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Researchers Propose
Better Ways to Predict
Oil in the Ground

Researchers who un-
covered errors in log mea-
surements from geothermal
test wells have developed a
more accurate way of es-
timating petroleum reservoir
properties and launched a
new research program at the
university.

The new method involves revisions
of variables used in the Archie Equa-
tion, the fundamental formula used to
estimate the amount of oil and gas in
a rock formation from well-log data.

Myron H. Dorfman, Henry Dunlap,
George Coates, and Mukul Sharma,
petroleum engineering faculty
members, are working on the project,
along with six graduate students.

For recent wells, the researchers
found that the classic Archie Equation
estimates "were right only less than
one-third of the time," said Dr. Dorf-
man. "Errors of just as little as 10
percent could mean differences in
saturation values of 30 to 40 percent.'

The researchers have published a
series of papers discussing the inac-
curacies in log interpretation.

(Continued on next page)

Mike Lewis, graduate student in petroleum engineering, loads a core sample into a pressurized cell.
Obtaining more accurate data through lab work is the focus of the new Open-Hole Logging and
Petrophysics Consortium.
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"The major companies picked up
on this," said Dr. Dorfman. "They ex-
hibited a lot of interest. The result was
that we formed a consortium," the
Open-Hole Logging and Petrophysics
Consortium.

The effort is sponsored by the US
Department of Energy and the Gas
Research Institute. Originally seven
companies participated, and that
number now has grown to twelve:
Chevron, EG&G Idaho, Exxon, Mobil,
Phillips Petroleum, Schlumberger,
Shell, Standard Oil, Sun E&P, Ten-
neco, Texaco, and Union Oil of
California.

Industry is interested. The program
is conducted jointly by the Geother-
mal Studies Division of the center and
the UT Department of Petroleum Engi-
neering. The department has the
largest university teaching and re-
search program on well logging in the
world.

The UT results have been con-
firmed in papers published by oil
company researchers.

"Many of the companies have al-
ready let us know that our initial work
has led them to reevaluate a lot of
their in-house work. They're looking
back at the old data and finding out a
lot of it is wrong. Some of the com-
panies are giving us their old data to
reevaluate for them. As you can imag-
ine, it's a topic of great interest. No-
body wants to walk away from a
potential producing zone, and that
may have happened, based on incor-
rect calculations," said Dr. Dorfman.

The Archie Equation relates a reser-
voir's electricity resistivity to its water
saturation, which is affected by the
formation water salinity, temperature,
pressure, wettability (whether the rock
is mainly oil wet or water wet), cemen-
tation, and rock porosity.

"The basic use of the Archie Equa-
tion is to determine the oil saturation,
which is 100 percent minus the water
saturation. Nothing else is down there
but water or hydrocarbons," said Dr.
Dorfman.

Clues in salinity errors. The UT re-
searchers were led to question
methods for estimating the salinity of
geothermal formation water from self
potential logs. Calculated values for
the salinity of drilling fluids of geother-
mal test wells were discovered to be
inaccurate. The salinity of formation
water is important because the saltier
the water in a geopressured reservoir,

the less natural gas it can contain.
Another variable, the salinity of mud
filtrate, is important because it is used
to calculate the formation water
salinity.

The researchers discovered that
salinity of drilling fluids can and does
vary from day to day as the drill bit
passes through different formations.
Standard practice, however, has
been to measure mud filtrate salinity
usually only once, when the well is
logged, leading to an inaccurate pic-
ture.

"We had several companies start
making measurements for us as they
were drilling wells, and we could then
determine what those values should
be," said Dr. Dorfman.

As a result of the new information,
several mud-logging companies are
now making continuous measure-
ments while drilling, and many major
oil companies are taking measure-
ments daily on critical wells.

The researchers began examining
the the Archie Equation as well. They
discovered potential inaccuracies in
the cementation and saturation expo-
nents and verified them with lab tests.

"Nobody wants to
walk away from a
potential produc-
ing zone, and
that may have
happened."
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The main variable affecting the results
for the saturation exponent is the rock
wettability, which can vary from water
wet to oil wet.

New rules for complex rocks. "In
general the Archie Equation is quite
valid. The trouble is that certain vari-
ables became constants through the
years. And those numbers are not
always right," he said.

"The Archie Equation worked fine
for a homogeneous formation such as
the Woodbine Sand in the great East
Texas Field . . .where we had very
simple reservoir rocks-the perfect
example of rocks. Today we are pro-
ducing from such things as tight gas
sands, vugular limestones, rocks of
intermediate wettability-very un-
usual reservoir rocks. They are not
simple at all. And the old methods
simply don't work on them."

Small holes or fractures running
through the rock, varying grain size,
calcite cementation-these types of
features and many others make the
rock more complex and require a
more accurate cementation expo-
nent.

To obtain more accurate measure-
ments, the group started the Rock
Resistivity Laboratory. In a typical ex-
periment, a sample of rock cored from
an existing well is enclosed in a metal
cell under high pressure and temper-
ature, to simulate conditions below
ground.

Formation water, oil, or a mix of the
two is added, and the rock is allowed
to stabilize. The electrical properties
of the rock are then measured with
probes. The experiments are re-
peated many times, as the water sat-
uration and rock stress are changed,
to ensure accuracy.

Dr. Dunlap said the results indicate
that, in some cases, rocks close to the
borehole may be more oil wet than
rocks further from the well. If this dif-
ference is not taken into account in
the log interpretation, oil reservoirs
could be missed.

The researchers soon will begin
analyzing the microscopic patterns of
the rocks and the contained fluids
with a CAT scanner.

The Archie Equation changes ulti-
mately may mean revisions in petro-
leum reserve estimates, upward in
some cases, downward in others,
said Dr. Dunlap.

Quoting Artemus Ward, Dr. Dorf-
man said, "'It ain't the things that we
don't know that gives us trouble, it's
the things we know that ain't so."'
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"The trouble is
that certain vari-
ables became con.
stants through the
years."
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CES Update
Office of
Director

Herbert H. Woodson, director of
the center, has been appointed chair-
man of the Advisory Council of the
Electric Power Research Institute
(EPRI). He has also been appointed
to chair the Strategic Advisory Coun-
cil, advising EPRI on its Exploratory
Research Program.

U

Dale E. Klein, deputy director of
the center, has been nominated for
the Edwin F. Church Medal of the
American Society of Mechanical En-
gineers by Region 10, the Southwest
section of the society. The award re-
cognizes "eminent service in increas-
ing the value, importance, and attrac-
tiveness of mechanical engineering
education."

Electric Power
A center researcher is helping to

devise national guidelines to protect
against the growing nuisance of har-
monic interference with electricity
transmission.

W. Mack Grady, associate profes-
sor of electrical and computer engi-
neering, said that committees of the
Institute of Electrical and Electronics
Engineers are writing guidelines to be
called "IEEE/ANSI Recommended
Practice 519." Dr. Grady is leading a
subcommittee.

The completed guidelines will be
voted on within a year by IEEE
members. When approved, Recom-
mended Practice 519 will become the
voluntary national standard for manu-
facturers, utilities, and users of har-
monics-related equipment.

Harmonic waves are given off by
silicon-controlled rectifiers, such as
the controllers used in variable-speed
motors. These waves, sent back into
the local electrical system, can cause
static on communication lines, trip cir-
cuit breakers, and wear out electrical
equipment prematurely, said Dr.
Grady. Electronic filters are required
to block the harmonic waves.

Geothermal Energy
Myron Dorfman, head of the

Geothermal Studies Division of the
center, has been elected to the
Geothermal Technology Panel of the
National Academy of Sciences.

Process Energetics
A computer tool for the design of

industrial conveyor dryers is being
developed by Process Energetics re-
searchers.

Conveyor dryers are tunnel-like de-
vices, usually several hundred feet in
length. Hot air blows inside, evaporat-
ing water from the products traveling
on the conveyor belt. This type of
dryer is used to dry gypsum wall-
board, ceiling tiles, insulation, ply-
wood, pelletized materials like plastic
beads, and foods such as vege-
tables, cereal, grains, pasta, cookies,
and nuts.

The computer tool models the con-
veyor drying process so that dryers
can be sized and optimized for spe-
cific products.

"Dryer design is generally highly
empirical," said Philip S. Schmidt,
head of the Process Energetics Pro-
gram. "This model is also empirical. It
lets you take a limited amount of labo-
ratory data and extrapolate those
data to a full-scale dryer design.

"This research is based on the con-
cept that an experimentally deter-
mined 'drying curve' for the material
can be normalized. The model can be
used to study varied parameters for
the design and operation of dryers,"
Dr. Schmidt said.

This model deals with single-zone,
single-pass dryers only. In future re-
search more complex dryers will be
modeled, for example, those with mul-
tiple zones or multiple passes through
a single zone.

The model also can add dielectric
heating-in either microwave or
radio-frequency form-to the stan-
dard convective heating from the hot
air flow, according to Barrett Flake,
mechanical engineering graduate
student who has participated in de-
veloping the model.

Dielectric heating is of interest to
the researchers because such hybrid
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dryers could be five to ten times
smaller, and potentially less expen-
sive to operate than conventional dry-

The group is conducting research
with a 6-kilowatt microwave/convec-
tive drying system and has begun
constructing an 8-kilowatt radio-
frequency system. Four of the Pro-
cess Energetics researchers-Dr.
Schmidt, Theodore Bergman, John
Pearce, and Mike Sanio-presented
papers on related topics at the 22nd
Microwave Power Symposium August
31-September 2 in Cincinnati.

U

Process Energetics researcher
Melba Crawford, an associate pro-
fessor of mechanical engineering,
has been invited to give a presenta-
tion September 15 to the American
Foundryman's Society. Dr. Crawford's
talk will deal with an expert system
computer model for optimizing opera-
tion of iron foundries.

Separations
Research Program

Most coal contains sulfur. This un-
pleasant fact means that the burning
of coal can release sulfur dioxide gas,
a direct pollutant itself and a con-
tributor to acid rainfall.

The potential hazard is recognized
by federal and state governments,
which limit the discharge of sulfur
dioxide by the principal coal-burners:
power plants. Several technologies
for flue-gas desulfurization have been
developed.

Gary Rochelle, associate professor
of chemical engineering and a Sep-
arations Research Program re-
searcher, has studied dry injection
methods for preventing sulfur dioxide
from being given off in the burning of
coal. He has led development of a
way to make a new dry-injection ma-
terial. The method has been sub-
mitted for patent approval.

With dry injection, a material such
as powdered limestone is sprayed
into the boiler as the coal burns. The
powder reacts with about half of the
sulfur dioxide released from the coal.

(Continued on next page)



The limestone is then removed and
disposed of.

The key to effective dry injection is
a material having low cost and max-
imum reactivity. The method sub-
mitted for patent filing creates such a
material, a calcium silicate, by react-
ing lime and recycled fly ash from the
flue gas in a water slurry.

The material, which resembles
Portland cement, has been tested for
two years by the US Environmental
Protection Agency (EPA) at pilot
plants in Research Triangle Park,
North Carolina.

Very encouraging results have
been reported, said Dr. Rochelle.

Three organizations-The Univer-
sity of Texas at Austin, EPA, and
Acurex, a private firm-are applying
for the patents covering the material
and the method.

Because dry-injection methods re-
move only about 50 percent of the
sulfur dioxide, they are not in wide

demand by industry.
"Congress could make it a far more

interesting technology in terms of ap-
plication," said Dr. Rochelle. If Con-
gress passes more stringent controls
on sulfur dioxide to combat acid rain,
dry injection will hold promise as a
major way to retrofit existing plants so
that they can comply.

While dry-injection is only about 50
percent efficient at removing sulfur
dioxide, limestone slurry scrubbing is
80 to 85 percent efficient. Dr.
Rochelle and his students are devel-
oping a way to increase that effi-
ciency.

Limestone slurry scrubbing is the
most common technology used by
coal plants to desulfurize flue gas.
Powdered limestone is mixed with wa-
ter and sprayed through the flue gas
just before the gas is released to the
atmosphere. The limestone reacts
with sulfur dioxide, forming a solid,
calcium sulfite After the water is re-
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Gary Rochelle, associate professor of chemical engineering (left), and graduate student David
Trempel use a high-temperature flow reactor to study the reaction of sulfur dioxide with calcium
silicate materials at boiler conditions.

moved from the slurry, the solid waste
is disposed of.

Dr. Rochelle's research has helped
to commercialize an additive that im-
proves the process. This additive is
made from adipic acid or a waste
product of adipic acid manufacture.

Seven coal-fired plants in the
United States (three in Texas) are now
using this acid additive to achieve
about 97 percent efficiency in sulfur
dioxide removal, Dr. Rochelle said.

U

The head of the Separations Re-
search Program, James R. Fair, re-
ceived an honorary Doctor of Humani-
ties degree August 8 from Clemson
University in South Carolina.

In conferring the honorary degree,
Clemson's president, Max Lennon,
cited Dr. Fair's "technical expertise
and leadership in engineering which
has contributed greatly to a better
quality of life throughout the world."

Dr. Fair, who holds the John H.
McKetta Centennial Energy Chair in
Engineering, has served on Clem-
son's chemical engineering advisory
board.

U

Jacob Koresh, an expert on
microporous membranes from the
Nuclear Research Center at
Beersheba, Israel, has joined the
Separations Research Program as a
visiting scholar for a year.

U

Christian Fischer, a French en-
gineer from Rhone-Poulenc, will join
the Separations Research Program in
October for an 18-month stint. Ad-
sorption and extraction are his re-
search areas.E

(Continued from page 5)
duced the peak demand of the small,
medium, and large houses by 4, 12,
and 22 percent.

This strategy, the best solar screen,
had a shading coefficient of 0.14 and
a U-value of 0.46; the worst solar
screen's were 0.44 and 0.85; the re-
flective film's, 0.23 and 0.65. A shad-
ing coefficient expresses solar gain
through a window as compared with
ordinary window glass. A U-value
measures the resistance to the trans-
fer of heat by conduction.

The best drape/curtain was an ex-
perimental insulated drape reflective
on one side. The worst drape/curtain

was a standard decorative drape. Mr.
Pletzer said drapes have a large
range of performance.

One of the more surprising results
was the low rankings of awnings and
overhangs. Dr. Hunn said that awn-
ings and overhangs are less effective
because they do not block much of
the considerable diffuse radiation and
they add no insulating value. The
higher-rated screens, films, drapes,
and roller shades all do block diffuse
radiation and do insulate.

The shading strategies that work
best in Austin probably will not work
best in Florida, nor in colder climates.
In cold climates, the methods that in-
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sulate the windows in the winter
perform better; in mild-winter areas,
the insulating effect is of little value.
Awnings and overhangs save more
energy in Florida than in central
Texas, Mr. Pletzer said.

With the results, the researchers
developed useful correlations of how
much heating and cooling energy will
be saved by each method when ap-
plied to any particular house in the
Austin climate, if the square footage
of windows is known.

The study did not evaluate the ex-
pense of installing the devices, their
durability, nor the effectiveness of
using two or more in combination.E
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The study shows that solar screens (below),
followed by reflective films, were the most ef-
fective window strategies for saving energy in
the Austin climate.

A CES Study:
Window
Strategies
that Save
Energy

High-quality solar screens and re-
flective films are the most effective
window-shading methods for saving
energy in warm climates, according
to a center study for the Resource
Management Department of the City
of Austin.

The study was a computer model-
ing analysis of three prototypical
houses, using the DOE-2 building en-
ergy analysis computer program and
Austin-specific weather and cost
data.

Two indoor methods, roller shades
and insulated drapes, also performed
well, according to Randy K. Pletzer,
graduate student in mechanical engi-
neering who conducted much of the
research. Two other participants were
Jerold W. Jones, UT professor of me-
chanical engineering, and Bruce D.
Hunn, head of the Conservation and
Solar Energy Program.

The accompanying box shows the
shading methods studied, ranked in
order of effectiveness for the largest
of the three prototypes studied. The
house's annual energy bill and the
amount saved compared with the
baseline are shown.

"People should not be under the
delusion that shading devices will
have an enormous effect on their en-

ergy bills," said Dr. Hunn.
The best devices can save up to 32

percent of the energy used for cooling
a home, but no more than 10 to 15
percent of the total annual costs, the
study indicated.

Several other simulations were
performed for some or all of the strate-
gies: an all-electric home, a small and
a medium-size home, double-pane in-
stead of single-pane windows, no
shade from neighbors instead of
slight shade, and rotation of the house
north, south, east, and west. The re-
sults showed only slight variation in
the overall ranking, Mr. Pletzer said.

The savings achieved by the best
solar screen were 10, 11, and 14
percent for the small, medium, and
large houses. Mr. Pletzer said the dif-
ferences probably correlate not so
much to the house sizes but rather to
their different window-to-floor-area
ratios.

Generally, in a warm climate, the
more window area a house has com-
pared with floor space, the larger the
potential to save energy with shading,
he said.

Warm cities like Austin experience
their peak demand for electricity in
the summer. The top strategy re-

(Continued on page 4)

Annual Energy Cost Savings from Nineteen Window-
Shading Devices in the Climate of Austin, Texas

The home analyzed: two-story, brick, typical of construction in Austin since 1974,
2,782 square feet, 344 square feet of single-pane windows, gas heating, R-19 ceiling
insulation, R-11 wall insulation, 1985 energy prices, 4.5-ton 8.33-EER central air-con-
ditioning, and nominal shading from eaves and neighboring buildings.

Window Shading Device
1. Best solar screen
2. Reflective film
3. Best operable drape/curtain
4. Worst solar screen
5. Roller shade
6. Blinds shut on summer days
7. Interior wood shutter
8. Worst operable drape/curtain
9. 3-ft.-deep box awning

10. Tinted window glass
11. Shade from deciduous trees
12. 2-ft.-deep box awning
13. 3-ft.-deep open awning
14. 2-ft. open awning
15. Overhang, 2 ft. x 1 window width
16. Overhang, 2 ft. x window width
17. Overhang, 1 ft. x 1 window width
18. Overhang, 1 ft. x window width
19. 6-in. recessed window

Baseline (nominal shading only)

Annual
Energy Bill

$1,509
1,556
1,624
1,627
1,650
1,657
1,665
1,704
1,716
1,721
1,724
1,725
1,731
1,733
1,738
1,743
1,745
1,746
1,748

Annual Savings
over Baseline

$240 (14%)
193
125
122
99
92
84
45
33
28
25
24
18
16
11

6
4
3
1

$1,749
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UT Austin Energy
Diverse Energy Topics Q Design of Fixed Offshore Platforms,
Covered in Short Courses Jose Roesset, March 28-April 8

The fortieth annual Power Distribu-
The following energy-related short tion Conference, organized by Wil-

courses, taught by UT engineering liam Duesterhoeft with Continuing
faculty members, will be offered over Engineering Studies, will be held
the next six months by UT Continuing October 19-21 at the Thompson
Engineering Studies. The courses will Conference Center.
be held on campus, at the UT Bal-
cones Research Center Commons Petroleum Extension
Building, or at the Thompson Confer- Enrollments Rising Again
ence Center.

For information, contact Continu- Now that the Texas oil industry
ing Engineering Studies, Cockrell Hall seems to be coming up for air after its
10.324, The University of Texas severe 1986 dunking, oil field
at Austin, Austin, Texas 78712 operators have shown a renewed in-
(512/471-3506 or 471-3396). terest in Petroleum Extension Service
1987: courses offered by The University of
Q Finite Elements in Fluids and Heat Texas at Austin.

Transfer, Graham Carey, Novem- The trend seems to be influenced
ber 3-5 as much by the automation and com-

E Management of Hazardous Waste, puterization of the oil industry as by
David Daniel, November 9-13 economic trends, according to Ron

Q Advanced Water Pollution Control: Baker, director of the Petroleum Ex-
Physical and Chemical, Joseph tension Service (PETEX).
Malina, November 30-December 4 "The educational level of the oil-

1988: field worker is higher than it's ever
Q BRC (Below Regulatory Concern) been," said Mr. Baker in explaining

Radwaste Disposal, Nolan Hertel why some of the one- to three-week
and Joe Ledbetter, February 26-29 courses are completely filled or even

Q Separations of Fluid Mixtures, exceed capacity at a time when the
James Fair, February 8-12 number of operating oil rigs is still low.

Q Finite Elements: Computational "The byword in the oil industry is
Aspects, Graham Carey, February 'fewer workers doing more jobs,'" he
23-25 said. "The typical field hand has more

Q Engineering Calculations in Air to do than he did five years ago-
Pollution Control, Joe Ledbetter more to do and a job that's more and
and Howard Liljestrand, February more complex."
22-26 As a result, workers are coming in a

Q Techniques in Nuclear Radiation steady stream to the PETEX training
Shield Analysis (in Dallas), Nolan centers at Odessa, Kilgore, and
Hertel, March 7-11 Houston, Texas, for courses such as
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Basic Digital Logic Electronics, Com-
puter-Assisted Oil and Gas Opera-
tions, and Marine Measurements and
Process Control with Menu-Driven
Microprocessors.

One can see from a partial list of the
several dozen course offerings that
the computer is now a mainstay of the
oil industry. Courses are offered at the
three centers, while the administrative
headquarters and production
facilities for instructional materials are
at the UT Balcones Research Center
near the Center for Energy Studies.

New courses and subject content
are developed in cooperation with the
oil companies, which often pick up
the $350 to $900 tab for their employ-
ees to take the courses. Although
some students are engineers and sci-
entists, the typical registrant is a blue-
collar worker who may or may not
have prior experience in the oil fields.

After the extension service peaked
in the early 1980s-in parallel with the
oil industry's halcyon days-registra-
tion volume was cut in half for a time.
The numbers have crawled back to
75 percent of the all-time high, but Mr.
Baker, nonetheless, views the in-
dustry and the extension service with
"cautious optimism."

"Lots of industry analysts don't re-
ally look for a significant upturn in the
price of oil until the 1990s," he said.
Even then, recovery will be com-
plicated by the difficulties of locating
and tapping new oil fields. The entire
process of finding offshore oil and
pumping it, he noted, can take as
much as 20 years. U
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