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INSTRUCTIONS

1. The primary purpose of this notebook is to
protect your and the Company’s Patent-
Rights by keeping records of all original
work in a form acceptable as evidence if
any legal conflict arises.

2. « When starting a page, enter the title, project

number, and book number.

¢ Use ink for permanence -- avoid pencil.

¢ Record your work as you progress,
including any spur-of-the-moment ideas
which may be developed later.

+ Avoid making notes on loose paper to be
recopied.

¢ Record your work in such a manner that a
co-worker can continue from where you
stop. You might be ill and to protect your
priority it could be urgent that the work
continue while you are absent.

3. « Give a complete account of your
experiments and the results, both positive
and negative, including your observations.

o Record all diagrams, layouts, plans,
procedures, new ideas, or anything
pertinent to your work including the details
of any discussions with suppliers, or other
people outside the Company.

¢ Do not try to erase any incorrect entries;
draw lines deleting them, note the
corrections, sign and date the changes.
This extra care is worthwhile because of
the necessity of original data to prove
priority of new discoveries.

4. « After entering your data, sign and date

the entries.
o Explain your work to at least two wit-
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Form 590

nesses who are not co-inventors, and
have them sign and date the pages in
the place provided.

» Record the names of operators and
witnesses present during any
demonstration and have at least two
witnesses sign the page. If no witnesses
are present during an experiment of
importance, repeat it in the presence of
two witnesses.

. Since computer programs can be

patented these instructions apply to the
development of computer software. In
this case a description of the structure
and operation of the program should be
recorded in the notebook, together with
a basic flow diagram which illustrates
the essential features of the program. In
the course of developing the code, the
number of lines of code written each
day should be recorded in the
notebook, together with a statement of
the portion of the flow diagram to which
the section of code is directed.

. This notebook and its contents are the

exclusive property of the Company. It is
confidential and the contents are not to
be disclosed to anyone unless
authorized by the Company. You must
return it when completed, upon request,
or upon termination of employment. It
should be kept in a protected place.

If loss occurs, notify your supervisor
immediately, and make a written report
describing the circumstances of the
loss.
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H52C-10 Dripping Threshold from a Glass Plate Hele-Shaw Fracture Analog

Hughson, D L, Maxwell, T Green, R; Center for Nuclear Waste Regulatory Analyses, 6220 Culebra Road, San Antonio, TX 78238-5166
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construcied by sandblasting 0.3 x 0.38 x 0,01 m plates
of gles with extra fine grit then pressing the
mughened surfaces wpether with bolts tightened 1w a
torque of 108 N-m and held vertically in a frame. Prior
w assembly the glass surfaces were clemned with mn
Alconox® solution. rinsed with tap waker then rinsed
with deiomized water. Figurs T shows the msembled
apparsius and the pneumatic pamp wsed 1o supply a
constant flow rate. The pexiglass hood and pan of fuid
are w0 rodisos v aporation

Observations of capillary flow st the botiom boundary
open 0 the stmosphere were made with three liquids in
the sequence: nanopure waler, lap water, mnd isopropyl
alcohol (2-Propmnol). Capillary rise of the liquid was
first marked on the glass thes & constant flow rate was.
applicd st a point near the cemter of the 1op boundary of
the initially dry naosdel

As the advancing liquid finger amived ai the botiem
| boundary ane of iwo things could happen

| 1. The liguid could migraie laterally sbong the botiom
boundary, reaching the edges before dripping

2. Dripping could occur before lateral flow reached
the edges of the model

In second case we snid the DRIPPING THRESHOLD
l\. Wi enceeded

\\‘- /

Capillary rises of the three liquids are shown in
Figure 2 for models A and B. Properties of surface
tension, density, and viscosity used for 2-Propanol and
nanopare water are given in Table |

With the properties in Table 1, assuming a zero contact
angle, nanopure water should have a greater capillary
rise than 2-Fropanol by a factor of abom 25

the glass, p model A, d
some khﬂdlbmﬁhnmowwﬂlkhslu:wsulm
wottability by water, Our cleaning technique did not
remove this film

Flow rates, in ml/minute. bracketing the dripping
threshold, @, for models A and B are presented in
Table 2

Table 2. Experiment results of flow rates in mlminte
bracketing the dripping threshold @'

Nanopure water | Q < 0.025 Q=7
Tap water Q <0025 | 20<Q <40
2-Propanol 3<Q <l 1< <5
An Estimate of Maximum Lateral Flow
Darcy’s Law
Q=K (111
Assumung (Green and Ampl approximation |
Juli
= ]
Area
Ambk, *
From the cubic law
x=22L

12 )
The Laplace-Young formala for capillary rise

v, L2gesla)
oph 2

Figure 2. Capillary rise of three Muids at the hottom boundary.

Table | Propertics of fluids from the CH-uRmuk:l
Liguid *mlgé':e_l_am_'] lutNen’) | T Frow ]
2-Propanc 00235 (800 0.00192 L Horizontal Leagth of Boundary [m]
¥, =h, Pressure Head (Suction) st Wetting Front ]
2= m walsr — lap wals!) b Aperture [m]
E - — @ Surface Tension (Nm || -
S u Viscosity [Nsm ]
= ) Density [kgm |
. [ 1 - - - -
Model A a Contact angle
= < fond waler — tap waisr
o —)
H s = hematic for of flow along bottom boundary
l: 2 —
2
H Liquid Flow Edge
" ol
.a . C a1 - - L |I I*r Modal
Model B

Dripping was esti by first ing a
zero contact mngle for 2-Propanol. Capillary rise was
digitized wt 85 uniformly spaced locations and the
aperure  calculated from (5) waing properties in
Table | and the capillary rise of 2-Propamol An
estimate of the contact angle for nanopare water, of
between 60 mnd 78 degrees, was obained from the
calculated aperture and the capillary rise of nanopure
water ering properties from Table 1. For tap water, the
product Feos{ai was estimated from the calculated
apermre and the capillary rise of ap water Since the
capillary rise is varisble along the bottom boundary.
estimated maximum lateral capillary flow is given in
Table 3 as minimum and maxinmm The estimate from
{6) is doubled in Tahle 3 because the downwand
Nowing finger splits and flows in both directions st the
bottom boundary

Table 3. Emimaied dripping thresbold fow rates in
ml/minute.

Mulel 4

Model 8
l«Q <17 3<Q <15
OB <Q <4 6<Q <19
1<Q <4 1«Q <2

MNanopure water
Tap water
2-Propanol

Dlscussion

The simple “back-of-the-envelope™ estimate of
dripping  threshold pave a  reasonably  close
approximation for 2-Propanol in both models. This
suggests that (6) may be an adequale estimate for
capillary diversion of a lquid finger flowing in
fracture above an open drifi if the assumptions are
satisfied. On the other hand, the estimate was poor for
both nmopure and tap water, perhaps due o the
unknown coniact angles The
hydrophobicity
imporance of the wettability of fracture surfaces in
understanding capillary diversion around, and dripping
imto, anderground openings in fractured rock

Euture Work

The unknown contact angles are a weakness in the
carreni work. Should funding be available w0 continue
this project we will obisin the necessary instruments io
characterize contact mngles and wetability of varions
surfaces, inchuding fracture surfaces of the lower
lithophysal unit of the Topopsh Springs wil.

The d here are very p
udmlymﬂlhh:hdl&hwwm
rale. Furber experiments are planed w0 more
sccurately boand the dripping threshold for both
horizontal and dipping boundary edges and for
rregularly shaped boundaries

Reference

Nicholl. MJ. RJ. Cilass, and HA. Nguyes. Small-scake
behavior of single gravity-driven fingers in an mnitially
dry frecture. High Lewl Rodioactive  Wase
Management, Proceedings of the Fourth Anma
Imsermassionad Ci Amercan Nuclesr Socaety,
April 2630, Las Vgas. NV. P NZ3-2032. 1993

Below kel is nanopure water shove the
dripping threshold at (025 mifmin snd
a closenp of dripping st the: botom right.

Model B. Tap waler below the dripping threshold
hnmmmmwuwunmnmmmmummuu

hotiom edge in the photographs sbove und helow indicate the height of capillary rise
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