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World Wide Operations & Interest
North American Operations
Kensington Gold Project – Alaska - USA
Silver Valley, Galena Mine – Idaho - USA
Rochester Mine – Nevada – USA

South American Operations
San Bartolome – Bolivia
Cerro Bayo Mine – Chili
Marha Mine – Argentina

Australia
Endeavor Mine

Interest & prospecting licenses in Tanzania, Africa & China
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Idaho & United States of America
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Mine Rescue Training done at the Central Mine Rescue Training Center in the Silver Valley of Idaho which is located  in the Pacific North West – USA.
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Located in the Panhandle of North Idaho.
USA



Coeur Mine –CSV
Home of Central Mine Rescue
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Coeur Mine
Coeur Silver Valley – Owner
Home of Central Mine Rescue Training Center
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Floyd Varley is a Mining Engineer who works for the National Institute of Occupational Safety & Health in Spokane, Washington – USA.
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Measuring Heat Strain

CorTemp swallowable 
heat sensor pills

Recorder, Alarm and 
Heart Rate Chest Strap
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The research project is unique in that we used swallow able temperature sensors which continuously measure a persons internal temperature and transmit the information to a recorder worn on the miner’s belt. Heart rate is also measured by a chest strap sensor and relayed to the same recorder. Both measurements are time stamped to create a picture of a person’s reaction to their environment and work load. Recent improvements have allowed us to monitor the information in real time form up to 300 ft away with a wireless signal booster.



Measuring Heat Stress

Measuring the Mine 
Environment
– WBGT heat stress 

monitors
– Infrared readings 

of Surfaces
– Air Velocity
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The mine environment is measured by  both modern electronic Wet Bulb Globe temperature or WBGT monitors as well as standard thermometers. Surface temperature are measure with infrared thermometers. Air velocity is measured with an anemometer.



Mine Rescue Workers -A Study of 
Exposures in the Mine Environment

30 mine rescue team members were monitored 
during underground exercises to bridge the gap 
between lab based studies and the miners.
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The study followed mine rescue teams during underground training exercises to measure the impact of work load and the environment on the rescuer.



Mine Rescue Exercise & Training
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Team worked in heat & humidity along with theatrical smoke.



Teams Working – Drilling with a 
Jack Leg
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Teams working in heat & humidity, 30.0 C (86 F)  90% Humidity



Next Team – Getting Ready To Go!
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Fresh Air Base established on the 3400 Level station – underground.

25.5 C (78 F)  86% humidity



What are the Effects of Elevated 
Core Temperature

At 38.5 ° C (101.5 F) -
Physical Strain Has Begun …. 
The Person Is Moving Toward 
Heat Stroke

Over 38 C (100.4 F) 
Performance in terms of 
Judgment and Reaction 
Times Begins to Diminish
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The impact of elevated core temperature on a human has two thresholds.

Other studies have measured a decrease in judgment and reaction times beginning at a core temperature of around 38C. At this level of strain there are no outward symptoms. An increase in accidents due to these defects can occur.

Symptomatic strain is considered to begin above 38.5 C. Symptoms can vary between individuals with some progressing directly to life threatening stroke without intermediate symptoms such as cramping or nausea. Interventions such as active cooling and removal from the stressful environment are necessary to prevent heat stroke.



Five Man Team – Packing a 
Loaded Stretcher
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Heat = 32.2 C (90 F)  Humidity = 90%



Team Member with Water Bag
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Water Bag put on top of machine with two face tape.

Testing only!



Mine Rescue Individual Results – 27C WBGT
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This chart depicts the change in core temperature experienced by 10 individuals performing the same training exercise in identical environmental conditions. (27CWBGT = 80.6 F)

The results can be divided into two groups. The red line depicts 5 of the 10 individuals that experienced a rate of temperature gain of 1 degree C per hour.

The gold line represents 4 of the 10 individuals that experienced a rate of temperature rise of around 0.6 degrees C per hour.

In order to remain below the minimum 38.5 C(101.5F)strain threshold for the typical 2 hour deployment, rates of temperature gain would need to be maintained below 0.5  (almost 2F)degrees C per hour (green line) to protect individuals within the normal range of starting temperatures.

The blue line is the rate of temperature gain limit to prevent deficits in judgment and reaction time. As you can see, half of these mine rescuers would have been at risk of heat illness and all but one would have been at risk of heat strain related impairment prior to completion of a typical 2 hour rescue deployment.




Importance of Starting Temperature

Presenter
Presentation Notes
One Critical factor influencing individual performance in heat stressful conditions is an individuals starting temperature, The range of normal body temperatures is quite large and is influenced by diet, medications and time of day. A higher initial temperature translates into a reduced time to illness for that individual as compared to the other members of the team.

In this chart the time to illness is estimated for three different work rates. High rate (Red Line) includes heavy work such as transporting a victim, traveling up a steep grade, climbing ladders and building seals. Moderate rate (Gold Line) is traveling on the level, exploration, administering first aid. The “Rest” rate (Green Line) is a mix of High and Moderate rate exercise with forced rest periods every 20 minutes. Rescuers must approach a deployment expecting the need for high work rate efforts. Individuals with starting body temperatures above the normal range may become an obstacle to successful completion of the mission and become a liability to the team.

Forcing team rest periods can extend mission times. The British and Polish limits are taken from other research defining appropriate deployment times in thermally stressful environments. These protocols fit our findings for moderate work rates and persons with normal starting temperatures. (27C = 80.6F)



The Impact of Fitness and Rest on Heat Retention  Rates
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Fitness, as measured by Body Mass Index (BMI), was seen to have an impact on the amount of heat energy retained by individuals. BMI is calculated by dividing a person’s weight in kg by the square of their height in meters;

BMI=Wight (Kg)/(Height (m))2

This chart depicts the change in heat energy retained during various levels of activity. Overweight and obese individuals will require more frequent rest periods.

As a control, observations of heat retention of persons performing the rescue tasks without apparatus (aqua line) and with rest periods found no measurable increase in heat retention related to BMI.

Two messages form this graphic: wearing the apparatus is a significant source of heat and your fitness level matters.



Impact of Limiting Work Rate by Forced Rest

Exercise in 27ºC WBGT – Rest in 15ºC WBGT

Presenter
Presentation Notes
This chart depicts the attempt to investigate the impact of rest periods. A relatively simple exercise of traveling underground under oxygen was performed. The route included level and ramped drifts, with the final leg being up a 10% to 15% grade. One group traveled at a high rate and only stopped for a team check at the 20 minute mark. At completion of the circuit in about 45 minutes the team entered a cool environment, removed their apparatus and hydrated. (Red Line). Only 3 of the five team members completed the course and all three stated they could not continue or re-deploy. The second group (Green Line) traveled the same course but with rest periods inserted at least every 20 minutes or whenever any member’s  heart rate exceeded 160 beats/minute. Rest durations were at least 2 minutes or until the entire team returned to within 10% of their starting heart rate. The impact of this regiment was to control work rate so that at completion of the task none of the members were stressed and all indicated they could continue.

Both teams followed the NIOSH recommendation of 75% work and 25% rest for the environmental conditions. However, though the green team took about 8 minutes longer  to complete the task due to the frequent rest periods, they were less stressed and better able to continue serving the mission than the team that had “saved” all of their rest time for the end of the task.



What Contributed to 
The Core Temperature Rise?

61%

17%

22%
Task
Apparatus
Not Resting
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Another way to look at this is depicted in this graph, If the task were broken into three factors that contributed to the net strain on the rescuer you would see;

17% of the total heat burden was due to the task itself (A third group, covered the same course without an apparatus and with the forced rest regiment to determine a baseline). Think of this of what your normal experience working in the mine is like.

22% of the total heat burden was due to the apparatus. Wearing an apparatus can double the heat burden of ordinary tasks.

61% of the total heat burden was related to not resting. Inserting rest periods throughout the exercise allows your body to better maintain its balance.



Controlling Work Rate by Heart Rate
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One way to build rest into your deployments is to monitor heart rates and use this information to determine rest regiments. At every normal 20 minute team check the rescuers can report their resting heart rate as well as oxygen tank pressures. The team captain can then track the high heart rate person as well as the normal low oxygen person. The team should extend the 20 minute rest until every member is within 10% of their resting heart rate for missions up to 2 hours. For shorter missions a  higher resting heart rate may be acceptable. 



Planning Realistic Durations of Operations
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As previously mentioned, British and Polish mine rescue organizations have developed protocols that limit deployment times based on environmental conditions. This chart depicts the British recommendations as a function of air temperature and humidity. We have found these to be appropriate for moderate, self paced rescue work and individuals with normal starting temperatures.

The reality of an emergency will likely present a more complex environment that changes as the team progresses through the mine. Emergency response ;managers can use this chart along with normal mine ambient conditions as a planning tool. Feedback from the teams exploring during an emergency can allow emergency response managers to update the deployment time limits based on actual conditions.



Other Interventions & Results

Apparatus Type 
(with & without 

inhalation air 
cooling) - No 

Reduction in Core 
Temperature among 
approved apparatus.



Other Interventions & Results

Phase Change 
Cooling Vests - No 
Reduction in Core 
Temperatures for 
vests with up to 3 kg 
of coolent  - Short 
term (30 minute) 
Reductions for vests 
with 6 kg if coolant.
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3 Kg = 6.6 lbs.
6 Kg = 13.2 lbs.

1 Kg = 2.2 lbs.



Other Interventions & Results

Hydration Supplied 
Masks - Significant 
Reductions in Core 
Temperature as 
measured with the 
swallow able sensor –
should be confirmed 
with other metrics in 
lab.
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More testing needs to be done!



Other Interventions & Results

Hydration Supplied 
Masks  - Testing only



Other Interventions & Results

Hydration Supplies 
Masks – Testing only



Other Interventions & Results

In Mask Temporal Artery Temperature 
Monitoring – In Progress
– Appears to lead core temperature rise by 10 to 

15 minutes
– Potential for real time monitoring
– Requires 10 to 15 minutes to equalize at start 

up



Floyd Varley
509-354-8027

fvarley@cdc.gov

Recommendations:
1. Estimate potential heat exposures and plan training and 

emergency response activities based on the time guidelines 
developed in Europe and not on the apparatus duration 
alone.

2. Monitor team members for resting heart rate and starting 
temperature to exclude high risk team members.

3. Control the pace of activity by monitoring recovery heart 
rate during team checks.  Add additional rest periods based 
on peak heart rates. Rest until all members are within 10% 
of their initial resting heart rate.



Main Entrance – Galena Mine
Coeur d’ Alene Mining District
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Galena Mine
Galena Shaft  Head frame
Coeur Silver Valley
Wallace, Idaho 83873
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Galena Mine & Mill
Picture taken from the south
Coeur Silver Valley
Wallace, Idaho - USA
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Picture taken from the south
Galena Mine Main Site
Coeur Silver Valley
Wallace, Idaho - USA



Coeur Silver Valley
Galena Mine

Thank You

David G. Turcotte C.M.S.P.
Manager of Safety & Health

Wallace, Idaho-U.S.A.

dturcotte@coeur.com
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David G. Turcotte C.M.S.P.
Manager of Safety & Health
Mine Rescue Coordinator
P.O. Box 440
Wallace, Idaho – USA    83814

E-Mail = dturcotte@coeur.com

Telephone # 1-208-752-1116  X-231
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