 
160 min 
180 min 
195 min 
18 hrs 

0.8758 
0.867 
0.8631 
0.8626 
0.861 3 
0.9667 

35 min 
60 min 
85 rnin 
120 min 

I I I - 1.5 I 0 I 1.520 . 

1.514 
1.5021 
1.4949 
1.4696 

Regulator 
Pressure 

Model 40-15 

Time Portable 
standard read 

out (psi) 

AJ 1/05/04 

(psi) 
- 5  

Main supply 
Pressure (psi) 

I 
0 4.9917 40 

28 rnin 

Regulator 
Pressure 

Model 10273 
(psi) 
10 

4.991 6 
70 min 
115 rnin 
140 min 

4.992 
4.982 
4.9792 

I 5 min I 4.993 

1 Main supply I Regulator I Regulator I Time Portable 

The values of the portable standard in the data tables above (from 2/18/03 and 
1/5/04) show continuous down trend. There could be a possible leak through one 
of the regulators. Regulator Model 40-1 5 has a sticker stating "leaks" and is 
changed with Model 40-50 as it is available in house. 

AJ 1 /6/04 to 1/14/04 
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Pressure (psi) Pressure Pressure 
Model 10273 Model 40-50 

(psi) (psi) 
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standard read 
out (psi) 
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40 10 -1 0 1.0443 
45 min 1.0533 
75 min 1.0555 

12.75 hrs 1.0885 
0 1.0508 

1 hr. 1.0426 
3 hrs 0.9932 

-2 

4.5 hrs 0.9766 
0 1.0424 

45 min 1.0395 
0 2.0401 

Next day 1.963 
0 2.042 

-3 

I After2days I 3.0483 
The values of the portable standard in the data table above (from 1/6/04 and 

45 min 2.0363 
2 hr 2.023 1 

Next day 2.1249 
0 3.044 

30 min 3.0286 

1/14/04) show continuous down trend. The change of regulator did not show any 
improvement and pressure values still show continuous down trend. This may 
imply that the portable absolute pressure standard used for pressure read out 
may be faulty. 

AJ 1/15/04 

Regulator 
Pressure 

Model 10273 
(psi) 
10 

Main supply 
Pressure (psi) 

Regulator Time Portable 
Pressure standard read 

Model 40-1 5 out (psi) 
(psi) 
- 1  0 1.01 84 

45 min 1.0146 
65 min 1.01 00 
185 rnin 0.9609 

40 

3.75 hrs 
4.25 hrs 
4.75 hrs 

0.9536 
0.9471 
0.9457 

-2 
2 days 1.2643 

0 2.0275 
45 min 
1.25 hrs 

2.0258 
2.0226 



AJain Sci Ntbk # 584E page 26 

2 hrs 
3.25 

2.0050 
1.9689 

3.75 hrs 
4.25 hrs 

Overnight 

1.9593 
1.9507 
1.9701 

30 min 
1.5 hrs 
130 min 

down trend. The portable pressure standard used for pressure read out may be 
faulty. 

2.9771 
2.9746 
2.9677 

175 min 

Paroscientific portable pressure standard seems to fluctuate continuously with 
time. The value of atmospheric pressure keeps on decreasing continuously. This 

2.9562 

unit also has limited calibration and does notseem to function properly. 
- 

I Applied Pressure (psi) 1 Time I Portable Standard reading of ( 

The values of the portable standard in the data table above shows continuous 

.. . 

atmospheric pressure (psi) 

0 
0 
0 
0 

Paroscientific portable standard is replaced with calibrated differential digital 
manometer (Dwyer Instruments, Inc., model 475-6 Mark 11, range 0-19.99 psid) to 
read the accurate applied pressure. 

0 

AJ 1/21/04 
A new glass graduated burette with two #7 ace threads at the T-end (custom 
made by Specialty Glass Inc.) would be used for water retention measurements. 
The complete set up as shown in the following figure includes a new glass 
burette with two #7 ace threads at the T-end, two pressure regulators in series 
(double regulation) for air supply and digital manometer. 

45 min 
80 min 
100 min 
120 min 

1 4.3440 
14.3349 
14.3306 
14.3293 

overnight 14.4296 
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. -  

Water Level in 
burette (ml) 

12.5 
12.55 
12.4 
12.3 
12.1 

U 
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Capillary Pressure Air Supply 

0.05-0.06 0 
0.05-0.06 0.5 
0.05-0.06 0.8 
0.05-0.06 1 
0.05-0.06 1.5 

(psi) Pressure (psi) 

‘crvr 
page 27 

~~ 

Information potentially subject to copyright protection was 

redacted from this location. The redacted material is a diagram 

from the Moore Products Company as listed on p. 23 of this 

scientific notebook. 

~~ 

Weight of sample holder -t filter paper +wire = 26.597 gm 
Weight of dry sand added to sample holder = 36.573 gm 

The filter paper is tied with a metal wire on one side of the sample holder to hold 
the sand in sample holder. 

AJ 1/22/04 

The sample and porous ceramic plate are saturated following the procedure on 
page 19. 

Weight of saturated sand + sample holder + filter paper + wire = 71 557 gm 
Weight of saturated sand = 71.557 - 26.597 = 44.960 gm 

The filter paper and wire were removed from the sample before loading it in the 
outflow cell. 
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The data in above table shows that there may not be hydraulic contact between 
ceramic plate and the sand or there may be excessive water in the cell. The 
chamber is opened on 1/26/04 and filter paper and wire is removed to put sand in 
direct contact with sand. The test is continued but data would not be usable. 
Weight of wet filter paper and wire removed = 2.122 gm 
Weight water added to sample = 2.1 gm. 
The run is continued as follows: 



N a i n  

Water Level in Capillary Pressure 
burette (ml) (psi) 

12.5 0.14-0.1 5 
12.2 0.1 4-0.1 5 
11.9 0.14-0.1 5 

Sci Ntbk # 584E 

Air Supply 
Pressure (psi) 

0 
0.5 
0.8 
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11.5 
11 

0.14-0.1 5 1 
0.1 4-0.1 5 1.5 

3.6 
3.5 
3.3 
3.2 
3 

2.9 
2.7 

0.69 1.5 
0.72 1.5 
0.76 1.5 
0.79 1.5 
0.84 1.5 
0.86 1.5 
0.89 1.5 

The run from 1/26/04 continued as follows: 

Water Level in burette (ml) 

2.7 

2.4 

Capillary Pressure (psi) Air Supply 
Pressure (psi) 

0.33 (dropped from 0.89 2.0 
after leaving over night) 

0.64 2.0 
2.1 
1.9 
1.7 
1.5 

0.76 2.0 
0.81 2 .o 
0.84 2.0 
0.87 2.0 

1.3 
1.1 

0.88 2.0 
0.90 2.0 
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Water Level in burette (mi) Capillary Pressure (psi) 

6.9 0.70(dropped from 1.10 
after leaving over night) 

6.4 0.84 
6 0.97 

Air Supply 
Pressure (psi) 

2.2 

2.2 
2.2 

AJ 1/29/04 - 2/2/04 

The run is stopped as DOS files of work bench software were accidentally 
deleted from the computer. This data from 1/21/04 to 1/27/04 would not be 
usable as there is continuous pressure drop after leaving the system overnight. 
This could lead to a possible minute leak in the system or instability of the 
transducer. 

The new software “DASYLAB 5.5 version” was successfully installed to record 
the data. 

AJ 2/3/04 

The filter paper is tied with a metal wire on one side of the sample holder to hold 
the sand in sample holder. 

1 bar (Soilmoisture Equipment Corp., part # 0604D05-BO1 M1) ceramic plate 
with its outside edges and sides coated with thin paint able epoxy (Aremco, Corr 
Paint # 2070) will be used in place of 3 bar ceramic plate. 
The porous ceramic plate is saturated differently by applying a 50 centibar 
vacuum to the out flow port of outflow cell and pull 500 to 800 ml of de-aerated 
water through the plate. The pressure difference between the top and bottom of 
the plate should be less than the air entry value of the ceramic plate to ensure no 
air passing through the pores of the plate during saturation. 
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Weight of dry sand added = 39.1 10 gm 
The sample is saturated under vacuum. The sample is flushed with C02 and then 
wetted with de-aerated water slowly under vacuum. 

Weight of saturated sample + sample holder + filter paper + wire = 78.106 gm 

The filter paper and wire are removed before loading the sample in the outflow 
cell. 
Weight of wet filter paper and wire = 1.536 gm 

I Water Level in burette I Capillary Pressure (psi) I Air Supply Pressure (psi) I 

The cell is opened and ceramic plate and sample are re-saturated carefully. 

(m I) 
13.0 
11.8 

Weight of saturated sample + sample holder + wire = 76.91 2 gm 
Weight of saturated filter paper + sand grains on filter paper + wire = 1.825 gm 

The run is interrupted as air bubbles detected in water line. 

-0.1808 
-0.1808 

0 
1 

Air Supply 
Pressure (psi) 

1 .O 
1 .O 
1 .O 
1 .O 
1 .O 
1 .O 
1 .O 
1 .O 
1 .O 
1 .O 
1 .O 
1 .O 
1 .O 
1 .O 
1 .O 

1 .o 
1 .O 

Water Level in burette (mi) 

8.1 
7.7 
7.3 
7.0 
6.7 
6.3 
6.0 
5.7 
5.4 
5.0 
4.7 
4.4 
4.2 
4.0 
3.8 

3.5 
3.1 

Capillary Pressure (psi) 
Transducer reading 

0.14 - 0.16 
0.14 - 0.16 
0.14 - 0.16 
0.14 - 0.16 
0.14 - 0.16 
0.14 - 0.16 
0.15 - 0.17 
0.15 - 0.17 
0.16 - 0.18 
0.17 - 0.19 
0.18 - 0.19 

0.39 
0.41 
0.60 

0.10 (dropped from 1.1 0 
after leaving over night) 

0.10 
0.10 
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0.30 1.5 
0.44 1.5 
0.46 1.5 

page 32 

0.7 
0.4 

0.64 1.5 
0.78 1.5 

Date Multimeter reading, volts 
2/20/04 13.19 
2/20/04 13.18 
2/20/04 13.18 
2/23/04 13.10 

Time 
1O:OO am 
1 :30 pm 
3:30 pm 
9:30 am 

On 2/7/04, a large air bubble is detected in the water line which caused the water 
to splatter out of the burette during outflow from the sample. The origin of the 
bubble seems to be from the outflow cell. The outflow cell was opened to check 
the cause of air bubble. The water reservoir under the ceramic plate seemed to 
lack water as cavity is partially filled. The other possible cause could be- water is 
allowed to pull thru the ceramic plate to saturate the plate. The outflow port must 
be clamped before releasing the vacuum if water is allowed to pull thru the plate 
to saturate the plate. If it is not done correctly, air could trap in the cavity under 
the plate. 

Also, the data from 2/3/04 to 2/7/04 still shows a continuous drop in capillary 
pressure from the equilibrium value if the system is left overnight or for more than 
one day. There could be a possible slow leak in the system thru the ace threads 
or stop cock. 

A burette with 114” bubbler tubes (no ace threads) at the T-end, and threaded 
vacuum stop cock with PTFE needle valve could be beneficial in preventing the 
leaks. These changes in burette were requested from Specialty Glass Inc. 

The other problem observed is the instability of the transducer which makes it 
difficult to read accurate capillary pressure. This instability could possibly be 
attributed to the noise signal from power supply used for excitation voltage to 
transducer. 
This data would not be usable. 

AJ 2/19/04 - 2/24/04 

A 12V battery (Universal battery, UB1270, 12V, 7Ah, non spill able) in place of 
power supply is used to excite the transducer in order to test the stability of the 
transducer. 
Battery reading = 13.35 volts with calibrated Fluke 87 True RMS multimeter (sn # 
61880517, An # 003674, Calibration date 8/12/03 - 8/11/04) 
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2/24/04 13.08 1 
The above table shows a continuous drift from battery output and may not be 
good choice for transducer excitation voltage. These types of variations in 
excitation voltage of transducer could lead to output variations and could possibly 
be more significant than the noise from the power supply. 

Rosemount 3051 smart pressure transmitter (Rosemount Inc., model # 3051 S 
CD2A22AlAES, range 0 - 2 5 0  of H20) is tested overnight for performance as a 
possible alternative choice for capillary pressure measurements. The unit was 
not calibrated. 

The new design burette with 318" bubbler tube on T-end and vacuum stop cock 
with PTFE needle valve is received from Specialty Glass Inc. 

The bubbler tubes at the T-end of burette are damaged during handling. The 
broken burette end is converted to T-end with 3/8" polyurethane tubing (NewAge 
lndustries Inc., part # 21 21 854-1 00, lot # 01 15), hose clamp and acetal push to 
connect 318" union T connectors(NewAge lndustries Inc., part # 520-4787). 

The transducer is switched with un-calibrated Rosemount 3051 smart pressure 
transmitter, range set to 0 - 100  of H20, output 4-20 ma (mill ampere) to test the 
performance of the set up. 
4 ma output @ 0 of H20 
20 ma output @ 100 of H20 
Output is measured across 250 ohms high precision resistor (Vishay, model # 
S102C-250R00) to yield 1 -5 V (volts) output. 
Rosemount transducer reads 0.994 @ On of H20 
Rosemount transducer reads 4.997 @ 100" of H20 

The following figure shows the complete revised set up. 
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Water Level in burette (ml) Capillary Pressure (psi) 
Transducer reading 

14.3 0.99 
13.9 1 .oo 
13.5 1 .oo 
13.0 1 .oo 
12.5 1 .oo 
12.0 1 .oo 
11.5 1 .oo 
11.0 1.01 
10.7 1.01 

10.2 1.01 
9.9 1.01 
9.6 1.01 

~~ 10.5 1.01 

w 
Sci Ntbk # 584E 

Air Supply 
Pressure (psi) 

0 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 

Information potentially subject to copyright protection was redacted 

from this location. The redacted material is a diagram from the 

NewAge Industries Inc. company as listed on p. 33 of this 

scientific notebook. 

9.3 
9 
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1.01 1 .o 
1.01 1 .o 

Weight of sample holder + filter paper + wire = 18.924 gm 
Weight of dry sand added to the sample holder = 40.324 gm 

The sample and porous ceramic plate are saturated following the procedure on 
page 19. 
Weight of saturated sand = 46.966 gm 

AJ 3/5/04 - 3/16/04 
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burette to adjust level) 
10.3 
9.9 
9.5 
9.1 
8.7 
8.4 
8.0 
7.4 
7.0 
6.6 
6.3 
6.0 
5.7 
5.4 
5.1 
4.8 

1.40 
1.43 
1.48 
1.52 
1.56 
1.60 
1.63 
1.66 
1.69 
1.73 
1.77 
1.79 
1.83 
1.86 
1.88 
1.93 
2.02 

1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.85 
2.0 
2.0 
2.0 
2.0 
2.25 
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4.6 2.1 8 
4.4 2.34 

2.5 
2.52 

4.1 
3.6 

Weight of sand after removing from outflow cell + filter paper + sample holder = 
57.591 gm 
The sand was dried in the oven @I 95C for two days. 

3.71 3.5 
8.25 > 5.1 99 beyond set range 

AJ3/17/04 
Weight of dried sand + sample holder + filter paper + wire = 58.180 gm 
Weight of dried sand = 58.180 - 18.924 = 39.256 gm 
Initial water content = weight of saturated sand - wt. of dried sand 

= 46.966 - 39.256 = 7.71 gm 
This data from 3/4/04 to 3/17/04 would not be usable as transducer was not 
calibrated. 

AJ 3/15/04 - 312 1 /04 

The second burette is received with ace # 7 threads at the T-end and threaded 
vacuum stop cock with PTFE needle valve. This burette is tested with ace 
threaded tubing connectors for 1/41) tubing (Ace Glass Inc., part # 5853-06) at 7 psi 
pressure overnight. The system released part of the pressure by next morning 
indicating slow leaks. 

The burette is also tested with bushings and O-rings supplied with the burette by 
Specialty Glass Inc. The system still showed leaks. 

After discussion with Ace Glass technical support, PTFE ferrules (Ace Glass Inc., 
part # 1171 0-07) are used with bushings (Ace Glass Inc., part # 5029-05) in 
place of the O-rings. The reason is that #7 ace threads with O-ring accepts a 7 
mm O.D. tubing and by inserting ferrules in place of the O-rings, the #7 ace 
thread will now accept the 6.4 mm (% " tubing). The system is still not free of 
leaks. 

The burette is then tested with bushings, O-rings and PTFE-FEP heat shrinkable 
tubing (Ace Glass Inc., part # 12685-38) to enlarge the O.D. of %" tubing to adapt 
#7 ace threads with O-rings. The system still showed leaks. 

AJ 3/22/04 - 3/31 /04 

Another test is performed to test the reproducibility of measurements. The data 
would not be usable as un-calibrated Rosemount transducer is in use. 

Sample holder height, H = 1.308+1.3085+1.308+1.3075 / 4 = 1.31" 
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6.2 (range of transducer is 
changed to 2 5 0  of water) 3.75 

6.0 4.54 
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6.0 

6.0 
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Diameter = 1.8945=1.8980+1.8895 +I .8935 / 4 = 1.89” 
Radius, R = 1.8912 = 0.945” 
Volume of the sample holder = nR2H = 3.14 x 0.945 x 0.945 x 1.89 = 3.673 in3 

= 3.673 x ( 2 . ! ~ ) ~  cm3 = 60.1 96 cm3 

Weight of sample holder + dry filter paper +wire = 22.1 18 gm 
Weight of sample holder + wet filter paper +wire = 24.030 gm 
Weight of dry sand added to sample holder = 126.02 gm 

Bulk density, p~ = Weight of sand packed in sample holder/ vol. of sample holder 

Particle density, pp = 2.65 gm/cm3 for quartz sand 
Porosity = 1 - p ~ /  pp 

= 126.02 / 60.1 96 = 2.09 gm/cm3 

Weight of saturated sand + sample holder + wet filter paper + wire = 174.330 gm 
Weight of saturated sand = 174.330 - 24.030 = 150.300 gm 

The filter paper and wire were removed from the sample before loading it in the 
outflow cell. 
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Water Retention Data using Pressure Plate Extractor (SoilMoisture 
Equipment Corp., model 1500): 
The following system will be used for water retention measurements @ 0.6 bars 
or greater than 0.6 bars. The essential components shown in the following figure 
are (1) pressure plate extractor (Soilmoisture Equipment Co., model # 1500) (2) 
a porous ceramic plate with rubber backing sheet (3) a air pressure supply (4) a 
set of lead weights. 
The outflow system consists of the connection from the outlet from the plate, and 
a beaker of water with the outflow tube dipped into the water. A layer of screen 
between the plate and the rubber backing expedites lateral movement of water to 
the outlet. 
Note: No extra regulators were equipped for precise pressure regulation. 

Information potentially subject to copyright protection was 

redacted from this location. The redacted material is a diagram 

from the Soilmoisture Equipment Company as listed above. 
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I Sample #I Sample #2 
I Wt. of saturated sand samole + samde holder + 

Saturating Sand Samples: 
The objective is to remove trapped air from the pores of the sand sample. The 
samples are saturated outside the extractor in a tray of water. Place the samples 
in an empty tray and slowly add de-aerated water to soak the samples that is at a 
level just below the top of the samples. More than one sample can be saturated 
at the same time. The samples are soaked for one day. 

Sample #3 

wet filter paper + wire (gm) 

Wt. of wire + wet filter DaDer + sand on filter DaDer 
Wt. of water left on balance (gm) 

184.51 360.09 358.02 
1.139 1.969 3.049 

. .  . .  

Filter paper and wire were removed from the samples before placing in the 
pressure extractor plate using 3 bar porous ceramic plate. The pressure applied 
was set at 0.8 bars and no pressure regulator was used. The samples were 
treated for 12 days. The pressure fluctuated from 0.8 bars significantly and data 
may not be usable. 

Sample #I Sample #2 
Wt. of beaker + petri dish + 300.03 465.13 

AJ 4/26/04 

Sample #3 
465.75 

The samples along with sample holders were then removed from pressure 
extractor and placed in beakers covered with glass Petri dishes for drying in the 
oven. 

The samples were then placed in the oven @ 95 C for 4 days. 

The samples were removed from the oven after 4 days and cooled in the 
desiccators before weighing. 
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afte; drying (gm) 
Wt.of dried sand sample (gm) 1 133.162 191 -661 

36.904 

I samDle holder + sand sample I 
187.952 
37;012 
7.48 % 

This data may not be usable due to unregulated pressure supply. 

AJ 4/27/04 - 5/20/04 

Water Retention characteristics on Quartz Sand using Outflow Cell: 
Calibrated Rosemount transducer 3051, range set to 0-250” of H20, output 2 -10 
V will be used for these measurements. Output is measured across 500 ohms 
high precision resistor (Vishay, model # S102C-500ROO) to yield 2 -1 0 V (volts) 
output. 
Weight of sample holder = 17.387 gm 
Weight of filter paper +wire = 1.655 gm 
Weight of dry sand added to sample holder = 116.059 gm 
The filter paper is tied with a metal wire on one side of the sample holder to hold 
the sand in sample holder. 
The sample and porous ceramic plate are saturated following the procedure on 
page 19. 
Weight of saturated sand + wet filter paper + wire + sample holder =160.66 gm 
Weight of water left on scale = 2.647 gm 
Weight of wet filter paper removed from sample with some sand grains + wire = 
2.353 gm 
Weight of saturated sand = 160.66 - 2.647 - 2.353 -1 7.387 = 138.273 gm 
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15.8 (removed water from 55.36 
burette to adjust level) 

14.8 
13.8 
12.8 
12.5 
12.3 
12.2 
11.9 

This data shows fluctuation at low saturation points and makes it difficult to 
record the accurate measurements. The different components of the system are 
tested carefully to explain - 10.0” of H20 fluctuation at low saturations. 

25.905 
26.698 55.36 
28.143 55.36 
30.872 55.36 
31.937 62.28 
32.552 69.20 
33.979 124.56 

36.0 to 46.0(fluctuates) 124.56 

The performance of transducer with temperature and time is tested with varying 
air differential pressures and air-water differential pressures. The temperature 
effect seems to be negligibly small. The total variations in differential pressure 
ranged between 0.1 1 to 0.70 inches of H20 which is well below performance 
specifications of the transducer. This data is stored in file “calibratedsandtest4- 
27to5-19.xls” and can be viewed from disk submitted with lab book. 

Secondly, if there was a leak in the system, these types of fluctuations would be 
apparent at each data point. The possible weak points of the system were sealed 
with silicone sealant (Dow Corning silicone sealant, RTV 748) as a precautionary 
measure to avoid any errors due to leakage. 

AJ 5/9/04 

Water Retention Data on Quartz sand using Pressure Plate Extractor: 
The essential components shown in the following figure are (1) pressure plate 
extractor (Soilmoisture Equipment Co., model # 1500) (2) a porous ceramic plate 
with rubber backing sheet (3) a air pressure supply (4) pressure regulation 
system (double regulation) capable of control in the range of 0.01 psi (5) a set of 
lead weights. 
The outflow system consists of the connection from the outlet from the plate, and 
a beaker of water with the outflow tube dipped into the water. A layer of screen 
between the plate and the rubber backing expedites lateral movement of water to 
the outlet. 
Double Regulation: The pressure regulation is of great importance in these 
experiments as accuracy of equilibrium values will be no more accurate than the 
regulation of air supply. Therefore, the air supply is connected with two pressure 
regulators (Fairchild Industrial products company’s precision regulator- Model 
10273, range 3-200 psig and Moore Products Company’s nullmatic pressure 
regulator - model 40-50, range 0.5-50 psig) in series for double regulation. The 
double regulation will provide regulated pressure to within 1/100 psi. 
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paper + wire (gm) 
Wt. of dry filter paper + wire (grn) 
Wt. of drv sand added to holder 

W 
Sci Ntbk # 584E 

22.093 1 26.1 75 126.722 
1.525 1.735 1.732 

w 
page 42 

wet filter paper + wire (gm) 
Wt. of water left on balance (gm) 
Wt. of wire + wet filter paper + sand on filter paper 

Information potentially subject to copyright protection was redacted 

from this location. The redacted material is a diagram from 

183.88 351.24 353.7 
1.053 0.94 1.232 

Soilmoisture Equipment Co., Fairchild Industrial Products and 

Moore Products Company. as listed on p. 41 of this scientific 

(gm) I 2.905 I 3.2 

\notebook. 

3.14 

I Sample #1 I Sample #2 I Sample #3 
wt. of Sample holder (gm) I 20.568 I 124.44 I 124.99 

I Wt. of sample holder + dry filter I I I I 

(grn) I 132.93 I 186.6 I 187.83 

Saturating Sand Samples: 
The objective is to remove trapped air from the pores of the sand sample. The 
samples are saturated outside the extractor in a tray of water. The samples were 
prepared and placed in a container. The container was slowly filled with de- 
aerated water that is at a level just below the top of the sample. The samples 
were left three days. 

AJ 5/13/04 

I Sample#1 I Sample#2 
I 

I Sample#3 
Wt. of saturated sand sarnde + samde holder + 
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Filter paper and wire were removed from the samples before placing in the 
pressure extractor plate using 3 bar porous ceramic plate. The pressure applied 
was set at 1.0 bar through two pressure regulators in series. The samples were 
treated at I .O bar for 7 days. 

The samples were then removed from pressure extractor and placed in pre- 
weighed beakers covered with glass Petri dishes. The weight of samples after 
pressure treatment is recorded and samples are then placed in the oven @ 95 C 
for drying. 

The samples were then placed in the oven @I 95 C. 

Sample #3 
107.41 
45.366 

423.08 

190.68 

33.658 

Wt. of glass beaker (gm) 
Wt. of petri dish (gm) 
Wt. of beaker + sample holder + sand 
sample (gm) 
Wt. of sand sample after pressure treatment 
@ 1 bar for 7 days (gm) 
Wt. of water removed from sand sample Q 1 
bar (gm) 

Wt. of glass beaker (gm) 
Wt. of petri dish (gm) 
Wt. of sample holder + partially wet sand 
sample before putting in oven (gm) 
Wt. of sand ample before putting in oven 

Outflow cell 
sand sample 
from 4/27/04 run 

55.093 
37.840 

134.1 3 
1 16.743 

Sample #1 
104.07 
42.26 

259.1 6 

134.522 

24.832 

The samples were removed from the oven after 4 days and cooled in the 
desiccators before weighing. 

Sample #2 
103.65 
45.438 

41 7.5 

189.41 

33.25 

Wt. of beaker + petri dish + sample holder +sand 

Sample #3 

465.33 
187.564 
36.774 
8.47 % 

Outflow cell sand 
sample from 
4/27/04 run 

225.35 

Sample #2 

459.81 
186.282 
36.378 
8.60 O h  

Wt. of beaker + petri dish + sample holder + 
sample after drying (gm) 
Wt.of dried sample (gm) 
Initial water content (gm) 
Saturation Q 1.0 bars 

Sample #1 

299.63 
1 32.732 
26.622 
6.72 % 
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AJ 6/10/04 

Water Retention Data on Quartz using Pressure Plate Extractor: 

sample after drying (gm) 
Wt.of dried sand sample (gm) 
Initial water content (gm) 

1 1  5.03 
23.243 

Saturating the Sand samples: The sand samples were then placed in a 
container and the container was slowly filled with de-aerated water that is at a 
level just below the top of the sample. The samples were left for 3 days. 

Sample #3 
124.98 

126.758 
1.778 
185.05 

wt. of Sample holder (gm) 
Wt. of sample holder + dry filter 
paper + wire (gm) 
Wt. of dry filter paper + wire (gm) 
Wt. of dry sand added to holder (gm) 

Filter paper and wire were removed from the samples before placing in the 
pressure extractor plate using 3 bar porous ceramic plate. The pressure applied 
was set at 0.6 bars through two pressure regulators in series. The samples were 
treated at 0.6 bars for 8 days. 

The sand samples were then removed from pressure extractor and placed in 
beakers covered with glass Petri dishes. The sand samples are weighed and 
placed in the oven for drying. 

Sample #1 
20.576 

22.31 6 
1.740 
132.25 

Wt. of saturated sand sample + sample holder + wet 
filter paper + wire (gm) 
Wt. of water left on balance (gm) 
Wt. of wire + wet filter paper + sand on filter paper (gm) 
Wt. of saturated sand sample (gm) 

Sample #2 
124.44 

126.171 
1.731 
186.38 

Sample #1 

183.85 
1.236 
3.208 
158.83 

Sample #2 

352.02 
0.992 
3.368 
223.22 

- 
Sample #3 

351.8 
1.302 
3.307 
222.21 1 

Wt. of glass beaker (gm) 
Wt. of petri dish (gm) 
Wt. of beaker+ petri dish + sample holder 
+ sand sample (gm) 
Wt. of sand sample after pressure 
treatment Q 0.6 bar for 8 days (gm) 
Wt. of water removed from sand sample 
8 0.6 bar (gm) 

Sample #1 
104.1 1 
42.261 

259.54 

1 34.854 

23.976 

Sample #2 
103.67 
45.437 

462.88 

189.333 

33.887 

Sample #3 
107.42 
45.365 

I 

466.76 

188.995 

33.21 6 
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The sand samples were then placed in the oven @ 95 C for six days 

The sand samples were removed from the oven after 4 days and cooled in the 
desiccators before weighing. 

Water Retention characteristics on Quartz Sand Using Outflow Cell: 
Weight of sample holder = 17.394 gm 
Weight Of filter paper = 0.641 gm 
Weight of filter paper +wire = 1.641 gm 
Weight of dry sand added to sample holder = 11 1.81 gm 

The filter paper is tied with a metal wire on one side of the sample holder to hold 
the sand in sample holder. 
The sample and porous ceramic plate are saturated following the procedure on 
page 19. 
The set up used is same as on page 34. 

Sample #3 

462.49 
184.725 
37.486 
11.39% 

Wt. of beaker + Petri dish + sample holder + 
sand sample after drying (gm) 
Wt. of dried sand sample (gm) 
Initial water content (gm) 
Saturation of sand @ 0.6 bars 

Weight of saturated sand + wet filter paper + wire + sample holder =157.64 gm 
Weight of water left on scale + Weight of wet filter paper removed from sample 
with some sand grains + wire = 3.927gm 
Weight of saturated sand = 157.64- 3.927-17.394 = 136.31 9 gm 

Sample #1 

298.86 
131.913 
26.917 
10.93 % 

Sample #2 

459.51 
185.963 
37.257 
9.05 % 

Air Supply 
Pressure (inches 
of H20) 

0 
27.68 
27.68 
27.68 
27.68 
27.68 
27.68 

Water Level in burette (ml) 

21.8 
21.1 
20.2 
19.4 
18.5 
18.2 
17.7 

Transducer reading 
Capillary Pressure 
(inches of H20) 

-1.46 
-1.16 
-1.18 
-1.18 
9.53 
13.80 
14.88 
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AJ 7/6/04 

Water Retention Data on vitric tuff rock sample BB3 using Pressure Plate 
Extractor: 

Sample Preparation: 

Calculated BB3 density = 1 26 g/ cm3 and the amount of dry BB3 sample 
required to pack in each sample holder can be calculated using M= p~V=l.26V 



Main 

Sample Height, H Diameter Radius, R 
Holder (inches) (inches) (inches) 
#3 

1.9890 2.001 0 
1.9920 2.0035 
1.9800 2.0030 
1.9885 1.9995 
1.9850 1.9995 

Average 1.9869 2.001 3 1.0007 

Sci Ntbk ## 584E 

Volume Volume Wt. of 
V= mR2H (cm3) dry 
(1n3) sample 

required 
(gm) 

6.2470 102.37 128.99 
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Sample Height, H Diameter Radius, R 
Holder (inches) (inches) (inches) 
#4 

1.4600 1.1 020 
1.4640 1.0860 
1.4630 1.0970 
1.4600 1.0975 
1.4610 1.1015 

Average 1.4616 1.0968 0.5484 

Sample 
Holder 
#2 

Volume Volume Wt. of 
V= nR2H (cm3) dry 
(1n3) sample 

required 
(gm) 

1.38 22.62 28.50 

Average 

Height, H 
(inches) 

1.9920 
1.9860 
1.9900 
1.9930 
1.9940 
1.991 0 

Diameter 
(inches) 

1.9870 
1.9830 
1.9935 
1.991 0 
1.9890 
1.9887 

1 1 
1 1 

0.9944 ] 6.18 I 101.29 

Wt. of 
dry 
sample 
required 
0 

127.63 

Place enough sample to pack the desired number of sample holders in a plastic 
bag, such as Ziploc bag. Add sufficient water to the sample to make it slightly 
cohesive. A water content of about 5% (weight basis) is generally suitable for 
sands, 8 to 10% is suitable for soils of finer texture. A water content of - 6% was 
used for BB3 samples. Close the bag to minimize evaporation of water, and mix 
the sample thoroughly three to five times over a period of 2-3 days to allow the 
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water to distribute throughout the sample. From the volume of the sample holder, 
V, the desired bulk density, p ~ ,  and the water content of the sample, pw, calculate 
the weight of the moist sample, M, that will give the desired bulk density in the 
sample holder. 

M = PB (A+ pw) v 
Weight of 993 sample placed in Ziploc plastic bag = 354.5 gm 
Weight of water added to bag = 20 ml 

Weight of sample holder #1 = 20.568 gm, weight of screen and rubber band = 
2.66 gm 

Weight of sample holder #4 = 29.437 gm, weight of screen and rubber band = 
2.362 gm 

Weight of sample holder #5 = 29.432 gm 

AJ 7/7/04 

BB3 sample in Ziploc bag is mixed thoroughly to distribute the water throughout 
the sample. 
Weight of sample holder #2 = 124.43 gm, weight of filter paper and rubber band 
= 3.142 gm 

Weight of sample holder #3 = 124.98 gm, weight of filter paper and rubber band 
= 1.778 gm 

BB3 sample in Ziploc bag is mixed thoroughly to distribute the water throughout 
the sample. 
Weight of wet 993 sample required to pack in sample holder #1 = p~ (1+ pw) V 
= 1.26(1+5.5%) 60.35 = 80.22 gm 

Weight of wet BB3 sample required to pack in sample holder #2 = PB (1+ pw) V 
= 1.26(1+5.5%) 101.29 = 134.65 gm 

Weight of wet BB3 sample required to pack in sample holder #3 = PB (1 + pw) V 
= 1.26(1+5.5%) 128.99 = 171.47 gm 

Weight of wet BB3 sample required to pack in sample holder #4 = p~ (1 + pw) V 
= 1.26(1+5.5%) 22.62 = 30.07 gm 

Weight of wet BB3 sample required to pack in sample holder #5 = PB (1+ pw) V 
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Sample #1 

Wt. of saturated 883 sample + sample 
holder + filter paper or screen + rubber 

page 49 

Sample #2 

= 1.26(1+5.5%) 22.63 = 30.08 gm 

Samples were packed but could not fit the required wet weight of the samples in 
the holder (e.g. sample holder could fit only 127 gm instead of 134.65 gm). 

Saturating BB3 samples: The samples were then placed in a container and the 
container was slowly filled with de-aerated water that is at a level just below the 
top of the sample. The samples were left overnight. 

AJ 7/9/04 

band (gm) 
Wt. of water left on balance (gm) 
Wt. of saturated BB3 sample (gm) 

130.67 291.46 
0.637 1.951 

106.805 161.937 

Sample Sample 
#3 I #4 

I 
Filter paper or screen and rubber band were not removed before placing the 
samples in the pressure extractor plate. A 3 bar porous ceramic plate is used for 
measurements. The pressure applied was set at 1 .O bar through two pressure 
regulators in series. The samples were treated at 1 .O bar for 10 days. 
The weights ranging between 358 - 575 gm and plastic disks are used to impose 
an external load on the samples in order to maintain hydraulic contact between 
the plate and the samples. 

The new O-rings, bushing and 5853 connectors for ace #7 threads on burette are 
received and connected to the T-end of burette with ace threads. A pressure of 
13.5 psi was applied and burette was isolated from the supply. 

AJ 7/12/04 
The pressure gage connected at T-end of burette with ace threads is reading - 
5.0 psi. The pressure dropped from 13.5 psi to 5 psi in 2 days indicating a slow 
leak. The metal fittings connecting the gage and push to connect fittings are 
sealed with RTV 748 and left overnight to cure. 

AJ 7/13/04 
A pressure of 13.5 psi is applied to the T-end of burette with ace threads and 
leaves it overnight. 

AJ 7/14/04 
The pressure applied to the T-end of burette with ace threads dropped from 13.5 
psi to 9 psi in 1 day indicating a slow leak. The space between bushing and 5853 
connector is sealed with RTV 748 and left overnight to cure. 
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A J 711 5/04 
A pressure of 13.5 psi is applied to the T-end of burette with ace threads and 
leaves it overnight. 

AJ 711 6/04 
The pressure applied to the T-end of burette with ace threads dropped from 13.5 
psi to 10 psi in 1 day indicating a slow leak. The space between ace threads on 
burette and bushing is sealed with RTV 748 and left overnight to cure. 

Water Retention Data on Quartz using Pressure Plate Extractor: 

AJ 7/19/04 
A pressure of 7.9 psi is applied to the T-end of burette with ace threads and 
leaves it overnight. 

BB3 samples are removed from extractor plate after treatment @ 1 bar for 10 
days. The samples are transferred to pre-weighed beakers, reweighed and 

(gm) 1 80.602 
Wt. of water removed from BB3 

covered with Petri dish. 

I sample Q 1 bar (gm) 1 26.203 

Wt. of glass beaker (gm) 
Wt. of petri dish (gm) 
Wt. of beaker+ sample holder + 
BB3 sample (gm) 
Wt. of 683 sample after pressure 
treatment Q 1 .O bar for 10 days 

Sample #1 
104.07 
42.262 

205.24 

BB3 samples were then placed in the oven 43 95 C for four days. 

Sample #2 
103.63 
45.435 

AJ 7120104 
The pressure applied to the T-end of burette with ace threads dropped from 7.9 
psi to 3 psi in 1 day indicating leak. 

Sample #3 
107.42 
45.364 

Sample #4 
55.091 
37.843 

Sample #8 
359.98 

Sample #7 
251.12 Wt. of saturated sand sample + sample 

Sample #9 Sample #6 
350.57 
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holder + wet filter paper + rubber band 
(gm) 
Wt. of water left on balance (gm) 
Wt. of water left on balance + wet filter 
paper + rubber band +sand on filter 

292.83 
1.89 3.634 2.738 2.551 

. .  
paper (gm) 

Filter paper and rubber band were removed from the sand samples before 
placing in the pressure extractor plate using 3 bar porous ceramic plate. The 
pressure applied was set at 0.6 bars through two pressure regulators in series. 
The samples were treated at 0.6 bars for 8 days. 

7.128 7.814 I 7.200 6.998 

AJ 7121104 
A pressure of 7.9 psi is applied to the T-end of burette with ace threads and 
leaves it overnight. 

Wt. of saturated sand sample (gm) 1 218.912 I 167.509 I 227.59 

AJ 7/22/04 
The pressure applied to the T-end of burette with ace threads dropped from 7.9 
psi to 5 psi in 1 day indicating a slow leak. Apply RTV 748 on other bushing and 
leave it to cure overnight. 

233.797 

AJ 7/23/04 
A pressure of 7.9 psi is applied to the t-end of burette with ace threads and 
leaves it overnight. 

Wt. of beaker + Petri dish + samde 

BB3 samples are removed from the oven after 4 days and cooled in the 
desiccators before weighing. 

I 
holder + BB3 sample after drying (gm) 
Wt. of dried sample (gm) 
Initial water content (gm) 
Saturation @ 1.0 bar 

241 -45 389.99 396.1 8 146.94 
74.55 1 16.495 1 18.41 6 24.569 
32.255 45.442 44.1 94 10.203 
18.8 Yo 15.4 % 18.9 % 19.2 % 

AJ 7/26/04 
The pressure applied to the T-end of burette with ace threads dropped from 7.9 
psi to 3psi in three days indicating a slow leak. Apply RTV 748 on tubing and 
metal nut and leave it to cure overnight. 

A new burette with barbed end bubbler tubes at the T-end received from 
Specialty Glass, Inc. Barbed end bubbler tube O.D. is larger than %” and it is 
difficult to fit l/” tubing over it. The tubing is heated to slide over barbed ends. 
ParoScientific portable absolute pressure standard is connected to read pressure 
applied to T-end of the burette and reads 23.2 absolute psi 
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AJ 7/27/04 
A pressure of 7.9 psi is applied to the t-end of burette with ace threads and 
leaves it overnight. 

ParoScientific portable absolute pressure standard connected to barbed T-end of 
the burette reads 23.02 absolute psi. 

AJ 7/28/04 
The pressure to the t-end of burette with ace threads dropped from 7.9 psi to 6 
psi in one day indicating a slow leak. 

ParoScientific portable absolute pressure standard connected to barbed T-end of 
the burette reads 22.95 absolute psi. The ParoScientific portable absolute 
pressure standard is disconnected and a pressure gage is connected. The gage 
reads 9 psi. 

The sand samples are removed from pressure extractor after treatment @ 0.6 
bar for 8 days. The sand samples are transferred to pre-weighed beakers 
covered with glass Petri dishes. The sand samples weights after pressure 
treatment are recorded and are then placed in the oven @ 95 C for drying. 

Wt. of glass beaker (gm) 
Wt. of petri dish (gm) 
Wt. of beaker+ samDle holder + 
sand sample (gm) 
Wt. of sand sample after pressure 
treatment Q 0.6 bar for 8 days (gm) 
Wt. of water removed from sample 
Q0.6 bar (gm) 

45.435 42.261 

The samples were placed in the oven 8 95 C for drying. 

AJ 7130104 
The pressure gage connected to barb T-end of the burette reads 9 psi and 
indicates no leaks. 

AJ 8/16/04 
The pressure gage connected to barb T-end of the burette reads 8 psi after 2 
weeks and indicate very slow leak. 
The pressure gage connected to barb T-end of the burette is replaced with 
ParoScientific absolute pressure standard. ParoScientific absolute pressure 
standard reads applied pressure as 23.21 psia. 

AJ 8/17/04 
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Sand Sample 
Wt. of glass beaker (gm) 

Wt. of beaker+ sarnDle holder + 
55.092 
43.273 . Wt. of petri dish (gm) 

ParoScientific absolute pressure standard connected to barb T-end of the burette 
reads 23.21 psia and indicates no leak at this time. 

The samples were removed from the oven after 20 days and cooled in the 
desiccators before weighing. 

~~~ ~ 1 Sample% I Sample#7 I SampleM I Sample#@ 
I Wt. of beaker + Petri dish + sarnDle 

holder + sample after drying (grn) 456.38 361.55 467.84 392.42 
Wt. of dried sample (gm) 182.775 139.502 190.01 5 196.21 2 
Initial water content (gm) 36.1 37 28.007 37.575 37.585 

, Saturation Q 0.6 bar 8.2% 8.1 % 9.4% 8.3% 

AJ 8/18/04 
ParoScientific absolute pressure standard connected to barb T-end of the burette 
reads 23.13 psia and indicate possibility of leak at this time. 

The sand sample from outflow cell is removed and placed in pre-weighed beaker. 
The sand sample is then weighed and covered with petri dish. Finally, the sand 
sample is placed in oven 63 95 C for drying. 

AJ 8/19/04 
ParoScientific absolute pressure standard connected to barb T-end of the burette 
reads 22.83 psia and indicates leak at this time. 

AJ 8/20/04 
ParoScientific absolute pressure standard connected to barb T-end of the burette 
reads 14.32 psia and indicates leak. 

ParoScientific absolute pressure standard is now connected to ace threaded T- 
end of the burette and reads applied pressure as 23.15 psia. 

AJ 8/23/04 
ParoScientific absolute pressure standard connected to ace threaded T-end of 
the burette reads18.56 psia and indicates leak. 

AJ 8/24/04 
The tubing connected to barb T-end burette loosened and came apart. This 
tubing was initially heated for expansion to fit over barb ends. This connection 
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could have been possible cause of leak. The new tubing and Dwyer manometer 
are connected to retest the system. The push- to connect fittings are replaced 
with hard plumb fittings. The manometer reads applied pressure as 7.00 psi. 

AJ 8/26/04 
The manometer connected to barb T-end burette reads 5.80 psi. The pressure 
dropped from 7.00 psi to 5.80 psi and indicates leak. The fittings are tightened 
and pressure of 7.00 psi is applied. 

AJ 8/27/04 
The pressure dropped from 7.00 psi to 6.52 psi and indicates leak.The fittings 
were rechecked and tightened. The manometer reads applied pressure as 8.02 
psi. The system is left over the weekened. 

AJ 8/30/04 
The manometer connected to barb T-end burette reads 6.02 psi. The pressure 
dropped from 8.02 psi to 6.02 psi and indicates leak. 

A pressure of 8.02 psi is applied to the broken end burette with T-end using 
three-way push to connect fitting and leaves it overnight. The two sides of three 
way push to connect fitting has RTV 748. 

AJ 8/31/04 
The manometer connected to broken end burette with T-end using three-way 
push to connect fitting reads 7.46 psi. The pressure dropped from 8.02 psi to 
7.46 psi and indicates leak. 
The fittings are rechecked and tightened. A pressure of 8.02 is applied again and 
left overnight. 

AJ 9/1/04 
The manometer connected to broken end burette with T-end using three-way 
push to connect fitting reads 7.69 psi. The pressure dropped from 8.02 psi to 
7.69 psi and indicates leak. 

AJ 9/2/04 
The pressure dropped further from 7.69 psi to 7.48 psi next day and indicates 
leak. The third end of push to connect three way fitting is also sealed with RTV 
748 and left overnight to cure. 

The push to connect fittings connected to T-end of burette with ace threads are 
replaced with hard plumbed fittings and a pressure of 7.0 psi is applied and left 
overnight. 

AJ 9/3/04 
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A pressure of 8.00 psi is applied to broken end burette with T-end using three- 
way push to connect fitting (RTV on all three ends of three way fitting). 

AJ 9/7/04 
The manometer connected to broken end burette with T-end using three-way 
push to connect fitting reads 6.83si. The pressure dropped from 8.02 psi to 
6.83psi and indicates leak. 

The gage connected toT-end of burette with ace threads reads 2.0 psi indicating 
leak. 
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