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propriate correction factor to get a more accurate airflow
rate for the calibration. One of the advantages of using AMS
sensor data to obtain airflow rates over the manual spot
check is that the AMS method can produce a time-averaged
airflow rate, while the spot check only produces the airflow
at the moment of measurement.

Conclusions

A new method was developed to calibrate a mine ven-
tilation network model using the continuously monitored
AMS air velocity. The method was demonstrated using the
mine ventilation network model of the SRCM and moni-
tored AMS data. Results from the study indicate that the
instantaneous air velocity data cannot be used directly for
the ventilation network calibration because of fluctuations.
It is found that temperature and air velocity readings are
well correlated. The sensor location correction factors were

obtained to be used to convert the measured point readings
to the average velocity over the cross section of the airway.
Results from this study demonstrate that the continuously
monitored AMS air velocity data can help mine ventilation
engineers better calibrate their ventilation network models
to achieve more accurate ventilation simulation results. l

Disclaimer

The findings and conclusions in this report are those of
the authors and do not necessarily represent the official po-
sition of the National Institute for Occupational Safety and
Health, Centers for Disease Control and Prevention. Men-
tion of any company or product does not constitute endorse-
ment by NIOSH.
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Special Extended Abstract

Safe, efficient underground mining is dependent upon
proper pillar sizing. Pillar sizing is typically based on a com-
bination of observation of prior behavior, point measure-
ments, theory and numerical modeling. The actual stress re-
distribution within a pillar, while assumed for many years, has
rarely been imaged. Such imaging can help confirm whether
or not theoretical and numerical modeling methods agree
with actual conditions within a pillar.

This research presents a case study from a longwall mine
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Fig.1 Locations of geophones and convergence stations.
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in the western United States. A two-entry, gate-road yield pil-
lar in the headgate of the mine was instrumented with seis-
mometers and convergence monitoring stations, and was
monitored over a period of about six months as the longwall
face approached the pillar. In this paper, the stress distribution
imaged using seismic tomography is compared to the stress
distribution expected from theoretical models, geotechnical
measurements and numerical models. The tomography results
generally agree with those proposed by theory, convergence
measurements and numerical modeling results. The agree-
ment of the methods provides validation for the theorized
stress redistribution, and this study provides further evidence
that tomography can indicate the redistribution of induced
stress within a mined rockmass and is another tool available
to ensure that mining is conducted safely and efficiently.

Background

Review of coal pillar design indicated potential shapes
for the stress distribution within pillars by showing that the
stress distribution assumed in the Mark-Bieniawski pillar
design formula is a pyramid for square pillars and a rectan-
gular, elongated pyramid (with a linear apex) for rectangular
pillars [1]. The load is a maximum in the center of a pillar (at
a point for a square pillar and along a line for a rectangular
pillar) and a minimum at pillar ribs. The ultimate strength
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on Dec. 27. This relative increase in ve-
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Fig.2 P-wave velocity tomograms for four time periods, geophones shown as black
markers. AXis units are meters; velocity units are meter per second (m/s).

of the pillar is governed by the strength of the core. Prior to
this demonstration, Wagner [2,3] presented a model of stress
redistribution within a pillar that has been broadly accepted:
failure occurs starting at the perimeter of a pillar and gradu-
ally progresses inwards toward a confined core which will
fail if the stress exceeds the ultimate strength of the pillar.

Methods

Figure 1 shows geophone locations and the locations
where convergence was monitored. Six uniaxial and two tri-
axial geophones were installed in the study pillar. Drillhole
collar locations were selected to provide unobstructed ac-
cess to the rib and to maintain approximately equal spacing
between the sensors on the travelway and beltway sides of
the pillar.

Active seismic sources were generated by striking the
pillar with a battering ram. During the study, the longwall
face advanced approximately 940 m toward the pillar. Active
source data from four dates — Oct. 18, Nov. 18, Dec. 18 and
Dec. 27,2017 — were selected for seismic analysis as part of
this study. For each active source event, travel times through
the pillar were calculated by differencing the arrival times at
each geophone from the arrival times at the geophone near-
est the source events.

The velocity distribution within the pillar was calcu-
lated for each of the four dates using seismic tomography
to evaluate how the stress redistribution within the pillar
estimated by tomography compared to theoretical and nu-
merical results.

The mean velocity of all P-waves traversing the pillar on
a specific date is an indicator of the overall, general stress
within the pillar at that time. Laboratory studies have shown
that there is a somewhat monotonic relationship between
stress and P-wave velocity [4,5]. In many of the studies the
P-wave velocity increases with increasing stress, until the
stress within the sample nears its ultimate strength, at which
time microfractures develop within the sample resulting in a
reduced P-wave velocity.

Resuits

For this study, the mean velocity within the pillar in-
creased from 2,532 m/s on Oct. 18 to 2,618 m/s on Nov. 18
and 2,899 m/s on Dec. 18, and then dropped to 2,404 m/s

www.miningengineeringmagazine.com

velocity occurred precisely on this date.

Overall, the convergence monitor-
ing data appear supportive of the to-
mographic results. In the tomography
study, the mean velocity increased across the entire pillar
for the first three dates, indicating increasing load, and then
decreased from the third to fourth date, indicating post-peak
behavior. This observation is compatible with the observed
convergence measurements; the greatest amount of conver-
gence occurred between the third and fourth dates.

Summary and conclusions

The results obtained in the current study agree to a large
extent with the expected distribution and relative magnitude
of induced stress, as presented in prior studies. P-wave travel
time tomography provides a method to examine the redis-
tribution of stress throughout a specified volume of a rock-
mass, complementing other methods such as point-location
measurements and numerical modeling. The information
provided by the tomograms can be useful to confirm that an
optimal pillar design is being used — a design that maintains
safety and does not sacrifice productivity.

Active seismic tomography was conducted on a yield pil-
lar in a longwall mine in the western United States. Although
computed tomography has been relied upon in the medical
field for decades, and has the ability to provide information
about conditions throughout a rockmass, it is still not a com-
mon method in the mining industry. This study provides an
opportunity to compare results from active seismic tomogra-
phy in a well-defined, unambiguous study to those from cur-
rent theory, numerical modeling and point measurements.

The tomography results generally agree with those pro-
posed by theory, convergence measurements and numerical
models. This observation provides two conclusions: (1) the
agreement of the methods provides validation for the theo-
rized stress redistribution, and (2) this study provides further
evidence that tomography can indicate the redistribution of
induced stress within a mined rockmass and tomography is
another tool available to ensure that mining is conducted
safely and efficiently. We can also conclude that at the mine in
the study, for the loading conditions, the pillar size was within
acceptable bounds, the pillar did not fail prematurely; at the
same time, it was not over-designed and thus inefficient. H
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Special Extended Abstract

Acidic wastewater is at present directly neutralized with
lime or limestone, which wastes resources such as titanium,
scandium and iron and generates a great deal of solid waste.
This study proposes a novel approach for the separation and
recovery of titanium, scandium and iron from acidic waste-
water, and utilization of red gypsum. The proposed process
not only recovers valuable metals from acidic wastewater but
also treats the red gypsum that has previously been dumped.

Background

The sulfuric acid leaching method is an essential process
for producing titanium dioxide from ilmenite due to the low
requirements for feed grade [1]. In China, more than 90 per-
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cent of titanium dioxide is yielded by the sulfuric acid leach-
ing method, and the production of 1 ton of titanium dioxide
engenders about 8 tons of acidic wastewater [2,3]. At pres-
ent, acidic wastewater is usually disposed of by neutraliza-
tion with lime or limestone [4], which not only produces red
gypsum as an industrial byproduct but also wastes resources.
In this work, in order to effectively separate and recover tita-
nium, scandium and iron in acidic wastewater and realize the
resource utilization of red gypsum, a precipitation-solvent
extraction-leaching process is proposed.

Experiment procedure

Figure 1 presents the process flow diagram of a novel ap-
proach for the separation and recovery
of titanium, scandium and iron from
acidic wastewater along with the utiliza-
tion of red gypsum, which mainly com-
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Fig.1 Process flow diagram for the extraction of titanium, scandium and iron
from acidic wastewater, and utilization of red gypsum.
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most phosphates, such as Fe,(PO,),,
FePO,2H,0, Mg,(PO,),, AIPO, and
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