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' - ~ . ' ABSTRACT '

The importance of good underground lighting to
the total environmént of‘ﬁining cannot be overemphasized.
In addition to the obvidu? benefit of improvéd workér

- morale, good lighting,prgcticeé probably reduce accident
severity and frequency as well as increase production.

?
.

! . ) This project reviews current knowleége of the
. ' e -
: state of the art, presents measured data on luminance and

reflectivity from several Canadian mines, and suggests

additional areag in need of research. Examples of good
lighting practjces are given and suggestions to mine
0peratorsvwiéhing to improve the mine luminance environ-

ment are made. . . o . T

Several countries pyeéently have codes regarding

the level of illumination required in the underground
working plaée, and it is probable that Canada will pass ;

legislation in this aréé'és’well. -Some thoqghts are prer-
sented regarding what the’qode should contain and hpw

it should be arrived at. ’ - L . . g

-

" It is hoped that the material can be used as an

aid ‘to the mine industrial engineer and as a starting

s

poipt for researchers who plan to carry out related work.

\
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1'environment minier ne peut &tre sous-estimée.

: sévérité d'accidents tout en aygmentant le rendement du

.kravallleur.

'ment canadien adopte bientét de nouvelles lois dans ce

| de départ aux chercheurs tpngi;léht dans ce domaine..

LS R — S PR B -

RESUME _ “ ;

- L4 ’ - N ° ' .
L'importance d'un bon &clairage sous-terrain dans’ Y
En plus
d'améliorer le moral du travailleur, de bonnes pratiques

. / . .

d'éclairage ré&duisént probablement la fréquence et la°

/

Cette étude passe en reVue les connalssances
actuelles suy l'état de ltart, présente des mesures de
lumlnance et de reflect1v1té effectuées dans plu51éurs’
mines canadiennes et suggére‘d'autrés sujets de recherche ‘ .
dans ce domaine. Des exemples—de_bdnnes pratigues d'&clairage ,~f
sont décrits et des conseils paur l;amélloratiop de.l'enQiron-‘
ment lumineux d’une minefsont aonnésu

Plusibursvpays'ﬁfiiisent présentement dés codes
décrivant le degré d'illumination requis dang‘les.endgggtg

- e i oae ' 2

de travaux sous-terrains; il-est probable qué le gouverne-

domaine. Plusieurs commentaires sont donn&s’ concernant

la formulation et le contenue de telles lois.

11 ‘est, souhaité que ce matériel soit utile &.:

1'ingénieur industriel des mines et.serve comme’'point ' ) . :

- - . . d .
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§ - INTRODUCTION /
é - /
; ‘ _ ' /
. Underground lighting in Canadian mipfes generally ‘ f

is poor, particularly when compared with/other 1lighting

- situations. Yet, the sense of sight i
. ~ y ‘

sense. This lack of attention to mijie lighting is a * -

our most imporxtant
e X

1 result of the unique nature of the mwork. With working

places spread out often both lateyally and vertically,

particularly in base metal sulphide deposits, and with

continual -blasting in these working places, permanent h ' ,
/ , ,

instéllations are generally deemed impractical because

of the costs of installation #nd upkeep. ° Consequeptly,i
! .

the battéry operat;d cap 1am$ is.usua%ly the mostvimportapt
singie source of light. Al#hough a tremendous improvéﬁént
over the carbide lamp,- it Rgvertheless gives little peri- '
pherél‘lighiipg, produces glare problems, oAly lights the

immediate task, and is an extra weight for the miner to,
. o T /s
/

carry. The poor natural reflectivity fr‘om undexground
. R ’ L /
surfaces and; at times, the loss of transmitted light

" because of fog, dust- or smoke all lower thé efficiency

of the available lighﬁ. The problem is further compounded

because neither gévernment nor industry know just what

L constitutes good lighting in the mine enyironmént.A ) a ‘ :

Alﬁhéugh'econOmics wili not alléw the general ;evél“ " !
6f'1ighting in_a mine to approéch the sténdafd attained
Q s «&" . " .'. l. " .
L "' S o L -

. . o
. * . . K
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‘f* in an office or factory, it is possible to weigh costs
versus benefits and greatly improve the lighting under-

ground over that provided by vehiclée headlights or the
common cap lapp. Ideally, lighting would be designed
based upon tﬁe visibflity requirements of the various

. -tasks to be performed Some companles actually use this
approach when designing llghtlng for permanent under—

ground working areas such as underground garages, crusher

i
¥
H
|
|
¢
3
4

stations, or shaft stations. This new approach to mine

lighting based on vi;ibility requirements is a better

method than the usual practise of installing lights'and'

then turning tgem on to see what the illumination level.

is. More research is needed, though, -to determ%he task

visibility requirements. ‘

Good lighting is not only a matter of‘mofe light,

It is also a matter of pro?grjaistribution of light: Light
" should not present irritatin; glare problems. It should

come from the right direction, in the right gquantity, o? the

right colour, and without introducing distracting sources of

light to the eyes, or glare reflections in the work. This kf

research proﬁect plans to show how currgnt knowledge can be n

applied to the solution of problems of mlne llghtlng de51gn.

2’

It emphaSLZes those aspects of lighting design Wthh affect \

the working efficiency and safety of the mlner._'
The report is divided into two sections. The first ...
‘Section, comprising chapteis 2 to 7, briefly out})lines the

statgiof the art as known to the present time. Units of .

A
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measurement are carefully defined, a layman's guide to- how

the human eye functions is presented, and the science of

measureﬁéntléf'underground*lighting is outlined. The more

common types of mine lighting systems encountered by the
writer_on visits to Canadian mines are described as well.

The sécénd éection;_éomprising chapters 8 to 11,
present field measurements of illumination 1evelshand'both
field measurements and 1aboratof7$heasurements of reflectivity
of commonly encountered underground surfaces. Since one sees
by reflected light it is important to -know the percentage
of light which gets reflected into the eye in order to de-
sign a proper lighting installation. Measurements vere

taken in_fiftéen mines ranging from as far west as Flin Flon

on the ManitobaxSaskatchewan border to Eaﬁhurst, New Brunswick

~in the east, _General1ightin§;uaé£ices were noted and ideas were

exchangeéd with several mine éérsdnnel. Marny practices noted
are incorporated throughout the report.

The current concern for the human environment shows
L4

no signs of abating. Sooner or later, provincial government.s

will establish standards of mine illumination levels just as

they have established standards for toxic gas emission, dust

. and noise levels. A basis for establishing such. a standard

"is provided.in the second section of the report as well. It

should ohly be construed as a suggestion to industry and a’

;ﬁafting place for other investigators. More experimental

-

work is required in the field before lighting standards for

‘mines can be epreééed with any-deéfee of confidence.

Ixs




*~ Thée normal order of é;esenting t%e results of an,
experimental study is: ‘ o - .. R
1. the jéb proposal ,
2. the tools and tecgniqueé 1 do the jo?‘ R
3. the nature and significarice of the work aone.'“:
Since this report is not conflned to any one experxmental
study but presents instead a brdad overall vlew of llghtrhg
concepts for Canadlan mines, the tradltlonai approach was
not followed. Expgrimental work and personal observations

are includeéd in the appropriate section or sub~séqtion of

the report. In ‘this way the observations, experimental'’

work, and conclusions drawn, expand on the topic under

discussion. To preserve continuity in ¢he main‘bodynéf the - -

report, results of experimental work .are briefly summarized,
in table form. ‘Additioﬁél‘findings are either presented in -
the appendices or are available from the files of the

Depértment’of Mining and Metallurgical Engineéring at McGill

University.

It is hoped the material w111 be helpful ta c1V1l
B -
engineers engaged in tunnel pro;ects, as well-as to mine

0

industrial englneers,and mlne planners. Since several areas’
A\ . . - A -

of researchjfemain untouched it, is further hoped the WOrk

w1ll serve as a startlng p01nt for other nesearchers plan—
v P . i
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LIGHTING UNITS

’

. 2,1 Choice Of Units
Canada has embarked on a,prOgram ‘of convertlng to S.I.
units (Systéme Ihtérnatiohal d‘Unités). Consequently, the’ S.I.

.

system of"units was chosen when pessible; Sihce §.I. is. not in

- regular use as yet 1t has also been necessary to’ express many

S T TEREER

] R " . of the units in. terms of the 1mper1al system or in unlts other

H

i . g than recognized S.I. unlts. Thls occurs where statutory reéu-

lations or original research results are quoted. It alsq:occdrs

S

because an official §.I. luminance unit has yet to be. ¢hosen.

. ’ 4 ‘ ”
" o

§ . - TABLE 1

AY
"

. $.I. UNITS RECOMMENDED BY THE CANADIAN STANDARDS ASSOCIATION,

.- N N i 1

| : S : Physical g Name of
| . . . . , : _ quantity T unit
é ' "' Basic §.I. unit | Luminous intensity’ Candela
:, ”4 - 7 T X . J . - . .
R Supplementary unit |, Solid angle Steradian
; Derived units with Luminous flux Lumen “0 ) ]
% ) special names ‘ : ( .
- | , o . ' Luminous energy , Lumen, second ’ ‘
1’ - . ’ . o R y, ) .
A ‘ L Illumination’ . Lux N U |
| , Luminance, None given’
, - . (apostilb used’ in’
Lo _— . this report)
4 - e . ’ - M ., ' o
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chance of receiving. S. I sanctionv(B).

out by a light,sourco related to the power of the source

h/RN
L

<]

i

2.2 .Plethora of Units

"1
.

There is a great deal of confusion in the literature

’

on the use of lighting units. This is due to several factors.

' N > o . v Sy s
Some countries work in imperial units while other countries

x

report in metric units, and there is guite a mix of units in

both systems. In addition certainu¢ountfiéé are gradually
changing over to S.I. units. A further 'source of céﬁplica-

tion arises from the fact that light measurements can be

guoted either/in'fundémeﬁtal units of illumination expressed.

'

in terms of luminous intensity per unit area or in units of

l
luminénce,related to illumination through reflectivity.

-

Thls means there are two approaches to .light measurement- =,

‘one’ based upon the llght source (1llum1natlon), the other

-

based upon the. receiver or eye (lumlnance)

i

The lumlnance unit is requlred to relate what the eye

sees to the amount of light supplled. Lumlpance\unlts haVe'

both metrlc and lmperlal counterparts.f'Althouéh a funda¢

e [}

'mental ‘§.I. unlt has been chosen for illuminatlon whlch 151

‘the . lux, no equlvalent lumlnancewunlt has as- yet’been

roff101ally chosen. The'result~1s that wrlters use unoffi-
‘cial unlts for reasons of convenlence. In this, report the

'1um1nance unlt chosen was the apostllb whlch has a good -

o

urther confusion results’ from the use of a double set

Kl

of 1llum1nat10n unlts. One is the‘tota;~111um1natlon put

’

a
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at the source, The bther is the illuﬂination put out by the

source in terms of luminous intensity per unit area of sur-
faces receiving light. Again there are metric and imperial
counterparts (11, 33, 64).

In order to assist the reader in finding his way through

this confusing gituation, the following sections are presented.

-

2.3 Definitions of Fundamental Units

The Candela is the luminous intensity of 1/60 of 1 cmz

of projected aréa of a blackbody radiator at the temperature
of solidification of platinum, 2045 X. This is a fundémental
S.I. unit and takes the place of the former candle. To all -
intents and purposes the units are synonomous. (A blackbody
is a temperature radiator of uniform temperature whose radiant
emittance in all parts of the spectrum is the maximum obtain-
aéle from any temperatu;é radiator at the same temperature.)

The Lumen is the unit of measurement of luminous flux.
Imagine an isotropic point source of light of one candela and

let a system of unit radius be described around this. Then

. . & .
each unit area will receive the same amount of luminous flux

N 3

and this is the lumen.

The Steradiég is a measure of the solid angle at the
centre of a sphere. If the area of spherical surface is
equal tQ,tﬁe square of the radius, the s&bten&?d soliq angle
is a steradian. ° .

The Talbot is the luminous energy delivered by 1 lumen

in 1 second.

.
v

J——
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solid ‘angle of .
Ohe steradian

1l candela

2

1ft >

I
5

® . T
FIGURE 1: UNITS OF ILLUMINATION AND LUMINANCE
' i & » & “

o

A = 1 candela in all directions .
Point A to any B is 1 cm. BBBB = 1 om2
‘Point A-to.any C i8 1 in. CCCC = 1 in2
Point A to any D is 1 ft. DDDD = 1 ft2
Point A to any E is 1 m.. EEEE = 1 m2

ta,
- v

The luminous f£lux falling on either BBBB, CCCC, DDDD or EEEE

» .
is one lumen by definition. The surfiace area of a sphere is

4mr? Lsorﬁhat the total luminous flux gmitééé'ig 4vf . lumens
- ) . TR ¢ ¢
or 12.56 luméns. . ‘

.\ G
9
‘
.
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2.4 Units of XIllumination

1 phot

U]

The -illumination on BBBB is 1 lumen/cm2

1 “inch candle.

The illumination on CCCC is 1 1umen/in2
The illumination on DDDD is 1 lumen/ft2 = 1 foot candle

The iiluminatipn on EEEE is 1 lumen/m2 =1 lu% -~
The lux has afso been referred to as the metrecandle. ,

Since 1 m = 3.28 ft. it follows that

1 footcandle = 1 lumen x(s.ze ft)2 = 10.764 lux
fte 1 m
Similarly 1 lux = 0.0929 1m/ft2
The conversion 1 footcandle = 10 lux is often used. This
means that the illumination on DDDb is approximately 10 times

greater than the illumination on EEEE.

\

For light sources themselves the phot is a more: conve-

nient unit.

1 phot 10.000 lux h

10 milliphot

1 lux

2.5 Units of Luminance

Luminapce is a measure of the brid%tﬁesghqua éurface.~
As_ the luminanéé\cor£esponds to the 1ight emittedﬂ%roh the
surface it norﬁally depepds on the ability of that surface to
reflect light. For 1aﬁps andyother light sourcesnthe-luminance
is a measure of the light emitted. ,Ligh;ing enginéers find the
luminance unit essemntial in their work because this is what '

the ¢ye sees. The unit of luminance is related to the, unit

2

" of illumination by the following:

[

- .t

- ' .
i e S\ e —tn i AP A T e, |




LUMINANCE = ILLUMINATION X REFLECTIVITY

For exaﬁple, an underground road surface with a reflec-’
tivity of 0.09 receiving an illumiﬁation of 100 lux has a lumi-
-nance of 9 asb. TIf the reflectivity were 106%, then it would
have a luminance'of 100 asb. - ; B ’
If, in figure‘i,'we assume’all of the luminous fluk,'

from A (1 candela in all directions) is reflected in a perfectly

diffﬁse manner by BBBB-CCCC-DDDD or EEEE in turn, then. )

BBBB reflects a luminance of 1 lumen/cm2 = 1 lambert

CCCC reflects a luminance of 1 lumen/in2 1l inch lambert

i

DDDD reflects a luminance of 1 lumen/ft2 1 foot lambert

o frects 2 | ot 2
EEEE reflects a luminance of 1 lumen/m2 = 1 apostilb

It follows that 1 ft.L = ‘1. 076 mlllllgmberts = 10 75 asb. .
- This is analagous to lf t.= 1.076 mllllphots =, 10 76 lux.
As well as expressxng luminance in. terms of lumens per

unit._area it can be expressed in terms of candelas per unit

1 - > - " K
* . ' IS . ’ - C e e o e

area 4 o - _ . -
1 candela/ém2 = 1 stilb = 2919 ft.L = 31 416 asb. :
, 1 ﬁﬁndela/mZ = i‘ﬁ;t P ‘
.  The follow1ng reieﬁiohsﬁiﬁs can then be defivedwl° (
o o ‘1 lambert = _;_ candela/cm? = 0. 3183 sb :"{~ e
1 fbotlambertn;‘#l_ candela/ft2 = 0. 3183 cd/ft2
» 1 apostilb = _;_ E;nde;e/mz 0.3183 nt - .f:i )
“cb} AB a rule, the aposgiqb is used tozﬁndicgte'the luminance of




.

iy

walls, floor, back and other noﬂ—speculqr’objectslwhiie‘the
stilb is used to. indicate the'power of the light source. ﬁhe.
following light sources, arrangedrin'oider of 'size of their
luminances, are presented so that one can get a feel for the

¢

stilb unit.(l).

TABLE 2

1

LUMINANCE OF LIGHT SOURCES

Moon : 0.25 sb o f
Clear sky 0.4 sb -

Fluorescent tubes 0.45-0.65 sb. .

‘Lighted candle 0.7~0.8 sb N
0il lamp 0.6~1.5 sb

KON k] ] oo oo ~—‘_
Electric bulb 70-1000 sb. . o

-

2.6 Use of I.E.S. (Illuminating Engineering Society). Units
The great majority of the literature references cited

quote in IES units so that it is necessary to be conversant
with these units as well. The three .most important units are
the foot lambert,- the foot candle &@nd the candela ber in?. v

A diffusing surface of uniform brightness reflecting
., . ' . J svh
.. or emitting 1 lumen per sq.ft. when viewed from a designated

direction has a brighthess of 1 .ft.L.. Similarly, épg candela
over one sguare inch has a'brightness 6f'1xcd/in2. The ft.L is

+

noimally used for brightness of-illuminated surfaces .whereas the

ed/in2 is’use@ffor:high brigltness such as a Source of light.

1 . [y

N
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The difference between a foot-candle! read#hg and -the
corresponding'fooﬁ-lembert reading is the light absorption of

the surface’ whose brightness is belng measured. ‘Using the pre-
a, ‘.
vious example, an undegrground road surface w1th a reflectivity - .

of 0 09 receLV1ng an 111um1natlon of 100 f.c. has a lumlnance

of. 9 ft.L. If the reflect1v1ty were 100%, then it would have
@ b . '

a luminance of 100 ft L. o ’ , .

[}

~,Table 3 has been workedvout for ease of conversion.

“e . ~
/ u

. ., ' ' TABLE 3 A

‘ a2
ENIT’CQNVERSION FACTORS

. -
B

[} : , ‘ ) . .‘) [ R
Foot Lambert|ApostilbjCandela mz[Candela/ggz Candela/1n2
ft.L - asb cd/m Ced/ft cd/ln '
'Foot?bandle . Lux . Nit’ ey '
(foCo) ) - ' N ‘ (nt) ‘
o . = - ~
ft.L ' = | 0.0929 | o%2019 | 3,142 - 452
' n{ - ¥ < N
asb 10.76 - 3.142 | 33.82 4870 o -
cd/m2 | © 3.426 |-0.3183 | - ‘ei 10.76 - .| 1550
pad L -
cd/ft2{  0.3183 | 0.02957) 0.0929 - © 144
cd/in2| = 0.00221 o.oogé 0.00065 || 0.0069 S
3 (' s 4 ) . '

-

To convert the top row to the 51de column’ multlply by °

the box factor. Slnce most llght measurements are rough mea- ' N

N 3

surements it is customary to round off...For example;
Y 1 cd/m2 = 173 ft,p '3 asb- = 0.1 cd/ft2
l‘ft.L = 10 asb = 3 cd/mz = 013 cd/ft2

Q

'
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Table 17 is prOV1ded to convert from valuesyin S

.

customary I E. S. units to S.I. unlts.

No conversgion from L

. s8.I. to I.E.S. 1s given 51nce all thought should be given

to'making S.I..the one system of units.
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CHAPTER 3

OPERATION OF THE EYE - : o

ey * ‘ -
f
i? - ~

‘3.1. The Vision Process

4

The human eye is sen31t1ve to a very ‘'wide range
of light 1nten51t1es, extendlng from a few 1Ix 1n a dark v
room to 100’ 000-1x~1n br;ght sunlight. nght 1nten51ty

in the open varies from 2000 to 100 000 Ix durlng the |

day. The usual varlatiogs;durlng the nlght and underground

® . in artificial- 1ight lie between 5 and 500 1x. Although
the eye is able to meke use4of a wide range of light .

3

¢ }‘
.levels, there are Certain Qptimum condltlons in which

- NN

- od

it works best Since the alm of good underground 1lght1ng P
is to prov1de an' optzmum seeing condition, some knowled¥e
of the operation of the.eye should be acquired beforg_ -
attempting’' any underground llghtlng de51gn.

Figure 2 shows..a horlzontal sectlon of the human

.
v

,left eye.’ The process-of vision is a combined operation

. 0f eye, nerxve, and braifh with the inner lining of the
s o

,‘l

- eye cavity being ap extension of the brain. It can be
imagined, for simplicityJQ sake, to contain numerous

small organs, wh;ch by‘r%ason of their shape are called

b

rods and cones. There are about 130 mllllon rods and about
" A
7 mllllon cones, These a;e'arranged end on so that they

+ . 1 ﬁ‘ -

form a mosaic over the retina. They are not uniformly.

- >

.
S .
- “ ‘ . .
‘ A - . P
. . » .t
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Anterior Chamber

Cornea

Iris

Ciliary Muscle

Vitreous

Retina
Chorolid
Sclera

- Fovea
Optjc Nerve

~

A Horizontal Section of
The Human Left Eye

. Figure 2
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~as found with a mercury .vapour lamp, or lt could be

distributeg.: The central fegion of the retina, called
the fovea, consists of cones only. A small area surrounding
the fovea, called the macuia, has a high cone conceneration.
Outside the macula the proportion of cones is less and
becomes progreseively smaller towards the periphery of
the retina\where rods predominate. ! W
In the central retina era, every,cone communieates
its signal to the brain individually’ each receptor being
connected to the brain b& a separate nerve fibre. An
image received in these areas can therefore be transmitted
in detail.‘ If we wieh to see an object clearly we logk
directly at it so that its‘image falls on the fovea,
the most acute region of the retina since this is where
the cones are l;cated. This genieralization must Be
modified when dealing with low 1evels ofvilluminetion.
These cones are alsd the seat of .colour- perceptlon.
Only radlatlons thh wavelengths between 0 4 and 0.7 Hm
produce a visual sensatlon, 1nclud1ng colourq‘ku.ﬁ um o

is the violet end of ‘the spectrum and 0,7 um is the red-

end. Colour of light may be due to a comblnatlon of a - .

continuous series of radlations of all wavelengths in I -

varylng proportlons as w1th 1ight from a tungsten lamp.
It could also be a comblnatlon oﬁfvarylng proportlons

of 'a,limited number of radlatlons known as-a. ‘broken spectrum ’
. Q K ,

\

due to the presence of only one w“velength as thn .




:look:slightly,awaylfrom‘the‘objéct.
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a sodium lamp. The cones of hhe eye are not equallft
sensitive to all colours and in dditioh, the dark’
surfaces of the rock face absorh different proportlons
of different waveleng;hs. Rays in the blue-green ‘band of
hhe‘visible spect;om are generally absorbed theh;east
and hence a high prooortion'of the_&igho is raflected.

Outside the macula each receptor does noh have
its own nerve ﬁihre.. FEach signal path is shared by a

1}

group of receptors. Consequently, in the peripheral,

retinal areas, a detailed .image cannot- be transmitted

to the brain. Also, the rods aré not colourlsansitive

but have a@ extremely high light sensitivity, so that,
their function is to parhit seeing at very low levels of
light. Thusg, Ehe eye sees besh centrally in bright 1iqht,/
its resolution is very high and it aeés golour, whereas in
1ow light, resolutlon is poor, colour v151on 15 abaent,

and vision, though nowhere good, is better away from\

the centre. To see 1n the dark,‘then, 1t‘1s best to

The arrangement of the rod receptors has a special

purpose. - Because many rods are linked to one nerve path,
T n ¥ -’

' there is a good chahce that an image falling upoh the

,perlphery of the eye w111 reglster a sensatlon. ‘Peripheral

lllumlnatlon is thus 1mportant from a safety standp01nt

‘ /
.- for the underground worker, Paxtlcularly where mov1ng

machlnery or open holes could constltute a hazard

&
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3.2 Adaptation of the Eye

Although the human eye is sensitive to a very wide

range of light intensities it cqnnq;>reépond,tp this
full rahge a;lany one time. dSincZ.adaptatioﬁ to(the.light .
or the‘qérk does’ﬁbtztak% place instantaneously,'this‘has

‘ special significance to underground mining, To i;lustrate,
a/scqop tram operator dfiving up a ramp can be momentérily*
blinded on arriving at su:face on a sunny day. The Bazhe~
driver would experience a loss in seeing efficiency if,
after his eye was'adapted to sunligﬁt, he then entered
the ramp. This ?bviously creates a temporafythazardous
situatiovn. Fortunétely a lafge.degree of adaptation may |
occur when,moviné ﬁroﬁ one iocation to another, the maxi-

[N

mum level of adaptation being about 50 to 1. By intreasing

the number and ihtensity of lamps and decreasing the spacing
between lamps as one proceeds up the ramp the eyes can ”
have time to adépt.‘ Knowing the speed of the vehicle on .
the ramp and knowing the adaptatién rate, the ramp light#hg
installation near the entrance can be éesigned. Using ‘
‘photocells it wouid be possible to design a ramp lighting
s;stem which would automatically adjust its light to
parallel. changing daylight'conditions (82).

o ,' The adaptation process takes place in s£ages. Ong
stage inQolves photochemical transformations in the retina,.

some taking place gquickly while others take place ‘more

<:) y .Slowly. Dark adaptation can be determined as a function .

.
v - .
/ o N . 6,
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of the contrast threshold, that is, the least contrast
~above the adaptatlon level which can be detected The
progress of adaptatlon follows’ curves of the type ShOWn
in Flgure 3 (1, 3 7,32). o _ , "W
The first portion.of the curye represents the .‘: | .
dark adaptation of the cones which generally take one‘ v

to five minutes. The discontinuity in the curve represents

the point at which the rod mechanism comes into play.

" For the roas‘to Re completely dark adapted generally
takes another ten to thirty mlnutes. If one goes into

©a darkened theatre for. the flrst few pinutes V151on is

. dlfflcult for anythlng other than the screen, Then
suddenly obJects around become V151b1e. This is the
poxnt where the rod mechanlsm takes over and corresponds
to the sharp drop in, the dark adaptation curve. Complete
adaptation may only be reached in an hour with 80% belng

7. ’
. s

obtained in about 25 mlnutes. _ )

nght adaptation is faster than dark adaptar;on - :
but may still need up to an hour to become complete.
The first phase lasts only 0.05 s, "during whlch'tlme the
sensitivity of the retina is suddenly reduced to one-~fifth ; g

of its original value. The second phase proceeds at a

slower rate and, like dark adaptation, it is determined R
by a change in equ}liBrium between breakdewn and synthesis
of the photo-sensitive materials of the retina. The sudden

. . f .
reduction in light sensitivity affects the whole retina.

1
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If the object being looked at contains a large

bright or dark area, a local adaptation will occur in

a portion of the retina. There -is,

in addition,

an

effect on all of the retina. Adaptation of one eye

affects the other eye to a certain extent as well. .

. . R . . . .
This has important implications in this study where only

one eye was used with wvarious types of visual photometers.

Since adaptation is only partial in the less illuminated

eye, the effects of sudden dazzling as with a cap lamp

shone in the eyes, can be geduced by closing one eye.

The closed eye retgins partial dark adaptation and

recovers rapidly (26,32,57).

From these observation%) some facts to bear in

mind when designing underground lighting can be stated. |

Illumination and surface bridhtness should be of
even intensity throughout the visual field. The
level of illumination should not change rapidly,

giving time for adaptation to occur. One should

fairly
general >
thereby

design

for dark adaptation rather than for light adaptation

since dark adaptation is slower than light adaptation.
. L}

~

3.3 Glare °

s
I3

Glare can be thought of as light in the wrong

place. The main cause of glare is light shining directly

on the eye instead of the object we wish to see. . The

pupils of the eyes involuntarily dilate and’' contract
AP 3t & . !
P - s ,' i
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(“ depending ©n the amount of light .reaching the eye. 1In
the dark the pupils are dilated and susceptible to glare.

Increasing the illumination from 0.5 lx to 100 1x would

e e

cut the pupil area in half but the eye would feel the strain.

: This discomfort, caused by a major disturbance of the adap-
' tive state of the retina because of light in the wro?xg
place, is known as glare.

Three types of glare are recognized. Relative

glare®is caused by too strong a contrast in the visual

AT TR T o W

field. Absolute glare is due to such high illumination

that adaptation is not possible. Adaptive glare occurs

N

when adaptation to a given level of illumination has not

c yet been reached.

The types of glare can be illustrated by exampleé.

In a mine relative glare can occur when a cap lamp is shone
into the eyes. With miners the orientation of cap lamps to

avoid directing the light into each other's eyes is a common

gourtesy. After a short time in a mine a miner soon learns
2

of the annoyance of a glaring cap lamp and responds by

L

tilting the head downwards, rotating it to the side, or if

on a mancage, keeping the lamp off or letting it hang from
its cord placed aroung the back of the neck. Absb;ute élare”
can be experienced in dazz:ling sunlight on open water but

is never a problem underground. Adaptive glare could tccur
when a teletram driver b,reaks from a ramp intasihe open -

during daylight.
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Freguent fluctuations in light values cause the
eyes to constantly readjust themselves with a marked loss N
~in seeing efficiency. The pupils contractlwhénihit with
bright light and do not dilate for quite some timg. ' Thus
with intermittent glare the eye never becomes fully adapted
and cannot provide good vision within shadowed aréas.. - .

Marked contrasts in lighting values in the working area

R

must be avoided and small brightly lit areas are a definite
disadvantage, as they reduce the wotrker's effective viéion

when he transfers his gaze outside those areas.‘ This means
that the danger of glare is qreater when the general level

of illumination is low. Conséquently, illumination levels Vo

should be kept ‘high. To illustrate, a caryheédlighﬁ on

i

high beam is hardly noticeable&during the day; To increase
the background brightness, whitewashing or shotéreting can

be resorted to.

To avoid or reduce glare several other principles

-

can be stated. The shorter the exposure to glare the more

quickly will the orig;nél state of adqptatioﬁ be'feached,

’

An experienced.driver, driving at night, will abéid\lgokind',

at the headlights of an approaching yehicle. A source bf\\‘\\\\\\ ‘
. . .
light above the line of sight is less distracting than' one e

which lies to the side or below it. The angle between the”

horizontal line of sight and- a line from the eye to the

, . WS M
light source should be greater than 30°. No point light
source should appeat in the visual field of the operator. -
y - . x



yéllow'q;.yellow—érééﬂ light is used, -compared with white .
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In practice this is very difficult to achieve since the

. tungsten filament lamp % used so commonly underground,*

In many applications the high brightness of a tungsten

filament is a disadvahtage ratﬁer than an advantage. The
degree of glare depenés,uppn the relative brightness of

the source, increases:with increase in arga of the source
and is worse where the source is close to the line of

51 t. To reduce the apparent brightﬁess and hence the:
gla:e of the filament lamp: without lowefing its efficiency,
inside frosted bulbs are often u;ed. This has the effect
of increasing the surface area of the source so that the

; . .o
illumination per wunit area is lowered. If the eye fixateg
on a point on the bulb the glare effect is.lesseged. /
Bulbs coatled ‘on the inside with a white silica powder look
completely white and unifonnly bright with only a very
slight reduction in pVer—ail lamp efficiency. The light
appears to Be generéted at the surface of the bulb rather
than from tﬁe filaménﬁ; Diffuse,réflectors designed to
screen"the<light,‘if properly installed, will ensure that

the light source will usually not appear in the visual

field of the operator. Unscreened lights should nokt be

used.

Other factors arngorth noting in-an;attempt to

reduce glare. The effecf of glare is less severe when:

light of the same intensity. 'If filters are employed to

achieve this light, a considerable pr#portion of the total

L v Syt ' . .
. . . < . .

'
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amount of light is absorbed. Highly efficient light
sources are on the market though which produce a yellow
light withouu{: the need of filters.  In adldition, care
can be exercised to avoid glare from reflection. Many.
mines paint their travelways, _ lunchrooms, etc. with a
highly é:eflective metallic paint, presumably since it is
difficult to mark up with graffiti. The use of polished

surfaces or, specular materials on machines or walls

3
should be avoided and a flat 'p\aint chosen when possible.
In addition, to‘avoid glare from reflection,'-the work
place should be so positioned that the mo‘st frequently
used laines of sight do not coincide with specular reflections.
When the angle of the light source in J;elation to the task
is such that’ the light rays can be reflected directl); into
the viewer's eye, veiling reflections may result. They
are called veiling reflections because they have the
effect of pulling a ve:il 9ver“the detail. One‘reacts
instinctively to this by moving the head until the annoying
light image-disappears.
-~ in relation to the ﬁasic, is chanéed so that specularly
"i'eflec'ted light is directed away from the éye. If the .
' fge'ometr'yl is understood the veilin;; reflection éroblem can
be cqntrolléd (18,27,29,34,35,76,94,112) .

- CIf gléré sources '_—ar_e. in’troduéed in conjunction B
with min‘e iliﬁxnination, }:he increased _§afety benefits
fx;om the increase in illumination can be jeopardizedﬂ i:y.

.' ini-:roduciung eye adaptation problems. The designer must

%

Thus the angle of the light source i
o




realize the implications of glare, the imbortagce of .
glare control, and the stéps which can be taken to ensure
that light is not getting into the wrong®place.

' . . o ‘ W
3.4 Fixation y e

In order to look or fixate, the brain and eye C
together make a dec151on to concentrate attentlon on one '

area in order to gather‘ylsual information. 1In performlng
. | .

this act the eye make§ ;cannlng movements or .saccades which

permlt the searchlng to be done most efficiently.. Thls.

act is normally done w;thout~con501ous effort evgn thouéh

the eye or head may be turned in the direction of the

-«
&

wanted area. - ‘ . ) ,
The eye is distracted from volﬁntary fixatioﬁ.py

areas of high brightness, icontrast, coYour ot by com-
biﬁatidns of thesé‘.ﬁ"" Tﬁis is because theére gemains in the
eye an effect known as phototropism,'tﬂe involuntary 3 ;4 '
tendency for the eye teo orlent towards the- llght , Approaeﬁing
mlners' cap lampé in ;‘érlft oggoncomlng headllghts in a RS
haulageway would create phototroplc dlstractlons. + Distrac- .
tions of this type can impede task performance since it
is ﬁore difficult to fix attention bn a darkened area.

| The implication to ‘mine liéhting design is thét "‘;‘_ o
point. sources of light’ and areas of high eontraét should \
be &voided so that the eye can focus its attentionz?p’/
what the brain commands without having to compensafe with
conscious effort. |

' ,
& \ v B .
\'* - - PR . 3
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‘3.5 vlsual ACUltY ‘ -

. ‘ Visual acuity is the abillty to dlscrxmlnate

flne detaxls coupled with depth perceptlon. "It can be ) o

thought of as a measure of thé resolving power of - the . d
‘eyeﬁ As a rule the'various functions of the eye arelnot
stressed to their limits but in certain mining activities - . C.
such as scaling the back,'coliaring a hole, or barring a
chute, maximum demenQS can be mede on visual ability.

- Researchers' in this area have made some interesting

observations. Visual acuity increases with the level of

Idminance in the visua} field and reaches a maximum at

5000 asb. Between 1 and 5000 asb it increases by ﬁore than

150%. Visual acuity increases with the difference in

%

luminance between the object and its immediate enviropment.

Where the two’ ' luminances are'eimilar, small changes in

*

K o AT ot Kt A s A B 33 A

relative values can make great differences’ to visual acuity. ¢
!\‘ «

Vlsualaabuity is better with, dark signs or objects on a
\A‘ t

lrght background than W1th lmght signs or objects on a B

dark background (1,3 6)
. \

o

3.6 Contrast - w

NI

Different researchers hoveaégrlned contrast in
d;fferent ways. In the mathematxcalgcontext in which '.( f
it is used here, it is‘equel to the brightness of 'the ~ . :'3.. e
background less the brightness of the detail divided by L
the brightnesa of the background It thua xs a physmcally

measurable quantity. ”Contrastfgéﬁsltivity‘ms.the abllity = B
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of the eye to percelve mlnlmum differences in lumlnance. R

Tt is of partlcuiar mportance in m:t.m.ng since in.a

i

mine the surfaces tend ta- apibear grey, \have an indistin- e
guishable hue, and- reflect llght rather unlformly. A
boundary is- ev1dent by 'means of the relat1Ve 1um1nos:.ty o,
between the ad;a—cent areas. If,” for example, there is Y e
littlle 1um1nance from.the, floOr around a millhole, a ‘,‘ ‘ .
. worker could Step. into the hole by mistaking it for the '
floor. The ease ‘and accuracy w:Lth whlch workers can

safely perform visual ﬁ.asks depends upon the contrast’

- between the ‘detail.-and the background upon which it is

-

viewed.

Researchr‘has :C;hpivn that the' optimum cpnd_itions

for vision are greatly . dependent on variations in contrast(37). .

Up to a certain point, tlie more the contrast in brightness . .

-

the better we ‘can see.: Contrast sensitivity is greater

when the’ 'outer parts of the visual field are darker tixan"

i o

the central ones. The maxmum contrast sens1t1v1ty ;s

' obtained with a central 1um1nance of betWeen 1200 and

[N

1500 asb and a lumlnance of 100 to 300 asb in the perlphery
of the v:.sual “field. - In addlta.on it has been found that
contrast sensit:.v:.ty ls greater for small areas than for
large ones (25,30,31) » n . %

" With m‘cre, 1§ght, the eye is more sensitive and

requires “less contrasE to see detail.' ‘I‘h“is\‘is‘the reason

that higher and higher illumination. levels have been achleved

b T e

Experiments have shown that a 1 per cent loss of contrast
: -
§ - N - *




' fixtures mounted as high ‘as practical and in a uniform i °':

L 3 7 Speed of Perceptlon

\

el ’ .
* i

requires a 10 to 15 per .cant . 1ncrease in 111um1natlon
to maintain the same VLsual ‘performance. Contrast
seﬁsitibity has béen found to bq greatest 1n a range
between 200 anﬁ 1000 asb (30).

Sevéral'spécific suggestions have- been made by
authorities to increasé contras£ sensiéivity. The surface -»

brightness of all large surfaces and objects in the visual

field éhould be as nearly equal as possible. In the central

and middle parts ‘'of the visual field contrasts of surface
brightness éhould not excééd a value of -2 (3:1). Between
the central and outer parts of the'Qisual field, cqntrééts ) i
should not exceed a value of -9 (10:1). This contrast be-
tween detail and béckground can often be controlled by i
controlling the direction from which light strikes a task. '
Brighﬁ surfaces should fe in the centre of the visual field
and darker ones on the periphery.
_ The .designer of undergroun§ 1igh£ing shouldﬁSe

aware of the importancé of contrast. Merely by'having

manner to insure that brighthess is fairly evenly distri-
buted would greatly aid'the.éye to achieve a state of high

contrast sensitivity.

. The speed of perceptlon is the time which passes

between 1ook1ng at an obJect and 1ts v1sual perception.

&
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“_3 The speed of perception increases with the average

level of luminance and with the'deérée of contrast
between the object and its environment.’

Many underground accidents can be attributed
to a slowness in speed of perception or a lack of speed
of pf;ceptlon Being struck by a moving train or by
falling loose or stepplng in front of .a moving scraper -
are some examples that come to mind., Low levels of
illumination were undoubtedly a confributing factor and

+

should be given serious thought particularly since these

types of accidents also rate high on the severity scale.
Partioglarly where moving machinery is involved, the )
level of illuﬁination should be kept high based on 'safety |
4:) "considerations alone. ' ’ ' o ’
| | N

,3 8 Occupational Nystagmis

All types of occupatlonal nystagmus have one thlng

in common- the inability of the eye to maintain fixation

focus under certaxn c1rcumstances. A common symptom is a

aﬂspasmodic movement of the eyes, rotary or from side to side.
Sevé;al factors seem-to be ln;olved in the disorder;
‘embioyment.of the eyes in a constrainéd,position, the speed
at'which objects arertravelling, the colour and ohape of

.. - - the’ objects, the amount and type of 1llum1nation, number

Ly AN

of rest perxods; and finally the degree of fatlgue of the
% individual involved (32) .
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A form of nystagmus, known as miners' illness, .
has been common since mining began. In Britain it was
p;evalent among middle aged or élderly coal miners who
had worked for a period of twenty-five to thirty years
underground. Its physicgl symptoms coﬂsist oﬁjaifficulty

, ¢
of seeing in the dark, excessive sensitivity to and .

rintolerance of glape,:and a rhythmic oscillétioh of the

eyeballs. Other'génefal disorders are headaches and
dizziness. Poor illumination seems to be the predominant
cause of ﬁhis pfoblem. At one time it Qas estimated that
‘more than 70 per cent of all underground miners in Europe
and Great Britain suffered froﬁ this 'disorder. Many of I
‘the miners were never able to work underground again (70). The
incidence of the disease has fallen congiderably with the
improvement qf underg&ound 1iqhtingﬁ‘ Where cap lamps are .
used, miners' illness is virtually unheard of. T
Another form of nystagmus ig known;as éonveyof
belt sickness. .Diagnosedhas occupational optokinetic

nystagmus, this eye disorder results from the eyé's

- inability to change its fixation point rapidiy enough to

keep pace with the mﬁck\én the moving belt. The symptoms

are similar fo,the first stagég‘of carbon monoxide ppisoping;
gidainesé, fainting, nausea. and general mental ponfusion(70).
When the eye follows objecgs moving aloﬁg a conveyo; belt, - J
it is constantl§ establishing new focus fixation pointg. |

Tﬁe eye Wili'fix,on one"objeEt,“foliOW'it fér aJshor;.disfaﬁce ‘
then cﬁange ifs.f;xation to another objectﬂ As the speed of -

'\iy
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the belt increases, the number of fixation points per
minute must also increase. When the objects move more’

rapidly than the eye can establish foc@s fixation points,

. involuntary qontfactions occur in the eye muscles. These
contractions cause the eyeballs to oscillate rapidly,- -

,parallel'to the direction of'conveyqr belt travel. This

motion is usually jerk& or pendular, and the individual

. cannot control it. 'As a result, the sense of balance is

affected, which in part, triggers ﬁhe other unpleasant

symptoms. Cagefenders Ean be similarly affected by

LAY

watching the wall plates flash by as the cage ascends

1,

or deSceqﬁs in the shaft, It is entirgly'possiblé that
occupational opﬁohinetic nystagmus may be responsible for

some of the iilness‘which at'present cannbt be traced‘ to’
. ¢’ . )

e
.

a known cduse.
.,

The most commonly used rémedy is complete rest,

. 1 ’

~and the time of.récovery.varies .from a few hours to several

weeks, dependin@ upon the .individual and the 'severity of

the attack. Conveyor belt "attendants and.cagetenders should

be informed of the possible ‘consegquences  of optokinetic

. nystagmus so that they cgn avert. their gaze‘frpm rapidly
moving visual sensations., A& fﬁ;the;.remedy is to make

sure the cage is completely enclosed oOr that méving parts

are covered from view.

‘




»
»
o
'

&

9

‘pHenomenon is called the stroboeéepic'effect

effect can be greatly foset by u51ng two or more fluor~ K - .- F

¢

3.9 Flicker

Flickering 1igﬁp can have harmful effects.

"The

eyes can become.fatigued. With flickering at about* 10
, '10% of those tested have symptoms anywhere from

I

reduced attention, headache, nausea, to a complete

epileptic seizure. Flickering between 5 and stHz.in
particular sﬁpuld be avoided as it is bad for the worker.
In&estigations by;Grandjean (1) have shown that’
flickering of fluorescent llghts causes an increase in
physiologically measurable fatigue and a measureable ’ .

decline in performance. This flickering can,be caused,,

* .

by defective-or old tubes. This slow, perceptible” £lick- "

ering frequency occurs particularlx at the ‘ends .of the
tube. ' ) 3'. . ‘ :' ., c )

Because they use alterhating(current}'f;#ereeeent* N '
lights‘produee an.alternatinghintensity~of lighi'with‘a ,
freqpency of 60 Hz.
fusion frequency of the eye and is not notlceable. On
the other bend, 1t is visible on moving obJecggq'parti—'
cularly iflthey-have higﬁ speehlaf reflect}yity; 'This
: : I£ is

greater with’ dayllght tubes than w1th whlte ar warm toneg.. . | -

’ .

Inv151ble flrckerlng of 60 Hz ahd also the strobosceplc o S

escent tubes in each light and hav1ng'the phases made to

alternate by the use of suitable appliances. o

Thls is faster than the subjectlvé‘ Lot

‘St
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Alter atmg brlght andokdark surfaces are worse
than eontlnuou marked surface con,trasts. Th:Ls occurs _
at work when t e gaze has to wander rhythm1cally from
light to dark. urfacest when lxght and dark surfaces
’ pags by on’ ac nVeyor belt, When shmlng and movmg
machine oarts ppear 1n the visual, fleld or when a llght
source is flibkerlng. a
As me’ntion,’ed previoﬁsly in Secti’on’3'.2 therée is
a certain delay before the ‘r:‘etina‘ can :adapj: to chahges
in'intensit)’( of the in’ci-dent“ "Iight.’ v:‘litﬁ elterrlating
.brighﬁoess a constant over or “u'n,der exposure of‘ the eye
"is present. Physiological investigations he-Ve‘ shown .
that a rhythmlcal change of twa surface brightnesses

with a contrast value of' -4 -causes a decllne in v1sual R

performance Wthh 13 of the sa}me magmtude as reduc:tlon

[

of the light 1ntens1ty from 1000 to 30 Ix.: ~5 T e

!

e To avoid alternat,mg éurface brlghtness Ceftaih

-
I ’

/",‘precauta.ons shouid ‘be taken where goss:.ble,. ; Moving

' ,hmachlne parts shculd be encloﬁed Unav01dab1e br:.ghtness

J.n the’ working v;,suaul area should be offset by . su:.tabhe

background colour and careful J.llumlnatz.on. Non-fllckerlng

¢

lights should be prov:Lded ; A i

P i/h - s

‘-

3.10 Va.si.oﬁ;z in the Older Worker T B -

U

Young workers have the best v:.sn.on J.n every respect

~ -
= L

N Compared to older workers thelr maxlmum acuity is greater\\

[

their range of adaptation is greater, they can accomodate

ik
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to objects very close to their eyes, they can see clearly

at a distance, and they generally are not troubled by

-

scattered light. - T
Luckeish (6 ) quotes figures - -obtained by aVeraéing
a number of surveys. Assuming, the relative visual acuity

of average eyes for the age of twenty years to be 100

per cent, at the age of forty it has declined to 90 pef‘.
s

cent, at sixty it is 74 per cent, aqd at seventy years ,
it is only 47 per cent. This decline in acuity of‘vision
can be countered by increasing the illumination on the
visual task. Several researchers have shown that in order
to maintain a' given degree of visual acuity in all age |
gréups, the illumination on éhe task for the older groups
must be progressively higher than that for the younger
groups. Fortuin (96) has shown that, if the light reﬁuire—
ment of a 40 year old for readiné a?book is~£aken as 1,
then the light reguirement for different ages, is as follows:
10 - 20 years
20 - 30 years
30 - 40 years

40 - 50 years
50-- 60 years . -

NHOoOOO
CoNTW
I
nNnvHOO
coowuwn

To read clear print, a 60 year old man generally needs 15
times as ﬁuéh'liéht as a 10 year old boy. Bodmann {23) in
a'cbﬁparison Between perfdrmancés of ; 20 - 30 age @roup
and a 56 - 65 age group'found that levels of performance
achieved.by_ the older subjects with illumination levels of
100 to 400 1x WEre'matchéd‘by;thg yoﬁnger[oneg in an illumi-

natidn of only 2 to 51kx. . it

o




~

Decline in visual performance is not the only

ngpature of advancing age. It is known also that from

*

the middle or late twenties muscular strength diminishes,
and that hand and foot reaction times incréébb from the
age of twenty onwards, and the speed of manuial movement

decreases. There is thus a combination of factors which

[

are all conducive to pLecing a man in a dgreater hazard

with advancing years, but the detrimental effects of
-

these factors can also be couyntered to, some extent by
.

improving the lighting environm?nt.

\

N
All investigators, Weston (6b), Fortuin (96),

Bodman (23), Roberts.(7), Mrs. Blackwell (19), agree

o ‘ that older people see less well than younger people and . e

°

derive more benefit from higher lighting levels, but,
v -

according to Weston, an increase in illumination dﬂss
o,

3

: not enable an old man to.compare with a young man in , L

~

visual performance, and that in fact it is impossible
& .

“ to compensate dompletely for t¥e failing visual. powers.
Since controlleq laboratgry tests under idealized
., tonditions do not hecessa;ily'indicate the true practical ’
situation, it is probably meaningless to indicate in a
code og,miné lighting a factor by which the illumination

!

’ ' *  should bé multiplied in-relation to the age.of those

-, working under it. _blder workers are well known to bé K N

capable of véry high degrees of skilled’performance, and .

R R , R4
“:) ‘their handicap is not always as. great as the investigations -

would suggest. The, older -worker has gfeéter'expérience.
‘ ¢ .’ - . * . ° . ‘.,‘ .
PR N . -
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He can make inlelligent guesses at detail which he

may not be able to éee precisely such as collaring‘a'
ﬁolé so that in practise he may have an overall visual
capagity greéter than that of a younger worker. Nevéf-
theless the age of an emSioyée is a f;ctor and thg mine

lighting designer should consider the older eye.
C 4
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CHAPTER 4 .

i

LIGHTING, ACCIDENTS AND PRODUCTION

«

4.1 General

Progress in mine li;hting in Canada has been slow.
Good lighting systems are expensive and generally speaking it
is difficult to convince the‘mine Operator that more atten-
tion to mine lighting will prove. heneficial to him. .Iffone
could prove conclusively to the operator that production
measured in t/man shift would increase with improved illu-
mination, costs could then be justified. Similarly, if one
could prove that increased illumination would result in de~
creased accident severity and frequency with a resultant
lowering of workmen)s compensation rates, this would be an
added incentive. Since the mining indusury‘is plagued with

a shortage of skilled miners, an attempt to show a correla-

‘tion between the level'of,illuminafion and worker morale and

M L)

hence turnover rate, mlght be Justlfled L - L

One would expect that better lighting will increase -

r

output, reduce accidents, and improve morale’ but it is not

2

easy to dlscover facts whlch can help prove elther -result, -,

The direct effect of lightlng on underground effxczency or-

'safety is hard to measure.. This is because a great many

variables besides lighting affect production and safety.
In a working mine, it is not éo;sible to hold all these

variables constant in order to determine the effect of
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lighting alone. The indirect effect such as the raising

of individual morale by improvement in the visual environ-
ment, is very largely a matter of speculation.

Several laboratory experiments have proven conclu-
sively that production increases and fatigue decreases

withsimproved illuminatian kB). It is known‘ébo that the

psychological effects of good lighting have resulted in !

‘'improved morale in certain surface factories (l). Further

sEgdies prove highway accidents decrease with improved ,
illumination (24). A similaf result has.been measured in
factories (1). The half dazeﬁhor so reporta relating to

‘accidents or production in m@gés as a function of illumin-
ation lead one £o conclude that better lig@ting has a
definite effect on efficiency and safety Qéec, 4.2). It

is an.aréa of research though which remaiqgklargely u&ﬁqﬂored.
A 3 | .

4.2 Lighting and Accidents

An indirect proof of the importance of visibility and
its relation to accident rates has been presented by Roberts
(’7 r 58') .

4 _ R
various Age groups employed underground and on syrface. It

He uses a comparison of the fatality rates in the

is known that visual performance deteriorates with édvancing
age and that this3ge£eriqration can be countered by iﬁprov~‘
iné the 1ighting environmgnt. Fatalities increase consider--
ably in the older underground worker in spite'of the fact:
that”mOSt.5f‘t£esg‘mgn,aféhempioYed in tﬁe’safgr jobs.

R N i "’ ] ] . . . ‘—, ' Qj )

& -
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On surface; where visibility is better!~tﬁis cerrelation
does not exist. Fiéure 4 ifiustrates the point. While .
gceiQents to older men may beldue in lerge part to‘length-
-ening teactipn time and sloyer movements, better visibili-
ty1WOuld help counter this. The need for better underground
llghtxng is 1nferred since an older worker may not be able
to recover from a dangerous position inbtime tc avoid an

"

accident, but he mightido so if he sees ‘the danger sogner and
is given more time to react. ‘ i

A further indirect proof is provided$by measuring,
under carefully contreiled lebo;atony conditions,.tte effeets
of light intensity on'fatigue and performahce. If a worker

becomes fatlgued or performs poorly because of low light
h

intensity he becomes acc;ﬁentiprone. Conversely, if 1ncrea— Coe

‘sed illumination leads to faster visua}l perception and reduc-
tion 1n fatlgue, greater safety should result. Figure 5

.glves the results of an 1nvestigation by a German study group

(62) studying these factors. Wlth 1ncreased‘;llum1natlon, -

performance increased, and at 1000 ;x.fatigue; measured by a

test of hearing threshold, was minimal. The humber of errors’

. also fell to a.minimum at this leyel of illumination.

In any occupation, fatigue‘from visual stress results
in productlon losses, lowered quallty of work, Ipcreased

. frequency of "'errors, and an increase in the accident rate.
\ °

'In a repo;t of the'Unlted*States National Safety Council (1),

*
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experts estimate that insufficient lighting was the sole
cause of 5% of all indﬁstrial accidents, and that in éo%
poor illumination and hence eye fatigue played a part.
Percentages would be much higher for accidents in mings.
hLighting intensity«rela%ed to accidents has been
given mére attention in Eﬁrope than it has on this continent.
In Britain, Whitfield (68), Ragsdale (55), Parker et él (52)
and Roberts (58) bear mention. 1In continental ﬁurope,
Beroundsky (16),-Krivoh}avy (44) , Schaffer (62) and Halmos
(38) have quantitatﬁvely related lighting intensity and acci- .
dents. Halmos refers to research into mine lightipg in a
Hungarian lignite mine. When one part qf a mine was lighted
with artificial lighfs énd the other part iliqmihated only
with cap lamps, the acciden; rate decreased by 60% in tﬁe
lighted portion. Using a'levqlréf.ZO lux.aé a statistical
.base in anotheyr studf from‘thg Bamg~report,_Tabie 4 shows
the'correlatioh betwéen the illumination iévei'and the number

~ N,

-of accidents. - g . ‘ -

-~ ‘DPABLE 4
illumination>in Lux versus Number..of chiﬁenéé"‘

] S
4

.Illumination inLax ¢ ’Nuhber of Accidents in %
20 o ' 100
200 ' . 68 .

. 280 - . 58
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A‘%imilar mine study has been undertaken on this

continent in a large West Virginia coal mine (120)., At
this mine, the conventional room and pillar system of U
mining was carr;ed out and conventionél‘ off-track equip-
ment was used. -8ix proauction‘sectiOns of this mine were
in operation durin;_:; tixe 24 month period during which the
test.wés con@uéted. An experimental mine lighting system

was installed in Section D, The major agcident record for

the six production sections is given in Table 5.

‘ TABLE 5

24 MontH Acéi@ent‘Beco:d for Six Production Sections of a

J\

West Virginia Coal Mine

7

Section . . . Number of 5cciaents~

' A‘ - ’ 1 S .
B ~ 1. )
c " 2
b ' 0 X
E 1
H 5

. j
'Similagmﬁiné_acéident research reports based on
lighting c:iéerié are hard éo come by. On thi; continent
most studied concern themselves with the correlation between -
industrial accidenté or road acéidents and -illumination, A
study by General Eléctfic showed #h accident reduction of 32%

when the illumination 1eyel‘waé raised from 50 to 200 lux at |

m
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an Allis Chalmers factory ().
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Aqfurther decréase of 16x5%

was achleved when the contrast was reduced, giving more even

These figures should not be taken llterally.

The improvements could also mean safer working habitsiresu;t“

illumination.

because more~attentioﬁ‘is being paid to the worker.
Road accidents decreasé with increasing 1llum1nat10n
untll a level is reached above which no further reductlon is.

apparent(24). " The avoidance of accidents would depend

- greatly on visual acuity, contrast sensitivity, and speed

~of perception all of which have a‘dependence on the 1e§g1 of

object and its environment.

luminance and on the difference in luminance between the
.

In practice an improvement in visual acuity is accom- - .
panied by an increase in contrast sensitivity and speed of
perception. Figure 6 gives the results of laboratory expe-~
riments by Luckiesh(6). An increase in light intensity from

10 1x to 1000 1x produced an increase in visual acuity ffpm

1008 to 170% and in contrast sensitivity from 100% to 4508.

.. a factor in underground accidents.

At the same time a decrease in muscular stress, measured
throﬂgh the continuous pressure of a finger ona key, and
of the blihking frequency was recorded. ‘This was explained

a$ a 1essehing o} hervous stress with higher light intensity.

Enough evidence exists to show that lighting often is

Accident record reporting

' ‘forms at nines usually state namé, location, witnesses, act

& '
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Visual Acuity AR S ]
/ | - m 170%
130% '
“ [OO%' '
Contrast 450%
Sensitivity

' 280%

.100%

Neuro—Muscular °

. Stress When

Reading.

l I l__g

Blinking Frequeﬁcy
After One Hour's
‘Reading.

2 100% |
- 77%
| ’ | l lS%

- 100

Foot Candies

Effects Of Light lntensuty On Vlsual Acuity,
Nervous Stress And Contrast Sensitivity,
Blinking Frequency. (Lukiesh And Moss)

Figure 6,
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being performed, equipménﬁ used, where 'and ﬁoﬁ hurt, and

time of accident. These forms should also stipulate the

method and condition of the dighting at “the accident site, .
should specify whether lighting might have been a factor
in the accident, and should record the actual illumination

levels for severe accidents. Each mine should havé su1tab1y
)

7 o

callbrated photometers as normal equipment so that measure-
ments can be made. Safety englneers should be trained to i
make a lighting survey and' become kpowledéeable in thé
idiosyncracies of hotometérs. The writer know§ of no
Canadian mine where any of this is dohe; ert a compilation
of these records over a period of time could produce valuable

v

information for the researcher and ultimately the designer

i

of undefground lighfing installations.’ ,

4.3, nghtlng and Production .

It is easy to set up some simple task for workers to

perform, such as threading needles, and measure the rate of .

work done by the same worker unéer different ligﬁt;ng condi- )

tions. Manyyexamples éf this type of carefuily éontrolled
laboratory expériment can bé cited (1,36,43,46). 1In general,
performance incfeases up to about 1000 1x. Increasihg thev
illumination Egyond this point does not seem justified in,
terms of the increased production which miéht Be'aehiévgd.'
The economié‘cdt—off point though depenas.dn the hature of

wha

the task (14).




S;ni;ar,exggriménté'hqvo beert perﬁonned in factories
' j‘andhofficos.’ Tp'h}te'one'example, 9n‘inyestig§tion was }
made of,tné effectélof increasing the illumination-in an
American cottoh nill (1) -After 1ncreasxng the 1nten51ty
of . llght from 170 1x to 340 1x, productlon ‘rose by 4.6%,
'and the number of rejects was reduced substantially When'
productlon costs fell»by\25%, management de01ded to 1ncrease

Iy
the illumlnatlon to. 750 1x, Production rose ‘by 10.5% mea-.

sured from the 170 1x base and productlon costs were lowered .

by nearly 40%. Many countrles report simllar results. A

good body of knowledge is avallable to the architect 'and

"offlce and factory lighting is often careﬁully controlled to

@ give optimum production. ‘ R ) - A ﬁ

a ) _ The conditions encounterea,in undergﬁound mining near .
i ; little similarity to controlled laboratory experiments or’ .
| the conditions encountered in an assembly plant.”’ Neverthe~“l

less the few underground studies attempting to measure produc-
tion as a function of lighting lévels indicate a strong corre- 8
Y lation. Two studies are worth c1ting., L . ' ’ ' . !
: Halmos (38) describes stu:tes done in the Hungarlan

“ . coal mining industrya In one mink, one part of the working

area was illuminated with .general.lighting while the other
part was lighted by means of cap lamps. .Over a 2 month périod,‘

C ) |
production was up 5% per man when general lighting was used.

ﬂ55 - A similar cxéeriment,fn a different mine showed_a.éss increase
\.‘—(‘ .o

»
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in production per man in the generally lit area over a

3 month period. The author points out though that cond1-~

tions were not jidentical in the two working areas being

compared; Since thekétudy was done in 1962 it is probable

that the cap lamps belng used were carbide lamps as Hungary
was relatively slow in convertlng to tungsten filament

lamps. An interesting report was made on this continent (131).
One section of a large mine was selected for the test and: was
equipped with general lighting. Over a one year period pro-
duction measured in t/man shift was 17% Above tnat of the
next highest producing section.

To date researnh ip this area has been mostly con-
fined to coal mining. Visits by the writer to séveral
Canadian metal mines show that there is a definite trend
towards installing general stope lighting. The ndmpan;es
invnlved may well be'in a position to measure produntipn
rates over a‘lpné period of time both before the .lighting’
was instnlléd and after it was installed. Severatl c&mpanieé
keep~¥ecord§ on nccidents to eéquipment. A compafiéon\éf
equipment accidgnt rates before and after increasing the
lighting level would be 1nterest1ng.

Articies 1n mlnlng journals ‘exploring these’ themes
shoudd be forthcom}ng,; These articles could ig% not dnly és,x
qn’incentive to 6thér operators no install ‘pérmanent lidhting\
in the‘working placé Sﬁé would niso aidnthelminelliéhtiné
d351gner to provide the optimum quantlty and quallty of light. . .

>

If mine llghtlng is to be vastly 1mproved, 1t will either be

o
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done because government legislatipn decrees that certain ,

standards be met or because the mining industry does it
voluntarily. It will be done voluntarily if ‘the benefits
which accrueseither in terms of increased preduction per -«
man shift, /lower repair cost to*equipment, or lower work-
"o f . > ~1 o
men's comfpensation rates;, can be proven. , -
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CHAPTER 5’

.

GROUND  ILLUMINATION AND LUMINANCE SURVEYS

INSTRUMENTS FOR U

5.1 General . 4 ‘ -

luminous intensity.

The unaided eye is a poor judge of

To measure illumination and luminance levels some
8
llght measurlng instrument must be emplayed. .

.. Three completely different measurlng methods have been

used for underground lighting surveys. These ares;

. 3 -
1) Physical Photometry )
- ' : 2) Photographic Photometry - -

3) Visual Photometry
With the first .method, a device such as a photocell-is
used to record the‘light level. The seoond method pses a

camera to record the illumination level. In the third tech- -

A

nlque the' eye is’ “the judge  of the lumlnoué intensity using

" ‘ a llght‘matchlng method. - . S ﬁ‘qm

-

5.2 Physlcal Photometrg o . S s

Dlrect measurements of 1llum1nat10n can be obtalned by T

using a photo-electrlc cell. The cell commonly employed is a,
f b

selenlum barrler layer cell and the lnstrument may c0n31st .
) only of the cell and a sen51t1ve micro-~ ammeter. When the cell

is exposed to llght, electrons are’'emitted and the ‘current

e oo T produced is proportlonal to the light energy absorbed These M:“
3 ~’g SN -are avallable with very high Sen51t1V1ty ‘ip terms of lnstru-’
o ‘ . ment deflectlon per lux, a necessary condltlon for underground

Y
A . * ’ - -~ - e ~ i N
: .




surveys. Since it has to be ‘portablefand rugged when used
underground, either a large cell or a bank of cells coupled
in parallel is used to get the required outi:ut in diﬁﬁ light,
This simplicity and independen‘ce of any external so ‘:;ce 'of
power make them popular for undergroimgi_\ﬁi}luminﬁtion surveys.
The output of the cells can also be ‘measured by ins-
truments employing the current balance (null balance) pr.in-

ciple. With this system, incident radiant energy proportional

- ) N
\euhe\value of resistance required to reduce the voltage
& yaLre Bl .

across the cell or combination of cells to zero, is used.

Te Osher physic-al phoﬁometry devic_eg are available. f’gé:
toemiési.vé tubes require more complicated measuring circuits
than barrier-layer cells but have désirable cﬁaracteris:tics
‘fof the measurement of light. Photoresistive elements and -

" thermopiles have specialized applications. Sensitive current
érvpo\ter}tial measuring instruments or, bridge circg}‘tg are US\e'd“
with ‘them- (83) . o ’

] e, I

) Instrﬁments mag} bef singié -r':‘atﬁge -or,mu_lp:jx—range, The
‘multi-range instrument has the \adva{r'xtage bf'ldwer”c{)—s‘t’ ‘than - .
individual instruments to cover all the ranges, but has dis- h
advantages as well. In-general, it ié good practice to use

single range instruments for routine testing and multi-range

instruments for special tests, particularly in the field.

5.2.1 The "EEL" Lightmaster Photometer This photo- .

) meter was used-in the present study to obtain general levels

n
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of illumination in underground wofking places. It has three
ranges of sehsitivity with scale selection obtained by using
a rotary switch. In the off position the instrument is short
circuited and the meter coil is damped to préventAsw%ngihg. |
The instrument is‘supﬁiied with two measuring heads S0
thét~it can‘measure light intensity as well as colour tempera-
ture. Both heads.plugﬂinto sockets in the ﬁandle which is con-
nected to. the meter. The photometer head . is a mounted, barrier-
layer cell, while the colour temperature head ﬁas a semi-
circular shutter for sensitivity adeStment; and a'rotating.
filter. Figure 7 is a photograph of the instrument (87).
o Light intensity was measured with the pgoéomeﬁer
head. The least sensitive scalé was switched_ip firsé, and
then a more convenient range was sélected‘if necessary. Where
possiblé, readings were taken at the right—haﬁd side of the
Eial rather than the left-hand side. Figure 8 illustrates
the field use of th; instrument. \
.By means of‘the tripod arrangement and.spécidl mounting
bracket the Qorking plane of measurem¢n£ wa§ established«qt
a fixed height. The operator thep read tﬂé meter placed on
the %IOOr. By‘stayiné in a stooped position to take the
reading, the operato; does, not cut off ény_light which other-

wise would strike the photometer head. Correction factors

have to be applied to the raw readings.
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. EEL Lightmaster Photometer
. - Figure 7
l - “\'~ R
; "~ Field Use of EEL-Photometer

o Figure 8
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5.3 Photographic P%ofometry

This ‘'method has been used to measure luminance and
its distribution. It is based ‘on the theory that the amount
of blackening of a negative is proportional to the luminance

of the photographed object. #Luminance ‘analysis can be done

by reguiating thecu:ndifiongof exposure and development and "

by providing a system of measuring and calibrating the black- .

ness of the image (7, 13 59)

Several advantages become apparent. The neg;ilve can

be stored for the extraction of.additional information at a

X
X

later dqte. Any level of luminance,can be measured by varying
the camera settings. Measurements can be made in the labora-
tory which en;ble greater.care and aCCUracy than ;s possible
underground. The Qﬁole Qisuai.scené:is recorded so that mea-
surements of contrast('dismMJity glare, and perépective

which are necessary for -task evaluation and usually requifé@_

several measurements, can be made off the one photograph. °

.One partlcular use whlch has been studied' is the determination:

of a disability’ glare lndex system us;ng the 1um1nance distri- .
& f

bution to yleld a value of adaptatron lumlnance for any given

v1sual fleld. _

| The technique.has not ﬁQoven very popular in spiLe of
these inherent advanpagés: ‘Great care is required,in;thg
selection of the camera, lenses, accessories and Film. Suit-
able filters have to be used:to correlate the speééral res-

ponse of the photoénaph to that of the eye. -Since the develop-

‘r
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‘ment of a photographic film is dependent on i@ great number of
variabrés,'great cdre in developing is necessary. A tech-
niqué of image blackness measuremernt so ‘that the degree éf
blackness may be related quantitativel& to luminance by a.
; photographednluminance scale must also be established.

Inherent errors in tﬁe method are covered in Section 6.6.

For these reasons the method was not used in this study.

5. 4 - Visual Photomet;x i . Cs SR
@ . e
A v15ual photometer operates by Vlsual comparison of
Y

brightness by determining the brightness of a test plate and

1

N ! - N . £
using this known brightness to calculate thée .illumination or ¥

'lumlnance of .the area, being measured A standard test plate
of known refléctiv1ty is placed at tha£ pdint where the illum-
ination or lumlnance lS to be measured and the brightness of
this plateé is .assessed. The illumination or luminance at
that poiht is theén calculated by dividing the brightness
figure obtained by the reflect1v1ty of the standard test plate
surface. This procedure is’ followed at eVery point where
meaéurements are to be made. Each different instrument depeﬁds
'-on this same basic pr1n01ple- namely that the brightness of ;
the field of v1ew is ‘compared to that of a small surface
illuninated under standard conditions.

Instruments consist of an internal standard lamp which
iiiﬁhinates the comparison field whose ﬁiighppeés can'be con-

trolled, and an optical systei?which‘allqws the comparison

N <
L
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field to be viewed at the same time as the object which is
td be measured. A determination consists of viewing the
object through the optical system and then altering the
brightness of the comparisony field until both object and
field appear to Be at thé same brightnéss level.
Twe types of visual photometers weéere used in this

stﬁdy. These were:

' 1) the MacBeth Illuminometer (89)

.2) the S.E.I. Photometer (31)

.

'5.4.1. The -MacBeth 'Illuminometer This instrument was:

used for reflectivity measurements both in the field and in

Yy

the laﬁoraéory. "Referring to' Figure 9, from 1efp to right

are (1) the'il%uminometgr, {2) the contfoller, (3) the
reference standard, and (4) the tesf—plate. Figure 10 shows
an'early field use of the MacBeth Illumirometer in an under-
ground mine. The re?lectivity of sand fill in é cut-and-f£ill
stope i; being measqged. The observer is sighting through the
illuminometer eye'piece onto a test-card to detérmine the
luminance emanaﬁ%ng from the card. The controller is shown

on top of the carrying case and a battery operated fluorescent
lamp- to read thg controller éials is immediately to the right
of the controller. A light source matching the illumirometer
light is mounted on the top of the tripod. To check for |

¥

baﬁtery decay, & meter is attached to the tfipod.

H
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1) Illuminometer Figure 11l shows. a cross-section of

tﬁe illuminometer. The operator sights through the telescope
and points .the open end to the surface to be measured. A
concentric circle type Lummér*Brodhun,cubé is mounted ip the
rgctangular head. The inner circle is illuminated by light
from;thé sur face being measured whiie the ouger circle is

illuminated by the working standard. The working standard

used in this study was a 3 volt 1/4 amp G.E. #512 incandes-

cent lamp.

Measurements are made by the balance principle. Pho-

- c

tometric balance is obtaiped'thn the brightness. of the centre

_circfe equals the brightness of the outer ring when viewed

through the eyepiece. The tube contains a rack and pinion
arrangement for moving the carriage which supports the working

standard. The measured quantity of luminance is read from

"a calibrated scale od}the rack at an index point. This_scale

gives direct readings in the rénge of 10 to 250‘ésb but the*
range can be extended by using two neutral absorbing screens
to cover readings between 0.1 and 25000 asb. The screens

aré inserted eithker in position 1 or position 2 depending on

whether the unknown illumination is higher than the working

'standard‘or lower than the working standard. .Both screens are

numbered to facilitate identification and were calibrated by
the Phygics Division of ‘the National Research Council in
Ottawa.. Calibrations’are given in N.R.C. Report PO-53 (97),

and N.R.C. Report PO-90 (168). - . ¢

;.
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2) Controller: A battery powered controller suppliee -

electrical enexgy for the 1amps in the illuminometer and "
reference standard. A W1r1ng schematlc of the controller

circuit is given in Figure 12. Rheoetat A, in series Wlth

battery A, controls current flow through the reference standard
lamp while rheostat B. and 1ts battery control the’ worklng stand-

ard lamp. The double—throw sw1tch is used to shlft the milli-

ammeter from one lamp CerUlt to the other, For fleld use two

-6 dry cells were connected in series and lnstalled in a\~

leather pocket under the controller. For laboratory use three-

dry cells were used

In order to permit full insertion of the terminal pins
on the cords which connect the controller to the 1llum1nometer
and reference standard lamp 1t is necessary to turn both

rheostat~knobs oh the controller face plate in.the direction

of the arrdw marked DIM as gaf as they will co. This safety~

' feature places maximum initial resistance in the circuit to

avoid damage to the working and.reference‘standard lamps.

3) Reference Standard- Illﬁmlnometer aCCuracy is

-.chécked by using the reference standard. Flgure 13 shows a '

~cross-sectronal view. Lamp A, 1dehtical to the worklng

standard 1amp,'Was.in1tia1ly factory callbrated to develop a
light of accurate, known intensity’ when a spec1f1ed current
energized lts fllament.x Thls current was llsted on the re-

ference standard certlflcate obtained from the manufacturer

and is included hn the instrument report (118) . The lamp was

% \ ’
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~certificate, and adjustlng the current through the worklng

;is protected by its pivoted cover plate.

" opposite ‘side, ‘under 25 degrees, and in the same plane (79).

T is snapped to p051t10n B and kept-in that posit;on for a few e

2 e

- - Yol B ST 7 1 A e+ €= b o
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t
A
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i

further calibrated from time to time as-use‘warranted.

£

-Durind a check the'reference standard is .placed upona‘
the test plate, illuminating it by means of the lamp through’

the opening below the lamp. The illuminometer is calibrated

by placing its sighting aperture into ‘the hole, seftingﬂits

scale to the value glven in the latest referea;e standard

.

'standard until a balance is observed at the Lummer—Brodhun

cube. When the reference standard is not in use, the opening .

fl

-

Test Plate: The test plate is used in the cali-

N

bration of the working standard. The surface of the test .

L
plate materlal should be a Lambert surface but in practlse

s [—1

this surface 1% impossible to obtain. By making the plateS‘

the surface shows
-‘r’ [

pract;cally no error for angles of incidence between 0 and

e

For these anglesathe ‘reflectivity of the test

of glass finished by a epecial process,
25 degrees:

‘ - i
plate is 0.79 provided the viewing angle is kept on the

Ffigure -14 'shows the error for various angles of incidence
.and compares this surface to other common surfaces. -
y C

Ccalibration: -Each time a Sseries of illuminometer |

#sadings are to be made the wdrk%ng standard 1amp must be ,;

X

recallbrated. Referrlng to Flgure 12, the reference stand— .

ard is connected to blndlng posts A and the 11um1nometer to

bindlng posts B. The. double—throw switch on the*controlﬁer-'

nt -
1
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minutes so that the battery voltage and current may have
)time‘to stabilize., With the reference standard on the test
plate the switch is snapped to pos1tlon A. Rheostat A is
turned in the direction opposite to ‘that indicated by the
arrow until the mi;liammeter'reading corresponds to the
current value listed in>the reference stendard certificate.
“Thé illumincmeter scale is set to 32.28 lux which is
the value listed in the reference standard certificate. With
the syitch snapped to position B, the sighting'aéerture og
the illuminometer is placea in the hole of the reference
standard. The current is aéjusted through the working stand-
ard by turning rheostet B until an optical balance’iswsecured;'
meening that the outer circle metches the inner cixcle in
brightness. When a balance is obtained, the milliaﬁeter
scale is read to obtaln the value of the current flowmng
through the working standard. Since the colour temperature
of the working standard lamp is the same es the colour tempera-
ture of the reference standard lamp, about 2360 K, optical ba-
lance is easily obtained. This is repeated several times to/"
make sure the, same milliameter value is obtained each time.'
This value is noted for future use. The switch is snappeaxv
to position A agaitho make sﬁre the value of the current
flowing through the reference standard has not cnanged If
the reference—standard current has changed, the batterles haVe

to be replaced and the callbratzon procedure repeated.,

' The working-standard current must be maintaiped '

W
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throughout all subsequent m?béurements at the value esta-
blished and noted during c¢alibration. With the switch in -
position B the current is adjusted with rheostat B when-
ever a change in the working—stgndafd current occurs. The
reference standard is disconnected as soon as the working
standard has been calibrated. In Figure 15 the operator
is adjusting the current to obta;n a luminance balance

between the working standard lamp and the reference stand-
B

and lamp.

. . Measurements are made to determine reflectivity of
X l

various mine surfaces with thé illuminometer eithér hand-

held or tripod mounted. Since the diameter of the field

. .

of observation is roughly one-tenth the distance between

the—obéefveryand’thé-surface being observed.,.-care must be

_taken so that the observer is close enough to make the

object being viewed appear completely on the inner field of
the Lummer-Brodhun cube. The angle between the axis of the

teiéscopg and an axis-vertical to the test plate as well as

' the angle between the axis vertical to the test plate and

- ¢ g T L .
- the light source should be recorded. These angles are called

the record-angle and the incident angle respectévely.‘ On

structured surfaces the angle .between the -plane of the surface

e 2

being measured and %he plane formed'by the incident beam

and the recording line of.sight are alsoc measured. This

angle is called €he tilt.angle.' Figure 16 illustrates

" how the incident angle is predetermined ,for a reading on .

)
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sand fill in a cut~and;fiii”sié§g'and-Figure 17 shows:
how the tilt angle is measured. '

As noted previously, two concentric fields are
seen through the eyepiece. If thé surface under -obser-
vation is exactly the same colour aswthé light from tre

_working standard, the line of demarkation will disappear
when 5 balance is obtgined 1f there is a colour

dlfference it will be 1mpossxble to obtaln thlS dis--

appearance and the user has:to judge when the two fleldJ

- are of equal brightness. Whenever reflectlv;ty was

measured in othér than diffﬁse light a modified cap lamp
was used as the ;ight source. This cap lamp was equipped
with a bulb identical to the working stand;rd,bulb and
‘constant illumination was obtained by metering- the current
through the cohérﬁller. In this manner, errors due to
colour difference and battery decay were gliminafed.

| After balance has been obtained, the measured value
is recorded on an ;éproprlate form, Table 20, Appendix :/
1llustrates a;typrcalfcompleted form with one set of obser-

vations. As-a general rule, several separate readings are

o

. .made for each observation (45). After each reading tﬁe work- .

©

ing standard current must be corrected for by means of thi
-rheostat dial, the illumlnometer scale is ratcheted up or
down, and a new balance is obtalned and redorded.

"

Once a series of observatlons have: been completed .

4

it is necessary to recalibrate the illuminometer. This

18 ‘done by repeating the calibration procedure onceé again,

— . . S
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Only if the same working'standard current is arrived at
can the series of observations be aocepted as valid. -
Then appropriate calculations are performed on the raw
data (47). These calculations take into account the root;
.

mean square of the various readingsréthe reflectivity of
the test—plate with which the standard?kation was made,
the reflectivity of the test oard, the angle of incidence

- and the recording angle, and any filter factors if filters
were used. In this manner both the brightness and the |
reflect1v1ty of the_ surface being tested can be obtained.
It.is then possible to group several sets of data- and ’
treat them st;tzstlcally ‘i order to arrlve at a mean value

’ and a standard deviation about the\mean. Results can then

be presented in concise table form (Appendix G).

.5.4.2. The S.E. I.'Photometer This is a portable

photometer manufactured by Salford Electrical Instruments

-~ Limited. Figure 18 1s a photograph of the instrument whlle

Flgure 19 is a schematic dlagram. ' é
Referring to Figure 19, the subject is viewed
' appxoximatelg_full size nut inverted, througn a siﬁple
telescope (B). By an adaptation'of'thé Lummer=Brodhun
“eubey a small -comparison spot (C) is superimoosed on the
centre of the image field, this spot subtendiné at the
'eye an angle of ohxy;a°, The spot is ﬂiffuseiy iIluminated

" by a small-eleetric lamp._via a difquing'screen'(I), the

Eobion
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lamp being fed by;a dry battery -{(J) rhrough a rheostat (N).

The lamp also 1llum1nates a ring- shaped photo-cell (H)

' whlch is connected to a micreoammeter (A}. By adjustlng

the rheostat, the pointer of the microammeter is made
to coincide with a standardizing mark so that the luminous
output'of‘the laﬁ% and consequently the brightness of the
"internal .reference surface" (1), are always at é constant
;alue. The instrument is therefore self-standardizing.
Situated bétween the lamp and the spot are two
opposed photometric wedges (G). These are moved in’oppo—
sition to one another byMa rack and pinion mechanism
operated by rotating the base (L) of the photometer. The
light reaching the comparison spoé can in this way be
variéd through an intensity range of 100 to i. Reduction ,
of the brightness of the subject or spot by the insertion \
of(neutral filters attached to a range shift disc (D)
provides. a further increase of. range up or down by ‘factors:

of 100 thué giving the instrument a total range of 106 to 1.

3

‘The range shift dlsc has three index marks. For underground

measurements the. red mark is kept central under the-object

T )

lens of the telescope; At this mark the'meter'is set for -
measurements\of iOW“brightness. Measurements are made on
a 1ogarithmatic scale.

- To make easy rhe comparisSn of brightnéss between -

spot and object a colour correcting filter is provided in - -

disc , (E) situated immediately below the telescope eye~piece.

"The calibration of the instrument is unaffected by the

- e 1
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movement of the disc.

be made causing the brightness of the spot to match that

‘of the scene.

The instrument posseéseé two advanéages over most
photometers. It can bg used to measure the brigﬁtnesskofl
very small -areas in the scene since the spot in the field
of view éubtends only an angle of §°, and the range of
brightness which may be measured accomodates low values
found in general undexrground illuminatioﬁ studies. The
instrument was particularly useful then in obtaining
reflectivity measurements of émal; areas such as ﬂrill;
steel and in obtaining contrast measurements between two

I .
small adjacent patches of light.

73 ~
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The photometric setting can then
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CHAPTER 6

ERRORS IN MEASUREMENT

'visual photometry.

I \

Anyone anvolved in taklng 11ght1ng measurements

9

ehould know how meaningful his readings are, partlcularly

since there are many factors which rob us of the ability to
define a measurement exactly. - It is very easy to have a
divergence of 15 or 20 per cent or more from the true value

N

and, unless one is aware of the factors causlng divergence,

completely spurious results can unwittingly be reported (40,41,63) .

Because of the importance of error in lighting measurement,

the topic has been alloted a separate chapter.
| A brief outline of the more pertinent ideas in error
theory is followed by specific descriptions of errors invol-

ving physical photometry, photographic photometry, and

L s

6.2 Types of Exrror

Four types of error are recognized, depending on
the cause. These are:
(1) accidental error
{2) systematié error .
(3) short-term error

(4) constant error

e .
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'6.2.1 Acc1denta1 Error These errors are not '. ;
constant and are as 11kely to be above the -true value as
below it. They can best be handled by taking several

.

ﬂeadlngs and u51ng the root mean square method to glve a

welghted value to the group of readlngs. Thls Welghted :.' K "
value is obtaxned ‘by squarlng each Jalue, obtalning the - |
sum of the squares, dividing this by the number. of neadlngs¢

and then taking the square roat.- Readings taken with the

MacBeth Illumlnometer were handled usxng this method. There

is, however, a practxcal cut of f point as to how many rea-

dings to take. If one doubleg the numbex of readings of a
singlé quantity, one can expect to improbe\the results by L i
the square root of two. The p;incipal fs illustrated in ' : - ]
_ Table 20, page 209, where seven observations on thé,tés; platé | éV
were taken. | * ~ B

Adcidental érrors,inqlude the human errors of obser~

B

vation and, for 1ac£ of ‘a better place.in which to group: .
them, the mistakes in calculating or in recordlng. In this ?
study, 1ndependent calculations by two expermmenters . * 
employing different calculatlng methods and the repeating- L
of all recbrded values between the observer arid the rebcrder;~f

" ensures the virtual elimination of accidental mietakes.

6.2.2 Systematic Error A series of observations

that shows any pattern or trend, other than that of

. group;ng'aroﬁnd the standard deviation curve, is a good ‘ ’

(i) . . indication of a systematic error.. A systematic error.would . 0
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cauae readingsnto be either consistenfly aboveAthé true
value or consistently below the true value. A systematic
error was recognized’whén using one of the - filters for the
MacBeth Illuminometer and recalibration‘by a standard

laboratofy:xesulted-in adopting a different filter factor

manufacturer.’ Generally for this

from that provided by th
type of error. when en ugh data has been accumulated a table

of correctlons can bé worked out and correction factors ¢an

4

be applied to future readings.

2

i

6.2.3 Short Term Error The short term in this ex-

pression refers to a short Quration in time. If reading °

off a dial, a vibration might -introduce an error. "Since

the error is not likely to reoccur when repeating-the measu-

>

‘Short term errérs“wefe

ement the error can be recognized.

handled b& discarding any reading whlch obV1ously varied

<

. greatly from the mean of a ‘series of. observatdansm

: 6 2.4 Constant Error . These’ have the saMe effect

.on all readings'in a series. . A photomater maytbe calibrated

Chahging the iight

fource would introduce a. constant enxdr.; Constané errors

- for the EEL Lightﬁaster were provided by the manufacturer,

so that- it is a simple matter to apply cax;ections.

6 3 Probable Error C e

L)

’

The probable error of a series of obsefvationa is -

definéd as that mean error for which there are ‘as many

a 4

largex errors as thefre are smaller errors.
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been derived which show that, for much of the work under
discussion, the probable error can be found by multiplying
the standard deviation by the constant factor 0.6745.

The standard deviation 1s a measure of the spread
of the readings contributing to the mean value. Standard
deviation is the square root of the sum of the squares of
the departure about the arithmetic mean of all the readings
1n the group. Plus or minus one standard deviation about
the mean i1ncludes 68% of the readings taken. Two stand-
ard deviations about the mean include 95% of all the

readings and three standard deviations about the mean inclu-

des 99.7% of all readings.

6.4 Accuracy and Precision

Accuracy refers to the closeness to the true value.
For photometric measurements it 1s less than that of most
other sciences for several re;sons. A large part of this
problem results from the fact that the basis of evaluation
of subjective sensations may vary between individuals and
the same individual at different times. Precision or repro-
ducibility depends upon the equipment used and the skill of
the operator.

Instruments are available in a wide range of prices
and there is a rough relation between cost and accuracy.
Table 6 is taken from Wiebel (65). Without adequate
instrument accuracy, results are meaningless. At the same

time unnecessary accuracy is expensive and difficult to

justify.
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TABLE 6

.
Accuracy Versus Cost for Photometers

Guaranteed Accuracy Relative Cost

Per cent , Per cent
2.0 100
1.0 . 250
0.5 500
0.25 1000
0.1 4000

6.5 MEEX§lEE; Photometry Errors

Several possible sources of error may affect the
results obtained by measuring with a physical photometer so
that, if care 1s not exercised, entirely fictitlous results
may be obtained. These are:

(1) errors due to the differences between the
colour response curve of the cell and the
standard visibility curve.
{2) errors due to var;ation from the inverse
sguare law.
(3) cosine errors,
(4) errors due to non-linearity of scale deflections.
(5) errors caused by normal wear.

(6} errors resulting from ambient conditionss

(7) errors in technique.
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6.5.1 Cell Calibration Error Cell calibration is

made by comparison with a standard light source operating at
a definite colour temﬁerature. Since the sensitivity of the
cell is not constant for different wavelengths the cali-
bration will not measure correctly a radiation at a differ-
ent colour temperature. If true results are to be obtained
the response of the cell to 1ight should be similar to that
of the eye. The typical photocell has a light response
which is close to the human eye for yellow or green light
but is more sensitive than the eye to red and viclet and is
still sensitive in the infra-red and ultra-violet range.
No\uncorrected physical photometer is available which has

a spectral response equivalent to the human eye (45).

Corrections for this error may be made by applying
colour temperature correction factors or using correcting
filters. Readings should then conform with the visibility
curve of the average eye; Unfortunately, some of the
incident light is reflected by the filter so that it never
reaches the sensitive cell surface.

The spectral response of each individual cell is
different, even for those produced in the same batch., Con-
sequently no one filter will correct all cells to average
eye response., Cell-filter combinations are adequate for
most work. However, ;hen a cell is calibrated with light

from a tungsten filament standard lamp and then used to mea-

sure fluorescent lighting, the error may be as high as 13%.
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The EEL photometer used in. this study to measure

illumination levels was calibrated under strictly controlled

conditions by the manufacturer using a tungsten filament

at a colour temperature of 2700 K (87).

Additional results

on the effect of colour temperature were obtained by cali-

bration at NRC in Ottawa (108).

When sources other tHan

tungsten filament were used appropriate correction factors

supplied by the manufacturer were applied.

Table 7 illustrates

some correction factors for various sources both with and

without correcting filters.

Table 7

¢

Correction Factors - EEL Lightmaster

Photometer

Source Scale Eye Correction Factor
Reading Without With
(Im/£ft<4) Filter Filter
2854 K 1 90.0 1.03 -
2854 K 2 96.7 0.960 -
2854 K 2 23.0 1.01 -
2854 K 2 9.00 1.01 -
2854 K 3 10.0 0.906 ~
2360 K 3 5.61 0.923 -
2360 K 3 3.23 0.929 -
2360 K 3 1.05 0.971 ~
Sodium - - 1.37 1.04
HP. Mercury ~ - 0.87 1,21
HP Mercury (repeat) =~ - 0.907 1.00
Fluorescent - - 1.14 1.14
(warm light)
Fluorescent - - 1.03 1.11
(daylight)
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6.5.2 Inverse Square Law Error This law is true

only for a point source of light. Consequently using the
law with lights of large "surface area introduces error.

To keep the possible error to under 1%, the distance
from the photocell to the light source must be greater than
five times the source diameter. Roberts (7) suggests no
measurements should be made with the photometer nearer to
the source than ten times the maximum width of the lamp.

6.5.3 Tosine Error The illumination of a surface

is Proportional to the cosine of the angle of incidence of
the light rays to that surface. This is known as the cosine
law of illumination and is illustrateé in Figure 20. 1If a
given quantity of light strikes a surface at right angles,
the illuminatiog can be called X lux. If, however, the same
quantity of light is ipcident at an angle A to the normal,
then thé illumination becomes X cos A lux. This arises be-

i .
cause the surface is illuminated by an inclined cross section
of the beam, the inclined cross section b having a greater
area than the normal cross section a such that a/b = cos A.
Since the lumiﬁgus flux in the beam does not change, the
degree .0f concentration of flux over b will be less than that

over a and the illumination on the’ surface will be correspond-

ingly less.
{
In planar measurement where a photocell is placed on

the surface where the illumination is to be measured, the

reading obtained is assumed to be the illumination on the

surface under the photocell. The cosine law is ignored:

ax

ordy !
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Area of surface Area of surface whose
normal to incident normal is inclined at
light flux = a angle A to incident
ilumination on light flux = a cos A

surface = x lux ilumination on surface

= x cos A lux

The Cosine Law of lllumination
Figure 20

o
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Where mounting heights of lamps are low the total error in
the reading can be as high as 40% (54 ). This method sheould
not be used then in mine haulageways since backs‘ are generally

only 3 or 4 m above floor.

Even if one attempts to correct for errors due to
the ‘cosine law by carefully recording the angle at which
light strikes the photocell face, other factors come into

play. For a barrier layer selenium cell, a portion of the

e o P e ot sriart nn ol i Baat s, b & o SDREN LI

light falling on it is reflected from both the surface of the

covering filter and the cell surface. The light reflected

[ ™

increases as the angle of incidence increases so that cell
response does not follow the cosine law. This is the major
source of error when using physical photometers.

Two methods are available to correct for this error.
One can read illumination normal to the cell and then use
the cosine law to calculate oblique illumination at high

angles of incidence. Theé second method is to deteerne the
N e -

cosine response of the cell. The cell is supported on a }
mounting which permits the angle of incidence from a constant
source to be changed. The results of a cosine response test !
can be reported by plotting relative scale readings against
the cosines of the angles of incidence.
Roberts (7) describes a procedure which enables some

account to be taken of the effect of indirectelight reflected
from the surroundings on to the photocell. The photémeter |

is calibrated twice, once for direct light on a photometric
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bench, and once for indirect light usihg the interior of

an integrating sphere as tﬁe source of indirect illumination.
Two calibration' characteristics are obtained as in Figure 21.
The operator still has a problem though as he has to work
out the proportions of direct light and indirect light

in order to convert the scale readings into illumination
values. It also assumes hemispherical illumination for
the indirect éomponent, but, as Roberts points out, this

is a fair assumption in an arched opening. The method of

working out the total illumination is given on page 132.

Photometer Scale Readings

¥llumination in Lux
Illumination versus Photometer Scale Readings

Figure 21
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% 6.5.4 Linearity of Scale Indications The ideal

condition of a combined light"—ser&.tive cell and instrument
is that unit increasgs of light falling upon the cell will
cause uniform changes in instrument indications. If this
condition holds, the résponse of the ceil-instrument is
linear. The care used in selecting the cell-galvanometer

or cell-microammeter combination and the use of shunts has

an important bearing on linearity. 1In general, the lower

the current drawn from the cell, the better the linearity.
Consequently, for underground illumination:surveys where
negligible current flow results, the error loses significance.
(2,5) C‘

A test for linearity requires a means for mownting a
lamp and cell s0 that the distance between fhem can be
adjusted readily and measured accurately (6l). ~ The relative
illumination of the cell will be established by the inverse
square law, and is determined entirely by lamp-to-cell '
distance. Some photometefs have a straight line response to
incident light but for others azgalibration curve may have to
bé éroduced. Having calibrated the photometer it may then'

be applied to determine illumination simply by reference to
its meter defaection, knowing ~the distance from the source

and applying the inverse square law, provided one is not

too close to the source. Results of % linearity of scale test

{ .
for low values of illumination .and & source temperature of

2360 K are given in Appendix C on page 199.

S T
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6.5.5 Wear - Physical photometers should be returned-

to the manufacturer at specified intervals for recalibration.

The check is necessary because of undeKtainties in the
behaviour of) photocells caused by fatigue of the cell or
spring or by strain to the microammeter suspension.
Fatigue of a cell ean occur following exposure to
high intensity light or following an extended period 1in
darkness. Short-circuiting the terminais when not in use

is recommended. Spring fatigue may result from allowing

.a scale deflection to last too long. It can usually be

detected by noting the manner in which the dfal returns to
zero. If it hesitates at a slight upscale deflection and
then gradua}ly returns to zero, spring fatigue is rresent.
Microammeter instruments are delicate. The restoring
spring has a weak torque since the photoelectric effect
produces only a very small current flow. This means that
more stable readings are obtained when the upper portion

g
of an instrument scale is used where the torques exerted

by the instrument céils and the restraining springs are,
greater giving more stable readings with less tendency to
stickiness. When possible the range selected for use should
be chosen so that 'the reading is in the upper poréion of the

scale. The manufacturer's guaranteed accuracy is always

expressed in per cent of full scale.

6.5.6 Ambient Conditions Ambient conditions areﬂpften
1;‘3

extreme in mine work. Ideally a relative humidity of less
]
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than 65% and a temperature of 25% are desirable for the
air whetre instruments are used.  1In the laboratory this
can be achieved but usually in a metal mine rqlativi,
humidity is higher and temperatures are lower. N

Many types of photocells change in'sensitivity with

change in temperature so that temperature correcting co~

efficients as supplied by theimanufaéturer should be applied,

All coloured filters used to correct for colour response
have appreciable teﬁperature coefficients.

Moisture can condense on insulating surfaces if the
humidity is high. It céul& then act as a high resistance
shunt to reduce the total resistance of that part of the
circuit‘(77). For readings in mines, instrumeﬁts should
be rugged and packed with a dessicator.

6.5.7 Technique When measuring low illumination

levels underground it is often necessatry to light up the
scale of the meter. If a cap lamp is used and happens to
strike the cell the pointer ﬁay immediately swing beyond
full scale with considerable force. The tension of the -
controlling hair spring may ‘alter as a result. The same
fesult can happen if the controllswi£ch is placed at the
wrong setting. . ‘ B
To avoid this problem a small pen light cpuid be used.

The writer found it best to use a fluorescent cap lamp of-

the type in Figure 26 on page 110. This light source has a

large area and the beam is spread effectively by the reflector |

<
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mounted behind 1ts caslng so that the amount of 111um1nat10n
falllng on the small surface of the photocell is notrhlgh
Another advantage is that this type of light does not produce
harsh shadows. If the dial is read with a cap laﬁp a shadpw
is crea£ed on the dial facde by the pointer.
When using tﬁé controlk switch‘thé highest scale reading
and hence the lowest.deﬁlection‘shoula be‘didled in' first.
Quite often when using the photometer underground an
interested spectater or two will congregate. fhey are'
tempted to shine their cap lamp ontd4j$ﬂ?béll to test if
the pointer will fly to the right. The photometer 6perator
should be aware of this tendency in.human behaviour and
take corrective counter measures. The instrument should ’
be turned off and preferably covered when strangers approach.
Spectétors can be told to turn off their lamps, and the area
should be cleared of people\ﬁhen~readings are to be made.

Since characteristics of the suspension may alter
N

'durind a survey it is advisable to calibrate the photometer

before and after each survey to detect any change in charac-
teristics. -

An électrostatic charge may result from wiping the
/glass co;er of an instrument with a dry cloth.. This Eén
céuse the pointer to take a false position because of the
attraction between the glass and the pointer. Breathing
on the glass'will dissipate the charge. (77). Accumulation

of static charges can be a problem in the 1aboratory1or in a

potash mine where humidities are low but is net worth
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considering in a metal mine.

v

6.6 Photographlc PhotometryﬁErrors ,

> )

Roberts (59) and ‘Bell (13) dlscuss the problems

inherent in photographlc photometry érrors. - Just as lrght

meters must have a spectral response whlch is’ corrected to

be near that of the human eye, similarly it 1s 1mportant

that the spectral response of the film be close to that of

the human eye. Without fllters the response is similar .

-

tolthe eye for wavelengths around 0.55 um-but is poor for

wavelengths below 0.47 uym or above 0.65 nm.l «

Irradiation effects can give a blackened aree on the
photograph which is different from that of the’trde image .
This effect varies according to the éverage eige‘of the .
silver halide grains of which an '‘emulsion ie éssentia}ly
composed. Using a fine grained*emulgionnkeeés the effects'? -
small but does not eliminate the proﬁlem; Long<ex?osure times
also cause irradiation effects. . . ;Hi' | i '

An image of a field of uniform luminance willfshow )

reducing density w1t§ 1ncrea51ng dlstance from the negatlve

centre. Although. cotrectlon factors can be applled they

i

are subject to the normal theOry of errors..g‘ '

The degree of development of a photographic film'is

dependent on several variables. "The main,ones are\the
\ v s

developing temperature, the deVeloplng tlme, énd the type

s

of developing solution. Siall fluctuatlons 1n these varlables

cannot be avoided. nown values ofﬂlumlnance nmat.be-

.
'
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developed on the side of each photograph for comparison
purposes.

On ac systems, 1ncandescent lamps vary in output with
the cyclic variations 1n voltage and current. The variations
can affect the film since the film may not receive a mean

light value during 1ts exposure time.

6.7 Visual Photometry Errors

The errors likely to be present in the results obtained

with a brightness meter are due to:

colour contrast between the two fields
variability on the part of the operator
contrast sensitivity of the eye
imperfect dif fusion of the test plate

L SRVERN S
— o — —

Considering these factors, the variability of wvarious types
of .11luminometers has been reported anywhere from + 2% to

+ 10% (5).

6.7.1 Colour Contrast The use of a visual photometer

depends on the adjustment of two surfaces to have equal
intensity of luminance.as judged by the eye of the obser-
ver. If the two surfaces are of the same colour the adjust-
mquﬁpan be made easily but if the surfaces are illuminated
by lights of different colours comparison is difficult.

Several techniques are available to help overcome the

| “

problem. One technique is by the use of colour filters.
Another is to make the comparison between the two surfaces
with the eyes half closed. Another is to interchange the

two surfaces rapidly. This latter technique is known as
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flicker photometry and is incorporated in highly sophis-"
ticated photometers as Dr. Blackwell's visual task evaluator
(88). It is impossible to retain an accurate idea of the
intensity of illumination of a surface even for so short
a time as a second. Either the two surfaces must be viewed
simultaneocusly or flicker photometéry must be resorted to.
Flicker photometery works best when the colours do not match.
In this study colour was rarely a problem. A grey
test card was used which closely matched the colour of
underground surfaces. Also the colour temperature of the

light source shining on the object to be tested was closely

- controlled to match the colour temperature of the working

standard located in the illuminometer. This was done by
modifying a miner's cap lamp. A 3 volt 3 amp G.E. #512
incandescent tungsten filament lamp with a colour temperature
of 2360 K was used in the cap lamp, in the reference standard
lamp and in the working standard lamp. After calibration

the cap lamp was connected to the controller (Figure 12,

page 62) and was operated from rheostat A in series with

"battery A.

6.7.2 Operator Variability Using a MacBeth Illumi-

nonmeter, Morris et al ( 47) investigaﬁed the central tendency
and dispersion of measurements made under typical field
conditions using five different operators making ten bright-
ness measurements under field conditions and repeating the

procedure for six sessions. The mean of this array of 300
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brightness measurements was 2.44 ft.L with a standard
deviation of + 0.12. Several statistical chepké were
applied to the data to arrive at the following conclusion.
"An operator who characteristically makes small
variable errors and whose constant error 1is known can yield
data from which accurate estimates of brightness can be

made. Without specific knowledge of the performance charac-

teristics of an operator the mean of a series of measurements

from several operators 1s more likely to be an accurate
estimate of a source than mean of measurements from a single
person. It would appear that this last generalization holds
even when the mean of several operators is ,based on fewer
measurements than that for a single operator, although our
data do not indicate the minimal number of measurements
necessary to make a decision on whether to use a group or
an individual."

Since it would appear that little confidence may be
placed ih the mean of aj small number of readings from
a single operator it was decided that at least sewen observa-
tions would be made on the test card and on the object under
test (Table 20, page 209). Since even the mean of a large
number of readings from an operator would be inaccurate
Adnless the constant error of an operator were known the
MarBeth Illuminometer was not used to measure brightness

but was used to measure reflectivity. Since this is calcu-

lated by obtaining‘the ratio of two brightness measurements

)
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and multiplying it by the known reflectivity of the test
card any errors in the brightness measurements would tend
to cancel each other out. This occurs because the large
number of readings increases the confidence that the
constant error for both sets of measurements is the same.
Operator variability was checked in the field by
having two operators work out the reflectivity of a surface
under test. Whenever this was done it was found that,
although the two operators could not agree precisely on the
brightness of the test card and the surface under test, they
always agreed on the reflectivity of the surface under test.
As an added check that operator variability would not
contaminate the results a test should be performed that the
operator can be classified as having a C.I.E. average eye
(Committee Internationale de 1'Eclairage), For an average
eye a wavelength of 0.555 pm produces maximum visibility
per unit of energy expended when the eye is functioning
as it normally does in dayllght. This lies between yellow
and green. If the wavelength increases or decreases, relative
visibility decreases. Radiant energy of wavelength 0.555 um
is given a relative visibility of 1.0 and the average eye
is defined as one in which the relative visibility factor

changes throughout the visible spectrum as shown in Table 8.

(4).
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TABLE 8

RELATIVE VISIBILITY FACTOR OF THE C.I.E. AVERAGE EYE
(RELATIVE VISIBILITY AT 0.555 pym 1.0)

WAVELENGTH| RELATIVE WAVELENGTH | RELATIVE JWAVELENGTH| RELATIVE
Hm VISIBILITY um VISIBILITY Hm VISIBILITY

0.40 0.0004 0.52 0.710 0.64 0.175
0.41 0.0012 0.53 0.862 0.65 0.107
0.42 0.0040 0.54 0.954 0.66 0.061
0.43 0.0116 0.55 0.995 0.67 0.032
0.44 0.023 0.56 0.995 0.68 0.017
0.45 0.038 0.57 0.992 0.69 0.0082
0.46 0.060 0.58 0.870 0.70 0.0041
0.47 0.091 0.59 0.757 0.71 0.0021
0.48 » 0.139 0.60 0.631 0.72 0.00105
0.49 0.208 0.61 0.503 0.73 0.00052
0.50 0.323 0.62 0.381 0.74 0.00025
0.51 0.503 0.63 0.265 0.75 0.00012

Louis lLaferriére was the principal operator of the

illuminometers used in this research project.

Other operators

employed in the study were Miss Camille Dow and the writer.

Mr.

Division of Physics, Ottawa and found to conform to the

definition of a normal observer.

both consistently produced photometric observations which

agreed with those of Mr. Laferriére.

)

Miss Dow and the writer

Therefore both can

be considered as normal observers during the period this
)

research was conducted.

Laferridre was tested at the National Research Council,

6.7.3 Contrast Sensitivity The accuracy of measure-

ment is limited by the decrease of the contrast sensitivity

of the eye at low brightness levels. Mine surfaces have
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poor reflectivities to start with. With both large
irregular shaped openings and irregular lighting low
brightness levels oftén result. Visual photometers then
are suitable for illuminance measurements but should not
be used for luminance measurements.

In this researcﬁ project visual photometers were
used only for reflectivity measurements. In this work
a ,portable light source is used giving luminance values
in the 30 asb range. At this level of luminance loss of
contrast sensitivity is not a major source of error.

6€.7.4 Imperfect Diffusion of the Test Plate 1In order

to calibrate the MacBeth Illuminometer the reflectivity of
the test plate must be known. Yet the reflectivity of any
surface is not a constant but varies acbording to the angle
of incidence %yd the angle at which it is viewed. This
value Lf the reflectivity of the test plate is used in a
comparison of other surfaces to determine reflectivity,
illuminance, or luminance so the conditions under which it
is observed must be carefully controlled. A special glass
surface was used as the test plate when using the MacBeth
Illuminometer. For this surface the angle of incidence

can be varied either 360 to the left or the right of normal
without affecting the reflectivity of the surface. Figure
14 on page 64 compares the percentage error for this sur-

face and two other common test plate surfaces over a wide

range of incident angles. The unique feature of the special




glass is indicated by the long vertical line immediately
above the zero per cent error indication. Since the
reflectivity of'any surface also varies with the colour
temperature care was taken to ensure that the test plate
was always viewed under the colour that it was calibrated
at by the manufacturer.

Kodak test cards were also used i conjunction with
the illuminometer. These were calibrated by the National
Research Council, Division of Physics (108), and when used as
standards in the field, viewing and recording angle geometry

as well as colour temperature were made to coincide with

calibration parameters. In this manner errors were kept

minimal.
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CHAPTER 7 o

MINE LIGHTS

7.1 General

The invention of the flame safety lamp in 1815
solved the problem of providing illumination witgout the
risk of explosion. The introduction of the electric cap
lamp in the 1926'5 virtually éliminated nystagmus. Today
the problem is to provide the quantity and quality of light
best suited to give\mafimum benefits in terms of safety,
performance and morale at minimum cost.

Several types of light sources aré suitable for
underground use, each having inherent advantages and disad-
vantagés. Detailed descriptions of their method of operation,
distribution of light output, range of sizes, etc. aré avail-
able from manufacturers' handbooks (122,126,127,130,133,135,137).
Using this data and the experience gained by other mine
operators, indystrial engineers could weigh the merits of
the various types of sources as applied to their ownh parti-
cular situation.

This chapter describes various types of light sources
found in wvisits to Canadiaﬂ mines and reports operator opinion
on their use. Possible future trends ir mine lighting are
noted and factors affecting the illumination produced by any

fitting are explored.
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7.2 Tungsten Filament Lamps

This is the most common type of lamp in use in under-
ground mines but it is being replaced by more efficient types
of light sources. It is also referred to as an incandescent
lamp since the tungsten filament is hegted to incandescence
by an electric current. Tungsten is almost always the fila-
ment material.

Tungsten filaments operate between 2500 K and 3300 K
causing the filament to emit radiations in a continuous
spectrum although not in the same proportions as daylight.

A white light is produced. A tremendous variety of lamps
are available on the market. Sizes range from 0.1 W to

20 000 W. Variations in bulb shape, socket thread, and
filament design occur as well. Filament design is a careful
balance between light output and life.

Lamp efficiency varies directly with filament temper-
atures. Coiling of the filament increases efficiency.
Compactness, mechanical strength, and minimum heat loss are
provided by coiling fiiaments in single, double or triple coils
with size varying according to the power and duty involved.
Theoretically, a tungsteﬁ bar at the melting point would yie{?

I

52 1m W-l, but the highest efficiency of a standard lamp

‘ 1

listed in a lamp catalogue is 33 Im W — and the lowest is

4 Im W-l. Source brightness is high ranging from about 3 X ld7
5
asb for clear lamps to 3 x 10 asb for inside frosted lamps.

The most efficient lamps have the shortest .lives. In choosing

&~
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a tungsten filament lamp, lamp cost must be weighed against
the cost of electricity. Generally a lamp life at 750 h to
1000 h is most economical with life ratings varying from

5 h to 1500 h.

Line voltage affects efficiency. For a specified
watt filament, lower degign voltage requires a larger wire
diameter to handle the higher current. This results in a
more rugged lamp. Gas losses are less with these thicker
filaments. Consequently, lamps for 120 V service are more
efficient than 240 V lamps. Usually highest efficiencies
are achieved from 12 to 20 V. Below this range, conduction
losses to the lead wires overco&% reductions in gas losses.
If lamp input voltage fluctuates widely, contfol devices are
necessary to prevent noticeable variation. A 10% drop in
voltage can cause a 70% drop in output. For mine work, rough
service lampéyor vibration service lamps are used because of
shock waves from blasting. WVibration service fi;aments have
more supports than general service filaments. Efficiency is
lower since the additional supports dissipate heat. Rough
service.filamenté have more supports and lower efficiency.

Bulb Slackening, caused by tungsten evaporafion, is a
serious problem in vacuum lamps. This can be reduced by fillind
lamp bulbs with an inert gas. Unfortunately filling gas con-
ducts some heat away from the filament, causing a reduction
in efficiency, particularly for low watt lamps. Laﬁps below

40 watts are still of the vacuum type because the heat loss
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introduced by the gas offdets the advantage gained by the
lower rate of filament evaporation.

The filling gas is usually a mixture of nitrogen and
argon. Other inert gases have lower heat conductivities
than either nitrogen or argon but are too expensive for use
in general service iamps. They are practical though in
miners' cap lamps where high efficiency is desirable to

minimize drain on the battery. (48). All countries use

tungsten filament bulbs for cap lamps. The most common
filling for cap lamps is krypton which is introduced at

slightly less than atmospheric pressure. ]

A tungsten filament system is the least expensive in 3

terms of initial equipment investment, being about $0.15/1000 1lm. 3
The sysgem is flexible. Wattage for a given lampholder can 3
be changed easily by simply inserting another lamp. Using
Spencer cable, lamps can be installed quickly at any desired

spacing. They can be operated on either AC or DC. No flicker

<

is evident on/60 Hz power. Light output reaches its maximum
about 0.001 's after powef'is applied.

They are, however, often vulnerable to shock and
vibration. Filaments are easily broken. Most of the enexgy
is given off as heat so that fixtures have to be made of
speciqlomaterial. The glowing filament ig not safe in an

explosive atmosphere. The light source in a #tungsten fila-

ment lamp is small and the glare is appreciable as compared
with discharge lamps'in which the light source is large and

the glare is small.
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7.3 Tungsten Halogen Lamps

These lamps are similar to the tungsten filamo:ant
lamp. The tungsten filament is enclosed within a quartz
envelope rather than a glass envelope and halogen gas is
added to the inert filling gas. Iodine is the most common
halogen gas but sometimes bromine is used.

The halogen gas prevents tungsten from depositing
on the inside surface.of the guartz bulb by a process known
as the "iodine cycle”. 1In the iodine cycle, evaporated
tungsten returns to the filament so that the inside walls
do not blacken. If they are operated at less than their
stated power, the heat generated by the filament may not be
sufficient to maintain the halogen regenerative cycle. This
resul_ts in a greatly reduced lamp life.

P;' glass bulb cannot be used since a high bulb tempera-
ture is required to maintain the halogen degenerative cycle.
In order to cut down on heat -loss the lamps are generally

smaller than comparable tungsten filament lamps. Small

‘size is accomplished by using a tightly wound filament.

Tungsten halogen lamps have a very high source bright-

7

ness, being around 5 X ’1‘0 asb. Efficiency is higher than

tungsten filament lamps with 20 to 27 lu Wﬁl being reported.

Colour temperature range is between ‘3000 K and 3400 K giving t
a whiter light. Lamps are available between 45 and 5000 W \
giving life wvariations between 2000 and 5 h. This is a

- 1

o
greater li({é‘ expectancy than a tungsten filament lamp. The
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manufacturer claims the average life of a 500 W G.E.

Quartzline damp is twice that of the regular 500 W lamp.
Lamp seals are more fragile than tungsten filament

lamps and capital cost is roughly five times higher, being

about $0.77 pexr 1000 1lu.

7.4 PAR (Parabolic Aluminized Refléctor) Lamps

PAR lamps have modifications to the finish and shape
of the bulb so that the light source is accurately focused
by a self-contained optical system. Silver or aluminum is
applied to some portion' of the glass or quartz bulb to con-
trol the light distribution from the filament by reflection.
Often a portion of the glass bulb is shaped into a parabola.
The parabolic area is silvered and the lamp is a complete
lighting system with source reflector, and lens. The para-
bolic shape of the reflector produces a narrow beam of light
if the filament is located at the focal point of the reflector.
If the front cover lens is cut into prisms or stipples, light
is prc?jected into desired beam patterns.

An example of a PAR lamp is the sealed beam’headlight
used on scoop trams. With sealed beams the light source
is a tungs'ten filament but one Canadian mining company _is

experimenting with quartz halogen lamps on their scopp trams.

" Conversion kits are on the market.

The quartz halogen lamp is more common on European

vehicles. It is undoubtedly a superior lighting system and

has a longer life because of the "jodine cycle". One manufacturer

N
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300W Tungsten Filament (bottom)
and 500 W Tungsten Halogen (top)
\ Figure 22
- 'i' k
: PAR Lamps and Fixtures
Figure 23° -
O | R -
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claims 1ts halogen lamp on high beam will probe 800 m into

the night as opposed to about 500 m for sealed beams(119). The
reluctance to convert on this continent is probably due to the
cost of the lamps and the fear that the powerful headlights
might blind oncoming drivers. Usually though the design of
the lens aims the light ah?ad and to the right to reduce
glare.

A PAR mercury-vapour lamp is also manufactured for
use as a machine headlight. This headlight is no& finding
good acceptance throughout the industry (93 ). This is
because 1t has a life about ten times greater than the tungsten
1

filament lamp and provides from 30 to 65 lu W The sealed

beam only provides 12 to 22 1lu wl

PAR Lamps are available in sizes between 25 W and
1500 W. They are large in comparison to conventional lamps
since they have a self-contained optical system. They are
usually more rugged with stronger supports on the filamént

giving them a greater resistance to vibration and shock.

7.5 Fluorescent Lamps

The fluorescent lamp is an\electric discharge lamp
consisting of a long tube containing\gercury vapour and
electrodes sealed at both ends. When a suitable potential
difference-is maintained between the electrodes, the gas is
excited and a current flows. The radiation from the gas
discharge is a broken spectrum (page 16) with only a small

portion of the energy emitted in the visible blue portion of
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the spectrum. The larger portion of the liberated energy
is in the ultra-violet region between 0.2 and)0.3 pm.

The molecules of certain silicates, tungstates,
borates, and phosphates can react to ultra-violet radiation
in a most useful way. These substances are coated on the
inside of the glass tube as a powder. The powder is excited
by the ultra-violret radiation produced by the low pressure
mercury vapour arc discharge and re-radiates this absorbed
energy as visible light when it returns to its ground state.

Yantz (110) describes the several means available to
initiate the low pressure mercury discharge. Some systems
require pre-heating the electrodes whereas other systems depend
on a high voltage pulse with cathodes at a much lower tempera-
ture. Ballasts are required to provide sufficient starting
voltage and limit current flow. A combination incandescent-
fluorescent lighting unit gives instant start and bhlended light (81).

With the cold cathode lamps a variety of tube shapes
are possible because the low arc current densities are not
seriocusly affected by the sharp bends in the glass tubing.
Forty watt, 10 inch diameter circular fluorescent tubes are
commonly used in underground lighting in England (72).

The fluorescent lamp offers several distinct advantagei
over tungsten lamps in mine lighting. Longer 1life, higher
efficiency, bepter colour‘}endition and lower surface bright-
ness make this lamp increasingly more popular (73).

The lif; of a fluorescent lamp is considerably greater

than that of a tungsten filament lamp so that the number of

A




Bl

TN A g .

A

A

o e s a1h g PR [T

- 106 -~

lamp changes required per year is correspondingly reduced.
/Tuhgsten—filament lamps have reduced lives under mining
conditions since vibration and shock cause excessive filament
breakage. The hot cathode fluorescent lamp has only shobrt
filament heaters at each cathode so is not so susceptible
to vibration and shock failure. The electrodes are wéil
supported and the lamp bulb is strong. Lamp life ranges
between 500 and 30 000 h depending upon the size of the lamp.

The efficiency of the fluorescent lamp is about three
times that of a tungsten lamp. It varies between 35 and 85
1wt

Colour rendition depends upon the mixture of powders
coating the tubes. Since the colour of light is uniquely
defined by its frequency, the different powders or phosphors
are a means of obtaining light of a chosen colour (69). With
proper choosing a natural colour can be obtained. _Known as

"warm white" this phosphor coating has good colour rendition

with a colour temperature of approximately 4500 K. This natural

daylight colour of f;uorescent lamps is important in mining
work where all illumination is necessarily artificial. A
highly efficient pale apple green tube is especially recom-
mended for coal face lighting both because of the high lumen
output and its high aesthetic value in underground conditions
{72 ).

Avoidance of glare ié important in mining work partic-

ularly since the eye is adapted to low illumination. With

sttt 4 R

B e s SRS




Vol

P B Ao - b A %

- - - —

s oy o RS S Sm B ATl AU T P Rt

- 107 -

low mounting heights glare is almost unavoidable with
tungsten lamps if a reasonable level of illumination is

to be obtained. A bright light source dazzles the eyes

and makes seeing more difficult rather than easier. The
long fluorescent tube gives a better distribution of light
resulting in no harsh shadows. Tubes are available in lengths
ué to 2.5 m and diameters of 5 cm. This large illuminating
area gives a low brightness and reduces the possibility of
glare. Source brightness of fluorescent lamps range from\
16 000 asb to 65 000 asb. An assortment of fluorescent
tubes is shown in Figure 24 and a typical installation is
shown in Figure 25.

A fluorescent éap lamp has recently been developed
by Ocean Energy (132) and adapted for mining purposes under
contract with the U.S. Bureau of Mines. Using the smallest
tube shown in Figure 24 it operates on the same battery
as a standard lamp and supplies a broad flood beam. It can
operate for the same 10 hour duratio; as a standard lamp
and produce four to five times the lumen output.

Its main advantage is to improve peripheral illumi-
nation which is a welcome aid to mechanics or timbermén who
do not require the high intensity qut of the standard cép
lamp. Since these trades tend to work in crews the fluores-
cent lamps augment each other and give good area illumination
for greater safety and efficiency.

1)

One disadvantage is its large size and unusual appearance

-«
y
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“Assorted Fluorescent Tubes
Figure 24

.Refuge Station lllumination Using
Fluorescent Fixtures—Brunswick Mine

Figure 25

-
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(Figures 26 and 27). It is about 125 g heavier than a
standard incandescent cap lamp and lacks the high intensity
spot which many miners prefer.

Fluoregéent lamps are now being used for general area
illumination around mining equipment. Mounted right on éhe
equipment and operating from a 12V battery, six sizes from
8 W to 40 W are available. Figures 28 and 29 show 20 W
fluorescent lamps on a jumbo drill at Gaspé& Copper. Jumbo
operators and helpers all liked the area illumination these
lamps provided and preferred the lamp fitted jumbo. Fittings
can be obtained from the Magna-Beam Division of Ocean Energy.

: ’ /
7.6 High Intensity Discharge Lamps

A variety of radiation sources are possible with
this type of lamp. Their common characteristic is that
they consigt of gaseous discharge arc tubes which operate
at pressures and current densitiés sufficient to generate
desired quantities of radiation within their arcs. All high
intensity discharge lémps have a negative r;sistance charac-
teristic and ballasts are required to supply nécessary starting
voltage and limit the current. All produce 120 Hz flicker
which is rarely an annoyance.
Three categories of high intensity discharge lamps
are in use in mines. These are
(l)u Mercury Vapour Lamgs

(2) Metal Halide Lamps
(3) High Pressure Sodium Lamps
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A Newly Deveioped Fluorescent Cap Lamp
Figure 26

Fluorescent Cap Lamp and Battefy
Figure 27
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Rear Mounted 20W Fluorescent Lamp on Jumbo Drill —
Figure 28 Needle Mountain

Side Mounted 20W Fluorescent Lamp on Jumbo Drill—
. Figure 29 _Needle Mountain
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‘g‘ bright, being about 4.6 X 10
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7.6.1 Mercury Vapour Lamps Collisions between

electrons and mercury atoms in the arc ionize the mercury
atoms to produce the characteristic spectrum of mercury.

This occurs when the outer electrons of mercury atoms

return to their normal state and release radiant energy

in the transition. Some energy is in the ultraviolet

region and is absorbed by the glass envelope. If fluorescent
powders are coated on the inside of the enveldpe the ultra-
violet radiation can be converted to visible 1light. if this
is done the lamp is usually called "colour improved". The
phosphors produce red light which enhances the blue appearance
of the mercury arc spectrum. Mercury vapour lamps are very

6 asb for a clear lamp down to

6

about 0.4 X 10° asb for a colour improved lamp. Figure 30

shows a small colour improved mercury vapour lamp.

. A Compact Mercury Vapour Lamp

Figure 30

N
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Colour improved versions have a lower brightness
since the outer envelope is the apparent light source.

Clear arc tubes have a source size from 2.5 cm to 10 cm

long and 1 cm to 2.5 cm in diameter depending on the wattage.
They are usually availabielin sizes bétween 50 W and 3000 W.

The lamps are Qidely used in mine lightipg for
several reasons. Being a high intensity discharge lamp
tthere is no filament to break. Expected lamp life is between
10 000 h and 24 000 h resulting in far fewer bulb changes.
Efficiencies of between 35 to 60 lu W ! is much higher than
for incandescent lamps.

One drawback to the. lamp is the long warmup period

required for the light to reach full brightness (7 to 9 min.).

Approximately 5 min. is required for restart immediately
after a power interruption. In addition, intensity of the
lamps is high, causing glare problems. The large selection

of sizes though can allow the designer to minimize objectionable

o

glare. Recent models have a diffusing lens which disperses
the light 'in random directions and reduces surface brightness.
Figures 31 and 32 show mercury vapour garage lighting in two

different mines. All shop personnel questioned liked the

Nl s A R e a AL AR

general area illumination. Mounting heights in both instances
was over 6 m so that glare was not a great problem.

Patts (106) reports on the use of mercury vapour lamps k

mounted on mobile mining equipment in the United States.

Direct current operation of mercury vapour lamps is possible




Underground Garage lllumination with Mercury Vapour Laimps
( Brunswick Mine )

Figure 31
O
250 Watt Mercury Vapour Lamps with 40 Watt Fluorescent
Bench Lighting — ( Strathcona Mine )
O | Figure 32
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with a resistor ballast to control the arc current. Results
were encouraging. D.C. operation though would create high
power lossés, high heat, and its attendant maintenance
problems.

7.6.2 Metal Halide Lamps These lamps are similar

to mercury vapour lamps but contain metal halide additives in
the form of sodium jodide, thallium iodide and indiﬁm iodide.
These additives produce red and yellow light which, when mixed
with the blue and green of the mercury vapour, give a better
colour quality, higher sourie brightness, and a greater
efficiency than the mercury vapour lamp. The arc tube source

varies between 1 cm and 5 cm in length and from about 1 cm to

. 2.5 cm in diameter. It is made of fused quartz with a special

end coating designed to keep the ends hot to maintain evaporation

of the iodides and metallic ions. A starting electrode and
resistor in the lamp aid in striking the arc. Common sizes
are 75 W, 400 W, 1000 W, and 1500 W. All are of rugged construc-
tion to resist vibration and shoc£>

Higher open circuit voltages are required for ‘starting
and DC operation is not recommended. Ballasts must provide

sufficient starting voltage and proper wave shape to operate

the lamp successfully. Because of the high voltage requirements

operational life is shortened. Another disadvantage i& that
restrike time and warmup time to full brightness takes from

10 to 15 min,
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7.6.3 High Pressure Sodium (Lucalox) Lamps Lucalox

is a trade name of General Electric which is used regularly in
lighting vocabulary. The construction, operation énd radiation
chaiacteristics of Lucalox lamps are unlike those of the other
high intensity discharge lamps. The lamp was made possible by
the invention of a translucent ceramic arc tube and a process
for sealiné special electrodes in the tube to withstand high
temperatures and the corrosive effects of heated sodium vapours.
The arc stream consists principally of alkali metal vapours
maintained at very high temperatures within the compact ceramic
arc tube giving good quality light, with a golden yellow cast.

1

The bulbs generate typically 110 to 115 lu W =~ which make it a

' highly efficient source of light. It is basically a high

powered lamp with sizes of 250, 400 and 1000 W presently avail-
able. The lamps attain full output in less time th;n mercury
lamps and life expectancy ranges from 2000 to 15 000 h.

One problem‘wifh the lamp is ihai DC operation is not
recommended. Input power is usually 480V a.c. with a ballast
providing the necessary open,circuit voltage\toastrike the arc.'

Originally they required separate cables to each‘lamp and they

were heavy, weighing about 20 kg per fixture, but these problems

" have been surmounted. Fixtures now have, self-contained ballast _

units in the lamps so that the lamps can be strung in daiéy—qhaini

fashion. Weight has been cut to about 10, kg.
High pressure sodium lamps offer.great promise as an

underground light source and are being tried in some Canadian - -

3
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mine operations. At Thompson Tl mine, two stopes are
presently receiving general area illgmination with these
lamps. Results are favourable and two more éﬁopes are’
scheduled to receive the lamps. At Needle Mountain illumi-
nation is obtained with sodium lamps. Figures 33 and 34 are
photographs of one of the lamp installations*and Figure 35

shows a section of the roadway receiving illumination. Figure .

36 is a wiring schematic for a six 1amp4éns£allation on the
ramp. (\

7.7. 'Low Pressure Sodium Lamps

Recent developments in low pressure sodium lamps
have made them economically attractive., The lamp consists
of a U-shaped tube contained inside a cylindrical glass envelope.’

An indium oxide coating on the inside of the outer glass enve-

lope reduces thermal loss and improves efficiency. A small

quantity of sodium is operated inside the U-shaped tube at a i

temperature around 230°q; Neon,, argon, xenon and helium gases

- r/ !
are also present to aid in starting. A high vacuum is applied

inside the outer élass envelope to prevent convection heat. losses

from the arc. When first started}‘ﬁhe lamp appears red due to

the neon discharge, but this gradually gives'way to the charac- »

teristic yellow as the sodium is vaporized. The lamp may ° :
! Co &

require 15 min to reach full brightnessfahd 1 to 2 min to restart .

3 ¢ ¢ ’
‘after a power failure. :
Souxce brightness of low pressure sodium lamps is much =~ .

+
. 3
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Sodium Lamp—Front View  Sodium Lamp —Side Vi
Figure 33 Figure 34

b

Ramp. lllumination by Sodium Lamp
Figure 35
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\ 550 V )

[ 230V )
@—ZSOWLamp
Ve
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Current required=1.09 A
For 6 Lamps=6.54 A

Transformer Secondary
.Capacity = 230 V@ 1500 VA

‘Lamp Spacing =13 M
Mounting Height=7 M
L.amp Tiit =-35° /

Sodium Vapour Lamps — Wiring Schematic

Figure 36
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lower than other arc discharge lamps at about 3 X lO5 apostilb.

PO S

Lamp life varies according to burning position but ranges
between 8000 h and 12 000 h. Luminous efficiency is very"
high at ;bout 178 1u w'l for the new indium oxide coated lamps.
This is the most efficient light source commercially available.
Colour rendition is poor because the light output is mono-

chromatic giving the characteristic yellow typical of the

sodium element in the incandescent region of thé bulb. Only

[ . e

a few select wattages in the 35-W to. 200 W range are commercially
available. Again DC operation is not recommended.
There is evidence that acuity in monochromatic light
such as that of a low pressure sodipn\vapour lamp is better ' ;
() than that in light of a continuous spectrum. All the light
rays passing‘through the lens of the eye are refracted to an

extent depending on their wave length. White light, containing

Mo

all the spectral colours, therefore produces many images of the
/ -
object viewed, all at different distances from the lens. These

cannot all be focused accurately upon the retina. The brain

Py

ignores this and interprets the images without showing us
coloured boundaries but nevertheless they are not so sharp as
they are in monochromatic light, where aberration cannot occur.

Monochromatic light produces only one image and permits easy

and accurate focusing. Further research is needed to determine
LY

« the importance of the benefit to mine lighting.

Evidence also exists that transmission losses are

(;' reduced with the use of low pre§§urg sodium lamps (10).
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7.8 Comparison of Mine Light Sources

Table 9
Type of Effic Brightness Life ost _ D.C.
Source (lu w 1) \ (asb) (h) (10° 1m) source
6
tungsten 0.3x10 750
filament 4-33 3;?%7 1580 $0.15 yes
tungsten 20-27 5%10 t? $0.77 es
halogen . 2080 . Y
6
0.16x10 500
fluoresc. 35-85 to ¢ to $0.81 yes
0.65x10 30 000
mercur 0.4x10® |10 000
" y 35-60 to to $0.66 yes
vapour 4.6x10 24 000
| 6000
metal 7 not
halide 80~90 l1.6x10 10t800 $1.00 advised
high 7 6000 ot
pressure 110-115 2.3x10 to $1.18 advised
sodium 15 000
low 8000
5 not
pressure 178 3x10 to $0.73 ;
sodium 12 000 advised

o F o
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7.9 Lamp Illumination Factors

The study of the installation of fixed lighting units
underground has received limited attention. Each manufacturer
of underground lighting fittings has his own particular way
of designing mine lighting layouts using empirical methods,
and these are based on the knowledge of past and existing
schemes. A need exists to put the subject of underground
illumination on a sound scientific basis to keep pace with
developments in the other fields of mining.

The mine environmental engineer should be aware of
the important criteria in designing a lighting system. Any
lighting scheme design should take into account the major
factors affecting the illumiﬁation produced by the fitting.
Tpese aée:

(1) the shape of the working place

(2) the reflectivity of the back, sides and floor

(3) the position and orientation of the fitting

(4) the ambient conditions

Factors can be determined either by underground ﬁea-
surements or from the manufacturer. The factors can then be
used to predict the illumination system required for any con-
ditions, by either eméloying monographs (12), coefficients of
utilization (9), and the use of #he Zonal Cavity Method (4,11).
Pottsland Bell (54) quote examples to show that-designs of
underground lighting systems ba?ed wholly on the knowledge of
existing installations do not lead to the most efficient

light utilization. Although surface installations are

amenable to empirical methods of lighting design, underground
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lighting is unique because of the many more variables and

the large range these variables may have. Once the variables
are measured various techniques are available or new techniques
can be developed to design the installation (4,15,35,50,60,71
84,111). Again, this is an area requiring more research.

7.9.1 Shape of Working Place The cross-sections of

underground working areas differ widely. Disregarding the
uneven appearance of walls and bacK, general shapes encountered
include rectangular, elliptical, semi-circular and arched.
These shapes can be employed to enable the mounting position

of a light fitting to be expressed numerically. As an illus-
tration,a mounting position parameter can be defined as the
ratio of the width of the opening at the height of the lighting
fitting to the width at the floor. Then a fitting mounted at
the top of an arched back would have a position parameter of
zero whereas a fitting mounted at the bottom of the arch has

a position parameter of one. Knowing the flux distribution of
the fitting thejproblem of the best position parameter can be
solved. Another problem unique to mine lighting is the cramped
condition of the working area. With low backs glare becomes
increasingly important necesgitating the use of low brightness
lightmsources.

7.9.2 Reflectivity T?e useful light which enters the

eye is reflected light. Since the designer is concerned with
the ability to see and not necessarily with the way in which a

source illuminates, the emphasis should be placed on reflected

N Y. Y
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light and not on the souxrce of the light. The amount of light

: which gets reflected from the floor, sides and back shopuld be
known and some account made for the conditions of the sides
and back. The light reflected by the sides and back of a
roadway will travel in all directions in varying proportions
providing the sides and back are smooth. 1If they are rough

t and rock protrudes into the area to be illuminated some light
from the fitting and some of the reflected light will be pre-

vented from reaching the working plane because of absorption

-and reflection by these jutting surfaces. Reflectivity is
discugsed in detail in Chapter 9.

7.9.3 Position and Orientation of Fitting One aspect

°

C} of the positioning of the lamp has been discussed in section

7.9.1 since it ties iﬁ'closely with the cross-section of the
working place. The orientation of the fitting is important
since the beam spread is usually controlled by reflectors.
Proper orientation is usually determined by the mounting height.
Figure 40 on page 138 fllustrates the effect on roadway illumi-
nation with incorrect orientation and with correct orientation.
Poqr orientation results in a section’of the roadway under the
lamp not receiviﬁg any illumination. With straight fluorescent
tubes a further variable is the alignment of the tube in the

' working area. Tubes have been aligned both trans?erse and

longitudinal. Most writers state that longitudinal mounting

is most effective (71).
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7.9.4 Ambient Conditions The humidity of the air,

the velocity of the air flow, and the temperature of the air
all affect the working temperature of the lamp and hence its
light output and its life. These factors should be considered
when calculating replacement costs and lamp efficiency. Of
greater importance though is the presence of dust and fog.
Dust suspension or fog in the air stream can cause serious
transmission losses. Good ventilation practises can cut down
on dust and some research has been done on fog control (74).
If dusty conditzéns prevail a periodic cleaning of the lamp

is warranted since depreciation of the light output from the

source due to dust deposition on the cover can be considerable.

7.9.5 Flux Distribution pf the Fitting This is ob-
tainable from the manufacturer and can be checked in a suitably
equipped photometric laboratory. Once the characteristics of
any fitting are known the cost of using such a fitting can be
calculated and a decision made as to which of the several types
of fittings would best serve the purpose. Mine lighting fittings
should be chosen on flux distribution bearing in mind coét,

life and maintenance.

7.10 Expected Trends in Mine Lighting

Electric power is playing a greater role in mechanized
mining. One illustration is the advent of electric scooptrams
in cut-and-fill stopes. The advantage afforded in terms of

improved air quality virtually assures their general acceptance.




O

Since electric cables have to be strung into the working places
for machine operation it ;ill be a simple matter to tap off
some power to given general area illumination. This lighting
would be either wall mounted or tower mounted depending on
working area dimensions. Using an a.c. source would reduce
maintenance by eliminating the necessity of charging and
servicing batteries.

Of the a.c. light sources available the most promising
are the gaseous discharge lamps. Although they require some
sort of control to limi? the current which they will take,
their efficiency more than compensates for this extra hardware.
The output of a tungsten filament lamp is about 10 1lu W_l,
that of a mercury vapour lamp 35 1lu W_l and a sodium vapour
lamp as high as 178 1lu wl. Most of the breakages of lamps
at working places are caused by breakage of filaments by vi-
bration. Discharge lamps have no filaments to break. Even
without vibration damage, the average life of a tungsten filament
lamp is 1000 h while that of sodium and mercury vapour lamp;
is over 2000 h. A further advantage is in the reduction of glare.

Hopefully a breakthrough in technology will occur in
the miner's cap lamp. The fluorescent cap lamp was an attempt
to get away ffom the tungsten filament lamp *but as pointed out
on page 107, it‘has its drawbacks. Perhaps a quartz halogen
or a mercury vapour cap lamp could be produced since both can

operate on D.C. A major problem would be to overcome the heat

generated. Tungsten~halogen lamps run hot to maiﬁtain the iodine
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cycle (page 101) while mercury vapour lamps operate hot because
the power is concentrated in the small quartz tube.

A new type of light bulb should soon be on the market.
It operates on a principle similar to that of fluorescent lights,
except that it does not use electrodes and will screw into a
conventional lamp socket. The bulbs can last 10 years and save
70 per cent of the energy an ordinary incandescent light would
use. Although initial cost would be high, up to $10 each,
in the long run they would be more economical than tungstem -
filament. because of the electricity saved." The bulbs would find
their greatest application in mines which are already using
tungsten filament bulbs since they already have the necessary
wiring and sockets installed.

Fibre optics could be employed in mine illumination.
Certain highly refractive substances ca; be manufactured in long
tube shapes. When light is shone down these tubes, they allow
light to travel through them and be "bent" around corners. A
small amount of light escapes all along the tube so that the
tube acts as a secondary source of light. If the tubes were
wrapped around a machine or aroﬁnd the walls of a stope they
woﬁld aid the eye in identifying important objects. Source
brightness would be too low though, to provide general‘%rea
illumination but benefits should be realized by a reduction in
machinery damage and a general improveﬁent in safety.

Although mest research is geared to improving the light

source, it is impdrtant that the harmful effects of glare not be

s
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overlooked. One of the approaches employed by Crouse-Hinds

to eliminate glare is the ingenious use of polarized light (28).
The method involves putting a circularly polarized "glass"

or plastic sheet all around the light bulb and having the miner
wear eye shields of opposite rotational polarity over his
safety glasses. A miner who thus looked at a powerful light,
such as a Lucalox bulb, would see only a very dim light, the
double polarization having reduced the intensity cgnsiderably.
The rest of the area would be well illuminated since the light
bouncing off these objects would not be polarized. Many
Can;éian mining companies make the wearing of safety glasses
ma;datory anywhere on company property. If the safety glass

itself could be made of polarized glass the scheme would not

be hard to implement.

?
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SECTION II

MEASURING AND ESTABLISHING
LIGHT PARAMETERS
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CHAPTER 8

ILLUMINAT;’QN AND BRIGHTNESS MEASUREMENTS

8.I General

3 4 LY
- .

Several articles are available describing methods. of

taking either illumination surveys or brigh_i:hess surveys.

(13, 53, 54, 59, 80,86, 101). This chapter describes basic

measuring techniques as gleaned from the articles, gives
an example of an illumination survey made by the writer,
and tabulates illumination levels found in several under-

ground working places in 15 Canadian mines.

A4

There are two basic techniques by which the lighting

level in a mine can be measured.
]

in 1x is measured in "an~'illuminatIBh"§survey_ or the x‘efletjtedl
. . hd . \
light in asb is measured in a brightness survey (page 6).

{

Either the incident light

These surveys are done to deté’rmlne how much of the llght

emitted by the source 1s actually being recelved where it

is r_xeeded and to find how the light is -being dlg.trlbuted..\
In some countries the mine lighting. surveys are done to |
determine if certain required standards of light levels®

- , v . N
For this work incident l1light measurements ‘

€ ® .

are useless unless the reflectivity of the. surface being

.

For this reason it 1s best to neasure

are belng met,

measured is known.

the reflected llght directly

-

The ~resu1ts are usually used to draw 1solux curves

for the measuring plane. ‘Flgure 37 on page. 130 1s an example

' v N B T
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of an isolux plot. If incident light is measured the 5

curves can be used to determine the total light flux

£ S

from which an efficiency factor can be calculated. If ;
reflected light is measured the plot could indicate if

any areas of a working plaée fail to meet required stan-

dards and would be useful in redesigning a lighting

installation. '

'

4

e A gt

8.2 Illumination by Incident Light Measurements

Three different recognized techniques can be employed
depending on the purpose of the survey. These are:
(1) planar measurements

X&) separate measurements of diffuse and direc¢t light

R P UG NUPRUS S U

(3) maximum reading technigue

8.2.1 Planar Measureﬂénts This method is used when :

PO——

) the general level of illumination in . the work place is

required. Using a physical photometer the photacell is
laid on the surface at each point at which the illumination

is to be measured. The illumination 1level indicated by the

microammeter is assumed to be the illumination on the sur-

e

face at the point if accuracy is not required. Otherwise

the errors inherent in physical photometry must be taken
into account., These are described in Section 6.5 on page
78. Figure 8 on page 54 illustrates one method of taking

a planar measurement.

Kot “ e e i - "
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4

. 8.2.2 Separate Measurements of Diffuse dnd Direct Light

N

This technique involves the separate determination of the
quantity of light reaching the measuring point directly from
the source, and the light reaching the same point after one
or more reflections from éhe back and walls.

The illumination due to the direct light is measured

: L
by pointing the cell at fhe lamp and masking out all light

from sources other than the lamp being considered. The
reading obtained is then resolved normal to the surface
where illumination is being measured. The indirect ?11umi-
nation is measured by placing the cell at the desired point
on the surface and the reading then obtéined is corrected

9

by use of a calibration curve.

Roberts ( 7) describes ;he method. If the measurement -~

of the direct light from the lamps plus the indirect light
is called reading A, and if the total direct illumin;tion
found by summation from aiming at each lamp in turn is

czlled B, thén B is aiways less than A. A - B is the deflgc—
tion due to indirect light and this deflection is then
;Eanslated to its equivalent illumination by reference to

an indirect light calibration curve of the type shown on

page 84. The direct illumination, represented by B on the

direct light curve, and the indirect illumination, represented

"by.A -'B on the indirect light-curve, give total illumination

when added together.

T i Smwt ki B
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8.2.3 Maximum Reading Technique This technique is

used when it is required to deterjhine the manher in which
light is being distributed from/a fitting. The photocell
is po{nted at the light source. ,The reading is resolved
normally to the piane being considered and the resolved
component‘is assumed to be the illumination at the point
of measurement. This procedure is repeated for several

points from which isolux curves can be drawn to show the

distribution of the light.

8.3 Brightness Measurements

We see by reﬁ{icted light rather than by incident
light, so that this method of measurement is preferable
if one is attempting to de£ermine if certain standards
or prescribed guidelines are béing met. ¢The method takes
into account the actual reflectivity of the surfaces in
the mine. Another advanéageois that measurements can be
carried out remote from the specific surface that is being
measured.

On April 1, 1978, it will be required that all .
coal mines in the United States will need a minimum of
0.06 ft.L throughout the working placé in any area where
self-propelled mining equipment is being operated (109).
Section 75.1719-3, in the Federal Reglster of April 1, |
1976 informs the coal industry and"equipment mgnufacturers

of the. methods to be used by the Mining Enforcement and

Safety Administration (MESA)lin determining compliance

g
7
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with the illumination standards. Because of the impoFtance
of this legislation, the MESA measﬁring technique is
described.

ﬁeflected light will be measured. MESA enforcement
personnel will probably use a "go/no—go" phyggcal photo-
meter that will display a green light if the brightness
of a surface exceeds 0.06 ft.L, and a red light if the
value is less than this minimum. ﬁrightness measurements
will be taken perpendicular to the surface being measured.

If measurements have to be tgken close to a surface,
that surface will be divided into séuare fields having an
area not greater than 4 sq. ft. If actual values are being
read, surface brightness for each square field will be
considered as the average of four uniformly spaced measure-
ments as illustrated in Figure 38, The area coveredsby”“
each individual measurement is not to exceed 50 sqg. in.
With the go/no—go'photometer a violation will be assumed
to exist if the photometer displays a red light for each
of the four measurements. . ) |

If no obstructioﬁs are present, measurements can be
taken further back from the surface. One measurement ié‘

sufficient for determining compliance when the photometers

used are designed to measure brightness of a round or square

T field having an area of not less than 3 or more than 5 sq. ft.

The instrument used for this has a 26° acceptance angle

and, when held perpendicular to the surface being measured

’
*
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at a distance of 5 £ft., will measure a round field of 4
sqg. ft. The geometry of this reading is illusgtrated
in Figure 39. Again measurements will be made perpendicular

"

to the surface as the instrument is not cosine corrected.

8.4 Case Study

A recent lighting installation at Gaspe Copper Mines
Limited has been picked as an example. Summer fogging
conditions were prevalent on a ramp in one section of the
mine. One-way haulage by 30 ton diesel trucks is employed
on this ramp and the poor visibility creates a hazardous
situation.

It was decided to use wall mgunted luminaires to
provide general lighting on the floor and on one wall.

Backs are exceptionally high since the ramp is in a former
stoping area. It was deemed not necessary to illuminate
t?e back and not practical to illuminate the wall with
the luminaires on them. A general brightness level exceeding
2.0 asb, measured in g;ear conditions was aimed at. This
is about three times the Qélue shortly to be legislated
by the US Bureau of Mines but allowance had to be made for
transmission losses. Dimensions of the roadway affécted
by fog were 10 m wide, 70 m long and 10 m high. Reflectivity
of the wall and road surface was assumed to be 10%.

" If the roadway is considered as a six—sided’box, and
it is desired to 1ight‘ha1f-way up the wall, then the sur-

face area requiring illumination is
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10 X 70 + 5 X 70 + 2(10 X 5) = 1150 m? -

The 1lx . .needed to meet the 2.0 asb requireﬁent is
2.0/0.10 = 20
Since a lumen is the amouné of light equal to 1 1lx evenly
distributed over an area of 1 mz, the total lumen require-
ment is
1150 X 20 = 23 000
This would be the requirement if the light were dis-
tributed perfectly evenly. As the light distribution is
far from uniform the total lumen figure must be multiﬁlied
by a factor dependent on the estiﬁated losses from un;ven
distribution of light over all the surfaces and the distri-
bution pattern of the luminaire itself. Methods of deter-
mining these factors are described in the literature (page 122).
Knoﬁing the total lumens required and using manufacturers'
tables of light efficiency ig terms of lumens per watt, light
distribution, and beam .spread both horizontally and vertically;
various lamp types, mounting‘heights, and spacings can be
calculated in an attempt to determine the optimum arrangement,
After‘sevefal trial calculations it was decided to
use six 250W sodium vapour lamps mounted at a height '
of 7 m and spaced 13 m apart. Imamp beam spread from manu-
factureérs' tables was 128°H and 112°. To allow maximum .
illumination to fall on the roadway, ‘lamp tiit was set at
35° Figure.40 illustrates the importance of the tilt angle

on thisg type of luminaire and Figure 41is a photograph of

-~
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Sodium Vapour Lamp Beam Spread =128° H X 112° V
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the ramp taken after the lights were installed.} Photographs
of the lights themselves are given on page 118,

An illumination survey was made after the lamps had
been durning for at least 2 hours and is baSeq on 56 planar
measurements made over thé fiel@. Normal rules for con-
touring of a level sufvey were used to produce the isolux
plot shown in Figure 37. At the time of the survey (December
1975) no fogging conditions were encountered and transmission
losses were considered as nil. )

An illumination survey is an important follow-up.

In spite of careful calculations to determine the best
choice of laﬁps, the performance of an installation can
only be accurately assessed by actual testing after instai-
lation,

Some interesting points emerged from this survey.
Light distribution is not even, with steep "hills" evident
from the isolux plot. Since the pillars had been partly
recovered and since the luminaires were mounted on the
pillar-walls, it was not possible to maintain the 13 m
spackng between lamps. Since the eye is a poor judée of
brightness the "hills" are not as noticeable in the field.
To illustrate, in Figure 41 the writer is in the background
a distance of 68 m away and is holding a 6 foot folding rule.
The low area of illumination in the immediate foreground in

the photograph corresponds to tﬁe low area of "illumination

between lamps 2 and 3 in Figure 37. The photograph was
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taken looking north-west and was ;hot beside lamp number
2. Uneven distribution of light is té be expected because
of the uneven lamp spacing and is a natural consequence
of the inverse—séuare law. It could be offset by staggered
lights on both walls but this increases installation costs.
The reflected light emanating off the roadway was
better than anticipated and in only a few places was lower
than 2 asb. Several field measurements on the reflectivity
of the roadbed gave an average of 0.12 in the 45° recording
position. The slightly higher refiectivity can partly
account for the higher field luminance. Since this was a
new installation, efficiencies would probably be higher
than those used in calculations.
\ Brightness measurementg on the south-east wall were
much lower than expected and’éénerally less than 0.1 asb,
Accuracy suffered as readings were near the lower limit of
the instrument range. Measurements of reflectivity indicated
the reason. South-east pillar wall measurements gave values
of 0.02 in the 45° recording position. This is an extremely
low value of reflectivity for a metal miﬁea‘hAll diesel .
exhaust gas is directed sideways onto this one wall only5
because of the one-way haulagé; Consequéntly, this ‘wall
is coated with fine carbon parti&les similaf to lamp black
in appearance and fextu;e. This coating results in the low
reflectivity vplues. In retrospect, it would have been

better to mount the lights on this pillar wall and bathe’

_—
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the other wall where measurements showed the reflectivity
was four times higher. Reflectivity is still so low how-
ever that the floor can be considered to be lit by direct
light only. The only advantage then would be a brighter

F)
wall. ‘

The case study illustrates the importance of ob-
taining values for reflectivity before proceeding with
calculations. In summary, since the estimated value of
reflectivity for the floor in this example was close to the

actual value, desired levels of brightness were ohtained:

8.5 Illumination Levels in Canadian Mining

Measurements on the general level of illumination
were made at a number of Canadian mines. Data are on file
with the Department of Mining and Metallurgical Engineering,
McGill University and are summarized in Appendix E on page 201.

The following table gives some typical values.

TABLE 10

Typical Illumination Levels in Canadian Mines!

Working Place Illumination in 1lx

.+ .Shaft. Station . , 5 - 60
Refuge Station : - 30 - 600
Haulageway 130 - 220
Garage ) .. 40 - 1100
‘Ramp . ’ 15 - 110,
Crusher ) 10 - 200
C.&F. Stope 10 - 110
Fueling Station ' , 70.- 430
Charging Station ‘ LT 10 - 60 "
Conveyorway -- fe 5~ 110

- - Undergroind Hoist Room. . : -, 25 - 78
Shifters' Desk ’ 70: - 1300

'Spop Work Bench : ' 130 - 1500
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CHAPTER 9

~

REFLECTIVITY MEASUREMENTS

9.1 General

Good underground lighting design is not possible
without a thorough knowledge of reflectivity. Not only
do we see by reglﬁfted light but in an underground mine
that portion of reflected light which does enter the eye
is usually only a small percentaqf‘of the light which
struck the object we are looking’aﬁ. The majority of
the light is absorbed by the surface. Measurements of
this phenomena are necessary so that either the lighting
installation can compensate for the loss or the surface
can be modified to cut down on absdrppion.

In this report, reflectivity is defined as

R'= C X Ry
b . ) “

where ' X

/
¢

R = reflectivity of surface being measured .
¢ = mean instrument reading for the surface °

R = assigned reflectivity of the standard used
b= mean instrument reading for the standard

Since the assigned reflectivity-of the standard is a
measure of the ratio.of the reflected radiant flux to the
incident flux, the Qalue R then measufes the efficiancy of
a surface 1n retransmitting llght. If R =1, Od then fhe

surface reflects the same amount of 1lght dy the standard and

if R = 0.00 all the light is absorbed o Lo

a1 it e
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3 ' |
<~~’ In practice nearly all surfaces are a combination

of diffuse and specular reflection. Slightly diffusing

materials scatter the lig§t only slightly, while highly
diffusing materials scatter the light over a wide anéle,
having a reflectivity which can either vary over a consi-
derable rgnge of values or stay fairly constant. These
surfaces appear light no matter from which direction they
are viewed but their brightness can be greater when the
viewing angle equals the angle of incidénce. The phenomena

is illustrated in Figure 42 with the arrows having a vector

connotation. \/
Specular Di‘ffuse" iie‘f ecti n : - “
— Y 7 \ . s Jt o ' . / ‘;. .
‘ ' Figure 42 R e T
¢ ST e ~ — ‘
o ' ' 'The figure is an oversimplification of whai{: migl{q )
{ s . ' Kued ' 1 B e
actually be taking place since’ it shows only one ray of ;
" . . - K] ! <, ’ ,’/ .
{ ) .
N - ' -
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VA 1nfinite51mal which means the reflect1v1ty weuld nOt change -

light ‘incident onto the sﬁrface. A cone of llght could

strike the surfacer or the 1ncxdent llght coul% be ’arz:nungﬂ
. from all dlrectlons.‘ S:Lmllarly, one “could attempt to |
measure the reflected light in onJ,y one direction‘, could
measure a bundle of the x_‘eflected"\rays of light, 'or \’co'uld
measure all of the reflected lig"l}t. This means there are
three geometrical cor’mditiens for both the incident and
collectea fluxes; hemlspherlcal conidai and di'rerctional. 4

Using the various comblnatlons 1t is posS}ﬁle to have

nine kinds of reflect:uzlty mea\vsurements:g (1) bl—hémlspherivcal;
(2) hemispherical-conical; (3) hemispherical-directional;

(4) conical;hemispherical; (5) b1 cdnlcal, (6) comical=

directional; (7) dlrectlonal hemispherlcal, 18) directional~

+

¢tonical; and " (9) bl-f-dlrectlonal.

s

Angles of :mca.dence and. of recording as Qell as. the

solld angles \sh.ould be spec1f1ed in any reflect1v1ty measure- : .

ment.. If not spegl»iled then _}b:.-hemispher:.cal aondltlons B

are assumed. In thi‘s i'pstarice, all flux reflected in 2w o 2}

stei:adians is 1nc1uded im the measurement -This can be-!

measuredez.th a sphere reflectometer, a receptor whlch 15

/an .J.nj;egratlng sphere havn.ng alflat c:u:cular aperture on

. wh:.ch the F‘ﬂ""t speclmen is pla”ced (78) |
" . When epec:.fy:mg angles P thef 1ncldent angle is g:l.ven

'v

f:;.rht, and then the recordfmq a’ngle.' When, the BOlJ.d anqles

»

are not spec:l.fied the assumptlon is. made that they are

AE they were made smaller. Wlé’h ttaxtured surfaces the ,

‘r
, K . . '
'v ot 1] .
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orientation of the surface may be important. A ribbed
surfaée may have different reflectivities when the incident
light Strikes(;he surface along the axis of the ribs or

at right angles to the ribs.k;similarly a flat surface can
give different refleltivities dependi%g on the angle at
which the surface is tilted. It is‘importaht to measure
this tjilt angle when the incident light path, the recorded
light path, and the normal to the surface, do not all 1lie

in the same plane. It is also important to specify the

« type of light that strikes the surface. With all other

parameters held constant, reflectivity does not stay

constant when the illuminating wavelength is varied.

9.2 Undergrohnd Reflectivity Measurements

When possible specimens were gathered so that reflec-
tivity’measurémenté could be peiformed in the laboratory
where conditions could be more accurately controlled. When
it was not possible to remove.a test surfate or when it was
felt that by removing ;he«BUfface,the light properties
would be modified; measurements wére conducted in the field.
Tyese includéd meébprements)on'mining equipment, consolidated
fill, and extremely éusty surfaces.

- When the }ight~source could be controlled geomeéf}c
characterist;cs:yere made to coincide with C.1.E. stamMard
conditions, "For the illumihator, illumination shall be

within five degrees of, and cgntfed about, a direction of. -

45 degrees from the perpendicular to the test surface. The

-
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area of the illummated FPOt should be not less than that
of a circle seven ce‘ntm;ieters. in diameter. View;ng should
be within +5 degrees of,g/ and centered about the perpendicular
(78). Figure 43 shows a 450/0o r‘eafding being taken on a
wall and Figure 44 showi; a 45°/0° reading being set up on a
floor. v ] i

Since the measuring method Zhosen involved visual
photometry the spectral," energy distribution of the illuminator
was made to coincide with the spectral energy distribution
of the working stan‘daré lamp on the illuminometer for ease
in luminance matching. The means by which this was achieved
is described in Sectign 6.7.1. Observations were performed
by a C.I.E., standard observer.

At times the light source could not be acc%rately
controlled. This occurred when reflectivity measurements
were made in well?lit areas. For example, measurements

t

were made on the surface of a scooptram while it was inoper-'
ational and parked in an underground garage. The garage

was well-lit and the walls were ‘whitewashed to give a high
reflaectivity. It was assumed in this instance that the
light source was diffuse.. This is probably not a bad assump-
tion in viqiv of the domed shape of the ceiling, the garage
then simulating a hemispherical reflectometer. v

TW standard for 45-degree, O-degree
' . PR \

refleétivity measurements using C.I,B.. standard conditions
is a pressed 1ayer of /freshly prepa're(; magnes.’nm oxide. It

is assigned a reflectfvity of 1. 00 for the conditions of

.
) . P .
- ¢ v
. \ v
P ’
. -
. <
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45°/Q° Wall Reflectivity

Figure 43

45°/0° Floor Reflecfivify |
Figure 44 .
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(i' 45-degree illumination. and perpendicular view. It is not
convenient to use this standard underground because of

preparation time and the large number that are required.
Since the mine atmosphere is usually dusty fresh standards
should be used for each- reading. Fortunately secondary
standards can be calibrated relative to the reference

standard.

Various secondary standards have been used. Porcelain-
enameled metal plaques are reasonably permanent in reflectivity
and uniform over the surface. Hitchcock (99), in his work on

reflectivity in underground coal mines, used "Millipore"

RIS

Filter Paper #29325. This paper approaches a lambertian

(0 surface and has been compared to a magnesium oxide surface.

for every possible geometric condition of the reflectometer,

(pagé 208) . Unfortunately, at over $3.60 a sheet when bought

Y e ¢ e~ LIRS

in bulk the cost was prohibitive.

-

The secondary standard chosen for this study was a -

Kodak Neutral Test Card Cat 1527795, designed primarily

FRPRLEORe PR NPT

! for colour photography. The card has a\grey/side and a

Y

white side and the manufacturers claim an 18% refiectivity

for the grey side and a 90% reflectivity for the white side.

y The grey side was chosen because of its cost, its quaranteed

»

uniformity from card to card, and because its refl ctivity

more closely é/pproximated the reflectivity of'un_de;gr und

surfaces. This latter feature was important since brightnass

"C“) matches'éo'u(ld be made quickly. Calibrations on the Kodak

Grey Card were obtained from the National Research Council



[ PPN

©

- 149 -

-

of Canada as shown in Table .1l (108).

s ]
TABLE 11 ‘
CALIBRATION OF KODAK GREY CARD FOR 2360K AND 2854K
SOURCE GEOMETRY REFLECTIVITY
2854K . 0°/p " 0.178 + 0.001
2360K 0°/45° 0.175 + 0.002
" 2360K 45%/0° 0.179 + 0.002

Envelopes containing four 8 in. X 10 in. cards were
purchased for about $2.00. Each card was cut into 4 giving
a secondary standard surface of about 20 in?. These were
then individually placed in plastic bags and sealed with
scotch tape. Cards were fastened onto the surface to be
measured by placing caulking compound from a gun and car-
tfidge onto thewyhite side and pressing the card firmly
into place, Cards were destroyea after one use, since
humidity, dust or dirt might affect their light absorbing
properties. . L ’ s ' .
@easuremepts were made with'the‘MacBeth Illuminomeﬁer
as described in Sectioh 5.4.1 on page 57. Method of recording

is shown on Table 20, page 209. Values of reflectivity are on

£ile with the*bept.,of Mining and Metallurgy, McGill University.

Precautions were taken to ensure both accuracy and -

precision. The rate of decay of the batteries was compensated.

lfor;by'adjuéting the milliamperelreﬁgiéé after each shot to

biing_if back to its standardized value.
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9.3 Laboratory Reflectivity Measurements

Again the Kodak Grey Caid&was chosen as a secondary
standard. Using a value of 0.179 in’ the 45°/0° position
as base value, values of reflectivity were obtained for
several possible geometric conditions (page 206). It then
became possible to méasure how the reflectivity of different
surfaces varied with the incident angle and the viewing
angle for bi~directional conditions. Since, however, there
is an almost infinite number pf geometric conditions, incident
angle was generally held to 0°. zero degree incidence is the
most important angle since a cap-lamp, headlights on a jumbo,
etc. are generally shone directly onto the surface to be
viewed rather than obliquely.

The reflectometer used a modified miner's lamp diffused
with ground glass as the light‘source. With modifications
incorporated into the syséem and described in Section 5.4.1
it was not necessary to compensafe for battery decay with
time or for colour differences.

Readings were made with either a MacBeth Illuminometer
or S.E.I'. photometer mounted in a template as the detéctor;
Figure 45" shows the geomeéry of the template which is posi-.
tiohed 1 m behind the sample. ~Figure 46 shows an operator
sighting through the Macﬁeth Tlluminometer mounted in one
,of the template holes and measpripg the refléétivity of a
réckasample mounted in.the goqiometér. The purpqée of the

template is to control the gedmetry of the recorded }ight.‘~
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Template Geometry
Figure 45

Laboratory Measurement of Rock Reflectivity
Figure 46
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The position of the detector is located with respect to the

light source. This location is defined by the OFF ANGLE

which signifies the angle between the detector and the light
source, and the READ ANGLE which denotes the polar position
of the detector around the'light beam, with the 0° position
corresponding to the zénith. Azimuth angles are then read
as one faces the specimen under study. Note that no off-

:
angles of 200, 25° or 30° are possible at the 180° read
angle position because the optical bench occurred in these
positions,

With test surfaces mounted on the goniometer the beam

of incident light could be moved through a horizontal plane

perpendicular to the surface measured. This is the INCIDENT

ANGLE which was usually held to 0°. The specimen could also
be rotated about a vertical plane., This plane of adjustment

of the light source could be varied with respect to the

surface Eeing measured when measuring a.flat surface and

was recorded as the TILT ANGLE. When measuring a non-ordered
surface, the tilt becomés meaningless and was not recorded.
The complete geometry of a bi-directional reflectivity

measurement, as illustrated in Figure 47, includes (1) inci-

dent angle, (2) off angle, k3) read angle, (4) tilt angle,
and (5) colour tempera@ure.

Reflectivity readings comprise the bulk of the experi-
mental wqu and are presented in the appendix on’ page 210.

C ' .
; (:) A summary of the data is provided in Section.9.4.
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Incident Angle

Goniometer

Test Surface

E Tilt Angle

— Off Angle

Optical Bench

— Recorded Ray
7 Read Angle
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Template

Detector

Incident Ray
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— —- Controller
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Plan View of Bi-directional Reflectivity Measurement
Figure 47 .
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Reflectivity Values

Table 12

Miscellaneous Surfaces

Surface Range Surface Range
Backfill (dry rock) [0.25<0.30| |Plastic(yellow lamp [0.69-0.93
(sand) 0.10-0.18 battery)
Reflective tape 0.36-1.70
Cement (clean) 0.10-0.30
(dirty) 0.05-0.13 Road (cement) 0.05~0.2p
' (rockfill) 0.08-0.11
Gunite (clean) 0.20-0.33 (sandfill) 0.10~-0.18
(dirty) 0.08~0.13 | A1
Rubber (tire) 0.02-0.05
(boots) 0.04-0.18
0 .
0 Shotcrete(clean) 0.36-0.50
0.06~0. Timber (sawn) 0.35-0.53
(vehicle fresh) 0.02~0.59 (bark) 0.07-0.17
{(vehicle oily) 0.02~0.30 ,
(wall fresh) 0.36-0.60 Whitewash (fresh) 0.65-0.95
(dirty or faded) 0.20-0.60
Table 13 Table 14
Ore Surfaces . Ro¢k Surfaces
surface Range Surface Range
Chalcopyrite(fresh) | 0,32-0,70 Biotite gneiss p.ls-ojziHﬁ
(oxidized) - 0.08~0.24 Biotite schist 0.10-0.42
Galena Calcarzous siltstone |0.47-0.63
Gypsum 0.45-0.65| |Chlorite schist A ']10.05-0.41
Magnesite 0.85~0.90| |[Diorite . 0.10-0.15
Pent~-Pyrrho(fresh) 0.12~0.75 Gabbro 0.08-0.12}
(oxidized) 0.08~0.28 Limestone 0.35-0.55
Pyrite 0.20~-0.34 Norite 0.06%0.15
Sphalerite 0.06~0,22 Pegmatite 0.24-0.27
Talc (white) 0.57~0.81 Quartz (grey) 0.36-0.52
(grey) 0.27-0.41| [Quartz Diorite 0.10-0.33
. Sericite schist 0.27-0.30
Serpentine 10.13-0.46
Shale 0.25~0.45
{Ultramafic ° 0.06-0.12

T
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O . .
e 9.5 Increasing the Reflect1vﬂ‘¥_cf Mine Surfaces

The added luminance in mines which can be obtained

by the simple expedient of increasing the reflectivity of

a surface should not be overlooked. This is particularly
true for fldors, walls and backs of the underground openings
since these are the largest reflecting surfaces. The effect
of a fresh coat of whitewash is striking. The greatly im-
proved reflectivity of the whitewashed back or walls has to
be measured to be appreciated. Reflectivity measurements
on both the untreated wall and the same wall with whitewash
on it were obtained at three mines where the whitewash was

at least two years old.

Effects of Whitewash on Surfacgs ]

Mine Untreated Whitewashed
Surface Surface 3
:
Brunswick 0.25 -~ 0.30 0.40 - 0.60 ]
StrathCO.na 0.25 e 0.32 , 0035 - 0.70 e~ '
Flin Flon 0.13 - 0.20 0.25 - 0.70 _ i

}

Reflect1v1t1es are roughly thce as hlgh for a whitewashed.

surface than for the untreated surface. For fresh white-

fwa%h, values range from 0.70 to 0.95. .Whitewashing then

can easily double the luminance without altering the llght

source, Areas noted where whitewashing has been applled in-

clude shaft stations, main haulageways, lunch rooms, rxamps, - * .

underground garages, tipples, crusher stations, internal

'hoist rooms and conveyor ways. ‘ S

<

’. ’ Other rock surface coatings are equally effective.

<:)" .. . Stone dust might prove beneficlal in stoping areas. Although o




O

not nearly as permanent as whitewash it is much easier to

apply (75). Paints too have proven satisfactory. ’Metallic
paints though should be avoided. Not only is their reflec-
tivity not as high but it has a.high specular component as
well. A flat white paint would be best. Its feflecfivity
is similar to fresh:whitewash but is more expensive.' Any
treated surface other than stone dust should be washed
periodically as accumulations pf dust or mud lower the
reflectivity with time. .

In addition to cutting down on tire wear a cement
floor can greatly improve illumination since the reflectivity
of cement is often higher than the country rock. Similarly
shotcretiﬁg or guniting can modify the reflective propértiés
as well as provide ground support. ,

Specifications for new éqﬁipment could include a
minimum value for reflectivity. The writeri%ook meaSUréments
on a new stoper painted a metallic grey with a value of
only 0,08, Yet values over 0.50 are ppssible with many
metal péints. In thg initial draft propoéed by MESA for
f%les governing illumination in mines a minimum reflectivity
of 0.50 was specified. However, thedpéw regulatgon states
that paint used on exterior surfaces of mining machines shall
have é minimum reflectiViéy of 0.30, except cab interiors

and other surfacés_whibh might‘adéeréély affect Qisibilitf R

'(116). ThHe change was instituted in order to permit the

use of common types of readily available protective paints

and materials. = . Co .
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(* To a certain extent, the reﬁ@ectivity can be con-

trolled by choice of light source. Mercury vapour emissions,
which are in the blue green band, tend to give high reflec-
tivity factors, whereas sodium vapour émissions, which is
mo'nochromaticv light in the yellow band, ha\;e a large part

of their light absorbed. S »

, The use of reflective tape is highly recommended.
i : - . .
Laboratory measurements on various types of tape gave- ’ .

reflectivity values ranging from 0.90 to over 1.00 at 0°

incideht and, low viewing angles. The tape is often installed

on bicycles. When driving at night the brightness of the

tape provides an effective visible warhing of the presence

(0 " of the cyclist. Underground the tape would be installed
‘ on each end of mining machines and on the sides and back
of a hard hat. Reflective tape will soon be mandatory’ in

the United States on machines and hard hats. MESA rules ;

specify that the area of each tape shall be not less than B
10 square inches whén mounted on:machinery and 6 square inches
when placed on a.hard hat (116), \
. s ~
;f properly used and maintained, dark red glass'
‘reflectors are superior to trip lights on running equipment L.

in lighted haulageways (51,105). ‘ '

- . . . - v « . P , a ) . e - PR
! - . i v, A
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that any code is rareiy th’e complete answver to the problem

. still remain. -

A CODE FOR MINE LIGHTING S :

Y

e - L

10.1 General t ‘ o

g "‘G'dod—li’ghtiﬁg is necessary for safle 4nd eqfficieent

work in underground mines. The provision of codes and

reco'xnmendat'ions ‘would be an invaluable guide to- the person
Qlanning the underground lighting and would avoid desig'ning

from flrst principles. Any code sa produced must be very

cas:efully arrlved at and stand@rds set must be both econonrically

¥

feasible and socially desirable. It must~1?e borne in mind’
it was meant to help solve, for whenever a stage of knowledge

is reached upon which a’ code J.S based, unsolved problems . ’ -

'
4

In Canada, each pro{rince regulates its own n'\ines

act.' Most provinces follow o,ntarlo s lead smce thls province

~was the first to come out w:.th regulatlons and has malntalned

(VRS

a hJ.gh level of research. Where regulatlons ex1st concerning

llghtlng in mlnes, the provinces ysually follow the recommen- )

dations of the Canadlan Electr:.cal Code. Part V of the Code .

L3

'Use of Electrlclty in Mines' states that llght.xng circults

, .

shall be prov:.dec?' with protection and control in°accordance

Wlth the requirements of the Canad,ian Electrlcal Coﬁe Part I

'EssentiaI Requirements and Mlm.mum Standards Governing '

'.'Electrlcal Installations for Buildings, Structurea and Px‘emmses.

<a Ve,

PPE}
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“cquantity and qualliy of light that shall be required for

"the Physics Div151on, NRC. is Vice—President of this inter-

.sa;ected to gcg aaﬁsecretariqt country for mine 1ighting.

' - 159 -
‘Hgnce, the means of setting up the lighting is well regu:
lated but no definite requirements for illumination levels
have yet been made., Illumination levels presently used in
mines are below the levels of easy measureménts and'outsige
any recognized standard of illumination. This is iargely
because of economic considerations. A certain minimum
standard of lighting shouid be aimed ae; What this standard
should be, however, is of a controvexsi?l nature, and guidance
can only be obtained by referring to llghtfhg 1nstallations
in mines in other countries and in other industries.

L

&

Seyeralisountries have published guidelines on the
various underground tasks. Canada has access to this infor-,
mation and how it was arrived at throughwits membership
in the Commlssion International de l'Eclairage (CIE). This
is an_ ihternational body concerned with illuminatlon whlch

*holds méetxngs at 4-year intervals. Dr. Gunter stcecki of

national body. All countriesrhaving an interest 1n lighting

:matters send delegates to the CIE. Recent meetinga have been's -

%

"L5th 1963 - Viennd B '~., auE

e lath" 1967 Waslrington
. : 17¢h 1971 - Barcelona .
. . 18th 1975 London . <

1

The lﬂth session 15 slated for Japan in 1972}

“ .

1

- COmmittee 8~3.1.5 - 'Mine" Libhting' formerly covered’

'illumination in minea. For each meeting, one country wﬁi

-
o . . o . : )
. . . e T ¢

3

"
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in underground workihg places in five othér countries. 8ince

- 160 - )
This country circulated axquéstionnaire to member countries :
and a summary was prepared for discussion at therCIE meetings.
Unfortunately only about half the member countries replied
to the guestionnaire, and in consequence in 1967 it was i
decided to disband the commiétee. At the London conference
it was decided to reactivate the. conmittee on Mine iighting
and it is now known as Commi;tee 4.10. Canada's affiliation

to the C.I.E. is through the Canadian National Committee 'of

the International Commission on Illumination (CNC/CIE).

)

v
Secretary of CNC/CIE at the time of writing is
{ »
“Mr. Alan Robertson
Divigion of Physics
National Research Council

Ottawa, Ontario
K1A OR6

Mr. G.K. Brown of Fuels Division, Mines Hranc¢h has , 2 f

in past years collected available information on mine lighting

in éénadian mines. The preaent Canadian corresponding member

for mine lighting is Mr, Fred‘DgggEgwg£f5@mgg;gn~CansulL_41___ﬁ_\\

Information on 1ighting in Capadian mines prior to

41967 can bg/fnund in the ﬁhrioua*CIE reporhs on mine lighting

~ . 7 N
e T el
~_ - =TT §

10 2 Mina Lighting in Other Cduntries

"“The following data is a summary of . regulations L

or guidalines pertaining to the leVel of illumination reqﬂired 31,

.‘standards of illumination tend to ipérease ﬂrom timg to time JU

s
T

- - .. - . ," '
. . .
g . ¢ . ' ' . oo .ot
- N Vi - ’ -t .
. . Sla . . f .
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there is no quarantee that the data presented is up to date.

10.241 Great Britain ‘The National Illumination

» Committee offGreat Britain divided the subject of lighting
"'_into eight sections. The' lighting of mines is a sub-section
of the main Eection titled "Applications - General". This

sub—committeeyhas reported that the standard of lighting
underground is too low and reacts adversely on production,
safety and heelth, and came to the conclusion that it was
‘anomalous that standards for general industry should be pr
less than that.in,mines. The minimum level of working areas
in general induetf& 15 6 f. c.'(lI3) ‘

, The,committee urged that a minimum standard of
lighting of 0.4 f ¢, in the general working area should be
aimed at and no, attempt was made to establish different
illunination standards to apply at different places. Since
this standard of lighting is not likely to be provided by
éortable l;nps alone, a system of cable‘fed lamps suppie-'
mented'by cap lamps is probably necessary. .

‘ Curfently, there is no code but guidelines are sug-
gested, based on standards employed by the London Underground
thnsport System. These guidelines state that illumination
should vary with the task (39).

A level of illumination of not less than 0.5 f.c.' on

the working plane alonq haulaga roads should be aimed at,

while at pointu,whera npecilio work is being onrriad out this




minimum must be considerably increased to something of the

"and transfer points should be illuminated to a level of at

the highest lighting levels found in Europe.

Working Place L " Illumination Level
- o - . s " (lux)
Loyest Point of Shaft- -High Traffic . 60 - 100
. Low Traffic ‘ 40 - 60
Haulageways - High Traffic D - 5 - 10
Low Traffic .ot 2 ~ 4
L] ' Q;;\, B \‘,\
Intersections ) . 40 - 60 « « iy
L} - - 1 i‘ 5
Loading Points E 40 - 60 ’
Around Machinery ' 20 - 50
* Underground Repair Room T o .20 - 50
Transfer Ppints © ) : . b 10 - 50
"~ 10, 2 3 CGermany and Holland A report entitled .

sy - "
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order of 6.0 f,c. for workshops. Main junections, loading

least 3 f.c. Such light huantities, however, must be

accqmpanied by goo& non~-glare lighting installations;

-

10.2,2 Hungary Table 15 shows the values of

illumination recommended in Hungarian mines (38), and are

b

‘Table 15 ,' o

Recommended Lighting levels
+4n Hungarian Mines

"Safety Aspects of Mining Methoda in Gcrmany and Holland"

states that on tha coalrface an illumination of 0 5 iac« is

R
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' usually exceeded and is geherally nearly 10 f.c.; some

faces having about'zo'f.‘c. (114) .

The standards of the German Technical Advisory
Lighting Association make ‘an attempt to establish different
illumination standards at diﬁferent places but no attempt
was made to specify the'luminance'desired'off the working

plane.

10. 2 4 Bwitzerland In Switzerland the values given

in Table 16 are generally applied regardless of the industry

and are for general guidance only.

Table 16

'Swiss Guide to Light Intensities (1)

-

: N ) Necessary
Type of Work ‘Examples Light Intensity
o ‘ - © in lux
Not precise ’ Storing of goods 80 -~ 170
Moderately precise Fitting (not precise) . 170 ~ 350
.Precise Reading, Drawing 350 - 10 ggg

Great Precision Fitting (precise) 700

S

) ﬁb.Z.S United States 'In the United States a great

. ) )
deal of detailed study has been done to provide supporting

data for proposed standards in coal mine 'illumination. This

is in resp0nse to the requirements of the Coal Mines Health

" and Safety Act of 1969 (116) , which requiradthe Secretary of
.vthg Interior to pxopose ‘standards under whioh all places in a

.m;nefare to be,illuminated while persons are working. The

s

k4
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necessary research to provide basic data for .establishing

light standards was conducted by the National Bureau of
Standards and Spoﬁsored by.the Bureau of Mines.

.yitchcock (99f, Halldane (98) and Yaﬁtz (110) all
conducted important invéstigatiqns. Hitchcock defined
the visual tasks involved in the underground mining opera-

tion, used-a visual task evaluator and mock up ef mining

machinéry to determine the minimum luminance levels for

each of these tasks, and applied corrections for age and A | ' ]

other environmental consxderations. For this work he used '
techniques developed by Blackwell {17, 20 21,22). Halldane i
reported on maximum levels of illumination which should be
.permitted ané methodg of,elimineting glare. Yantz investi-

" gated available mine lighting hardware and reported on hard-

ware which had been developed specifically to comply with

proposed standards. ‘ - 3 .
Using guidelines that 2@ ft.L. constitute glare condi— _\ J
tions ‘'underground and 0.06 fi.L. repreeente the minimum; o V
light foi a person to distinguish‘an object, standards were ' !
proposed.by MESA which covered illumination levelsw light ' {
dietribution, reflectivity of equipment, cut-off angles, and ﬂ

method of measurement.  These standards werewpublished in

1970 and modifiad.in 1971, A public hearing was coﬁdueted,

.. and revised etandards wete published in the Federal Register

of April 1, 1976. In the April 1 issue notice was given that o
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the final standards will be published in the Federal Register

of October 1, 1976 and eighteen months after this date all
working places in a mine shall be illuminated in accordance

with these standards.

t

Section 75. 1719-1 of the April 1 igsue of the Federal

Register is .quoted in part. "Each operator of an underground

coal mine shall provide each working place in a mire with
.lighting as prescribed while self-propelled mining equipment

i is operated in the working place." Self propelled mining

‘eqdipment means equipment which possesses the capability of
moving itself .or its associated components from one location
to another b§ electric, ‘hydraulic, pneumatic, or mechanical

‘! v power supplied by a source located on the machine or trans-

- ' " . mitted to the machine by cables, ropes, or chains. The

‘1ighting prescfibed shall be in. addition to that providéd

by personal cap lamés, The luminoﬁs:intgnsity (surface bright;
ness) of surfaces that are in a miner's normal field of vision-
of areas in wéik ng places that are reduired to .be lighted
shall be not less than 0.06 foot~-Lamberts." -

Although the stanfBards call for a m}nimum of 0.06 ft.L
which: on first reflection, seems like a very low level, it
should be borne in mine that the entire area is to be illumin-

-

: /- . .
ated. The peripheral vision is thus recognized as being import-

4 : _ant for the'safe'performapce'of'undergrqun@ﬁmining,ggﬁkq}gxm 17).

o -
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The maintainance of a minimum level also ensures men will

not have adagtion problems as they leave the illuminated

work place since 0.06 ft.L.‘is about the same level of light
as that provided by the cap 1émps for close visunal tasks. ‘
When leaving an illum;nat;d face area all the miner suffe;s
is a 1933 in periéhefal vision.

Hitchcock's work showed some tasks require luminances

greater than 0.06 ft.L. Since these tasks are all relatively

close to the operator they all receive supplemental illumi-

nation from the cap lamp so again there is justificatioﬁ for
the 0.06 ft.L, minimum. - The usual cap iamp»produces a

luminance level of around 0.1 ft.L. for close tasks (56).

} Sinée these cap lamps have beam angles that range from 56 to

320 it does not provide-adequate.lighting to the sides. A
speciai cap lamp (page 110) has been developed‘for this purpo-
se (28,93). . ' |
The United States has takenwan imbortant first step in,
regulating mine illumination and in déveloping the necgsséry
hardware in spite of the inherent costs'té the coal industry.

Their continuing-investigations and research will be followed

‘closeiy. It will be inﬁéresting to see if the code is modi-

fied in the final draft .and if it is éventually applied to the

rast of the mining industry.

10.3h A Mine Lighting Code for Canada

Wo;k‘by‘ﬁegton (66) and Blackwell (20) in particﬁlar, ’

~ * ' . ' -
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have shown that it is possible to derive a lighting code on

a strictly analytical and scientific basis, thus avoiding
the criticism of commercial pressure. Blackwell's data was
adopted:by the CIE in Washingéén in 1967 and is universally
known. The 0.06 ft’L. level used in the United States was
arrlved at by using a‘Visual Task Evaluator (88) developed
by Qlackwel%. Laboratory expepiments simulated both the
coal mine environment and the working tasks to arrive at
illumination levels. . The experiments could be ¥epeated in
any country based on that eéunfry!s mining tagks, mining
environment, and mining equipment to analytically arr;;e at
a minimum luminance level. - | Y

Basically there are two distinct methods by which

recommended levels of illumination can be specified for any

ﬁ ‘ given visual task. An absolute minimum illumination can be

" stated in which the visval task can be performed %déquately.
In American coal mines if the level of luminance falls.
below 0.06 ft.L. where mining machinery is employed, fines
can Béhimposed. While.tﬂis\will undoﬁbtedly lead to an ’ -
‘increase in illumination it has the majortdisadvantage that\;7'
' operators will attempt £o just get above the minimum to keep
costs gpwn. Algo, where mini@um standards have been set, many

authorities consider that the figures are too low.

The seCOnd method of specification is to use a recom-
mended level which is considerably above the obligatory mlni—

'(&) mum. Codes of recommended 1ight1ng practice usually state

-




. ‘ - 168 -

both the necessary illumina#ien level fér adequate visual
perférmance and the level which wili avoid glare discomfort.
Comparisonsfbetween differéntlcodes issued in different
countries show that‘univérsal agreemeﬁp is difficult to
obtain. . _ t

As thé~ﬁechanizeé'eqﬁipmenﬁ used in modern miﬁing
becomes more sopﬂisticatedvahd more costly it.is increésiqg—

i

ly important that the level of illumination should enable

" men to work safely and efficiently in and around machines.
-Minéfoperators will pay‘incfeasingly=close attention to well

.thought out lighting speéifications. Recommendations should

be spelled out in the Mining Act to meet'this need for guide=-
lines.

A third method is offered as to how these specifica-

tions could bé spelled out. Hitchcock has shown how the mini-

mum level of mine lighting can be arrived at. Other experi-

menters (44,66) have shown that the performance of working men
increases with illumination up to a certain level of lighting

and once this level is reached further .illumination will have

-

no beneficial effig;/bn-wbrking performance. Experimental

woxrk simulating 9ining'conditions-kould determine what this.

 maximum level of illumination is. Guidelines could then be_

published for variqus.mining taskstlisting the range'of values
: ~

between m;nimum and maximum. "“#his would allow operators to

strike a ba%ance between costs and benefits. A%%daﬁa accumu-

lates it should be possible to narrow the recommended range. -
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" At the same time formulae could be given to-equate any:
{llumination value in the given range to the allowable
haximum brightnesé of the 'source and to the méximum'

\

~allowable change‘in@iilgmination withmchangiﬁg locﬁleJ

This would then control glare and eliminaéé eye adaptation

problems.
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CHAPTER 11

CONCLUSION

IS

. Underground lighting can be greatly improhed over
that prOV1ded by vehicle headlights or cap lamps. Some of.
the necessary hardware is making its appearance on the
market, itg benefits have been field Eested, anq the value -
and means of improving reflectivity are nbw'undérstood.

Mine operators and mine llght de51gners should be

!aware of thls‘technology It is important too that they

L

'understand the consequences of the quantity and quality of

undergrqund illumingtibn since it has implications in the .

areas of worker productivity, worker safety, worker morale,’
, Fa. .

and equipment accidents. With this understanding, instal-

lation and operating costs. for mine ililumination can be

justified.

Tables of illumination values' encountered at several .-

underground work sites are provided in Appendix E. Generally

‘sgéakiné, where flixed l%ghting was employed, values were well

' .above any recommended minimum, The Gariety of lighting hard-

ware encountered by the writer and ;described in Chapter 7
demonstratés too that Canada is in the forefront in innova-
tive‘practicés. The number of mines though that are taking

positive action to improve the mine luminance environment

Stlll remdins im. .the mincrity, o ;-
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Tables of reflectivity values are prov1ded in Appendix<
H for several types of surfaces commonly encountered in under-
ground workings. This data is important for séveral reasons‘
and provides the first extensive measurementS-of its‘kind :
applicable to Canadian mining practices. 1In general the

0

reflectivity values of natural surfaces are very low, point-~

oy .

ing out the importance of measuring light in’ terms of lumin~
: o AR -

.ance rather than illuminance. uThe tables allow the mine T s

lighting designer to compensate for the llght naturally

absorbed by the underground surfaces W1th which he is dealing.
\

Finally, if optimum luminance levels are. to be determined .

experimentally, then the mine environment will have to be .

duplicated in the laboratory. The predetermlned reflect1v1ty

4

values will allow the experimenter t0551mulate underground

surfaces in a laboratory enVirQnment.where precise measure-
") . 'ments can be taken. I

Since one sees by reflected light then this light -
should he usedJln almost all design criteria. mhe~direct
light from source tq eye retaihs,its'imbortance only wheh
dealing with‘the\effects‘ofuglare. Although a great'deal
of research has been done to establish what co?stitutes
glare and how best to avoid it, research is badly needed
to determine what the optimum luminance level is fOr Various

)
o underground tasks. Mining acts should specify minimum and .’

-makimum luminance.levels for tasks. These sgtandakds of . , |

P
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] - ‘ luminance could act as reécommendations and need not neces-

R . L ‘. S
' .sarily be made mandatory. The research techniques have

been developed to provide these values and their publication

in the mining act would give them the necessary stamp of
il N ‘ ' ! ' -

. authority.

" The environmental aspect of underground mine lighting

+

v is an.excellent field for other research.. 1In addition to

the éstablishment’of luminance standards, other areas requir-

i

ing lnvestlgatlon are: - ‘ e

;_];' - the development, testlng, and ultlmate government
sanctlon of an 1nexpen51ve phoﬁometerfto measu;e .
1ow levels of 1um1nance. |

~ ‘the correlation which exists between wbrker pro- A

duction arid the quantlty‘and quality of light in“‘}

a
° L4

A "" the working place. . L ) . ‘ ;

'

fp W

- the effect of llght on acc1dent frequency and

3
o

SR ; severlty to men and. eqﬁlpment.
! , " : ‘:f - the development and testlng cf small battery powered‘
o o light gources to replace the tradltlonaﬁ)tungsten

o x fllament in ﬁhe minef‘s cap lamp.

.

o ) - '.  ~ the’ testlng of monochnomatic sources of "light to

D o

gof 1ncreased visual acuity and decreased light

oY 9

oo o transmission losses. - '
) o . . v

s ‘. " . = the deveIOpment of«a 81mple fLeld procedure to

A \',,“ , R
k. <:> : f . L measure reflectlvitiee bf surfaces underground.

o

ascertain the beneflts which might be gained because .

e . eas
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I ——————— S

“ﬁ"

.

thereby enabling mine environmental engineers to
obtain basic data needed in lighting design cal-
culations.
the investigation of the effects of the various
parameters affecting underground illumination so
that suitable design formulae can be arrived at.
the testing of various types of metal paints to
ascertain those most suitable for equipment
identification.
the testing of 1nexpensive rock surface coverings
to ascertain those most likely to give high reflec-
tivity with a low specular component.
the testing of surface coatings tc find those that
compare 1n reflectivity to underground rock surfaces
so that underground visual tasks can be simulated in
a photometric laboratory.
a continuation of the development and testing of

P
mine illumination hardware to find higher effic}ency,
lower’brightness, longer lasting, and less expensive

AC and DC light sources.

J
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Guide for Photometric Measurements of Mercury Lamps. (3) IES
Guide for Life Performance Testing of Fluorescent Lamps.

(4) IES Guide for Measurement of Photometric Brightness.

(5) Practical Guide to Colorimetery. {(6) General Guide to
Photometry. (7) IES Guide for Electrical Measurements of
Fluorescent Lamps. Illum. Eng. (1) 51, 597 (1956), (2) 44,
655 (1959), (3) 51, 595 (1956), . (%) 56, 457, (1961),

(5) 55, 109 (1960), (6) 50, 205 (1955), (7) 44, 410 (13949)

Depreciation and Maintenance of Interior Lighting. Illuminating
Engineering Soc., London,Technical Report No. 9. (1967)




Coal Mines. Ocean Energy OFR 58-74. (1974)

The Design of the Visual Field. National Illumination Committee
of Great Britain. Sub-Committee on Principles of Lighting,*
Report. Trans. Illum. Eng. Soc. London, 16, 225 (1953)

Desirable Illumination Levels in Indian Coal Mines - an
Investigation. Research Paper CMRS~V13/29 (Central Mining
Research Station, Dhanbad). (1966)

Development of a Portable Task Luminaire for Underground

Development of Minimum Luminance Requirements for Underground
Coal Mining Tasks. NAD-crane,- OFR 12-74 and PB 230 447A/S.

Electric Cap Lamps. Dept. Interior BuMines Code of Fed.
Regln, (1966)

Electric Mine Lamps_other than Standard Cap Lamps. Dept.
Interior BuMines Code of Fed. Regln. (1966)

Flame-proof Coal Face Lighting System. Coll. Guard., 751
(Nov. 1968)

Fluorescent Lighting on Automated and Semi-automated Faces.
Mng. and Mineral Eng., 11 (Nov. 1968)

How To Make a Lighting Survey. Lighting Survey Committee of
the IES. Illum. Eng., 57, 87 (1963)

The I.E.S. Code of Recommendations for Good Interior Lighting.
The Illumination Engineering Society (London). (Apr. 1961) -

Illumination in Underground Coal Mines. Dept. of Interior,
BuMines Fed. Regr., Vol. 36 No. 207. (1971)

Imﬁroving the Miners Working Environment. New Sci., 4, 593,
(1962) -

The Le Havre Tunneéls. Light and Ltg., 49, 329 (1956)

Lighting Equipment for Illumination Underground Workings.
Dept. Interior, BuMines Fed. Regr., 23 (1958)

. 7

Lighting an Underground Factory. Light and Ltg. (1945)
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Miners' Lamp Bulbs. B.S. 535 .. ) 0

Miners Lamp Maintenance Standards. N.C.B., Information

Bulletin No. EE. (50). 2

Recommended Method for Evaluating Visual Performance Aspects
of Lighting. Proposed CIE Report No. 19, Commission Inter-
nationale de l'Eclairage.. (1971) ’

Report of the.Mine Lighting Sub-~-Committee. Trans. Inst. Min.

Engrs., 114 (1954)

Seventh Annual Research Review 1969, Chaﬁber of Mines of
S. Africa Research Organization. (1970)

Some Experiments in Fluorescent Lighting on the Coal Face.
N.C.B. Information Bulletin, No.EE (50). 3 .

Specification for Light Sources for Miners' Portable Electric
Lamps. BS 535 England. (1973) :

Test Approval of Safety Lamps and Their Component Parts for

Use in Mines., 4th ed., Ministry of Power, England. HMSO (1958)
Tubular Fluorescent Lamps for General Lighting Service.

BS 1853 (1967)

Tungsten Filament General Service Electric Lamps. BS 161 (1968)

Underground Lighting at Weside Co}iigry. :Coll. Guard., 563
(Nov. 1967) ' ,

The Occupational Safety and Health Effects Asspciated with

Reduced Levels of Illumination, Proceedings of Symposium
Cincinatti, Ohio July 11-12, 1974 . HEW Publication No. (NIOSH) Wy
75-142 R :




to multiply by the approbriate conversion fadtor;\ For e

to determine the lux equivalent of 350 foot ‘'candles,
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APPENDIX B

DETER@!&ING SI UNITS ‘BY TABLE

-

The table is found to be easier and faster to use than

e,

it g »
P p
350 1is #

located in.the first ‘column and the value 3766 is found on

théhsahe.liné An the second column under 1x. This value would

then be‘founded Ooff to three significant figures. If 35 or -

3.5 fodt—éandles are to be converted, the 350 foot candle

2

value woudld stiil be used, the value being decreased by a

factor of 10 or 100 (42).

TABLE 17

ft.L cd |fft. L cd -{lft.L cd |fft. L .| ed

f.c | 1x | m2llf.e | 1x | mllf.c | 1x | Tmellf.c | 1x | "me
100[/1076[ 343f{330[3551[1131][ 560[6026]/1919][ 790] 8500/2702
110}1184] 377]| 340]36581{1165]| 570[6133|/1953]4 Bo0o| 8608[2741
120]1291| 411|{-350]3766 ]1199]|| 580]6241[1987|| 810] 8716]2775]|.
130]1399] 445]{ 3603874 {1233]| 590[6348]|2021]| 820| 8823|2809
140]1506] 480 37013981 [1268]| 60016456|2056]|] §30| 8931]|2844
150[1614] 514]] 380/4089[1302}]| 610/6564|2090]] 840] 903812878
160|1722| 548]] 390]4196]1336]] 620]6671|2124|| 850] 9146[2912
170]1829] 582]|| 400[4304{1370}] 630[6779[2158]| 8601 9254[2946
180119371 617|[ 410[4412]1405|| 640|6886(2193|/ 870 9361(2981
190]2044| 651!| 420/4519./1439|/ 650/6994[2227]|| 880 9469|3015
200|2152) 685|] 430[4627]1473]] 66017102{2261]} 890] 9576] 3049
21002260 719]|440[4734|1507}| 670]7209[2295|[ 900| 9684|3083
220]2367] 754|| 450[4842 (15421 680(7317[2330]|[ 920] 9792|3118]"
230[2475] 788]] 460[4950]1576|| 690(7424]2364}] 920] 98993152
_ 24025827 8224705057 {1610 700[7532/2398][ 930{10010/[3186
25012690 857]1480/5165 |1644]] 7101764012432/ 94010110 (3220}
260(2798].891|{ 4905272 ]1679}| 720[7747({2467]] 950102203255
27012905] 925]{ 5001538017131 73017855[2501]{ 960[10330(3289
28003013 959]] 510/5488]1747]| 7401796225351 970[104403323
29013120 994]| 5201559511782 7501807012570]( 980[1054013357}
300(3228]1028][ 530[{5703 {1816 || 760181782604} 990[10650]3392
310/3336|1062/| 540]5810]1850|f 770 |8285]2638]
320 1096){ 550]5918]1884|{ 780[8393]2672

3443

«

xample,
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Appendix D

Table 18

List of Parficipating Mines
Underground Lighting Studies

Mine | Mine Products Company Location
No. Name Mined
1 Kilmar magnesite Dresser Indus- Quebec
' tries Canada
Ltd.
2 Baker talc Baker Talc Quebec
Limited
3 Bathurst lead Brunswick Min- N.B.
zinc ing & Smelting
copper Corp. Ltd. ‘
silver
4 Needle Mountain| copper Gaspé Copper Quebec
L molybdenite | Mines Ltd.
5 Falconbtidge nickel Falconbridge Ontario
copper Nickel Mines
Ltd.
6 Strathcona nickel Falconbridge Ontario
copper Nickel Mines
i Ltd. -
7 Creighton nickel Inco Limited Ontario
copper
8 Stobie nickel Inco Limited Ontario
copper .
9 Denison . uranium Denison Mines Ontario
. Ltd. .

10 New Quirke . uranium RiQ Algom Ltd. Ontario
1l South Main copper Hudson Bag Manitoba
' zinc Mining & Smelt-

golid ing Co. Ltd.
. silver
12 Schist Lake copper Hudson Bay Manitoba
. . . zinc Mining & Smelt-
) silver ing Co. Ltd.
13 Manibridge. nickel Falconbridge Manitoba
) copper Nickel Mines
" : . ‘ Ltd,
14 Thompson Tl nickel inco Limited Matii toba
copper d- .
15 Birchtree nickel Inco Limited Manitoba

copper

1
1
.

e Ay b ninn

e e e mar - =
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Appendix E
Table 19
3
Fixed Installation Illumination Levels in some Canadian Mines !
- |
Undexrground Mine Type of .Highest Lowest Mean ;
Working and Light Description Valupe Value Value 1
Place lLocation Source (1x) (1x) (1x)
#2 100w t. fil. | single bulb
400 L. s Verd-a-Ray protective 8.4 4.2 8.0 !
at fire door cover N
Shaft (floor) 2m ht. ot
I
. #5 200w t. fil.
Station 2800 L. 2 bulbs 85 45 65 -
(floor) G.E. 1000 h
#6 l00w t. fil. | bulbs
- 29251, Rough strung on cable 34 4.3 33
Service at 3m intexrvals
#2 loow t. fil. | single bulb
, -l 400 L. Verd-a-Ray 2.5m ht. 14 12 13 . . N
Grizzly ore pass
(floor)
#14 Na (v) 2 at 3 m ht. )
C & F Stope |238-2400 500W 120V 110 7.5 22
stope

e e S A~

‘e
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Underground Mine Type of Highest Lowest Mean
Working and Light Description Value Value Value
Place Location Soutce (1x) (1x) (1x)
#3 Hg (v) DX 3 rows of 5
2350 L. 1000w lamps each - - 290
m ht.
44 150w t. fil. single row of
. in garage PAR 5 lamps 1m - - 1500
Shop from bench top
, Workbench | 4¢ direct: 7 sets of 4 ft
2900 L. fluor double tubed
garage . indirect: 2 rows at 4 m c |
: Hg (v) apart 5 lamps per 310 250 290 o
r t 6ém spa S
[ B om spacang ;
$11 300w t. fil. | wall mounted
3250 L Refl. Flood spotlights 240 130 200
heat resist.
$#11 200w t. fil. _
Hoist Room 5530 H.R. Rough Service T~ 27 43
3000 L .
Track #14 fluor. Single row 8 ft.
' Haulage wa 2400 L cool white double tubed at 220 130 170
' g Y | main x-cut dm spacing 3m ht. :
Fuelling $#6 Hg (v) wall mouﬁted
Station 2900 L 430 72 360

s Rt st AN




& 0 .
. Underground . Mine Type of Highest Lowest Mean
Working: ‘and i Light Description Value Value Value
: Place Location Source (1x) {1x) (1x)
#3 luor. two rows
©2350 L. - ¢ ool white 8 ft. double
#2 shaft tubed at 1lm 390 120 300
(table top) spacing 2.5m ht.
- #6 40w uor, single row
2900 L. 4 ft. double
large L.R. daylight tubed at 0.5m 200 34 95
Refuge (table top) ) ; spacing
#6 40w fl&Fr. single row
Stati 2900 L. 4 ft. double 240 150 190
ation small L.R. daylight tubed
(table top)
- 7 -
3250 L. at 2.5m centers
) #14 fluor. single row
2400 L. cool white 8 ft. double tubed 650 220 430
at lm. spacing
3m ht.
#4 C zone Na (v) 13m between lamps 160 5 50
Scoop Tram | 208 stope 250V at 8m ht.
ramp
#6 Hg (v) 8m between lamps
2900 L. 150W at 3m ht. . 46 15 32
Conveyor #6 100W T.F. on spencer cable 110
Ramp 3025 L. /| Rough Service| 5.5m intervals 4.3 54

- €Q0¢C -
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mounted at 3m ht

O e 8
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® .
Underground Mine Type of Highest Lowest Mean
Working and Light Description Value Value value
Place Location . Source {(1x) (1x) (1x)
. #3 8 Hg (v} -
2950 L. 4 t. fil. 54 5.4 30
#5
2300 L. Hg (v) - 54 5.4 43
Crusher 46 6-400W Hg (v)| roof mounted
3025 L. 2 t. fil. 220 56 190
(1m) 4-125W Hg (v)| platform mounted
“$11 300W t. fil. 4 roof mounted
3250 L. Extended at 1lm ht. 37 * 13 20
Service
46 40W fluor. single row at
2900 L. daylight 4 ft. double - - 70
lunchroom row at 0.5m
Shifter's spacing .
Office
$#11 40W fluor. 3 banks of
3250 cool white 4 - 4 ft tubes 1300 650 1100
Extended Ser- :
vice
#12 fluor. 8 ft double
2400 L. cool white tubed wall 840 470 650

R A T RN AR -
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Underground Mine Type of Highest Lowest Mean
Working and Light Description vValue vValue Value
RPlace Location Seource (1x) (1x) (1x)
#3 Hg' (v} DX 3 rows of 5§
2350 L 1000w lamps each 1100 580 730
(floorx) 7m ht.
$4 gtZ. halogen| 1 wall mocunted '
garage -, 8.5m ht. 46 37 42
entrance \ °
#6 Hg (v) 2 rows at 4m
Garage 2800 L . apart 5 lamps
0.8m ht. per row at 6m 300 110 250
N spacing 10m ht.
S
w
#11 150w t. fil.| 2 banks 6 bulbs I
3250 L Rough per bank 260 54 120
Service
$14 -~ fluor. 8 ft double tubed
2400 L cool white 8 wall mounted at
Y . 3m ht. 6 back 670 160 410
mounted at 6m ht.
. #5 200w t. fil.] 1 bare bulb - - 53
Charging 2900 L G.E. 1000 h
Station
#6 100w t. f£il.| single bulb - - 52
2900 L
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9(—*“" Appendix F

0.27

Secondary Standard Reflectivities
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T
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N X /0

0.24
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0.15

10
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Kodak Grey Card Incident Angle Reflectivity
Figure 49
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g.(__ Appendix F
\ Secondary Standard Reflectivitigs
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SHEET NO. _3 of 10
APPENDIX G -
TABLE 20 "
UNDERGROUND REFLECTIVITY REPORTING FORM
R R R R R X R R R R EEEE R EXZEZEEE RS EEEE RS & XS 84
DATE _Nov.14,1975 LAMP No. 100 watt T.F.  INCID.ANGLE ' _0°
MINE Baker Talc BATTERY NO. Verd-A-Ray RECORD ANGLE 45
LOCATION 40Q level at ore pass TEST-PLATE ANGLE Horizontal
OPERATOR _LL REF. STD. PLATE 0.786
RECORDER _DT REF. TEST PLATE 0.175
CALCULATED BY _LL "A" DIAL (3 F.C.) 233/
CHECKED BY DT AMBIENT TEMP. +10°C
WORKING LAMP STANDARDIZATION TEST~PLATE LUMINANCE
RDG "A" DIAL "B" DIAL RDG | "B" DIAL SCALE (SCALE)2
NO. (ma) (ma) NO. (ma) RDG ( RDG )
1 233 268 1 268 2.53 6.4009
=z 2 733 268 2 268 2.24 5.0176
= 3 233 268 3 268 . 2.30 5,2900
3 4 233 268 4 268 2,32 5.3824
w5 5 268 2.54 5.9536
6 6 268 2.50 6.2500
37 7 268 2.57 6.6049
MODE 233 768 8
< 1 233 268 FILTER NO. TOTAL= 40.8994°
= ) 733 768 31 R.M.S.= 2.417
g 3 - F.FACTOR= 0.108 X
g, POSITION STD. REF.=_0.786 X
\GoE 533 T 2 AVG. LUMIN. (ft.L)* 0.205
REFLECTIVITY OF TEST-OBJECT ‘
FILTER NO. 31 FILTER POSITION 2 FILTER FACTOR 0.108
RDG "B" DIAL SCALE}I{ STD REF:X |LUMINANGE REF.T.PL._|REFLEC- (xj-'i)z
NO. NOTES (ma) RDG F.FACTOR | (ft.L) AV.L.T.PL™|TIVITY ‘
1 268 2.37 0.202 . J0.172 0.000016
2 268 2.50]0.108%X0.79=] 0.213 10.175+0.205=[0.181 0.000025
3 1 268 2.36 {0.08532 - 0.201 0.85366 0.171 0.000025
A 268 2470 7 0.211 | T 0.179 0.000009
5 268 2.45 0.209 0.178 0.000004
6
7
TOTAL - 0.881 0.000079
" MEAN 0.176 }
SKETCH
Wood P1 STANDARD DEV. 0.004
Y, M*_/z?s )
Woad Bdse ESCRIPTION OF TEST-OBJECT
Forcela/n Socket S“ DESCRI
' 500 Ho ‘ Brown mud on floor, moist but
: v:é%‘-ﬁw not water saturated; well packed
: F\u‘\%v little t contrast
6'_“" i b} tle O no L
i / Q‘?IDQQ—
4S5, ;
V7
fv4

b Judidoe g w3
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APPENDIX H

REFLECTIVITY DATA

Description: Ore
Breccia, chalcopyrite in garnetized limestone

Ore Minerals 25% of field - top reading
Limestone 75% of field - bottom reading
Neéedle Mountain, 208 stope, 1718 Hwy

o

. o . .
Incident Angle: 0 Tilt Angle: - .
Colour Temperature: 2360 K'tungsten filament S.E.I.

R = 0.380

o =0.092 _ Off Angle

R=0.242 o o o o o

: 5 20 25 0
0 =0.037 10 1 4 2

o 0.415 I° 0.370 0.477 0.445 0.330

0 0.239 | 0.199 0.256 | 0.294 0.239
° 0.477 | 0.477 0.239 | 0.239 0.287
457 1 0.245 | 0.239 0.239 | 0.256 0.234
ol 0.415| 0.406 | 0.379 | 0,322 | 0.379
90 0.250 [ 0.281 0.250 | 0.268 0.268
‘o 1. 0.250 | -0.315 | 0.388 | 0.256 _
®}3135
=t J o0.194 | o0.213 0.239 | 0.250 -
A oI 0.362 | 0.338 -l - -
o] 1807 | 0.190 | 0.234 - | = -
1 @ : T 7 . -
., o I 0.477°] 0.268 0.466 | 0.315 0.379 ,
223 0.287 | 0.281 0.288 | 0.281 0.199

of 0.455 | 0.379 0.379 | '0.301 0.379
270 . 0.315 0.199 0.250 | 0.301 0.239

o E 0.560 | 0.338 | 0.370 | 0.600 | 0.455 "

1 315

- 0.239.{ 0.213 | 0.228 | 0.165 | 0.151 | :
- Re 0.426 0.361  0.385 0,354  0.368
Ry . 0.245 0.232  0.250. 0.259  '0.222

.

'
R o A Lo - . . s . M .
T T Ay T T - - T o jiﬁ‘ékxﬁ&?‘?}ﬁ‘h&;’iﬁi;rﬁ@@f. o
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REFLECTIVITY DATA " °

%

Descfiption: Ore

Breccia, chalcopyrite in carcareous siltstone
ore minerals 25% of field - top reading

Siltstone 75% of field - bottom reading

Needle Mountain, 208 stope, 1718 Hwy

Incident Angle: 0° Tilt Angle: -
Colour Temperature: 2360 K tungsten filament S.E.IL.
* & )
R = 0.484 » ' '
o = 0.112 Off Angle .
R = 0.233
o = 0. oagl 10° 15° 20° 25° 30°
o | 0.427 0.417 | 0.417 0.399 | 0.408
-0 0.166 0.302 | 0.302 0.309 | 0.195
' o I 0.417 | 0.399 | 0.538.| 0.590 | 0.408
45 0.257 0.170 | 0.302 | 0.263 | 0.282
o Il 0.502 0.632 | 0.646 0.646 | 0.646 |
20 0.252 0.214 | 0.295 0.282 | 0.257
o I 0.563 | o0.514 | 0.502 | 0.525 -
@135
o |13 0.252 0.191 | .0.246 0.204 -
o , W
dl o o.632 | o0.709 - - -
” 180 0.209 0.235 - , - -
Q 0
o ol 0.617 0.417 | 6.408 0.427 | 0.437
225 0.246 0.209 | 0.269 0.138 | 0.162_
” ol ©0.632. | 0.302 | 0.317 | o0.468 | 0.408 }
270 0.195 0.257 | 0.252 0.195 | 0.224
o IFy0.331 0.399 | 0.603 | 0.408 ( 0.314
3157 ' 0.159 0.200 | 0.240 0.195° 0,257
R,  0.515  0.474 .0.490  0.495 0.437"
R, 0.217 0.222° 0.272 - 0.227 0.230
' i
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REFLECTIVITY - DATA °
Description: Ore ' ,
' Complex massive sulphide Cw : .
Pentlandite andl.pyrrhot’itg', minor pyrité, bornite,
N chalc;opyrite,m,‘nori‘te .in'clqsions, fresh, dry surface -~
Creighton Mine, 6100 L \ A
Incident Angle: 0° Tilt Angle: - .
Colour Temiperature: 2360 K tungsten filament S.E.I.°
R = 0.233] ) K
Off Angle .
o = 0:048] 10° 15° . 20° .25° 30°
0° | 0.192 | 0.192. | 0.201 | 0.206 [ 0.176 |
o P . Ry ) -
457 0.248 0.192 0.291 0.180 ‘0.153\
90° | 0.237 | 0.242° ] 0.237 | 0.172 | 0.153 |
@1135° | 0.242 | 0.305 | 0.192 | 0.242 - to
o , ) |
o | 180 0.305 ' 0.184 - - -
m v s
Q : - — -
- NN . ; ] -
225 0;153' 0(;216 * 01153 0’172 0,-23\7
% \ ' .
270° | 0.237 | 0,202 | 0.292 |. 0231 |-0.153
, ,3,15",“ 0.272 | 0.216 | 0.242.| 0.188.[ 0.172
R, 0.236  0.216 0.227  0.189 0.174. -

i
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REFLECTIVITY DATA - *
' } 4 @
N > - Y v 4
3 0 . . T
. . % . % o .

Descriptlon. Ore

z

chplex masswe sulphxde, oxa.da;zed dry surfac:e,

i

pentlandlte and pyrrhbtlte w1th mlnor chalcopyrlte,

»

~.., * Dbornite, gyrlte, prominent cleavage, crumbly, 1ridescent

Crelghton Mine, 6100 L - ,
./ ' " ) " ‘ ' A“. '
, R ‘ o . b \ L ’ o
Incidernt Angle:’ O o - Tilt Angles- . 0.
CQlour~Temperatﬁre£ 2360 K tungsten filament S.E.1.
" g e
R = 0.177 Off Angle |
; y .
: ©10%, 15° 20° 25° 307
o = 0.034% ]
° fo.159 | 0.152 | 0.156 | 0.159 | 0.156
45° [ 0.191 | 0.163 {0.129 | 0.152 [ 0.156
. 00 I 0.166 | 0.163 | 0:271 } 0.149:| 0.149
L 135° { 0.187 0.175 0.136 ‘|- 0.136 - 1
5 180° 'f 0.241 -| 0.159 | - = - ¥
. s f o - _
; g’ ' ] i AR} ,';r\ i R g ,
i " Lia2s® |l 0,191 |- ©0.27774 0.205°.} 0.145 | 0.139 q
’ } 2702 [ 0.196 | 0.205.] 6:196. | .0.187 | 0.149 \
, S RN A =
1 : 335 h 0:215 | 0.187-1 0,201"| 0.196 | 0.163 - | i
; Ry’ 0.193 ' 0.185 0.185.« “0.161. . 0.152
' =2 oo ‘ | -
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Description:

Banded ore with barnds of complex sulphides 1 cm * thick
separated by grey quartz bands 0.1 cm T thick. Recog-.
nizable sulphide ores include pentlandite, pyrrhotite,

pyrite, chalcopyrite.

Strathcona Mine, 2125 L

REFLECTIVITY DATA

Ore

.

22-30-32 stope

Incident Angle: 0° Tilt Angle: -~
Colour Temperature: 2360 K tungsteﬁ filament S.E. I
R =0.178 ' Off Angle
O 0o (o} (o) (@)
G - 0.032 10 is 20 25 30
; 0° || 0.152 0.205 | 0.215 0.171 | 0.136
' 45° f| 0.179 0.191 | 0.152 0.126 | 0.121
*\9o° 0.210 0.171 | 0.163 0.152 | 0.136
o1135° | 0.187 | 0.191 | 0.175 | 0.179 -
g
) o] 180° | 0.187 - | 0.200 - ~ -
o i
(U]
ﬂﬁ o]
1 225 6.220 0.241 | 0.236 0.121 | 0.241
270° || 6.200 | 0.187 | 0.210 | 0.179 | 0.159
315°‘h 0.183 0.156 | 0.152 0.171 | 0.145%
R, .0.190 0.193 0.156

© 1 0.186 0.157

[
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“Incident Angle: O
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REFLECTIVITY DATA

Description: Ore

ghalcopyrite, massive. No other ore minerals evident.

Strathcona Mine, 2125 L 22-30-32 stope

Tilt Angle: ~

Colour Temperature: 2360 K tungsten filament S.E.I.
R = 0.285 Off Angle
= 0.112 10° 15° 20° 25° 30°
0° 0.271 0.291 0.384 0.384 | 0.430
45° § 0.291 0.366 | 0.375 0.483 | 0.231
90° | 0.298 .| 0.451 | 0.542 | 0.430 | 0.529
9l138° | 0.242 0.298 | 0.342 0.242 -

E‘ »

o 180° || 0.188 0.179 - - -

[}

9 - : - —
225° I 0.226 0.179 | 0.175 0.184 | 0.206
270° 0.253 0.192 | 0.184 0.188 { 0.143°
315° { 0.179 | 0.298 { 0.271 |. 0.179.} 0.143

. ﬁx 0.244 . 0.282 0.325 0.299 0.280
‘ V]

-k
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REFLECTIVITY DATA -

Description: Ore

Complex massive sulphides. Pentlandite, pyrrotite,

minor pyrite, quartz, chalcopyrite.

Strathcona Mine

Incident Angle: 0° Tilt Angle: -
Colour Temperature: 2360 K tungsten filament S.E.I.
R = 0.349 ) Off Angle
o o o o o
5 = 0.054 10 15 20 25 30

0° | 0.267 |.6.344 |0.352 | 0.322 | 0.306

45° I 0.336 0.293 1| 0.232 0.344 | 0.413

!

90° || 0.433 0.352 | 0.261 0.286 | 0.336

135° | 0.413 0.352 | 0.336 0.279 -

180° | 0.433 | o0.328 - - _

Read’ Angle

225° | 0.433 | 0.344 | 0.344 | 0.328 | 0.377

. | 270° | 0.377 0.344 | 0.413 | 0.386 | 0.360

-4

315° | 0.344 0.299 | 0.306 0.328 .|.0,217 .

X4

0.380 0.332  0.321 0.328 - 0.335
. .. S

W e Tt wae S et A e = o = PR
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REFLECTIVITY DATA -

Description: Ore

Complex massive sulphides; pentlandite and pyrrhotite

-

with minor pyrite, augen quartz, and chalcopyrite.

Strathcona Mine

Incident Angle: 0° Tilt Angle: -~
Colour Temperature: 2360 K tungsten filament S.E.I.
R=0.274 0ff Angle
‘ 10° 15° ARS 25° 30°
0.052 ’

5

0° | 0.290 0.247 | 0.253 0.357 | 0.326

45° | 0.201 0.290 | 0.318 0.304 | 0.152

90° 0.259 0.236 0.201 0.192 0.230

135° | 0.271 0.284 | 0.311 0.206 -

180° | 0.304 0.192 - - -

Read Angle

o “} 225° | 0.304 0.304 | 0.365 0.365 | 0.333

. 270° || 0.304 | 0.318 | 0.241 | 0.304 | 0.241

315° { 0.271 | 0.271 .| 0.326 0.230 [ 0.253

0.275 0.268 0.288 0.280 0.256

i

fr e - -
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Description:

- 218 -

REFLECTIVITY DATA

Ore

Complex massive sulphide; pentlandite and byrrhotiﬁe

with minor pyrite, quartz augen, and chalcopyrite.

Strathcona Mine

o)
Incident Angle: 15

Tilt Angle:

A

Colour Temperature: 2360 K tungsten filament S.E.I.
R = 0.297 Off Angle
O (o] o (o} (o]
5 = 0.050 10 15 20 25 30
0° | 0.322 0.177 | 0.213 0.301 | 0.177
45° || 0.250 0.315 | 0.307 0.301 ] 0.239
90° | 0.322 0.280 | 0.337 0.387 | 0.345
©1135° } 0.337 0.322 | 0.244 0.353 -
E‘ .
| 180° | 0.322 | 0.262 - - -
o . et
(- o 5
, 225 0.301 0.307 | 0.294 0.322 | 0.282
270° || 0.315 0.307 | 0.337 0.322 | 0.208
315° || 0.301 0.387 | 0.294 0.307 . 0.315 .
R 0.309  0.295 0.289  0.328  0.258

&

-
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()
A REFLECTIVITY DATA

\
1Y

Description: Ore

Complex massive sulphides; pentlandite and pyrrhotite

‘with minor pyrite, augen quartz, and chalcopyrite,

Strathcona Mine

&
Incident Angle: 30° Tilt Angle: - 1
Colour Temperature: 2360 K tungsten filament S.E.I. 3
:
R = 0.260 Off Angle
10° 15° 20° 25° 30°
o - 0.075 ;
0° | 0.306 | 0.343 | 0.226 | 0.285 | 0.211 f
45° || 0.343 | 0.292 | 0.327 0.279 | 0.351 i
. ’ . 4
| 90° | 0.221 | 0.335 | 0.376 | 0.403 | 0.343 |- 1
©1135° | 0.351 | 0.306 | 0.343,| o0.221 - g
ot
2 o
, 9 180 0.335 0.221 ~ - -
[} N
L = o L
; 225 0.226 0.285 | 0.157 0.226 | 0.153
270° J 0.272 | 0.176 | 0.176 | 0.211 | 0.172
315° | ©-207 .[ 0.176 | 0.140 0.176 | 0.184
U f
.. \ili . — -
1 - R, 0.283 0.267 0.249  0.257 0.236
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o

REFLECTIVITY DATA

Description: ore = ! ~

t

Complex massive sulphide; pentlandite, pyrrhotite,

minor pYrifé, small quartz augens, chalcopyrité.

Strathcona Mine

o .
Incident Angle: 45 Tilt Angle: -
Colour Temperature: 2360 K tungsten filament S.E.I.
R = 0.184 Off Angle
10° 15° | 20° 25° 30°

0.048

[ 4
0° [ 0.121 0.196 |0.206 0.163 | 0.163

45° || 0.215 0.304 | 0.231 0.210 | 0.215 "

90° || 0.215 0.220 |(0.277 0.215 | 0.265

©1135° | 0.206 0.265 |0.192 0.139 | , -
g
o |180° | 0.149 0.136 . - -
& - — . :
5 o I .
225° | 0.136 0.136 |0.136 .| 0.136 | 0.136 o

270° | 0.142 0.142 |0.171 | 0.167 | o0.130 '} -

315° | 0.133 ,{ 0.215 [o0.215 0.196 ‘|-0.142.

ix 0.165 0.202 0.204 0.175 0.175
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REFLECTIVITY DATA |

Description: Ore,
Complex massive sulphide in contact with norite. Contrast

at contact measured. Top reading on specular surface of
massive sulphide. Bottom reading on grey to black smooth
norite face.

Strathcona Mine 2900 L

. o
Incident Angle: 0° Tilt Anglée: 0
Colour Tempergfure: 2360 K tungsterr filament S.E.I.
R = 0.127
o = 0.035 off Angle
R = 0.096 10° 15° 20° 25° 30°
0 = 0Q.028

o Il 0.091 0.115 [ 0.115 0.078 | 0.159
0 0.145 0.120 | 0.135 0.129 | 0.074

450 || 0-182 0.145 | 0.085 0.151 | 0.065
5 0.052 0.093 | 0.091 0.048 | 0.076

90 0.091. | 0.145 | o0.048 0.060 | 0.105 ’
o|,350 | 0-118 0.138 |[0.138 0.107 -
2 0.058 0.048 | 0.060 | 0.590 _',;;,_,ﬂr~i~’/‘“”/g¢’
g ol o 07145 | - - -
,,xL/lﬁo/”?rﬁfigif” 0.063 | - - -

Rea

: ‘ . ol 0.186 0.129 | 0.191 0.151 | 0.178
] 225 0.120 ] 0.093 | 0.063 0.060 | 0.129

o fl 0.129 0.145 | 0.091 0.115 | 0.151
270 0.145 0.129 | 0.170 0.162 | 0.076 .

o] 0.096 [ 0.062 |0.151 | 0.120 | 0.102
315"t 0.135 | 0.052 |0.102.| 0.080 | 0.076 <

‘O

0.127 0.130  0.134 0.117 0.124
0.112 . 0.093 9.096  0.085 0.089 ks

) ] = ‘
, . } ’

xﬂ'.ﬂ x';di
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REFLECTIVITY DATA

Description: Ore
Complex massive sulphide

Predominantly pyrite, with chalco and pentlandite
.@

specular to semi specular. Highly specular off pyrite,

-

crystal facets 1MM t. Matches off facets not possible.

Strathcona Mine, 2900 L

Incident Angle: ;© Tilt Angle: -
Colour Temperature: 2360 K tungsten filament S.E.I.
R = 0.120
0 Off Angle
6 = 0.029 10° 15° 20° 25° 30°
.0° 0.138 0.109 0.090 0.109 o.l10
45° | 0.124 |o0.105 | 0.100 0.105 | 0.084

90° || 0.110 | 0.242 0.097 0.152 | 0.121

136° | 0.106 | 0.105 0.140 0.108 |, -

)]
o |
m v
. 180° | 0.124 | 0.105 - - -
- ) ) , .
(5]
[7] v
[+ o
225 0.131 | 0.159 0.138 0.087 | 0.112
‘ -
270° | 0.095 [ 0.145 | 0.143 | 0.120 | 0.091
315° | 0.152 .| 0.096 0.121 | 0.114 -] 0.137
. R 0.123 0.133  0.118 0.114 0.109
& X 3

e TR i SR B WA 555 ol T ¥ s < ]

Loars s e 1w
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REFLECTIVITY DATA -

Description: Ore

Massive sulphide, pentlandite and pyrrhotite
specular, oxidized surface, Cu : Ni = 1:15

Metallic, irridescent, gold bronze.
&+

Birchtree Mine 108 orebody typical ore
Incident Angle: 0° ' Tilt Angle: -~
Colour Temperature: 2360 K tungsten filament S.E.I.
R = 0.209 Of.f Angle
o o o o o
1 2 25 30
o = 0.041 10 > 0

).

o° || 0.207 0.211 | 0.210 0.272 | 0.258

45 0.286 0.207 0.226 0.224 0.258

90° | 0.268 0.234 | 0.287 0.261 | 0.205

1 @1135° || o.188 | 0.228 | 0,171 | 0.192 -
P .
180° { 0.1i81 | o0.221 - - -
-1
Q : .
o o . .
- | 225° J 0.200 | 0.165 | 0.173 | 0.161.] 0.133

270° | 0.188 | 0.164 | 0.240 0.151 | “0.139

. 315° | 0.232 | o0.218 | 0.199" | o0.192 | 0.157

0.21% - 0.206 0.215 0.208  0.192

!
?cw
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Ore

Vs
Massive sulphides

Description:

REFLECTIVITY DATA"

Pentlandite and pyrrhotite, highly specﬁlar,
i !

fresh surface, Cu : Ni = 1:15
Birchtree Mine 108 orebody typical ore
Incident Angle: a° Tilt Angle: -~
Colour Temperature: 2360 K .tungsten filament . S.E.I.
R =0.242 Off Angle
o 6 =0.060 10° 15° 20° 25° 30°
o° | 0.232 0.336 | 0.273 0.413 | 0.292
45° | 0.292 0.217 | 0.292 0.249 | 0.299
90° || 0.193 0.243 | 0.217 0.150 | 0.243
©1135° | 0.185 | 0.157 | 0.232 | 0.16l -
o
2 | ’
o |180° | 0.232 | o0.180. - - -
[}
. @ T
-~ ' ' m [a] - M ) M
- o 225 h 0.261 0.249 | 0.238 | *0.185 | 0.189
' 1 [270° u 0.232 | 0.147 [.0.232 | 0.193 [ 0.222
v “ \ '» i EW R ) "
iy 315° ﬂ 0.279 | 0.306 | 0.328 ] "0.344] 0.232 "
L k‘ > “ * . N - ‘ ! ‘u ;(;- —,a'.
) R, 0.238 0.229 - 0.259 - 0.242 ' 0.246
[} - ,
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v ‘ REFLECTIVITY DATA"

Ore

L

Description:

Massive chalco and other copper minerals

4

¥lin Flon Mine, H.B.M.& S. South Main

. %
hanging wall

4 V,P. square-set lower 3500 L
Incident Angle: 0° Tilt -Angle: -
Colour Temperature: 2360 K tungsten filament S.E.I.
R =10.589 off Angle *
6 =0.101 10° 15° 20° 25° 30°
0° | 0.508 0.717 | 0.496 | ,0.669 | 0.639 )
45° [£0.639 0.596 | 0.624 -| 0.474 | 0.717
: 90° | 0.531. | 0.596. | 0.570 { 0.624 | 0.474
91135% | 0.624 | 0.496 | 0.531 | o0.624 | . -
o
‘| 180° ( 0.786 | 0.669 | - - -
] ¢
9 - r
"1225° | 0.596 | 0.751 | 0.669 | 0.624 | 0.496
| 270° || 0.717 | 0.596 | 0.463 |- 0.463 | 0.376
315° § 0.669 ;| 0.751 | 0.474 | 0.474 | 0.485 ,
R, 0.63¢4 - 0.647 0.547  0.565 0.531
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REFLECTIVITY DATA =~ S o

: ’
Description:’ Ore .

Pyra:.te, sphalerite, minor chalcopyrite, -

5% Zn, 2% Cu ‘ | '

Light diffusé surface 70;t of field - ;copn reading

park specular surface 30% of field - bdftomire'ading:

South Main Mine 4 V.P. square set

0.069

' Incident Angle: 0° y Tilt Angle: -~ y g
Colour Temperature: 2360 K tungsten filament S.E.I%
R = 0.168 _
9 = 0.027 A Off Angle
R = 0.064 :
G = 0.010 10° 159 20° 25° 30° .
_ .
o || 0.139 0.139 | 0.167 0.167 | 0.136 |-
0 0.062 | 0.078 | 0.070 |- 0.058.| 0.058
450 | 0-175 - 0.152 | 0.171 | 0.192 | 0.145
, : 0.057 |. 0.067 | 0.058 | 0.078 | 0.062
o || 0.210 7} -0.183 | 0,156 0.145 | 0.139
90~ | 0.055. | 0.039 | 0.068 | 0.047 | 0.066
oliaco I 0-192 | o0.183 | 0.163 | 0.135 | - -
=132 | 0.055 | 0.049 | 0.076 | 0.057 -
*5 o 0.220- | 0.201 - ﬁ‘ -
o | 1807 | 0.061 | 0.075 - - -
Q- ) T T iy
&, .o | 0-183 0.156 |.0.139 | 0.149°] 0,220
2257 I 9_062 | 0.070 | 0.063 | 0.053-] 0.073 : ,
N « N
o | 0.215 0.187 | 0.171 | o0.139 | o0.175 | - -
270 6.082 | 0.084 | 0.061 | 0.055 |- 0.055 | -
fae0 | 0.139 0.145 | 0.139 | o0.fa9 | 0.210
13157 1 '0.062 0.078 | 0.088 | 0.062°| 0.054 e
R, 0.184 - 0,168. 0.158 ~ 0.154 . 0,171 -
R, - -0.062- - 0.068 0.039" . L
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Lo o ’ !
.. . ., REFLECTIVITY DATA . »
. /. . ) L R
Description: ore ' T o0 e
Complex massive sulphide, maz.nly chalcopyrlte and sphalerlte.
clean, dry surface. Two distinet fields, - e
. . top reading on chalcopyrite 55% of field
! bottom«feading on sphalemte 45% of field
’; sduthu fdaln Mine 4 V.P. - Upper square set — S
' Incident An’gle":' \Qo o ' ‘ «Tllt Angle . ‘ ‘
Colour Temperature: 2360 K tungsten *f:.lamg.‘nt_‘ , S E.I. S 3
R = 0.307 | - L Co, k -
0 = 0.076 . ...~ 7" pff Angle Ul :
R = 0185 ol 0 | .0 | o | .,.0 L
S o0ioas | 10°7| 1% |20 2% | 3% |
‘o] 0.224 7 0.331° | 0,355-| p.309 | o0.282
| 0 0.224 0.288/|.0,282 | '0.269 | .0.282
. e o 0178 | 0.269 0,209 [ 0.229 | .0.204 R |
1% foexar 0270 | 001957 0.195 | 0.178° ) T -3
. b el 0,288 ou3artt.g.240 [0.234.] o.21)
| = | 97 F .0.158 [.0.148 | . 0.155 | 0.148 0.148
o el o | 04302 10,269-] 0.295 | 0.263 [ - |
. ‘ Coo e | 335 10.148 | 07066 0,127 {* 0.148" -
‘ l(m \ ;. , . N _‘. . - .
et 2@ o o h0u3ss [ o263 |0 - ] 2 -
‘ - o g 1807 & “o. 148 0.186, [ - I -
» S -7 0,282 0.371 | 0.3637|70.389 |. 0.371 ‘g
ST 225 0.145 | 0.155 0.178' | 0.183 ¢.19]
e - "ol 0.407.| 0.355 | 0.389|.0.417 | o0.417. ]
% : : 270 0.234 | 0.219 | 0.178| 0.209 | ~0.178,
: ) Y. o 0.295 | 0.371 0.331 | 6.243 | 0.417-.
! ((j) B o 315 0.148.] 0.200 | 0.200.f 0.234 | 0,219
- R, 0.201°  0.320 0.312-° -0.298  0.318 .
‘ : R, 0.168  '0.179 ~0.186  0.198° 0.199
‘ ’ 2 T "




i
{
!

Description:

Ore

REFLECTIVITY DATA

’d

Sphalerite, dusty surface

footwall contact 12% Zn

Flin Flon Mine,

-

H.B.M.& S.

South Main

b V.P. lower sguare- set
Incident Angle: 0° Tilt Angle: 0°°
Colour Temperature: 2360 K tungsten filament S.E.I.
R = 0.107 Off Angle
o= 0.012 10° 15° 20° 25° 30°
o e | 0.111 0.106 |0.090 | 0.116 | 0.108.
) 4824 0.127 | 0,127 | 0.090 | 0.108 | 0.0886
90° | 0.127 | 0.108 |0.113 | o.101 | 0.111"
©1135° | 0.108 | 0.108 | 0.108 { 0.101 | -
g
| 180° [ 0.111 | 0.090 - - -
8 N
g z) . )
225° || 0,127 | 0.113 | 0.108 | 0.1I6 | 0.113
: 270° | 0.092 | o0.111 | 0.099 | @.084 | 0.101
315° § 6.118 | 0.108 | 0.121 [ 0.099 | 0.092 !
R 0.109 0.104 10.102

0.115

O

S oees der e e we

P TPV U
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REFLECTIVIT& DATA -

1

. P
Description: Qre”

Run-of-muck from 1 V.P. 6 sguare set

pyrite, minor chalcopyrite and sphaleriﬁe,

fresh surface, little dust, dry

South Main Mine 3250 Crusher
Incident Angle: 0° Tilt Angle: -
Colour Temperature: 2360 K tungsten filament "~ S.E.I.

R = 0.253
—r 0 - Off Angle

g =

0.038 10° 15° 20° 25° 30°

0° 0.206 | 0.253 0.216 | 0.342 0.216

45° | 0.236 0.201 0.242 | 0.226 0.211

90° "l 0.259 { 0.312 0.334 | 0.231 | 0.216

135° 0.248 | 0.284 | 0.342| 0.265 -

180° | 0.242 | o0.304° -1 - -

Read Angle
7

225° | 0.271 | 0.259 | -0.253| 0.253 | 0.253

270° J 0.271] 0.231 | o0.253] 0.2727| o.271

315°‘h"o.21§. 0.253 [ 0.192]| 0.259 .| 0.201°

0.244° -0.262° 0.262 . 0.264 ,0.228 "

"
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()
~ REFLECTIVITY DATA’
Description: Ore. . . .
Massive sulphides in contact with wall rock
Specular ore surface - top reading
P Diffuse wall rock surface - Wbttom reading
fresh, clean. .
Soyth Main Mine
Incident Angle: 0° Tilt Angle: -
24
Colour Temperature: 2360 K tungsten filament S.E.I.
e hvil*ﬁ\) ' --
R=0.178 -
o= 0.049 0off Angle
R = 0.096 o o o o o
‘ = 0.014 10 15 20 25 30
o 0.261 | 0.222 0.125 | 0.232 0.227
0 0.109 | 0.109 0.086 | 0.093 0.106
o 0.212 | 0.154 0.172 | 0.154 0.154
45 0.101 | 0.070 0.101 | v.061 0.090
o 0.147 | 0.109 0.165 | 0.143 0.122
20 0.097 | 0.073 0.090 | 0.061 0,109
o 0.134 | 0.143 | 0.154 | 0.134 -
91135 0.114 | 0.082 |- 0.097 [ 0.086 -
) : ‘
g o1 o.14 | 0.114 - - -
. g 1807 § o0.101 | 0.119 - - -
‘@] o F o.165] 0.168 | 0.172. 0.176 | o0.168
] 225 0.116 | 0.097 0.095 | 0.109 Q.122
° o o.180 ] 0.176 | 0.143] 0.217 | o.1s5
270 0.093 | 0.097 6.082{ 0.109 0.097
o I 0.207 | 0.217 | o0.306] 0.243 [ o0.278
: 315" § 0.104,{0.106 | 0.097 | 0.097 0.086
U f i . : ,
R, © 0.177 S 0.163  0:177 0.186  0.189
R, 0.104 0.094 ~ 0,093 0.088  0.102
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REFLECTIVITY DATA -

-

Description: Ore
Complex massive sulphide, fresh dry surface

-

‘Stobie Mine '

. o . . A0
Incident Angle: 0O Tilt Angle: O
Colour Temperature: 2360 K tungsten filament S.E.I.
\
!
R =:0.499 Off Angle
o =0.164 10° 15° 20° 25° 30° |
N
.
0° | 0.507 | 0.385 | 0.232| 0.385 | 0.260

° 0.462 0.412 0.367-] 0.292 0.285

909 | 0.543 | 0.519 | 0.367 | 0.442 0.462

135° 0.582 | 0.700 0..519 | 0.351 -

('3

-

b‘ n hl

1 . (
. o | 180 0.700 0.750 - . - - .

8 . . P

o

225° 0.750 | 0.716 0.700 | 0.733 0.462

270° | 0.442| 0.716 | 0.733| 0.653 | 0.596 ~

- |315°{ o0.507.] 0.543. | 0.462| 0.531 | 0.343
N : ,
e R, . 0.562 0.593 .0.483 0.484 0.324




- 232 -~

REFLECTIVITY DATA-

Description: Ore

Massive Sulphides
High chalcopyrite + minor sphalerite, ffesh, ¢lean

surface, brassy yellow, specular

Schist Lake Mine
Incident Angle: 0° " Tilt Angle: -
. S
Colour Temperature: 2360 K tungsten filament ////§;E*;f/4’
, \
R =0.189 m Off Angle \
o =0.043 10° 15° 20° 25° \ 30°

'\

0° | 0.187 | 0.163 0.159 | 0.159 1;0.210

45° | 0.205 | 0.253 0.156 | 0.133 0.183

i
.90° ' 0.163 | 0.159 " | 0.167 | 0.201 \ 0.163

135° 0.183 | 0.171 0.167 | 0.129

180° ,0.187 | 0.210 - - ’\ -

Read Angle

225° ] 0.133 | 0.271 | 0.253 [ 0.264 _%.205

270° - 0.247 | 0.163 0.271 | 0.145. 0\241 -

3152 | 0.163 | 0.183 | 0.183 | 0.205 . o.kye

i
xﬁﬂ

0.184 0.197 0.194 0.177 0.197\
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~ —‘—
o -
- 233 -
)
' REFLECTIVITY DATA
Description: Ore
\ Massive sulphide
Thompson Mine
P
o
i ngle: 15° ) Tilt Angle: 0°
Colour Temperature: 2360 K tungsten filament
- fa
R = 0.127 Off Angle
0° [ o0.108 | 0.110 0.103 | 0.113 0.110 ‘

45° || 0.127 | 0.116 0.110 | 0.121 0.116

90° || 0.146 | 0.149 0.110 | 0.146 0.146

135° | 0.116 | 0.163 0.139 | 0.149 -

180° | 0.130 | 0.130 - - -

Read Angle

225° | 0.130 [ 0.130 | 0.146 | 0.113 | 0.108

270° 0.146 | 0.130 0.116 | 0.121 0.142

315° h 0.179 | 0.139 | 0.116 | 0.121 | 0.094

B ' — ‘
e - 0.119

0.135 0.133 0.120  0.126

.l

Y
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REFLECTIVITY DATA

Description: Ore

Massive sulphide

Thompson Mine
e

Incident Angle: 30° Tilt Angle: (°
Colour Temperature: 2360 K tungsten filament X S.E.I.
R =0.125 0Off Angle
g =0.014 10° 15° 20° 259 30°

0° 0.129 | 0.115 0.107 | 0.110 0.155

45° 0.135 | 0.129 0.118.] 0.115 0.120

90° 0.135 | 0.126 | 0.138 | 0.132 |- 0.126

©1135° | 0.107 [ 0.129 0.107 | 0.102 -
.g I -
o|180° § 0.118 | 0.115 - - -
d
& g - .
22s% || 0.155 | 0.129 0.129 | -0.12 0.102

270° | 0.129 | 0.129 | o0.155| 0.120 | 0.107

315° E 0.135 | 0.135 | 0.135| 0.123.} 0.123

st

0.130 .0.126 0.127 0.117- 0.122
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REFLECTIVITY DATA

Description: Ore

Massive Sulphide ’

Thompson Mine

Incident Angle: 45° (right) Tilt Angle: ¢o°
Colour Temperature: 2360 K tungsten filament S;E.I.
R =0.123 Off Angle
¢ =0.021 10° 15° 20° 25° 30°

0° 0.128 | 0.125 0.125 | 0.128 | 0.138

45° | 0.154 [ 0.107 | 0.123 | 0.100 | 0.104.

||.§ 0.131 | 0.128 | 0.131 { 0.102 0.102

©1135° | 0.104 | 0.107 | 0.104 | 0.109 -
o|180° | ©.151 | 0.131 - 1 - -
s : .

a

127

225° 0.158 | 0.151 0.128 | 0.151 0:15%

270° §| 0.154 | 0.158 | 0.141 | 0.128 | 0.125
. 1

, 315° " 0.169 ;| 0.131 | 0.151 | 0.089 .| 0.144
i - N

R, = 0.144 0.130 0.129 0.115 0.127

AR A ds o 2o 2o 0 PRSI

wrrr !t

%

e e i TR
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REFLECTIVITY DATA"-

-

L

Description: Ore
Disseminated to blebby complex sulphide with pyrrhotite,

pentlandite predominating in highly chloritized host
rock, chloritic rock striated, dull grey to shiny black.

Dull Grey 20% of field - top reading
Shiny Black 80% of field - botbom reading
Manibridge Mine ¢ .
(o]
Incident Angle: 0 Tilt Angle:
Colour Temperature: 2360 K tungsten filament S.E.I.
R =0.186 Off Angle
g =0.032
(o} O (o] (o] (o]
fo © R =0.066 10 15 20 25 30
* 0,=0.022 !
o | 0.183 0,167 | 0.175 0.220 | 0.167
0 0.101 | 0.073 { 0.078 | 0.070 | 0.076
450 | 0-205 0.210 | 0.159 0.175 | 0.183
0.050 0.053 | 0.057 | 0.058 | 0.035
o | 0.175 0.187 | 0.159 0.187 | 0.152
0 0.084 0.043 | 0.068 0.054 | 0.052
o350 | 0-236 | o0.210 | 0.220 0.167 -
= 0.105 0.042] 0.057 0.066 |- -
2l o f 0,159 | o.110 - - - f
9 180 0.052 | ~0.050 ~ - -
Q :
o0 [ 0-210 0.159 | 0.259 0.201 | '0.149
. 5 0.071 0.059 | 0.086 0.035 | 0.092
o i 0.220 0.210 | 0.145 0.201 | 0.246
270 0.063 0.110 | 0.042. | 0.075 | 0.419
\ : | {350 § 0-163 0.175 | 0.179 0.139 | 0.220
1, 1571 0.043/] o0.040] 0.118 | '0.082°| 0.057

i K
o
P WA
-

0.194 0.179 0.185  0.184 0.186
0.071 0.059 0.072  0.063 0.062

'
[ §
j’xWI
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REFLECTIVITY DATA

L4 g

Description: Ore
Blebb& to disseminated complex sulphide ore in ultramafic

sulphides = 25%, ultramafic = 75%

Manibridge Mine, F.N.M.L. - 4A stope

Incident Angle: o° Tilt Angle: -

Colour Temperature: 2360 K tungsten filament S.E.I.
R = 0.092 Off Angle
0 =
0.0l0 10° 15° 20° 25° 30°
. 0% | 0.083 0.105 | 0.083 0.107 | 0.098
| 45° | 0.107 0.091 | 0.102 | -0.096 | 0.102
90° | o.102 0.098 | 0.083 0.085 | 0.083
‘ @]135° | 0.100 | ©0.091 | 0.085 | o0.110 | -
o |180° | 0.100 | 0.076 - - -
o —
& : ' ) ‘
i 225° | 0.102° | 0.107 [ 0.098 | 0.087 | 0.091.
2709 | 0.098 | 0.091 | 0.069 | o0.080 | o0.080
@l 315° | 0.100 | 0.083 | 0.081 | - 0.085.] 0.080
é;*(~"~ - - — , X
ol R, 0.099  0.093. '0.086"  0.093  0.089
."3 .. ' -
A - 4
rm::n;.f." .t ’ . ./ - ‘? - — . -
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REFLECTIVITY DATA -
o .
Description: Ore
Run of muck ! \
dirty, grey, dry, dusty, diffuse. . . l\
\ , ﬂ \ ‘
Ore minerals not identifiable " \
Brunswick Mine, 2950 Crusher Station ’
Incident Angle: Oo 3 Tilt Angle: 0°
Colour Temperature: 2360 K tungsten filament ' M.I.
R = 0.152 , Off, Angle- ,
\ o = 0.011 10° 15° 20° 25° 30°.
\A \‘ » .
0° . - 0.155 - 0.145 -
45° 0.166 - - - 0.140
90° - 0.157 - - 0.136
| o f135° = |, T 0052 | 0.149 -
g R ‘
5 |.280° | 0.169 [ 0.157 S -
V[ ® - .
TR 1 — :
] 225° - - 0.147| ©.148°'[ o0.140
270° 0.167 - - - .
o ) , N . ’ - . s
315 h - - 0.154 - 0.143 .
' ix ,0.167 0.156 0.151 0.147° 0.140
, e S ;




Incident Angle: 0° Tilt Angle: 0°
Colourx Temperature: 2360 'K tungsten'filameht . S.E.X.
R =0.148 off Angle
o =0.021 10° | 1s5° | 20° 25° 30°
+ ’\ .
'-, ‘. "t \ B :
. 0° | 0.132 [ 0.195 | 0.126 | 0.129 | 0.107
. '45° | -.0.138 | 0.162 *| 0.135.| 0.129 | 0.129
» I \ “ ' .- -
90° | 0.158 | 0.155 | 0.158 | 0.166 | 0.148
“@{135° | 0.162.| 0.169° | 0.155 | 0.162 -
* g' M -
o |180° § 0.173 | 0.148. [T - - -
g )
Q 4 B
2 o, : o
| 225 p.148 | 0.135 | '0.155 | 0.129 | 0.132
270° | 0.190 | 0.169 | 0.135[ ¢.151-|,K 0.135
N " - ' i
'315°”i 0.173,| 0.162 | 0.135| 0.702 0.132
- R, 70.159° 0[162  0.143" 0:138 - 0.130

.

LR

Description:i Ore

K

-

REFLECTIVITY DATA

Cdﬁpiéﬁ sulphide, pyrite dominaéing,'als¢,égha1enite,

galena, pyrrhotite.’ Dissemination- is' very fine.

Dusty, dry surface.

Brunswick - Mine,

62 F.W.

~
.

l90b'West Ore Zone
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REFLECTIVITY DATA"
. ‘\ !
; Description: Ore
‘.'I‘a1Cf .
White to grey, fine grained to powdery surface, diffuse
i dry. : | . | |
“ white 33% of field - top reading
Grey 67% of field — bottom reading
‘ Baker Talc Mine, 400 L , South Cross-cut
; o Incident Angle: 0° ’ Tilt Angle: 0°
) Colour Temperature:* 2360 K tungsten filament S.E.I.
: : : o
] R =0.678 J
: + 0 =06.079 s Off Angle
a1 R =0.337 10° 159 20° 25° 30°
kS :/C) o =0.040 . , ’
\ﬂaﬂi vt >
A ", o ﬂro.576\ 0.636 | 0.717 | 0.662 | 0.717
; 07 ] 0.306 | 0.339 | 0.359 | 0.409 | 0.337
o f0-801 | 0.689 | 0.589 | 0.671 | 0.673
. 45" { 0.385 0.409 | 0.342'| 0.331 | 0.351
o || 02702 0.815 | 0.768 | 0.625 | 0.809 |
90° §0.380 .| 0.335 | 0.409 | 0.372 | 0.306
Co- ol 0:62% | 0.661 | 0.642 | 0.573 -
- 81135" §0.33 | 0.345 | 0.348 | 0.336 -
m -
& o fo.603. | p.708 - - -
wo]180° 1 0.394 | 0.302 - - -
A ' .
‘®| o | 0-651 | 0.646 | 0.751 | 0.682 | 0.586.
) 2257 10.337 | 0.300 | .0.352 | 0.245 | 0.274
o 10.670 | 0.701 | o0.670 [ 0.785 | 0.685
270" | 0.336 .| 0.305.| 0.348 | 0.275 | 0.289
) : o] 0.-773 | 0.668 | 0.689 [ 0.759 | 0.443 -
315" §-0.363 .| 0:289 | 0.339 | 0.355" '] D.280
"R, 0f%75 '0.690  0.689  0.680%- 0.652
R, 0.355 - 0.328 ° 0.357 0.332 .0.306°




£ .

' "R =0.879 o L :Ofvf' i\ngle - o
¢ 7.0-018 10° | 8. 260 | 25° | "30°
0° - 0.874 ~ | o.892 e
k 0 | ' ¥ "_ , ) -
' 45 0.863 . - _ . 0.86€6
' 90° | & - 0.903 - D 0.877
N " .. d)) 1350 . - - 0-\89’2 o 870 o
- % - ‘ 892
. [e] ¢ * - _ . .
| .| 180 0.896 | 0.899 . ,
5 ‘ ,
[+ ’ b . . X . t
225 - = -6.877| 0.885. -
. 270° |, ,0.889 | - - - ;%
- ! | A, :
- - 0.845 - .0.881

B . - gy . “, . ..
Vo ;o '4 m; (SN e -~
& o , R
¢ ‘r ~ A
3 ) ’ ‘ E ' ) “
. ; “ .
. 7 ' * " ) I
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REFLECTIVITY. DATA =+ . § )
T ) !, . -\
Description: Ore P L. Y
Magnesite : ’ ‘ - o ‘
White , crystalline, specular, homogeneous, clean, dkry.
1y ' Ve, ; . T, ' ’ . v , -
o, : .. D ? R * % )
Kilmar Mine - :
. A
. . - . 1 :: - . ° ““ ‘.%‘._ ->
. s . o) - : _
Incident” Angle: O .+ Tijt Angle: \
o ® “ -
M.I. _

Colour Temperature: : 2360 K’ tungsten filament

3

1]

0.863 0.892 6,871

: .0.893‘-_ :

e

“e
&

ey

=3

O S Y

Tema TN e s

RN TR
Saom

Foia -

AR
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Description:
Quartz diorite gneiss.

white light grey and dark grey 1 cm * bands.
bands allow separate readings.

- 242 -

REFLECTIVITY DATA

Rock

Banded texture with altering

Quartz band 30% of field - top reaéing
Diorite Band 30% of field - bottom reading
40% of field - intermediate reading

Q.D. Band

Strathcona Mine,

Q mig i a sl

Incident Angle: 0° Tilt Angle: 0°
Colour Temperature: 2360 K tungsten filament S:E.I
= 0.409
= 0.048 Off Angle
= 0.285 -
= 0.042 10° 15° 20° 25° 30°
= 0.168
= 0034 _ . )
0.439 | 0.357 | 0.357 | 0.391 0.504
0° 0.283 | 0.270 | 0.179 | 0.325 0.341
0.175 | 0.179 | 0.118 | 0.175 | 0.179
o 0.459 | 0.373 | 0.382| 0.365 0.419
45 0.277 | 0.283 | 0.252 | 0.264 | 0.277
0.179 | 0,183 | ©.127 | 0.156 0.142
0.400 | 0.527 0.389 | 0.365 0.373
90° 0.301 | 0.31%1 | 0.277 | 0.357 0.252
0.159 § 0,236 | 0.187 ) 0.181 0.225
] 0.365 | 0.400 | 0.348 | 0.400 -
©f135° | 0.325 | 0,278.| 0.252} 0.252 -
) 0.215 | 0.191 |.0.171} -0.191 . -
a0 0.449 | 0.348 - - -
o] 280% | 6.283 | 0.277 - - - |
cal 0.156 | 0.201 - L= -, |
A I 0.419 | 0.459 | '0.470] 0:449 0.373 | © .
"225°-| ©0.391 | 0.283 | 0.382| 0,333 0.264 | -
- -l 0,183 ] 0,225 | 0.179} 6.201 |- 0.1
e 0,373 | 0.391 | 0.381| - 0.449 o.ggé“.
276° b 0.264 | 0.215 | 0.270| 0.283 0. %77
o -1.0.179 ] 0.093 | 0.142} 0.183 | 0.220
R 0.439 | 0.357 | 0.357| 0.504.] 0.429
.315! 0.303,} 0.225 | 0.264] 0.283.] 0,290
_ ‘0,142 1. 0,191 1 0.167] 0,187 | 0,241
Ry 0.419 0.402°  0.385 -0.416  0.424
- Ry 0.303 . 0.268 | 0.268 { 0.300° °0.284
© T Ry 0.174° ~ 0:187: 0.156 0.132 '0.192

22-30-32 stope, F.W. Trock

Thick..

'
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REFLECTIVITY DATA -

A

Description: Rock

Quartz diorite, white to grey

Strathcona Mine . 2125 L 22-30-32 stope
LS
Incident Angle: 0° Tilt Angle: -
Colour Temperature: 2360 K tungsten filament 5.E.I,
— ' H
R =0.15 § | 0ff Angle
‘ ¢ =0.018 10° 15° 20° 250 30° ‘
/
0° 0.183| 0.163 0.167| 0.163 0.183
45° 0.163| 0.156 | 0.152| 0.163 | 0,139
~ 90° 0.175| 0.156 0.163| 0.156 0.163 ]
®1135° |° 0.139| 0.130 | o0.130f -0.175 | » -
o |180° § o0.167| o0.1m - b=
. 113 - : < “,‘ IS :
7 ‘m £ 5 ’ R R : 5
- ~m ol -
. 1 225 0.098} 0.156 |- 0,187 0.149 | 0.156 :
_. 270° | 0.183) 0,175 | -0.178] o130 | . eafal . -
1. 31‘5"»5 ‘o{;itxé, . 0.205,] 0.249] 0.163.] ."0.163
‘R, . . 0.157 "D.164" 0.161.770.157 - 0.157. "
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« REFLECTIVITY DATA-

)

Description: Rock .
Chlorite schist, 'some specunlarity, grey to green-grey,

typical hanging wall cleavage plane.

Top readings taken with S.E.I. - f U -
7
Bottom réadings taken with MacBeth. ' S
b
Thompson Mine  T-1 shaft 2400 L _2-38 stopd
Incident Angle: 0° Tilt Angle: o°

Colour Temperature: 2360 K tungsten filament S.E.I. & M.I.

'

R =0.172 ,

o = 0.040 Off Angle L
R = 0.167 10° o 20° o 30°
G = 0.024 0 15 23 0

o l 0.187 0.191 0.182 0.163 0.107
0 0.197 0.193 0.183 0.165 0.156

o 0.187 | 0.230 0.241 | 0.209 0.170
45 0.221 | 0.2329- | 0.199 | 0.177 0.168

o [~ 0.214 | 0.241 0.205 | 0.241 | 0.200
90 0.209 | 0.205 0.191 | 0.182 | 0.167

- 0.219 | 0.191 0.200 | 0.163 Co-
135° H 0

.a -0.196 | 0.182 | 0.176 | 0.169 -
a o I 0.152 | 0.152 | - - -
g | 180 0.175 | 0.162 - ! 1
o : — —
N o 0,126 | 0.138' | 0.121 | 0.115 0.19
2257 0,162 | 0.154, | 0.148 | 6.136 | o0.132 f .. |
. o8 "o0.152 | 0.145 | o0.191| 0.159 | o0.121 ,
270" | 0.176 | 0.159 | 0.147 | 0.140 | 0.130 t e

ol o191 0.163 | o0.152 o0.a21| o0.115 -
315~,ﬁ' 0.190.( 0.178 | *0.159| 0.150 | 0.144

CR, . 0.179 0.181  0.185 0.167  0.139
"R, 0.191 -0.182  0;172 0.136. 0.150
< ST
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REFLECTIVITY DATA"

1

Description: Rock .
Chlorite schist, slightly specular, grey to green-grey,

typical hanging wall cleavage plane.

Thompson Mine  T-1 shaft =~ 2400 L 2-38 stope
- ‘ ) ) s \ . fe)
Incident Angle: 15° i Tilt Angle: O

Colour Temperature: 2360 K tungsten filament S.E.T.

R = 0.123 Off Angle
o =0.021 10° 15° 20° 25° 30°
0° | o0.143 ] o0.125 | '0.104 | 0.121 | o0.119,.
45° | 0.099 ] o0.119 | 0.119 | 0.125 | 0.128
90% [ 0.157 | 0.189 0.157 | 0.157 | 0.147

135° | 0.099 | 0.114 0.109 | 0.104 -

180° { 0.131 | 0.147 - \\i -

g | 225° | 0.119-| 0.009 | o0.140 0.1I}\ 0.099

Read Angle

: ’ ‘ X
270¢° | 0.131 | 0.119 | 0.147 | 0.104 ,\\g:114

. | [318°{ o0.122 | 0.125 | 0.104 | 0.104 | 0.099:

R, ' 0.125% 0.130° 0.126 0.117  0.118

& s R
«
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REFLECTIVITY DATA"

Description: Rock

Chlorite schist, slightly specular, grey to gféén~grey,"

typical hanging wall cleavage plane

r
Thompson Mine T~-1 shaft 2400 I, 2-38B stope
Incident Angle: 30° Tilt Angle:,O?
. |
Colour Temperature: 2360 K tungsten filament S.E.I.
R = 0.106 ‘Off Angle o
0 = _
0.013 10° 15° 20° 25° '30° i
||
0° | 0.108 | o.l08 0.108 | 0.111 0.133
45° | 0.116 | 0.096 |['0.088 | 0.088 0.103
90° | 0.096 {0.122 | 0.111 | 0.088 0.124 .
©135° | ¢.130 | o0.118 | 0.099 | b.070 - ’
] g .‘ .
o |180° [ 0.106 | 0.082 - - -
[}
el - | . ' ) .
225° | 0.139 | 0.092- | 0.201 | 0.111 |.0.108
270° | 0.090 | 0.101 0.160 O-Jll""10-142 ¢
. ‘ . * ‘ t l -
, 315° | 0.094 ,[-0.090. | 0.103 | 0.084 | 0.070.
@ - ' ‘ ' .
R,  0.110 0.101 0.110 0.095 0.113 "
" -
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REFLECTIVITY DATA

Description: Rock

Chlorite schist, slightly specular, grey to green-grey,

typical hanging wall cleavage plane.

Thompson Mine

T-1 shaft

2400 L

2-38 stope

- e -

'0.132

¢

o] . o)
Incident Angle: 45 Tilt Angle: O
Colour Temperature: 2360 K tungsten filament S.E.I,
R =0.116 Off Angle
(]
0 0.113 | 0.085 0.110 | 0.105 0.092
45® | 0.076 | 0.135 0.105 | 0.132 0.092
90° | 0.092 | 0.108 [ 0.068 | 0.085 0.083
®]135° | 0.089 | 0.108 |°0.103 | 0.085. -
E‘ .
(o] ’ - L -
o | 180 0.085 | 0.195 |
me]
| & - 1 -
] 225° | 0.118"| 0.132 0.113 | 0.192 0.145
270° § 0.110 | o0.108 0.170{ 0.174 0.159
315° | ©0.132 | 0.110 | 0.135f 0.152 [ 0.085
R 0.102 0.123 0.115

0:109
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REFLECTIVITY DATA - -

Description: Rock
Biotite schist, grey, highly specular with diffuse bands.
Specular dark and diffuse light bands interchange with
viewing angle,

Diffuse surface 50% of field gives some variation - top reading
Specular surface, 50% of field shows high variation - bottom reading

Thompson Mine T-1 shaft 2400 L 2-38 stope F.W.
Incident Angle: 0° Tilt Angle: 0°
Colour Temperature: 2360 K tungsten filament S.E.I.
R = 0.288 o
g = 0.056 ) off Angle
R = 0.208 ° 15° 20° 25° 30°
G = 0.100 10 -
' o Il 0.315 0.269 | 0,256 | 0.308 |-0.315
0 0.158 0.141 | 0.141 | 0.135 0.223
o | 0.315 0.308 | 0.256 | 0,239 0.223
45 0.182 0.129 | 0.199 | 0.158 0.123
o I 0.262 0.269 | 0.275 | 0.213 0.223
; 90 0.126 0.166- | 0.177 | 0.126 0.102
| o Il 0.256 | 0.256 | 0.239 | 0.223 -
o135 0.155 0.222 | 0.120' | 0.126 -
o —
& o | 0362 | 0.294 - |- -
| 180 0.199 0.158 - - -
o ' : - : :
®| o I 0.308 | ©.323 | 0.354 { 0.251 | 0.199

| 225 0.397 | 0.379 | .0.199 | 0.330 | 0.406 o

0.288 | 0.269 | 0.281 | 0.281 0.262

270° | -0.120 | 0.416 | 0.406°| 0.397 .| 0.330

© 0.330 0.426 | 0.232 | 0.467 0.315

g, . 315° { 0.135.] 0.194 { 0.151 [ 0.190 | 0.158

- \ ;g : - - ) ., . : ‘
© S R, 0.305 ° 0.302 0.283 0.283  0.256.
R, ~ 0.184 0.226 [0.199 0.209  0.224:

A
s
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REFLECTIVITY DATA"

» Description: Rock e

Biotite gneiss, light grey to dark grey, dry, clean,

some specularity off plagioclase, fresh grainy surface
' | A\

Birchtree Mine 108 orebody, typical hanging wall rock

Ve

o )
Incident Angle: 0 milt Angle: O
Colour Temperature: 2360 K tungsten filament S.E.I.
R = 0.181 , Off Angle
c = 0.019 10° 15° 20° 25° 30°

0° 0.204 0.216 | 0.194 | 0.190 0.188

45° 0.210 0.194 .| 0.167 | 0.169 0.188

00 | 0.196 | o0.149'| 0.190 | 0.179 |- .0.167 -

1352 7| ©0.176 | o0.185 |'.0.153 | 0.273 | -

.
—+
5‘ .
o |180° J| 0.153 | o.172) - - 1. -
(] ~ .
2 : T :
— |225° } o0.210 | 0.205) 0.177 | 0.211 | 0.151

270° | 0.172 | 0.160 [ 0.166 | 0.168 | "0.190

315° h‘ 0.194'| 0.176,| 0.162| 0.194 .| 0.156

) R, .0.189  0.182 0.173 0.183  0.173

. y v . -
B T T e S

a4

~ N ¢ -
Lo

T M s 1SRNt Bk B oA e A

PO W R
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REFLECTIVITY DATA"

Description: Rock

Serpentine schist, green, platy cleavage, dry, clean

.

Manibridge Mine

4

Incident Angle: 0° Tilt Angle: -~

* Colour Temperature: 2360 K tungsten filament S.E.I.
R =0.298
Off Angle
O =0.040
”() 10° 15° 20° 25° 30°
. 0© | 0.342 | o0.284 | 0:305 | 0.226 | o0.284
45° 0.358 0.298 | 0.231 | 0.226 0.254
\
90° || 0.298 | 0.334 ] o0.284 | 0.272 | 0.254
2(135° | o0.358 [ 0.278 | 0.305 | 0.248 ~
g
- |180° | 0.319 | ‘0.342 - - -
§ — . —
225° | 0.334 | 0.358| 0.284 | 0.366 | 0.278
|~ ] 270° § 0.358 0.272| 0.254 | 0.29% | 0.284
315° | o0.284, 0.342 0.319 [ 0.298"| "0.291
. . R, 0.331 0.314 0.283 0.275
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REFLECTIVITY DATA

Description: Rock

Serpentine schist, white to greenish white, fibrous,
high gloss areas change position with changes in off
and record angles. Top reading on diffuse areas,

bottom reading on gloss areas.

Manibridge Mine

Incident Angle: 0° Tilt Angle: -
Colour Temperature: 2360 K tungsten filament S.E.I.
R = 0.394
g = 0-074 Off Angle
R = 0.676 10° 15° 20° 25° 30°
g = 0.181

o [ 0.363 0.347 | 0.302 | 0.324 0.380
0 0.913 0.692 | 0.795 | 0.576 0.742

45° 0.347 0.408 \‘0.289 © 0.355 0.398
0.956 0.677 0.513 0.576 0.661

g'o 0.437 0.437 | 0.363 | 0.513 - | 0.363
997§ 1,024 | 1,024 0.813 | 0.913 | 0.502 | .

Y v P ¥ AR

|30 | 0-589 0.468 | 0.408 | 0.537 -

=l 0.832 0.457 | 0.725 | 0.913 -

! et - " . ——
R E: oll 0.479 |. 0.513 - - - - .
q o w1807 | o.s13 | 0.725 - - - | ,
Q . : : — - ’ ./
A o 0.355 0.355'{ 0.380 { 0.502 0.408

225° .0.457°1 0.576 [ 0.576 {' 0.502 0.408

R 2700 | 0-380 | 0.372| 0.447 | 0.437 | 0.289
{279 |- 0.513 | 0.759 | 0.576( -0.479 | 0.363

il )00 | 0-363 | 0302 0,339 | 0.289 | 0.363 |-
o & - . ~ ﬂ: 0.708 | .0.646 | 0.576 | 0.589 ‘| 0.576. | - ‘-
Jd R, '0.414°  5.400 - 0:361 0.422 ' 0.367 . ° ok

¥ N~ . R 0.790 ° 0.694 . 0.668 0,650 ' 0.542

b

e - ~ . - . f
- = g [T RN D T T
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REFLECTI\ifi\DATA ‘
L a
f)escription: . Rock .
" Pegmatite, granite, clean, di:y,.' predominantly pink ‘
' feldspar, specular on striated surfaces. :
’ 5
Manibridge Mine
Incident Angle: 0° . . Tilt Angle: -
Colour Temperature: 2360 K tungsten filament M.IC
R < 0.247 Off Ahgle
"6 = 0.014 10° 15° 20° 25° 30° L
0° | 0.265 | 0.223 | 0.254 [ 0.246 | 0.237 |
45 | 0.233 | 0.229 | 0.220 | 0.248 | 0.243
. . ¢
90° | 0.237 | 0.250 ['0.261 [0.248. | 0.242 | .-
\ <l : ' T . '\‘ . . .\
©1135° | 0.254 |-0.,257 | 0.259 | 0.257 | -
g e : : , ‘
180° | 0.243 | r0.256° | . -~ | - -
B L R K ,
. :‘ ) . m. N v . an , ) . }_—. |
SO - ol o Py - ) .
A -l {225%) o0.264 | 0.251 |-0.254 [ 0.250 | 0.248
270° | 0.255 | ©0.265 | 0.222 | 0.265 | 0.251
315° | 0.227 | "0.218 { 0.254

R, = 0.247 " (0.244. 0.246

- e - o o R et e T L T e T
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REFLECTIVITY DATA
4 -
Description: Rock ’
Ultramafic, coarse grained, dark grey to black to
green due to epidote. ' ’
Clean fresh ,sqrface, diffuse. . )
!Manibridge Mine Sth L Hanging wall lRocl_c-
: . Incident Angle: 0° Pilt Angle: -
Colour Temperature: 2360 K tungsten filament S.E.I. -
‘ R =0.070 \ Off Angle
.“,;“: - l/ =
,,O g =0.008 10° 15° 20° 25° 30°
- b 0% | 0.058 | 0.060 | 0.061 | 0.075 | 0.075
T 45° | 0.073 | 0.073 | 0.061 | 0.064 | 0.072
% : 90° f- 0.061 | 0.067 0.064 { 0.075 | 0.061
@1135° 0.073'| 0.064 0.061 | 0L 065 -
T & -
i 5 , T a
b o |280° | 0.082 [-0.070. - - -
‘ ." p ! IU ) 3 i "/
P o /
{ [+ o ) , ‘ ;
.| 225 0.077 | 0.075 |  0.082 ]|/ 0.064 0.079
. .o ! I h : . ' T
'270° | 0.058 | 0.064 . 0.065/| o.064 0,064 |
T T 7 N
P | ['315° §{ o.080 | 0.092 | 0.077| 0.078 | 0.077,
5 R 0.070 ©0.071 - ,0.067 0.06%  0.071s

A e
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REFLECTIVITY DATA"
("/
I
Description: Rock
'Ultramafic; dark gfey, clean, dry surface, dull diffuse,
hackly fraeture, preferential cleavage on white to light
grey carbonate veinlets. '
Man;j.bridqe Mine - '
, o .
. Incident Angle: O° Tilt Angle: -

Colour Temperature:

e}

2360 K tungsten filament

SI.E.I.

= 0,096 Off Angle /(
=0.012 . 10° 15° 20° 289 30° )
1 2’ ! ‘
1T o° | 0.096 o.o&i 0.092 .| 0.113 | 0:096
. . '/’ 5 ) )
! \‘\L,,/ N ‘ - -
45° | 0.113 {0094 | 0.078 | 0,094 | 0.090
'] 90° 0.096 .['0.096 | 0.086 | 0.094" | '0.090
.3 l"359 0.]‘-01 0'-096 0.086 '00082 “:w.’. \'_'
g‘ — : ;
5| 180° | 0.082 | 0.084 - I ’
o ’ ' , - ~ .
& , 1 1= N o
‘2250 0.108 | 0.101 |-0:092 | 0.092 | '0.086 -
370° [ 0.082 | 0.094 | 0.118'| 0.098 | 6.090;
. : ' . : . : 'ﬂ: ’} ,;l -
315°#h 0.088 [.0.124 | o.i217| 0.113 | 0.108. | -
o Rey  0.09 - 0.097"  0.05 ,0.098" . 0093
. X \\' . : Yoa B e . ,. "*
¢ Li\ . » “' ety ' ; : | ? !
- . s - .
¢ ‘ . ‘ e

.
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0,142

© 0:136

0,127

0.138

L é .
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'’ .+ REFLECTIVITY DATA®
S \ ,
' Descrlption- Rock . '
Diorlte, typlcal footwall rock near contact, dry,' ‘clean
5 s o : - ] o ‘ )
Flin Flon Mine, H.B,M.s" S. South Main- "
© ‘4 v.P. upper . ' P " .o
‘ { ;
In01dent Angle. oo“ o '1'111: Angle- -
. Colour Temperature- 2360 K tungsten flIament ‘$.E.T. ‘
R ?.0"3:35 \ Off Angle
7 =0.018 10° {.15° .20° 25° "30°
’ 0% | 0.138° 0102 .| 0.223 | 0.123 | 0.155
¢ s N : ¢
45° | o0.151- [ 0.12a | 0.7145 [-0.123 | 0.148
, '90° | o0.188 | d.148 | 0.135 |T0.155 | 0.148
- @1135% || 0.145' | 0:155 | 0.138 | 0.151" |- -
, o - ] S o
BT ‘
" |180 0.148 6.155 - = -
AN RN ST 0
Q[ T = & , ,
&l - ol L S S BN
0w fezs 0.151 } 0.155 | 0.115 | 0.158 |.0.129
270° | ‘0i126 | 0.123'{ 0.115 | 0.155 . 0.110
315°. ' 0:127 | o0.120. 0.217 | o102 | 0.1%0. [

0.133 "
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-0° 0.137

0.134 |

. 45° | +0.131 { 0.137

i Nreveendde

0.137 '

‘, + -'90

1 0.143 | 0140

0104

. 0.1b9

"0.122

0.161

0.116 - ) " )

Réa@_éngle

Moo [225° | 00137

0.137. 0.128 | 0,131

0.125,-

- - -

0.143

0.119

< v

0.114 } 0.109 ]

001377

4
T

1:315%f 0.172 | o0.13¢7| 0.1a3{ o137 |° k137 |

R, . ©0.142 “0.130 0.132 0,117  Q.134°

R o Va v
» ‘ N . \: . J

. o L Co L

" 0.165 |

} ' T T x
‘
{ !
!
5
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. REFLECTIVITY DATA
Description: Rock
biérite, footwall
South Main Mine, . 4 V.P. square set
S . _ _
‘ ' Incident Angle: - 0% - S Tilt Angle: -
_.Colour Temperature: 2360 K tungsteﬁ‘filament 3 S.E.I.. .
. . P . T . o,
R =0:131 . ’
R 3E‘R i Off Angle 3
‘ g =00016 " N -
, 10° 15° 20° 25° 30°

1
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REFLECTIVITY DATA ° : T
Description: Rock
Serpentine, fresh surface, some specularlty
grey to- off—whlte, ‘smooth, conchoidal A
Souﬁh'_Main . 3250 L Shop
. ‘ ) o : \ . N
‘Incident Angle: 0° - . Pilt Angle: - }\‘ _ «
Colour Temp,er.ature: 2360 K tungsten filament ,S;E.I‘. L :
o ‘ o R ;
Co . : \
L . : : — . ‘
R = 0.187 : ' " Off .Angle" ’
© = 0.046 . 34° 15° | 20° | 25° 30°
- 0° § 0.116 | 0.207 | 0.243 | 0.127 | 0.207
) ;: ¥ . “ , B '<’ N .
’ ’ S | 45° | o0.164 | 0.125 | 0.249 | 0.202 | 0.260
90°:] 0.207 | 0.222 | 0.130 | 0.176 0.189
' 91135 § 0.157 | 0,097 | 0.202 | 0.197 -
g ' |
o|180° | 0.146 | 0.202 I C— -
g ) _
Lo . o k &J " ’ . P ' . -]
N N 225° | 0.193 | 0.216 | 0.143 | 0.207 | 0.133
i wat 5l |270° |- 0130 | .0.207 - 0.197 | '0.202 | 0.193
31s° | 0.176 | 0.216 | o0.207 [ 0.153 " g¢.328 [ .- - ..

‘R,  .0.161  0.186  0.19 0.181.  0.218

. s :
- . .

L3 “ '
. Tl L ale e e wdl T il s e ceer e e a4 bl s e oes
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REFLECTIVITY DATA . °

] igfscription:r Rock °

Gabbro

- 258 -

Flin Flon Mine, H.B.M.& S.

3250 Crusher Station

z . . - o
Incident Angle: 0

South Main

Typicé; country rock

Y

Tilt Angle: -

Csléur Temperature: 2360 X tungéten filament S.E.I.
R 8§ i e .
R ='02093 0ff Angle
g =0.01T—f 10 | 15° 20° 25° 30°
] D o~ — ~ ’
0 0.079 | 0.096 [ 0:098 | 0.107 0.102
’ 45° 0.087 [ 0.078 | 10.091.| 0.093 | 0.093
90° hv 0.091 | 0.076 | 0.096 | 0.076 /| 0.076
"o]135° | 0.100 | 0.107 | 0.079 | 0,081 -
.gv :
180° L 0.076 | 0.098 - - -
& - )
225° H 0.089 | 0.091 | 0.107 ) 0.115 0.115
270° E 0.081 | 0.096 | 0.093 | 0.107 |.0.096"
S 315°,ﬂ 0.076 | 0.100- |:0.098 | 0.085 0.120
. ' _.R - - 0/085 .0.093  0.095 0.095  0.100

i

i

A}

. *
A g L N




Description:

- Norite

¥

Rock

- 259 -

Top reading on dry surface -

Bottom reading on wet -surface

REFLECTIVITY DATA"

Eiaconbridge Mine, #5 shaft,L‘ZBOOEL Charging station

R
o
R
o

Incident Angle: 0° ‘Tilt'hnéle: -
Colour Temperatufé: 2360 X ﬁﬁngsten filament  S.E.I..
-0.191 X *
=0.020 Off Angle
- g-ggg H 10° 15° 20° 25° 30°
o | 0-191 [o0.225 | 0.170 | 0.163 | 0.196
0.076 | 0.065 | 0.068 [ 0.085 | 0.066
45° 0.183 | 0.178 0.200 | 0.187 0.191
0.062 | 0.063 | 0.054 | 0.054 | 0.059
oo | 0-210 | 0.200 | 0.196 | 0.205 | .o0.183.
I o0.048 | 0.054 | o0.058 | 0.071 | o0.054
o350 | 0-148 | 0.235 | 0.187 | 0.174.
: g‘ I o0.085 | 0.068 | 0.068 | 0.069 -
1.0 o0.196.} 0:187 - - -
F 180 0.056 | 0.046 - - -
&l o | 0.208 | 0.200 | ‘0.230°|" 0.191 | o0.191
225% 1 0.085 [ '0.083 °| 0.069 | 0.065 | 0.059
..ol o0.196 | 0.205 | 0.210 0,174 | 0.155
270 0.085 ] 0.081 | 0.068 | 0.065 | 0.069
13050 | 0:270 | 0,155 '| 0.196f 0.196 | 0.191
31 -h 0.085:/ 0.085 | ©0.065 | ‘0,081 | 0.074
"R, - - 0.187° 0.198  0.198 0.184  0.184
R, 10,073 .0.068 . .0:.064 0.070 . 0,064
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- : REFLECTIVITY DATA . -. . . .

4

—t

Description: Rock
Norite
Top reading on dry surface
”

- Bottom reading on wet surface

Faiéonbxidge Mine, #5 i?aft, 2800 ﬁ Cﬁarging station
- Incident Angle: 156 . : Tilt Angle: -~
Colour Tempe;atufe: 2360 K tungsfen'filament : S.E.T.
R=0.193 - '
g = 0,024 _— Off Angle
R=0.058 - 10° 15° 20° 25° 30°
o= 0.011 ) Co

- o I 0-203 |o0.168 | 0.172 [0.222 | 0.189
¢ 0.057- | 0.044 0.058 | £.056 |- 0.056

o I 0.207 |o0.207 0.193 | 0.157 0.198 | .-
45 0.072 | 0.068 0.084 ‘| 0.068 0.053" ‘

ol 0.207 |0.243 | 0.180 [ 0.198 | 0.172
90" | o0.061 | 0.062 0,073 | 0.088 0.067
ol iaco | 0-198 [0.172 .} 0.207 | 0.207 | -
2 1357 1 0.070 | 0.058- | 0.057 | 0.060 -
‘@l oI 0.203 [o0.108 | - - -
g 180 0.070 | 0.044 | = | - -
- @ o o.165 |o0.255 | 0.203 | 0.193 | o0.161 -
; 2257 [ .0.062 | 0.054 | 0.051 | 0.044 | 0.044: | -
] ) 1 Y ) - ‘ I '
oo o f 0.161 - 0.161 | 0.154 [-0.198 | 0.203.
;- . 2707 1 0.053 | 0.054 " | 0-.053 ‘] «0.053 | 0.044
. o0 0.203 [ 0.203 | 0.203 [ 0.217 | 0.161
31574 0.050 ,| 0.053 [ 0.050 | 0.042 | 0.056 .

"0.193 0.201  0.187 0.199  0.181 .
0.062 0.055 0.061 0.05%  0.053 -

kY
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 REFLECTIVITY DATA’

Description: Rock

TR
Norite
Top reading on dry surface
Bottom reading on wet surface

Falconbridge Mine, #5 shaft,
X o

. Incident Angle: 30°

l"
2800 L

' Tilt Angle: -

Charging station

5.E.T.

Colour Temperature: 2360 k tungsten filament
R = 0.195-
0 = 0.019 Off Angle
R = 0.050 o | <.z0 ° 0 °
G = 0.008 10 15°. | 20 25 30
o | 0,179 |o0.216 | 0.200 | 0.179° | 0.192
0 0.039° | 0.041 | 0.039 | 0.042 . 0.039
o | ©0.183 {o0.226 | 0.183 | 0.171 | 0.192
45 | 0.039 | 0.058 | 0.063- 0.071 | 0.065
o 0.226 ['0T179- { Q.221 | 0.221 0.188
90 0.043 | 0.049 | 0.055°| 0.052 | 0.065
' ol 0.179 [ o0.183 .[ o0.183 [ o.160 | -
&[1357 | 0.049 | 0.059 '} 0.059 | 0.057 -
A o o.223 o179 | - - -
g [ 189 0.049 | 0.052 - - -
LT 2
.5 ' o f 0.192-] 0.197 | ‘o.201 } 0.221 | 0.179 }
225 0.047 | 0.049 0.049 | 0.050 0:048
" ol 0.183 | 0.197 | 0.226 | 0.192.] 0.226
270~ § 0.039 { 0.049 | 0.052| 0.049 | 0.041
ol 0,179 | 0.179. | 0.221{ 0.188 [ 0.179
315 { 0.041{ 0.049 0.049 | 0.047 0.039
) R, '~ 0.193 0.19¢ 0.205 0.190  0.193
"Ry:  0.043 05051  0.052 0.050
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REFLECTIVITY DATA
Description: Rock
Norite
Top reading on dry_surface
Bottom reading, on wet surface

Fa;conbridge Mihe, #5 shaft, 28Q0 L . Chargiﬁg étqtion

Incident Angié: 45° - T Tilt Angle: -
Colour Temperature:' 2360 K tungsten filament © S.E.I.
‘R =0.213 " , - S
¢ =0.024 - ) . off Angle '
R =0.049 A 10° 15° "20° 259 30°
o = 0.006 -
.. 0.200 {0.183 | 0.196 | 0.210 0.191
g 0% | 0.042 | 0.048 0.045 | 0.048 0.044
" o Il 0.270 | 0.220 .| 0.241 | 0.196 | 0.220
45 0.048 | 0.051 0.050 | 0.058 0.046
o | 0.171 | 0.183 | o0.210 | 0.174 0.174
- 907 | 0.044 | 0.048 | 0.047 | 0.048 | 0.048
, o 1 0.241 [.0.220 | 0.187 | 0.187 -
. R 311357 f 0.059 | 0.049 | 0.047.| 0.068 -
a @] o I 0,225 [o0.215 | = iy -
‘ g 1807 | 0.048 | 0.047 | - - -
§ , 4’.‘ B -~ - ~ - i
e o @l o 0.247°| 0.236 |'0.196 | 0.236 | 0.230
% I - 225 0,042 | 0.038 0.041 | 0.039 0.040
3 o 0.225 | 0.225 [ 0.241 | 0.230 | ¢.241"
270 0.053 | 0.054 [ 0.044 | 0.05¢ | 0.053
3150 [ 9-220 | .0.215 .| 0.215 | 0.191 0.215
0.058 | 6.056 | 0.054 [ 0.053 | 0.055
, R, . 0.225° 0.212 _ 0.212 0.203  0.212 3
" R,. '0.04% . 0.049 ' 0.047 0.053 -0.048" i
R o t
_ - i
1 ‘- ,a
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REFLECTIVITY DATA -

Description: Rock

Quartz diorite

- Light giey,'diffuse

Falcohbﬁidgé Miné"#s shaft 2500 level Charging‘station

a

Incident Angle:. 0% - - S 7 Tilt Anéie: 0°
Colour Temperatﬁre: 2360 KAtungsteﬂ filament "M.ILC
. | _
'R =0.300 ° : Off Angle |
'«o o =o0,017 | -10° | 15° '] 20° | 25°°| " 3¢°
¥ | | g0 - - | o0.260 : - fo.292 | -
450 | 0.355° - - 1 - 0.331 "
90° [ .- 0.314 |« - | - . |[0.319
: 91380 - = 0.296 | 0.289 | -
| o |180° | 0.278 0.326 “ - -
/ . ‘g .
o o I .. . . ) .
. 2252 | - ] - 0.280 | 0.301 -
J2700 | 0.325. | - - - 0.275
a1 - |0 < [o.267 7 - 0.293
2 W R : ) .
’ O R, .0.319. .0.300. 0.281 0.294 .0.304 S
;:‘.;’L ’ 3 V! . ’r . »
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REFLECTIVITY DATA"

‘Description: Rock

Calcareous siltstone. Host rock for sulphide ore.

Needle Mounta{n Mine.
v )
°  Incident Anglezl 00; * , S Tilt Angle: -
- Colour Temperaturé:‘ 2360 K- tungsten filament .S,Eﬁl.
+ * ~/ a
N ; : ) o ‘ E
R =0.512 ' - . .offangle | - |
¢ =o0.050" § 10% | 8% |o20% | 25° | 30°
‘ 0 | 0.478 | 0.456 | 0.456 | 0.489 | 0.489
45° | 0.489 | 0.500 | 0.456.[ 0.467 | 0.467
9¢° | 0.500 | 0.524 | 0.630 | 0.500 | 0.536
v | 8]135% ] o0.456 | 0.644 | 0.574 | 0.536 | -
* ~1180° [ 0.574 | 0:524 S e
o , ‘
‘ ' - 5 ' . ‘: : . > ‘ L=
2 e “1225° | 0.406 | 0.489 | o.s512 | o.512:| o.561 | ‘. . i
| 370° | 0.512 [ 0.615- | 0.500 | .0.512-( 0.548 N
315° _[';,,0.456-, 0.489 | 0.500 | 0.536. 0.53 [ .
. ( _ -~ . ' B . . . e
R, 0.485 0.530° ' 0.518 0.507  0.523
. c “ R
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REFLECTIVITY DATA

Description: Rock

Unidentified back fill from fill stope

Top readings using S.E.I. on wet muddy surface

Bottom readings using MacBeth on very dusty, dry surface

§ Brunswick Mine 62 F.W. 1996 West  Ore Zone )

. , 0 " ' ~ N ' o

". Incident Angle: 0 E Tilt Angle: O 3

Colour Temperature: 2360 K tungsten filament S.E.I. &'M.I,

R = 0.130 - o 5

o = 0.018 | _ . 0ff Angle. %

R = 0.276 o | 450 | 200 25° |° 30° %

o = o.011 |- '10,“’ | 1 , . 1. :

o 0.227 | 0.146 | 0.139 0.149 |-0.160 i

. 0" {§ 0.276 | 0.274 | 0.281 | 0.278 0.262 3

" o I o.111 | 0.139 | 0,139 | o0.106 .| 0.106 | 4

; 45 0.306 | 0,291 0.275 } 0.273 0.256 : g

, — :

5 | 0.164 | 0.139 0.146 | 0.113 0.130 |\ ;

S L 0.281 | 0.282 | 0.274 | 0.274 | 0.273 |: i

~ o I ©-160 [ 0.119 | 0.139 | 0.090 - |

911357 | 0.283 | 0.286 | 0.273| 0.270 -~ 3

o .‘ . . . j ;

gl o1 o3 0130 - - - .. i

o|180° | o0.301 | 0.277 | - - - - .

- 8 s ' . — — . . §

LT & o] ©.133 | 0.133 | '0.133 | 0.108 | 0.106 §

5 R . 225 9.281 [+0.278 | '0.265| 0.265- [ 0.262 g

" ’ ‘ : — — : 2

) . _ o ©-127 | 0.136 [ 0.136| 0.106 | 0.133 '

o -t | 270 0.289 | 0.279° | 0.271| 0.263 0.261 5

. . - » ., 'j

o ol 0¢146 | 0.130 | -0.108| 0.133 0:103 | , 4
. , 315" | 0.291,{ 0.280 6.280 | 0.273 D.251 : \

R, = 6.139°- 0.134  0.134 -0.115  0.123
ﬁx. 0.289 - 0,281 0.274 ‘0,271 - 0.261

A .
» - . . ]
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“REFLECTIVITY DATA
Description: Rock ‘ S
Backfill from fill stope, wet, mdddy, \
" uniform grey field.‘ J . \
Brunswick Mine 62 F.W., 1900 West Ore Zomne\| ’
1 ’ | ‘ ' X i | N
Tncident Plngle,: 15° - Tilt Anngez 0° ‘
Colour Temperature: 2360 K t‘ungéten filament S.E.I.. '
‘R =0.127 ' 0ff Angle
o =0.027 10° | 15° |- 20° 359 30° | .
. "0° | 0.109 {0.123 | 0.126 | 0.109 | 0.117
45° |.0.129 | 0.138 |-0.162 .| 0.129 | 0.109
90° | 0.155 ] 0.169 | 0.181 | 0.169 | 0.195 N
©]135° | ©0.109 | o0.141 | 0.138 | 0.148 -
5\ » : N -
-7l 180° 0.126 |.0.109 | - - -
g 5 ]
o . . ' 1 '
| 225° || 6.104 | 0.120 0.087 | 0.089 | 0.087
1270° | 0.135_] 0.132 .| 0.169 | 0.109 0.087 |:
315° | "0.138 | 0.117 | 0.107 | 0.204 .| 0.104 H
"R, 0.126 0.128  0.139. 0.122  0.117 .
1 . ' " ai\ ';" N
. b X K
_ . . . f‘; 4 ) i i ) i‘
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REFLECTIVITY DATA
Description: ' Rock ‘ ' . - o ‘ _
 Backfill from £ill stope, wet, muddy,
uniform grey surface.
Brunswick Mine, .. 62 F.W. 1900 Wesi: Ore Zone ‘
f i ) o ‘ R - : v o
- Incident Angle: 30° Tilt Angle: 0
Colour Temperature: 2360 K tuﬂgsfen filament S.E.TI.
R'=0.051 o Off Angle
g = , - !
70.-010, 10o. ' 18° 20° 250 30°
0° | 0.090 | 0.097 | 0.097 | 0.090 | 0.093
) 45° | 0.097 | 0.093 0.086 | 0.097 0.099
90° | o0.081.]0.079 | 0.097 | 0.097 | 0.097
; ‘@235 | 0.095 { 0.097. | 0.097 | 0.077 -
. ' E’ - - M.
: o l180° | 0.104 | 0.07% - - -
. 8 , : - :
m o - % LS N N . N
5 225 0.101 | 6.101 0.077 | 0.077,| .0.081
“ N NS . o s S : —
:{” N ‘” ' . 3 '\? \' X ' c " i . v > s * '
Ao s ' :2700 0.097 | 0.082 | 0.081 | 0.077 0.097
:7‘:: ‘.. 1' - H‘;‘ T e — T ] P R :
b [ 315° §. 00117 | 0.081 [.0.095 | 0.097 |, 0.077
) . R, .0.098.' 0.088 , 0.090 '0.087 0.091
1 "1 ' . ‘ P\\
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"R = 0.077°
g = 0,007
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. Colour Temperature: . 23§6 K“ﬁunésteﬁri
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‘ Y REFLECTIVITY DATA
Doso : 2 > *
Desgcriptions Rock. . . , ‘
e N “,, . ! S ' t
" Backfill from £ill stope, wet, muddy, ° 4 -
) 4 L . Y . ;
N . . 1 v i ’ : &
uniform grey field. Cd ]
3 - . gt
' . N @ . . § . B )
‘Brunswick Mine 62.F.W. 1900 West.Ore Zone' -
- ) . ' ' i ' AR ¥ . : N . - o !
4’ & '\ R . -
' ! o B ) v .
T ‘ o o i : S o =«
. Incident Angle; 45 % - Tilt Anglez ~ O .-

S S.E-_I-

d
<

f
N .
Wt

b

. Off

Angle

20°

i

g4 259 ¢

,
b Y
R

G

'0.084

T T o

Read Angle

f

P ‘° ®
135° | 0.077 | 0.072 | 0.077 [ 0.073 -| .-
) ‘ 5 EOE
180 0-078’< 0.068 - - -
225° || 0.092 [ 0.p78 o.ojsl 0.077 | 0.075
27¢° | 0.080 | 0.060 | 0.072 | 0.075 | 0,070

)
A W

315

3

0.082

i

0.073

. 0.097.

0.084

0.064

0.080

Lt

\'010'7.4

s
i

3

0.080

0.077

¥

0.071
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Incidenthﬁglgz . o°

"' Coloyr Temperature: 2360 K tungsten filament
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REFLECTIVITY DATA’ . \ ‘
Description: « Rock S . ’
.Slate, country wall rock '
"* light .to dark grey . ‘
. Brunswick Mine, 62 F.W. 1900 West -Ore Zone

’

Tilt Angle: 0

o

R = 0.234 L Off Angle ' ’
o =0,046 [ 190 159 . 20° 25° .| ~30%
N 0® - {o.276 | - 0,201 _
450 | 0:27m - - -, | b.206
- O _ o . ] ) ? ’ R ] .
90 0.250 C o 0.198
) : : N : , -
0. o ! — ¢ M \ 2 14 -
| 21135 ~ 0.236 0.2135
e ] 2 I ; .
5 o_l Nt o7 " Eom ) "
's 1810 ' 0' 2'807 0725‘6 - . - -
&, L o . B I e K ’ . -Uw .
225° || - . 0.249 [ 0:213 R
., | LI o B‘ . . R
ol n a 3 : N .
270 ) »0:338 o - . ER. 6‘1784
l‘ ., ) ~. 'o R ] i - ‘: r; v :v‘ < n‘ ’~\ 4
£ N3 B2 P T 0.210 - -° 4 0.157 '
7 TR, 0.209° 0.261 ¢ 0.232 .0:209 0,183
. . o n"x} . 7 o
J ) ’ ' ’ , ' | , cv.d #
e | R S
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Description:

REFLECTIVITY DATA

Rock

Sericite schist

Grey,

H -
Minor yellow-orange (iron oxide), striated, slickensided

clean, dry.

some white (carbonate).

~

{

1]

Brunswick Mine « 2350 L ?_ Lunch room wall
- .
Ingident Angle: 0° Tilt Angle: °
Colour Temperature: 2360 K thngsten filament M. T
R = 0.279 Off Angle
— t p— ——
o =0.011 10° 15° 20° 25° "30°
0° - - - - 0.270
45° - - 0.277 - -
;"
90° - 0.277 - - /)| 0.269,
| (
! !
o - - - > -
2 135 0.267
g
) - - - -
o | 180 0.291
o
7]
o o
225: - - 0.275 - -
270° - - - -280 -
315° 0.299 | 0.289 - - -
R 0.295 0.283 0.276 0.270

0.274

—n

v st
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Description:

REFLECTIVITY DATA

Paint

s

L

Whitewash on sericite schist

e RT3 2 A Tt e

Flat white to grey to pale yellow, dry.

D1ffuse, not fresh, 2+ a

R

9]

Brunswick Mine 2350 L Lunch Room Wall
Incident Angle: 0°&f Tilt Angle: ¢@°
Coi;ur Temperature: 2360 K tungsten filament M.I
=0.457 Off Angle
= 0.024 10° 15° 20° 25° 30°
0° - - - - 0.433
]
45° - - 0.442 - -
{
( o]
90 - 0.459 - - 0.417
(o]
gl13s - - - 0.428 -
5‘1—-
(o] ‘ i
| 180 0.458 - - - -
(]
&
225° - - 0.456 - -
270° - - - 0.472 -
315° {| 0.506 | 0.494 - - -
R 0.482 0.477 0.449 0.450 0.425

-

R T PPy )

iy
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REFLECTIVITY DATA

Description: Paint

wWwhitewash applied to serpentine wall rock.

Top readings on dirty unwashed surface.
©

Dust accumulation = 2+ a. N

Bottom readings on clean freshly washed surface.

South Main Mine 3250 L garage
Incident Angle: 0° Tilt Angle: -
Colour Temperature: 2360 K tungsten filament ' S.E.I.
R = 0.360 [ .
= 0.095 Off Angle
R= 0.786 10° 15°. 20° 25° 30°
0= 0.088 N
A Y
o Il 0.251 0.317 | 0.363 | 0.219 | 0.479
0 0.624 0.768 | 0.654 | 0.882 -
450 | 0-479 0.191 | 0.302 | 0.468 ‘| 0.398~
57 | 0.804 0.654 | 0.804 | 0.823 -
o |l 0.417 0.479 | 0.324 | 0.309 0.204
90 0.842 0.842 | 0.701 | 0.734 0.786
o o |l 0.372 0.339 | 0.389 | 0.363 -
|35 | o.882 | 0.786 | 0.823 | 0.768 -
A o | 0.457 0.224 - - -
g 180 0.685 0.902 - - -
[)] T
~ ol 0.603 0.479 | 0.363 | 0.355 0.372
225 0.786 0.804 | 0.902 |-0.654 0.639
ol 0.240 0.381 | 0.468 | 0.372 *| 0.372
270 0.734 0.786 | 0.923 | 0.823 0.823
) ol 0.389 0.398 | 0.191 | 0.289 | .0.355
315 0.862 {4 0.583 | 0.786 | 0.823 0.804
%x 0.401 0.351 0.343 0.33 -0.363
R, 0.777 © 0.766 0.799  0.787 0.806

i

g
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Description: Paint f’
Whitewash, both

Dirty and fresh clean surfaces
Clean surface 70% of field - top reading
Dirty surface 30% of field - bottom reading

Falconbridge Mine #5 shaft 2800 level Charging station

Incident Angle: 0° ' Tilt Angie: 0°
Colour Temperature: 2360 K tungsten filament
R = 0.894
O = 0.085 Off Angle
-7
R = 0.620 10° 15° 20° 25° 30°
0 =0.092

0.980 0.834 0.957 0.957 0.936
0° 0.632 0.526 0.662 0.564 0.693

3 o | 0.980 |0.693 0.796 ‘| 0.834 0.834
45 0.551 |0.778 0.618 | 0.618 0.632

o I| 0.936 {o0.980 0.936 | 0.957 0.957

30 0.647 | 0.693 0.418 | 0.618 0.693 .
o [ 0.980 | 0.914 0.936 ( 0.778 - '
o135
S 0.662 |0.760 0.678 | 0.538 -
» = . ¥ J\‘i
2 o | 0.914 |o0.957 - - -
g 180 0.693 |0.526 - - -
Q . Y
5 o il 0.980 [0.957 0.957 | 0.778 0.815 °
225 0.662 | 0.647 0.778 |'0.618 0.618
. ol 0.83¢ |o0,778 0.980°] 0.778 0.957

270 0.678 | 0¥364 0.491 | 0.590 0.632

o} 0.957 [0.778 | 0.743' | 0.893 0.936
3157 { §.632 -{ 0.604« | 0.514 | 0.538 0.743

fﬁ) o § " 0.945  3.861 0.901 0.854 0.906
ﬁ i 0.645 0.612 0.594 0.583 0.668

1 e
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REFLECTIVITY DATA

Description: Paint , . K

Dirfy whitewashed surface
v

»
Flin Flon Mine, H.B.M.& S. South Main

3250 Shifter's Office

-

Incident Angle: 0° Tilt Angle: 0°
Colour Temperature: ‘2360‘K tungsten filament S.E.I.
- R = 0.495 0ff Angle
o = 0.056 10° 15° 20° 25° 30°
0° | 0.420 | 0.450 0.493 | 0.541 0.517
45° | 0.517 | 0.567 | 0.471 | 0.450 0.493
N . .
90° | 0.471 |-0.505 | 0.482 | 0.529 0.482
@|135° | ©0.450 [ 0.580 | 0.517 | 0471 -
g N
< |180° | 0.567 5493 - - -
i b
225° | 0.593 | 0.593 | 0.493| 0.450 0.461
270° | 0.517 0.482 | o0.461| o0.471 | o0.410
) 315° | 0.593 ) 0.580 | 0.383( 0482 . 0.392
R, 0.51  0.531  0.471 0.485 - 0.459
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Description: Paint
Silver, metallic, 1+ a, c‘kan, dry ®

Specular, bubbly, applied to shotcrete surface

Strathcona Mine 2900 Lunchroom Wall
) -
’ , fo) .
Incident Angle: 0 ) Tilt Angle:’ -
Colour Temperature: 2360 K tungsten filament: S.E.I.
R =0.481 Off Anglée
° =0.080 ° 10° 15° ~ | 20° 25° 30°

0° 0.427 0.486 0.501 6.365 0.432

"45° 0.662 | 0.509 0.486 0.521‘{0.542

L90° | 0.698 | 0.526 0,511 | 0.462 [  0.391

135° 0.469 | 0.542 0.548 | 0.518 | - =

180% | 0.447 | 0.539 [ - |, 2 - |-, -

e

-

. :l i . ¢ s W s K . N
225° | 6.599 0.538 0.438°| 0.411 0.395

Read Angle

| 270° '(?’.4]“1%70.419 0.460 | 0.402 0.406 | . . -
7 - T : { '
, : 315°‘ﬂ§0.611 \Q,,\438 | 0.37F o0.447" | .0.376 | -
, < C R, ) §.540- 0.502 0.4‘74‘_ 0.447 0.423. '
y X . . ! , A ., * s ~
n \‘ 4. b o .
: ] ° R -

. ' — . " —— N Hrg
T T n— AN ~""§?¢:{a"§2‘zﬁ§.§2 e 2o
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Descrip

tion:

t

In¢ident Angle:

REFLECTIVITY DATA

Paint

Trade name Couplox A

¢

Tilt Angle:

Yellow paint on metallic victaulic pipe coupling.

Colour Temperature: 2360 K tungsten filament S.E.I.
R 7 0.464 Off Angle
g = -
0 0.065 10° is° 20° 25° 30°
o° | 0.362 | 0.397 0.561 | 0.548 0.379
.
' 45° 0.416 | 0.406 0.370 | 0.466 0.488
~ 90° | 0.456 | 0.561 0.488 | 0.488 0.4164
, ©1135° | 0.523 | 0.466. | 0.587 | 0.466 -
g
< | 180° 0.435 | 0.488 - - -
o
! é’ SN .
225° | o0.416 | 0.477 0.466 | 0.416 0.388
S ' | 270° | ©0.500 | 0.523 | 0.425| 0.466 »Qﬂ388
. — \—
. 315° | 0.416 | 0.561 | 0.587| 0.370 0.523
‘ ) R, 0.441  0.485 0:498 0.460 " 0.430

%ir"‘. y




REFLECTIVITY DATﬁ

Description: Paint

Qellow plaéi?c cap lamp battery -

’

(

(o] ™ . 0
Incident Angle: 0 ' Tilt Angle: O
Colour Temperature: 2360 K tungsten filament S.E.I.
R =0.804" Off Angle
g = e
0.085 10° 15° 20° 25° .30°
o° | a.884 | 0.702 0.806 | 0.864 0.655
45° 0.626 | 0.864 0.788 | 0.735 ' | 0.686
90° | 0.926 | 0.926 0.884 | 0.788° | 0.719
©1135° | 0.806 | 0.864 |[“0.788 | 0.884 -
E? : 1.
o P - - .
] g 180 0.655 | 0.926 . fﬁg -
&J N - T
. 225° | ,0.735 | 0.884 0.825 | 0.844 0:825
o : R L
270 0.864 | 0.844 0.864 | 0.884.] 0.702
’ 315° | o0.844.] 0.735 [, 0.864 | 0.752-¢ 0.702
‘O & -
| R, - 0.792 0.843 -0.831 0.822  0.715
. . &
- \. ’lu i
* 4§ 4
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W REFLECTIVIEY DATA -
» . “ .
Description: Safety Hat ‘ \N/j

Brown miner's cap 20 +a

J

»

S

Incident Angle: 0° Tilt Angle: - -
Colour Temperature: 2360 K tungsten filament ) S.E.I.
- Q
R = 0.099 Off Angle
o =0.021 10° 15° |, 20° 25° (6"'
RS S
0° { 0.107 |o0.089 0.091 | 0.109 | 0.112
\J
\ .
'45° || 0.089 \] 0.074 0.072 | 0.085 0.177
»90° || 0.097 [o0.107 | 0.102 [ 0.137 [ 0.117.
©1135° | 0.109 {o0.128. Do.0a3 | 0001 | -
f o s . . y '
é N
< |180° | 0.109 | 0.069" - - -
m . . 1
[} . T
m w -
225 0.104 | 0.087 1, 0.089 [.0.104 0.087
270° || .0.087 | 0.091 0.085 | 0.093 0.109°
. ) ’ ' . Y, R
315° | 0.107_,] 0.209 | 0.107 | 0.104 | .0.055
R, * 0.101 0.094 0.090 0,103 0,110
-~ - r * ,‘
,“ 'S - , %
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Description:

Incident Angle:

- 279 - %

REFLECTIVITY DATA

Safety -Hat

00

_ Miner's cap, white, new,‘M.S.P.

N

Tilt Angle: -

2360 K tungsten fiiament

S.E.I.

Colour Temperature:
R-= 0.957 - Off Angle
9 = 0.101 10° 15° 20° 25° 30°
0° | 0.s08 | 0.887 | 1.091 | 1.066 [ 0.950
/o, 45° | 0.867 | 0.908 0.908 | 0.867 1.091
90° 0.828 | 1.042 .| 0.908 | 0.950 0.972
©[135°"| 1.066 | 1.042 | 0.908 0.867 -
n b‘ : :. L . b
2 o o '
o | 180 0.867 |  0.887 - - -
1]
&’ Py N ! h 4
225° | 1.143°| 1.042 |["0.908| 0.867 |.0.867
: 1 270° | 1.091' 0.887 | 1.091] o0.867 | 1.091
|315° ] 0.929. d.867 | .1.196| 0.847 | 0.867 %
Jl . _: * ‘h : . .y .
. R, 0.962 0.945 1.001 0.904 0.973
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REFLECTIVITY -DATA

Description: Kodak Test Card

Catalogue No. 1527795, grey surface

\ N
N
.. ' e ‘., ' o ’
Incident Angle: O \ Tilt Angle: 0
. Colour Temperature: 2360 K tungsten filament S.E.T.
o ‘
\\\_ . . '
R =0.250 - " Off Angle
¢ =0.036 10° 15° " | 20° 25° 30°
W
0° | o%313 [o0:.275 | 0.237 | 0.221 | 0.193
4s° | 0.305 |'0.250 | 0.243 | 0.221 | 0.214
v /f?, . . P ‘
SR 90° | 0.295 | 0.276 '} 0.257%] 0.241 | 0.193
[ ,l‘rk}f ) 10
, - | ©]135° [=0.288 {'0.257 |'0.232 |0.214 | -
o)) e d ; ' N
2 o1 ' R
o] 180° fr0.295 | 0.263 - - -
a g - - — — .
. a 225° 0.28 0.266 | 0.232 { 0.224 0.193
€& o $ ,
270°-4—0-299 | 0.296 | 0.272 | 0.237 | 0.195
' ' / i : ; B
, 315° | 0.288 | 0,266 0.237 ] 0.234 0.200
5 Ty R

R, 0.296 0.269 |, 0.244 _0.227  0.198

?
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REFLECTIVITY DATA'

“

.. ‘Description: Wood . N .
hY
. -

Mine ladder, 2" % 4" dry spruce

Smooth cut parallél to gréin.rClean surface.

"

»

-

/

Strathcona Mine . Lo, ,
. = ) (o] . . . o ‘0
Incident Angle: 0 Tilt Angle: 0
'Colour'Temﬁerature{. 2360 K tungsten filament M.I.
~ '+ Off Angle ay
R = 0.396
, 10° 159 20° 25° .30°
o = 0.059 e
o 1 i
+
, 0 o= - ~ -~ 0.425
- ) “—q—'
o -
- 45 - - 0.392 - -
* ! 1
‘ T :
90 - 0.414 - - 0.368
> < \‘,\5 3
' @1135° - - -~ {.0.383 -
E‘ — - : o
s N ‘ NEE )
= | 180 0.486 - - - -
(1] : o
1] S ~
~ o ‘ .
225 - - _0.466 - -
270° f . - - - | 0.424 -
T ‘ By R .
. 315° H 0.490 | '0.480 | - I
. .~ : . 3 .
R, 0.488 . '0.447' 0.429 0.404 0.397//

P O
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Description: Wood S . "
BarX off dry spruce logs ’ '
, 7 Logs used as backfill retairing wall, - - R
Strathcona Mine e
Incident Angle: A,Qo ; “, T:r;lt Angle- - o )
Colour Temperature- 236({ K tungsten fllamentv +* " S.E.I, ’
X : g {
7 N " + -
- / ¢ ’ ., ” ’ i . i )
R =0.131 " Of £ Angle 9 .
o = 0,029 - 10° 15° 20°. 259 | 7 30°
. 0 | 0:133 | 0.171 | 0.130 |0.175 | 0.163
{’ ' o1 | 45© f 0.133 | 0.103 | 0.160 [0.133 .| 0.175 N
hl ‘ - . .%IQ
g0° (| 0.133 0.105 | 0.175 [,0.124 " |. 0.142 J
o135 0.130 | 0:105 0.163 | 0.084" |« -
- : (o) . 'J : : » - v a -
o 180 071) 1 {:0.101 | /% -~ g -
) o : . N .
. " . g i ) N ) M ‘ ce ! - R
‘ ' 225° } 0.149 0.127 | 0.084 | 0.135- | 0.149 Lt
270° || 0.142 0.124 | 0.139 1 0.101. {.0.075
“ 2 ! - s -y |
‘Y ' , - B ) g ' 4 ) ,:., V7 2 N
S T T 0.0?4 | 0.136.} 0.156'] .0.124 | 0.149
"R : .1426 o’.i22" o0.144 0.125.° 0.142 ,
t’ d ) % a
"' ﬁf" "J\i ‘ : : - ’ —_— "1
A'\& l\\'h\.ﬁm : ) o - '. ‘ T
’ Nl o i e —— v P,
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REFLECTIVITY DATA

Description: Wood

2" x 4" dry spruce
Mine ladder,
Rough cut across grain, clean surface, dry

Top reading with S.I.
Bottom reading with M.I. on dlfferent sample.

Strathcona Mine o
Incident Angle: 0°

Tilt Angle:

Colour Temperature: 2360 K tangsten filament S.E.
R = 0,386 -
o = 0.034 Off Angle
R = 0.391 o o o o o
2 25 30
G - 0.032 10 15 0
o 0.334 0.367 | 0.327 | 0.319 0.358"
0 0.449 - - - -
L/
o | 0.411 0.393 | 0.367 | 0.358 0.402
43 - - 0.397 | 0.381 -
o | 0.375 0.319 | 0.421 | 0.375 0.384
20 - - - - 0.353
. o || 0.411 0.367 | 0.421 | 0.411 -
S| 135 - 0.421 - - -
g
. o il 0.411 0.375 - - -
o | 180 - 0.404 - - -
Pt .
~ o 0.375 0.402° | 0.451 | 0.431 0.384
] 225 0.413 - 0.385 - -
oI 0.441 0.402 | 0.451 | 0.384 0.375
270 - - . - .- 0.347
ol 0.367 0.358 | 0.421 | 0.375 0.375
315 - . - - 0.363 -
'x 0.391 0.373 0.408 0.379 0.380
0.431 0.412 0.391 0.372 0.350

CoT
™

e i .
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REFLECTIVITY DATA ¢
Description: Wood
2" x 4" dry spruce
Mine ladder ;
Rough cut across grain, clean surface, dry
Strathcona Mine
Incident Angle: 15° ] Tilt Angle: 0°
Colour Temperature: 2360 K tungsten filament S.E.I.
=0.322 0ff Angle
=0.035 10° 15° 20° 25° 30°
o | 0.295 | 0.362 | 0.281 | 0.281 | 0.288
45° 0.309 0.295 | 0.323 | 0.316 0.295
90° 0.371 0.407 | 0.380 | 0.371 0.295
° 135° 0.362 0.354 0.338 | 0.295 -
5 1
o - - -
o | 180 0.281 0.309 ;
5 ¢
&) R
225° 0.316 0.281 | -0.288 | 0.281 0.316
270° 0.380 0.354 { 0.301 | 0.338 0.330
315° 0.346 | 0.354 | 0.301 | 0.295 0.295
ﬁx 0.33 0.340 0.316 0.311 0.303

3]
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REFLECTIVITY DATA

Description: yood
2" x 4" dry spruce
Mine ladder

Rough cut across grain, clean surface, dry.

Strathcona Miney g

Incident Angle: 30° Tilt Angla: °
Colour Temperature: 52360 K tungsten filament S.E.I.
ﬁ = 0.301 -9@‘ Angle
o = 0.039 10° 15° 20° 25° 30°

- 0°7] 0.207 | 0.273 | 0.261 | 0.261 | 0.207

(:} 45° 0.273 0.329 | 0.321 0.329 [ 0.273
i

90° 0.273 0.386 | 0.344 0.329 0.329

1352 | 0.329 | 0.321{ 0.329 | 0.329° ~

180° 0.261 0.314 - - _ _

Read Angle

225° 0.336 0.261 | 0.307 | 0.255 0.329

270° 0.300 0.321 0.314 0.329 0.329

315° 0.329 0.273 | 0.280 | 0.329 0.261

0.288  0.310 0.308 0.309  0.288

ol

et s
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’ ' REFLECTIVITY DATA’
Description: Wood -
2" x 4" dry spruce
Mine ladder
rough cut across grain, clean surface, dry
Strathcona
1
Incident Angle: 45° Tilt Angle: 0°
Colour Temperature: 2360 K tungsten filament S.E.I.
Y
R =0.304 Off Angle
' o =0.030 fi, 10° 15° 20° 25° 30° '
G
: — 7 x
0 0.320) 0.292 [0.254 |[0.242 0.266
. i
s T
45° [ 0.312 0.284 |0.260 |0.292 0.242 //
90° | 0.312 0.320 ] 0.335 |0.343 0.292/
L
of 91135° | 0.320 | 0.260 |0.260 |0.292 -
g
: < |180° | 0.272 | 0.359 - - -
m .
(] "
' ~ o :
- 225° || 0.327 0.327 [ 0.320 ] o0.292 0.312
. % - , .
270° | 0.320 0.320 | 0.320 | 0.320 0.312
. WL e 315° | 0.312 | 0.312 | 0.327 ]| o0.327 | 0.359
L) - b * T
. R, 0.312 0.309 0.297 0.301 0.297
\p '

f—

e ——— A —————_ 3 st & S o

et
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REFLECTIVITY DATA
Description:” Metal
Rusted metallic victaulic pipe boup}j.ng for 4" line. -
Incident Angle: 0° Tilt Angle: -~
Colour Temperature: 2360 K tungsten filament 5.E.I.
R = 0.135 _ . 0ff Angle
[
G = 0.017 10° 15° 20° 25° | 30°
4 "
o° || 0.127 |o0.116 po0.116 |0.130 0.127
45° | 0.143 | 0.136 0.111 | 0.113 0.136
A\
)
90° | 0.143 | 0.176 | o.d36 | 0.143 | 07130
x A
g . . .
5 | 180° 0.143 | 0.143 - - - | -
(1] ! i
& , ‘ '
2259 | 0.113 | 0.143. | 0.160 | 0.136 .| 0.139
2702 | 0.172 | 0.136. | 0.127 | 0.111 | 0.119
315° | 0.180 [ 0.143 | 0.124 [ 0.136 | o0.121 ,
- i K . - [
" R, 0.146 0.140 0.132 0.127 0.129

it To————r TR e
I s meadt Ta 1 ae 4 f - I e o N P R L
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REFLECTIVITY DATA

-

Description: Metal

Polished metallic victaulic pipe coupling

-

14

a } \‘
Incident Angle: 0® ' Tilt Angle: - . \
Colour perature: 2360 K tungsten filament S.E.I.), [

— h ¥, . '
R =0.1
K off ]mqle
g =0.070 [o) lo] ‘o J le) o) %
10 15 20 3 25 30 -
¢ 0° || 0.212 | o0.180 0.193K—-0.227 ¢.180 <
45° 1 0.249 | 0.114 0.130 | 07080 0.048
909 || 0.227 1 0.133 0.137 | 0.092 0.067

©1135° | 0.273 | 0.193 0.109 | 0.058 - ‘

m ' . ,

é ®

o )
0.254 .122 - - -

,g 1807 R-12 ‘ . .

Q s

~ O

‘ 225 0.127 | 0.137 0.080 [ 0.054 0.048 .
% 4 .
270° | 0.153 ] 0.133 | 0.109 | 0.0% .[ 0.042
315°-J 0.216 | 0.168 | 0.157 | 0.097 0.043
R, 0.214 0.148  0.131 0.100 . 0.07L ]
o' » ':'-!l,.ﬁ
- oy :. - - hac o &_& Lve, o * };:,;: :“ W
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REFLECTIVITY DATA-

Description: Cement

Shotcrete

“

White to grey, porous, clean 2+ a, dry

Strathcona Mine

2900 Lunchroom wall

’ ~

" Incident Angle: 0° Tilt Angle: -
Colour Temperature: 2360 K tungsten filament S.E.I.
P ,
R -0.433 Off Angle
O =0.053 10° 15° 20° 25° 30°
0° || 0.421 | o0.572 | 0.401 | 0.397 0.400
45° | o0.486 | 0.372.| 0.401 | 0.389 0.535 .
90° | 0.454 | 0.429 | 0.437 [ 0.369 | 0.395
©[135° | o0.410 | 0.396 | 0.361 [-0.374 -
g ‘
| 180° | o0.489 | o0s89 | - - | -
3 _ ,
% o . .
, 225 0.369 | 0.461 | 0.475 | 0.465 0.384
3 T
270%. ' 0.361 | 0.486 | 0.433| 0.504° | 0.455° |-
“ 315° h 0.429, 0.481{ 0.392| 0.510 0.405
¥ R, -, ‘0.427  0.4617 0.414 0.430  0.429
- i
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///’ REFLECTIVITY DATA’

7

Description: Fibrin

Synthetic material used to replace burlap to line ;

™

manways, mousetraps, etc. prior to backfill pour,"

slightly specular, clean, dry.

s

Casd

Falconbridge Mine

’ . ’ o
Incident Angle: Oo - \ Tilt Angl@; 0
Colour Temperature: 2360 K tungsten filament - © S.E.I. 7
1
R =0.189, Off Angle - .
. 0 B
o =0.045 10° 15° 20° 25°'v*?: 3°§ 1.

0° 0.225 | Q.241 0.183 | 0.2317y] '0.124
. / .

2 45° | ¢.159 | 0.196 0.183.| 0.145 | 0.145 N

90° [| 0.290.°] 0.205 | 0.196 | 0.183:7. 0.163

©l135° | o0.290 | 0.145 | 0:171.| 6.152 | . - |
o | )
o] 180° | o0.225 | 0.159 - ‘- - ] 2
G- : _ . 2 S B T
&) . i . 1
1] 225° | "0.231 0.17%/+(f0.183' 0.171 | pi130°
- - : \ ! Pt " . WA - g
270° [ 0.201 | 0.210 | 0.159 | 0.183 | 07149 .
315° E‘ 0.277 { 0.231 | 0.196 | 0.152°. .0.18
R, 0.237 0.195  0.182 0.171  0.14
. 3 e L .
» = J 1 B " s B3
. ﬁ'
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REFLECTIVITY DATA

DescriptionE Air

flat orange

-

Strathcona Mine

f;ciaent Angle: o°

o

Ducting

>

¢ Tilt Angles# ¢°

<
7

Colour Temperature: 2360 K tungstenﬁfilamént

-

¢

s.BE.1.-

. ¢
SN
R =0.359 n . Off Angle -
O = .
0.033 \ 10° 15° 20° 25° | 30° .
O . : : .
«0 0.358.. 10.350 0.326 | 0.366 0.358
o" ~ ‘I »
457+ 0.358 |0.375 0.411 -§.0.358 0.342
o ' ) ’ i
. 90 0.383 | 0.350 | 0.342 | 0.411 0.350
©1135° [ 0.350 [0.430 | 0.334 | 0.420 -
o .
o | 180 0.383 |o0.271 P - - -
" 3. ; :
R o
225 0.342 | 0.342 .| 0.342 | 0.342 | 0.326
270° | 0.342 [0.342 | 0.319 | 0.383 | 0.411
315° | 0.383 .| 0.411 | 0.342 | 0.342 | 0.334
- Af )R
R, 0.362 0.359 0.345 0.375 0.354
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Desgription: .
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REFLEC

N

*
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L4

TPIVITY DATA

Oilers ~ inside pants leg

Incident Angle: 0° Tilt Angle: 0°
Colour Temperature: 2360 K tungsten filament S.E.I.
= 0.436 Off Angle
= 0.038 10° 15° 20° 25° 30°
o° 0.535 0.477 0.425 0.435 0.456
45° | 0.445 | 0.370 | 0.445 | 0.425 J 0.435
90° -1 "©6.425 | 0.425 | 0.435 | 0.488 0.435
o 135° || .0.425 | 0.445 0.435 | 0.415 -
g, :
o 180° 0.445 | 0.435 - - -
m * ’
&) .
225° 0.548 | 0.466 | 0.425 ) 0.477 0.415
2706° 0.435 | 0.435 0.425] 0.425 0.362
315° § ©0.406 | 0.370 | 0.397 | 0.406 .| 0.445
R 0.458 0.427 0.439 0.425

0.428

e m e e meqme s o
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REFLECTIVITY DATA’

’

, . Description: Mucking Boots :
: L

v

]

Bliék corrugated surface caked with dry mud

N O
Incident Angle: 0° Tilt Angle: ©
Colour Temperature: 2360 K tungsten filament S.E.I.
R = 0.145 Off Angle
¢ =0.019 10° 15° 20° 25° 30°
0° 0.127 | 0.171 q}}ag 0.149 0.143
) % i -
-F 45° ] 0.156 | 0.156 0.127 | 0.149 0.146
| B 90° | 0.124°| 0.180 | o.188 [ 0.139 | 0.143
o 135° 0.143 | 0.149 0.184 | 0.143 - .
g
( 5| 180° I o0.124 | 0.149 - - -
(5]
& ' ‘ N
225° | 0.153 [ 0.171 0.127 | 0.136 | 0.124
. 270° § 0.156 | 0.143 0.139 | 0.113 | 0.113
315° ﬂ "0.168 | 0.149 | 0:160| 0.153 | 0.116
Ry 0.144 0.158  0.149 0.140  0.131

~

Y SRy
BES

FOW g pRR O
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REFLECTIVITY DATA°

Description:; Black Rubber Boots

(smooth surface)

\
. o . 0°
Incident Angle: 0 - Tilt Anglg:
Colour Temperature: 2360 K tungsten filament S.E.I.
R = 0.058 P Off Angle
¢ =o0.012 § 30° 15° 20° 25° 30°
0° { o0.061 | 0.051 | 0.057 | 0.061 0.042
f
45° 0.049 | 0.065 0.058 | 0.057 0.067
909 || 0.051 | 0.059 | 0.042 | 0.038 | 0.038
! @135 | 0.077 | 0.075 0.053 | 0.075 -
. g i > : ‘ .
F o 180° 0.084 | 0.043 C e - -
w @ :
1y ' x
’ 225° h 0.058 | 0.052 0.071 | 0.048 0.052
270°'H 0.057 | 0,058 | 0.058 | 0.049 0.057
315° H~ 0.049 '] 0.061 0.080 | 0.054 .| 0.071
W Y . E )
0.054

\ R, . 0.061 0.058  0.060 0.055




40.»;
v -
a Feo

i

- 295 -

%LECTIVI ‘TY DATA
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Description: R d Reflective Tape
(3M Scotchlite)
. ’ £
.! . ‘.
‘ o \iy“ >
| : / o ‘ . '\ 0
Incident Angle: 07 . Tilt Angle: 0
Colour Temperat7re: 2360 K tungsten filament " 8.E.I.
1 .
R = 0.467 ‘ e Ooff Angle
o = 0.221 10° 15° 20° 25° 30°
q% 0.603 [0.502 | 0.355 | 0.289 | [0.246
4%° 0.872 {0.617 | 0.355 | 0.282 | 0.219
7o° 0.852 | 0.576 | 0.316 | 0.224 | 0.282
v '%;50 0.742 |0.447 | 0.347 | 0.269 -
g -
4 |280° | 0.872 | 0.447 - - ~
% -
A & ' ' Y
u 225° 4 0.814 | 0.563 | 0.372 | 0.282 | 0.282
) - E
270°.] 0.892 | 0.563 | 0.501 | 0.339 | 0.295
315° | 0.892 [40.437 0.380 | 0.276 | 0.214
R, 0.817 0.519  0:375 0.280  0.256
7 ‘ ‘ ;(
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