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The Boorum & Pease® Quality Guarantee

The materials and craftsmanship that went into this product are of the finest quality. The pages
are thread sewn, meaning they’re bound to stay bound. The inks are moisture resistant and will
not smear. And the uniform quality of the paper assures consistent rulings, excellent writing
surface and erasability. If, at any time during normal use, this product does not perform to your
expectations, we will replace it free of charge. Simply write to us:

Boorum & Pease Company
71 Clinton Road, Garden City, NY 11530
Attn: Marketing Services
Any correspondence should include the code number printed at the bottom of this page as well as
the book title stamped at the bottom of the spine.

One Good Book Deserves Many Others.

Look for the complete line of Boorum & Pease® Columnar, Journal, and Record books. Custom-
designed books also available by special order. For more information about our Customized
Book Program, contact your office products dealer. See back cover for other books in this series,
Made in Canada
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T date drips  volume time comments, quality  drip flux  drip period drip volume drops estimated (
ml sec cm3/min sec cm3  per 10 min drop diam, m% e
""""""""""""""""" RS-2,3 01-Sep-00 22 36 768 influx for all 4 drips = 2.124 mimin ~ 0.2811 34.93 0.1636 17.2
RS-2,1 01-Sep-00 39 6.5 768 influx for all 4 drips =2.124 mi/min  0.5076 19.70 0.1667 30.5 [ 65 /
e, RS-2,4 01-Sep-00 42 6.95 768 influx for all 4 drips = 2.124 ml/min ~ 0.5427 18.29 0.1655 32.8
RS-2,2 01-Sep-00 59 9.4 768 influx for all 4 drips = 2.124 ml/min ~ 0.7340 13.02 0.1593 46.1
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A natural rock fracture surface was obtained from a large-diameter core of the Apache Leap Tuff in New
Mexico. This material is a moderate to densely welded air fall tuff. Samples were cut using a rock saw to
the dimensions of 3 cm thick, 18 cm long, and 15 cm wide. The bottom saw-cut edge emulates a drift wall
surface in a tunnel. The use of a natural rock fracture face eliminates uncertainty caused by wettability
characteristics and surface morphology (roughness) as compared with the fabricated aluminum fracture
model. Additional levels of complexity, however, are added when studying dripping from the natural
fracture face as compared to the more strictly controlled aluminum fracture model.

Natural Fracture

The natural fracture slab was saturated prior to being mounted with the surface of the fracture face
vertically oriented inside a closed plexiglass chamber maintained at a high humidity. Prior to starting the
experiments, the fracture slabs were nominally saturated by slow submergence in a water-filled bucket.
Water was supplied to the top of the fracture slab using a peristaltic pump operated at several flow rates.
The water was injected into to a ceramic tube resting along the entire top edge of the fracture face; fine
filter paper was used to help distribute the water influx evenly across the top of the fracture slab. When a
steady state dripping rate was attained, glass beakers were placed under each drip location, and the
number of drops collected in each beaker during a specified length of time was counted. At the end of
each experiment, the volume of each beaker was determined. The volumetric flux Q (m’s™) for each
experiment was calculated from the volume V (cm®) of water accumulated in the beakers as,

0V
t

where ¢ (s) is duration of test. The time-averaged dripping period P (s) of individual drops is calculated

from the number of drops N as,
t

N
for the specified time duration of test.

Observations

Drip locations are a function on several features of the natural fracture slab. The location of drips changes
for initially dry fracture faces versus wetted faces. For initially dry fracture faces, the drip locations are
dictated by the rivulet channel locations on the face of the rock slab. At the bottom of the rock slab, these
locations correspond with low points in the cross-sectional profile along the bottom edge. For the
completely wetted rock fracture face experiments, the drops detach from beneath high points on the
fracture face profile at the bottom edge of the slab, even though the drops were fed by flow through the
low channels (“grooves”) on the fracture face. This means that water migrates laterally along the bottom
of the fracture slab, both in the capillary fringe on the fracture face and in the similarly continuous band
of water on the underneath (saw-cut) surface at the edge of the slab. The drip locations at the high points
of the profile suggest a tendency for the drops to maximize the drip anchoring area. However, there was
no correlation noted between the measured drop volume and magnitude of profile height. All data
reported here are from experiments using a completely wetted fracture slab; data from initially dry
fractures are only expected to be relevant for shallow, near-surface natural systems with prominent air
flow well-connected to the atmosphere.
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Experimental data of the dripping period at variable flow rates and different drip locations on the natural
fracture surface of the Apache Leap Tuff follow a trend that is consistent with an assumption of constant
drop volume. Figure 1 confirms the assumption of constant drop volume for the applied flux rates though
there is some scatter in the data possibly due to measurement errors. Overall, the data indicate that the
drop volumes from natural fractures with the smooth (rock saw-cut) bottom surface were of similar

‘magnitude to the drop volumes in natural caves within the broad region of intermediate flux rates

measured by Genty and Deflandre (1998). The drop volumes from the natural fracture face are larger than
those measured from the grooved aluminum plate. This may be due to the rough surfaces of natural
fractures and subterranean cavities.

Experimental data of the dripping period as a function of volumetric flux (figure 1) at different drip
locations on the natural fracture surface of the Apache Leap Tuff follow closely predictions made using a
constant drop volume and the equations developed in Or and Ghezzehei (2000).

- The anchoring area of the drop (A,) was visually estimated during the experiments and confirmed using

measured drop diameters from video digital photographs (see figure 3). The anchoring area varies during
the drop formation period. Early drop anchoring area is large but as the weight of the water in the drop
increases during the last few tenths of a second prior to drop detachment, the radius of the anchoring area
decreases by 35 percent. The asymptotic surface from which the drop-anchoring radius is approximated is
clearly visible in figure 3; the shape of this asymptotic surface changes during the formation of the drop.
In addition, the drop radius a (see figure A2, Or and Ghezzehei, 2000) does not become distinct until late
in the drop period when the weight of the water causes the drop to begin to elongate. The drop radius a is
slightly smaller than the drop anchoring radius R; the former radius was included in the equation for drop
volume to refine the development (Or and Ghezzehei, 2000).
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Dripping Laboratory Experiments

qualitative
T slab #, then visually estmated 7 T
\ drip location date drips  volume time  dripflux drip period drip volume drops drop diam, mm comments, guality
L_ - denoted by mi sec cm3/min sec cm3  per 10 min [
number
RS-1,ta 21-Oct-99 48 44 320 0.8250 6.67 0.0817 90.0 ?
e RS-1,2a 21-Oct-99 73 8.1 320 1.7063 4.38 0.1247 136.9 ? o
\ RS-1,1b 21-Oct-99 36 38 245 0.9306 6.81 0.1056 88.2 Ao wetted diameter= 11mm; ?
RS-1,2b 21-Oct-99 40 52 200 1.6600 5.00 0.1300 120.0 wetted dia.(mm)=13, 12.5,11, 12; ? -
- RS-1,2¢ 21-Oct-99 39 53 210 1.6143 5.38 0.1359 1114 ? S —— )
Eliminate 1st day of experiments from analysis due to questionable procedures and data collection techniques H . . e ' . o,
RS-1,32 22-0ct-99 30 48 00 14419 666 0.1600 S —— ) | have reviewed this scientific hotebook z hd. find it | i
RS-1,4a 22-0ct-99 30 46 317 08718 1055  0.1533 56.9 , . . A 10 1h agreement with QA P- 001
RS-2,1a 26-Oct-99 30 58 284 1.2265 946  0.1933 63.4 total input 3.2 cm3/min There is sufficie nt infor mati . . .
- RS-2.2a 26-Oct-99 50 9.4 284 19878 567  0.1880 105.7 total input 3.2 cm3/min P S ation r €ga rdi l’lg methode used 'FOI" d i
, RS-2,1b 26-0ct-99 27 47 814 0365 3014 01741 199 total input 1.0 cmd/min | acauiring and zing d - conducti hg tests,
RS-2,2b 26-Oct-99 55 94 814  0.6930 14.80 0.1709 40.5 total input 1.0 cm3/min : a Ha z, . .
RS-2,3 01-Sep-00 22 36 768 0.2811 34.93 0.1636 172 influx for all 4 drips = 2.124 m¥min o - q @ N I’I@ ata S0 that a HOT}I’IGr qual lﬁ Gd | Hleld ua | cO l d wwwww
RS-2,1 01-Sep-00 39 6.5 768  0.5076 19.70 0.1667 305 6.5 Locations #1 and #2 match up with locations of drippin th ea t' -t u r Gpeat
_— RS-2,4 01-Sep-00 a2 6.95 768 05427 1829 0.1655 328 influx for alt 4 drips = 2.124 mUmin clivity. o
} RS-2,2 01-8Sep-00 59 924 768  0.7340 13.02 0.1593 46.1 Locations #1 and #2 match up with locations of drippin
sum of individual fluxes (9/01/00 only)=  2.0654
Measurements made on RS-2,2 from images 11/22/00
R is associated with the anchoring area, 2.8E-07 s
R and "a" is associated with the semiellipsoid of the drop _ 3
0.564 = ratio of slab to photo scale (print out) 2 20807 * o (" "/
photo scale  photo scale Y ot » % ¢ /7 \ N
- Clock diameter diameter R(cm)  a(cm) E 18807 N’ \W» ]
Time (sec) base (cm) drop {cm) radius radius 3 \
15.14 22 0.621 > 10807 LA A,
16.23 21 0592 8 {/ 0 \
172 21 0592 & S50E08 \
18.07 2 0.564
18.16 2 16 0564 0451 0.0E+00 " \ \
18.22 17 14 0479 0395 1E00 1E08 1.E07
i 18.23 1.55 1.2 0.437 0.338
18.24 13 0.367 Volumetric Flux (m3/s)
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Date Generated:
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Operating System:
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Windows NT 4.0

Application Used:
(including version
number)
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Media Type:
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File Types:
(.exe, .bat, .zip, etc.)
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(computer runs,
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Media contains drift seepage/natural fractures: various binary, ASCII

files




