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The impact of TMMM on Environmental Engineering is
pervasive in all aspectsa.

More critical aapects have been evaluated to quantify
their iwmpact on air and refrigeration cf a typical deep,
hot gold mine.

Hoat load factors of diesel mechines have been expresged

by warious autheritles. Based on theory and multiple
influences, these factors vary from 0,5 to 10 kilowatts
of heat per kilowatt of rated diesel power. The

efficiency or effective utilization of available power as
related to rock extraction is poor. Research shows that
the heat load factor is 1,475 times the rated powar.
Substituting diesel power with electrical equivalents can
reduce both heat/refrigeration and air demands in
Environmental Control. These factors are expressed in
chapter one.

Knowing the impact of the above, methods of ventilation
of the various TMMM’s c¢an be defined. A nodel has
subsegquently heen developed for use in the COMRO’s
program on Environmental FEngineering {ENVIRON). Heat
load graphs were oconstructed for future planning of the
various mining metheods.
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Turning +to the man that operates the equipment, two areas
of concearn are avaluated. Firstly, it has bean
detormined that the metabolic work rate on operators are
moderate without considering external harsh environmen-—
tal conditions. Metabolic work rate vary between 180 and
214 W/m2. Secondly, tha heat stress on operators have
been avaluated in & hot environment. Though the
metabolic work rate iz moderate, the accumulative effect
of radiant heat from the machine and the surrounding
ambient air puts the operator in the near hard work rate

catagory. Measures hava beep proposed to reduce the
affect of radiant hsat in the driver’s cabin where
vehicle wall temperatures reaches up +to 75°C. Trhe

specific cooling power of the air varies between 138 and
283 W/m2. This can ba Jargely attributed to the gap
between the wet and drybulb alr temparatures of up to
9°C. These are expressed in chapter itwo.

Investigat .1 in lssser detail are the controls installed
to reduce the ailr pollution effect of gas emission from
dieselised vehicles. Catalytic fume purifiers are
installed to reduce ths levels of exhaust gas emissions.
The probles experienced is wmainly fthe low aexhaust gas
temperatures (< 250°C’ for the non-production vshicles,
This resule in high exhavst backpressure due to a lack of
regeneration capabilities of the catalytic fune
purifiers. Overall efficiencies of purifiers ranges
bhetween 43 and 64%.

In general, other areas that were also considered are
listed below :

Methods of wentilating the various TMMM projects show an
effective air factor for planning purposes of betwa2en 3,0
and 3,6 ky/s per Kilotonns of rock broken per month.
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Noise levals of vehicle operators were measured as an
aguivalent noise dose. Research shows that exposure to
high levels of noise can lead to heering impairment.
Noise levels measvred in the TMMM projects reveals high
noise exposure in the lower frequency ranges. Fgquivalent
noise levels range between 98 and 115 dBa, It is
therefore necessary +to suppress the noise at source or
gupply hearing protection to the operators. The problem
is that no acceptable hearing protection device exists
for use 1in hot environmentz. Side effects of high noise
levels are hypertension and aggrasiveness.

Economical air factors to ventilate areas whers TMMM is
introduced wvary considerably and need te be investigated
in more detail.

The geocgraphical location in relation to the critical
thermal level in the underground environment is of utmost

importance. Air reqguirements to satlsfy both
contaminant dilution and heat removal aspects have been
calculated to vary over a wide range. Economical

airspead in roadways and tunnels is influenced by the
high excavation cost using TMMM.

Lastly, the davelopment and introduction of jet fan
technology was undertaken. This is an unexplored area
for possibla future research in TMMM. The financial
benefits of using jet fans in drifts advanced to some 60
metras from the point of through ventilation is self
evident.

Further work concerning fire  prevention, esvape
strategies and dust suppress:on methods in TMMM must be
done.

The development of a custom planning model is visualised
for the future - using the results of the above work.
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Chapter 1 :
Heatload Pactors for Diesel Engines

1.1 I'ROBLEM

The low  thermal eficizncy of the diesel internal
combustion engine has a marked influence on the
underground environment. The advantages in
manuevarability of a diesel powered mining vebicle (to
the mining fraternity over that of an electricaily driven
unit is evidant. The low thermal eficiency of the diessl
engine play a wmajor role in the cougt of a trackless
nining project when congideriny refrigeration vr the hot
underground air.

Difference 1n altitude and temperature between surface
and underground adds an additional burden on the power
output ©of a diesel engine. This relationship can be
expressed mathematically as follows. The correction
factor (kd), barometric  pressure (p) and ambient
tenprrature (t) relates as 1

kd = (87,0 7/ p) 9+63 % ((t + 273) s 208) O/
and
flywheel power on location as derated kilowatt (Kw rated
* kd). The derating amounts to some 10,6% on the

flywheal power Falk (1988:50).

The further complicating factor of negotiating slopes of
up to 14° whilgt Eravelling uproadways, adds to heat
denerated hy these machines. Planning the required fleet
for a sapecific payload is standard practice and the
factor for ecalculating the total power reguired is known
for various mining wethods.



The problem lies in finding the peak heat load period in
any trackless wining project. This peak heat load is
that phase when the hauling of rock is at its peak. It
is important to find +the utilization of the various
machines, +taking into account the availability of the
units, +the full) power pericd, distance and slope factors
and sngine condition Fourle (1989:45).

Pigure 1.1 chow such a +typical oycle for a load haul
dumper in respect of the exhaust gas temperatues.

figure 1.1 -~ Expanded time teuperature variation for
load cyecle Falk (1988:112).
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The refrigeration requirements for a project are
calculated on the peak heat load periocd. Gross
inaceuracies ocecur if an average figure is used for
refrigeration requirement calculation.

Figure 1.2 relates the problem of heat 1wad over a 24
hour period.

figore 1.2 - Detalled time temperaiure traces Dainty
(1985:363)

.,
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It iz important to note that the necessary temperature
histograms are required to deternine the frequency in
which +he diesel powered vehicles operate *‘n the various
temperature ranges. Figure 1.3 has been taken frra work
done to determine the exhaust gas tenperaturs for
catalytic gas purifiers regeneration. This is however
also appropriate whaen discussaing heat load in TMMM
projects ~ in order to calculate the raguired
refrigeration.

figure 1.3 ~ Temperuture histogram -~ ST6C scoop with a
Deutz FBL 714

-
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Gross variations occur from vwvehicle to vehicle and in
some instances temperature variations at the engine
between exhaust ports vary up to 100°C.

It is therefors necessary to £find some other means of
determining a project heat load.

1.2  LITERATURE SURVEY

Evaluation of the performance curves of +the vehicle
manufacturers indicate that the varilation of altitude and
ambient temperature has an influence on the performance
of the dlesel engine (as indicated previously).

During the initial planning of the TMMM projects, figures
were obtained, based on the equipment regquirements of the
various  departments. The  figures  required for
refrigeration requiremsnt calculations had one drawback -
actual utilization figqures were not availabla,

Due to the diezel machine’s thermal eficiency, heat
production is three times the actual rated power
McPherson (1984:241).

Fourie {1986:87) celeculated the diesel rated power
regquired per KkKiletonne of rock handled per month as 37

kW, The fuel consumption amounted to 0,51 l/tonne of
rock broken per wonth. The effective full power
utilization wag only 19 % per day or 26 % during the
peak leoading shift. The caleculacion involved some 38

vehicles over an 8 month pericod.

Based on the above, the heat load factor 1z 1,475 LW heat
per kW of rated diesel power and hence 54,5 kW heat pex
kilotonne of rock handied. These figures will now be
compared with the latest data collated for the period
1988 and 1990.
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Unsted (1989:38) reflects Ffigures of 1,88 kW heat/kW
rated diessl power Ffor low emidsion diesel on average.
The promising correlation of 0,545 to 0,670 litres per
ton of rock brocken has been reached by the above.
Unsted has calculated these figures during a

special project on another mine with similar conditions
to that of this regearch project. The disadvantage is
that only one unit had been chacked during the research
period. The heat load figure varied hetween 1,1 and 3,4
XW of heat/kW rated power for idling and peak load
respectively.

Burgwinkel (1985:625) srows a figure of 2,78 kW heat/kwW
rated power for a diesel locomotive. The problem of
comparing Burgwinkel’s data with that of a gold mine lies
in the terrain chosen for testing the unit. The slops of
the Lravelling ways vary between 0,5 and 9,0 deyrees.

Middleton (1989:244) did a study as member of the Chamber
of Mines Research Organisation { COCMRO) inveolving
locomotives and LHD’s. These findings relate the heat
from locomotives as 1,5 times the rated power. On the
TMMM side, a Jarvis cClark J5 220 (102 kW rated engine
power), generated 2,2 +times more heat than the rated
power based on fuel consumption. Again the test was only
conducted on one machine for both the conventional and
trackless project.

McPherson (1984:204) express the haat load from
dieselised vehicles as 2,83 times the kW of useful work
at Ffull load. This figure calculated from data collected
in the TUnited Kingdom and the United Statesr of America
coal mnines, The fuel consumption in this case is 0,2 1
of fuel/hour per rated kKW, The problem in each case is
at what fraction of the shift deo thase machines operate
under full load conditions ?
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Fourie (1989:45) shows the following factors to bhe used
to calculate heat flows/refrigeration reguirements.

Tenperature dependent heat sources (i.e. factors that
include heat flow from rock snd fissure water primarily)
are shown in table 1.1

Refer to appendix A - E (page 81) for an explaination of
the mining methods.

cut and £ill mining = 0,938
Vertical crater retreat = 0,415
Narrow reef stoping = 2,143
Developnent ends = 2,286

."..
Temperature independent heat sources indicate basically
all artificial sources such as eguipment,
Mining Method kW_heat /kton Roc T
Bro exr Mont T
Cut and £ill Diesel 42,8 Come
Electric 32,5 .
Vertical Crater Retreat Dlesel 14,8 :
Electric 41,5 Loy
Narrow Reef Diesel 37,0 Vo
Electric 79,4 i~
Development Diesel 37,0
Blectric 32,5

These figures include the 1,475 kW heat per kW rated diesel ?
power and 0,75 kW heat per KW rated electrical power as
utilization figures and incorporates the thermal deficiency
of the diesel units. ;

10
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The basis of the above figqures were gathered from evalua-
tion done for some 16 TMMM projects. The heat loads ware
calculated using the COMRO ceompui-.xr program "HEATY - with
the addition of the data from the 1986 study on fuel
consumption.

A summary of +the design parametsrs are given in table 3
involving the work done by McPherson, Fourie and Unsted.

kW heat/ | Cal Fuel 1 Fuel/

kW rated |[Value ! used |hour per|Heat
Sourca kJ/L l/ton |rated kW!MJ/ton
McPherson 2,83 34 000 0,30
Fourie 1,475 36 538| 0,545 0,51 20,07
Dnsted :
LED fuel 1,a8 38 273| 0,67 0,19 19,0
LOCD £fuel 2,10 37 528 0,89 0,21 24,8
Surface fuel 1,71 38 377y 0,71 0,17 20,2

Table 1,3 - of pla

In the case of McPherson and Fourie, US diesel fusl and
LED (low emmmission diesel)}fuel was used respectively.
Loco fuel is diesel fuel marketed specificaly for use in
locomoctives in the goid mines.

This correlation is good. The data coliated was taken
over a very short period of time and did not simulate a
representative sample. Also that the work does not take

into account +tha various mining methods employed in TMMM.
Lastly, the gold mining industry has progressec
significantly along the Ilearning curve to improve the
productivity and availability of diesel powered vehicles
over the past five years.

It 4is for this reason that it is necessary to recalculate
the fuel consumptinn figures for use in future project
planning.

i1

L
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1.3 OVERVIEW OF THE THEORETICAL SOLUTTON

T overcome +the heat load problem, it is necessary to
determine the pesk heat 1lpad pericd using the fual
consumption  figures. It will be shown, from the
production data, that the peak "hauling of rock" period
is during two short 4 hour periods during the afternoon
and night shifte. It can therefore be said that the peak
heat flow period occurs on' - 33% of the day. The supply
of refrigerution during this period is crucial to any
machine to operate satisfactorily and to the operator
thereof.

The Solution is two fold :

i) Calculate the heat load figures from data collated
over the past 24 months in scme 4 projects. The
data to include planned and actual rock hauling
performance, fuel consumption, derated diesel
power, fuel +type used and hours of operation in
epecific period.

check the hauling =plit over the day of work.

The performance calculated to show actual diesel
power used per ton of rock broken, fuel consunp-
tion per kW diesel rated power and per ton rock
broken, Based on the above, the percentage full
power utiiization per machine to he caloulated.

T

s
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¥inally, the peak heat load figures will be known
baged on fuel consumption.

Heat = fuel consumptlon ¥ combustion efficiency ¥
calorific valuc.
Where : fuel consumption is expressed per unit

time in the high preduction period
(litres/sccond).

- Combustion efflciency iz assumed at an
average of 95%.
- Calorific value of diesel fuel used by the

group = 36 538 kJ/1.

This figure can then be used to express machine
utilisation at full lead by gquoting tha heat
genaration hy the fleet of vehicles, hased on the
fuel consumption as a ratio of tha maximum possible
heat (power) deneration hy the fleet, during the
same period of time.

ii) This empirical data will then be checked and
verified agalnst other sources.

The above rasults were processed by the CCMRO ‘ENVIRONS
program and filgures derived for the various 'TMMM projects
taking intd  account  the tomperature dnanendent and
independent heatflow tigures. This program was devoloped
by Von Glen (1987).

Hoat from diesel eongines was then oxprossed as rated
diesel power reguired per tonne of rock broken per month,
multiplied by the heat generated per kilowatt of rated
diesel power. This heat generation factor to include all
aspects such as down time, fuel calorific wvalue and
utilisation ol »achinery over a 24 hour period. The fuel
galorifice needs to be koaown,

13
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1.4.2 Digsel vehicle fleet

The venicle fleet are shown per project in tables 4 ~ 7.
In summary the total Ffleet consisted of 56 vehicles
amounting to 4803 kW rated diesel power.

Note +that the term "power deration baged on dgas
emmissions® mean "smoke and nitrous oxlde limiting" power
output in the tables 1.4 to 1.7 .

14



Code Prod|Description |Manufact|Model |Spec |kW Cyl |Power#* |Total]POWd
No Grp Rate Derated|No.
LW 1 LHD | VWagner LHD 1V Dav 3.5T 3.5m3 {144.00| 8.00}134.35 |2.00 |269
1w 2 LHD [Wagner LHD HV Dav G0 6.0m3 (180.00{10.00[167.94 |1.00 |l68
GH B LHD (GHH ZHD ING Eng (LF12 8.0m3 {"l6.00(12.00}202.53 (0.00 0
137
™ 1 Trock|Wagn D/Teouck |HV Dav 08 18Ton {190.00]10.00|167.94 [0.00 G
W 2 Uil iwWwagn U/Veh HV Dav UT454 SC198L.| 63.00| 6€.00] 58,78 |3.00 |176
UM i util |VT Veh MNorm: % PK1GU0 63.00| 6.00| 5B.78 [0.00 G
OU¥1 /1832 | UEll | SVM3000 Spec Veh|SVM3000!Jeep 32.00} 3.00| 29.86 [0.00 G
U3 Utll |Sca.er JI Case [580G Scaler| 50.00| 4.00| 46.45 [2.00 93
EW 1 {rtil (Lub Cassette|HV Dav Goo ntil 63.00| 6.00] 58.78 10.00 0
Case [ULll [Grader Case Grader| 50.00[ 4.00] 46.65 |0.00 0
270
RE 1 (Rigs |Secoma/ Eimco
R/Bolt Sec Rig D/Rig 63.00| 6.00 58.78 [0.00 0
DA 1  [Rigs [Boomer A/Copco
D/Rig 52.00| 5.00] 48.52 12.00 97
DF 2 [Rigs [Single Boom |Seco Rig D/Rig 52.00] 5.00] 48.52 [0.00 0
a7
TOTAL, POWER DERATED = kW 803
* = Power deration based on gas emmissions
= not done underground as at vyet.
The temperature and elevation used correspond to that of the
project te be analysed.
TEMPEERATURE AVERAGE =~ 29.5/38,.5°C
BAR PRESSURE = 100.5
Table 1.4 -~ 58 Level TMMM vehicle floet
15
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Code Prod] Description |[Manufact|Model |[Spec |kW Cyl |Power* |[Total|POWd
No Grp Rate Darated |No.
Iw 1 LHD Wagner LHD HV Dav 3.57T 3.5m3 [144.00| £8.00)121,29 {2.00 |263
LW z LHD Wagnexr LHD HV Dav aC 6.0m3 |(180.00120.00164.11 [2.00 (328
GH & LHD GHH LHD IMG Eng |LPL2 8.0m3 (216.00(12.00{196,93 |1.00 {197
788
™ 1 Truck| Wagn D/Truck {HV Dav 08 18Ten '190.00(10.007164.11 [0.00 0
oW 2 Util Wagn U/Veh HV Dawv UT45A 8Clo8L| 63.00} G6.00| 57.44 |2.00 |115
ON 1 Util VT Veh Normat PR10OO 63.00]| 6.00{ 57.44 |0.00 0
UYLl/US1iueil SVM30Q0 Spec VehSVM3000|Jeep 32,001 3.00| 29,18 [(0.00 0
uG 1 Util Scaler JI Case |580G Scaler| 50.00) 4.00| 46.59 ]3.00 (137
EW 1 Util ILub Cassette|HV Dav 000 il 63.00f 6.00] 57.44 10.00 0
Cagse |[Util | Grader Case Grader| 50.0C{ 4.00) 45.59% [G,.00 0
252
RE 1 |Rigs | Secoma/ Eimco
R/Bolt Sac Rig D/Rig 63.00! 6.00| 57.44 [0.00 1]
DA 1 |Rigs ) Boonmer A/Copco
i D/Rig Rig D/Rig 52.00( 5.00] 47.41 [2.00 94
i oy 2 Rigs 2ingle Boom |Seco Rig D/Rig 52,.00{ 5.00) 47.41 |0.00 0
| 95
f TOTAL POWER DERATED = kW 134
; * = Power deration based maximum gas emmission - not done as at yet.
k The temperature and elevation used correspond to that of the
:; project to be analysed.
L TEMPERATURE AVERAGE = 29.5/38.5°C
; BAR PRESSURE = 103.5
L
: Table 1.5 m 70 Level TMMM vehicle fleet
16
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Code Prod; Description |Manufact|Model |[Spec |kW Cyl |[Power* |Total|POWd
No Grp Rate Derated|No.
w1l LHD Wagneyr LHD IV bav 3,57 3.6m3 [144.00] B8.00)132.48 11.00 {132
LW 2 LHD Wagner LHD BY Dawv &6C G.0m3 |180,00[10.007165.60 11.00 (166
GH 5 LHD GHH LHD IMG Eng |LF12 8.0m3 (216.00(12.00)198.72 |0.00 0

298
T 1 Truck| Wagn D/Truck|HV Dav DB 18Ton [190.00|00.00(1L65.60 [0.0C 0
uw 2 Util Wagn U/Veh HV Dav UT45A SC198L.| 63.00f 6.001 57.96 |2.00 1116
UK 1 Util VT Veh Normat PKLO00 G3.00] &.00] 57.9%6 |0.00 0

UY1/USL]0EiL SVM3000G Spec Veh]SVM3000|Jeep 32.00} 3.00| 29.44 |0.00 0
uG i meil Scaler JI Case (580G dealer| 50.00| 4.007 4€.00 {0.00 0
EW 1 kil Lub CussetteHV Dav i) Uil 63.00| 6.00( 57.96 |0.00 o
Case Ireil Grader Case Grader| 50.00| 4.00]| 46.00 (0.00 0

252
RE 1 Rigs Secoma/ Eimco
R/Bolt Sag Rig D/Rig | &3.00| 6.00! 57.96 [0.00 0
PA 1 [Rige | Bcomer DA/CGopeo|Rig D/Rig | 52.00[ s.00| 47.84 |1.00 | a8
DF 2 |[Rigs | Single Boom |B/Beco [Rig D/Rig { 52.00] 5.00! 47.84 {0.00 0
48
== TOTAL POWER DERATED = kW 46
% = Power deration based maximum sxhaust gas emmission not done
underground as at yet.
The temperature and elevation used correspond to that of the
project to be analysed.
TEMPERATURE AVERAGE == 29.5/38.5°C
BAR PRESSURE = 102.5
Table X.6 = 65-2W TMMM yehicle fleetl
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Code Prod| Description |Manufact|Model Spec |kW cyl Power+® {Total
No Grp Rate Derated|No.
Iw 1 LHD Wagner LHD HV bawv 3,87 3.5m3 |144.00] 8.00|127.68 |3.00 an3
Iw 2 LHD Wagner LHD HV Dav 6C 6.0m3 |180.00{10.00|159.60 [3.00 479
GH & LRED GHH I.HD IMG Eng (LF12 8.0m3 |216.00122.00}191.53 [1.00 192
NE 1053
™ 1 Truck| Wagn D/Truck|{Hv Dav DB 18Ton [180.00;10.00]159.60 |3.00 479
uw 2 Deil Waogn U/Veh HV Dav UT454 8C198L| 63.00}f 6.00 55.86 |3.00 168
LV Uil VI Veh Normat PR10OGO 63.00] &.001 E5.B5 |1.0D 5¢
U¥1/US1Util SVM3000 Spec Veh|SVM3IQ000|JTeap J32.00( 3.00} 28,37 [0.00 0
uG 1 Util Scaler ST Case (580G Scaler| 50.00( 4.00] 44.33 [6.00 266
EW 1 Uil Luk Casgette|HV Dav ooc Util 63.00| 6.00] b5.B6 |1.00 56
Case Util Grader Case Grader| 50.00| 4.00( 44.33 [1.00 44
590
RE 1 |Rigs | Secoma/ Eimco
R/3olt Sec Rig D/Rig 63.00) 6.00; 855,86 [2.00 112
DA 1 |Rigs | Boomer bA/Copco [Rig D/Rig | 52.00f 5.00| 46.11 |[5.00 | 231
Dr 2 Rigs Single Beom |B/Seco Rig D/Rig 52.00) 5.00}] 46.11 |0.00 ¢}
342
TOTAL POWER DERATED = kW 2464
* = Power deration based on mayimum éxhaust gas emmission not done
undergreund as at wvet.
The temperature and elevation used correspond to that of the

project to ba analysed.

TEMPERANURE AVERAGE = 29.5/38.5°C

BAR FRESSEURE

108.5

Table 1.7 ~ 85 Lavel TMMM vehicle flecet

18




l.4.2 Heat /7 Unit instalied diesel power

The data collated from the Planned Maintenance Section of
i the Engineering Department, coupled with the information
of production figures nver the period March 1988 to March
' 1990 gives the following values. Details of these
E analysis is attached as Appendix F (page 86). In summary
the results can be shown in Table 1.8.

Project |[1/kW/h|[kW der| Oper |(1/tonne|kW/kTonn|kWd/KkTn{Mining
hrs Method

65-2W 0,0L 463 20415| 0,8 |31,24 43,55 (a)
58 Lev [0,05 803 21376 1,61 |39,12 61,10 (a)
85 Lev |0,01 |2464 {165193| 0,57 [21,81 62,12 |(a - d)
70 Lev {0,015 {1134 58309| 0,44 |17,07 30,11

Weighted|0,0127|{ 876 [929711| 0,882 |27,31 49,22

Average
TOTALS 4803 |295292
Table 1.8 —~ Heaf load parameters - TMMM - 1990/91
f REMARES

1. Previous apalysis (1986) show

’ Mining Method kWd /kTonne /Henth
a) <Cut & £ill mining 42,87
b) Vertical crater retreat 14,8
c) Narrow reef stoping 37,0
a) Development 37,0

Also "kW der" is kW derated power as per page 1 and "kwd"
is kW diesel power.

Depending on the ratio of tons from the various mining
methods =~ on equal distribution -~ this figure was 32,9
diesel rated power / kilotonne of rock broken per month
compared to the 49,22 now calculatad.

19
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2. Fiel. %Ensumption ¢ previous 0,51 1/tonhne
now 0,682 1l/tome
3. Basad on a calorific value of 38 500 kJ/1l {and not

36 538 kJ/1, a=s in the past) the heat generation
from diesel powered vehicles underground would
therefore be 24,42 MJ/ton. This difference in
calorific wvalue can be attributed to the change in
diesel fuel type used.

The above figures can now be used in any one of the
‘ENVIRON’ heatflow simulations programmes. Figures shown
under the Literatuie survey material can now be updated.
Temperature independent heat load factors are shown in
Table 9.

Mining Method kW Heat / kTon Rock Broken/m
Cut and £ill 64,03
Vert crater retreat 22,02
Narrow reef 55,50
pevelopment 55,850
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5. DISCUSSTON

Due to the difficulty of simulating a TMMM project in a
heatflow project - the factors as in the above results
can be uged to predict heat loads in any project.

The typical simulations layout is shown in Appendix G
(page: - 3). The regults are presented in a graph and
plotted (gainst virgin rock temperature on the one hand
and procuction on the other. Figures 1.4 - 1.6 show the
£inal result of the work dona - incorporating all the
necessary data.

If more firm figures are available to predict / calculate
heat loads in the TMMM then they must be used. However,
global planning usually demands more rapid results on the
total air and refrigeration reguirements. It 1ls for this
reason that these graphs were generated.

Practice indicate <that these figures are sufficiently
accurate in predicting heat loads.

The use of elactrically powered eguipment is proposed
from an environmental pollution point of view - on hoth
econonical and pollution grounds. The heat released by
an electrical motor is 10% of the duty from an ineffi-
ciency of the motor and the 50% useful work is released
ag frictional heat. A Diesel engine is considered to
release 1/3 of its snergy as heat in the eghaust, 1/3 in
heat transfer from the engine and radiator and 1/3 as
work done which is eventualy released as heat to the
environment. For an engine rated at R kW, the heat
released as per tunderson (1989:282) iz

21
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Diesal R + 2R = 3R and
Electric R + 0,11R = 1,11R

The heat generation is therefore 3 times the heat from a
equivalent electric motor. However, the work done by
both machines is the same, even if this is converted to
heat, 'The surplus heat liberated by a diesel engine is
20 times that of an electric machine (2R/0,1R).

Considering the cost of 1 kW of cooling equates to 0,7kW
of electrical power - the cost of using electrical
powerad vehicles should ke considered.

The gecond part of this research document looks at the
effect of heat stress on the wvehicle operaitcr.
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Chapter 2 :
Heat armd Other Stress Factors on Machine Operators
1. PROBLEM

The heat generation Ly diesel pouwared vehlcles underground
hags a major impact on the environment. As discugsed in
chapter 1, this g¢generation is three times the rated power
in thecory.

It is necessary to calculate/investigate the heat stress to
which the operators of theso vehicles are eyxposed to. Heat
stress can be defined ag that fractlon of heat by which
specific cooling power of the air is lesg than the metabo-
lie heat generated by the human body whilst performing a
gpocific task in specific ambicat conditions. This addi-
tional stress on the body rosults in an iherease in the
core temperature of the incumbent. This in turn can result
in a deterioration of physiologival and psychological

performance of the driver.

The heat (energy} balance of the human body w¢an be
gunmarised as follows with all parameters expresced as hoat
gengraLion per unit body area (W/mza :

e e R T

(Metabolic onergy production} minus (mechanical work done)
ninug  (respiratory heat exchange} minug (heat storage in
the body).

Cooling mechanisms of the body @

ot b 2 e e A T g T P S

Radiant hoat loss + conveotive hoat logss + evaporative hoeat
loss + conductive heat losa.
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Is the ability of the air to accommodate the heat from
the ¢ooling mechanism of the body.

These factors have to date not been collated for vehlcles
operators

External factors :

Efficiencies and wproductivity of the diesel powerad
vehicles im  largely dependent on +the calibre of
operator. Howevaer, the performance of the operator again
is  influenced by oxternal factors impinging on his
phyasiologica? abilities, which is further restrained by a
poor asyonomically designed cabin. The external factors
van be classified as:

o Extreme vardations in the temperature spectrum.
PThies spectium includes thea natural wetbhulb,
psychropetric watbulb, drybulb temperature, black
globe and differences Dbetween the wet and drybulb
temperatures.

- The natural wetbuldb texsperature in this context
means the reading obtained when a wetbulb
thermometer 1s exposed to the natural airflow over
the »ulb. On the other hand, the psychrometric
wetbulh themperature is taken when the wetbulb is
axposed to a vongtant airspeed of 4,0 m/s.

B Drybulb  temperatures which exceed 35°C makes
pelicy decisions on the wear of clothing extremely
difficult. Temperatures above this level, increase
padlent heat above the evaporative heat removal
capacity (EMAX). Alse the evaporative barrier
pesed hy the oclothing increases the ocora
tomperature of tha operator.

o8
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Hanwoock, (1981:77), also showed that under higher
effective temperatures of between 38,1 =~ 45,8°C
definite impairment of mental performance ococurs.
Effective temperature Iis an index of environmental
heat which  synthesizes drybulbh temperature,
relative bumidity and air movement. High affective
temperatures also increases aggression of man
towards the systam.

Work done by Anderson (1282:76) show man’s higher
aggressive tendency towards the system during hot
summer conditions akt surface level. It is expected
that this phenominen will also cccur underground if
cool  and hot conditions are compared. Aggression in
the form of mishandling the wvehicle, Figure 2.1
show some data to proof this statement.

o~
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Ergonomic design :

The driver’s cabin of the diesel powered vehicles
has an extremely poor ergonomic design. It plays a
major role in the drivers ablility to handle and
control the vehicle effectively. These include:

-  Viesjon and visibility in the work situation

- Illumination of the surroundings

- Lack of radiant heat shielding or at least the
reduction ©of emissivity, az the vehicle wall
tenperature in the driver’s cabin 1s as high as
65°C.

-  Beat design and associated spinal discomfort

- Reduced motor function of the legs due to the
pogition of foot controls

- Noize exposure due to a lack of attenuation
facilities (between 90 - 120 dBA eguivalent
level).

- Position of the cabin in relation to the
engine. The heat removed from the engine should
be discharged away from the driver.

Duration of the work period, the frequency of and
length of rest pauses has a marked impact on tha
overall capabilities of the operators. Drivers
spend gsome 7 <« 8 hours on the machine - gometimes
without any rest period.

Relative air speed plays ~ major role in all the
heat stress indices and the lack thercof in the
cabin affects the cooling power of the air.
Espaeclaly when travelling in the same direction as
the natural airstream in the excavation,

3l
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Acclimatization and general fitness of the worker:

There has bheen no scientific evaluation of the vehicle
operators concerning heat stress. Classificatlion has
been dons based on their physical activity, by which they
are classed in the light work category (115,90 W/mz).
See the relation of these operators to that in the other
work categories in table 2.1 . '

Light work Moderata work Hard work
<115 W/mz =115 <180 W/m2 >1E0 <240 W/m2
Winch operator Operating box front Hand tramming
Sweeper Drilling Shovelling

Drill assistant jBarring Timber transport
in stopes
Walking Building matt packs
Taam leaders
Drain cleaning |Vehicle operators ?

Table 2,1 =~ Classification of wmining taske according to

Betabelic heat: production for use in the assesswment: of
t _sktroess

No work has been done on the ewternal influences (ambient
conditions) impact on the classification of heat stress of
drivers,

Impaired comecentration during Work period and its
influence on the driver.

Acelimatisation of the existing wconventional work category
people are done under conditions where the specific
cooling power of the air does not exceed BOOW/ma.

The affect of radiant heat is neglected and the gap
hetween the wot and drybulb is kept between 2,0 and 2,5°C.
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caps of up to 10°C are experienced by vehicle operators.
It is therefore necessary to evaluate the metabolic work
rate and the specific cooling power of the air in order to
determine the heat stress of the operators,

It iz for the above reasons that some rezearch is reguired
into the heat stress of operators of diesel powered
vehicles. Figure 2.2 show +the relation between
psychrometric wetbulb temperature, radia: or drybulb
temperature and windspeed <to indicate the deminishing
iwportance. of +this wetbulb temperature in hoi dry
conditions. (Stewart 1984:551).

Figures 2.2 to 2.4 have been included to show that the

relevant factors have an impact on the specific cooling
power of the air surrounding the vehicle operator.
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DEMINISHED IMPORTANCE OF WETBuLS
TEMPERATURE IN HOT-DRY CONDITIONS
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2.2 LITERATURE SURVEY

The variance between  the psychrometric  wetbulh
tenperature (tpwb) and windspeed is shown Iin figure © .

This is true if the gap between the tpwb and radiant
and/or drybulb temperatures do not exceed 2°C. The
entire picture changes if the radiant temperature is
increased.

Figure 2.3 -~ Cooling power f.om wetbuld temperature and
windspeed
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WETBULB . TEMF. AND WIND SPEED REGU!RED
TO COMPENSATE FOR AN ELEVATION IN
RADIANT AND DRYBULB TEMPERATURE
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Little information exists when this gap increases,
Stewart {1984:548) shows (figure 2.4) the reguired
wetbulb temperature with an Increase in the said gap.
Baslecally this work needs to be duplicated for diemel
vehicle operators.

Figure 2.4 - Wetbulb temperature and windspeed required
0 compensate for an elevation in radiant heat
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WETBULB TEMP. AND WIND SPEED REQUIRED
TO COMPENSATE FOR AN ELEVATION IN
RADIANT ABOVE DRYBULB TEMPERATURE
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The research can be divided into three distinct sections

namely: -

- Epecific cooling power of air due to external
environmental factors

o Heat stress analysis on factors in drivers cabin

- Strass due to noise exposure

Kielblowk, J. (1988:01) estates that no sclentific work
hag Dbeen done on the evaluation of heat stross of dlesel
powered vehicle operators. The impact of ovternal
ambient conditions needs to be evaluated. The effect of
clothing has not been taken into acoount in any of the
COMRO’s studiss concerning operaters.

Heat stress due to external environmental factors can bhe
evaluatad in sevaral ways. Chompusakdi (1980:41),
Stowart and ASHOSH (1974) have been corsulted and the
following combination indicate tho heat stress and strain
nethods avallablos-

L. Wet-bulb glohe temperature (WBGT) Index. This
index number consists of a simple weighting of the
globe temperature (tg), natural wetbulb tomperature
(tnwb) and natural drybulb temperature,

2. Predictod Four  Hour Swaat Rato (P4SR) Index
dovaloped by MecArdle Chompusakdi {1980). P4SR
nrodiets total oweat loss  (litres) during a four
hour exposure.

3. Heat Stress Index by Belding and Hateh (19%5) is
hasad on the physical analysis of heat exchange
betwaen a hot body and the ambilent air. The index
momber  describing the heat stress between a hot
body  and  the amblent aly is oxprocsed as a
porcontage of ovaporative heat loss required for
heat  balancee (Preq) and the maximum ovaporatlve
capacliy (Emax).
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Effective Temperature (BT) was devised originally by
Houghton and Yaglou Chompusakdl (1980) as a comfort
Scale, This gcale 1is an empirical sensory index which
combines intke a single value (ET) the effocts of
temperature, humidity, and alr movement on %the human
body. A derivitive 18 the corrected effective
tamperature incorporating glebe temperature.

Other heat ostress indloes include:

- Rolative strain (RS) index

- Reference index (RI)

- Wet globe tomperature index (WGT)

- Corrected affective tamperature (CET)
- Oparative temparature (OT)

- Combined heat stress index (HSICP)

- Belding~-Hatch heat stross lndex (HSIDBH & BC)

Literature on these indices have heen consulted, with
specific referonce +to Kamon (1981:611) using effective
heat strain index (EHSI) and the wetbulb globa
tomperature (WBGT) index as decoribed by IS0 No. 7243
£19821% .

e is therefore necegssary to oalculate effective
temperacure, wothbulb globa tomperature, specific cooling
powar of the alr, metabolic work rate and the resultant

heat atresms of the drivers.

Finally vhe radiant heat will alee lx indicated.
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Heat ustress analysis on factors in the drivers cabin will
bhe added to the evaluation of --ctal factors as above
using data from the specific research and directives from
OSHASH (1974).

The necessary work and research was done aft Western Areas
Gold Mining Company’s 83 TMMM project.

Seven vehiclem and operators where tested in four
differani categories. A list of these is shown in the
table below and illustrated as figure 2.8,

Vehicle type Power Rating | Supplier
Load-haul dumper Tvpe 1 2 X 144 kW Waqgner
Load=haul dumper ‘Fype 2 1 X 216 KW GHH
Dumptruck 18 ton (DT) 3 X 180 kW Wagner
Utility Vehicle (UIV) 1 X 63 kW Wagner

Vehicles used during the evajluation.

The . nitoring pericd consisted of twy (2} days per
operator at average 7% hours per day continuous driving.
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Rualy HAUL DUMPER (SCGOUE)
(144 kW)

1OADR. HAUL, DUMPER

{216 kW)

Figure &.w - veltlules used durimg the Bvaiuation
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DUMETRICK
{18 Ton}

UELLELY VEHICLE

Figura 2.% = Vehicvles used during evaluation
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2.3. QO X OF THEORETICAT. SOLUITTO

The cost of tha trackless mechanized mining vehicles is
high. The rapid and efficient use ©f these vehicles
plays an important, if not the most important part in the
econonics of tracklass mining.

Operators of these units must therefore be of the best
from & psychological and physiological polnt of view.
BExternal factors nust be able to enhance these
capabilities - iIf possible. If not, detremental external
influences must be eliminated or limited to minimize the
deficiencies of the operators.

To  achieve this, the entire spectrum of external
influences needs to be evaluated. It is necessary to
avaluated most of, if nok all, the heat stress indices
avallable. Conparison of these indices pvat be done to
determina the most efficient method of .ontrolling this
unigque and harsh environment.

A redesign of the operators cabin is necessary so as to
make it more accewtable and reduce the aggravating
influence of radiant heat in this aree.

Listed in appendix ¢ (page 94), are the formulae used to
calculate the metabolic work rate, effect of clothing to
evaporative heat transfer, effsctive and wetbulb globe
temperature. The apecifi¢ cooling power of the air and
heat streses figures are also shown.

It is necessary to generate a computer progran to
evaluate ¢the heat stress indices as an ongoing project.
This will allow +the rapid determination of corrcotive
actlon required.
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hetermining the noise oxposure of the operator and
deciding on the necessary controls reguired to reduce
noise 1is8 required. Tarter (19%0:685) established that
high noise levels Lnoreases hypertension. Mean hearing
loss was 28,3 dBA amongst the black men and 45,3 dBA
amongst the white workers at the 4000 Hz Ffregquency band.
Also 31,9% of the black men and 22,0% of the white men
had hypertension, defined as diastolic Dblood pressure
higher than 90mm HG and/or currently taking hypertensive
medication. These tests were conducted in an automotive
assembly plant. Short term noise exposure in the 90 to
100 dBA range in normotensive and hypertensive patients
has been to raise dlastolic blood pressure 7 to 12 %,
This in turn influences the metabolic work rate and
stress index. As part of the proposed solution to make
the machine more ergonomically acceptable to man -~
silencing of the exhaust system is recommended.

Hearing 1loss can therefore be theoretically determined,
using the noise levels over the total exposure period. A
maximum of 85 dBA is allowed during an 8 hour period of
continuous exposure.

It is important to note that operators spend more than
seven to eight hours on these vehicles,

In order for operators to work efficiently at the highest
productive rate, two types of controls are necessary !

adminigtrative controls such as:

(a) Training and education to recognise the fisst signs
of heat exhaustion,

{b) Proper and regular medical surveillance,

{c) Self pacing during the 7% hour shift, More
frequent resting pericds may result in a more alert
and productive operator.
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(d)

(e)

Acclimatization of  operators at  temperatures
simulating real conditions.

Encouragement of operators to drink water more
frequently and to avoid fouod with a high {at
content.

Physical or engineering controls may include:

{a)
{b)
{c)
(4)

(e)
(£)
(a)

& cool room for oscupation during rest periods.
Shielding operator from radiant heat.

Evaporative cooling in the cabin,

Micro climate «cooling 1in the form of an
airconditiocned vest.

Silencing of exhaust parts.

Deflection of engine heat from cabin. _
Heat stress analysis as a matter of routine and the .~
raduction of external environment condit'wns making '
an impact on the operator.

1 n
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HOTE : that an explanation of the heat generated in the
drivers cabin is necessary at this point .

Heat content of the drivers cabin can be devided into :
q cabin = ol + g2 - g3

Where i gl is heat from engine impinging on conditions
in the cabin, W/mz.
.q2 is heat generated by the driver, W/me
g3 is heat losz due to ambient alr cooling
effact, W/m.

} ——

J Exhaust
i

—l | Engine

=

- |
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Heat  transfer is the comwbination of the radiant and
conductive heat transfer mechanisms as major driving forces,
with convective and evaporative heat transfers as ninor
sources or sinks

These heat sources and heat sinkes are explained ir appendix K
(naga 1LG9).

2.3 PRACTICAL, FVALUATTION AND RESULTS
Yhe Teusts

Base Cose

In order to <onduct a comparative study, the incumbonts’
METABOLIC WORK RATE e tested in ambient conditions not
conducive to heat stress.

The test was carried out above ground in a closed room with

temperatures of 24,0/26,5,26,5 °C for temperature wet bulb,
tenperature dry bulb and temperature radiant respectively,

48
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The oparators were tested for heart rate and oral
temperature pefore being exposed to a work rate of %4, 70
and 100 watt. This was achieved by allowing the subjects
to do stepping exercises at a specific rate simulating
the above work rates.

The height of +he gsteps corresponded to the persons
waight and  relativae fat derived from skinfold
measurements and subsequent calculations of relative fat.

The ratio of helght to body mass wus taken to cazloulate
the total bhody uarea in m .

Heart rates were taken to determine VO, max which is
the wmaximum oxygen uptake and the metabolic work rate.

on, site Testing
Twe specific sets of measuvements mnore taken to debernine
the heat stress Index:

- Physiological parameters
rortablic heart rate monitors (Type Oxford Medilog
MR15) were used +to monitor the operators over the
full shift. Also taken was the skin temperature
using a thermistor and logging the data on a GRANT
dato logger (Type Sguirrel : No 8216). These
ingtruments are shown in figurs 2.6 .

~ Foyvironmental paramcters
The parameters nocossary to determine the various
heat streus indices weore taken ovar the same
pariog. The instruments used conformed to IS0 7243
(1982). Grant data loggers (Pype Squirrel Ser No.
2317 and  B2Lg werae usod to collate the nogossary
informatiocn. Thege instruments are aloo chewn in
figueo 2.6,
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The Rerulis

Heat :

An exanple of the results ils attached as per Appendix I
(page 108). The same format was used to evaluate all the
drivers. The operators are exposed to heat as per table
2.2. = These are average figures. However, during
certain periods as seen in the Figure 2.7 series -
conditions change and the SCPA drops to figures beliow 130
Ww/m2. Again SCPA being +the specific cooling power of
the alr regquired for cooling the metabolic heat
generated.

Vehicle Type|Stress WBGT SCPA  |Metab work rate|#ff Tenp
(Yes/Ho)| ("C)} [(W/m2)|(W/qm2) {("c)

LHD Type 1 4 32,5 240 180 38,1

LHD Type 2 Y 38,9 | 180 195 36,0

DT N 35,1 | 200 17% 41,7

oV N 34,0 350 180 31,5

Table 2.2 - Average  exposure of  drivers to the
snvironment

The above results were obtained using the formulas in
Appendix H (page 94) «~ after Xamon and summarised in
Appendix J (paga 114).

The work was checked using tha IS0 7243 and formulae by

Stewart (aAppendix H). NIOSH recommendation and formulae

forms part of +his appendix.

- Heat rejection by the vehicle engine influencing the
wethull globe temperature (WBGT) in the drivers cabin
is reflected in the table 2.3 .

Operator Vehicle type|WBGT - 'C

LHD Type 1 32,5
LHD Type 2 38,9
D 35,1
v 34,0

e

Tahle 2.3 = WRGTE Drivars cabin
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Erggnomics _and_cControls Effect

Noige

Noise
shown
using

Cahin and seat design need to be evaluated in
future research work to improve on thz comfort and
productivity of the worker. Figure 2.8 show some of
these deficiencies.

- the gap between the drivers’s knees and the
vehicle wall is in some cases is only 50 mm. This
creates extreme discomfort and scnrching of the
skin, as the wall temperature of the cabin reaches
temperatures as high as 65 o centigrade.

- the angle of posture of the feet in relation to
the footpedals is acute. Unnecessary due exertion
ig placed on the motorial function of the upper leg
and lower back when dperating the footpedals. This
can be overcome by moving the pedal section by some
180 mm towards +the engine compartment. This will
improve the action required to operate the controla
by making use of a foot-lowerleg motion.

exposure expressed in Leg or egquivalent dose is
in the table 2.4 below. The analysis was donhe
a Bruel and Kjaer noise dosimeter.

Operator Vehicle Type Leg
LHD Type 1 115
LHD Typa 2 110
oT 110
uv 98

L.

Table 2.4 — Equivalent noise levels gdrivers
69
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PROBLEMS

The problems encountered were not insurmountabie. The
necessity of evaluating these operators in the field is
of paramount iwmportance in order +to determine an
equivalent WBGT and Heat Stress. The anmbient temperature
ranged from  26,5/33,5 °C to 32,5/40,5 ‘¢ for the
psychrometric wet and dry bulb temperatures. Tramming /
trucking routes spanned several kilometers., The vehicles
negotiated difficult terrain and the heat generation by
the machine varied considerably.

2.5 DISCUSSTON

It was necessary to complete this investigation into the
heat stress and other detrimental factors imposed on the
diesel powered vehicle operators in a deep, hot mine.

Heat

Oone of the points not discussed in detail in the
aforegoing proceedings are the engineering controls that
can be introduced. Prelininary test, using micro climate
cooling in the form of an airconditioned air jacket, show
promising results. Figure 2.9 and 2.10 show the results
obtained from the initial tests.

It 1is necessary to introduce some controls in the cabin
even though the metabolic work rate indicate moderate
energy levels.

Future work is necessary to improve on the ergonomics of
the cabin.
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MICRC CLIMATE COOLING TRAILS LHD
COMPARISON OF CERTAIN PARAMETERS
NON GOOLING CONDITION

WET~-BULB TEMPERATURE = HEART HATE bpm
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It iz necessarvy to¢ introduce shielding between the driver
and the engine .. cooling system. The channeling of air
from the engine compartment is recommended.

This will allow the uompartment (o operate under negative
pressure conditions with airflow from the cabin to the
engine compartment and not visa versa.

Noise

Attenuation of the exhaust ports will also reduce stress
factors to which operstors are exposed by the
installation of a silencer cum diesel particulate £ilter
on the exhaust.

Eguivalent noise levals as measured (98 - 115 dBA) far
exceed the marimum of 85 4dBA for an eight hour shift. It
is necessary to ergonocmically design a ear attenuator for
the use of the driver. If not acecepted by the operator,
the design is of no value especially under hot humid
conditions.

tion

It will be necessary to acclimatise operators for work.
The problem howaver 1lies in the specific parameters
employed to acclimatise the driver.

In ‘idrackless Mining, the specific cooling power of the
air (at 180 wWm® 4~ 10 W/m¢ ) rather than the
gpecific airspeed (of 0,4 w/e), wetbulb temperature (of
31,5 °"C) and drybulb temperature (agual to twb + 2°C i.e.
12,5"), is a more accourate indicator of the hent obross
of the vehicle operator.
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Clothing

If shielding of the body radiant heat cannot be done
effectively, the issue of competent heat ghielding
overalls must be considered. This is necessary as the
radiant  heat excaeds the critical 35,8°C margin
concerning radlant heat exchange.

CONCLUSTON

The diesel powered vehicle operators are to be classed in
the moderate work rate of »115 W/m2 <180 W/ma.

?Fj
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Performance under varying environmental conditions

Heat influences the performance of the driver. Evaluating
drivers operating under higher temperatures +than 30°C
wetbulb, the following was obzerved and are alsc shown in
figqure 2.11 .

The heart rate of operators working under cooler ambient
conditions (<30 2 ¢) ~ also crlled Mine A - has a higher
relative heart rate wian their counterparts working in
higher temperatures at the same metsbolic workrate on Mine
B.

The hypothesis is that the workers 1in mine B have a
higher degree of fitness than those working in mine A.
Their work capacity has increased due to acclimatization,
which inturn develops the cardic/vascular capabllities.
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PHYSIOLOGICAL PERFORMANCE
OPERATORS TMMM VEHICLES
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The operating costs of these machines were alsoc taken into
account. The mining lago®for both mines is basically
the same, However, the cost figures vary as follows :

Mine Ton/mach/hour |Utilizationi O/cost R/h
A 37,5 & 35,6 87 & 84 132,7& 87,4
B 14,7 & 18,7 85 & 82 150,8&% 99,1

" .

LHB & DUMPfﬁUCK
Figure= on the left-hand side of each column represents the
performance wf the LHD's and the other ¢that of the
Dunptrucks.

However, operating cost variance cannot only be attributed
to ambient conditions. The statement can be made that in
view of Figure 2.1 (page 30) it can be economically viable
to pertorm ergonomic design improvements on the drivers
cabln,

Two oraphs (figure 2.12 & 2.13) were drawn to test the
operators aganst the NIOSH recommended standard. This
standard indicates naximum time exposure limits for workers
operating at specific metabolic workrates at a specified
wetbulb globe temperature.

In wmost cases the ambient conditions tied to workrate for
the operators tested cover the entire work spectrum. With
LHD +type 1 drivers, for instance, workrute range between
160 ard 210 W/m2 and they are oxposed to a WBGET of
hetween 29 and 34 9 ¢. In vconsultation with the
standard, as per figure 18, these drivers may not work for
a peried ranging more thah between 50 and 10 minutes per
hour before taking a 30 minute rest period |

These twe figures indicate that work is required to reduce
the influence of the ambient conditions ond the
accumalative heat woffect of the engine heat on the diesal
powered vehicle operators.

73



50

45| ..
40 -
35

30
26

20"

et T e e it e = e it ok e i < e et bR - AR M ki8S Rmam. i w s

TEMPERATURE ANALYSIS DRIVERS
WETBULB GLOBE TEMPERATURE -
DRIVERS AS PER NIOSH EXPOSURES LIMITS

WETBULB GLOBE TEMPEHATUHE C

o e e e e — — ——— e — R Sy T

1T I T N R [ ' "“I”T"' T S T T T T T T

----- B
5070 80 90100HO2013014OIBOLB017 OIBCISRORI(R - 23BACEBERT RBROBOBIB20
METABOI {C WORK RATE (W/m"2)

VEH,TfPE&NIOSH LIMIT
B LHD TYPE 1 22 LMD TYPE 2 -~ REL 30 min/h
—— REL 46 min/h ——— HEL BOmin!h e GEiLING LIMIT

o — o o sy T s o s P R,

REL = RECOMMENDED EXPOSURE LIMIT
EXPRESSED IN WORK MINUTES / HCUR OF
WORK PERMISSIBLE 79 FIG 2,12

“n
M . - ' ‘
,..f-n -
o S . “
Y
!
- . ' .
: P
¥ ,#‘"




GO

46 |
40 -
36 -
a0 -
26 -

20 -

TEMPERATURE ANALYSIS DRIVERS
WETBULB GLOBE TEMPERATURE -
DRIVERS AS PER NIOSH EXPOSURES LIMITS

WETEBULE QLOBE TEMPERATURE C

: e e
¢ - :_"L"‘ —
& —— B 1 e |
- g N TN
s LR T Ty
. T —h‘é‘
e T B e e’ AR L Lr.*__r__.__--{ B R B e i e I sy dundhe wia o

60 70 BG 80 100110 12012014018016017018018020021022023024 025026027 0280290300310820
METABCLIC WORK RATE W/m"2

VEH.TYPEANIOSH LIMIT
-1 DUMPTRUCK NN uTiLiTY VEHICLE = REL 30 min/h
—— REL 486 min/h === REL &0mlin/h =+~ GEILING LIMIT

'REL = RECOMMENDED EXPOSURE LIMIT
EXPRESSED IN WORK MINUTES / HOUR OF
WORK PERMISSIBLE 80  FIG 2.18




. .!
T L. T WP W,

REFERENCES
1. Heat load — Diesels

Chorosz G., Heat flow : An interactive computer program
for the amalysis of heat production in Gold Mines, MSc
{Eng) Thesis, University of the Witwatersrand,
Johannesburg, June 1986.

Yon Glen, #£.H., A standby of Heat Exchange in Advancing
Stopes, MSc (Eng) Thesis, Uhiversity of the
Witwatersrand, Johannesburg, 1.987.

Fourie, H.J., Design criteria of WAGM : Refrigeration
Internal Publication JCI,1986.

Unsted, A.D., Rex D., Ventilation Requirements for
Trackless Development Ends. Proceedings of The effects
of Mechanised Mining on the Underground Environments
Symposium,Mine Vent Soclety of SA 1988, 25-42.

Performance of diesel powered vehicles, Internal
Information Witwatersrand Mining Engineer, 1989.

Patterson, A.M., Ventilation and refrigeration
considerations in the design of a deep hot gold mine
using trackless  mining, JCI  Internal publication,
1989.

Fourle, H.J., Trackless HNining : A challenge to the
environmental angineer, Symposiun TMMM -~ Mine
Ventilation Society of South Africa proceedings, 1989.

Scoctt-Russel., H.,Introduction of Mechanised Cleaning
Methods into the South African Gold Mining Industry, MSc
(Eng) Thesis, University of the Witwatersrand,
Johannesburg, 1983.

Burgwinkel, P., Heat emission of diesel engines and
their offects on the mwmine eclimate, 2nd US MYS Reno/NV,
23~-25/9/85, pp 621-916.

Gunderson, R.E., Comparison between heat loads in
conventional and TMMM development ends in deep gold
mines, Proceedings of The Effect of TMMM on Underground
Environment ,Mine Vent Soclety of SA 1989, p 259.

Falk, ®R.S., Engine Operatich on Light Diesel Fuels,
Msc (Eng) Thesis, University of the Witwatersrand,
Johannesburg, 1988.

McPherson, MHM.J., Ventilation planning in the 1980°%s.
International Journat Mine Engineering 2, 1984,
pLE5~227.

Middleton, J.N., A Jomparison between heat loads in
conventional and trackless mechanised development ends in
deep gold nines, FRffect of 'IMMM on Underground
Bnvironment, 1989, nzii—-251.



Dainty, E.D., Characterization of ceramic diesel
evhaust filter regeneration in a hard rock mine,54th
Annusl  meeting of the Mines  Accident Prevention
Association of Ontaric ,May 1985 p348~363.



REFERENCES
2. SS - O

Israel Barbara A., The relation of personal resources .....
and coping strategies to occupational stress, job straj-s and
health : a multivariate analysis, Work and stress, .0l. 2
no. 2, 1989, pp 163~194

Graig &A. Anderzon, Temperatures and aggression : Ubiquitous
effect of heat on occcurance of human wiolence,
Phy=ioclogical Bulletin, wvol. 106, no. 1, 1983, pp 74-96

Roger W. Hubbard , Hyperthemia : new thooghts on an old
problews, Physician Sportmedicine, wvol. 17, no. 6, June
1989,

Murray-Smith A.I., Effect of clothing on heat stress in mine
envirnnment, Journal of Mine Ventilation Society, wvol 40,
March 1987, pp 37.

Belding H.S., Hatch T.¥., Index for avaluating heat stress
in terms of resulting physiological strains .sating, piping
and air conditioning, August 1955,

Ramsay J.D., Heat sitress standard OSHA’s advisory commission
recommendations, National Safety News, 1975, p 89.

ASHOSH, Standards advisory commission on heat stress.
Recommended standards for working in hot environmments
Occupation and Health Reporter, 9 January 1974.

‘farter, S.K. & Robins T.G.,Chronic Noise Exposure, High
frequency, Hearing loss, and Hypertension among Auto Assenbly
workers Journal of OQccupational Medicine wol. 32, no. 8,
Aug 199, p68S.



Criteria for a recommendation standard - occupatigpal
exposure to hot environments, Rev. Crit. 1986, + 5.
Dept. of Health and Humen Services, April f86.

Pulket C., Henschel A, etc., A comparison of heat stress
indices in a hot humid environment American Industrial
Hygiene Assoc. Journal, vol 41, June 80, pp 442-449.

A training manual to be used fur the selection and
protection of individuals destinred to perform physical
work 3in hot enviromments COMRO, Industr. Hygiene Lab.
198E.

Thermal envircrment =and beat acclimatization in deep
gold mines, COMRO Publication IHL, 1971.

Numeley S.A., & Stribley R.F., Fighter index of thera.
stress (£its) guidance for hot weather aircraft
operations

Aviation, Space & Environ. Medicine, June 1979, p 639.

Kamon E., Ryan (., Effective hesat strain index using
pocket  computer, American  Industrial Hygiene Ass.
Journal, wol. 42, August 1981, p %Il.

Yongberg A.S., Evander A., etec., Evaluation of heat
stress during sedentary work Scand. Journal work
Environ. & Health 5 1979, pp 23-20.

Greenleaf J.E., etz., Fiuid~electrolyte shifits and

ation rest and work in heut with head caoling
Aviation, Space & Envirommental Medicine, 51 (8},
August 1980.

Millican, R., Baker R.C. and Cook CT, Controlling heat
stress -~ administrative ws physical control, *American
Industrial Hyglene Ass. Journal 42 6/8, p 411.

Minal, C¢.P. Jor., Effect of heat stress cn physliological
factor for industrial workers performing routine work and
wearing impermeable vapor - barrier clothing, Arericau
Industrial Hygiene Ass. Journal 42 2/81, p 97.

Kielblock, J., Physical work rates of workers involved
in Mechanised Mining, Private communication COMRO -~ WAGHM,
(01 Desember 1988} (pl)



[ Y. S

Gray~Spence R.A., Review of heat stress indices Safety in
Australia, Feb. 1986, p 30.

Ramanathan, M.L., etc., Physiological ewvaluation of the WBGT
index for occupational heat stress American Industrial
Hygiene Association Journal 9/73, p 375.

Hancock, P.H., Heat Stress  impajirment of mental
performance. A Revision of tolerance limits Aviation, Space
& BEnvironmental Medicine, March 81, p 177.

Ramsey J.D., Chai C.P., Inherent Variability in heat stress
decision rules Ergonomics 1983, vol. 26, no. 5, p 425-504.

Dinman B.D., Stephenson S.B., etg., Work in hot enviromments
field studies of work load, thermal stress and physiological
Responses Journal of Occupational Medicine, wol 16, no. 12,
December 1974.

Chompusakdi P., Henschel A., etc., A Comparison of heat
stress indices in a hot~humid enviromment American
Industrisl Hygiene Ase. Journal, 41 G6/BO,

IS0 7243 -~ Hot environment - Establishment of heat utress on
working men based on the WBGT index, IS0 No. 7243, October
laa2a,

VYan Rensburg J.P., Celliers ¢.P., etc., The wvalidity of
predictors of maximum physical work capacity Industrial
Hygiene Branch Research Report 43/84, Aug 1984 Project GH3
ncG. 1.

Stewart J.K Fundamentals of Human Heart Stress
Environmental Engineering in S.A. Mines, Chapter 20, 1982, p
495,

wWhillier A., Heat Transfer Envirommental Engineering in
S.A. Mipnes, Chapter 19, 1982, p 465.

Anderson, C.A., Temperature anrd Aggression : Ubiguitous
Effects of Heat on Ocourance of Huwan Violence,
Phychaological Bulletins, 1989, Vol 106, No. 1, (p74-96)

Stewaxrt, J.M., Practical Aspects of Human Heat 8Stress,
Environmental Engineering in S.A.Mines. Chapter 21 (ps3s -
567)



SRS WY S

Back-up docunentation on LHVs

into the 790’s Tech. specs,

International Mining, July 1996, p 17.

Vehicle specifications, JCT 87 TMMM WAGM, OCctober 790.



REJURN WAT'ER DAM

£
|

RAISE BORED INTALLE ArRlvAY
TV FAWALL CONVR JAiRusay

EBAISEEOEED  AISWAY 1
7O EANALL RAW *véf?
"

PANRL At cLoSSiNG
TEQ @ -6 N

SETON AR CEISSING
- CELLIMN D~ 6t ITH LAY T
iAMDY NUMOER off PAMNCLS
cutlfamary

. (- ) o

/" |.z,x’ S el
ZRZN -
NN o

M-; hsLIe

Zian

:,{/ |'j-;,'?."_',

ZLn

ZIRZN:

o L R"

\\gl | /?\

ALL ACCESS DRVES 70 | T ;
SERVIEE AS INTAKE WAYSE

Nearrz !

WATER, CONTEQL © FUMP WATER FROM LowWEST Fos/TioNS /AT
PIRE NETWwORKE ANVD DISCHARGE INTo Alzce s
RETURN WATINE DAM ~0 BEDUVCE MEAT LoAD
PANEL SPECD ¢ L% m Wil « 40 .m LONG
B, 2 AAK. BACK L T FACHE
03,5 g AIR SPOMIED ON EACE
AV EEGJIREMENT ¢ ) 18w BAGE ADV. FMoNTH
(ANED 2DIOTINGY FLLE 20 Yo
LEAMAGE = 8, I kg /5 PRKEN MARROW REEF STCRING
ANLD A [A e m, b i
O AT LS kg i3 BONSITY | 1R ONM ENTAL

CONTROL STRATEGY

T



1
i
i
t‘
*
F
! d
_.
|
£ T
H T ’
1
- 1
f I
i .
H - —
L3
' f
" .
A -
|
A
. ;
r .
"
; )
‘\tl.x _
r oo
) !
v ;
- S .
-
"
Py -
|
-y r
- ‘
L ]
L] - ‘
N ¥
..
al
1
i
r

i viam bt him s -

1)

Az LYNiT rodiNoD
TVLNI W NOIANS
BNINGN Tzt & 113G

* Tt ST

A28AT STrD
-

{21

I

~

(my )

{ 2@ NOLLTF?TD Bl e/ o _C

Sivipo) AN G d
SD HOFI- @ e Y0

H.n.u.\vmzﬁ.ﬁh MY G ¥ et

..‘\ - T
A KV CIRLNEA
-

NDACHE A0

negm 2ad BT G'E D1 RSN WOV v -

NIV W T

LY ANVY S I YR SRS ALLAVOMAE -

s .._wx ...w‘._u
£$70v)

J
i

—
I

| [ ns
{ |
} i
\ }
] Hi B
)L —
) HilH H

IR R N WL
S fd POV

S, AR A YO
Fi

[ ..\Wﬂx A fFar

AR QNTRAG

| L
ok =T=] 1w

v ) won]

&

é

A\

L

s |

s

T

s

N LISod o LIVYONISBED SAvMIY o0

Svaiay

Ty TR




W WESTERN AREAS GOLD MINING COMPANY L.T.D.

83 W X/L STH.
S0 L CaotTH SQUTH DIVISION — ENVIRONMENT ENGINEERING. f 83X/ SAUTH
T: 188/19,69 ¢ , T 800 KW C0OLTH
(AFTER {ODLING) | 83 TM3 WORKSHOPS —ENVIRON. CONTROL amiaﬁ!zs,a
XS TYRE_STORE {AFTER COOLINI
VIA TP RSE /
| !a!
mE==—
1% ,‘.E-
Ziifa el

|
e Al
LDADING BAY ' ?
TH & TRACKS. ]
; o
?’ i
4 a
. wn
o _2' :
. v 4% 3% =
r » ;
F m
; I/
N m TOUT =256/30,4 _
INSIALL 3X LESEND
“TM3 DOORS™
WORK BAY
/5 @&> 7i0mm 9 JET FAN
// / - &> 520mm ¢ EXTRACTOR FANS ] (@
""'I':‘I FIRE_DOOR i' :
\‘.‘I‘ - - . 1
' - " e
- . -,
' - Y
. i '
» Al
s



..-..,um

INTARE / RAW -
MATOE ACCESS WAYE T A s oom
‘ EERE "‘: ,‘,‘f '_f /
r i //Ez'f/////’ N s //"//”
i‘\ 3
; g % “d 1 1’ 7“3'
2 -~ 3 — \\
‘g i .

AYVERTICAL CRATER RETREAT IN
ACCESSWAY S THRU' VENT. § 33 &w

JET FANS IN ORAW POINTS) I
b) VERTICAL CRATER RETREAT N \\\\\\\\\\\\ \ \,\ “““, A -
MATER STOPING Zone (THRU' v =5 — \MNNG . —
VEMT.+ B3 KW JET FANS) /////////// //// ’/ VERT, CR. RETR-MINING [
) DEVELOPMENT FPHASE UP To o ’“"'L:mg_qum oﬁf ()
o

Jowstgmmy

ig? BAUMDARY THEN VERT: GR.RETR. / , ~

1= BUTNRU AENT. (816 mmf frefcg FANS)

| ‘ \> \\\\\ N o
1// f /,« / /

d) 1o
¢) eITTe z/////._m.awpumrs L#ﬂ.‘
DIRECTION o

f DTS
—— v
J DEVELOPM &u‘r (d)

i AR CROESWYEL By MEAMS
; S 101G e B YENT wL's.fwAus

SEo ///f i\\\\\\ . /@/
. &
dA 3 >
% % Q- Vi ' NEw DEYELOFPMENT ‘{"\* (;_)
? T /’ ] ZONE /
<
1533 7
1EEE ' * ror - ot
i J 2§ ' I AR GUANTITY = 3,6k /5 for : (5!
! “‘l ® 2. Al SPEED & [, Omm/5 MIN PR END l
P v ol
. 3
. .
¢
'.. ..



SAME ARRGT
ON BoITOM CONTAT

7O MATOR INTAKE 4
BAw5 IM WASTE

23 KW JET FANS
' /,/Pow;:s { DISTAMNCE

g VERTICA
RETREA

VERTICAL CRATER f

MA M 2LTEGSES WAy
{REMOVAL)

- \q,”_'



T Bt e

— ] e
[~y 13 -—
e
A A
n e
£ EE
B g =
= = 4
EmZa's
ot
8 “umiwmb
T ' g
g9 Friss
="="8
'R W o
woL &
o= P
mh (-] [ =]
D e o D
gy = =g TP
. ﬂmpwme
og SEgElE
2§ TiZigy
P -
—eEAR
...-u.t“ttz
ExgeED
o=
» L ARGE .
@ity RD
b | v
mu.ﬁl.nnnf;an
T
2023 we nr er n3 o8 58 ou

-
H

fuel consumpt ion
s 17kM/h s1:1/ku/h s2:1/kW/h 832 kih s1

AT
sHESTERN AREAS GDL.D MINIKE CORPANY LIMITED

{PERIOD : MARCH 1288 - FEBRUARY 1990

35.00 :THACKLESS NECHANISED MINING METHODS

a——
=
o
-
]
o &
"
Ckww m
(=377
SEEE o
DS B
[ ] ey
- =
re
=8
- ghew e o
== =
-t S
e & =
=g Lx]
E- -1
= L E m
&l =4
= f
-
—r
=
=]
=
P L T

HYLY,

w_:a.sﬂ!nlﬁlﬁun
| A = g wom o

]
OO O i

skih/kidr 52

AR BR OV WE NS R NS ER BE NN A

e firy
SEESTRZRRERE

cCoceonSooma

skith/kbidr 51

SR A VR Fm A4 8B S a4 a2k sa

LT T GO DY £TY k5 LD

-
o = vt

Saginggsgas
— .l

skWh s3

AR BB B Gw 48 BE B mp S ak pe

RHEARSIIYR2S

-
zﬁ 2
zmswﬁﬂwmmmu

- gt

sk¥h s2

59?533 J

o
oo
(=3
e BB S A mA kk e omm oam oEm 4

nnonuonnuun

v wh mm mm owm Ay s e Ew s

THIRETERERS

nﬂuﬂunuuﬂﬂuuu

A% WE OWE NE AR SR AR A4 GE 0 ma

26926561{ 30

o Oh AT GO U e =

e e L L s 1=
------ s a .

nﬂﬂnuuﬂuﬂuﬂvou

S % WS AR N #E e mm wE mw ma
CN &F M 0 LD T T [T Bt

util s3

.
H

Em aw wk gm oma mE Rs R AE ER R

util s2
3
q
71
G
2
3
]
6
1

+
H

ke BA mm wm ke ba mm am EE e

L5 BF P ATY o 3 Ly =

24
42
L=1-1

PR A e e ]

sFYEL COBSsutil sl
00
.0
00
M)
00
0
00
00
[H]

uﬂou_ﬂvnﬂnun

3.0
182.0
2620
271.0
328.0
184 0

OPER HIKS

Ty

(23

-

28
;e

&8

B

T

T 2385.00 12291
238.50 : 229

A

e Ak by ma mw mE e WA e gy Ey am

LR T L T T )

- EEm mE R ¥R AR 4B B FE am = E

AT 4R WA Y BE W sk ke e owm me mm

- mm ms A EE s 4 AR AR e mm o

am wm dp AW EE AR AR HF B wm wm we

- EE mw AN mE SE EF Eg Af S8 WE G4 SR NN am wk md EE FE Ew ER MR EE AW a4 WE AR
- B AR AN we dw A Sm odm A R WE EE mE FE AT BE RA AF A S mk N AR mm mk ek

-

=
=3

M%Mmﬁﬂﬂ

oo.t.... AR ®R WE wm mA Ak mm RA

ytilization is taken as total hours opsrating split over the three shifts on a ratio basis

fue} congumpt ion exprossed at deration dus to ambient conditions .

romarks:



am—

APPE
(VEN

skih/

N OBE AT G4 EE NS SR 4SS FE my Ak AE UN RS EE SF ph A8 A =3 me dm kE gE Ee

SRERsEIgesgsgEngansy

.
10011110111100“—101“1

VPERSSL
1-0-90
shift = 5 hrs
shift = 6 hrs
skih/kWdr 2

shift = & hrs

R oME ok oam mk oam dy BB AR RE PR TS AR mh ww mm Ak 44 NE R WV OAS A4 AF AR

i e g Ll e B e ol AL KDY el ALY O e L}

L i i) = L o« % Fomow
nnnuunnﬂllonnnnlolnn

ha

1us 2 entry = 3 hrs

file pame:

date :

tshift duration efective at work
tkh/kHdr s1

d time p

52 = shift two = morni
183 » shift three = morn

WE R AR u R AP SR 4k BB VA dE bm kB 4R WA BF PR Wk ww 4A Uy mm mx N g e
B £ ) RE3 OO % LI LEY OO = v vl GFY €8 T L0 N AN

mnuzqulgcsons“um -o-_nozgzsuﬂmluﬂw

= - = = .=

n

on 5%, 53 2 hrs are Tost ?or preparat ion/shif
92z
94.

t5l =« shift ¢ne = morml
sl = blastin,

;uote H
tkih s3

EE AR mE AR mE NS AR AN HE SE ksl md 4E AR ek AR A e mk kA bw e mm o e wE

1kHh 52
1
I
1
1
1
1
1
i
2

B R L R L L L

2416.13
142.05

.
N

S0 BE A mm Ak ks AY WA RS NE SR S8 58 mE BY A% FF AN &8 4P fm i Af AR ay me

321505024135953595
Zluq.urz.?_nmﬁw.‘mzzzlﬂﬂzmmﬂﬂ
: b -t i e e b g

A AR A% mm oEE oEE Y SF R NF BN AY VA ek mE YR R Ak Sh 4E Fm A SR A e =

= e P o O L33 A8 T O P OO D poe =]
O =t v o} NI O O )
= = s om a H

I DA S A T I -
COQQoOOo DD D OO S D o e

fuel consumption

AW AW PR SN S EE Am mA bk A WE en 2K WA BA SR wE A YR EE RS AV UR R BE AR

IO 4 1D £ 0] £2 B0 B = e 0 LD ) o O T

255523332?334“““9“22

O vt e D D] Ol Cof vl £ 051 0] S ol et £ 5] 0 172 £33 BN
- s w .

= R N + * 2 =
SOOLPDLODoO OGS 0O o Mo

17K/ sLi1/ki/h s2:1/68/0 532 kih sl

AT
sHESTERN AREAS GOLO MIRING COMPANY LIMITED

W EE RR ER EE EE mg SR EF RN AN PR SR kn we PR SE A4 G A Am GA E . wm omm
Bl o S0 o £ 00 Fe O W REY BN O3 v (] v LY O - O
- - " e e W =

- wa u e

]
B9 OW3 74 50 Ly vt €0 2 3 Y T By - -
talal ol ey i

MARCH 1088 - FEBRUARY 19%0

PERIOD :
utit s3
hl

83

4

a2

!
H
i

R RS AR SE ik % e EE mm BE AN EE Ea 4w v G e AR AR AR BR Ae AR ER e HE
LET O B 873 ol o L0y =i O] £ 05w — N a3
E IR I - S B A T
ot =1
e 10 =T o

35.00 :TRACKLESS HECHAWISED MINIHG RETEHODS

O OF) Oul £ £ o w T
8?899“?0?0
— . e

util s2

3
H

A aw AN mE EE W Wg AR s EE BE PSS &y mm ows k43 PR B8 bé SR BE 4B wa mk

O] XX OO de L] CEY Do 73w LY LI OV o= 10N y—t L0H o, O
- = = i) - - I
o o n e OO £ 8 Ty L]
2ERNTRSREIREEITNEISES
— e -

28.00 £
100.15 kPa

144,00 kN
133.60 {derated)

1

aF W3 4F Sm Ew EE SR EN EE EE 4 RF TN ks ma EN EE 4B B SF wi Am G 4k mm an

SR DO SO e O O I —
umouucoonﬂvnaaouon —
L N I I I e e e e e e e e

MACKIHE PERFORMANLE

tEUEL COhSsutil sl

00
a0
155.00 ¢ 1332

2680.00 1 3642.0
6o
00

363,00 : 5093
00
1]

139.00

£LH2263
GPER RS

s
=y
N
H
.
1
-
b
a
H
]
1
.
-
.
H
.
L
-
.
.
H
.
H
.
T
-
a
-
H
1
L
.
H
.
L
a
H
.
i
"
5
.
H
a
H
"
5
»
.

HNO :
HDHTH

M

a7

a0

utilizatlan ¥s taken as total hours operating split over the three shifts on a ratio hasis

fuel consumpt fon expressed at dovation due to amblent conditiens .

regarks:



|....r ....
iy =
31 A
v nE
nE 58
[ S
HerSwe
gy -oio1%
Jal
88 _rpiub
W Al oo O
) gxgk=z
usmsnﬂﬂf
(==l
= SEuERY
m U......u.....m
—r e
E. EoEE,
2]

we eCgEME
— 4 Es..l__m
" b W
“«“® Zg_off

E8REE
A T o
T At
fa Y 1 b G o1y

o v
s FESEE

- _f.Shs-b‘l..-

[

e

E'EURUGE
00 e um me ox @0 €8 a0 4a

.-
1
— =
= =]
= —
7] uy=3 -
=] 2 £
= E7 ig
B gz iE
o
= 8=
= wE e
= = 5
= S el
a !
é o 68
g ]
) MMH
-
e}
: =gf
P
5 Ea
2 £8
m et
= =

P - R
[—) hny
= B
2

=

m_ @

XD )
[ gl =
SO o =
S =
= d ] =
NS e i

- =

fad
=
gy e -
£ én =
=23 =

oP...m«l m
Bzse
=g

-
=
-l
Ll
o
=
o4
.
2
A
m
we am wr wm e an en e be

:th};

AR R AR EE AR M SN SR AR kE RE SR RN SR AR S FF PR TR A P R mk 4R e

= o o e ol 2] =5 =1 02 O D A0 A0 DY )
- = - . - =

. . -
12001111110“012101%1

skWh/kMdr s2

e BB ME WA S s i Yl S wk ws HA EE e AR AR SR AR b wE dd R B ol m wm

7 ETY 13 few L 40 LED DN Y week £ ) AL e €3 OV £ v B 0Y
- . L =

L e s I
uzuﬂnllinnﬂﬂnllluﬂml

skilb/k¥dr 31

AR WE BE ES A6 mA AN A8 G d R AR WN SE T Ak SR AF mk A Ak ke ak 4 Ay mp
O 0 et T B By v O RN D LDY £ vl 303 P - =0
- = ECE I ] . -
]
oy

. & [
Lwaaisnggnﬁszrgg = o W
G A0 71 V1 1D LG w0 xF S 8 Y AT P d-m.u.

1kh s3

R EF me odw il omp ows A G S FE B B O dk dE we g RS S TR AR A AF W T B
b =L ] -1~ O D AU Ol - [ B

= = = * &2 mom o om o - - ]

23 P O 3 UL vt £ 1 B T et el O oy £ 60 pry =T

skih s2

TR ORE AL SS AR dd AR EF ww mm e AW UE S PE am TA B4 Ca AR kd G mE AR R EY

e W B vt 3 0] B0 OFY ) ot LD e — Y
Jlmn?mzﬂ.azlﬂngﬂuiwmnmﬁ_h
R e B S " a »
= T T P B D N G 3 4D LD 0N P N S LD
4”33355434%234?“3“M“

AR WE NN S SR Ad AR wF A WE ER NN NE & A8 km Al md s mE mE BE BE YE A4S B

R B P E A N
T LT) vt £ S0) 0 0D S O O o S
= e a ol -

I NS el
B L L T

2 AR wd md EE PY NN NS N AF TV WA S0 mk mm AR AV EE 44 BT AW A &F A4 = SE

i T Py Y Y Y A Y 435 00 B G vt O] M o S Sy
ﬂ«wa.ﬂ.?gﬁ%aaa AN GES SN
T I3 O O e YN Y O O\ o vt S OV KD OF3 O N O £

ST e e e FE R -
SO OSOooOCoOooOOoD RO OSWmS

1/kBth 523 1/%M/h 531 k¥h 51

WA NS em WE N SR MY RA GG BE A Rd S0 ER AR RR AR NN S8 FW UE &4 &5 4 Em me

= P 53 (V) L) et €8 26 £ et P B G 12 P O h
S LI O W ek Y O B B e e e O R R O] 5N O B

12/ 51
a
0
0
0
0
0.
e
0.
0.
0.
0.
.
0.
0.
0.
0.
0.
ol
4,
Oa

AR EE SE B RR Wk md BE Ak md mA e AN BR RE A NS AR B A AN Sk wE IR Sa e

AL o O] v W] & T O K O3 U P P e LY P e
s - = % m & - - ]

util s3

Aw EE AR MK SR WS 4A B4 wm YE mE SL EE ga YR 6RO BF SR S A% wd dw rd km aw

.... R
9%?514539%&.?92.?342
CEREECSS 8RR -1

: utf] 2 ;

RDOER S SR R dm ks bk ER omm Aw SR mE AR B Mk R RE e Ak Ak e R e A W
EEY T DN vt O =l e OV B P Ty ek LCY P Py P

ERE R S e B A R e P
[ ke = = e o —
EREEIEZERESEsrEsggggY
i it el i =r
—

WE 44 au EE WE A EA EE AP S0 AR WA 40 mr ap mg EE Er BR AR EE BF 4R #F 6d Ak

sFUEL CONS:etil s1
0
0
0
0
0
0
0
0
0
0
0
]
b
0
0
i}
0
!
0

624,
131
1185
795
848,

vt ¢ 1251,
00 ¢ £13,

237,

87
229,
325,
210,
287
223
182
bk
334
252
197,00 ¢ 480,

00 :
ad
L)
90
g

OPER HRS
A

- A e wd SR R AP A RN B S UN BE DO A6 B oaw dd SF A4 Gk O mm w38 vy wm
. AR AN A4S A6 BV mE ve A mE ad EE MR AR S8 WA o S WE AE A4S A0 SR BN AW A dm

cparating split over the three shifts on a ratio basis

fuel consumpt jon expressed at deration due to ambient conditiens ,

ion 1s taken as total hours

m Ssszssisyacs®ansssBesess (25
17 IEEESHSRE2USERTETIS00RUAT (NS

88

&.‘
£

Pt




APPENE
{VEHM
skilh/k

MR oud A BE B mE kd NS M UR BE RR R AR ST WY ST Wa wr ke k¥R oem eE W AR

--4-4- 4 CECE LT i R [P e L0 LY O 2y Ol = O e O Y
4 =¥l SS?SSﬁuswﬁ?gzapﬂ‘
i redrr ool i e e R A A S S B S S

lﬂvuuonnnlnnuue‘nul

shift = 6 hes
or preparat ien/shift
thdhi/kMdr 52

VPERSBL
1-0.80
shift = 6 hrs
o entry = 3 hrs
shift =« 5 hrs

B B 4Y PR N A WY 6% BF oam md Aw A Se m mw Gm EE SR AW AR TE BE N4 AP We

[=4- S5 6 0 vt vt P O X U0 O 4D et O D 00 OV S A
LRl lalie] &+ v = = & & ¥ F 4 o = & o2 om o w % u
ncnouunuonouualuml

o
qﬂ%

52 a shift two = mornin

file name:
+---153 v shift three = morn

dite ¢
tshift duration efective at wark s
skib/kitdr s1

R omm mm S AT mE FE e mE s AR BE HE M S S ek Ay 48 PR YR WE BB NS AW Em
(=1~ -4 - ¥- P £1 CF3 403 0O 453 vd LFY O} P X P CT3 800 vt 1EY
RWMMHRHMWN?$9%5M05%15510
B O 0 o e
wg?gwsnﬁ?u»&?ﬁsnn &

6

1385
16,5

ten 1, 33 2 hes are lest
137,

88 = blasting time plo

sl » shift one = morni

;Nute H
T
tkeh s3

EE e A BE BE mm mm b wd owm R A Ah A AF By g8 Ve ER EF SR 8% g ma

S RN RIS ERE IS RRT
af ik A R A S R e e -t - S B -l
40 L o O e 50 AS LE3 LY OO0 £71 oyt BN 65 e 103 O P
L2 —y = e O T e O D T et 400 el B ED
=y -~ i e D e

kvh s2

.
.
H
»
3
2
H
»
5
"
"
a
H
»
H
¥
¥
»
3
"
E
»
H
.
L3
.
[
»
.
»
.
"
5
Il
H
N
a
-
H
.
"
[
H
-
O
]
a
-
a

gEEssssssgnaguEsmwenTEnese
[ g
ﬂ [

AR M ES BF AR ma Re S AR B R R LR LTI T P L T

-4 o ol Ly
. 4 m om . . 4 W e s . -

" . . - .
nnuuﬂunuunnnuuun&zn

EE mm omk kF AT me ma mw M A Sa A4 PR me wk A SR aa 4F R SE A8 NA TE Y mm

- [ 10 O O T 0 N O D B OO P &7 SO
bl 1T 0 Lt L e i Lad 7 O et € ol D v O et et et et N 6V BN ) DY)
---------- v 4 =

j o
e e e e P T T T

fuel cansumption
L17RMA s1s 17/ s2: kiR s3: kih s)

R R L L R

—4-H [~ B3 orY v P onll LY e, OFF A1 3 £ G5 SF GO EYY el P
nnnnnnnnn + = 4w -

CocudoooaousSdoacng

AT
BESTERN AREAS GOLD MINING COMPANY LIMITED

:PERICD 5 MARCH 1138 - FEBRUARY 1560

" MA RS ME SR R s AR 46 R Np AW G A B RE YA EE mm mk md A8 mm km ke B g
[~ T E—2—1- L= — A e ] =t &0 o U ot RO T B
3 - = = e = a a ok e m
annﬂuﬂvﬂnﬂuﬂquanmnfﬂdﬂug n
TN @CD T o

M?‘qumsgﬁu
=t £33 0 [ S ER D
v vt BI

util s3

- e

.
.

S WE NN SE EE AR RE NN ER wk ak S6 SR wh mw r R A B AR B uk & ke BE an

DO O D o b WD 1 ID LD ) p e S O O O I O
-------- - 4 = = m g momom

ﬂUﬂnouuU%

- +
o B ki~ N v =t P 403 OF3CTD
B £ T P 203 P Py P

35.00 :TRACKLESS HECHANISED MINING METHUOS

i B3 oy

s util 42 ¢

Th ORR R NN N aE A NN ER we Av BE BB 4k vk WF aB BE GE MR A A0 kR B oA

€ C D D £ S O P et 00 00 B 3
Wﬂ_ODUUUOJUQAJQJEWW535HQNJH
........ 3 = RS S e
SO EREELESRENEEEIRNRER
] ] g g Lr E— 1
1

28.00 €
100.15 kia

1 144,00 kM
t 133.60 (derated}

AW BE PR EE MR GE AL EE O EE wr dk 66 A mE mw o wd Ak AR AF PR A wd b R g
Do oOoRoooooRoo
" % 1 omom & oa

HACKINE PERFCRAANCE

BAR PRESS:
khirated
1FUEL. CONS:util st

Pawer

TEMP. AR &

= =3—-1=F—0—4—N—] |=3-1=X =N -T-F—N—) o
v 4w

I e - ) - ..
T Q0 DO U T O DY D el TF M {7 e 0 U0 SO T
0 = 103 0 10 OF vt 073 O3 O 4 O

Lk I - Tk T R P o]

12
25

1L W1454
GPER HRS

EE S SS RN ER AP SF Y R4 omm ek wl G0 mE mm AE WA BE AR EE EE SR B AR W ma
#m ma mu SE SR E EE kO RE A UE A ST AR UE AF T4 am owh A8 S8 we am wh BB as

Senssssgsss®asanz®zanss

HH

—_

EEESSS0LELEREESSSRDRIE

Fuowk AE F2 Bm ok mR sl kRSB MR SE AR 4B R R O% ma ke RS 4% Am N ww i mE N we EN ek B Re EE RA 44 TE S mm dw

HONTH

HACH.ND ¢

89



b et b L)
[ - T8 Ll
22 =
R
nEpEHE
BEmEw®
.
m-w . .0-5-"
% Liprel
54 BEREES
BReG g
= wmsmnm
B —— e L,
5. SEaEEp
-
et %8 8 m *
— _.ﬂlu.lluwz
- aF o
[ - ] me muhme
258558
Ed e =3
T S b A b
ELBEET
-Mhllhhs
LI | AL .
[ 4 -t
S EY= N B N BN
E 1R wmnng
LEITERREE
"
[=1]
[}
= o
@ g, 12
e
on
s z=5 iB
£ £ i3
g £z 18
8§ 15
£ Z2 iz
g £8 18
¥ = A
Lt |
2 T
m mm
3 b= .
i g
- Z
9 -
] Ea
: o8
£ .58
PR
ST
<1 k-]
& 2
Lor] -3
28
[ Ly w
gagg 2
e &
R83I[ =
I.P.\MU!II a
ad
B =
= & o €=
Ly -
£.E58 g
EMHO
—aaa
L=}
L
=]
—
=
i
=
-
SURTUIO

EE dE RE S6 B Ew Mk SR wh A AW AP aE N AP R BL an k4 Am me wE Gr mm Gm g2 mw A8 wd B8 48

kWi f

»
H

tkWh/fkkd1 52

1kWh/kNdr s1

tkih s3

$1/kiih s1:1/ku/h s211/kMh s3e twh 51 zhWh s2

util s3

ptil 52 :

.
H

fFUEL CONSsubil sl

OPER HRS

HONTH

mE BE S WM SF B4 L4 D& BR RA &K Ar e

EESESEEEERLES

EEEEEEEE (TR NI T

ERR 1

L R N L T

31?99 1
Wl?laﬂﬂgﬂmmm

unnlualunDOIUl

& N pE AR Sp wR dE A AR YR VA M N am

&Y A5 o ALy B —
- uo

e omN EE SE EA RE AW A4 A BE m WA NE e

LEY o, o 00wk 207 RS 4 DY
nU.l—.l__z —
3453mmwaqnmm

LI L R N R s
Y BN R O G Y £ OWE 07 G vt 7 Y ey,
0N i 5 O Ol T BN L 560%8
Ll T Y -..n-nl_-l. e S

SOl (\nnnnouolo

EEERCESERFEEES
ot kg EEEEEEEEE

PR OV 44 48 Se dm wh mw 2w mm BY A% =4 am

el e e B D = R R -
el v U T S B [ ey

»
ﬂooaﬂuoﬂ_unuﬂlu

F Se mw wr AF a2 wm mE sE Ax F PP Vr am

4 ]
WNN#%MNHHE#%MH

BE G 4A SF Mr pd me ma e EE R Aa = am

S2EEEEE888888s
e

nnnnnﬂuuuuunauo

===l ~R=Er =N =N~
Mcou I»unﬂum

£ fw Ch 0 e —
gagssgeddada
311226432454“3

n ==l -]
.uoc.oo c
g ..lﬂ.u
.uD

ealaﬂrmuﬂ
N P = Mo 03 OV T3 =0y
- Lo T T

A% wm SR TR S BE AR W4 S VE e w4 Un BR
AR BE BE WE SR 4R W oS4 W AW 44 A0 Ww wm

AR PE AN BE % MM FA R BY WS RR BB

wm wm e mE ke aw mm wh ma nE Ay A
Ew 4R s A SR kA AF PR Ak Ak B da
BE WA AR AE A WS BE Bw wE BB N e
ak 48 pr mw ke am ek Sy mm s A EE
S ER mr k4 e wE mA Sa Em mm Am Ew
E dm g mm omy gE g mg oes mE E e
an wm mA mE ER AR WS AR AR ma PR R
W wm B aE ma ws Em g R AR S e
AP WM mm kB e AE S4 m BE A mm mE
e Am mm e uh EE EE an ay EE gy AR
L L T R R
BE SR UE BE N SF FY S8 N PE L WE
EE g 4R S8 WA RW R G4 ER ws o wE

mwwwmmwsmmwmm EEEEELETRE R

EXESSESBEEE

UUUE
ln AL U} nlu»n e b b A =k 1~y AT

-

tREMARKS :

$H0T AL VERICLES HAVE BEEN EVALUATED - THE FOLLOWING SUMMARY IS NECESSARY OF THE REMATNDER OF URITS:




35.00 :TRR&ELESS MECHARISED HIN1WG METHIDS

A B

AP
{u
1!

AW N SN PR A U AN 4B NG AV S8 ES BE wm wh md d¥ AF BE di &S T sk S5 ap owd

ﬁwﬁlrr?aﬂ??n??sua??

11?100;012??2561m
. - = w

uuunncnﬁﬂuuunnunuadm

YPERSBL
1-9-83
skHb/kWdy 52

S hE AN ES U AR Nl WS mE A Mm dw BE SR AR BE SY AR PR AN AR e U AT mk ww

LIV CEY LDk vl L G e TR T e O D DV e (V5 40 0 B T
onllzlnulu.dﬂuﬁfm?ﬂ&sdl“
- % = o= oe . ] - - .

unuunuuﬂ“nﬂunﬁununﬁ

file namo:

data
skHbfkHdr sk

R T R T B L L T T g ——

[ o TR P B P S G el L) A e (2 R B

51 » SHfL one » morning shift = 6 hrs
sB = hlasiing time plus ve cntry » 3 hrg
52 = shift two = merning shift » § hirs
53 = shift three = morning shift = 6 hrs

ishiift daration efective at wark

H
thiote
tkdh 53
:
H
:
:
:
H

A wm dp gE omw v ow-

..-
T — = ﬂsn.
SRISTRAINSISR mm

skih 52

AP AN SN Sh NS AY wk A EE EE YA AR ES A0 S km wd EE Ew AR RE RS BR SN R A

A ek G0 T P B 3 T s A e e O

ru T e v bﬁ%gmﬂ
4 H - o

et 33 S0 R R Fu o {7 D wedd £5F O0d
— ﬂlzzwzzazw

10
12
5.
17
3.2
25.ﬁ
0.7

o

+ HEAT
¢

s1/RM/h 51 VAR M 520 1/RWM 832 kbh s

LT

AR ER mp RE AR pA R SE SR R AR Fd am wn SF YR b 48 e wd ek ke ma m

P b I GBS I O P S A 58 OTY R by, O S Py £
hmig e T R e e e D o T E T T B
ﬂuuunuuunnﬂonnunnu =

======:===================
w2 o Y P - )
SRS RbEb b
DoDOUDOQIOoO D

25382038

uannauuenoﬂuuunonu =

fuel consumpt fon

A mD aE Ha wE oEW EE A AR NE BY FY ER 4k S ma mY A WE NA WE A6 AP A mm 84

2 e i o T P -t o,

AR CRESTRNS BRI ENERS

nﬂnnnnnnuﬂunnﬂnﬂllﬂﬂlﬂu
* - -

CROoQoOoDoODOOSoooE o

At
HESTERI AHEAS GOLD HINING COMPANY L INITED

PERIOD : MARCH 1480 - FEBRUARY 1890

TH M EE AF WE AR MR FE BE A% LS AN bv mm &P BE 4R BY RR BB AB 4 84 dn dr bw

—_w ﬂﬂ:ﬂuﬁ?uggﬂulnts uIch &0 o P

211.7
164
213 1

o
He
—n

utit s3

PR R AT BE ww M M M G mw wd mw dw am EE AR ed Ar Gk PR aE EE e o EE WE R AR A
8352?65112@5“512“13
—t S O OF wE e 5 O T 0D

hfor Fanko ik

o L LD T 177 o Toa €F o o e v L0 G5 e S 2D
P P e e g e e e -t O
0O -t

utit s

FromL ome e aE we

.
'
LT

N
H
*
H
-
-
.
"
»
H
.
.
*
*
H
v
H
®
H
.
H
.
H
.
H
2
H

.

H

.
H
.

H

26,00 ¢
100,35 kPa
144,00 &4
133.60 {derated)
3
1
1
¢
2
]

2
)
1
It
1
1
1

WA mE B omE ww fE em MA N ER WS EF ORE A4S G am E RE EE WE AN 4E AE mm wr e

MBWWMWWQ EEE8S8S88E

R
b

HAR PRESS

kkrateed
Power
HACHINE PERFORMANKCE

sFUEL CHlSsutil 51

TENP, Al

sothers
OPER RS

.
H
H
:
i
H
.
H
3
N
'
:
*
H
.

MACH. 8D ¢
HOHTR

wE AS bm ME A A YR RY Up oam ok ma G mE ee PR Fe e

91

vumn

CELE

LY

e o W



H
3

wHRTL I

TEMP A -
SRR PHESY:
Mivated <
Puwoyr

FA]

L

15.06

100,34 ki

144.00 ki

133,65 (derated)

STHACKLESS MECHANTSED MIRING METHODS

1 it
RSTENR AREAS GOLD MINTNG GUAPANY LIMITED
BERLOD : MARLH LYBD - FEDLUARY 1760

WRERSAL
1000

H t1e none;
Hote 5 date ¢
ishife duration ofortive ot work s

zol = shift one = worning BhIft = O hrs
150 = plasking Lion plug ve entey = 3 hes
152 = BhAPE two = corning snift ~ & hvs
83 = shift throa » morning shiTs = 6 heg

irenaus

NFEENDIX F
(VEIFERFSSE)

PANOUGTEGN RELATEN FICUSES

1TiTalL MALKINE PEREFLAMANCE tiet conzumpetan ¢ HEAT t H
boOMORRL s BPEE S cFUEL COMutd] Al oz ued] AE o updl 53 AW oloVARRIn oRr ikl 3 WM sl nkMb ST kb a3 s 21 kNGRS 52 skhSRMde 83 RTONNES /MeTITORM kW HEAT/KTONM -
MEFHBE s LODE, 20 + G442 00 ¢ 350,06+ 20600 : 9006 083 0D : BORR: 7,02 G102 : LY P 0.7 0.27 & §.27 £18962.60 ; 2D s 11.65 &
H.0 T 1343010 ¢ BNS.00 ¢ &70aF o 342,06 ¢ 4047 ¢ 0024 ¢ 002 : 0026 1 8377 43T 43.71 & [ % 4 0,23 ¢ Sl 12068900 ¢ G20 1 .02 :
Y By s F430-60 ¢ HIG0.0Q 0 N0ELER 3 AR R0 : 0B3G ; 0.042 @ D0.035 . d4.10: M.10¢: 44.10 3 .20 s 0.70 : Q.00 2136000 944 1 12.08 :
(LR I H o 00 ¢ BLOD . SiE 04 ¢ dh 53 S49.00 : 030 : CLG36: 0,030 2 065,03 1 6583 4503 ¢ 0.47 @ 1R H] 0.42 :22780.00 ¢ R.3D : 14,05 ¢
e TR0 DidM5.00 & G0B. 3G 1 RS0 FOG.FE O3 0047 ¢ 035 £3.00 0 S04 53.00 1 4.3 2.2 0,34 23040 1 0.A9 2 19,01 :
LI R 1190 00 5 O0RD.O0 ¢ BR800 NG00 ¢ 20,00 0.036 ¢ 0,043 : 0,016 @ I1MLG7 5 114467 ¢ 1467 2 873 711 €79 23064900 1 006 1 .15«
UL U 1300 ¢ P 0 @ BAZLAY @ g5LEG . WAL DGAE : DLBR2  Qulig e 66,25 & 55,26 ¢ G.E5 2 0.% : 0.3 ¢ 0.3 edudh80e . 00 1507 ¢
HUANLT I 163,00 = UBLL.00 @ 35,86 ¢ ALt 1565 ¢ BO37 ;0084 QLA G204 s f2.0N e 2. 04 % 041 3 0.7 : 0.7 51236100 ¢ DG 30.59 ¢
WA o 1Yo 40 (1003040 ¢ ENLO8 ¢ AN 00 r B 008 : 0DA : BAIGs BB 515 : 1.4 9.4 : 0.4 D15BE3.00 . 0.7 s 30,68 ¢
LI 2. R MAE. A ¢ FGE0 r S10.56 ¢ AURY : L7 SLEL RN (P PR N | IR N+ 86, 7% ¢ BOID BO.7% ¢ 0.1 ¢ 0.4l 3 Bl p13753.00 ¢ BB : 0.9% ¢
AR B YE.I0 ¢ AL00 ¢ A05.65 z MM 2 WHE0 2 Q.0M ;P33 0BG DR G292 : 02,32 5 0.43: 0.43 : 0,43 3 6538.00 = 0.6% ¢ .04
FER 8 oy B0 N0 BMOTY: PIEAY w13 00N 00920 8037 ¢ 65,27 1 0BT & 53,27 1 0.4 ¢ 0,50 1 0.50 + 5R44.00 1 Q.57 : 26,83 ;
¥ H NI OO0 ¢ GORNDO0 1 RELLD ¢ Pt A 0.063: .08 540 1 ahah; 5,45 ¢ 0l 01l 1 h1l ¢ 2181.00 : 2.0 : 107,10 3
i JAPR BT bz 2000 ¢ 6620.G ¢ 39R.4F 1 A7 ;00 DD 000 GRAF: NRAT 57,47 : D14 : il O 3.8 W5
P W er s 13300 ¢ Qgn ¢ @18 ¢ 4710 ¢ 0.5 ¢ 0,057 : 0050 : §Y.66 ¢ S3.66 ¢ 83,80 ¢ LR RN 0,13 ¢ 3300 276 196,25 «
v HALL N ] 100,40 ¢ WRRL00 ¢ ALALA « ahad s G063 05 : 0063 g0« 89.00 « c2.00 ¢ [ W] e 0.24 1 455000 1 2,16 : BL.2A 3
-E. . WU B s 600 ¢ INIR.00 0 105.65 ¢ 166,65 ¢ 0043 ¢ 0,111 @ G003 ¢ 205,67 ¢ 290,07 05,67 1 1.11: L B3 000,00 = 0.33 ¢ 12,80 %
. G B s 40 2 23000 0 11043 ¢ Wroy s 0156 0 GdEE . §4.00 0 Gh0G .05 ¢ "N 0.60 : 0,50 ¢ 40600 5 Oud3 e 15,65 &
# SERT R o T PRAFR ;L4704 7045 1 H far: ] I: l: [ 1304 ; 1304 = 1394 [ 81 B 238%2 1 18 HE N
B T A9 4 ALIDPLBA ¢ VIANGO b Abwlbd ¢ H 5934+ 00 : 06 0.5 = .45 ahe LR LY 0l 0.43 ¢ 43 513142.03 . LB anle
E»: HOTUN S H H t 1 H 5 H H : : H ] b ] H H H
i CFE BT ot H : H H H 1 H H H H f 1 S H H H t
E' wm i n H H H H H H H H : t H t 1 ¢ ' | H
g H{L R ] i ' | : t H H 1 H H H r H : H
k H i H 5 H i ' 5 H : i : H H L : § H
' i i ! f H : 1 i 1 H ] H . f
E
ot
W, ~
L
¢ ! - L] ’ .!
. LN

s o L]
o N i l‘

4

; .

_,r” i r ‘
y e . . .
¥
- 124



NARROW REEF

x

NARROW REEF TRACKLESS MIMING { DVERSTOPRING R VOR CUY B FILL DR 'EC’ REEF UNDELSTGPING
STOPING WEST DF SHORELINE ) UP 10 15m St WIBTH 10f RCRTEITSE
NEXT FALE. -
W NEKT BACE
;':'5‘4 wiae amway O
!f" -~
WA Acseas “:;;" N T g ROEK HAKLED _{
. £ AT FH MARER PRt U - - T
ey . MFY
~ i -
':JC.‘."’/"\-';';»,,_,~u ‘“"“ﬂﬁ g b | T ) e Eﬂ
- \‘\Y%\\
- b REVELONMINT ENO '-—-<>
NALRINLY 7% ~
REAY TR0 HALA £5 anuu%\, L ;;ﬁ’ B ——
EXHRUSY #AN ¢ OBTIGHAL ) B
LALLULATE To 1M
/ * FACE WITH MARKALL
Ha IRBH PACE .
NEHT FACE Witk OW -
SAODICIRH PHIRE .
R
o]
L N ; . ¥ " ‘
. ! R *
i . -
. Y
. . ;
, v ¢
. 4
L
-



4.
5.

Appendix H

P1/15

Parameters to be rieasured on

Vheat. ctress indices' for operators

Physinlogical

Base~line heart rate (Hr)

line

Operational heat rata
press.

Body temp. rectal or
drivers

corracted for core by
uaing oral temp.

Mean skin tenp.

Age, height, weight
and hody area,

mass index

Vo2, RQ, 8L are
caleulated

Parcentage HR
increase calculated®
Bloeod pressure

Influential factors

A L T T T

Type of clothing worn

Intervicw operators
beifore and aftor

Environmantal,
Base line conditionss:-

1, Temp bl = Temp, al base
line ambient

2. Vap. press bl = Vapour
‘@ base line

3. Velocity relative ta
(naasured by means of kata)
as check but prenarily by
velometer

4. Globe temperature (Radiant)

5, Temp. hatural webt bulb

Cabhin Parameters:-

1. Body or vehicle wall tonp.

2. Engine inlet and outlot
Leonp

3. Portion of enginc relative
to driver

4, ‘'Temp./ wet and dry in
calonlato i~

1. Swoat loss g/Kg bhody
weight

04
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Appendix H P2/15
HEAT STRESS TNDICES

Format of Fleld Trials

Inpnt datn measured
Physiological data : (Base line)

-

1

i

3

Subject name and ID no.
Heart rate, profile exposure, charateristies at
base line information.
Bodymass, height and age.
Work category.
Heart rate vs work rate b/min vs watts,
Heart rate ve lung function in peak £low (1/min).
Estimatod Vo2 max at 1/min~%,
at :m:l./kq"'1 nin.
Mass index.
Tenperature skin,

Influencial factors (Physloclogilcal}

Type of clothing used.
Condition of driver (opinion}.

fahin_parameters or immediate influsnces

-

=

Body or wall te.peratures of vehicle.
Temperatures : globa, natural wetbulb, drybulb.
Relative a'‘rspeed in cabin.

Position of angine in relation to driver.

ternal influences : (Ambient Conditions)

R b

Temperature, globe, psychrometric wetbulb, drybulb.

a5



. ~ . ~ - - p

- Airspeed.
~ Temperature engine inlet and raturn.
5. Physiological data : (operational)
_; _ - Heart rate over entire shifk.
- Temperature skin.
- Sweat rate apparent.
~ Well being of driver.

Rewarks

»~
Appendix

f
H P3/15

ol e s}

- This study has been done on two very different

projects.

- The first +trial called ‘Case 1 - Cool’
where external amblent influences were negligable.

was done

-~ Trial number callaed ’'Case 2 - Hot’ was carried out

speaking) dene on locatlon

RSO SO

satifactorily.

v 96

in adverse envirommental condition (physiologically

~ The information gathered 1is now usad to calculate
the  parameters necessary to assess the heat
stress/strain discomfort and iInfluences on the
machine driver preventing him from functioning



Appendix H P4/15

cutput dats

Heat balange = M - W -Q ~ 8 =R + C %+ E + G

i

Ss

Heat stress after Kamon ° +%

Radiant heat transfer.

Convection heat.

Evaporation heat.

Influence of clothing.

Wetbhulb globe temperature.

Sweat rate : Evaporation effectiveness (regq/eff).
maximum {reg/max).

Psychrometric wetbulb temperature.

8train snalysis.

Haat stay limit vs WBGT.

Metabolic workrate (metabolic energy production).

(M) minus mechanical work (W).

Cooling power concapth after Stewart 5-29
via the caleulation of :

Radiant heat transfer.
temperature.
Convective heat transfer.
Latent heat transfer.
Swyeating efflciency.
Evaporative heat transfer.
Sweat rate.
Metabolic work rate as per baseline,.
Respiratory heat exchenge.
Water vapour prassure.
Metabolic workrate as per reference 5-28,
and M = 343 Q» (20,39 - }/100.

alsc calculate CET, ET & Hb as comparator.

97
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Heat balance equation aftar NTOSH
Change in body heat content by evaluating

Heat skress based on WBGET -~ index after TSO 7243(1922)

this is necssary to look at maximum work rate ve time

Appendix H P5/15

B~1l

Convective heat exchange.

Radiant heat exchange.

Evaporative heat exchange.

Maximum water wvapour uptake capacity.

at work by :

-

Microclimate cooli ef

Natural wetbulb temperature.
Globe temperature.

Drybulb temperature.

Estimating metabollc work rate.
WBGT mean

WRGT Twa.

Clothing influence.

Reference values of WBGT index vs
Metabolic work rate vs

Metabolic work rate class

on_operators

{initial study)

Co

rison _of the varicus indexes

98



Appendix H P6/15

Additiopa) information on formuiae nsed

1. Metabolic work rate (using baseline tests)
(also see equation 6)

W3 = Wm? = (Wl+(( W2-W1)*((Hr3-Hrl)/(Hr2-Hrl)))*as
Where W3 = Required metabolic work rate

Hri & Wi = Condition 1 parameters

Hr2 & W2 = Condition 2 parameters

‘As’ is skin area = 0,217 mt0r425 » 0,725
2. Stepping beight for baselins

(W * 6000)/(9,81 * SR * M)
Whare W is work lead in Watts

SR is stepping rate (s/min)

M iz body mass in kg

3. Qr = Vo2 = Ventilation rate or Q, consumption
= 0,52 + 0,0214 (Hr - 70) in l/min

4, Qr max = Vo2 max = 0,172 + 0,825 £fa in 1l/ain
Where £fm == fat free hody mnass
5. Qr max = Vo2 capacity = 0,52 + 0,0417 Bn

Where Em = Gross body mass

6. W oat 145 b/min, assume straight line performance
based on egqua L = 100 + (((l45-H2)/(H2-H1)*{WaH2-WeH1)

29
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c

Where C

3.

Ereq

Appendix H P7/15

FORMULAE APTER_KAMON (1981:6Ll1)

= Fel.kr.(Tr? - Tek?) See 4
= RADIANT HEAT.exchange
Where:

=

Fel iz insl.value cloths correction =

(1 + 0,85%0,8 Iclo)

kr is coeff Temp ~ Enerqgy Stef Boltzm. const &
emmigivity for black bhody

Tr is nean radiant derived from Tg where:
Tr? = Tg? + kg V0% (tg - tdb)

Where: kg is coeff.heat {ransfer between
globe and air

Tg is abe.Temp of the globe

tsk = 273 + 36 = 309°k

Fel*Xe*v?r8(tab - tek) See &

= Convective Heat exchange

Kc is convers factor Temp to Energy
V is air movement

tdb i=s dry bhulb

tsk mean skin Temp

Fcl is 1(1 + 0,155+#8,5%v0:6x1clo)

= MiR=:C

=  Evap. Reguired

Where M is metabolic heat load W.m™2

4'

5.
6-

R

it
¢
Emax

Fol 4,36%1078 [(tr + 273)%-9,117%10")

W.m™ 2

{“6/(tg « 273)%+2,47%1084v0 /3 (£g-tdb) ]-273 ¢
Fel.0,5+v0 8 (tdb - 36) W.n™?

Fpcl#Ke*v0:r5 (Pgk - Pa) = Environ.cap.for
Evap. (See 10)

Ke is convers press. to energ’.

Psk is vap.press skin @ tsk = 44 mm HG
Pa iz ambient vap pres for tpwb & tdh (zmee 9)
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10.

11.

1z,

b ]

i

HSI/100 = Eredq/Enax

Whaere HSI is heat stress index by Belding and Hatch

W degree of wetedness due to sweating

il

ELS = Sweat rate of 1 L.hr 4

E eff = Swiske KX*Wu3agown3, 064132V jn w.n 2

Appendix H P8/15
k|

Where I eff. is evap. sweat in terms -f energy transfer

Sw is sweating rate limited to I L. : i

Zs is convers. facht from Sweat to ene. :y
k is a regressicn constant,

Pa = (4,82e0/0629*%LPWDy goog6#BP*(tdb —tpwb) [(1+0,00115)%

(tdb~tpwb)] in mm HG
Where: tpwb is psychro. wetbulb
pel for Emax = 1(1 + 0,143%8,5+v0:0x1010)
conversion tpwb - tnwb

tnwb ~ 0,5-0,13 (tg-~tdb) for Vv > 1 m.s™ 1 in °C
tnwb - 1,5-0,13 (tg-tdb) for V < 1 m.s™} in °C

tpwh
tpwb

i

Time limit = 60 / (E req - E max)

1ol




Appendix H P9/15

HEAT STRESS INPEX FORMULAE
(After Stewart- 1984:495)

1. Cooling Power Concept:
{Where Détwb to tdb < 2°¢C)
CP  ~ fi¢hr (ts - tr) + hr (ts - ta) wrhe (ps -~ pa)
Wheres fr = view factor for radiant heat exchange from human
hr = radiant hea transfer coefficient w/m® °C
= 4,61 (1+(tr+ts)/546)3ustefan Boltzman radiant
coefficient
ts = mean skin temperature measured or default 2 36,5°
tr = Radiant temperature of surroundings, °C
he = Experimentally determined convective heat
transformation coeff.
= ¢,608%PP0ay0,6
ta = ambient dry-bulb temperature, °C
W = wet sk 1 fraction
he = evap, heat transfer coefficient
= 1587*hc*P/(P - pa)?
pa = water vernur pressura in ambi:nt air, kPa.
= Pfys - AF (tdb - twb), kPa
Where Pfws = 0,6105.exp (17,27 twb/[(237,3 + twb}), kPa
A = 0,0016:8/°C
pe = saturated water vapour pressurae at temp. ts, kPa
Notes

Resiratory heat exchange neglected

Conductive heat bransfer neglected

If ’ts’ and ‘w’ is linked to a safe rectal temperature,

then an equilibrium tr will be achieved in all cases where

CP zM

M is metabolle energy generation alszo ¢alled . otaholic

heat/0? consumption

This equation is incorrect for elevated radiant tempera-
tu' & and when the gap between twb and tdb > 2°C -
therefore uge the next eguation

102
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Appendix H P10/1S

2. Conling power conceph or Bguivalent Cooling power
(Where §twb to tdb > 2°¢Q)

CP =  frshr (te - tr) + ho (c8 - ta) + A MgkSr + Q
Wherao! fr, hr and hc are as per equation 1
Mg = Efficency of sweat as cooling mech. for partial
wet person and sweat dripping up to Emax
= E/A*38r where: E = Astwhthet(ps - pa) and
w,he,ps & pa is as per equation 1
Where: E = Evaporative heat transfer
As = Ekin surface area, m?* = 3,217 mt°'425*Ht°'725
Where e nt = mass of human bhody, kg
Ht = height of person, m
N = latent heat of vaporization of asweat, kJ/kg
= 2501 - 2,387 twb
Sr = Sweat rate, kg/m*s~TZ and
TS = (0,1 ts+0,9tr) using T® read off Swoat rate from
Sr = Sweat rate, kg/m2 S ang ~~ T35
Where: T = Thermoregulatory gignal "¢
8r = 36-37°C then Sr = (0,321/60) * T%  =~36
= 37,3~38"C then Sr = 0,321+(0,785/60) * T -37,1
= 38,1-39°C then Sy = 1,106+(0,295/60) * TX -38,1
Emax = Ask965 (PL/6/(P -~ pa)2)*v0/% (ps - pa)
Where! P = Atmospheric pressure, kPa
and
Q = Resiratory heat exchange
= 1,7%10%M*cp (two - tw)
Whoere: M = Metabholic energy production = Wkig
Cp = Specific heat of moist air = 6000 J/kg °C
two = 32,6 + 0,066 ta + 0,20 pa
Nates
- Applies o any condition found underground, espocially
in M2 projacts where tr > tdb > twb
- Rativs of V02 max~M ~ heart rate is chown in equation 3

103
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3. Metabolic Fnergy (M)

Wherea:

Note:

i.
ii.

M = 343 Qr (20,39 - e)/100

Qr = Respiratory flow rate (l/min)
e = % 02 in exhaled uir

343 = constant

20,39 =% 02 in atmocphere by volume

(20,39 - e) = 02 consumption

and

Muscles may be ./ 205 max when performing heavy
physical work

Now

Prediction of V02 r+. from parametors:

age, body mass, body haight, relative fat, heart
rates at various sub-max work loads and max
Heart Rate

Use graphs Fl, 6, 7 & F4 or ref 5.28 or the
following formulaa :

Qr = Vo2 in 1l/min = 0,52 + 00,0214 {(hr -~ 70)

Qr = Vo2 max in U/min = 0,172 + 0,525 FFM

il

Where!FMM = fat free hody mass in kg
iii. Qr = Vo2 capaclty in l/min = 0,55 + 0,0417 BM

Where : BM

= Crosg body mags in kg

4. Radiant Temperature (using blask globe)
Tr = [{Tg + 273} + (1,1%208%v0:8 0 o54pP.4ya(rg ~ T2y
0,235,275

Where:D

= ¢ globe (m)
Ta = Tdb

104
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Appendix H P12/15

5. Heat balange equaticn

M = As fr hr (te-tr)+As hc (ts-tal+Asterthe (ps-pa)
Where: all factor are as previously mentioned

and as per ‘CP’ equation. As is skin area
7. Cooling power values for safe heat exposure

'oP 10797 = R + € + E max
R = 4,03 As (te-~tr) = Radiant heat exchange

¢ = ag 0,608 p0s¢ yU,6 (ts-ta)
E max = as 965 (pL:S / (P-pa)?) vUr® (ps-pa)

Where ts is taken for a 10”% change of heat stroke i.e.

9.

ts 2 40°C conditions
and -

ts for W/m% 100 to 240 =|35,8 ~ (35,8-34,6)%(240-¥)

! 240

= 35,8 -~ (0,005 (240-M)

ts for W/m? 240 to 300 =[34,6 (34,6 - 33,2)%(300-M)
300

= 34,6 - (0,0047 (300-M)

Thermal comfore (as T¢) for unaccliwmatised people

in TC, %S = 35,7 = 0,032 {M-W) / As = Skin temperature

and E = 0,42 ((M-W)-5B) = Bvapotative cooling
{Sweat rate)

h,

Relative Humidity
o = (Pa/Pl'ws)*l00%
and Pa = P'wa~AP(tdb-twb)
Bfyg = Saturated vapour press @ twbh kPa
= 0,605 exp (17,37 twb / (237,3 twh) XPa
= (),000644°C
= Bar pressure in kPa

o
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Phys = 0,6105 exp (17,27 €db / (237,3 + tdbh)) kPa

Remarks

Egqua & and 9 are used to check on confort lavel for
unacclinatised operators with the view of
determining if these drivers need to be acclimatised

106
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Heat balancs aquation {USD of H & H Serviges 1986)
(NIOSH 86 = 113) (5 = 7)
Where \ 3 = Change in body heat content
M-W = Total metabolism - external work performed
C = Convec heat exchange
R Radiant
B Evaporative

1l

i

¢ = he(ta-t.sk; = Corrective heat axchange

Where: he = 2,38 (Eskmta) 0,25 gt very low airspeeds

= 3,5 + 5,2 Var where ¥ar is relative alirspeed

< In/as

g,7 var®® where var is » im.s™%
Va+d,0082 (M-58} Lif movement is due %o
muscular activity

B

fi

and Var

or

sinply add 0,7me~l if muscular only

plug

Sensible heat exchange due to clothes (Fol)
and Fcl = 1/(1 = (hc + hr) Telo

wWhere Icl is the thermal insulation for clothaes

alao
¢ = he Pol (ta-36) in wM™2
and
Iclo = (0,8(0,06 + 0,09 + 0,26 + 0,04 + 0,08) +
pants Tshirt Trousers Socks Boots
underﬁéar

1,

R = hr Fol [Q;;Egkl?,n Radiant heat exchange in W/mzfc
Where hr is coefficient of radiant heat exchange

= 4 Esk % (Ar/Ado) [(tr=tsk] /2 + 273] 3

o %,67 % 1078 wm2, nt

10%
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Appendix H P15/15

and Ar/ado is the effect of body position on emissivity
Where Ar is area exposed to radiation
Adv = Du Bois’ formulae in m2

= 0,07716 * Weight 0,425 / Height 0,725
and W is in kg and H in cr
and Ar/adv = 0,77 Standing
0.70 Seated
0,67 Crouched
tr = tg + 1,8 va 95 (tg-ta)
tsk <= 36°C

E max =(psk,s = Pa e = Evaporative heat exchanyge
Where Emax is max water vapour uptake capacity W/m2
pek is Sat }i,0 vapour prees at 36'C ts = 5,9 kPa
pa is partial H,0 vapour press at ta in kPa
Re is evaporation resistance of air and clothes
=1/ (16,7} / (he) / Fpcl
Where Fpel jis reduction factor for loss in latent heatb
exchange due to clo
=1/ (1 + 0,92 he} / Icl
Sweat rate default = 650 gms/hour for 2 hours
acclimatised
= 400 gnms/hour for 8 hours
unacclimatised person
8 req = E req
Where 8 req jis Regquired sweat (W/mz) also in gms/hr/n?
W/:m2 E (gms/hr/mz) * 0,63
W = E req/E max ls wettedness factor
E req ls Required evaporation = M + C + R
Evap Eff is  of nude person = 1 - 0,5/e ~0:8(1-W)
@ iz base of natural logorithm

108
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13FILE HAME:1470HSTE APPERDIX 1 %
HH HEAT STRESS ANALYSIS OF DIESEL POWERED VEHICLE OPERATORS LOCALITY :83 TH3 H
HH BAR PRESS: 106 kPa :
HH INPUT PARAMETERS DATE ¢ Q7712790 H
riPERSON @ HAME: LUCKY ID MRFHER 1 1421670 TYPE OF WACHINE 5 LHD * H
2:PHYSIC : AGE: 32 80DY WASS: 0.8 HEIGHT = 1.7 SKIR ARER : 1.83 B2 3
s1HEART PROFILE ¢ HR B
H 54 W 96 b/min  MEY CURVE s({58+(46%{[HRLM-HR)/{IR100-4R53))})/As '
it JOH 14 b/min H O HEART RATE 145 b/win.= 147.92 :
3 0¥ 120 b/min H & KEARY RATE 70 B/min.= 4,17 :
t+HASELINE ENFORMATION CABIN PARAMETERS sEXTERN. INFLUENCE ~ AMBIEKT CONDITIONS
1 TIHE :HEARTRATE:HALL TEMP: Ty t Twb 3 Tdb :Aivspeed @ Tg + Tpwb : Tob  sAirspeed
o2 WUKIN ¢ b/min icelsins :celsius :celsius :celsius @ mfs  icelsius ¢ celsfus scelsius 3 mis 3
£:07:39 SiR: 80 30,40 : 20.15: 294 M.BE: 0,20: 28.35: 24.85: 28.668: 0.19:
tH 23 80 : 30,40 : 20.35: 29.4: 24.85 : 6,20 : 28,5 25,1 288: 0.18:
HH 4 5 80 : 30.40: 20.15: 29.4 3 24.85 ¢ 0.20 : 28.85: 28,7 3 20.1 2 0.31
HH 62 771 0BG : 20,98 : 31.9: 26 ¢ 1.02 : 28.9 3 255 3 20.2 1 0.28 :
HH 8 77+ 3056 : .57 33.085: 27.15: 0.22 1+ 29 = 25.65 1 29.5 ¢ 0.23 ¢
H] 10 7 3.8 : 3.7 30.15: 25.85: 0.20 :+ 28.95: 25.65 @ 29.6 : 0.37 ¢
tH 12 771 31,68 : 3i.8 30.9 ¢ 26.45 : 0.27 3 28 : 24,95 : 28.6 : 0.25 ¢
14 14 1 ¥y 3152 : 3.8 28.95: 28.4 0,20+ 29.05: 4.7 28.15: 0.29
i 15 5 81 : 31.52 : 1.6 : 8.8: 25.365: 0.,39: 29.05: 28.7 = 28 0.30:
& 18 81 31.20: 31.45: 29.55: 25.55: 0.21 3 20,1 24.9 1 28,05 : 0.27 ¢
] bt 81: 31.20: 3.85: 3I.35: 25.25: 0,19 : 28.1 : 24.9 ¢ 28 @ 0.28 ;
1) 22 s S1: 2BM: NB: 29.75: 24.95: 0193 29.15: 24.75: 21.%5: 0.28:
H 28t 8t : 20.12: 31.45: 28.95: 24.5 ¢ 0.20 + 29,15 : .75 1 27.95: 0.21 ¢
e 26 M 30,56 : 31,45 : 2.6 26.4 ¢ 0.33 : 28.1h : 24.65 1 28,06 : 0.22 &
tH 26 ¢ M 2948 32.27 33.15: 27.35: G.23 : 29,15 ¢ 24.65 1 28 : 0.20 =
HH 30 : 7: 3.08: 33.25: 34.26: 29,15 : 0,26 + 29.25 : 26,25 @ 28.2 : 0.23:
i 32 741 32.80: 4.2: »A5: 29.6: 0.19: 28.3 ¢ 2.4 1 28,25 0.7 :
HH 3 M M08 : 34.75: 31,05 : 28,56 : 0.22 1 29.5 ¢ 26,75 : 30.2 : 0.19 :
t 36 2 ar: 35,36 : 3/.2: 3MA5: 20.3: 0,20 79.9 « 26.6 : 30.25: 0.19 s
HH 36 : 80« 34,72 35.25: 33,85 : 20,5 ¢ 0.1% 1 0.2 : 26.8 ¢ 0.5 ¢ 0.22 :
tH 40 B0 : 36.68: 36.15: 33.58: 0.4 = 0.20 ¢ 30.4 & 26.8 ¢ 30.6% : 0.23 &
i 42 B 36.64 ¢ 36.35: 31.48: 26.25: 0.19: 30.55 ¢ 26.8 ¢ 31.25 : 0.24 :
18 44 3 801 3712 : 36.45: B¥S5: 29.25: 0,19: 30.B: 26,95: 31.55: 0.20 ¢
1 44 : 85 : 3744 : 36.45: M2: 30,05: O0.66c 30.95: 2595: 30.06: 0.20 :
21 48 & 84+ 3744 : 3IBH: 3G 30.1 : 0.40 ¢ 31 s 20,3 ¢ .95 ¢ 0.19 ¢
H 50 : 84 : 38.08 : 3 : 34,85 : 28.65 : 0,20 : 30,85 26.2 ¢ 30.05 : 0.26
H 52 3 84+ 39.20: 38.3 5.5 : 20.8 : 0.22 + 30,65 - 24,853 29.15: 0.19 :
H M 84 : 38.24: 3B.4 H.2: 895 : 0.27 2 0.4 24.85 @ 293 0.20 =
HH 66 74 38.85: 3.2 3735 28,9 : 0.19 : 30.1 ¢ 24.9 +  28.93 : 0.19 2
HH 58 3 T4 38.50 7.0+ 33.45: 28.5 ¢ 0.10 ¢+ 29.85: 24,85 ¢ 28.9 : 0.20 &
- 60 3 s 38.08: 3734 33.15 & 28.4 : 0.26 20.8 24,75 :  78.85 0.19 ¢
HH §2 2 M 37.92: 37.05: 32.95: 28.35: .19+ 20,75 : 4.8 28.8 : d.19 3
4 64 3 M 37.92: 36.8 : 13,4 : 28.75: 0.19 : 29,65 % 24.65 3 28.6 : 0.20 ¢
tH 66 ¢ 2 37.76: 3.6 : 33.25: 2B.8%: D.19 ¢+ 29.65 @ 24,85 : 28.75 : 0.23 ;
tH 68 72: 37.92: 36.55: 33.6% : 28.9 : 0.19 + 20,65 ¢ 24,9 3 28.9 : 0.19 =
1 70 72 s 38.56 1 36.5 ¢ 33.3: 28.8 .19 ¢+ 20,65 3 24.85 3 2B8.8 : 0.22 :
I 72 721 38,56 : 36.55: 33,7+ 28,95 : 0.2 ¢ 9.6 : 25.65 ¢ 28.6 0.23 s
I i 721 38.56 : 36.6 @ 33.8: 29,2 0.19 3 20.65 : 28,91 28.75 0.19 ;
1 706 70 : 38.56 : 3.7 ; 3335 : 2B.B5: 019+ 29.7%: 25.1 1 20.35 ; 0.21
HH i M 38.72 « 36.65: 33 ¢ 28,5 3 9.19 :+ 30,16 : 26.25 ¢+ 30,95 ; 0.19 :
HH 80 ¢ 70: 3840+ 36.55: 32.95: 28.5 3 0.20 : 3.5 26.2 ¢+ 30.65 : 0.20 :
! 82 : 7j0s 38.08: 36.45: 33,15 28.65: 0.20 ¢ 30.5 ¢ 26.4 ¢+ 30.75 0.31
109
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33FILE KAME:1470HSTE APPENDIX I H
H HEAT STRESS ANALYSIS OF DIESEL POWERED VERICLE GPERATCRS LOCALITY :83 TH3 H
HH BAR FRESS: 106 kPa H
3t IHPUT PARAMETERS PATE :  07/12/90 )
£:PERSOY : HAME: LUCKY I NUMBER : 1421G67¢ TYPE OF MACHINE : LMD *® H
TIPHYSEC @ AGE: 32 T0DY MASS: 60.8 HEICGHT : 1.7 SKIN ARER : .83 A2 H
11HEART PROFILE : iR ¢
tH 54 ¥ 8 bfmin MET CURVE :(54+{46%((HR100-HR)/(MRLOO-HRES))})/As H
] TOW 1M bfmin M @ He ST RATE 145 bfrin.= 147,92 H
H 100 W 120 b/min M @ UEART RATE 70 bimin.e 4.17 H
3 +BASELINE THFORMATIOR CABIN PARAMETERS 1EATERN. INFLUENCE -~ AMBIENT CONDITIONS =
i TIME  HEARTRATE:WALL TEMP: Tg ¢t Tewb @ Tdb :Afrspeed : Tg : Tpwb : Tdb  :Airspeed :
st HRSMIN ¢ b/min 3celsius :celsius :celsius icelslus @ mfs  :celsius : calsius :celsius & mfs ¢
¥ a4 : Wy LI 36.45: 33: 285z 0.19 3+  20.45 : 6.3 30.9 : 0.1% 3
e 86 ¢ 69+ 37.76: 3B.I5: 325: 2B.7: 0.19: 3058 ?6.4 1 HN.05: 0,19 :
S 88 ;3 60 : 37.76: 3.35: 33.08: 285: 0G.19: 30.685: 26.4 ¢ 3: 02A:
i 60 : 69 ¢ 37,923 35.4 7 33.16: 2855 : 0.19: 0.8 26,25 :  30.8: 0.19 3
H 02 69 : 37.76: 3.4 33.08 28.5 ¢ 0.23 : 30,85 : 25.5 & 30.7 : 0.499 3
st 04 ; 69 ¢ 37.76 @ 36.45 3 3.2 ¢ 28.65 : 0.12 ¢+ 3075 : 26.95 @ N4 0,29
14 06 ; 72: 31763 .45 33.15: 28.6 : 0.19 0.8 : 25.1 : 29.8 : 0,27 =
L 98 2 72 37.82 1 1.5 3.3 28.65 : 0.19 : 31.25: 8.8 : 33 . 0.23 3
H 100 3 72+ 3.92: 3h.565: 33.2: 856 0,18 ¢ 32.1: 28.4 = k) ] 0.19 :
1 12 72+ 37921 36,56 : 332 2867 09 32,35 28.25 : 30.85: 0.19:
H 10% 3 pot 3R6 s 36.45 : 313.8 : .1 0,20 ¢+ 32,34 ¢ 28.6 ¢ 30,95« 0.80 ¢
HH 105 « 8l : 37.4%8: 37.1 ¢ 35,78 : 30.5 : 0.19 ¢ 33.08 1 28.45 ¢ 33,05 ; 0.76
IH 100 1 81 : 38.08: 3I7.E5: 274 : 31.55: 0.46 : 33,5 ¢ 26,15 ¢ 33 ; .19 ¢
5 110 81: 3B.72: 38.35: 37.6: 33.26: 0.33: 33,5 3 28,2 ¢ M,7: 0.50¢
HH 112 : Bl : 38.08: 38.9: 37.386: 32.85: 0.24 : .4 28.4 33.5 = 0.27
H 114 ¢ 81 : 3B.24: 9.1: 3m.15: 3225 0.37 ¢+ 34.B5 : 28.6 1 1.9 : 0.19 ¢
i 116 & 90 : 39,68 : 3B.B5: 36.15: 32.5 & 0.25 3 35.3 ¢ 28,25 3 1.6 : .27 :
HH 118 : a0 = 20.00 : 38.9 : 37.6 : 32.6 3 0.50 1 35.4 3 28.58 + 3325 : 0.19 @
H 20 : an ¢ 40,00 @ 8.8 : 3575: 31.48: 0.1% ¢+ 35.15 : 28.7 : 33.2: 0.19
H 122 3 90 ¢ 39.84 : 8.7 : ¥.1: 31.7: 0,19 ; 3.9 28.7 : 3.2 0.19 &
HH 124 ¢ a0 ¢ 19,52 : 8.7 2 35.6 31.3: 0.19 3 34,75 : 28.1: 33.25: 0,32 3
e 126 & 83 : 39.20: 3B.6 : 35.55: 3l 0.19 : 34,5 1 2B.1 ¢ 2.8 : 0.24 2
H 128 ; 83 : 39.04: 3IBBE: 38.65: MH.O05: 0.2 : 35,7 5 28,75 1 36.1 3 0.87 :
H 130 ¢ g% : 39.04: 3B.58: J3%.85;: it ; 0.19 = 3.1 29.1 ¢+ 36.25: 0,24 :
tH 132 ; 83 : 39,20+ 38,55 35.9: 30.75 : 0.19 7.6 29,15 ¢ 6.7 ¢ 0.27 ¢
o 1% : 83 : 30.52 : 38.7 : 3&.5: 30.65 : 0.20 1 37.58 ¢ 28.85 36 ; 0,25 ¢
t 136 = 89 : 30,82 : 8.8 35.5 ¢ 0.6 : 0,19 2 7 28,855 ¢ 35.25 ¢ 0,27 3
' 136 : 8% 3 30.68 : 8.8 : 35.5 : 30.55 : 0.18 +  36.15 : 28.3: 33.85: .19 ¢
1 140 : 83 : 30.B4 : |0 : 3575+ 3065 : 0.9 ¢ 35.2 1 28.15 1 33.3 0.19 3
e 142 80 ¢ 39.84: 38.9: 35.55: 30.75: 0.18 ¢ 3.6 28.5 ¢ J3.65 @ 0.22 :
HH 144 ¢ 80 : 39.68: 30.85: 35.8 ¢ 30.85 : 0.21 ¢ 34.55 : 78.95 35.6 ¢ 0.22 3
1 146 : B6: 320 38.75: ".8: 30.75: 9.19 4.9 28.4 ¢ 33.6 .19
8 148 ¢ 86 ¢ 39.20 « 3.8 3585 30.65: 0.19 15.1 ¢ 28.05 : 35.7 = 0.6 1
£t 150 ¢ B¢+ 30,20 : BB 3\E: 36 0.23: 3545 29.1 ¢+ 36.55 2 .37 ¢
] 152 B6 ¢« 39,52 : 6.8 : 35.6 ¢ 30.6 ¢ 0,19 : .2 0.8 : 0.1 0.59 :
i 154 B6: 39,20 : MM.75: 3I5.95: 30.6 ¢ 0.21 ¢+ 38.15; 30.45 = 36.0% : 0.27 ¢
! 156 5 104+ 3904 ¢ 38.75: 35.55: 30.95: 0.20 : 4.1 : 30,3+ 35,55 & 0.32 ¢
HH 158 = 104 ¢« 35.04 3 |.7: 3bB.B5: 30.45: 0.24 :+ .75 : 30.35 3 35.6 & 0,19 &
tH 160 = i04 5 30,04 3 0.8 35.7 : 30,65 : 6.22 2 375 29.95 6.3 0.32 :
H 162 : 104 : 39.04 : 8.8 : 35.6 ¢ 30.4% : 0,18 ;  37.45 30.1 ¢ 38,55 : 0.24
11Q
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FILE HAME:1470HSTE APPERDX 1

: HEAT STRESS ANALYSIS OF DIESEL POWERESH VEHICLE OPERATORS LOCALETY :83 TH3

H BAR PHRESS: 106 kPa

: TNPUT PARAMETERS DATE :  07/12/90

S*PERSOH ¢ NAME: LUCXY 10 KUMBER : 1421670 TYPE OF MACHINE :  LHD *

1:PHYSIC @ AGE: 32 BODY MASS: 60.8 HEIGHT : 1.7 SKIN AREA : 1.83 M2

+zHEART PROFILE : HR

: 54 W 96 b/min MET CHRVE +(54+{46*{(HRIO0-HR)/(HR100-HR54))})/As

: W 104 bfmin M 9 HEART RATE 145 b/min.= 147.92

1 190 W 120 bfmin ¥ @ HEARY RATE 70 b/min.= 4.17

+:BASELINE INFORMATION CABIN PARAMETERS sEXTERN. INFLUENCE - AMBIENT CORDITINNS
t: TIME GHEARTRATESWALL TEMP: Tg : Tmb : Tdb :Airspeed : Tg < Tpwb : Tdb  :Airspeed

HReMIK : b/min :celging zcelsivs :eelsius icelslus ¢ mfs  :celsius : celsius :celsfos @ mfs

oA B S MM e A WE EE AE WM B ww Gp aR TR AR FE Ak &k wh FF MM ¥R A FE IR O BE AR SR NN FF A& wF wA 4 s
—
o
[+

M B 4 M6 mm we m wm ke bk 48 aA SF G2 GF W= £ AR EV kS AF 4B WE A EF BB ER A4S BF Wk 44 B8 e Mp md En B 44 S5 ek me B S SE 48 SR S S8 41 WF SR ¥R omR AR wE o owR

H 154 108 ¢ 3820 ¢ 38.75: 356 3 .4 0.21 ¢ 3.4 30.55 :  41.15 1 0.38
: 166 ¢ t23 ¢ 38.52 : 38.75 ; 35,6 ¢ 3.4 0.1 : 39,35 ; 28.75 3.6 & 0,32
H ' 123 ¢ 39,52 ¢ 3.7 : 36.55; 36,55 : 0.18 : 8.1 2 2.2 35.7 ¢ 0,50
H 170 123 ¢+ 39.52 3.6 : 5.7 ¢ 30.8 = 0.2 : 38,26 : 28.25 ¢ 35.95 2 0.24
3 172 » 123 : 3952+ 3855: 35.8: IH4: 0.24 1 37.45 9.1+  36.7: 0.2¢
: 174 ¢ 123+ 39.20: 38.6: 358: 30.6: 90.21: 3725 28: 351 : 6,33
t 176 = 115 ¢+ 38.20 : 3B.6: 35.75: 30.35: 0.19 : 36,35 : 27,05 4 M5 0.43
H 178 3 115+ 39,20 @ 38.6 : 35.7 2 .3 0.19 : 35.85 : 28.55 ¢+ 35.85 : 0.40
H 180 : 115 3820 : 318.6 ¢ B4 30.45 ¢ 0.19: 35.75: 28.6 : .9 0.19
: 162 116 39,20 : 38.6: 34.5: 30.35: 019 : 35.75: 29.1 :+  36.25 : .31
: 194 : 115 ¢ 38,20 38,6 : 34.85: 30.46: 0,19 : 36.1 = 0.9 : 36.25: C.19
: 185 : 129 : 39,04 ¢ 38,6 : 3 Nz 0,22 1 36,25 : 30,95 1 36.05 ¢ 0.24
t 188 ; i20: 39.20: 38.B: 35.55: 30.35 ¢ 0.1 36.3: 3.8 - 5.8 : 0.23
t 190 : 120 ¢ 39,20 @ 38,85 35.6 +  30.15 : 0.19 ¢ 36.25: 3n.85 . 35.65 : 0.19
H 192 129 @ 39,20 : 3B.55: 35.8 ¢ 30.15: 0.25 3 36.3 1 N5 36.65: 0.20
¢ 104 : 129 :+ 30.04: 38.45: 36,18:; 30.35: 0.20:; 36.45: 30,65 : 35.08¢: 0.21
s 195 + 123 ¢ 39.04: 3845: 3M.18: 30.3: 0.23 : 36.85: M.45: M6 : 0.20
H 148 123 : 38,88 : 38.45: 36.2 ; 6.1 : 0.19 : 36.55 : 30.3% . 34.3E s 0.18

200 123 : 38.88: 38.45: 36.3 = i0.1 : 018 + 36,45 : 0.3 34.25 » .20
: 202 : 123« 3B.88 : 38.45 ; 6.2 30.25: 0.19 : 36.45 : 3.3 3.2 ¢ 0.20
H 204 ¢ 123 ¢ 39.04: 38.45: 36.16: 30,38 : 0.21 + 36.35% ¢ 30.35 @ 34.25 ¢ 0.23
HH 205 « 132 :  38.88 : 38,35 : 6.2 30.2 : 0.20 ¢+ 35.35 : WA KI5 0.18
tH 708 132+ B.88: 38.35: 6.3 ¢ 30,15 0.21 & 3.3 : .3 : 3415 0.21
3 210 1 132 + 38,72 : 38.35: 6.3 : 30.2 & 0.23 6.3 2 33 : 3.5 4.21
H 212 1 132 ¢ 38.B8: 3B.35: 36.85: 30.15: 0.19 3 36.3 & MN.25 ¢ 34.05: 0.2l
HH 214 ¢ 132 ¢+ 38.88: 38,35 ¢ 36.7 :  30.75 : 0,19 1 3.2h 0.3 M4,] 2 0,18
tH 216 ¢ 114+ 38,88 ¢ 38,55 : 38.85: 30.75: 0.64 1 36.25 : .25 4,05 : 0,19
H 218 : 119 ¢ 39.20 ¢ 38.68 : 8.3 : .35 0.53 : 6.3 1 30,65 ¢ 35,3 ¢ 0,19
HH 220 : 119 ¢+ 38.72 : 38.7 : 38.8 : 30.65 : 0.28 3 36.5 : 30.44 : na: .19
i 222 19 ¢+ 3004 1 39.15 : 40.6 :+ .05 . 0.22 : 36,5 J0.35 ¢ 34,45 0,19
t 224 : 119 : 0.00 40 : 41.2 : %25 : 0,33 : 3645 ; 0.3 : 3.5 q2.19
1 226 ¢ 124 : 0.06 & 40.3 : 40.2 @ .55 ¢ 0.57 ¢+ 36.45 : 30.25 » 34.2 ¢ 0.20
s: COUNT ¢ 114.00 & 114.00 . 114.00 : 114.00 : 114.00 ¢ 314,00 + 1L4.00 ¢+ 314,00 ¢ 114.00 ¢ 114,00
i+ AWG : 92,10 ¢ 36,741 36,95 : .65 : 29.47 : 0.24 : 33.33: 27,60+ 32.53 : G.26
rr MIN ¢ 69.00 : 000 : 29,15: 28.80: 24.50: 0.19 3 28.3% : 24.66 :+ 27.95 : 0.19
¢ MAX 5 132,00 ¢ 40,00 : 40.30 @ 41.20 @ 33.25 : 1,02+ 3935 : 31.50 ¢ 41.15: 4.87
s S0 ¢ F0.79 : 6.74 2.60 2 2.33 1.82 @ 0.11 2 3.32: 2.15: 3,06 1 0.11
e VAR 43202 : 32,92 : 6.77 1 5.42 : 1.32 ¢ 0.01 : 10.99 : 4.04 @ 0.37 : 0.01
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BASIC TNPUT DATA , METABGLIC WORK RAVE A PSYCHROMTERIC DATA

H
METABOLIC HEAT BRODICTION H PSYCHROMETRIE DATA  emeamra H
: SMETAROLIC:
HEARTRATE :QRYGEN CONSUMPTION :ORSERVA :MURK RATE:VAP PRESS:IVAP PRESS:REL HUM : TEMP RAD : HEAT
: O = Qr ;TMEas: W : 'Pa' : 'Pa* :+ RH : Tr ¢ M ¢
bfm ¢ VOZEN : VD2 HR :per imput: W/m2 o kP2 oz mmMG s % s t o WMz
an * 3.06 * 2.606 *07:39 STR* 42,61 * 2,08 * .02 23,37 : 28.03 : 157,20 :
80 + 3.06 * 2,66 * 2% 42,63~ 2.03 0,95 * 74,10 : 28.18 ¢ 157.20 :
80 * 3.06 » 2.66 % 4% 42.63* 3.07 * 0.78* 76,20 : 2B.59 1 157,20 :
Fr 3.06 » 2.02 * G 322 % i.n > 0.99* 74.90: 28.23 @ 151.31 :
T 3.06 + 2.02 » g% 32,17 * 303~ 1.00 * 73.48 : 28,56 1 151.31 :
Wy 306 2,0z Ww* 32,2+ 3.02*% 1.08* 72.400: 26 1+ 151.31 ;
e 306* 202 12+ 302+« Zo1* D94 * 74.32: 29.40 + 151.31 ;
Wr 306F 2me 4% 32,02+% 287 085> 75.42: 29,80 ¢ 151.3
gl 3.06 = 2,87 » I§* 46,13 » 2.88 * 0.78 *  76.36 : 29.B9 1 158.17 :
Bt » 3.06 * 2.87 18 46,13 % 2.03 » LMx 77.39: 30.00 : 159.17 @
a 3.06 * 2.87 * 20* 46,13 * z.08 * 0.68* 77.71: 29.87 + 158.17 :
Bl * .06 * 2.87 * 22 % 4513 % 2.90 * 0.23% I7.01: 30,10 : 159,17 &
gt * 306+ 2.87 = 25 v 45,43 » 2.00 = Q.73 % 77.01 : .13 ¢ 189,17 :
a* 3.06*% 1,38~ 26* 21,2 2.87* 0.83* 75.71: 30.41 : 145.4]1 :
7w 3.06 * 1.38 8% 21,52 % 2.87 * 0.80 * 75,02 & 30,19 ; 148,41 :
m* 3.06 * 1.3 nr 21,62 3.0 > 0.60 * 78.81 ; 30.26 ¢+ 145,81 :
M 3.06 * 1,38 * 2* 21,62+ 3,08 * 0.58 v 79.51 30.14 : 145.41 :
Mow .06 * J.38 ¥ g » 21.62 % 3.28 * 0.7+  76.37 : 2B.B9 : 145.41 :
80> .06 * 2,66 * B * 42.63 * 3.23~ n.B4 * 75,12 ¢ 29.6% ¢ 157.20 :
a5 = 3.06 * 2,66 * |r 42.63 + 3.27 * .86 * 74.92 1 29.96 @ 157.20
80« 3.06 * 2.66 » 40 * 32.63 * 31,26 % 0,93 74.09 & 30.19 3 157.20 :
80 » 3.06 * 2,66 * 42 % 42,53 * .22 > 1.24 * 70,66 : 29.99 @ 157.20 :
20~ 3.06 * 2.66 * 44 % 42,63 * .29 x I.31* 69.92: 0.21 ¢ 167.20 ¢
g 306 * 3.52 = 46 *  56.53 * 3.06 * .16 ¥ 71.61: 32.28 : 165.06 :
G&* 3,06 3.5 % 48 * 56,61 * 310 ¥ 1.40 * 69,20 3 31.07 : 165.06 :
B *» 306 3.52 % ) * 5663+ 2.87 v 1.63 * &7.585 3 31.67 : 165.06 3
94 * 3.06* 352 B2 v &G63*  2.B4 v 1.31 *  70.43 : 31.95 + 165.06 :
g * 3.06 * .52 * 84 *  bG,63 * 2.85 1.22% 71,30 : .08 2 165.06
7 * 3.06 * 1.38 * B¢ 21.62 % 2.B7 * 1.1~ 21.91: 1n.08 ¢ 14541 :
4 3.06 * 1.3 * 58+ 21.62 * 2,86 * 1.6 % 71.99 : Jo.62 : 145.41 :
n 3.06 * 1.36 60 * 21,62 % 4.84 * 1.20* 71.54: .71+ 145,43 :
74 * 3.06 * 1.38 * 62 * 21.62 * 2.86 * l.1a* 7215 ¢ 30,50 ¢ 145,41 :
FL 3.06 * 1.3 * 61 * 21.62 % 2.83 * P2 x 72,37 : 30.49 ;1 145.41
12 * 3.06 * 0.95 * 66 * 14.61 * 2,87 * LG v 72,77 : .36 5 141,48
j2 3.6 * 0.95 * 68 * 14.61 * 2.B7 * .13 % 72.21 : 24 ¢ 141.48 ¢
iz * 3.06 * G.95 * o* 1261 2.87 * 1.10% 72,48 : 30.32 ¢ 181.48 :
72 * 3.06 * 0.95 * iz * 14.61 * 2.84 1.12 « 22,37 : 30,49 ¢+ 141,48 :
2 3.06 * 0.95 * 74 14,61 % 2.88 * 1.05 * 73.10: 30.36 3+ 141.48
7> 3.06 * 0,52 * i 7.61 * 2.90 * 1.26 % 70,86 : 30.07 ¢ 137.55 1
i * 3.06 * 0.52 * 78 * 7.61 * 3.00 * 1.43* 64,99 2 29.52 = 137.85 ¢
o r 3,06 * 0,52 * Bl * 7.61 * 3.10 * .29 % 70.34 : 30.38 ¢ 137.55 ¢
FOR 3.08 * 0.52 » g2 * 7.61 * 113 * 121 % 71.00 @ 30,30 : 137,65 :
7o » 3.06 * 0.52 » 8 * 7.61 » aaux 1.31 * .11 : 30,17+ 131,85 :
[t 3.06 * 031 > BG * 4,11 * 3.2 * 1.39*  69.34 = 30.15 : 135,59 :
9  J06* 0,31 * g 401 * 3,13~ 1.36 * 69.62 - 30.37 ¢ 135.59 :
[ 1,06 = 0.3 * gD * 411 * L~ 1,34 *  B9.Bl 3 30.80 : 135.59 :
69 1,06 * Q.31 » 02 * .11 % 2,91 » 1.84 * 65,85 30.93 : 135,59 :
69 * 3.06 * 0.31 * g4q 4,11 * 2.08 * 1.96 *  64.B7 3 30.24 1 135.59 ;
2w .06 0,95 96 * 14,61 * 2.B6 * 1.5 % 5,32 : 3 %8 141,48 ;
Fr 3.06 * (.95 * a8 *» 14,61 ¥ 3.67 * oG9 * 73,02 2 20,85 @ 141.48 :
72 * 3.06 * 0.95 100 * 13,61 * 3.69 * 0.38 * 82,16 32.95 @ 141,48 :
72 * 3,06 * 0.95 * 102 *  14.6] * e * 033+ B83.37: 33.66 ¢ 141.48 :
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BASIC INPUT DATA , METABOLIC WORK RATE AND PIYCHROMTERIC DATA

METABOLIC HEAT PRODUCTION

PSYCHROMETRIC DATA

1]

113

tMETABOLIC:

HEARTRATE:DXYGEN CONSUMPTION :CBSERVA :WORK RATE:VAP PRESS:VAP PRESS:REL HUM : TCMP RAD 1 WEAT
HE I s TIME as : W vo'Pa' ¢ ‘Fat : RH : Tr : # :

o/m  tVOZ AN : V02 HR :per input: Wm2 : WPa : mmMG : %t C : Wm
2. 3.06 * 0,95 * 164 = 13,61 * 3.75 * 0.31 * 83.79 33,47+ 141.48 :
g1 1.06 107 * W6 * 46,13 * 1.56 * .10 % 70,69 3 33.05 ¢ 159.17 :
g1« 3.06 * 2.87 * i68* 46,53+ 2,92 % 3.06 ~ 582 : .15 5 159,17 :
2 B 3.06 * 2.87 * 110 * 45,13 * 3.38 + 242 *  Bl.12 s 32,20 : 159,17 :
81 * 3.06 * 2.87 * 112 «+ 46,13 * 3.52 » 1.47 * 68.06 : 35,19 1 159.17 :
8l » .06 = 2.87 « 114 * 46.13 * .48 * 2.22* 62,30 : 34.79 ¢+ 199.17 :
90 * 306 J.80n g~ 77,64+ 390* 2,30* 6l.A5: 3583 : 126.B5 :
a0 * 1.06 * 4,80 * 118 * 77.64 3.58 * 1.24* M.21: 30.20 1 176,85 :
a5 > .06 * 4,00 * 120 77,64 * .61 ¥ 1.12* 71.35: 36.61 : 176,85
9+ 306* 2.80* 122+ 77.64% 3.63* 1.02* 71,35: 36.19 : 176,85 :
ag * .06 * 4,80 » 126 %  77.64 % 345 * 1.53 * 67.64 @ 35.80 ¢+ 176.85 :
83 ~ 3.06 = 3.30 * 126 * £3.13 * 3.48 * 1.27* 69.98: 36.48 : 163.10 :
83« 3.06 3.3 * 128 * 53,13 * .44+ 2,99 57,60 : 35.38 ; 163.10 :
83 » 3.06 ¢ 1.30 » 130 * 53,13 « 3.6 * 2.05 * 5330 : 38.47 » 163.10 :
83 % 3.006 * 130 - 132+ 53,13 » 162+ 3.08 57,10 : 38.2¢ ¢ 163.10 :
g3~ 306 * 3.30 134 * 53.13 + A8 * 2.8l * 5B.62 : 3B.72 ¢ 163,30 ¢
89 *  3.06* 4.5 136 * 7418~ 344+ 252+ 60.43: 38.28: IM.B9:
gy * .06 * .59 * 138 * 74.14 3.498 * 1.63 * 66.73 2 38.00 : 174.89 :
By = 3.06 * 4,80 % A0 % 74,14 * 365" 1.52 % 67.66 2 36,63 1 174.B9 :
ga% 306 * 450w 142 % 74,14+ 3.54* 1.49* 67.86: 35.32: 174.89:
B * 3.06 * 4.60 % g x 14,14+ 354 > 2.42* 60.91 : 33.69 : 174.89 :
Bo * 3.06 * .09 126 * 63,63 * 3.51 % 1.53 * 67,55 36.88 : 168.99 .
g86* 3.D5* 3.99+ 148 * pHI63* 3.53%¢ 2,49+ G046 : 34,60 : 16B.99 :
B6 * 3.06 * 3.9 » 150 * 63.63 352 * .00 % 57.49 34.52 : 168.99 :
86 * 3.00 * 3.04 * 152 * fis.63 3.87 3.3 % 55,13 : 35.77 ¢ 168.99 :
86 * 3.06 * 3.94 » 154 * 63.63 » .07+ 1,56 * 66.66 @ 38.79 1 168.09 :
g+ 3.06* 7.80 156 * 126.66* 306 % 1.38* 68.2%: 40.01 : 204,35 :
104 » 3.06 * 7.00 = 158 * 126.66 * .97 1.38* 68.32 : 39.89 ¢ 204.36 :
104 » 3.06 * 7.60 * 160 * 125.66 * 3,80 * 2.07 *  02.87 : 38.47 ¢+ 204.35 3
09 3.06 * 7.80 * 162 * 135.66 * 3,69 * 3.6 % 54,08 ¢ 36.69 ¢ 204.36 :
104 » 3.06 * 7.80 * 164 * 126.66 * 3.65 * .55 * 46.02 : 36.97 @ 204.36 ¢
123 » J.06 *  11.46 » 166 * 153,19 * 3410 dAal v 55,58 ¢ 41,35 &+ 241.70 2
123 * .06 % 11.95w 168 » 193,19 * 322 * 1.55 v 65,19 ¢ 4%.54 ¢ 241.70 :
123 » 306 11,8 170 * 193,19 * 331~ .39 * 55,85 40,24 1+ 241.70 :
123 » .06 *  11.86 172 *# 193.19 * .51 * 3.13 * 56.86 : 36.09 : 241.70 :
123+ 3.06* 311.85 * 174 % 193.19* 3,29* 292+ 585,28 38,92 : 241.70 ¢
115 * j. 06 * 10,15 * 176 * 165.17 * 1.26 * 2.6% * 58.68 : 37.72 ¢+ 225.98 ;
115 * Jos* 1015+ 178 * 165,17 * 340 2.90 ¥ 57,77 : 35.85 @ 225,08 :
15 * o6 * 10,15 * 180 * 165.17 * 3.48 * 2.22* 62,40 : 36.38 : 225.08 :
i15* 06 v 10,15 * 182 * 16517+ 354 % 2,77 % 55.78B: 35,37 : 224,98
115 * J.06 " 10.15 * 184 * 166,17 * 4,10 * 1.38 * 68.10 : 35.99 : 225,098 :
129 * J.06* 13,15+ 186 * 214.19 ¥ 4,13 * 1.25 ¢+ £9.35 : 36.41 : 253.40 :
129 * Jo5* 13.15 % 198 * 2i4.19 4,11 * 1.19*  70.05 : 36.67 : 253.450 :
129 = j.o6* 13,15 * 190 * 214.19 * 4,12 * 1.12 * 0,81 : 36.70 + 253.49 :
129 * 166 % 13,15« 192 * 214,19 « a4.2% * .23+ 69,37 : 35,99 + 283,40
129 = o6 * tils - 199 * 214,19 # 4.10 *# 0.55 % 722.78 : 37,53 ¢ 253.49 :
123 * a06* 11.86* 196 * 103,10 « 4.07 * 0.86 * M.01 : 38,10 @ 51,70 :
123 * 3,06 * 11.86 198 * 193.18 * 4,06 * 0.0 M.78: 38,18 ¢ 241.70 :
123 * 306 11.86 200 * 153,19 « 4,04 * B8 *  75.08 ; 38,00 : 241,70 :
123 = 3.06 * 11.86 * 202 * 19314 % q,08 * .76 * 75,30 : 38,11 : 241.70 :
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HH BASIC InPUT DATA , NETABOLIC WORK RATE AND PSYCUROMTERIC DATA H
HH METABILIC HEAT PRODUCFION H PSYCHROMETRIC DATA @ =emmeaa el
e sHETABOLIC!
= :HEARTRATELOXYGEY CONSUMPTION :OBSSHVA :HORK RATE:VAP PRESS:VAP PRESS:REL HUM : TENP RAD : HEAT =
HH s Or s Or t TIME as : [ r 'fa' o 'Pa' @ RH H Tr H | H
it b/m 1 VOZEM V02 R :per dmput: Wm2 o+ kPa o+ mmE ¢ % 3 C ; Wz
L i23 * 3.06 ~ 11.86 204 » 193,19 * 4,06 * 0.76 * 75.32 3 38.00 : 241.70 :
hand 132 * 3.06 * 13,79 * 206 * 224,70 * 4.05 * 0.74 * 75,57 : 38,03 ; 259.38 :
bl 32 3.06 * 13,79+ 0B * 224,70 * 4.05 * 0./4 " 75.8 ¥7.95 : 259.38 :
bl 132 * 3.06 % 13.70 = zil ® 224,70 * 4.05 * 0.74 * 78,67 : 38.11 ; 259,70 :
o 132 * 3.06% 13,79+ x4, 7G % 4,04 * 0,73 % 75.83 : 37.96 : 259.38 :
hid 132 * Wl6 * 13,79 » g * 224,70 * 4,06 * 0.72 * 75.85 37.87 : 269,38 :
L 119 * 3.06 ¢ 1.0l * 2i6 * 1/5.18 * 4,08 * 0.723* 75.83 : 39.63 « 233.84 &
*k 119 306 % 110t * 218 * 179,18 * 4.08* 1.06* 71.48 ¢ 37.35 ¢ 233.84 ¢
bl 18> 3.06* 1.0~ 250 % 179.18* 4.06* 094 % 72,95 38,11 : 233.84
b 119« 3,06 * 11.01 * 2% 179,18 A8 v 084w 74,24 3B.17 : 233.84
ek 119 3.06* 11.01% 2Be v 179,18*  4.04* 080 * 74,76 :  3B.68 @ 233.84 :
™ 124 » 3.06* 12.08" 200 * 196,68 * 4,03 * 0,73 %  75.0f ; 19,66 1 243.66 :
- CGINT @ 114,00 : 114,00 + 114,00 : 114.00 : 114,60 @ 14,00 ¢ 114,006 : 114.80 : 114.00 :
- MG .06 B.25 ¢ 113.00 @ B4.98 : 3.41 ¢ 1.47 : 69.50 : 34.02 : 180,97 @
- W : 306: 0.38: 0.0: 4,11 ¢ 2.63 : 0.31 ¢ 46.6% : 28.03 : 135.59 :
-~ WA ¢+ 3.06: 13,79 ¢ 226.00 : 224.70 : 4,27 3 855 8.1 : 41.5¢ ¢+ 259,38 :
w- ST ¢ 0.00: 4.45: 65.h2: T2IB: 0.4 ¢ 0.69 6.97 1 3.79 40,84
~  YAR @ 0.00 : 18,78 : A331.67 1 5296.42 : .19 : 0.78 : 48,56 : 14.35 1 166B.11 :
1i4
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*FILE SAME:STEWART SUMMARY APPEMDMX J

HEAT STRESS ANALYSIS °F DIESEL POWERED VEXICLE CPERAVORS LOCALITY 83 T3
0AR PRESS: 106 kPFa
INCUT PARAMETERS DATE @  DECEMSER 1990

. A ar W aw

TIME HEARTRAIE:TEMP SKIN: Tg  sTEMP SKIN: Tdb T JACKEY @ Tg : Tywk ¢ Tdb  sAfrspesd

HR:MIN s h/min scelsius :celsius :oelsius scelsius teelsius zeelsius & celsius celsius ¢ mfs

am EE BE BN BE mr wr B4 MA e aa

an B W W B W M YR we sp 44 EE WS R wR o oEm kA

¢ COURY : 215B.G2Z * §08B8.47 * 910.70 *» 662.40 * G6B1.36 * 123,97 * 1161.05 ** 1074.02 * 1139.64 * 813.15
3 AR 3 D4AG v+ 41,30+ 32,78 % 252 2255 % . 30% 38,71 % 3361 v 37.61 *  16.37
s MIN ¢ MO2.02 ¢ 18,70 % 10144 ¢ 59,98 307 ¢ 1,2 %+ 119,21 =+ 103,24 v 115.08 ¥ 2.33
i MAX ¢ 30612+ 13020 v INS.49 *x 25,04 % §0.65 *  1.28 v 124,74 w1708 v 123,00 % B4.77

¢ S0 ¢ 246,55 * 104,95 42,03 80,41+ GhO4t 006 ¥ 107.51 4v 90,00 * 101,06 * 64,42
Tty VAR ¢ 255.35 % 15880 * 83,22 % 113.9B % 71.37* A 05 v 103,64 % 00,28 % 103.61 * 5B.12
$ e

COUNT @ 104,00 ¢ 11400 ¢ t14.00 = 100 ¢ 1,00 : 1.00 : 114,00 « 114,00 &+ 114.00 ¢ 114.00 1313EST LID
@ MG : 9881 : 10,86+ 39,891 33.00: A3.00: 0,98 : 45.28 : 33.02 : 4724 : 5,15 ¢
it MIN :  90.00 : 0.00 ¢+ 29.30 ¢ 33.00: 43.00: 0.40 :  30.00 : 25,0 : 2.8 r Q.20:
1 MA : 13500 ¢ 48,30 ¢ 45.90 ¢ 33,00 @ 43.00: 0.40 :  AE.00 & 36.20 v 54,90 ¢ 28,04 :
s STD ¢+ A% 9861 4.20: 0.00: 0.00: 0.00 :  G.06 2 206: 6.79: B,51:
s VAR O+ 22,30 w240 : 17.66 ¢ 0.00 : 9,00 » 0.00 ;  36.74 8.19 : 46.14 : 72,81 :
COUNT ¢+ i14.00 ¢ 114.00 3 114.00 : 1.00 ¢ 1.00 1.00 = 114.00 ¢ 114.00 : 114.00 : 114.00 1562C5T D/TRU
s AWG ¢ UBBL: 10.B6: 39.09: 33.00: 43.00: 0.40: 45.28: 3%02: 47.2%8: 5.6 :
¢t WI¥ ¢ 00,00 : 0.00 : 29,30 ¢+ 33.00 ; 43.00: 0.40 ¢ 30.00 : 25,70 : 28,50 ¢ 0.20 =
$¢ MAX 3 11500 : 4830 : 45.90 ¢ 3300 : 42,00 3 0.40 ¢ 51.00 : J6.20 + 5490 : 28.01 ¢
55 0§ o+ 472 96l : 4.20¢ OGO: O00: 000 6.06: 2.86: 6.7 : BA3 ¢
t: VAR ¢+ 20.30: 92.40: 17.86: O000: OM0D: O00: 36.78: 8.19: 46,14 : 2.0
13 COUNT ¢+ #5B8.B2 » 389,18 * 364.86 * 103,00 131.00* 3,20 * 397.13 * 333.07 * &12.47 * 342.71 :

: MG : 766 40BG* 4155 % IB00* 2470 % 0,37% 46,02 e 3504 % 4840 % 33,45
s: HIN ¢ 7H.40*¢ 39.31 % 40,04 19.00* 24,71 ¢ 0,37 aa.a3 v 35.10% 4687 Y 32,70 :

POMAX ¢ 097 v 4G.21 % 4241 % 1900+ 271 0,37 % 47,73 ¢+ 3560 % GO.B0 * 36,67 :
12 STD ¢ 422 ADEE *x 36405 % 1420+ 3857 % D31 ¢ 41,30 ¢ 31D3 ¢ 4362 % 33.80 ¢
sy W+ 66,13% 52,61 38.07* 1420 % 1B.N7 0,31 * 45,70 * 32,50 * 49,24 ¢ 43,07 4
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BASIC INPUT DATA , META™FLIG ' K RAYE ARD PSYCHROMTERIC DATA

METABOLIC HEAT PRODUCTION 3

PSYCHROMETRIC DATA

an WE e we 4 aS BE WR BB
—

- tHETABOLIC:
HEARTRATE :0XYGEN COHSUNDRTIGH sOBSERVA :NORK RATE:VAP PRESS:VAP PRESS:REL HUM : TEMP RAD : HEAY
t t Or oz O+ +TIMEas: W ¢ ‘Pt ¢ 'Pa' : WM : T : K ¢
! ko :v02ZBEM : VOZ MR sper input: W/E2 : kFa ¢ alG @ 5 s £ 1 WMz
tm : : ey : [N
+ COUNT : B20.14 * 879,17 *15007.45 * 7466.25 * B632.60 * B26..5 * 1335.90 *v 1167.76 * 4371.956 * 8i3.15 * )
it MNE @ 17,54 % 20,26 % 681,97 % 334,31 % 17.B1 ¢ 1783+ SO @7 v 30,02 % ZILLET v 16,37 ¢
t+ WIN @ 55,07 *  GR.65 * 2078.79 v 1031.93 * 55.53 * 53,32 % 176,04 ** 110.15 * 55,48 2.33 *
¢ MAX  r 5500 Y GH.65 ¥ 2207.92 + )078.26 *  56.52 * 5765 ¢ 197,05 % 24,64 ¢ 602.09 v BR.27 ¢
tx S0 ERR * 61,16 * 2116.39 » 7006.64 * 5416 * 50,38 % 155,23 * 102.12 » 665 94 ¢ G440
' S ERR * G0.7G ® 4554.02 « 1149.41 * 5400 * G482 ¢ 185,73 103.30 * 603,06 % 5512 -
s: COURF : 114.00 ¢ 114.00 ¢ 114,00 : 114,00 : 114.00 : 114,00 : 114,00 ¢ 114.00 : 114,00 : 114,00 1413C5T LHG
it MG 0+ 31 gu6B: 1300 63,73+ 42 B72: 39.72: 45.28: 194.16:  §,15 :
1 HIN 31l 4.80 ¢ 4,00 ¢ 40.70 ¢ 2.72 1 0.7 r 28.64 : 30.80 @ 176.85 @ 0,20 ¢
it M 3.1 10,15 ¢ 26,00 ¢ 106.07 : 4,69 : 13.63. 7627 : §1.00 ¢+ 225.88 @ 28.01 : A,
- S : 0.00: 1M1 : 6582 12.35: Q0.52:  3.29:  irF . .08 928 D53 '
i VAR O+ 0.00:  1.02 ;433167 . 152,45 : 027 :; 10,81 : 14796 : 3691 ¢ BA.D9 r 7281 '
=3 COONT : 114,00 : 114,00 ; 114,00 ¢ 114.00 ¢ 114.00 ¢+ 114.04 ¢ 134,00 : 114.00 5 114.00 ¢ 114,00 1562CST O/TRU *
3 NG ¢ 2% 472 11300 : 55,80 : 3,75 ¢ 4,261 52.4D : ERR ¢ 176,11 ¢+  B.,15 : :
s MIN 0+ 2841 2661 GO0 : 3332: 3B L20: 3480 : ERR : 157.20: 0.20: ;
1 BAX ;208 :  O0B; 226,00z 10340 4773 0,93 :  70.80 : ERR ¢ 216,15 3 26.01 3
i+ ST+ Q.00 : 1.26 ;65,82 ¢+ 13,76 : 0,38 1.79 7.23 ERR @ 11.57 : B.53 ¢
VAR : 000 1.69 :4331.67 ; 189.34: 0,14: 3.22: 52.32: ERR ¢ 133,05 ¢+ 72,81 : .
COUNT @ 257,32 251,67 » 4964.48 * 603.30 * 240,51 * 265,10 * 552,78 = 307.26 » 020,35 * M2Vl : N
NG 2 6.0 * 20,34+ F007t 7787 * IBEL* R2EL % 6T M ERR * 140.35 * 31.41 :
MK 3 GRG0 ™ 16,77 % 692,93+ 73,53 ¢ 1B.47 % 21,13 % 56,61 W ERR * 135.07 * 32,70 : R
WAX ¢ 17,89 * 20,38 v 72521+ 62.4B* 18.76% 22,45 % 7R.53 M ERR * 130,60 * 36,57 ¢
& o« 17.54* 10,11 * 702,33+ 6830 1841 * 2076 % GZ.FT v ERR » 110,06 * 33.89 : :
VAR 1 1754 % 19,19 %131l x 94,50+ 1006+ 20,75 * G8.5L v ERR * 127.87 *  43.07 & 7
i
-’
[
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APPENDIX K

Heat sources influshoing the operatpr: (refer page 47)

Gg= d1+ds—t;

whero:
d¢ is the heat in the cabin
q; is the heat from the engine
d5 is the metabolic heat from the driver
g3 is the heat loss to the ambient air
over 50% ofthe cabin wall

Heat from the engine (g, )%
The heat flow from the éhgine to the steel substraight
(the cabin wall) is governed by the four basic heat
transfer machanisms., They are convection, conduction,
radiation and evaporation.

The heat generated during fuel combustion is usually
included in an energy balance and exprossed as per-—
centages of the snergy supplled by the fuel:

brake power + heat to the engine cooling air + the
energy of the exhaust + unaccounted losses cbtained

by difference, and which include radiation and
convection losses.

Heat generated by the engine flows via the cooling air
to the cabin wall. The following formulae show the heat
flow from the outar skin of the cabin wall, through the
wall, via the cabin air,through the other cabin wall to
the anmbient air

and;
Ay dptdn) tdea~de

where:

gy is the radiant heat transfer over the total
area of the cabin (Whillier,1982)

gs1}s the convective heat transfer through the air
in the cabin

qcais the conductive heat transfer from the engine
compartment via the steel substrait to the cabin

ge is the heat loss due to evaporation of any liquid
in the cabin, thiz is however neglected as
condition as extremely dry in the cabin. It is
also difficult to guantify.
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and:
Qp = 5,67 (T1/100)%-(T,/100) %a,%F

where!

4, is the radiant heat ex the engine in W/m2,

Ti ls the absolute temperature of the alir on the
engine side of the cabin wall in K

T, is tne aksolute temperaturs of the air in the
drivers cabin in K

5,67 is stefan Boltzman constant for radiant heat
ligat transfer

A, is the total area of the cabin wall in n?

Faylis emissivity or view factor in terms of T,

and: 1 1
Ty = 1/( /e, +(Al/A2( /e,~1)))

where!
2 ig the view factor of the heat transfer plans
and: . 2
4e) = he A (tya11~togbin) R W/M

whera:
hce is the convective hest tranasfer coeff and is

dapendant on the ambient conditions in the cabin

in terms of temperature and airflow.
Also hc 5680 (1+0,015t)w0¢8/q0,2

with airflow in the cabin
or

- 173
ho = 1,4 (ty311-teahin) /

with natural convéction in basically still

air

iz0



b e

NOTE:

qcz iS

Due to the contact between A, and A5 it will
be necessary to use the log mean temperature difference
{LMTD) when expressing the toaly1-

where:

and : tAzis the average temperatursz of the steel

substrait also called the cabin wall, on the
engine side of the cabin in ° celcius.
tASis the average temperature of the steel

substrait also called the drivers cabin, on the
ambient air side of the cabin in ° celcius.

ands
the conductive heat transfer

and guo= 2 k T (tge-tyo)

where:

k is the thermal conductivity of the steel
substraight @ 45,0 W/m?(neglecting the
paintwork on the ateel

T is the temperature of the steel in kelvin

tyae is the engine compariment air temperature

in ° celcius.

tae 48 the alr temperature in the cabin in °

celcius
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Heat from the vehicle oparator [_qz_]_:

This heat source has been discussed in appendix H.

Heat loss to gmhieng_gi;_iggli

This mechanism is the inverse to the heat from the engine

(ay), with the exception that the governing factor is the
ambient air temperature.
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