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Heat management in mines is crucial to both equipment and personnel. The ability to accurately estimate heat
flow and transfer allows the mine ventilation engineer to limit and minimize exposure. This paper looks at both the
methods to calculate heat losses from equipment infrastructure and heat transferred into the rock and sumps
throughout the area of interest. Verification methods are also presented to further strengthen the techniques used for

modeling.
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1. Introduction

Heat management practices in underground mines,
through applied engineering and work practice controls,
have a direct impact on the health and safety of workers
and the operation of equipment. Heat production control
has become a greater focus in underground mining as
current mining practices rely more heavily on electrical
infrastructure and equipment.

This paper presents a complex study on the
management of heat generated from pumping
infrastructure in a Saskatchewan Potash Mine. The study
area is 5.6 kilometers of underground excavations within
series ventilation (cascading) and recirculation circuits.
There are over 20,515 kW of electric motors resulting in
305,000 Watts of lost power and atmospheric heating. In
addition to these motors there are 49.6 kilometers of
electrical power cables and the associated electrical
controls and transformers, which also lose energy to heat
throughout the area.

This paper describes the methodology and
instrumentation used to collect environmental heat load
data for interpretation and analysis. Data is collected
from environmental monitoring stations located through
the circuits in conjunction with equipment monitoring
heat penetration into the rock strata. Calculated heat
loads are assessed using ventilation modeling software
and calibrated using real time data. This data, through
application of management control strategies, is used to
address current heat conditions underground, eliminate
heat stress, and extend the life of equipment. The
modeling techniques presented in the paper are valuable
tools used in the planning of current and future projects.

2. Heat loads
2.1 Identification of heat sources

The study area within the potash mine is confined to
infrastructure excavations required to pump brine to the
surface. The brine storage study area encompasses
5.6km of excavation. Within the circuit there are
individual areas that have instrumentation installed and
monitored. The study area makes up 3.2km of the brine
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transport excavations. The remaining 2.4km is
inaccessible, with limited monitoring capabilities.

In order to identify the locations and sources of heat,
the study area was broken down in 14 zones. Each zone
was further broken down into 20 meter sections to be
used for future computational modeling. Within each
section the heat source components were identified. The
20 meter zones allowed for individual point sources of
heat to be applied to the system. This process is used in
the ventilation software program Climsim, developed by
Mine Ventilation Services Inc. [1]. The Heat
Management Study Area and zone locations are
identified in Figure 1.
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Fig. 1 Heat Management Study Area

To identify the sources of heat, an equipment survey
was conducted throughout the 14 zones recognized as
potentially containing heat sources. To verify sources of
heat and heat sinks an infrared camera was used to
visually detect differing surface temperatures. This
resulted in some items that were initially identified as
sources being negated. Junction boxes, which include
breakers, contactors, feeders, and disconnect switches
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were excluded from the list and had an equivalent length
based on the length of cable within the box added to the
total length of the zone. Additionally the sclair piping,
used to transport brine from the brine storage areas to the
pumps, were removed from the list after a temperature
survey was conducted along the external pipe length.

2.2 Electrical cable

The study area consisted of a measured 49.6km of
cable. The cable types were surveyed to include the wire
gauge, voltage, number of cores, amperage, and core
resistance. The resistance characteristics were found
using the DC and AC resistance of copper conductors, in
nominal ohms per 1000ft, supplied by the manufactures.

The heat losses supplied to the environment were
calculated based on the resistances of the cables cores,
with 100% of the losses of the electrical energy within
the cable being converted to heat, using the equation
provided by White et al[2]:
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This equation assumes a diversity factor of 60%,
where the average load in the cable over time is 60% of
full load. The calculation used in Equation (1) assumes
an ambient temperature of 26°C. The losses increase by
an average of 2.3% when the ambient temperatures
increase to 32°C. Different types of insulation may also
account for minimal potential variations in losses. The
increase in losses due to ambient temperature rise and
inconsistency in insulation were excluded from the load
calculations.

2.3 Transformers

To provide power to the pumping infrastructure
there are banks of transformers set up in areas
throughout the circuit. During the survey of the
transformers the temperature rise, apparent power load
(KVA), and power factor were collected off the name
plate. Load factors (LF) were provided by NEMA TP1
Efficiencies [3]. Total Losses were determined using:
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With full load capability in KVA, the full load
losses are calculated using:
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In the above equations, is the power factor, LF is
the load fraction for peak efficiency (0.35 or 0.5) and n,
is the efficiency corresponding to KVA and unit type.

A temperature correction factor must be applied to
the full load losses calculation that take into account the
dry type transformers used in the pumping infrastructure

circuit. The Standard Reference Temperature (C°)
was found using limits for temperature rise for dry-type
units [2]. The correction factor equation is:
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There is a calculated 100% utilization of the
transformers throughout the excavation, which are dry
type transformers.

2.4 Motors

Throughout the areas there are a number of motors,
predominantly found on pumps. There are two primary
types of pumps that are used for brine transport
throughout the excavations; Siemens and TECO. During
the motor survey process, the name plate information
was collected, which included the horse power, motor
speed (RPM), and efficiency. Motors that run
periodically with minimal use have been excluded from
this list. This includes compressors and hydraulic pumps.
Using the motor efficiencies, the heat loss can be
calculated using [2]:
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Calculations are made with a 100% utilization of the
motors to calculate lost watts in the form of heat energy.

2.5 Settling tanks

Brine settling tanks are used to drop the larger
pieces of debris out of flow suspension before advancing
to the high pressure pumps. Large brine containment
vessels with significant surface areas exposed to the
excavation are used for the debris collection. In order to
calculate the amount of heat removed through the
settling process, the brine with the entrance and exit of
the tanks was measured to find the temperature change.
Additionally the volume and flow rate were measured.
In order to calculate the change in heat energy, the heat
capacity of saturated brine at 30°C was required. A heat
capacity of 2979.88 J/kg°C was used to estimate the heat
capacity of brine with a salt content of 260 g/kg.

In addition to the settling tanks, overflow and
drainage systems are in place to collect leaking brine.
These collection areas are irregular in flow and removal,
which proves difficult to model in heat load analysis.



3. Instrumentation
3.1 Psychrometry

The data for analysis was collected with the use of
Accutron Climatrax multi variable sensors and Onset
HOBO data loggers. The Climatrax units are capable of
measuring and displaying dew point, heat index, relative
humidity, pressure, dry bulb temperature, wet bulb
temperature, wet bulb globe temperature, and air density.
The data was then collected using a HOBO four channel
data logger. The four environmental factors monitored
are: dry bulb, wet bulb, relative humidity, pressure.
Density was also manually collected and recorded during
point surveys from the instrument. The monitoring units
and data logger were mounted onto a 1.5m stand with its
own power source and placed strategically throughout
the circuit at the beginning and ending of the areas.
Prior to placing the monitoring station throughout the
circuit, a thorough investigation of adequate mixing due
to turbulence in the air was conducted. Drift traverse
point measurement surveys were taken to ensure
homogenous environmental characteristics within the
cross section of the drift. Once suitable locations were
selected, the monitors were engaged.

3.2 Airflow

Airflow was monitored using hand held vane
anemometers as well as Accutron metering systems
placed in critical zones. Surveys were conducted
regularly and checked against the stationary monitoring
equipment. Airflow is consistent throughout much of
study area due to the installation of bulkhead fans.
Booster fans are located throughout the study area to
promote adequate airflow and minimize leakages.

3.3 Rock heat absorption

The heat absorbed by the rock was monitored with
Hukseflux HFPO1 heat flux plates and MadgeTech
dataloggers. The heat flux plate monitoring system was
an adaptation of soil thermal conductivity testing
equipment. Heat flux test sites included locations on the
back and side walls where the Climatrax environmental
monitors were placed. In order to ensure accuracy of the
instrumentation, two heat flux plates were installed in
close proximity to each other at each selected location.
The surface for the instrumentation was prepared by
grinding down the rock salt to provide a flat even surface
within the rock strata. The site then had a thermally
conductive adhesive applied as a medium between the
heat flux plate and the rock surface. This assured
complete contact between the plate and the site.

4. Results

To calculate the energy lost to the atmosphere as
heat, the efficiency of the equipment was calculated at
full load and continuous use. This was applied to all
sources of heat with the exception of the electrical
cables, which are based on 60% of full load. As a result
there are significant fluctuations in the total watts lost to

the atmosphere based on equipment found within each
zone. The primary sources of heat energy result from
losses with transformers and pumping equipment. A
typical 2500 kVA transformer results in a calculated
31.800W of lost power. There are a wide range of pumps
used within the study area. The largest of these has a 597
kW motor, providing a calculated 28,100W of lost
power. In contrast, there is a high diversity of electrical
cable used. The largest losses occurring with the 4/0
cable are 15.35W/m. Individually, cables were a minimal
source of lost energy, however the significant lengths
proved to be an important source of losses.

In order to estimate the heat flow of the system
(), enthalpies of the individual zones were calculated
and applied to the mass flows. Measurements of the
environmental conditions, including dry bulb, wet bulb,
pressure, and density were collected from
instrumentation and confirmed with surveys. The
following equations were applied to account for the
changes in the moisture content in the air [4]:

- A+ ) (7)
= -4187 (8)
=1005 + (250641884 ) )
=0622— (10)
= (11)

Where Ms is the mass flow (kg/s), A is the sigma
heat change (kJ/kg), B is a term which depend on the
process involved and on the change in moisture content,
h is the specific enthalpy (kJ/kg), W is the apparent
specific humidity (kg/kg), Py is the vapor pressure in the
air (kPa), Py is the barometric pressure (kPa), Q is the
flow rate (m%/s), and w is the air density (kg/m?).

The resultant flow of heat can be viewed in Table 1.

In addition to heat sources within the study area,
there are heat sinks. The primary heat sinks are within
the rock strata and brine tank locations. Potash and salt
have relatively high thermal conductivity to transfer heat
from the air into the rock strata. In order to evaluate the
rock removal of heat, the calculated rock and sump
removal in W/m? must be compared to the collected
data. The trended data found in Figures 2 and 3 show a
high degree of correlation between the measured rates
and the calculated rock removal in zone 8, which does
not have a settling tank or sump. When evaluating the
calculated heat removal in all 14 zones, there are seven
that fall within acceptable rates of less than 6.4W/m?.
Furthermore there are three zones which are
extraordinarily high. These can be attributed to the
setting tanks and overflow sumps located within zones 6,
7, and 10. The high calculated removal rates may also be
attributed to the assumed full utilization of the
equipment. Although ideally there would be continuous
operation of all the equipment for maximization of the
pumping infrastructure, in practice this does not occur at
a steady state.



Table 1. Summary of heat load study

Summary of Heat Load Stud
Rock and Sum
Rock Heat Heat Removal
Area Number| Total Heat Loss (W) |Heat Flow (W) Room Area (m?) .
Removal (W) per Unit Area
(W/m?)

1 187435.5 65.8 187369.8 12565.2 14.9
2 202534.2 1711 202363.1 |12440.7 16.3
3 35620.1 -540.8 36160.9 15995.2 23
4 82022.8 489.0 81533.8 |7036.5 11.6
5 6710.6 39.4 6671.2 6561.1 1.0
6 129160.3 1308.2 127852.1  [3962.0 32.3
7 224794.4 161.3 224633.1 7063.7 31.8
8 17166.5 98.2 17068.2 3952.1 4.3
9 150918.0 260.9 150657.1 7706.1 19.6
10 485040.9 1304.0 483736.9 6067.5 79.7
11 20239.0 -142.0 20381.0 3189.4 6.4
12 10212.1 141.0 10071.2 15039.8 0.7
13 10815.3 188.3 10627.0  |4890.2 2.2
14 19789.0 20.6 19768.4 14237.7 1.4
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Fig. 2. Excavation wall energy absorption.
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Fig. 3. Excavation back energy absorption.

Further investigation of the back and wall
absorption shows periods of time when the rock strata
moves from a heat source to a heat sink. This can be
attributed to periods when the pumping infrastructure is
shut down for maintenance or repair. With the reduction
of the study area heat sources, the system maintains heat
equilibrium as the heat moves from the rock back into
the air minimizing big swings in heat environmental
conditions. This is observed in data collected at the
environmental monitoring stations in Figures 4 and 5
when compared to the data collected from the heat flux
plates in Figures 2 and 3.
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Fig. 4. Dry bulb temperature Zone 8.



Wet Bulb Temperature (CA Zone 8
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Fig. 5. Wet bulb temperature Zone 8.

5. Conclusions

The initial results show high potential to effectively
model heat loads based on equipment infrastructure
within a potash mine. The methodology used to verify
the calculated results in zone 8 must be applied to all the
zones to ensure accuracy and validate the heat energy
removal by both the rock and the brine throughout the
entire study area. Further research into the virgin rock
temperature is required and will be an essential tool into
the continued development of heat management
modeling techniques. The data collected from this
research can be applied to reducing the temperature
throughout the workings. Using the known heat removal
rates in conjunction with the virgin rock temperature can
assist ventilation engineers in building recirculation
circuits to cool the air for reentry. Also, with the known
heat energy rate, as presented in Table 1, a cooling plant
may be sized to remove heat generated by the equipment
throughout the zones.
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