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Risks Assoclated with Mine Rescue @
Pucku, cBsa3aHHbIe C cnaceHnemM OT MUH Nt

o Underground mines 0 [loAsemHble WwaxTbl
Ype3BblYalHO XapKkune u
are e_xtremely hot and BNADKHbIE
humid L]
axTepbl MOTyT
Miners may endure BblAepxXuBatb
temperatures of 48°C Temneparypy 48 ° C Ha
t rock face NOBEPXHOCTU FOPHOW
a nopogbl
o Extensive Personal o OO6wupHoe Nn4Hoe
Protective Equipment 3almMTHOE
(PPE) obopynoBaHue (CN3)
- o HeBO3MOXHOCTb
o Inability to hydrate rmaparaumum
o Limited Rest o OrpaHunyYeHHbIN OTAbIX
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Purpose of Project

Llenb npoekTa
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Understand 1.

physiological demands

Change operating

procedures and 2

policies

Reduce the risk profile
of mine rescue
operations
(specifically, risk to
individual rescuers and
teams deployed in the
field)

3.

[TOHATL bmnsmonornyeckne
TpeboBaHUs

N3meHeHne paboumnx
npoueayp 1 NONUTUK

YMeHbLnTe npodounsib
PUCKOB onepauumn no
craceHuio MuH (B
YaCTHOCTU, PUCK AN4
OTOENbHbIX cnacarteneun u
KOMaH[, pa3BepHyTbIX B
NOSIEBLIX YCNOBUSX)
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Background Information
cxogHasa nHdpopmauums

Briefing Officer / Incident Commander
BpudpuHr / KomaHamMp nHUMAEHTa

Captain (kanutaH) H2 #3 H4 #5

o  Team structure that was measured
o  CTpykTypa kOMaHAabl, kKoTopas Obina namepeHa
5 member team PYKTYP
- . . 5 yneHoB KOMaHbI
Briefing Officer / Incident commander
) KomaHnaup nHumaeHTa
o  Emergency Task expectations that were measured
) o Oxnpgaemble 0XXngaHusi B OTHOLWEHUM Ypes3BblvanHbIX 3agau
multi task search & rescue
. [Nonck n cnaceHne HeCKONbKNX 3aga4
under breathing apparatus

. . Moa gbixaTenbHbIM annapat
exposure to adverse environmental conditions and

situational stress BosgencTterne HebnaronpmsTHbIX YCOBUIA OKPYXatoLLen
@
E LaurentianUniversity cpeabl 1 CUTyauMoHHOro cTpecca wCRQSH
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Research Questions
Bonpockl nccnengoBaHus

N
1 What are the physical H
demands of primary tasks
performed in a mine rescue?
2y Is there a difference in

physical demand between 2)
appointed positions on mine
rescue teams?

3)  Describe heat strain during a
simulated mine rescue.

3)
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KakoBbl onsnyeckune
NOTPEeOHOCTN NEPBUYHbIX
3a4ad, BbINOSTHAEMbIX MpU
crnaceHun MUH?

CyLwiecTByeT nn pasHuua B
Jon3n4ecKom crpoce mexay
Ha3Ha4YeHHbIMWN OOSMKHOCTAMMN
B LUAXTHbIX criacaTenbHbIX
KoMmaHaax?

OnuwnTe TENSOBYIO
aedopmauuio BO Bpems
NMMUTaLUN CMACEHUS LWaXTbl.
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Measurement tools ¢ IHCTpyMEHTbI n3aMmepeHund
Participants * YyacTHuKu
Study design  [ln3anH nccnegoBaHus

International Mine Rescue Competition « MexxgyHapogHasa ropHocnacaTtenemn KOHKypeHLUmn



Measurement Tools

&
N3meputenbHble MHCTPYMEHTHI Nt

Equivital EQO2 Life Monitor
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Measurements N3mepeHus

 Heart Rate (HR) -

. * Heart Rate

Variability (HRV)

'+ Energy Expenditure

(EE) y
« Estimated VO, .,
* Respiration Rate
(RR) y
« Skin temperature -

Vitalsense Thermometric Capsule
TepmomeTpuyeckaqa kancyna

yacToTta
cepauedneHns
N3meH4YnBOCTb
cepaedHoro putma
Pacxopn aHeprum
OueHeHHbIN
VOZmax

YacToTa AgbixaHus
Temnepartypa KOXu




Participants
YYaACTHUKN

135 eligible participants (27 teams x 5 members)

Equivital Life monitor: n = 74 (Response Rate: 54.8%)

Equivital Life monitor and Core temperature capsules: n =52 (Response Rate: 38.5%)
Table 1: Subject characteristics for all tasks and designated position
Captain Team Top Bottom

Measurement
U3MepeHue

KanutaH | komaHga | 90" percentile | 10" percentile
(n=14) (n=60) | 90" npoueHTMnb | 10" NnpoueHTUNb

Age (years) 3.7 377 364 44 (n=8) 29 (n=10)
Bospacrt (net

Height (m) 1.78 178 178 1.89 (n=7) 1.68 (n=8)
BbicoTa (MeTpbl

Weight (kg)

Boe (r 88.2 91.8 87.4 109.3 (n=7) 70.8 (n=7)

BMI (kg/m2) B .
BMI (Kr / m2 27.8 28.9 27.6 33.1 (n=7) 23.8 (n=7)

Heart Rate max predicted (bpm)
npeackadaHHad MmakCumaribHas

182 182 182 188 (n=10) 177 (n=8)
YyacToTa cepaeyHbIX
COKpaLeHnn (BUTb B MUHYTY)
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Study Design

[1n3anH nccrnengoBaHus
K

Teore CApsule

Record subject activated and Begin physiological Stop physiological

characteristics ingested measuring measuring
2 hours
Task 1 ‘ Task 2 ‘ Task 3 ‘ Task 4
XapakTtepucTukm
P 3anv?cm aKTmIfsamangg:Ha ’ HauaTb cusmonornyeckoe OCTaHOBUTL (hr3MONOrnyeckoe
namepeHue
npegmeta NPOrNaTLIBAETCS P namepeHmne
August 22, 2016 August 231, 24t 25t 2016
22 aprycta 2016 rona 23 aBrycra, 24, 25, 2016
R ¥/ 5 CROSH
B3 Loty o >




()]
n
O
e
o




Phase 2

0:40 — 1:02 mins
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Heart Rate
yacToTa cepauebuneHus

Figures 1.1, 1.2 and 1.3 demonstrating median heart rate for
positions and tasks

PucyHkn 1.1, 1.2 n 1.3, 4eMoHCTpupytowme cpeaHuin cepaeydHbin putm ans
AOIMKHOCTU N 3ada4un



Heart Rate (bpm)

Figure 1.1 demonstrates the mean heart rate for each position during the Underground scenario at the IMRC
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Figure 1.2 demonstrates the median heart rate for each position during the four tasks at the IMRC
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Heart Rate (bpm)

Figure 1.3 demonstrates the median heart rate for each position during the four tasks at the IMRC
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Core Temperature
TemMmnepartypa npoueccopa

Figures 2.1, 2.2 and 2.3 demonstrating median core

temperature for positions and tasks
Ha pucyHkax 2.1, 2.2 n 2.3 nokasaHbl MeanaHHoe s4p0
Temneparypa ans no3vuum n 3agad



Figure 2.1 demonstrates the mean core temperature for each position during the Underground scenario at the IMRC

Temperature (°C)
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Figure 2.2 demonstrates the median core temperature for each position during the four tasks at the IMRC
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Figure 2.3 demonstrates the median core temperature for each position during the four tasks at the IMRC

—
l M I
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Respiration Rate
4aCTOTa AOblXadHUA

Figures 3.1, 3.2 and 3.3 demonstrating median respirations for
positions and tasks

Ha pucyHkax 3.1, 3.2 1 3.3 nokasaHbl MeAnaHHble pecnupaTopsl Ana
OOIMKHOCTU U 3a4aum



Respiration Rate (rpm)

Figure 3.1 demonstrates the mean respiration rate for each position during the Underground scenario at the IMRC
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Respiration Rate (rpm)

Figure 3.2 demonstrates the median respiration rate for each position during the four tasks at the IMRC
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Respiration Rate (rpm)

Figure 3.3 demonstrates the median respiration rate for each position during the four tasks at the IMRC
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Estimated VO, ___

PacueTHbin VO, T

Figure 4 demonstrates estimated VO, .., for all Captains

participating in this study during the IMRC
Ha pucyHke 4 nokasaH oueHo4YHbIM Makcumym VO2 ons Bcex
KanuTaHoB y4YacTue B 3ToM nccrnegosaHum Bo Bpemsa IMRC
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Estimated VO2max (ml/kg/min)

Figure 4 demonstrates the estimated VO, .., for the all of the Captains participating the IMRC
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Conclusions
BbiBOObI Neressp
28

1)  The physical demands of mine rescue are high for all positions
dunsunyeckmne TpeboBaHUs cnacaTenbHOW WaxXTbl BICOKM ANt BCEX MO3ULINKA

2)  Highest exertions are seen with Fire suppression and Mine
escape; lowest exertions are seen with casualty rescue

Bbicokne ycunnsa BUAHbI C TYLLEHUS NOXapoB 1 nober n3 nogsemernbs; Camble
HU3KME YCUNUS BUAHbI C CMACeHNs paHeHbIX

E LaurentianUniversity
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Conclusions
BbiBOObI NSRS
E2

3)  The Team Captain has the least amount of physical demand for all
tasks during a rescue event

KanutaH komaHabl UMEET HAaUMMEHbLLEE KONUYECTBO Cbl/l3|/|'-IeCKOI'O Ccripoca an4d
BCEX 3a4a4y BO BpeM4A cobbITUA cnaceHns

2  There is risk of a heat event during a 2 hour rescue

CyLiecTBYeT pUCK BO3HMKHOBEHNSA cODBbITUSA Tenna Bo BpeMsl 2 Yyaca cnaceHust

E LaurentianUniversity
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Recommendations
pekoMmeHaaLuum N
I

1) All jurisdictions adopt some form of minimum fitness standard
(baseline/entry & ongoing upkeep)

Bce opucavkunm npuHATL HEKOTopble POpMbl MUHUMASTbHBIM cTaHaapT PutHec
(6asoBbIv/3anucb & NpoaosKaloLeroca cogep’kaHus)

2) Captain/ leader role in all jurisdictions appears to require a lower
standard of fitness. Can allow older, less physically fit mine rescue
responders to qualify at this standard to retain experience

KanutaH / ponb nugepa Bo BCeX OPUCONKUNAX, KaK NpeacTaBnsaercd, Tpebytor
Bbonee HN3KOro YpoBHS hmnanyeckon noarotoBkn. MOXHO paspelunTb CTapblX,
MeHee (pnanyeckn ropHocrnacarenen oTBETYNKOB, YTODLI NpeTeHaoBaTb Ha 3TOT
CTaHOapT COXpaHUTb OnbIT
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Recommendations @
pekomMeHaauunu N
31|

3)  Live measurement of vital signs is interesting, however not

necessary

XnBon namepeHmns Xn3HeHHO BaXKHbIX NPU3HAKOB ABNAETCA UHTEPECHbIM, OAHAKO
He obsa3aTernbHO

3)  Mine Rescue policy & procedure should resource operations with
enough teams and equipment to limit team work to 1-2 arduous
tasks maximum before being relieved

LLlaxTa cnaceHus nonutukn & npoueaypa OormkKHa onepauuii pecypcos ¢
[0CTaTOYHO KOMaHA U 06opyaoBaHMe orpaHnYMTb KomaHadbl pabotatb 1-2

TPpyoHOW 3aaym Makcumym o 0yayym ocsoboxaeH
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