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The chemical characteristics of some acid streams may not be detrimen-
tal to adult fish but can have chronic effects on the population that may
ultimately lead to extinction. Disappearance of fish populations often oc-
curs at pH levels that are not toxic to adults, however the species may
fail to reproduce (Haines, 1981). Declining reproductive success leads to
a decrease in population density and changes in population structure.
Reproductive failure can be manifested as decreased hatchability and
survival of eggs and fry (Menendez, 1976; Peterson et al, 1982; Scho-
field, 1976; Trojnar, 1977), and as altered spawning behavior and reduc-
tions in egg viability (Menendez, 1976). The early life history of stages,
especially the embryo and fry stages are most vulnerable to the effects
of acidification (Haines, 1981). The effects of reproductive failure often
result in a small population of older and larger fish (Harvey, 1982).
Roaring Creek and Little Laurel Run are soft water brook trout
streams. Little Laurel Run is acidic with a mean pH below 5.5, Roaring
Creek is circumneutral. The objective of this study was to compare the
brook trout populations of these two streams and to determine if the ex-
tent of difference in population density and structure might warrant fur-
ther study. It would be expected that the brook trout population of Little
Laurel Run would exhibit the characteristics of a fish population under
acid stress, by having a low density of predominantly older and larger fish.

Study Area

Little Laurel Run, a tributary of Laurel Run, is located within the
West Virginia University forest in eastern Preston County, West Vir-
ginia approximately ten kilometers west of Bruceton Mills, West Vir-
ginia. Its watershed geology consists mainly of Pottsville sandstone.
Little Laurel Creek, a tributary of Little Laurel Run, is also located with-
in the West Virginia University forest. Roaring Creek, a tributary of the
Cheat River, is located about five kilometers southeast of Lennox, West
Virginia, in Preston County. Some exposed Greenbrier limestone occurs
within the watershed. An abandoned limestone quarry is located less
than one kilometer from one of the study sites. Roaring Creek, Little
Laurel Run, and Little Laurel Creek are third order coldwater brook
trout streams of low conductivity and hardness. Roaring Creek has
slightly greater discharge, more gravel in its bed, and a generally steeper
gradient than Little Laurel Run.

Methods

Two 200 meter sections on each stream were selected as sampling
sites. For Little Laurel Run one section is about 500 meters upstream
from its confluence with Little Laurel Creek and the other site was lo-
cated the same distance downstream from the confluence (Figure 1). A
third 200 meter section was located on Little Laurel Creek. Two similar
sites were selected on Roaring Creek approximately one kilometer from
each other (Figure 2).

Discharge and temperature were recorded in the field at two week in-
tervals for one year. Discharge was determined from measurements of

West Virginia Academy of Science / 42































the Little Laurel Run watershed. The elevated alkalinity and pH values
of the lower section of Roaring Creek are probably due to its proximity
to the abandoned limestone quarry (Figure 2). The solubility of
aluminum depends on pH and the extremely toxic trivalent aluminum
ion generally predominates below pH 5.5 in soft water streams (Norton,
1982); at pH levels above 5.5 most of the dissolved aluminum
precipitates out of solution to become non-toxic polymeric compounds
(Decker and Menendez, 1974). Only in Little Laurel Run are the mean pH
values below 5.5, therefore total dissolved aluminum may consist mostly
of the toxic trivalent ion. Concentrations of 0.2 mg/1 of this ion is toxic
to brook trout fry (Baker, 1982). The highest total dissolved aluminum
concentrations in Little Laurel Run generally correspond to spring
runoff periods at concentrations great enough to be toxic. This seasonal
timing of high aluminum concentrations also corresponds to the period
of fry emergence from the gravel.

Young of the year observations made during the spring of 1983
showed significantly more young brook trout at Roaring Creek than at
Little Laurel Run, but no significant difference in the number of young
of the year brook trout was found between the two sections of Roaring
Creek (Table 3, Figure 7). Since these observations were made compar-
able by expressing the data on a per unit effort basis (# of young/100 m
stream length/hour), it would seem that the Little Laurel Run population
has a substantially lower density of age 0 brook trout than Roaring
Creek. In the lower section of Little Laurel Run which is slightly more
acidic than the upper section no young of the year were observed (Table
3). This seems to indicate that more successful production and survival
of fry occurs in the upper section. Johnson and Webster (1977) demon-
strated discrimination in the selection of spawning sites in brook trout
whereby breeding females avoid acidic environments (pH < 5.0), how-
ever avoidance of moderately acidic conditions (pH X 5.0-5.5) was not
evident. Both sections of Little Laurel Run have pH values above 5.0
during the fall spawning season therefore absence of age 0 brook trout in
the lower section does not seem to be related to avoidance of that area by
spawning females.

Acid induced recruitment failure resulting from high mortality of
eggs and fry while the less sensitive juveniles and adults survive results
in a small population of older and larger fish (Harvey, 1982; Schofield,
1976). In Little Laurel Run there is an evident gap in the length-
frequency distribution of the smaller and younger fish and a low density
of older and larger fish (Figure 8), indicating that the population is ex-
hibiting the effects of reproductive failure. Even though some young
were observed (Table 3, Figure 7) and collected by electrofishing (Table
4) there is an absence of intermediate size classes (Figure 8), which would
indicate that recruitment failure was more complete in 1981 and 1982.
Obviously some reproduction did occur in 1983 to explain the presence of
young fish (age 0) although they were mostly confined to the less acidic
upper section of Little Laurel Run (Table 3). Since these young have now
passed the most sensitive stage in their life history their chances of sur-
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state (West Virginia Office of Oil and Gas 1984). Most activities are fo-
cused in the western two-thirds of the state, although nearly every county
is affected to some degree by the industry. Ritchie County alone had 767
wells permitted in 1983 (West Virginia Office of Oil and Gas 1984). More
importantly, there is hardly a river or stream system in the state that has
not felt the effects of the industry’s activities.

Major environmental impacts from oil and gas drilling activities in-
clude erosion and subsequent stream siltation from site preparation and
access road construction, along with streamwater contamination from
wastewater generated during the drilling process. This discussion will
focus on the latter concern.

A typical drilling scenario is as follows: After a site is selected, an ac-
cess road is cleared so equipment can be brought to the site. The well site
is then cleared and leveled, and an earthen pond, or pit, is constructed to
collect and hold all wastewater associated with the drilling process. A
large truck rig is driven to the site along with additional truckloads of long
steel pipe and support equipment (generators, pumps, storage tanks, etc.).
Following erection of a drilling tower, the pipe sections are fitted together
to follow a rotary bit thousands of feet into the earth. Drilling often con-
tinues around the clock for several days.

During the drilling process, fluids and air are pumped to the bit for
lubrication and to carry cuttings to the surface. These fluids typically con-
sist of a detergent mixed with a corrosion inhibitor and water. After the
desired depth is reached, the well is cased with steel and cement, and the
oil or gas bearing strata is fractured, allowing movement of oil and/or gas
into the well. Fracturing methods include underground explosion, sand in-
jection, and stimulation with a variety of chemical compounds, either sin-
gly or in some combination. At this point the well is complete and will be
connected to a collection system.

If the pit has served its purpose, it will have received a considerable
volume of liquid during the drilling operation. Contents vary tremendous-
ly from site to site but typically include drilling and fracturing fluids,
groundwater encountered in drilling, surface water, oil, drill cuttings, ce-
ment, and garbage. Pit water is generally acidic with high levels of
chlorides and metals. This water must be disposed of prior to final site rec-
lamation.

Existing regulations allow for on-site pit water disposal through
evaporation, with subsequent filling, grading, and seeding of the pit area.
This method is efficient and cost-effective where applicable, but unfor-
tunately is unfeasible in most of West Virginia, since rainfall often exceeds
evaporation rates. Untended pits are likely to overflow and/or develop
leaks with time, releasing their contents into the nearest receiving stream,
often in a single large slug. The effects on water quality and aquatic life
can be devastating.

An alternative to evaporation is field treatment of pit water and local
disposal via land application or metered stream discharge. As part of a
program cooperatively developed by the West Virginia Department of
Natural Resources, Division of Water Resources (DNR-DWR) and repre-
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Abstract

The Preliminary Diagnostic Questionnaire (PDQ) is an evaluation instrument
designed to provide information on the functional capacities of disabled people in
relation to their employability. Over 3,000 vocational rehabilitation (VR) clients
have been administered the PDQ in at least 35 states. Several procedures have
been used to assess the reliability and validity of the PDQ. Samples employed in
these procedures were fairly representative of the general VR population. PDQ
scales appear stable over time and exhibit a relatively high degree of internal con-
sistency, i.e., significant test/retest and interitem reliability coefficients. Criterion-
related validity of several relevant PDQ scales was demonstrated by significant
correlation coefficients with certain Wechsler Adult Intelligence Scale (WAIS)
scores. Examination of construct validity by a factor analysis procedure yielded
three factors (cognitive functioning, motivational and emotional states, and
physical functioning) with significantly high loadings. These factors were asso-
ciated with the appropriate corresponding PDQ scales. Additional analyses are

being conducted on the PDQ by staff of the West Virginia Rehabilitation Research
and Training Center.

‘This work was supported in part by grant no. G008300159 from the National
Institute for Handicapped Research. We also wish to acknowledge the contribu-
tions of the staff of the Center in the collection and analysis of data. In particular,
we would like to thank Dick Walls, Don McLaughlin, Elizabeth Minton, and J inny
Spann for their efforts and Janet Boyles for preparation of this manuscript.
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receiving services at this state operated comprehensive rehabilitation
center selected for inclusion in this study. These clients were in various
phases of different service programs at the center and came from all
parts of the state. Some of the other demographic characteristics of this
facility sample include (a) 91 males (60.3%) versus 60 females (39.7%), (b)
137 whites (94.5%) and 8 blacks (5.5%), (c) an average age of 25.8 years
(with a standard deviation of 10.96), and (d) a mean number of years of
education at 10.6 (with a standard deviation of 2.19).

The second example was comprised of more than 986 rehabilitation
clients who were given the PDQ by counselors seeking certification in
the use of PDQ. These clients came from 21 states located primarily in
the eastern half of the United States. Distributions of other demo-
graphic characteristics of this sample include (a) 593 males (60.3%) ver-
sus 390 females (39.7%), (b) 700 whites (73.9%) and 242 blacks (25.5%)
and 6 other (0.6%), (c) a mean age of 31.1 years (with a standard devia-
tion of 11.2), and (d) an average number of years of education at 11 (with
a standard deviation of 2.4).

The third and final sample consisted of clients tested by persons from
a local chapter of a learning disabilities association to evaluate various
approaches in the assessment of learning disabilities.

A general sample of rehabilitation clients was chosen to serve as a base-
line for a comparison with these research samples. This baseline sample of
general rehabilitation clients consisted of a 5% sample of approximately
885,800 closed cases from the fiscal year 1981. This 5% sample consisted
of 44,290 clients closed from rehabilitation program. These cases were ran-
domly selected from a national data base maintained at the West Virginia
Rehabilitation Research and Training Center. The relevant demographic
characteristics of this baseline sample include (a) 25,998 males (58.7%) ver-
sus 18,292 females (41.3%), (b) 30,967 whites (77.2%) and 8,184 blacks
(20.4%) and 953 other (2.4%), (c) an average age of 33.6 years (with a stan-
dard deviation of 13.8), and (d) a mean number of years of education of 10.8
(with a standard deviation of 2.7).

Several conclusions can be drawn regarding the representativeness
and generalizability of the research findings. The first research sample
and the R300 sample were fairly similar except that there are substan-
tially fewer black clients and a considerably younger group of clients in
the first research sample. A comparison of the demographic character-
istics of the second research sample and the R300 sample indicates that
they are very similar in nature. Thus, the first two research samples are

fairly representative of the general VR population (based on the R300 or
baseline sample).

Reliability

The test/retest reliability of the Preliminary Diagnostic Questionnaire
(PDQ) scales was evaluated by using 28 cases out of the first sample,
Thus, 28 clients in the state operated comprehensive rehabilitation facil-
ity were readministered the PDQ. The results of this retest were merged
with the previous test data and then subjected to a Pearson product mo-
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Table 2. Cronbach Alpha Coefficients

PDQ Scale Coefficient Value

Work Information (WINF) 865
Preliminary Estimate of Learning (PEL) 900
Psychomotor (PSYMO) 708
Reading (READ) 841
Work Importance (WIMP) 692
Estimate of Personal Independence (EPI) 871
Internality (1E) 769
Emotional (EMOT) .856

paring scores or outcomes for contrasted or different groups (Anastasi,
1976). Scores on two PDQ scales, Preliminary Estimate of Learning (PEL)
and Psychomotor (PSYMO) were compared to the results on a generally
accepted intelligence test, the Wechsler Adult Intelligence Scale or WAIS
(Wechsler, 1958). The WALIS is a frequently used assessment device in
clinical settings and often serves as a criterion for the validation of other
intelligence tests. Thirty cases with WAIS Full, Verbal, and Performance
scale scores were randomly selected from the second research sample and
then subjected to a Pearson product moment correlation procedure. This
produced correlation coefficients of .770, .868, and .440 between the PEL
scale and WAIS Full, Verbal, and Performance scales respectively. It also
produced correlation coefficients of .404, .313, and .444 between PSYMO
scale and the WAIS Full, Verbal, and Performance scales respectively. All
of these validity coefficients were significant except for the one between
the PSYMO scale and the WAIS Verbal Scale. In addition, a Pearson
product moment correlation procedure was performed using the third re-
search sample and provided a validity coefficient of .696 between the PEL
and WAIS Verbal scales. Thus, there are significant correlations between
the PEL and PSYMO scales and the WAIS Full, Verbal, and Performance
scales (with the exception of the PSYMO and WAIS Verbal scales) there-
by indicating a degree of criterion-related validity for these PDQ scales.
In an attempt to provide further evaluation of the criterion-related
validity of the PDQ scales, a group differentiation method (Brown, 1983)
was employed in the following manner. The cases in the second research
sample were stratified into groups based on indications of mental retarda-
tion in the primary and secondary disability codes of the clients. The three
groups of this sample (moderately, mildly, and not mentally retarded clas-
sifications) were compared on each of the PDQ scales using a one way
analysis of variance procedure. The results of this procedure showed that
six PDQ scales (PEL, PSYMO, READ, IE, WIMP, & EMOT) had signifi-
cant differences (p < .01 in their means. The contrasted group method
was employed again except this time the groups were differentiated with
respect to indications of mental illness based on disability codes. The sec-
ond research sample was divided into two groups, mental illness versus no
mental illness, and compared by using a one way analysis of variance pro-
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FIGURE 3. Experimental arrangement for the Kerr Effect.

FIGURE 4. The Kerr cell,
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FIGURE 9. Ruby laser head.

transmitter and receiver circuits (18), and an oscilloscope in order to
observe signal quality versus length of the fiber-optic cable.

E. The Nitrogen Laser:
Design and Parameter Measurements

It is debated that the nitrogen laser is really a laser since the beam is
not coherent. However, the device is an excellent source of radiation at
3371 A and also serves as an excellent pump for tunable lasers. The
nitrogen laser is relatively easy to build, using the Blumlein design as we
did. As shown in Figure 10, the laser consists of two parallel sheets of
copper foil separated by a thin dielectric. The top sheet is separated into
two parts, connected to a gap running the entire length of a lucite
chamber containing nitrogen gas. A 20,000-volt power supply and a
spark-gap switch are also required and can be easily built. We built our
power supply from a 5,000-volt transformer at 5 ma and a voltage quad-
rupler circuit. The spark-gap switch can be built of copper or brass in the
form of a c-clamp (19). Several modifications that give improvement in
beam quality and intensity but still use the same basic Blumlein design
have been published in the literature (20-23). The device works as a large
parallel plate capacitor, with the power supply initially charging the top
half-sheets (equally) and the bottom sheet. The two half-sheets are inter-
connected through an inductor. The voltage is raised until the spark-gap
switch fires. At this point, a circular wave moves out from the spark-gap
switch towards the gap in the lucite chamber. Subsequently, a discharge
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FIGURE 10. The nitrogen laser, Blumlein design.

occurs across the gap in the chamber, producing the 3371 A nitrogen
laser beam parallel to the gap. The nitrogen is self-quenching in a short
time, so that the charging process soon begins again, resulting in a
pulsed laser.

Since all parts of the laser are laid out in the open, students can easily
follow the flow of the design. After the design is understood, the stu-
dents are asked to use a grating to measure the wavelength of the nitro-
gen laser and to relate the 3371 A line to the energy level diagram of the
nitrogen molecule (24). Then, they are asked to measure intensity versus
gas pressure for a fixed voltage. A photodiode with a high efficiency in
the untraviolet region and with a sapphire or quartz window is needed
here (25). After determining the optimum pressure, the curve of inten-
sity versus voltage is measured. Typical results are shown in Figures 11
and 12. A front surfaced mirror is then set up behind the nitrogen beam
and adjusted to be perpendicular to the beam. Although mirrors are not
needed to cause lasing in nitrogen, contrary to other lasers, the addition
of a back mirror will increase the intensity about 25%. Next, the stu-
dents are directed to pass the laser beam into a small bottle of rhodamine
dye solution and to observe the super-radiance as a bright yellow beam is
produced within the orange dye solution (rhodamine dye in ethanol or
methanol). The analysis of this phenomenon (26) becomes part of their
written report.
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with sound intensities up to 170 dB was introduced into processes which
included both metallic and non-metallic materials.

For metals, the areas studied include: solidification, recrystallization,
heat treating, heat transfer and drilling of metals. For non-metals the
areas studied include: molding of polymer powders, filtration, drying of
temperature sensitive materials, and the effect of ultrasound on the
adherence of molten glass to heated metal.

Metals and Alloys

Solidification studies were made using aluminum, nickel, gray cast
iron, and nodular cast iron. The introduction of ultrasound during
solidification produced grain refinement in both aluminum and nickel.'
See Figure 1.

With gray cast iron two effects were noted: (1) the graphite flakes pro-
duced were smaller, (2) the graphite flakes were more homogeneously
distributed throughout the metal.? See Figure 2. For nodular cast iron in-
sonation substantially reduced the size of the graphite nodular.’ It was
also found that alloy additions to the melt significantly influenced the
product produced.

The catalytic effect of ultrasonic energy is seen here in the increased
grain refinement and homogeneity of the resulting microstructure of the
metal produced during solidification. This catalytic effect was brought
about by: (1) an increase in heat transfer promoted by the ultrasonic
energy,’ and (2) an increase in the atomic diffusion rate caused by the in-
duced ultrasonic vibrations.? Both of these factors will increase the rate
of nucleation during solidification (See Figure 3). This nucleation in-
crease results in an increased refined grain structure, smaller particles of
precipitated graphite, and a more homogeneous metal microstructure.

Recrystallization studies included the polymorphic transformation in
steel and reheating of cold worked metals. Insonation during polymor-
phic transformation of steel aided in the promotion of smaller ferrite
grains but increased the thickness of the lamellar layers making up the
pearlite.* Figures 4 and 5 show the resulting microstructure in steel.

Insonation during the recrystallization of cold worked metals general-
ly refined the grain size and lowered the temperature required for recrys-
tallization.® Figure 6 shows the influence of ultrasound on the removal of
the twinning structure in magnesium during recrystallization along with
some grain refinement. With uranium, it was found that a more ran-
domized crystal orientation among the grains was also produced.®

The reasons for the catalytic effect of the ultrasonic energy addition
to recrystallization processes were primarily due to the increase in rate
of nucleation, much the same as in solidification. However, it was noted
that the thickness of the very thin lamellar plates of iron carbide and fer-
rite which form the pearlite structure in steel were made thicker by a
major increase in the atomic diffusion rate caused by the introduction of
ultrasonic energy into the system.

Heating treating studies included precipitation hardening for alumi-
num, and tempering of steel.

West Virginia Academy of Science / 90

__



R R gt

FIGURE 1. Photographs showing the influence of ultrasonic on refinement of
grain size during solidification. Top photos show crystal structure on surface of
small aluminum cones. Bottom photos show crystal structure on cross-section of
small nickel ingots.

Insonation during solution treatment of aluminum alloy appeared to
produce a more homogeneous solid solution. Insonation during the pre-
cipitation stage aided the rate of precipitation. However, only a slight in-
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crease in hardness remained.” Figure 7 presents the experimental
results.

In tempering of martensite, insonation retarded the decomposition
rate of martensite, thus decreasing the rate for softening of the alloy.® It

FIGURE 2. Photomicrographs (25X) showing the influence of ultrasound on the
graphite size formation and distribution during solidification of the iron.
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FIGURE 3. Photomicrographs (50X) showing the influence of ultrasound on the size
and distribution of the graphite nodulars formed during solidification of the iron.
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FIGURE 4. Photomicrographs showing the influence of insonating low carbon
steel upon the grain size produced during polymorphic transformation. White
grains are ferrite, black grains are pearlite. Magnification is 100X. Right sample
ultrasonically treated.

FIGURE 5. Photomicrographs showing the influence of insonating high carbon
steel upon the lamellar layer thickness of the ferric and iron carbide produced
during polymorphic transformation. Magnification is 1000X. Right sample ultra-
sonically treated.
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FIGURE 8. Photomicrographs comparing the resulting microstructures for a
mild steel sample (right) which has been insonated during tempering at 650°C
with a reference sample (left). Magnification is 650X.

In the tempering of martensite steel, it was postulated that the ultra-
sonic vibrations initially cause some relaxation of peak stress points by
small atomic readjustments within the metal. Next, the ultrasonic
energy causes an increase in the nucleation rate for the iron carbide
which diffuses out of the matrix in the solid state. This effect in turn pro-
duces a more homogeneous microstructure.

Heat conduction studies included the following metals: (1) steel which
has a body-centered cubic crystal structure (2) aluminum which has a
face-centered cubic crystal structure, and (3) magnesium which has a
hexagonal crystal structure. The application of ultrasound increased the
conduction rate approximately three to three and one-half times. See
Table 1. Neither the crystal structure or direction of applying the ultra-
sound into the metal test rods made very little difference in the results.’
However, the higher temperatures for the hot end of the rods gave lower
increases for the thermal conductivity due to ultrasonic energy absorp-
tion.

Figure 9 shows an unsteady state curve for magnesium with ultra-
sound being introduced for a few minutes and then being shut off for a
few minutes. This Figure dramatically illustrates the effect of insonation
on temperature rise along the magnesium rod. It also shows that steady
state for this system was attained in approximately 40 minutes.

The addition of ultrasonic energy into a metal rod increased the rate
of heat convection from the metal rod surface into the surrounding air
due to the vibrational disturbance of the static air filter located on the
surface of the metal rod. However, a good explanation for the catalytic
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Table 1. Summary of results showing numerical increase for thermal
conductivity and thermal convection when ultrasound
was introduced into the heat transfer system

Furnace Increase in Increase in

temp. thermal thermal
2l conductivity  convection  Crystal Structure
Magnesium* 550 3.26X 4X Hexagonal
Magnesium 500 3.50 4X Hexagonal
Magnesium 450 3.25 4X Hexagonal
Aluminum** 550 3.45 4 Face-centered cubic
Aluminum 500 3.65 4 Face-centered cubic
Aluminum 450 3.50 4 Face-centered cubic
Steel** 700 2.25 4 Body-centered cubic
Steel 650 2.50 4 Body-centered cubic
Steel 600 3.55 4 Body-centered cubic

* %-inch diameter rods, 2 wavelengths in length. One end threaded and screwed into the
sonic transducer horn; other end of the rod placed in temperature controlled furnace.
** Vo-inch diameter rods.

effect for ultrasonic energy to promote an increased rate of heat conduc-
tion in a metal rod appears to be lacking.

Drilling studies included insonated machine drilling of steel,
aluminum, brass, cast iron, and stainless steel. It was found that the
metals which were work hardened due to the ultrasonic vibrations gave
improved drilling." That is, the cutting speed increased, tool life in-
creased, and the drilled hole had a smoother surface. Figure 10 shows the

difference in aluminum chip formation when ultrasound was applied dur-
ing drilling.

Non-metallic

Polymer molding studies included both thermosetting and thermo-
plastic polymer powders. It was found that by use of a small amount of
pressure along with ultrasound, solid cylinders could be produced from
the polymer powders without the addition of heat. It was also found that
thermoplastic powder could be fused and extruded through a small
orifice by using ultrasound with a small amount of pressure. Figure 11
shows the equipment in operation.

The catalytic effect of the ultrasonic energy when added to the com-
pressed plastic particles was due to the heat produced by the friction of
the polymer particles rubbing against each other. The ultrasonic vibra-
tions produced this rubbing action and moved through the polymer
mass as each particle fused with its neighbors.

Filtration studies included the separation of particles 1-40 micron in
size from both an oil and water slurry. When the normal filtration rate
was very slow, insonation of the process was able to increase the flow
rate as much as ten times. It was noted that Biot's equation, F,, > mu/4d?
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FIGURE 9. Unsteady state temperature curves showing the ef-
fect of introducing ultrasound in a magnesium bar. The lower
dashed curve is for no sound added. Both curves continue to a
steady state condition.

FIGURE 10. Photograph showing the change from spirals
to small chips when ultrasound was applied during mechan-
ical drilling of aluminum.
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FIGURE 11. Photograph showing extrusion of ultrasonically-heated polymer
powders. Vertical plunger compresses powder in cylinder which has small extru-
sion hole near bottom on side. 20 kHz vibrations are introduced into wall of
cylinder from the ultrasonic horn.

must be maintained for insonation to have an effect. F,, is the sound fre-
quency in cycles per second, u is the kinematic viscosity in aqueous
centimeters per second, and d is the filter channel diameters in cm. In-
sonation reduces the fluid flow friction by producing a plug type flow in-
stead of the normal viscous type fluid flow. It was also found that in-
sonation at 20 kHz coagulated the particles in the 2-6 micron size.'?
Figure 12 shows the influence of ultrasonic intensity in increasing filtra-
tion rate for two different types of slurries. Figure 13 shows flow rate
stimulation produced by the introduction of ultrasound into fluids dif-
fusing through porous media.

The catalytic effect of ultrasonic energy when added to a filtration
process or to a fluid moving through a porous media is due to attenua-
tion of the ultrasonic energy at density discontinuities. In this case, the
solid-liquid interfaces of the capillaries in the porous media or filter bed
are effected. This attenuation of ultrasonic energy reduced the friction of
the liquid flowing adjacent to the side walls of the capillaries, thereby
producing the plug type of liquid flow.

Drying studies were made using polymer powders and pulverized
coal, both being temperature sensitive material. Insonation was found to
both increase the drying rate during the constant drying rate period, and

to extend the constant drying rate period to a lower moisture content
level."?
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FIGURE 17. Photomicrographs showing the metal
oxide picked up by the glass surface when cooled on
stainless steel. No ultrasound used for (A) and (C). 20
kHz ultrasound used for (B) and (D). Temperature of
metal was 500°C. Initial temperature of molten glass
was 1100°C. Magnification for (A) and (B) is 100X. Mag-
nification for (C) and (D) is 500X.

Conclusions

In practically all the material research processes studied, the in-
troduction of ultrasound into the process produced some significant
change and usually a favorable effect.
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Abstract

A palynological analysis of the Coalburg coal from eleven localities in
Kanawha, Fayette, Boone, Mingo, and Wayne Counties, West Virginia has
shown the small spore flora to contain 125 species in 42 genera. Lycospora and
Laevigatosporites are the two most common genera, although various species of
Punctatisporites, Densosporites, Radiizonates, Granulatisporites, and Florinites
also occur frequently. Twenty-two additional forms were not specifically iden-
tified, either because they were imperfectly preserved or so few were observed
that identification at the specific level was thought to be unwise. It is probable
that all twenty-two represent morphological or preservational variations of those
specifically identified.

Dictyotriletes bireticulatus is restricted to the lower part of the bed at loca-
tion two where the sample was taken in vertical increments instead of a full-
channel sample, as was done at the other locations. This, plus the apparent begin-
ning of the range of Torispora securis in the younger Stockton coal and the end-
ing of the range of Ahrensisporites guerickei, var. ornatus in the older Winifrede
coal may indicate that these spores will be stratigraphically useful in separating
the generally closely associated beds.

The overall small spore assemblage indicates a probable upper Westphalian C
age based on European stratigraphic nomenclature, and an upper Atokan-lower
Desmoinesian age according to Illinois Basin zonations.
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Genus Convolutispora Hoffmeister, Staplin, and Malloy 1955
C. cf. florida Hoffmeister, Staplin, and Malloy 1955 (Plate 4, Fig. 1; 40x
36u)
C. cf. tessellata Hoffmeister, Staplin, and Malloy 1955 (Plate 4, Fig. 2;
56x55u)
C. sp. (Plate 4, Fig. 3; 44.8x37.6p). Only one specimen was seen.
C. sp. (Plate 4, Fig. 4; 44x42y). Only one specimen was observed.
C. sp. (Plate 4, Fig. 5; 66x61.6u). Only one specimen was seen.
Genus Spackmanites Habib 1966
S. ellipticus (Loose) Habib 1966 (Plate 4, Fig. 10; 65.5x68)
Genus Microreticulatisporites (Knox) Potonie and Kremp 1954
M. nobilis (Wicher) Knox 1950 (Plate 4, Fig. 8; 32x31.2y)
M. sulcatus (Wilson and Kosanke) Smith and Butterworth 1967 (Plate
4, Fig. 7; 42.4x40.8p)
Genus Dictyotriletes (Naumova) Smith and Butterworth 1967
D. bireticulatus (Ibrahim) Smith and Butterworth 1967 (Plate 4, Fig.
17; 44x41.5p). This species was observed to occur only in the bottom
half of the coal at sample location 2. It occurs rarely.
D. cf. distortus Peppers 1970 (Plate 4, Fig. 6; 31.8x30.2y)
D. falsus Potonie and Kremp 1955 (Plate 4, Fig. 18; 37.6x37.6y)
D. cf. muricatus (Kosanke) Smith and Butterworth 1967 (Plate 4, Fig.
14; 74x62p)
D. cf. reticulocingulum (Loose) Smith and Butterworth 1967 (Plate 4,
Fig. 13; 46x43.4y)
Genus Camptotriletes (Naumova) Potonie and Kremp 1954
C. cf. bucculentus (Loose) Potonie and Kremp 1955 (Plate 4, Fig. 11;
65.6x60y)
C. cf. corrugatus (Ibrahim) Potonie and Kremp 1955 (Plate 4, Fig. 12;
54.4x50.4,)
Genus Triguitrites (Wilson and Coe) Schopf, Wilson, and Bentall 1944
T. cf. crassus Kosanke 1950 (Plate 4, Fig. 16; 56x44y)
T. sculptilis (Balme) Smith and Butterworth 1967 (Plate 4, Fig. 9; 27.8x
27.2p). This is the most frequently occurring species of this genus.
T. cf. protensus Kosanke 1950 (Plate 4, Fig. 15; 41.6x40y)
Genus Reinschospora Schopf, Wilson, and Bentall 1944
R. magnifica Kosanke 1950 (Plate 4, Fig. 19; 67.2x60y)
Genus Knoxisporites (Potonie and Kremp) Neves and Playford 1961
K. cf. triradiatus Hoffmeister, Staplin, and Malloy 1955 (Plate 4, Fig.
20; 56x54y, Fig. 23; 87.2x84y)
Genus Reticulatisporites (Ibrahim) Neves 1964
R. cf. lacunosus Kosanke 1950 (Plate 6, Fig. 16; 83.6x72.4y)
Genus Savitrisporites Bharadwaj 1955
S. nux (Butterworth and Williams) Smith and Butterworth 1967 (Plate
4, Fig. 21; 36x31.2y)
Genus Grumosisporites Smith and Butterworth 1967
G. sp. (Plate 2, Fig. 17; 35.2x32.8y). A recognizable intexine, the pres-
ence of which is characteristic of this genus, is evident in this single
specimen.
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Table 1. Stratigraphic ranges of plant megafossils
in the New River Gorge.
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PLATE 1. Upper Mississippian plant fossils. Figure 1, Stigmaria stellata
Ix; Figure 2, Stigmaria stellata 5x; Figure 3, Alethopteris parva 1x; Figure
4, Archaeopteridium tschermackei 1x; Figure 5, Mesocalamites cistii 1x.
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PLATE 2. Upper Mississippian plant fossils. Figure 1, Lyginopteris fragilis 1x;
Figure 2, Lyginopteris bermudensiformis 1x; Figure 3, Sphenopteridium bifidum
1x; Figure 4, Sphenophyllum tenerrimum 1x; Figure 5, Sphenopteris elegans 1x;
Figure 6, Sphenopteris launoitii 1x.
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PLA'!‘E 3. Lower Pennsylvanian plant fossils. Figure 1, Neuropteris pocahontas
1x; Flgure 2, Neuropteris pocahontas 5x; Figure 3, Holcospermum maizeretense
1x; Figure 4, Aulacotheca campbellii 1x; Figure 5, Asterophyllites charaeformis
5x; Figure 6, Asterophyllites charaeformis 1x.
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