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ABSTRACT 

The importance of good underground lighting to ~ 
" 

the total environment of mining cannot be overemphasized • . 
In addition to the obviO~s benefit of improved worker 

( 

: mot::~le, good lighting. pr~.ctïces probably reduce ac~ident 
,. 

sev~rity and frequency as well as increasè production. 

This projeo~ revi~ws current knQw~edge of the 
!.J 

,1 

state of the art, pr~sen~s ~e.~sured data on lumina'nce aI).d 

reflectivity from ~eve~~~ Canàdian mines~ ànd suggests 

additional area~ in need'of research. 
. .. 

Examples of good 

lighting practices are qiven and suggestions to mine 
~ . ~ , 

-
operators ·wishing to imp,roye the mine luminance environ-

ment are made ... 

Severai countries presentIy have codes regarding 

the levei of illuminàtion required in the u~~e~9r~und 
(l -

wo:r;king pl·ace, and it is probable that Canada will' pass - '- - . 
legislation.in this area às·well. 

1 

'Some thou.ght,s are. P:r:~r 
, . 1 

sented regarding what the code should contain an~ how - ~. ~ 

it should be arrived at. 

It ia hoped that the material can be used as an 

aid·to the mine industrial engineer and as a startinq 

poi~t f~~ resêarchers who plan to c~rry out related work. 
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RESUME 

• 
L'in:tportance' d "un bon ~clairage sous-terrain d'ans' 

l'envit'onment minier ne peut être sous-~stimêe. ' 'En pius 

d'am~liorer le moràl du travailleur, d~ ~onnes pratiques 
( '. 

d'êclairage r~duisènt probablement' la frêquence et la', 

: s~vêrité'd'accidents tout en aQgmentant le rendement d~ 

\!rav'ailleut". 

, Cette ~,tude passe en ,r.evue "les ~onna,issancès 

actuelles sur l'êt~t 'de l'art, pr~~ente des mesures de . 
luminance et cfe refle~tivit.ê· effecituêes'" dans plusiè!-!rs 

mines canadiennes et sug9~te d'autrès sujets de recherchè 

, 
f 

dans ce domaine. Des exemples de ,bonnes pratiques'd'~c~airage 
. . 

'c 

sont décrits et deé'conseils~QUr l'amêlioratlo~ de.l'environ-\ 

ment lumineux d J une mine sont donn~s' .. : 

Plusi~urs,pays utilisent présentement des codes 

décrivant le degrê d' illuminatio-n requis dans' les .end~C>.;t~ 
~. t •• i .. _ 

d~ trav~ux sous-terràins; il· est pr~baQle qu~ ,l~ gouverne­

'mènt canadi~n adopte 'blentOt de-nouvelles lois dans ,êe 

dOMaine. Plusieurs comm~ntaires sont donnés'concernant 

la formulation ~t le contenue de teiles lois. 
\ , 

'Il 'e~t souh~it~ que ce matériel soit uti1e l-· 
. , 

l'ing~nieur industriel des mines et.serve'comme'point 

de 4êp~rt· aux ehercheurs travaillant dans ce, domainè •. 
~ ...... ~ ~I,',~ ~ ..... _ r_., 
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CHAPTER l 

INTRODuctION 

.. ' UI)derground lighting in Canadian mi es genera11y 

i5 poor, partîcularly when compared with other lighting 

/ si tuations. Yet, the sense of sight i our most important 

• 

... ' , 
sensé. This lack of attention to mi e lighting is a • 

result of' the unique nature of the ork. With working 

places spread out often both late '9l1y and vertically" 

particul~rly in base metal sulph, de deposits, and with 

continuaI .blasting in'these wo~ ing places, permanent 
, 1 

ins,t~llations are, generally 'de med i1flpractical becau:::ê 

o'f the costs of i.nstalla,t'ion ~nd upkeep. ' consequeptly,', 
r , 

the battery operated cap iamJ is'usually the most important 
, l " . 1 

singie source of .ligh,t. Al ~hough a tremendou5 improvéînent 
< , • 1 f • ''',. 

over the carbide lamp~. it riévertheless cjives litfle peri'-
- ; 

pherci.l 'lighting, produces glare problems, ol'Îly lights t,he 

i~ediate task, and is an extra We~ght fo~the miner to, 
l' ~. /1 

, 1 

carry; The poor natural reflecti vi ty fiom underground 
, .. • 1 

. surfaçes and; at times, the 1055 of tiansmitted light 

, because of foi], dus1::- or ,smo~e aIl lower t~ê efficiency 

'of the available 1ight. The prol;>lern is further compounded 

becau5e neither g9vernment nor i~dustry know just what 
. - . , 

conati tut::. es good lighting in the mine environment. 

, Al:~hOU9h, e~onomiQCS' w~li n~t a~l~w-' the gener~l ~eveJ. 
J • ~ , 

of' lighting i~ _ a mine -to apP,roach the standard ~ttaineëi 

J. , 

, ... ., 
, , •• '! 

1 
;\ 
/ 

, 1 -

; 
1 

/ 

'. 

.11 

1 
1 

1 
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< 

in an office or factèry, it is possible to weigh costs 

versus benef,its and grea tIy irnprove the Iighting under-

ground over that provided by vehicle headlights or the 

common cap lamp. Ideally 1 lighting would be designed 
.) 

based upon the visibility requirements of the various 

'tasks to Qe performed. Somé cornpanies actua~ly use t~is 

appro~h when designing lighting for perman~nt under-' 

ground working areas such as underground garages, crusher 

stations, or shaft stations. Thls new approach to m~ne . 
Iighting based on visibility requirements i5 a better 

. 
method than the usual practise of installing lights and 

then turning them on to see what the,illumination le~el, 

is. More research is needed, though, ,to deterrnine task 

visibility reguirements. 

Good lighting is not only a matter of more Iight. 
:-

It is also a matter of proî?er"distribution of Iight: Light 
>. 

should"not present irritating glare problems. It should 

corne from the right direction, in the right quantity, of the 

right col our , and wi thout introducing distracting source,s of 

l-ight to the, eyes, or glare reflections -in the work. This 

research project plans to show how current knowledge can be 

applied to the solution of problems of mine lighting design . .. 
It empha~~~es those aspects of li9hting design which affect ') 

\ 
) 

the working effi-ciency ~nd safety of the miner •. 

The report is divided into two sections.. The·"first·,. 

section, comprisinq Chapters 2 .to 7, briefly outJ.ines the 

state of the art as kno~n to the present time. units of. '1 
, " 

.. "'~ 
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measurement are care'fully, defined" a layman' s guide to, how 

the human eye functions is presented, and the' science of 

measuremènt' of 'underground" lighting, is outline~. The more 

common types of mine ~ighting systems encountered by the 

writer on visits to Canadian mines are described as weIl. 
. , 

The second section, ,cc;>mprising chapters 8 to Il, 

present field measurements of illumination levels and' both 

field rneasurements and laborato~~easurements of reflectivity 

of commonly encountered underground surfaces. Since one sees 

by reflected light it is important to 'know the percentage 

of light which gets reflect~d into the eye in oroer to de-

sign a proper,lighting installation. Measurements were 

taken in fiftèen mines ranging from as far west as Flin FIon - '. 

on the Manitoba,Saskatchewan border ta Bathurst, New Brunswick 

- in the east. ,Generallightin~ practices were noted and idèas were 

exchangéd with several mine personnel. Many practices noted 

are incorporated throughout the r~port. 

The current concern for the human environment shows 
.. 

no signs of abating. Sooner or later,'provincial governments . \ 

will establish standards of mine illumination levels just as 

they have established standarps for toxiç gas emission, dust 

and noise leveiS. A basis ~or establi~~ing such-a standard 

1. -is- provided. in 

should oflly be 

~he second section of th~ report ~s weIl. It " . - - .. 1 
constru~d as a suggestion ta ~ndustry and a 

sta'tting ,place for ot~eJ;'_in"{estigators. More experimental 
-----

work is required in the'field before lighting standards for 
" " 

'mines can be expressed with any'degree of confidence. 
r -" 
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The normal order of prese~t,ing the results of an. 
'-, . 

experimen~al study is: 

1. the job proposaI 

2. the' tools and teciniquès ~ do th~ job 

:3. the nature and significalice of the work done.·:· 

Since thi~ repprt is ,not confined to ariy one experimentai. 
, -

study but presents instead a brnad tlVerall' v;i.ew of 1i9htî'ng 

concepts for Canadian mines, the traditiona~ approach'was 

not followed. Experimental work and personal observations 

are included ~n,the appropriate section or SUb-~é~~ion bf 

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

work, and conclusions dlia'Wn, expand' on the topic under' 

dlscussion. To preserve continuity in ,the main, body of the·' 

report, r~sults ~f exp~rimental ~ork,are brief~y summarized.:· 

in table forme ,Additiorial' firdings are ,eit~er P!~sented in 

the appendices or are avai.:labl'e 'f-x:om the filés of the 

Department· of Mining and Metallurgical. Engineèr,ing at McGill 

univ~rsity. 

It l5 hoped the ma:terial will be helpful t? ci~il 
'1 

ençineers engage'd in tùnnel pro'jects, as weIl., as ta -mine . ,--- - - , 

indüstrial eng:î.neers ,and min~ ,Planners. Since several areas· 
~ , ~ , ~ 

of researcl:l, temain un,touched it: is furthér hoped the \oÏ9rk 

will serve as a' starting, ,point f~l! other 'r.esè'archers' plan-

" 
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CHAP.TE~ 2' 
1 

Ll:GHTING, UNITS' 

,2.1 Choiee of Units 

C'anaÇia has embarked on a pro~ràm 'of converting to S., 1. 

Consequently, the' S.I. 

" 
, , , 

system of units was chosen when possible. Sihce ~.I. iS,pot in 

. regular use .as yet it has aLSO been necessary ter express man y 

f 

, 
of the un.its in, terms af t,he imperial system or .in units ~ther 

1 

than recognized S.I. units. This occurs where statutery r.egu-

lations or original research resul ta arè ,quoted. It alpo: .occur.s 

because an official S. 1. luminance unit has yet te be. c:fuesen' • 
. ' 

TABLE. l 

S. 1. UNITS RECOMMENDED BY THE CAN:ÀDJAN S'fANDARDS ASSOCIATION. \ 
l , 

.- , 

Physical 1 Name of . qU,antity " unit . ' , 

.-
Basic ~. ~.; unit Luminous intensity' ,Candela 

0' 

<t.<,'J -. 
Supplementary 

. -'!. 
unit .. SOtid angle Steradian 

- .' 0 ' , 
Derived ui:lits wJth Luminous flu;X , LUIJlen .' 

'. 
special name.s '. " Luminous energy. Lumen. second 

" -, . " . , . 
Iliuminatïon ,- Lux 

" 
, 

, ' ' 
,Luminan'ce None given , 

(apostil.b used' in: , 
.. ' this report) . . , .. 0 ~$ 

. 
- .. 

1 .~ ~. - --
, ~ 1 .[ 

. /.' .. 

, , • 

," , 

, , 

#,.1 

0' 
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Z~.2 ,Plethora of Units' 

There is a great deal cf confusion in t,hE!' li terature 

on the use, of lighting units. This is due to several fa;ctors." 

Sorne c~un~ri:e~ work i~ imperial urtits while o~her, ClouI?tries" ' 

report in metric uni ts, and there' is, qui te ',/ il mix of uni ts in 

both systems. In addition certain' ~ountrié~ are' graduaÎly 
1) , 1 

" 

changing over to Sofo units. A further 'source of complica-

tion arises from the fact that light m~asurements can be 
, , 

quoted either,in 'fundamental units of illumination exprè7sed 

in ,t~:z:ms of l'frninous intensi ty per unit area or' in uni ts of 

luminance, related to illumination through refleètivity. 
:. 

T~is'means th~re arë two approaches tO,light measurement; 
, , ' 

'one' based upèn the" lig'ht' sôurce (illumination)'," the, o'thèr, . , ,~ 

based upon the, receiver C;;r eye' (luminance)'.', 
, ~ , . 

The luminance unit i~ "requlred td relate what,the,e~e 
..> • -j., 

sees to ,the arnount of light supplieç{. Luminance, units hav-e' 
• ',' ! .. ,. '.. '.!.. ( 

both' ~etrï'c ~~d irnpeX"~al "cou_nterpa:çtl?,~.': Althou91) ,a f',lnda':' 
...... 'J~ , ' v'...,,,' 

roental'S.I. unit h?s çe"ert'chosen for i,llumination whibh' fs 
" , 

"the ,lux, no eciuivale~t lumi.nanée',u_n"i't, has 'as' ye~ been 
, ',' 1 • J' 

officially chosen. The- resul"t ·i9 that wr i ters use' unoffi-
t " ( i) L) \ ~ 7 

cial unit.s for reasons of convé,nienc~. In this, report, the' 

luriliii"ance u~i't' chqaen was ,t~e apostL).b wb~ch ha's a good.~ 

chance of reçeiving,S.l. sanction (3). 
• • l , I~-' 

'Furt:her confusion resurts' from. t~e use of a double s~ 
t • n 1 

~ ,1 .. • 

of illuminatioh: un'its. One is die' total" ill:uminat.lo'n put' 
.. " ~ ~ ";, . - , 

o~t by a light,source related to the 'power' tif 'the sourc~ 
l '" ~ \> 

.', 

f' 
',' 

-... ":1 

'" ",,,, -_ .. 1 
0' 

, , ?, 

k t t 
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at the source. The bther is the illumination put out by the 
J 

source in terms o~ luminous intensity per unit area of sur-

faces receiving light. Again there are metric and irnperial 

counterparts -(Il, 33, 64). 

In order to assist ~he reader in finding his way through 

this confusing s~tuation, the following sections are presented. 

2.3 Definitions of Fundamental Units 

The Candela is the luminous intensity of 1/60 of l cm 2 

of projected a~ea of a blackbody radiator at the temperature 

of solidification of platinum, 2045 K. This is a fundamental 

S.I. unit and takes the place of the former candIe. To aIl 

inten~s and purposes the units are synonomous. (A blackbody 

is a temperature radiator of uniform temperature whose radiant 

emittance in aIl parts of the spectrum is the maximum obtain­
<-

able from any temperature radiator at the same temperatur'e.) 
. 

The Lumen is the unit of measurement of luminous flux. 

Imagine an isotropie point source of light of one candela and 

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

" .0\0 each unit area will receive the same amount of luminous flux 
, 

ànd this is the lumen. 

The Steradian is a measure of the solid angle at the 

cenbt~ of a sphere. If the area of spherical surface is 

equal tQ. the square of the radius, the s~bten~ed solid angle, 

is a steradian. 

The Talbot is the luminous energy delivered by 1 lumen 

in 1 second. 

<1 

'9 tan $ • 

• 

•• 
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FIGURE 1: UNITS OF ILLUMINATloIi AND LUMINANCE .. J' 

A .. 1 candela in al~ directions 
Point A to any B is 1 cm. BBBB ~ 1 ~2 
-Point A-to. any C is 1 in. ecce = 1 in2 
Point A to any D is 1 ft. DDDO ,=" 1 ft'2 
Point A to any E 'is 1 m.-. EEEE .. 1 m2 

t ~ i, J 

'" ei ther BBBB, ,céèc t The Imninous flux falling on ODDD or 

, , 

EEEE 
~ , .. 

is one lumen by defin~~ion. The ,surfiace area of a ~here is 
" , 

41Tr2 '~o 'that the total luminous 'flux emittad' 1s '41f lumens 
.. ",.)... .... l'e r' C 

or 12.56 1uméns. 

.. 
.. ' 

" 

, 
• 

" 

, ' 

• 
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2.4 Un,its of ,Illuminat:Lon ' . 
The .illumination on BBBB is l lurnen/cm2 :; 1 phot 

The illumination on ecce is l lumen/in 2 = l'finch candle. 

The illumination on OODO is 1 lumen/ft 2 - 1, foot candIe 

lumen/rn2 ~ 

The illuminatiç:m on 'E'~~ is 1 = l lux , , 
1 

The lux has also been referred to as the metree,andle. 

Since 1 m = 3.28 ft. it follows that 

1 footcandle = 1 lumen x(3. 2 8 ft)2 
ft 2 1 rn 

= 10.764 lux 

Similarly 1 lux = 0.0929 lm/ft 2 

The conversion l footcandle = 10 lux is often used. This 

means that the illumination 0n DDDO is approximately 10 times 

9reater than the illumination on REEE. 
, 

For lignt sources themselves the phot i8 a more~cOnve-

nient unit. 

1 phot = 10.000 lux 

l lux = 10 milliphot 

2.5 Units of Luminance 
r, . 

Luminance is a meas~re of the brightnes~,,!15~ a surface. 
~", .. ::. ... , ~ 

ASa the luminance'corresponds to the light èmitted irom the 

. 

surface it normallf depends on the ability of that s~rface to 

r~flect liqht. For lamps and other light sources the luminance 

i5 a rneasure of thé lîqht ernitted. ,Light±ng enqineers flnd the .. 
luminance unit essential in their work becaus~ this 19 what 

the.èye sees~ The unit of luminance is relat~d to the, unit 

., of' illumination by the fol10win~: 

, , 

l' 
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LUMINANCE = ILLUMINATION X REFLECTIVITY , 

For example, an underground road surface with ël: reflec- . 
tivity of 0.09 receiving an illumination of 100 lux has a lumi-

,nance of 9 asb. If t.he reflectivity were 100>%" then'it would 

have a luminance of 100 asb. 

If, in Figure l"we assume aIl of the luminous flux 

from A (1 candela in aIl 'directio~s) is refieèted in a perfectly ' . .. 
diffuse manner'by BBBB-CCCC-DooO or EEEE in turn, then. 

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

CCCC reflect~ a luminance of 1 ~urnen/in2 = 1 inch lambert 

DDDD reflects a luminance of l lumen/f~2 = l foot lambert 

EEEE reflects' a luminance of 1 lumen/m2 = 1 apostilb 
,-

It fQllows that 1 ft.L' - '1.,07,6 millil~mberts = 

This is an~lagous te lf.C.- 1.076 milliphots ~ 10.76 lux. 

As weIl as expr~ssin9 l~minance in, terms of lumens ~er 
, , 

unit~rea it can be ~xpressed in terms of candelas per unit 
, , 

area 

1 canàel.a/cl?2 = 1 st'ilb .. 2919 ft.L .. 31 416 asb. 

,1 iândela/mi = l' n~ t ~ . '; , 
! . , '.' , 

The; fOllowing relationshiPs can then be de:d.ved.,', 0 

~ - . () ~ 

,1 1ambert =- ':1 cand~'la/dm2 ' ";' 0.318)' sb 
, ~ '" 

1 footl-a,mbert =, 1 candela/ft2 = 0 .'3183 cd/f~2, 
,'- ~'. ",' 

1 apostilb = l candei'a/m2 = 0.3183 nt' 
:!;I, -rr \. 

, , ~ 

As a rule , the apos~ilb is used to'ind1cate'the luminance of 

#1 
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walls, f1oor, back and other non-specu1~r 'object"s whi,le the 

stilb is,used to,indioatè the power of the light sourcè. The, 

fallowiÎlg light sou'rces, arranged in' order of, 'size of their 

luminances, are presented so that one can get ,a, 'feel for tl1e 

stilb unit,,(l). 

TABLE 2 

LUMINANCE OF LIGHT SOURCES 

Moon 0.25·sb 

Clear sky 0.4 sb ' 

Fl,uorescent tubes 0.45,-0.65 sb , 

'Lighted candIe 

Oil lamp 

Electric bulb 

0.7-0.8 sb 

0.'6-1. 5 sb 

70-1000 sb. 

" 

2.~ Use of I.E.S •. (Illuminating engineering Society)'. Units 

The gre,st majority of the literafure references c~ted 

quo,te in ;rES ÙDits so that it is necessary to b~ co~versant .. 

wi~~ the se units as wel~. 
. ~ 

The three ·most importan~ unit~ are 

the foot lambert,' the foot candIe and the candela per in2• 
• 'JO • '" 

A diffusing ,surface of,uni~qrm brightness reflecting 
, , ' 

or emitting 1 lumen per sq.ft. wh~n view~d from a des!gnated 
. 

direction lias' a ~rfghbleï:fl;i, o-f' l ~ft.-L,"-----sltnil_arly!. one candel~ 
, '. 

over one s9uare i~ch has a'brig~tness of ·1.cd/in2• The ft.L is .. \ . ~ 

normal~y used for br~ghtness of,il1u~inated surfaces.where~s the 

cd/in2 is'use~ofor~i9h briqhtnes~ such a$ a sou~ce of, light • 

.... \ 
" 

, ." 

1 .. 
'/ , 

.. 
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cor~e~p~ndi~g foo~-lambert reading is, the light absorption of 
.' . 

the surface' whose brightness ~s being mea.sured. 'Usi,ng the pre .... 
,., 'a ,. ',~~ 

vious exarnple, an und~ground road surface w±th a reflectivity', e 

, ,,1 
of 0.09 réceiving an illumination 'of 100 f.c. has a luminance 

of. 9 ft.L. If 'th:"e'·,reflec.~i';ity,~éx:e 100%, then it would have 
, . 

a luminance of 100 ft.L. , , 

:>,.,!l'able 3 has been worked ,out for ease of, conversion. , ' . 
'./ 

1 

'l'.ABLE 3 

~IT' ~.oNV1pRSION FACTORS " 
i ' 

. 
Foot Lambert' Apesti+p' candela~m2 candel'a/~.2 Candela/in2 

cd/in2 '. , , ft.L' , asb ,cd/m ' cd/ft 
,- , . 

, .Foot, Canc;lle Lux Nit ~., 

(f .. e.) (nt) .' 

. ., 
ft.L ! - 0.'0929 O~29l9 3,142 452 

'" . .. 
4870 asb 10 .. 76 - 3.142 33~82 -. .. ~ 

cd/m2 3.426 . '0'.3183 
. - .... 10.,16 , ' 

• 1550 
. ,50. 

cd/ft~ 
: 

0.3183 ,0.02957 0.092·9 - 144 
, 

cd/in2 0.00221 O.OOQ) 0.0069 
. 

0.00065 '. - . . .... 
, 

( 

To convert the.~op ;àw tQ the side column' mUltiply by 

the box factor. 'sinëe most light' measurements are r~'Ugh nrea-

surements it is·e'us~omary te r~und off •. ,Por e~runp1e: 
, ...... ,-. .' 

.1 , . ,'1 e'~.;rq2 = 1/3, ~~~ ~"=', 3 a~b, = ,0.1 'Cd!f~2 , 

i ft. L = 10 asb = 3 cd/mi = 0:·3 cd/ft2 ' , , , .. 
Il. 

" -\ .. " 
'1 

• ... 1\ ... 1 

. , 

; 
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Tao1é 17 is provided to èonvert fram va1u~s··.in 

'custo~a!y" I.E.S. units to S.I. units. No conver~ion from 

S.l. to I.E.S. is given sinée a11 thou9~~ shou1d be 9iv~n 

to' making S. l, •. the one system of uni ts. 
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CHAPTER 3 

" OPERATIPJ-1 OF THE EYE· 

• t'y 

' .. 
'3.1. The Vision Process , *, l!. ' l , 

The h:pman eye i8 sensitive to' a v.ery 'wide ra'nge 

.' 
of 1ight int~nsities, ex~e~ding from a few lx in a'dark ' • . . 
room' to 100 'oo().. lx: in brig~,t sunlight. ,Light, intensi~y 

in the open varies from 2000' to 100 000 lx during the " 
" 

day'. The us~al v.a~ia~iMl?'. dur,ing the night and underground 

~I , in arti'f,icial' Li:ght lie betwe.ep 5 and 500 lx. Although 

the eye i5 able to make use of a wide range of light 
, ,j) r .'. , 

, levels,- the~e' are èf7r,ta~n 9pt.imum cond~tions ,in which 
.. : f~ \~ '. ~ • , 

it works be~t. Sinee the ~im of good underground lighting 
"" • ~ .1, 

ft , 

is to provide fln' op~-imum 'see,ing condition, sorne knowledfe 
- . 

of thé operation of the ,:~ye ~hould be acqu.,i.r.~d before 

attemPting'a~y'pddePg~OUnd 11ghting de~ign •. 

Figure 2 shows",a hor.izon~al section of 'the }:mman 
," 

,lef,t eye. The proc~ss' ()f vision i8 a combined Qperation . 
of' eye', nerve', and bral.ll with the inn~n 1ining of the 

~yè cavity beingrlan extension of the brain. It can be 
.r • , • 

imagineg, for simpl'ici ty.~ ~ sake, to contain numerous 

small' organ's, whieh by reason of their shape are called # 
, ' . '.... l .. 

rods and cones.. JI'here are aboùt 130 million rods ~nd about ' 
; .. 

~, l ," 

7 milliOn cones. These are'arranged end on so that they . , ~ 

~. 

forro ël mbsafc éNer the ·re·tina. ,They are not ,unif?rmly \ *, ',. 

Of 

" " , . 
" . 

• 

f ' 

1 

" 
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'. 

, 



.~' 
8'1 , 

0, 

o 

. " 

, ' 
, . 

- 15 -

C~lIary MU8CI~ 

Vit reo us 

." 
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. A Horizontal Section of 
The' HuÎnan Left Eye 
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distributed .. The central region of the retina, called 

the fo~ea, consists of cones only. A small area surrounding 

the fç:>ve'a, called thé macula, has a high cone concentration. 

Outside the macula the proportion of cones is less and 

becomes progressively smaller towards the periphery of 
, , 

the retina where rods pre,domina te. " 

In the central retina ~ea, every pone communi~ates 

its signal to the brain ~ndividually~ each receptor bein~ 

connected to the brain by a separate nerve fibre. An 

image received in these areas can therefore be transmitteâ 

in detail. If we wish to see an object clearly we look 

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 located. This gerieralization mus,t 1:)e 

modified when dealing with low léve~s of. illumination. 

~hese conès are alsd the seat of,colour"perc~ption. 

Only radiatiq,ns with wavelengths' betwee~ Q. 4' ~n~ 0.7 ,)...lm 
, -.! ~ , . , .' 

produce a visual sensation, 'inéïuding colour~ 0.4)...1m 
, , 

i~ the violet end of ,the spe~trum and O!7 ~m is the red' 

end. Colour of light may- be due to a corilbi-flati'on o~ a' 
~,,. . .iq: 

continuous series ot' r~~:Uations' of aIl 'wavelen'gtHs' in 

varyi~~ proportions as with ;ti'ght fro~ a tungst'en J.amp. 
, , " • 1 1· 

It could also .be a combination 06 varying proportions 

of' a"limited number of radiations known as·a .'broken 
. ....,' .- . 

as found wi~h a mercury ,vapour,lamp, 'Or ~t cquld be 
, ' \ . ,\ . ' 

due to the presence o,f only on~ "fi ,,velength as wi th , 

, , 

, .\ 

.~-~ 

, 



() 

o 

- ) 

1 

~ 

1 

a sodium lamp •. The cones of th~)eYe ar~ not equally 

sensitive to all~colours and in ddition, the dark' 
, ' 

surf~ces of the rock face absorh different p~oportions 
Iii 

of different wavelengths. Rays in the blue-green 'band of 

the'visible spect~um are generally absorbed the. least 

and hence a high proportion ,of the,.ight is reflected. 

Outside the macula each receptor does not have 

its own nerve ~ibre., Each signal path is shared by a 

group of receptors. Consequently, in the peripheral. 

,retinal àreas, a detailed,image cannat· be transmitted 

to the brain. Also, the rods are not colour~s~nsitive 

but have 'ai\l ex~remely high light sensitivity, 50 that, 
l ' 

their function is 'tp pe,rmit seeing at very low levels of 

light. Thus, the eye sees best centrally in bright light, 
- , 

i'ts -resolution is very high arfd it sees ~olour, whereas in 

low light, resolution is poor,' co!ol,lr vision is' ,abs.ent, ", 
" 'l J _ • 

• ., ( _. a 

and vision, though nowhere 9004, i5 better away from Î 

" ~\, " 
• the centre. To see ih the dark, then, 'it is best to 

; looJç '-slightly, away" f:r:?m' t.he' obj~ct. 

The arrangement ~f thé rod receptors h~s a'spe~ial 

pÙrpose •. Because many rqds 'are linked ta one nerve path, 
" 

the~e is a., good chanoe that an imag,e falling upo~, the 

, p.~r1_phèty o~ ~he eye wil-l register a sens'ation., 'Peripheral 

, Ù.lumina"tion is thus "important. f::rom a sàtety standpoint 
, f ' ' 

, ' for' the 'underground 'worker, pé}.'J;'ticularly where moving 
, . ' ~... \ " . , . l' .. .. 

machiner~-or open'hole~ could constttute a hazard. 

.. , . . 
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3.? Aoaetation of the Eys 

. Although the human eye is sensitive to a·very widé 

range of light intensities it cannat respond.t~ this 
'~ • w • 

full range a~ any oné time. Since.adaptation to the light 

or the dar~ does ~ot'take place instantaneously, 'this ~as 
, . '1 .' 

special sigpifièance xo underground mininq, To illustrate, 

a sc~op tram operator driving up a ramp can be momentarily' , 

blïnded on arriving at surface on a sunny day. 
f 

Thesame 

driver would experience a 109s in seeinq éfficiency if ,. 

after bis eye was adapted to sunlight, he then enterèd 

the rampe 

situatibrl.. 

Th~s obviously crea tes a temporary, hazardous 
t " , , 

Fortunatelya large,degree of adaptatio~ may 

oceur when ~oving f,rom one location to another, the maxi-
, . 

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

the number and intensi ty of l'arnps and decreasing the spacing 

between lamps, às one proeeeds up the ram~ the eyes can 

have tin\e ta adapt. Kno,!ing the speed af the veh-icle on 
-

the ramp and knowing the adaptation rate, the ramp lighting 

installation néar the entrance can be designed. Using 

photocells it would be possible to design a ramp lighting 

system which would automatically adjust ~ts light to 

parallel, chanqing day,light conditions (82). 

The adaptation proces~ takes place in stages. One 

stage involves photochemical transformations 'in thé retina,~ 

sorne taking place quickly while others t~e place'more 

.slowly. , ' . Dark adaptation can be detèrmined as a function ' 

f, , 

, Q if 

f -
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of the contrast threshold, tha't 1s" ,the" least contr'ast 

. above the adaptation ~evel which can, be detected. Tl;le 
, 

progress of ;adaptatio,n follows' c\lrves of the type shawn 
c 

in Figure 3 (l,j~7~3~). 

The first portion,ot the,curye represènts the 

dark adaptation of the cortes which generally take one 
" , 

, , 

to five minu,~~s.. The discontinuity d.n the' cUJ;ve represents 

the point at whi~h the rOd,roechdnism com~s into play. 

$or the ~ods:tè ,i~ complete~y dark adapted generally 
, 

takes another ten to thirt1 minutes. lf'one gaes into , . . 

. . 
a darkened theatre for, the first few ~i~utes vision is 

" , difficult for anything other t'han the screen.. Then 
,. , 

suddenly'objects around necome visible. 1his ~a the 

point_whe~e the rod mechanism takes over and co~resp~nds 

to thé, sharp drop in,th~ d~rk a~aptation curve. Complete 

adaptation may only be reached in an hour with 80% being 

obtained in about 25 minutes. 
, .... 

L,ight adapta'tion is faster than dark adaptati~n, 

but may still need up te an hour to become complete. 

The first phase lasts only 0.05 s, during which tirne the 

sensitivity of the ret'ina' is suddenly reduced ta one-fifth 
. 

of its original value. The second phase proceeds at a 

slower rate and, like dark'adaptation, it is determined 

by a change in eq~ilibrium between breakdGwn and synth~sis 

of the photo-sensitive materials of the retina. Thé sudden 

reduction i; l!ght sehsitivity affects the whole retina. 

, , 

, ' . 
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If the object being looked at contains a large 

bright or dark area, a local adaptation will çccur in 

a portion of the retina. There "i6, in addition, an 

effect on aIl of the retina. Adaptation of one eye 

affects' the other eye to a certain extent as weIl. 

This has important i~plications in this study where only , 

one eye was used wi th various types of visual photometers. 

Sinee adaptation is only partial in the less illuminated 

eye, the effects of sudden dazzling as with a cap 1amp 

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

The c10sed eye ret&ins partial da~k adaptation and 

recovers rapidly (2-6,32,57). 

From the;se observationv sorne facts to bear in 

mind when designing underground lighting can be stated. , 

Illumination and surface brightnèss should be of f.airly 

even intensity throughout the visual field. The general 

levei of illumination should not change rapidly, thereby . 
9 i ving time for adaptation to occur. One should design 

for dark adaptation rather than for light adaptation , 

sinee dark adaptation is slower than light adaptation. 
~ 

3.3 Glare' 

Gla.re 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 wi.$h to see. ;. The 

pupils of the eyes involuntari}:.y dilate and' contract 
, " 

""''''i!r.I_'' ------... "'".---..,.-----•. ---------:-- ~~' ~ '_4'~:' ._t;;:~~l;;J::~/J;~, 
•• 1 
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. 
depending bn the amount of light .reaehing the eye. In 

the dark the pupils are dilated and susceptible to glare. 

Inereasing the illumination from 0.5 lx to 100 lx would 

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

This diseomfort, caused by a major disturbance of the adap-

• tive state of the retina because of light in the wrotg 

place, is known as glare. 

Three types of glare are recognized. Relative 

glare"lflis caused by too strong a contrast in the visual 

field. Absolute glare i5 due to such high il,lumination 

that adaptation is not possible. Adaptive glare occurs 

when adaptation t-o a given levei of illumination has not 

yet been reached. 

The types of glar·e can be illustrated by examples. 
, , 

In a' mine relative glare cari oeeur' when a cap lamp is shone , . 
into the eyes. with miners the orientation of ?ap lamps to 

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

Gourtesy. After a short time in a mine a miner saon lea:r:ns 

" 
of the annoyance of a glaring cap lamp and responds by ... 
tilting the head downwards, rotat.ing it to the side, or if 

on a mancage, keeping the lamp off or létting it hang from 
~ 

its cord placed aroung the back of the neck. Absolute glare 

can be experienced in dazzling sunlight on open water but 

i9 never a problem under.ground. Adapti ve glare could cecur 

when a teletram driver breaks from a ramp in ta.,. the ope~ 

dur in9, daylight. 

. , 
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Frequent fluctuations in light values cause th~ 

eyes ta constantly readjust themselves with a marked 1055 
1 

"in seeing efficiency., The pupils contract, when, hit with 

bright light and do not dilate for quite sorne tim~. 'Thus 

with intermittent glare the eye never'becomes fully adapted 

and cannot provide. good vision wi thin shadowed an~as.· 

Marked contrasts in lighting values in the working area 

must be avoided and small brightly ~it, areas a~e a definite 

disadvantage, as they reduce the wo'rker 1 s effective vision 

when he transfers his gaze outside those areas. This means 

that the danger of glare is greater whe~ the general level 

of illumination is low. Consequently, illumination levels 

should be kept'high. To illustrate, a car,headlight on 

high beam is hardly noticeable'''''during the day. To increase 1 

the background br ightnèss, whi tewashing or sho'téreting can 

be resorted to. 

To avoid or reducè glare sever al other pr~nciples 

can be stated. The shorte),:" the exposure to glare the mor.e' , 

quickly will the original state pt àd~pbà'~i()n be 'reached,. 

An experienced .driver, driving at ,~1ight, will ~~oid. l<?o'king" , 

at the headlights of an approaching ~ehicle. 
, ' 

light above,the line of sight is less dis~raéting than'one , . 

which lies to the side or be.low it. The angle betw~en the" 

horizontal ~:ine of sight a~d- a line from .the ,f:#ye to the ' 

light SOurC.e shoul.d he gr~ater than 300
• No point l.ight , .' 

source should appear in the visual field of tne operator "" .. ,. ~ ~ .:,.. 

/ 

• 

• 1 
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,/ 
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In practice this is. very difficul t to achieve since the 

, t4ngsten filament lainp fs used so cC?mrnonly underground. ~. 

In many applicatiqns the high brightness of a tungsten 

filament is a disadvahtage rather than an advantag~_ The 

degree of glare deRends .up~n the relative brightness of 

the sourèe, incrèases wi th ~ncrease in area of the source 

and is worse where the source is close to the line of 

To reduce the apparent brightness and hence the-s1 t . 91,e ~~ the filament lamp 1 without l,owering its efficiency 1 

inside frosted bulbs are often used. ,This has the effect 

of increasing th~ surface area, of t~e ~ourèe 50 that the 

illumination per nnit area is lowered. If the eye fixates 
~ , 

on a point on the bulb the glare effect is .1essened. 

Bulbs coa~ed 'on the inside with a white silica powder look 

completely white and uniformly bright with only a very 

slig-ht reduction in ,over-all lamp efficiency. The light 

appears te be generated at the surface of the bulb rather 
1 

than from the filament. Diffuse. reflectors designed te 
, 

screen the, light, if properly insta~~ed, wi'll ensure that 

the light source will usually not appear in the visual 

field of the operator. Unscreened lights should riql: he 

used. 

---:----:--~_~O~t~h~e~r~f~acters ar~ worth noting in 'an, attempt to 

reduce glare.' The effect of gl ... are -îs' less s~v~r_e when' 

y'ellow 9~' yellow.-gree~ light is m~ed, -comparèd with whi,te, . 

l~ght of the sante intensi ty __ _ . If, fil ~~rs a~e eml?loyeà ta 
. \" ' 

preportion of the t;t;>tal 
\ ' " 

achieve this light, a considerable 
1 
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amount of light is absorbed. Higl}ly efficient light , 

sources are on the market tho~g~ which produce a yellow 
" 

light without the need of filters •. ln addition, care 

can be exercised to avoid glare f'rom reflectièn. Many, 

mines'paint their travelways, lunchroo~s, etc. witb a 

highly reflective met~llic paint, presumably Binee it i~ 
t 

difficult to mark up with graffiti. The use of polished 

surfaces orJ specular materials on machines or walls 
, "-

should be avoided and a fIat paint chosen when possible. 

In addition, to avoid glare from reflection,' the wdrk 

place should be 50 positioned that the most frequently 

used lines of signt do not coi~cide with specular ref1~tions. 

When the angle of the light source in relation to the task 

is such that' the light rays can'he Fèflected directly irto 

the viewer's eye, veiling reflections,may result. They 

~~ are called veiling r,eflections because they have the 

One reacts effect of pulling a v<;!il over the detail. , 
ins~inptively to this by ~ovin9 the head until the annoying 

light image-disappears. Thu,s the .,angle of the light sourc.é 
. 

in relation to the task, i5 changed 50 that specularly, . \ 

'reflec'ted light isdlrected ,away, from the eye. If the 
, , 

gèometry ~s under$tood the veiling reflection problem can 
l 

be controlled (18,27,29,34,35, 7.6,94,1J.2). 
--

. If 9l~re. sources ,are. introduced in conjunc:tion 

with min'e ilÜimination, the increased _.safe~y benefi ta 

from the increase in' illumination can be jeopardized by, 

. introducinq eye adaptati'On probl~ms. "The design'ex- 'must:-

" ., 
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. ,) realize the impli,cations, of glare, the importance of 

r 

·0 

to en$ure glare contr:ol, and t,he st~ps whi~h cfn be taken 

that light ls not ge~ting into th,e wroncfplace • 

, . " 

.. 
3.4' Fixation 

·In 'order to look or fixate, the brain ahd .eye 

together make a décision te concentrate attention on one 

area in or der to gather visnal information. In perfor.ming 
> -r ®- ' 

this act the eye make;;{~oann~ng .movements 'or .. saccades which 
1 

permit thersearching tO,be done most efficiently •. This 
. . 

act is normally done ~ithout conscious effort ev~n thou9h 

the eye or head may be turned in the ~iection of the 

war'l ted area. 

The eye ls distracted from voluntary fixatiori by 

areas of h:lgh brightness 1 Icont:;-ast, ço~our or by com­

bi~a tians of th~s~~':.' This is bec~use thère Jemairis in the 

eye an effect known as phototropism, the involu~tary l,' 
~. , 

.tendency for the eye tQ ;~lent towards the-ligpt., APproa~hing 

miners ,. cap lampa in 
e .... '\_", ",-_' , ~ 
~ drift o,r oncoming headlights in a 

haulageway would crea te phototropic, distractions. • Distrac- . , 

tions of' this . type can impede task performance sinc.e it 

is more difficult to fix attention'on a' darkened area. 

The implication to 'mine lighting design is that 

point, sourCes of li9h~> and areas of hiqh cont'rast sbould . , 
, 

be avoided 5,0 t'ha t' the 'eye can focus its attention _ r 
what the brain commands without having to compensa/e wi~ 
conseious è·ffort. 
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'3.5 Visuai Aqui tl 
) 

~. ' 
Visual acuity is the' ability to discriminate, 

, , 

fine detaiis coupled with depth perception. 'It can be 

thought of ,as a measute of thè resolvin~'power of,the 

,eye. As a rule the' v~rious fU~Gtions of the, eye ar~ not 

stressed t'o their limits but in certain nlining activitie~_ 
, 

such as scaling the back, 'col+~ring a hale, or barring a' 

chute, maximupt demands can he made on ViSUéil ability. 
1 

Resea~che~s' i~ this atea have made sorne interesting 

observations. Visual acuity ,inérea~es with the levei of 

lUminance in ~he visuafl field and r~aches a maximum at 

5000 asb. Between land 5000 asb it increases by mOre than 

150%. Visual acuity increases with,the difference in 
, , 

luminance between the~bject and its i~ediate enviro~ent. ~ 

Where the, two'luminances are '~imilar, sroall changes in 

relative values can make gr~at differe~ce,s' ta visual acuity. 
\ ' 

Visua:1.-_,,~uity' is bettér with, qark signs or abjects on a 
" \~-.~ 

light background than with li-9Rt signs ot objects on a 
'\ '; r. ' 
dark background (l~3,6). , \ 

\ 

C:ontrast 
"<4t~,iy . 

Different resear,?h~17s have "'<i'éfined co~trast in. 

different ways. In the mathemàtical ",contE;ixt .in which 
, , 

it ia used here, it is ,equal to the brig'htness ~f 'the 

backgtound les S, the bri.9.htnesa of ,the detail, divided by 
~ <' 

~he'brightnes$ of the ,backgro~nd. rt thus ia a' physically 
'., • t 

m~asurable quantity. "Contrast','2j"-èrfsitivit~ ,is', the' abil,ity 

" 

.' 

<p., 

", 
" 

1 \ 

\ l' \ 

, . 

" 

'. , " 

, . 

" ,. 
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of the eye to 'p~rc':.eive ininiIll~ ~~f.terences in luminance.. '. ~ , •• 

It i,~ ~f pàr'ti~ular ~p~rtanee in mining sinee" in:, a 
J ~ '~'" ". • , ~ , ( • 

mine the surface~ tend t.er· àw~ar grey, \ haVé an indistin-
, , , 

gU:i{sh'abl'e h1,le, an:cI' rèflect 'l\gh·r .rather', unift>rmly.. .A 
1" • r " , 

boundary' :L,S", evident by 'In~ans of \t~e relative ~umin-ositY . . . , 
" 

, , . 
between the adjacent areas. If#~for example, theze is 

" . • •• ,<IiI 
.!.. \« 

little luminanèe ·from.the.~loor around a millhole, a 
. 

. worker coul.d step. into the hole by mistaking it for the 
~ 1 ~ J ~ J. • .. ~ ': • 

, \ 

floor. The ease and aceuracy with which workers can . .' 
~. " 

safely perform visual tasks' depends upon thé c'ontrast' 

. between the 'detail.· and the background upon which i t is 

viewed. 
. ~' 

~es~a~h:has shpwn that the' optimum conditions 
,1 

for vision are greatlY.dependeht on variations in contrast (,37) • 
) , '" .. ~ . 

Up to a certain 'point, tfi~ ,more the contrast in brightness , .. 
the better we 'aan see.," Contrast sensitivi ty i8 gr~atE!l' 

• ,. 1·, , 

when the' 'outer parts of the 'O'isual fiel4 'are 4arker thân' 
r ' , 

the central ones. . , The rnaxirnum.contrast sensitivity ~s 
• 1 

• , • ! ,', ... 4 

obtained·with a central luminance of between 1200 and 
l' 

'1500 asb and a luminance "of 100 ta 300- asb. in the peripn,ery 

of the vis~ai·field. ' .. In addition it has been ~ound that 
" 

contrast sensitlvity i8 greater for small areas -than for 
;" 

làrge ones (25,30,31) ~'" " 

With m~te, l!qht, the eye ~s, more .sJnsitive r~~ 
requires "less contras€ t9 see detail." Thîs"!s' the reason 

that, hig~~r and, h~9he;r il~~!~~tion. levels have been aChiev:~. 

Experimenta have sbown that alper cent 10ss of contra st 
f • 

l '\' 
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reguires _a 10 to 1S per -c~rtt,increase in'illUmination 

ta maintain the sarne visu'al' performance. ' Contrast 

sensitivity has been found to be greatest in a range .. 
bet~een 200 ana 1000 asb (30). 

Sev~ral .sp'ecific suggestions have· been made by 

authorities te increase contrast sensitivity. The surface ~ 

brightness of aIl large surfaces and objects in the visuai 

field ~~ould be qS nearly equal as possible. In, the central 
. 

and middle parts 'of the visual field contrasts of surtace 

brightness should not exceed a value of ,-2 (3:1). Between 

the central and outer parts of the-vieual field, contrasts 

should not exceect a value of -9 (10: 1),. This coÏ'itrast pe­

tween detail and background can often be controlled by 

controlling the direction from which light ~trikes ~ task. 

Bright surfaces should be in the centre of the visual field 

and darker ones on the periphery. 

The ,designer of underground li9htin~ should be ' 

aware of the imp6rtance of contrast. Merely by 'hav.inC] 
,. 

,.' fixtures mounted as high 'as 'practical and in a ·uniform 

mannèr to insure that bright~ess ls fa!rly' evenly dis tri-

buted woûld greatly aid' the èye to achieve a state of high 

contrast sensitivity. 

3.7 ~peed ~f Perception 

\ The speed o;e' percepti~n is the time wh,ioh passes 

\ 0 " bètween looking -at. an object and its vieual perc.èption. -- , ~ 

',-'"* 

• 

• 
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The speed of percept~on increases wi~h the average 

leveI of luminance and with the' degree of contrast 
, , 

between the object and ita ~nviranment. 

Many underground ~coidents can be attributed 
c , 

to a slowness in speed 0.+ perception or a lack' of speed 

of Pjbception. Being struck by a moving train or by 

falling loose or steppin9 in front of,a rnovin9 scraper 

are sorne exarnples that come to mind. Law levels of 

illumination were undoubtedly a contributing factor and 

should be given serious'thought particularly si~ce these 

types of accidents aiso rate high on the severity scale. 

Partic~larly where maving machinery ia involved, the 

level of illumination should be kept high based on'·safety 

'conaiderations al6ne. 

,3.8 -Occupa~ional NystagmUs 

, AlI ty~s '·of occupa tional nystagmus have one thing 

,in common: the':" inability of- the -eye té ma,inta-in fixation 

fÇ>Cùs under certain ciX'cumstances. A commo~ symptQm .is a 
, ~. 

spasrnodic movement of the eyes, rOtary or from side to s1de. 
" : - - '.' Several factors seem·to'be involved in the disorder1 

'empioyment of the ey~s in a constràine~,po$ition, ~e speed 

at whi~h objects are travelling, the colour and shape of 

the"objecta, the amount and type of illurnina~iQn, humher 
) r 1 _ ' • 

, , 

of reat periode';' and .fina,lly the degree' of f'at~gue of the 

.. inëlividual invo~ved (32) .'. 
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A form of nystagmus, known as miners r illness, 

has been common since minîng .beqan. In Britain it waS 

pre~alent among middle" aged or elderly coa1 miners who 

had worked for a period of twenty-five to thirty years 

underground. Its ~hysic~l symp~oms consist o~ dif~iculty 
, , 

, 1 

of seeing in the dark, excessive sensitivity to, and· 

intolerance of glareJ : and ~ rhythmic oscillàtion of the 

eyeballs. Other'general disord~rs are headaches and 

dizziness. Poo; illumination 8eems te be, the predominant 

cause of this pro~lem. At one time it was estimated that 

~ore than 70 par cent of aIl underground miners in Europe 

and Great Britain sùffered from this 'disorder. Many of 

the miners were ne~er able to work underground again (70). The 
. 

incidence of the disease has fallen considerably with the 

improvement of underg1round lighting. Whe,re cap lampa ax:e . .' 

used, minera' illness is virtually unheard of. 

~nother form of nystagmus ~s kno~,as ~onveyor . . 

balt sickness. ,Diagnosed as occup~tional optokinetic 

nystagmus, th~s eye disorder results from ,the eye's 
. , 

inability to c~ange its fixation point rapi4ly enougn to 

keep' pace with the muck bn the moving belt. The symptorns 
" ' , .~ 

are similar ta the first stage,s of carbon ,monoxide p~:>is0r,t~ng; 

gid'diness, fainting, nausea, and general mental confusion (70) • 
e 

Whèn the eye follows obj~ct~ moving along' a conveyor belt, , 
, e 

it is constantly establishing new focus fixatton points. 
" • 1 

The eye Will' fi~. on one- object, follaw it for a shor'!;~ d,isi;:.a~ce 
, < 

then ch~nge i t~, f~xation to another object., As 'th~ speed of ' 
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. ~e belt increases,', the number' of fixation 'po~nts' per 

minut:e must a,l'so increase'~ When the objects move' more' 

rapidly "'than the eyr= can establish foeps fixation' poiilts, 

involuntary c.ontractions occur in the eye" muscles. These 

~9ntractions cau~e the e~eballs to oscillate rapidly" . 

_ parallel to 'the direction of conveyqr belt travelo .This 

mot~on. is usually j erky or penduIar, and the indi vi~u,al , 

. cannot control it. As a re&u~ t, the sense of balance is . 
a:f;fected, which in part, triggers the other unpl~aspnt', 

. , 
symptoms. Cagetenders ca~ be similarly affected by 

, '1 

watchi~g the wall plates fla"sh by as the cage ascends' 
'. 

or descends in th@ shaft~ 
~. 

~t is entir,~y possible that . . 
occupational opto~ineti.c nys~agmus may be, r~spons:4ble f<?r 

.. 
sorne of the illness· which at present cannat be traced' to 

a known caùse. 
, , . 

The rnost cornmonly" u'sed rèmedy i8 complete r~st, 
. 1 • 

and the tim~ Of. rèpovelïy ,Varies ,from a few hours to severa! 
, J 

we'eks, dependi,n'g ~pon t~e .indi,;iaU~1 an~ the .... seve~i ty af 

the attack. Conveyor pelt >atten~ants and ,cagetenders ~hould , . 

be infarmed af.~he passible'consequ~nces'of optokinetic 
, .... or- t' ... ' , 

. nystagmu~ 50 t~at they C9n aver~, thei,r gaze frpm rap~dly 

moving visual sensations~ A f~rther .rerne~y is t.a make , ' . 
,sure ,the cage is cbmpl~tely enc~ose'd or that mqving parts 

are covered fram ,!,iew. , " 

" 



o 

\. 
\ ... 

.' 

~ ~ , 
tI ' • 

. '._ .... _. __ ._----_ .... _--_ .... -.-~\-----
, , 

33 '-

3.9 Flicker 

lflickering li~h): can have harmful ei'fects. The 

eyes can become .fatigued. with flickeri!lg at about" 10 

• HZ, -10% of those tested have symptams anywhere fram 

reduced a ttention, hea~ache, nausea, 'to a complete 
" . " 

c epileptic seiz\lre. Flickerin'g b~tween 5 and 2'5. Hz in 

partic~lar sh~uld be avoid~d as it is bad f~r.the worker. 

Investigations by Grandj ean (1) have shawn t"hat' 

flickering bf fluor~sce~~ .li~hts causes an increase in 
, r· 

" 

. , 

physiologically measurable fatigue é\nd a measureable . l • 

decline in perfo~manc~. ~bis flickering can ~e caused~ 

by defective -or old tubes. This ~lo~, ,perceptible' flick'" ~ 

ering frequency occurs particularly at tne ends,of the , . 
tube. 

,. > 

Beçause they use al ter~at.:i-ng, current~' fluorescent· 
; ~ ~ - . 

lights 'proquce an alternating'l intensity of light 'wlth" a 
,,' • 1 • • " • 

, '.. .... \ 

f.teC!..uenc~ of 60 Hz •. This is ,faste:!; than the su.l?j'ep±i ~ê 
" 

fusion frequency of the eyé and i5 not noti.ceable. , On 

tpe other ~~nd, i t 18 visible on movi.~g obj,e~~.~.,· p,arti­

cu~arly if ',they' have high speéulai- reflectiv.-ity~' 'This 
• ." • • ..1 

, ' 
. ph'enomenon is cal'J;ed the strob<?séopic 'effect •. tt i.s 

~., . 

, ." 

1 , 

..' 

grea ter wi th: daylig)1t tubes than wft~ white' or wailll' tones." " • ,- -: 
~ • .: " 1"" .".. ~'~ .: • 1 ~ ,. 

Invisibl~ 'flickering af 60 Hz' and aIs(() th'e. ~~'rébosccpic 
. . 

r 
effect can be gr~atly qffset Dy u,è>ing .two or mbre f~uor- , 

Cl " 
" .. . 

". 
. , 

escent tubes in eaèh l: i ght and having .'the phas'es .made to.". , . . ., 
alternate by the use af suitabl~ applia~ces: 

'" 

/ :. , .. , 
" \-, 
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'\ ' " . , J. ~ 
1\1 t~n\a tin~, bright" ançlo d~rk SUJ;LaCeS a:e w,;,rse 

than conti.nriou marked su'rfao~ <:;o~trasts. 'l'his oceurs 
• H ,'~ 

v' ) ,. 

~t work when t e: ga~e has to w,ander ,rhyt'hnl'ica11y "from , , 

light to dark, utfaces t when li9ht and ,<:\ark surfaces 
\ , . ' 

pass by on' a c ~vé~or belt., :when s11'inin9 a'nd moving 

machine parts the visual,fie1C\ or when a 1ight 

sopree is flickeri~g. 
~ 

As mentioned previously in Section 3~2 th~ré is 

a certain.delay before the retina can adapt to chahges 
, " 

, " 

in' intensi ty oj? the; incident~ 'light. Wi th Çi1 ternating 
" 

brigh~'ness a cons'tant over or !u'~p.er e~posure of the eye 

'is present.. PhysiolÇ>gic,al investigations hà.',!é shown' 
f , , "..' 

that a r~y't~.,icçü èhange 'of two' ~urf~ce ~ri~htnesses . ,;' 

wi th a con.trast "value o~' -4 'caus,es a dé~iine in vH;ii~i J 

, , -
p~'rforman~~ 'w~ieh, 18 ,of·:,tl;le· f?1rrl,e', i:na'~'ilLt~?'e a.s ,rê~~ç,ti()n, 

o _ _ ~, , "1 ,,' j 

of the 1ight inténsity :fr~iù .1900 to 30 lx.; .. ' 
" • , r -' , . .' 

, .. '.. To ,avoid, al.ternating·, sutf'ace brj.gh.tness cert~ih 
.. ,"" '" • • -<. ' ~ "\ ,~' ~ J ~ ~ 1 ( " l ~ , > 

:, ,precautions Should 'be -taken ~h~re' Fossi~l~. 1 z.,1oV;ing 
.., 1 .. ,"". • " '~" , 

. '. 

.', 

< " 

' .... machine parts shOuld. be ;enc1osec;l. Unavoida'bi~ briÇ1htness 

in thè' wor~ing ·v.i;u~J. area' sh6~.l.d"-b~ :oi~f~e't' by ,s~i ~aill'e :. 
1 

"" 

.. ", 

1 "" . 

'" ' .. 

~. r' , ".r .. ' •• ,1 ,,,,.JJ,,,~:~. _1 J~ • 

baC~9rOu?d coloU,r ,a~d: car,et}l.l il:l1,l,minatiqh., NOll':fl~ckering 
• ' l "w' t'., ~ , ~,~ f, , ~ u ,fi ~ ~ 1 t 

lights shqu14 be proy.ide4 ~ ,·.r " l '. 
---: .. ~ , - 1" ~ • • :, 

1; 
: , ., 

{ ... ,', ' 
" 
" 

3 .. 1,.0 . ' 
l " ~ 

roung workers hav,~ th-e base vi sio~ :j.n eve:ry reSJpec t. , 
, ~,.. f) " ... ~ 1 _" ~ \ 

cç~parèd to oidez: workt3rs ,.tJ:1eir' ~~~iml;1m '~c,ui~y i~ greate~ - , 
, ' ' " ,!,' 

'the! ii:' range of .adapta tioJL 'i~, "'grea ~er; , th~y, ,c,arl '. ac'co_m,od~ te' 
l ,~ .. '..-:1 • (t l , ' JI' 

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

at a distance, and the y generally afe ~ot trpuQled by 

scattered light. 

L~ckeish (6) quotes figures-obtained by averaging 

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 fort y it has deêlined to 90 per 

cent, at sixt Y it is 74 per cent, and at seventy years 

it is only 47 pe~ cént. This decline in acuity of-vision 

can be countered by increasing th~ illumination on the 

visual task. Several resêarchers have shown that in order 

ta mainta~n a' given degree of visual âcuity in aIl age 

groups, the illumination on the task for the aIder groups 

must be progressively higher than that for the younger 
, 

groups. Fortuin (96) has shown that, if the light require-
, 

ment of a 40 year 9ld for reading a book is taken as l, 
" 

then the light requirement for differen~ ages, is as follows: 

10 20 years 0.3 0.5 
'20 30 years 0.5 0.7 
30 40 years 0.1 1.0 

v 
'40 50 years 1.0 2.0 
50-- 60 years 2.D-. - 5.0 

To read clearprint-, a 60 yefJ.r old man generally needs 15 

timés as much' light as a 10 rear. old boy~ BOdmann ( 23) in 
. , 

a 'comparison between performances of a 20 .. 30' age -group 

, and a 50 - 65 age group found that levèls of performance 

achiev~d-by~the olde~ s~bjeçts with illumination levels of 

100 to ~OO lx were-matchêd by~the younger one~ in-an illumi-

nation of o'nly 2 'to 5 lx. 

" 

. . .. .'. 

'. 
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, 
Decline in visual performance is not the only 

. ~ture of advancing age. It is'known also that from 
- -,~---

: 

, , 

the middle or late twenties muscular strength diminishes, 
. 

and that hand and foot reaction times incre~~ from the 

age of twenty onwards, and the sp~ed of manuàl movement 

decreases. There,is th~s a combination of factors'which 

are a1l conducive to p~ci~g a ,man in a greater hazard 

with advancing years, but the detrimental effects of 

these factors can also be co~~tered t~ sorne ~xtent by 

improving the lighting environment. 
11 ... 

A11 investigators, Weston (66), Fartuin (96), 

BOdman (23), RÔberts.(7"·, Mrs. Blackwell (19); agree 

that older people see less weIl than younger people .and 

de~ive more benefit from higher lighting levels, but, 
\ 

according' ta Weston, an increase in illumination 'does 
, ~ .. . ' . 

not enable an old man to,compare with a young m~n in 

visual performance, and that in fact it ls imp9ssible 
~ , 

to compensate completely for ~ failing visual.powers. 

Since controlled laboratory test~ undér idealized 

conditions do not necessa~ily indicate the true practical 

situation, it is probably meaningless to indicate in a 

code o~, mine lighting a factor ~Y whidh the il+~ination 

should' ?e mul tiplied in' relation to, tbe age. of those' 

working under it •. OIder workers are weIl 'known te bé '-4.' 

capable of very.high de~rees·of skilled/performance, ànd , . 
- . , 

their handicap ~s not ~lways~as, great as th~ invest~9ations 
1 fi 

would suggest. The ,.older 'worker has greater expe:r;ience. 
~ ~ 1 

t • 

• 

.. 
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> 

He can make intelligent guesses at detail which ne 
may not be able to see precisel'y such as colla ring a . 

. 
hol'e sq that in practise he may have an overall visual -< '.-

. 
capa city greater than that of a younger worker. Never" 

'" , theless the age of an empIoyee is' a factor and the mine 

lighting desi,gn'er shoUld' consider the aIder' eye. , 

\. -

'Jo 

' .... ,. \ 

; t~ 

1 

" 

, . 
" -. 

" . . . > , • 
,~. . , 

\ 

. , .- .... -'~~ 
, , , ,~ 

' .. \ . 
" 

. 
------"-~ 



i'" o 

'. 

, " 

"." 

"0' ' .. ', " '" 

'c 

3B -, 

CHAPTER, 4 :. 

LIGHTING~ ACClDENTS J}ND PRODUCl'I,oN 

4.1 General 
» 

progress in mine lighting in Canada has' been slow. 

Good lighting systems are expensiv~ and generally speaking it 

is difficult to convince the 'mine operator that mbre atten­

t'ion to mine lighting will prove, berie'ficial to him. If' one 

couid prove conclusively to the operator that production 

measured in t/màn shixt'would increase with improved illu­

mination, costs could then he justified. Similarly, if one 

could prove that increased illumination would result in de-

creased accident severity ànd frequency with a resultant 
" 

lowering of workmen' s compensation rates, this wou Id be an 

added incentive. Since the mining industr\'iS plagved with . 
a short age o~ skilled miners, an atternpt ~o show a corre la­

'tion between the level 'of~illumination and worker morale and 

hence turnover rate,. might be justified ... 
. '* ~ 

One would expect that better lightin~ will increa~e 

output, reduce accidents, and improve morale 'but it i5 not 

easy to discover facts which èan help prove' -eit:her 'result,. 
~~.. , 

'l'he direct eftect of lighting on underground, efficiency or· 

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

.. 

variables besides lighting affect pr~duction and safety. , .. 
l '. ~ 
In a wc;>rking mine,' it ,;i.s ngt poss~ble to hold aIl these 

" variables constant in order' to -determine the effe,ct of 

, 1 
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lignting aloné. The indirect effect suc~ às the raising 

of individual morale by improvement. in the visual environ-

ment, is very largely a matter of speculation. 

several laboratory experirnents have proven conclu~ 

siv~ly that production,increases and fatigue decreases 

with~~mproved illumination (8). It is known ~o that the 

psychological effects of good lighting have resulted in J 

improved morale in certain surface factories (1),. Furtner· 

studiès prove highway accidents decrease wi th improved " 
'0 

illumInation (24). A similar r~sult has been measured in 

factories (1). The half dozen or sa reports relating to 
.. 
accidents or production in m~nes as a func~ion of illumin-

ation lead one to conclude that better light~ng has a 

definite ~ffect on efficiency and safety ~ec~ 4.2). It 
J 

is àn are~ of research though which remain,~ .largely ~lored. 

' .. 
4.2 ~ighting and ~ccidents 

An indirect proof. ~ the importance of visibility and 

~ ts relation to a'ccident\ rates has been presented by Roberts 

('7,58,). He.usès ,a' comp~rison of the fatality rates in the 
(i _ M 

various ,ge groups emplôyed underground and on s~!face. It 

~s known that visual. performance deteriorates with àdvancing . . 
,age and that this' .• deteriçration can be count~red by i~prov- , 

ing the 'light~ng environment. Fatalities increase consider-' , , 

ably in the older underground worker in spite'of the" fact' 
~ 

that" mOst ,o'f' thése m~n, are employed in the ~àfeJ;' jobs. 
" , 

\ 
, 
" 

" 

'. 

• 1 
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On surface, where visibility is bettèr, this corrèlation 

does not exist. Figure 4 illustrates the point. While, 

accidents to elder men may be due in large pa~t to length-,. , 

·ening reacti~n time and slower movements, better visibili-

ty would hèlp counter this. The need for better underground 

li~ht'ing is inferred since an older worker tnay net be able 

to recover from a dangerous position in.timè ~o avoio an 

accident, but he m~ght do sa if he sees 'the danger sogner and 
" 

is given more time ta reaèt. 

A further indirect proof ls providedJby measuring, 

under carefully contr~lled labo~ator,y conditions, ,the effe,cts 

of light intensity on 'fatig~e and performance. If a werker 
t " 

becomes fatigued or perfo~s poorly because of low light 
" . . , 

"t 
~ , 

intensity he becom~s acci~ent ~rone • Conversely, if incre~- . 

. sed illumination leadstç 'faster visua). perception and reduc­

tion in fati~-e, greater safety 'should resul"\;- .Figure 5 
" . 

. ~,'ives the :l'esu,Ïts of an înve:stigat:lon: by a German l'Itudy' group 

(62) studying these factors. With increased ~llumination, 

performance increaseà, and at 1000 ~x ,fatigue; measured by a 

test of hearing thresho~d,' was minimal. The humber of errors 

al~o fe~l to a.m~nirnum at this .level.of. illumination. 

In any occupation, fa:tigue'from visual stresS' results 

in predu~tion losse~,. '~owe,red "qU~lity pf 'w.ork, lpèreas'èd 

fréquen~y of 'errors. and an .incr~,a~, in the accident rë;\te: 
~ It," '\ QI 

ln a repo~t ~f the unite~ States Nati~nal Sàfety co~cii (1), 

. . 

, ... ,. ~---'---~-----~------~----'---------------
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experts estimate that insufficient lighting was' the' sole' 

cause of 5% of aIl industrial accidents, and that in 20' 

poor illuminatl0n and hence eye fatigue played a .part. 

Percentages would be much higher 'for acciqents in mi~s. 
~ " 

Lighting intensity.related to accidents has been 

given more attention in Europe than it-has on this continent. 

In Britain, Whitfield' (68)" Ragsdale (55)" parker et. al (52) 

and Roberts (58) 'bear mention. In c,ontinental Europe, 

Beroundsky (16), ,Krivohlavy (44), Sèhaffer (,62) a~d Halmos 
, . 

(38) have quantitatively related lighting in,t;ensity and acci-

dents. Halmos refers to research into mi~e lighting in a , 

Hungarian lignite mine. 'Wheri one part of a mine> was lighted 

with artificial lights ànd the other part illwminated only 

with cap lamps, the accident rate dec~eased by 60% in the 
. , 

lighted port~on. Using a, level of,20 lu~ as ~ stat~stical 

bas~ in another study from the s~~.report, ,Table 4 shows 

~he correlation between the'illuminat~n level' and ~he number 

,of accidents. 

, , 

'TABLE 4 
,.. .. 

- , 
Illumi~ation in Lux 'Vers,us Number .. of Aacident$' 

Illumination in Lux 

.' .. 20 

-200 

250 

NuIDber of Accidents in , 

100 

68 

58 

,-

" 
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A ~imil~r 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 

mining '\'las carried out and conventional off-trac'k equip-

ment was used •.. Six production sections of this mine were , 

in opératiQn during the 24 month period during which the 

test was congucted. An experimental mine lighting system 
, 

was installed in Section D. The major aC,cident record fo~ 

the s_ix production sections is given in Table 5. 

TABLE 5 

24 MontH Accident '~cord for Six'~rod~otion Sections of a 

West Virginia COal Mine 

Section Number of Accidents, 

A_ l 
. ' . 

a " l, 
1 

~ 
.. 

2 

D . , 0 

. E. l 

M 5 
" 

tesearch 'Similar mine accident reports based on 
1 ._-~ _ ~ 

'" 

li9h~ing c~iteri~ ar~ hard ta come by~ On this continent 

most studieè 'conoern ,themsèlves wit~ tne ~orrelation between 

industrial accident~ or road acëldents' and·-·illumination. A 

study by'General El~ct~ic ~howed ~n ~ccident reductio~ o~ 32% 
.' 

when the illumination level,was raised frQm 50 to 200 lux st 

.11 

. , 

, ... , 
4 ' - 'j. 

i 

----_~ .. 1 
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" 

an Allis Chalmers f,act~ry {l.). Ji. J;urthet decrease o'f 16.5% 

was achieved when' the contra'st wàs reduced, gi ving more even 
~ ~. . 

illumination. ,These fi,gur~s should not be tàken literall'y.' 

The improvernents couJ,d also mean safer wdrking habits "'result' , 
• - ~ P, 

because more ,attenti~ i~ being pa~d te the wor~er. 

Road accidents decreasè with increasing ±~lumination 

until a level is reached above which no further reductipn is ' 

apparent (24) • 'The avoidance of accidents y.'ould depend 
, , 

great ly ~n visual aeui ty, contrast sensi ti vi ty,' an4 speed 

of perceptio~ aIl of which have a dependence on the level of 

lumin,ance and on the difference in luminance between the 

'object and, its envirpnme-n,t., , 

In practice an improvement in v~$ual ac~ity i9 accom-' 

" 

,.. t ---;-

p~nied 'l;ly an increase in contrast sensi tivity and speed of' l' 

perception. Figure 6 gives the results of laboratory expe~ 

riments by L~ckiesh(6). An increase ,in light intensity from 

10 lx to 1000 lx produced an increase in visua1 acuity fr9m 

,100% ,to 170% and in cont'rast sensitivity from' 100% td 450%. ' 
j , 

At the sarne time, a decrease ~n muscular stress, measured 

.• t,hrough the coritinuous pressure of a finger on 'a key, and 

of the blinking f!equency was recorded. This was exp1ained 

as a lessening of hervous stress witp higher light intensity. 

Enough,evi'dence exists to show that lighting often is 

, a factor in ~nderground accidents. Accident record reporting 

" 'forms at mine,s, usually state nainë, location, witnesses, aot 
\,.' 

, , 

, 
~ 

" , 

, 
" 
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being performed, equip~enf used, where 'and how hu~t, and 

time of accident. These forms should also stipulate 

method and condition of the '{-ig~ting at 'the a,ccident 

the 
\ 

site, 

should specify whether lighting might have be~n a factor 
. 

in the accident, and should record the actual illuminat~on 

levels for severe accidents. Each mine should havè suit~bly 

calibrated photometers as normal equipment so that me:asure-, 
, ' ~ . 

ments Gan be made. Safety e~gineers sh6uld be trained to 

m~ke a lighting survey and' bec~me k,nowledgeable in thé 

idiosyncracies ?~hotometers. The writer knows of no 

Canadian mine where any of this is done. Yet a compilation 

of these r~cords over a period of time could produce valuable , . , 

information for the res,earcher a!1d ultimately the designer 

o~ unde~ground ligh~ing installations.: 

4.3. Lighting and Prod~ction 

It is easy to set up some simple task for workers_to. 

perforrn, such as threading needles, and measure the râte of, -
- " work d'one by the same worker under .diffe'rent li9ht~ng condi-

.. 
tions. Many examples of this type of carefully controll~d ' 

, 
laboratory experiment can bé eited (1,36,43,46). In gene.r~l, 

performance incx-eases up to' abou't 1000 lx.. Increas..:!-rTg the 

illumination tieyond this point does not seem justïfied in, 

terms ~f the increased production which might be aehieved. . -. 

The economié eut-off point though depends on the tlature·.o~ 

the task (14). " , 

. , 
, . 

.. 

" 
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Si~ilar _e:XEeri~nts- ~ave beerl per,B.orrned in t'actories' 
" ~-.. '" ,1 j , , 

l', and,.o-ffice,s. To ·'cite one' example,. an investigation was 
" ~ f' _ <" l , ' 

made of,thè ~f~ects of increasing the' illUmination-in an 
, , 

American cottoh ,mill (l). ~After increas,ing the intensity 

of -light from' l70'lx to '340'lx, production :rose by-4.~~, 
, " 

'and the nurnbèi o~, rejects ,was r~duced substanti~11Y. When 
) , .... , ' 

• ,', , Ji. ,', .. 
productiçm costs- fel!' b,Y~fl5% 1 ~anagement decided to increase 

, , " , '- , , 
" 

the illuminatic;>~ to 750 lx. :production rose, 'by 10.'5% 'mea- , 

sured from' the 170 lx base at)'d production costs were lowered 
..', " , 

by nearly 40%. Many countries report s'imilar results, A 

900d body of knowledge is available to the architact 'and 
, J'. ~ 

'~ffice and factory lighting ia otten caré~ully controlled to 

give optimum production: , " 

o < , 

The, conditions encountered in underground' miriing bear " -, 

1ittle s~ilarity to controlled laboratory experiments ,or: 
1 • • \ .... ~ 

the eonditions encountered in an asse1Ùb1y plant.'" Neverthe'" 

less the few underground studies atternpting ta rneasure produc- . 
~ 

tion a~ a fUnction of lighting lëvels ind;càte a strong corre- 'Îi .:t;.. 

lation. Two studies are worth ~iting. , 

c.oa1 

H~lmos (38) describes ·stu4~s .. done in the HungaÙan 

mining industry. In o~e miJb, one part oi the working , 

area was illuminateq w~th.genera1,li9hting'~hi1e the Pt~er, 

~art was,lighted by rneans of cap larn~s. ,Over a 2 rnonth pèrio~, 
• 1 

production w4s up $, pet man when g'enerai lighting was used • 
.. -~.~,- .. ~--,~ -~~ "~," - ,) . ~ 

-A similar experiment, ïn a d;fferent mine, sho~ed a .26' â:ncrease 

l, • 

! 

" 

' .. 

' .. 
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in production per man in the genera~ly lit area over a 

3 month period. The author points out th,ough that condi-

tions were not identical in the two working areâs being 

compared. Since the ~tudy was d0!le in 1962 it 'is probable 

that the cap lamps being used were carbide lamps as aungary 

was relatively slow in converting to tungsten' filament .. 
lamps. An interesting report wa,s made on this continent (1-31). 

One section of a large mine was selected for the teèt and was 

eguipped wi th gene;ral lighting. Over a One yea,r period pro­

duction measured in t/man shift was 1.7% above tlï1at of the 

next hiqhest producing section. 

To date research in this area has been mostly con-

fined to coal 'mining. visits by the writer to sèveral 

Canadian metal mines show that there i8 a definite trend 

toward~ 'installing general stope lighting. The campanie!;! 

involved may weIl be in a position te measure production 

rates over a' long period of time hoth before the ,lighting.' 
J IJ:: .... ~ 

was installed and after it was installed. Several companies 

1 .' keep,recerds on accidents to equipment. A compatison.of 

equipment accid~nt rates before and after increa~ing the 

lighting le'\(el would be interesting. 

Articles in' mining journals 'exploring .these' themÉIs . ;, 

shou.l.d be forth~orn.i~g ~', These articles could f;.lf not dnly a~. \-

~n 7-incent,ive t? other operators to install 'pei:mân~nt lî.g~tin~, 

~~ the work~n~ plac~ but would ais~ aid the ,mine lig~tirig 
.. , . ., . 

designer to provide the ,optimum quantity and qù~iity (;f ligh.t; 
• 1 • ). ~.~ l ~ .J"~ .. 

'. ' 
If mine lightin.g is'to bè vastly imi?rove~, if wil·l either be.' 

. ' \' 
. , . 

, 
• 

j , 
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done because government ~egislatipn decrees that eer~ai,n Il 

standards be met or because the mining Indus~ry does ,i t, 

voluntarily. It wil.l he done voluntari:ly if "the 'benefi ts 

ei ther in terms of increased proQuction per .... 

man .shift, lower repair cbst to'-equipment" or lower work-

men 1 5 co 
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CHAPTER 5' 

. 
INST:BUHENTS GROUNO' ILL.UMINÀ'rrON AND LUMINANCE SURVEYS 

5.1 Gener;;il 

The unaided eye is a paer judge luminous inte'nsity. 

To measure illumination and luminance levels 
.. 

light .measuring ins'trurnent must be e~ployed. 

... . Thr'ee completely different meast,lring me'thods have been" 

used for undergroùnd lighting ~urveys. Thèse ~re: 

,1)' Physic'al Photometry 

2) Photographie PhotometrY'1 

3) Visual Photornetry 

With the first .method, a device su ch as a,photocell'is 

used to record the' light level. The secon,d method uses a 

camera té> record ,the illumination leve!. ln the thi~d tech- " ,t· 

'~ique tlie' eye is', the juage, of the lurni'nouJ inten$ity using 

a light'matching method . 
.. 

5.2 Physicàf Phote~etry 
" ' 

, , 

Direct me,a~ure~ents :of illurninat.io~ can be obtail'led' by 
, .' , ' 

,using a photo-electric celle The, cell' commonly employed i8 a. 
, ,r ' , 

selen,iùm barrie::ç layer ce1l and tpe' in~tr';lment' m;;iY cbnsist 

, on~y ?f. the cell and a' sensitive ï:nicro-ammeter~ When t.he cell 
'" 

is exposed té.l~ght, electrons are'~mitted ~nd the\curreri~ 
.', , ' ' 

pro4uced is proportl.onal to ,the light, energy absorbea.. Thes~ 

'"are 'availablé :with very,higl1 sensitivi ty 'ip terms of instr'u- ' 
~, , ~ , ~ ~ ~ ~ 

ment.âeflection per lux7 ~ necessary condition for ~nger9rou~d 
" , t' 

.. 

i. 
. ' , 

~" " '--7'-" ...: ~ , " ~~ .J 

-}l~~ ,es=e:wi~t'f~~:~:~:;~ 
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surveys. Since it has to be' portable' 'and rugged when used 
1 

underground, either a- large cell or a bank of cells coupled 
., 

in parallel is used to get the l:'equir~d output in diJ,l'i light. 
1 
~ 

This simplici ty and independence of ~ny external7rce ,~f 

power make them popular for undergrounp, illumin'âtion surveys. 
,~ , 

The output of the cell~ can, aIse be' measured by ins­

trumen~s employing the current balance (null balance) prin­

ciEle •. With this sy.stem, incident radiant energy proportional 

----1;;O"-.I:.lue value ,of resistanse required to reduce the ,:,oltage '.--
across the cel~ or qo~ination of cellsto ze:t'of---_;j._s_\l~.ed. 

Other physical photometry devices are available. Pho-d _ .. 

toemissi've tubeS require more complicated measuring circuits , , 

than barrier-layer cells'but have desirable characteristics 

. for the measurement of light. Photoresistive elements and , , 

thermopIles have spec'ialized applications. 
. 

Sensitive cur~ent 

ôr· pO,tential measuring instruments ~r, bridge circuits are used . . ,.,,- . 

with -tbem- (B3) • - - , " 
, . . --- -... ... 

Instruments may be singl~ -range -Q.l". n:\\;~l ti-range, The 
, ' 

multi-rang'e instrument has the ,advantage ~r lower pç;st 't:hjin,. 
, --

indi vidual instruments to cover all the ranges, but has dis-

advantages as weIl. In· general-, it is good praqtice to ilse 
. 

single range instruments for routine testing and mUlti-range 

instrwnen'ts for special tèsts, particularly in the' field .... 

5.2.1 The "EEL" Lightmaster- Photometer This photc)-

" meter was 'used· in the present study to. obtÇ\in general levels 
}J '- • 
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of illumination in underground working places. It has three 

ranges of sensitivity with sc'ale' selection obtained by using 

a rotary switch. In the off position the instrum~~t i9 short 

circuite.d arid the meter coil is darnped to pr~vent swingiI1g. 

The instrument is supplied with two measuring heads so 

th~t, it ean rneasure light intensity as weIl as colour tempera-.. 
ture. Both heads ,pluç into soC'ket,s in the handle which is con­

nected to.the mater. The photometer head,is a mounted, b~rrier-

layer cell, while' the colour temperature head has a semi-

circular shuttet' for sensitivity adjustment,. and a' rotating 

fil ter. Figure 7 is a phat?graph of the instrument (87) " 

Light intens{ty was measu~ed with the pho~a~eier 

head. The least sensitive seale was switched in first, and 

then a more conv~nient range was seleeted -if necessary. tv.here 

possible, readings were taken at thè right-hand side of the 
~ 

dial rather than the lef,t-hand s·~de. Figure 8 illustrates 
, . , 

the field use of the instrument • 
. 

. By means of the tripod arrangement and, special maunting 

bracket the workinq plane ,af measurement waS esta'bli~~ed _ ~.t 

a fixed height. The operator then read the meter placed on 

the flOor. By.stay'ing in a staoped position ta take the 

reading, the operator does, not eut off any ;i~ht whieh other-. . 
wise would strike the ph!?tometer head. ' Correotio'n factors 

have to be applied to the raw readings. 

... -.. 
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,( 

EEL Lightmaster Photometer 
, Figure 7 

. . 

Field Usé of EEL,- F'hotometer 
Figur~-8~ 
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.. ' . 
5.3 Photographie Photometry 

This 'method has been used .to measure luminance and 

its distribution. It is based~on the the ory that the amount 

of b,lackening of a 'negative is proportional to the luminance 

of the' photogràphed objecte ~Luminanc~ 'analysis c~n be done 
. . 

by regulating the condi tionl:i of exposure and de:relopment and' 

py providing a system of rneasuring and calibrating the black­

ness o'f the image (7,13,!;>9) .. 

Several advantages beè6rne' apparent.' The ne'ga\iv'e can 

be stored for the extraction of.additional information at a 

later d~te. Any level of luminance, can be ~easured by varying 

the camera settings. Measurements can be made in the labora­

tory which enable gr~ater care and ~cçuracy than is possible 
. , 

l'u,nderground. The whole visual ,scene' i's recorded so that mea-

surements of contr~st ~ di sabi lit Y glare, and perspective 
" 

which are necèssary for '·task evaluation and usually requir'e~ 

several measurements, can be made off the one photographe 
. ' . . ~ 

,One l?a.rti~ular use .which has been 'studied' is the determination' 
- ~ - ~ 

of a disabili ty "gla're index system us;iIÎg the, luminance distri-, ' 

but ion to yi~ld a valu~, :of adaptat'ion luminance for any give~ 

visu,al, field. 

. Th~ technique has not proven very popular in spi~e of 

these inherent advantagés. . Great care is require_d, in" th~ 

s'electien of the camera, ~enses" accessories ,and,'_filin. ,Suit-­

able flIters have to be us~d 'to correlate the spectral res­

pense of the photog:r::aph to that of the eye. 'Since the d~velop-

(- -.-. -.. -',---
--~-- -- \_~ 
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'ment pf a photograpnie film is dependent on ~ ,great number of 

varial;>r'es, . great Càre in developing is necess~ry. A t,ech ... 

n~que of image blackness measurement so 'that the degree of 

blackness may be related quanti tativel,y to luminance by a, 

photographed luminance sc~le must aiso be establishèd: 
, . 

Inherent errors in the method are covered in Section 6.6. 

For these reas0fl,s the method was not used in thl:8 study. 
, I(j.. 

.. 
5.4 - Visual Photometry -.' 

~ , , 
~ visual photometer opera tes by visual compàr~son of 

'\ 
brightness by deterrnining -the brightness of a test p~ate and 

USL~g this known brig~tness to ~aIcula~e the ,illumi~ation ~r ' 

'luminance of.the area_ being measured~ A standard test plate 
, r ~. 

of known refl~ct!vity 18 place4 at that. point wbere the illu~-
. .' 

ina tion or lumi~ance is to be 'measure'd and th~ )~ri9htl)ess of 

this platé i'9 ,assessed. The illumination 'or luminance at 

that point is thèn c~lculated by dividing the brightness 

figure obtained,PY the reflectivity of_the standa~d test plate 

surfa'ce. This procedure is' rol-l'owed . at every point where 

measurements are to be made. E?ch different instrument depends 

--on this sarne basic principle; namely, that the brightness of 

the field of view is 'compared ta that of a small, surface, 

ill~inated'under standard conditions. 
, , 
Instruments cpnsis~' of an internaI standard lamp which 

illuminates the ~omparison fielQ wh~s~ ~r~~htness can be con-
, , 

" 

trolled', and an optical system which _ al1qws :the compar ison 

, , 
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field to be viewed at the same time as the object which is 

to be measured. A determination consists of viewing the 

object t~rough the optical system and then altering the 

brightness of th'e comparison'af field until both' object and 

f~eld appear ta 15~ at the s'ame bri'ghtness level. 

TWÇ ty~es of visual photomete~s were used in this 

study~ These were: 

1) the MacBeth Illuminometer (89) 

,2) the S.E.I. Photometer (91) 

5.4.1. ~he,MacBeth'Illuminometer This instrument,was' 

used for reflectivity measurements both in the 'field and in 
'r 

the laboratory. Referring to'Figure 9, from left ta right 

are (1) the' illuminomet~r, (2) the controller, (3) the 
i 

reference standard, and (4) the test-plate. Fig~re lQ shows 

an' early field us.e of the .. Ma.c!3~th_ Illumil10meter in an under­

gr,ound mine. The re'flectivity of sand fill in a cut-and-fil! 

stope is being meas~red. ;The observer is slghting through the 
.. 

iliuminometer eye piece onto a test-card to determine the 

luminance emanating from the card. The c'ontroller is shown 

on top of the carrying case and a battery operated fluorescent 

lamp-to read the control 1er qia1s is immediately to the right 
-

of the controller. A light source rnatching the illumiriometer 

Iight is mounted.on the top of thè tripod. To check for 

battery decay, ,a meter i.s attached te the tripod. 

'. 



.. 

C) 

o 

1 
Il 

',' ~ ,. ,', ~t"1 ' '1 

l , , ••••• __ 1 .. ..:..': ':......., _________ ~----.' 1":" ,. 

.J l , 

58· -
.. 

I.j. , • 

.' 
The MacBeth lIIuminometer 

~igure,9 1 

Fie'ld U'se of MacBeth lIIuminometer 
Figure 10 
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\ 
1) l;lluminometer Figure Il shows. a cross-section of 

the illuminometer. The operator sights thr9ugh the telescope 

and points ,the open end to the surface to be measured. A 

concent~ic cirele type Lumrner~Brodhun,cube is mounted in the 

reetangl.,llar h,ead. The inner ci'rele is illuminated by light , , 

from ~the surface being measured whilé the o~ter cirele ia 

illuminated by the working standard. The working standan.d 

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

cent lampe 

Measurements are mad~ b~ ,the balance principle. Pho­

tometrie balance is obtai~ed'wh~n the brightness, of the centre 
" 

circle equals the brightness of the outer ring when viewed 

through the eyepiece. ~he tube co~tains a rack and pinion 

arrangement for moving the carriage which supports the working 

standard. The measured"quantity of luminance' i~ read from 

. a calibrated scale' pd the rack at an index point~' This.seale 
, 

gives direct readings in the range of 10 ta 250 asb but the' 

range can be extend~d b'y using two neutral absoibing screens 

ta cover readings between 0.1 and 25000 asb. The screens 
, ' 

, 
are inserted either in position l'or position 2 depending on 

whether ,the unknown illumination i5 higher'th~ the,working 
. , 

~tandard,or lower than the working standard •. Soth screens are 
, " 

numbered, to faci,litate identification and .were calibrated by 

the :phYJ,ics Di vision of' th'e ,National Research Council in 

ottawa.. Calibrations' aré given in N,. ~.C. Report PO,,:,S$ (97),' 

and N.R.C. Report PO-90 (lQS). 

.. 
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. " ,Mac,Beth IIluminorneter Cross-Section 
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2) Control;Ler: A battery powered control1er supplies , 

electrical energy for. the' lampe in the' illurninometer and 

reference standard. A wiring schem~t~9 of the ,controller 

èircuit i8 given in Figure 1~ • Rheostat A~ in ,series with ,-
battery A, contraIs curr~nt flow through thè réference standard 

• • 1 • 

'v ',' '" 
lamp wijile rheostat B.anq. its b~ttery,control the'working stand-

• 1- ." 

ard lamp. The double-thrpw ~witch is used to' shif't th~ milli-

ammeter from one,larnp circuit tO,the' other. For field use two 

No." 6 Qry cells were conne9ted in ~eri~s and,insta1led in a 

leather pocloot under, the controller. For l~boratc>ry use three' 

dry cells were used. 

In order to perm,it full insertion of the, terminal pins 

on the cords whioh connec1;. tlle cont'rol·l.er to the illuminometer 

and reference standard lamp :i t is nec~'ssary to turn bO,th 
, 

r~eostat 'Knobs on the controller f,ace: 'l?late in. the àirèction 

of the arrow marked DIM as far as they will go. This safety , . , 

, feature places !f1.a~imum init?-éil1 \t'éSi'stance in the circuit ta 

avaid damage to the working and refèren.ce 'standard lamps. 

3} Reference Standard: I.ll\I)linome,ter aécur~cy is 

. ,chécked by'· using the reference standard. Figure .13 shows. a 

,cross-secti~na~ v,iew.· tamp A, 'id'etttica'i ta' the working 

standard lamp, was. in'itially factory' calibrated to d~velop a 
.... ,l, ,~' t l ' 1 

light of 'accurate, known in~enaity"when a speclfied current 

energized its filament.. 'This ourrent was 'listed on the re'-
, ',- . ~ . . '. . . . 

ference standard certfficat~ obtained from'the manufacturer 
1 l ' ~ ,.: '" ~ , 

\ . , 
and ia included in 'the i:nstrument repQrt (118). The lamp was , 

, \ 
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further calibrated from' tirne to time as. use warranted. 

, During a check the'reference standard is ,plac~d upon 

the test plate, illurninating it by means of the lamp th~ough' 
• ,1 l • 

the opening below the lampe The illuminome,ter is calibrated 

by placing its sighting aperture into 'the hole, setting .its 

scale to the value gi ven in the la test ~e:fer~/ ,sta,ndarçi 

certificate, and adjusting th~ current through the wor~ing 

'standard until a balance i5 observed at tqe Lu~er-Brodh~n . 
, . 

When th~ reference standard is not in use, the opening ~ 

'is protected by its pivoted cqver plate. 

,,4) Test Plate: The test plate i5 used in the cali­

bration of the working standard. The surface of the test· 
.' < 

pla~e materia~ should be a Lamb~rt sur~ace but in practise 

this surface is impossible to obtain. By making the plates' 
\ , , / . f,.· .._ 

of glass fiI'l;isped by a sp'~!Oi'al proces~, the surface shows 
" . 

• Il 1 

prac~cally no er~or !oi,~n91es of ipcidence between 0 and 
; , 

25 degrees~ For these q,ng,les, the' reflectivi ty of the test 
l ' 

t 1 • ~ 

plate is 0.79 provided the viewing a,ng1e is kept on the 

opposite 'side,Gund~r 2S degrees, and in the same plane (79). 

F"i~ure ,14 'show's the error for various 'angles' of inci~~nce 

,and compares this surface to ot~er common surfaces. 
.. , 5' 

C~libration: ,Bach time a ~~rie~ of illufuinornete~ 

,.eadin9s are ~o:~e ,rnaQe, ~he workfng s~an?ard lamp'must be 

reca1i1?r~ted. ~efer'ri~.g to Figur~, 12, the reference stand .... 
l , 

ard ïs corfnected :to pinding ,posts J.\. and ~he ~11Qrnino~'eter to 

bimÜ.ng posts B. 
, . 

The .,double-throw switch on the 'cont-rol-ler· . 

" i3 snapped to po~i~ion Band kept.' in that positj,on for a few' 
JI • • .-" 
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} , 
:. 

minutes 50 that the bat,tery vol tagé and current may have 
1 

tirne 'ta stabilize. With the referenc€ standard on the test 

plate the swi tch is snapped to position A. Rheostat A is 

turned in the direction opposite to'that indicated by the 

arrow until the roi~liarnrne~er reading corresponds to the 

current value listed in) the reference standard certificate. 

Thé illurninorneter scale 1s set ta 32.28 lux which is 

the value listed in the reference standard certificate. With 

the swi tch snapped to position 51 the sighting, aperture of
l 

the illurninorneter i5 placed in the ho le of the,reference 

standard. ,The current is adjusted through the workirig stand­

ard by turning rheostat B until an optical balance is~secured, 

rneaning that the outer circle matches the inner circle in 

brightness. When a balance is obtained, the rnilliarnetèr 

scale is read to obtain the value of the curren~ flowing 

through the wor~ing standard. Since the colour temperature 

of the working standard larnp i5 the same as the co~our ternpera-
. 

ture of the refer~nce standard larnp, "about 2360 K, optical ba-

lance is easi ly' obtained. This is repeated severë;tl times to ~ 

make sure the. sarne .milliameter valu~ is obtain'ed each tirne .. 

This value is noted ~for future use. The swi tch 'is snapped" 

to posi tian A aga in ta rnake sure the value of t'he currerrf 

flowing through the reference standard. has not changed. If 

the reference~standard current has changed, the batteries.have 

to be replaced and t.lle calibration prQcedure repeated.,,'­

,The worKing-standard cur~ent must be maintai~~d 

\ 

\ 
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throughout all subsequent m,lasurements at the value esta­

blished and noted during Calibration. With the switch in 

position B the current is adjusted with rheostat B when-

ever a change in the working-standard current occurs. The 

reference standard is disconnected as soqn as the working 

standard has been calibrated. ~n Figure 15 the ope~ator 

is adjusting the current to oQtain a luminance balance 

bet~een the working standard lamp and the reference stand-

and lampe 

, Measurements are made to d~t~rmine reflectivity of 
l, , 1 

var~ous ~ine surfaces with the illuminometer eithër hand-

held or t~ipod mounted. Since the diameter of the field 
~ , 

of observation is roughly one-tenth the distance between 

the - ob'server, and -t.he . surface being observed.,-, care must be 

J:'ake'n 50 that the observer is close enough' to rnake the 

obj ect being v.iewe,d appear cornpletely on the inner field 'of 
• 4~ 

the Lummer-Brodhun cubè. Th~ angle between the axis of the 
~ 

telescop~ and,an,axis'vertical to thé test plate as weIl as 

the angle between the axis vertical to the te'st pla te and 
~ -'. 

the light s,ource- ahould be X'jecorded. These a'ngies are cal1ed 

the ,record' angle and th.~, incident al1gle respectt vely., On -

structured ~urfaces-the,angle.between the 'plane of the surface 
. . . t ..,. j 

bein'g rneasured ~nçl t:he plane formed by the incident beam 
~ ~ . ~ . . 
and the +scording )ine oL-sight are ~lso measured. This 

- . 
angle is called the t~lt.angle. Figu:t:e: 16 ïl_~ustrates ._ 

, 
hôw the incident. angle is predeterrni,ned, for a reading on 
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Field Calibration of 
Macbeth lIIuminometer 

Figure 15 
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sand fill in a cut-and-filT 'slèpe' a'nd' Fig\lre 17 shows-
1 

how the tilt angle is' ,measured. 

As noted previously, two concentric fields are 

seen through the eyepiece. If the surface under'ôbsèr-

~ation is é:x:actly the sarne colour as "the light from the 

.working,standard, thé. line of demarkation will disappear 

when a balance is obtained. If ther~ is· a colour 
, , 

difference it will be irnposaible to obtain this dis-' 

appearance and the user has' to judge' Whe~ the b"o fieldJ 

. are of equal brightness. Whenever reflectivity was 
1 

measu'red in ather than diffuse light a modified cap lamp , . 
was used as the light source. This cap lamp waa equipped 

with a bulb identical to the working standard,bulb and 

'constant illumination was obtained by meter·ing· the c.urrent 

through the contraller. In this 'man~er, errora due ta 

colour difference and battery decay w€re eliminated. 

After balance h?~ peen obtained, the measured value 

is recorded on an appr~~riate forme ,Table 20( APpen~ix ~I 
illustrates a .typical;,completed forro with one set af absdr­

~atians. As,a general rule, sev.eral ~eparate ~eadings are 

\ 
,f 

.made far each observation (47). After each reading the work-
, • , J-

. ing standarp current must' be- carrected for' by niean.s of thj 

~ rheostat' d'ial, the ilfuminbmeter, s~ale is ratcheted Up or 

down, and a new balance'· i-s obtained and reéorQed • 
. 

Once a se'ries of 'observat.i:ons have, been completed' 

it is necepsa~ ±oreca~ib~ate ~he illuminométer. This 

is~one by repeating the calibration procedure oriéé .again. 
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Only if the same working'?tandard current is arrived at 

can the series of observations be accepted as valid. 

Then appropriate calculations are performed on the raw 

data (47). These calculations take into account the root-
'-, 

mean square of the various reading's'",,'tbe reflecti vit Y of , 
.... " 

the test-plate with which the stanQardiz~tion was made, 
~, 

the reflectivitY,?f the te~t card, the angle of incidence 

and the recording angle, and àny filter factors if,fiiters 

were used. In this manner bath the brightness and the . 
, > 

reflectivity of the_ surface being tested can be obtained. 

It. is th en possible to group severai s,ets of dat.a' and 
~--_~k--....-._ 

treat the'm statistic'à-1Iy'-'in--order t?, arri,:,e at a ,mean valu-e 

and a standard deviation about th~mean. Results can then 

he presented in concise table forro (Appendix G) . 

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

photorneter rnanufactured by Salford Electrical Instruments 

---Limited. Figure 18 !~a photo9raph of the instrurne~t while 

Figure 19 is a schematic diagram • -.. 
Referring to Figure 19, the subject is viewed 

app~oximately full size but inverted, through a simple 

telescope {B}. By an adapt~t~on-of'thé Lummer~Brodhun 

- cube', a smal! -cornparison spot (c) i~ super imposed on the 

centre of the image'field, this spot subtending at the 

eye an angle of only '1 0
• The- spot is 'diffus'~ly il'luminated 

by~ a smal-l--eleetrie- lamp_:via Ci. diffu'sing 'screen' (I), the 
•• 
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lamp being' f~d by· a dry battery· --(J) ,through a rheostat (N). 

The lamp ~lso illuminates a ring-shaped photo-celi (H) 

which is conn"eeted to a rnicroal11l'f!eter (A). By adj'usting 

the rheostat, the pointer of the microammeter i6 made 

to coincide with a standardizing mark 50 that the luminous 

o~tPut'Of' the la~~ and consequently the brightness of the 

~internal.reference surface" (I), are always at a constant 

value. The instrument is therefore self-standardizing. 

Situated between the lamp and the spot are two 

opposed photometrie wedges (G). These are moved in ,oppo­

sition ta one another by ~a rack and pinion mechanism 

operated by rotating the base (L) of the photornete~. The 

light reaching the comparison spot can in this way be 
\ 

varied through an intensity range of 100 to 1. Reduction, 

of the brightness of the subject or spot by the insertion 

of neutral filters attacped to a range shift disc (D) 

prov{des. a further increase of.' range up or down by 'fact'o-rs' 
, 6 

of 100 thus giving the instrument a total range' of 10 to 1 • 
.,' 

'The range shift di'se has three index marks. For underground 
". 

measu~ements thered mark is k~pt central under the·object 

lens of the telescope~ At this mark the meter 'is set for -

measurements of Iow·'brightness. Measurements are made on 

a logarithm~tic scale • 

. Tb make easy the cornparison of brightness betweèn ' 

spot and object a c~lour corr~cting filter i9 provided in '. , 

disc ,(E) situated irnmediately below the telescope eye-piéce. ... 

The calibration of the ins'trumènt ls unaffected by the 

, 
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The photometrie setting can then 

he made causing the brightness of the spot- to match that 

~of the scene. 

The instrument posse~ses two advantages over most 

photometers. It ean he used to rneasure the ~ri9~tnesslof 
very small~reas in the seene sinèe' the spot in the field 

of view subtends only an angle of ~o, and the range of 

brightness wh~eh rnay he measured aceomodates low values . 
found in general underground illumination studies. The 

instrum~nt ~as particularly use fuI then in obtaining 

refleetivity measurements of small areas sueh as ~rill-

stee~ and in obtaining contrast measur~ments between two 
1 

small adjacent patehes of lig~t. 
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CHAPTER 6 

E.RRORS IN MEASUREMENT 

6.1 General , 

Anyone irivo1vëd in taking 1ighting measurements 

sho~ld know how meaningÎul his readings are, particularly 

since there are man y factors which rob us of the abi1ity to 

define a measurement exactly. 0 It is very easy to have a 

divergence of 15 or 20 per cent. or more from the true value 

and, urr1ess one is aware of the factors causing divergence, 

comp1etelyspurioùs re'Sulta can unwittingl:y be reported (40,41',63) • 

Because of the importance of error in lighting measurement, 

the topic has ~een a~loted a separate chapter. 

A briéf outline of the more pertinent ideas in error , , 

theory is followed by specif~c descriptions of errors invol-
, 

ving physical ph9tometry, photog~aphic photometry, and 
, 

visual photom~try. 

6. 2 Types '1f Erro.r 
, 

Four ty.pes of error are recogn'ized, depending on 

, the cause. Theae are: 

(1) acoidentai error 

è2) systematié error 

(3) short-term error 
• 

(4) constant error 

.. 
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'6.2.1 Accipe~tal'Error These errors are not 

constant and are as likely ta he above the ,true value as 

below it. They can best be handled by taking séver~l 
, , 

rleadings and using the root maan square met'hod to give a· 
" 

~ . . ' 

weighted value to the group of,readings. This we.igOted ''-
, \ . \ , 

, ,:) 

value is obtained 'by sguai-ing each valu,e, obtainiog the' 
) , 

sum of the squares, dividing this,by the number, of r,eadings~ 

andthen taking the square root., Readings ta'ken with, the 
, 

MacBeth Illumlnometer were handled 'using this ~ethod. There 

ls, however, a practièal 'cut~off poi~t "as to how many rea­

dings 'to take. If one 'double!? the n~e~ of readings of a' 
J 

single quantity, ·one can expect to improve the results by 

the square root of two. The principal i's illu·stra.ted in 
" , l ,~ 1 1 

Table 20, page 209, where sevel). observations on the ,te~t plate 

were ,taken. , " 

, 
Aécidental errors.inqlude the human errors of 9bser~ 

, ," 
vatiÇ>n and, for lack of' a better' ,place. in 'ihich ~o group 

, 1 

thern, the rnistakes in calculattng or in recording. In this ? 

study, independEmt calculations by two experimenters", . 
, ' 

employing different ca'lc'ulatinq methods and the repeating,' 
, . 

of aIl r~cbrded values bet""een the observer and the rebordèr; ,.,.. 
,~ l' ~ 

, . 
, ensures the virtual- eli:m,ination o'f acciden,tal mistakes~ 

6.2.2 Systematic Error A series of observations 

that shows any pattern or trend, other .~han that of 
, , 

grouping aroUnd the standard deviation curve, iB a 909d 

indication of a systematic error., A systematic erior,~ould 

. . 

, . 

, . 
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cause readings te be eitbe~ consistently above the true 

value or ,consistent~y below the true val ue., A systematïc 

error was recogni2ed'w~e~ using one of the'filters for thé 

MacBeth Illuminqmeter and recalibration'by a standard 

laboratory'~esu~ted,in adopting a, differ~nt filter factor 

from thàt provided ,by t manufacturer.' Generally for this 

type of erro~when ugh data has been _ accumulat~d a table 

of coirections can b wor~ed.out and correcti~n factors ~an 
" 

be âpplied,to 'future readings. 

6.2.3 Short Terrn Error The short term dn this ex-
1 

pression ref~rs to' a short dura~ion i,n time. If, reading 

off a dial, a vibration might-~ntro9uce an érrOr. Since 
..,. 

, " 
t~e error is-not likely ta rêoccur when repeating·the measu-

.. 
,rement 1 the error' can be recognized. 'Short term errors' were 

• 0 

handl~d b~ discardinq 
, 1 

greatly from 

any read;ng which'obvl0ualy varied 
1.. 0)' ' 

the. mèan of a 'seriQs of, observatJ.ens.", 
Il (l ( , 

6.2.4 'Constant Errol." "These" have, the:: sarTIe' e f fect , ' 

. on ~J~ ~eadings' in a series. , A Photo~:~t-er J'Qay:. be' "è'alibrated 
" ' 

,for ~ par~icular type of light sourbe. Changing the light 

.ource wotild in,t'roduc~ a .'çonstant erIo'r~,:, Constant ,errors' 
• • • C> , 

, fo;r: the EEL Li9ht~,ast~r ~ ~ere p't:0ovided b~ the' 'manufa~turer', 
1 .. J 1) 0 ... , , 

so that· it is a simple matter to,apply car~ections • . . '. ' 

6.3 Probaple Er,roJ: 

The prObabie error of a ser~e~ of obs~tvations ie' . , 

def"in d a.o, that meal1 error for J which: th~te'" e-;ee' as rnany 

1 

1 

1 
, j 

.. ' , ~ 

errora as the'tG are smaller errora. 
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been derived which show that, for much of the work under 

dlScussion, the probable error can be found by multiplying 

the standard deviation by the constant factor 0.6745. 

The standard deviation 15 a measure of the spread 

of the readlngs contributing to the mean value. Standard 

devl at lon i s the square root of the sum of the squares of 

the departure about the arlthmetic mean of aIl the readings 

ln the group. Plus or mlnus one standard deviation about 

the me an Inc l udes 68% of the readlng s taken. Two stand-

ard deviatlons about the mean lnclude 95% of aIl the 

readlngs and three standard devlations about the mean inclu-

des 99.7% of aIl readings. 

6.4 Accuracy and Precision 

Accuracy refers to t~ closenesB to the true value. 

For photometric measurements it lS less than that of most 

other SClences for several reasons. A large part of this 

problem resuits 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 ~ide range of priees 

and there is a rough relation between cast and accuracy. 

Table 6 is takert from Wiebel (65). Withaut adequate 

( 1 
instrument accuracy, results are meaningless. At the same 

time W1necessary 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 

O. l 4000 

?~_~~~_c~~hotometry Errors 

Several posslble sources of error may affect the 

results obtpined by measuring with a physical photometer 50 

that, if care lS not exercised, entlrely fictitlOUS results 

may be obtained. These are: 

(1) errors due to the d'lfferences between the 

colour response curve of the cell and the 

standard visibility curve. 

(2) errOTS due to variation from the inverse 

square law. 

(3 ) cosine errors. 

(4 ) errors due to non-lineari ty of scale deflections. 

(5) errors caused by normal, wear. 

(6 ) errors resulting from ambient condi tions .. 

(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 temperature. 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 col our temperature. If true results are to be obtained 
, 

the response of the cell to light should be similar to that 

of the eye. The typical photoce~l has a light response 

which is close to the human eye for yellow or green light 

but is more sensitive than the eye to reo and vioîet and is 

still sensitive in the infra-red and ultra-violet range. 

No uncar~ected 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 conf~m with the visibility 

curve of the average eye. Unfortunately, sorne 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 aIl ce11s to average 

eye response. Cell-filter combinations are adequate for 
4 

most work. However, Mhen 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 calibrateo under strictly controlled 

conditions by the manufacturer using a tungsten filament 

at a colour temperature of 2700 K (81). 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 

sorne correction factors for various sources both with and 

without correcting f~lters. 

Table 7 

Correction Factors - EEL Lightmaster 

Source Scale Photorneter Eye Correction Factor 
Readin~ w~thout Wlth 
(lm/ft ) Fi1ter 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 (repea t - - 0.907 1.00 
Fluorescent - - 1.14 1.14 

(warm liqht) 
Fluorescent - .. 1.03 1.1,1 

(day1ight) 
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6.5.2 Inverse Square Law Error This law is true 

only for a point source of liqht. Consequently usinq the 

law wi th lights of large "surface area introduces eiror. 

To keep the possible error to under 1%, the distance 

from the photocell to the light source must be qreater than 

five times the source diameter. Roberts (7) suggests no 

measurements should he made with the photometer nearer to 

the source than ten times the maximum width of the lampe 

6.5.3 tosine Error The illumination of a surface 

is ~roportional 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 illustrated in Figure 2Q. If a 

given quantity of light strikes a surface at right angles, 

the illumination can be called X lux. If, however, the same 

quantity of light is i~cident at an angle A to the normal, 

then the illumination becomes X cos A lux. This arises be-
" 

cause the surface is illuminated by an inclined cross section 

of the beam, the inclined cross section b having a qreater 

area than th~ normal cross section a such that a/b = cos A. 

Since the luminous flux ih the beam does not change, the 
1.' 

degree.of concentration of flux over b will be l~ss than that 

over a and the illumination o~ the' surface will be correspond-

ingly less. 
r 
In planar measùrement where a photocell is placed on 

the surface whére 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: 

,C 
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... 
, 

-.- .. " . --------

\ 
a 

cos A= b 

Area of surface whose 
normal is inclined at 
angle A to incident 
light flux = a cos A 
iQumination on surface 
= x cos A lux 

The Cosme Law of Illumination 
Figure 20 
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Where mounting heights of lamps are l·ow the total error in 

the reading can be as high as 40% (54 ). This method should 

not be used then in mine haulageways since'back~ are generally 

only 3 or 4 m above floo-r. 

Even if one attempts to correct for errors due to .. 
the -cosine law by carefully recording the angle at which 

light ~trikes the photocell face, other factors corne ~nto 

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

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

covering filter and the cell surface. The light reflected 

increases as the angle of incidence increases sa that cell 

response does not fallow the casine law. This is the major 

source af errar when using physical photometers. 

Two methods are available ta correct for this error. 

One can read illumination normal ta the cell and then use 

the cosine law to calculate oblique illumination at high 

angles of incidence. Thé second method is ta determ~ne the 
'-- -~-- -

cosine response of the cell. The cell is supported on a 
, 

l 
r 

mounting which permi ts the angle of incidence from a consta'nt 

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 af incidence. 

Roberts (7) describes a procedure which enables sorne 
< 

account to be taken of the effect of indirect light reflected 

f,~am the surroundings on ta the photocell. 'l'he phatorneter 

is, calibrated twice, once for direct light an a photometrie 
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. 
bench, and once "for indirect l~ght usi~g tPe interior of 

an integrating sphere as the source of indirect illumination. 
i 

Two calibration'characteristics are obtained as in Figure 2l~ 

The operator still has a problern 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. 
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<'Q 6.5.4 Linearity of Scale, Indications The ideal 

condition of a cornbined light~se~tive cell ~nd instrument 

is that unit increases of light Éalling upon the cell will , 

cause uniform c~anges in instrument indications. If this 

condition holds, the rèsponse of the cell-instrument is 

linear. The care used in selecting the cell-galvanometer 

or cell-rnicroammeter combination and the use of shunts has 

an important bear'ïng ori linearity. In general, the lower 

the current drawn from the cell, the better th€ linearity. 

Conseguently, for underground illumination'surveys where 

negligible current flow results, the error loses significance. 

( 2,5) 

A test for linearity requires a means for m~nt:ng a 

lamp and cell 50 that the distance between them can be 
1 

adjusted readily and méasured accurately (61). J The relative 

illumination of the cell will be established by the inverse 

square law, and is determined entirely by lamp-to-cell 

distance. Sorne photometers hav~a straight' line response to 

incident light but for others a?falibration curve may have to 
J 

be produced. Having calibrated the photometer i t may then' 

be applied to determine illumination simply by reference to 

i ts meter deflectiort, knowing.othe distance from the source 

and applying the inverse square law, provided one is n?t . 

too close to the source. Results of a linearity of sca~e test 
\ 

for low values of illumination .and a\ source temperature of 

2360 K are given in Appendix C on pa~e 199. 

.' 
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6.5.5 Wear· Physical photometers should be returned' 

to the manufacturer at specified interval,s for reca-libratipn. 

The check i5 necessary because of unc-eltainties in the 

behaviour of\photocells caused by fatigue of the cell or 

spring or by strain to the microammeter suspension. 

Fatigue of a cell ~an o~~ur following exposure to 

high intensity light or following an extended period in 

darkness. Short-circuiting the terminaIs when not in use 

is recommended. Spring fatigue may resuit from ailowing 

a scale deflection to last too long. It cah usually be 
"-

detected by noting the manner in wh~ch the dial returns to 

zero. If it hesitates at a slight upscale deflection and 

then gradually returns to zero, spring fatigue is ~~~sent, 

Microammeter instruments are delicate. The restoring 

spring has a 'weak torque sinee the photoelectric effect 

produces only a very small current flow. This rneans that 

more staÈle readings are obtained when the upper portion 
q 

of an instrument scale is used where the torques exerted 
1 

by the instrument coils and the restraining springs are 
", ,t. 

greater giving more stable readings with less tendenc~ to 

stickiness. When possible the range selected for use should 

be chosen so that'the reading is in the upper portion of the 

scale. The manufacturer's guaranteed accuracy is always 

expressed in per cent of full scale. 

6.5.6 Ambient Condi~ions Ambient conditions arl~ften 

extreme in mine work. Ideally a·relative humidity of less 

) 
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than 65% ~nd a temperature of 25°C are desir~ble for the 
, . 

air where instruments are used.' In the laboratory this , , 

can be achüiyed bU,t usually in a metal mine r~lative( 

humidity ls higher and temperatiures are lower. ~ 

Many types of photoèel~s change in 'sensitivity with 

change in temperature 80 that temperature correcting co~ 
~ 

efficients as supplied by the ~anufacturer should be ~ppli~d\ 

AlI coloured filters used ta correct for colour respopse 

have appreciable temperature coefficients. 

Moisture can condense on insulati~g surfaces if the 

humidity is high. It could then act as a high resistanc~ 

shunt to reduce the total resistanc'e of that part of the 
, 

circuit (77). For readings in mines, instruments should 

be rugged and packed with a dessicator. 

6.5.7 Technique When'rneasuring low illumination 

levels underground it is often ne~essaty ta light up the 

scale of the meter. If a cap larnp i5 used and happens ta 

st~ike the cell the pointer may immediately swing beyond 

full scale with considerable force. The tension of the -

controlling hair spring may'alter as a r~sult. The same 

result can happen if the control switch is placed at'tne 

wrong sett~ng. 

To avoid,this prob~em a s~a!l pen light could be used. 

The writer found it best to use' a fiuoresc'ênt cap lamp of, 

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

large area and the beam is spread effe~tively by the reflector 

1 • 
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mounted behihd its casim;J so that the amount of illuminâtio~ 

falling on thé small surface of the photocell is not high. ' 

An~ther advântage is that this type of light does not prqduce 

harsh shadows. ;rf the dial is read with a <;:âp lamp a shadow 

is created on the dial face by the pointer. 

When using the contro.1f swi tch the highest scale reading 
, . 

and hence the lowest deflection should be dia'led in" first. . . ~ 

Qui te often when using the photometer urlÇlerground an 

interested spectatar or two will congregate. They are 

tempted to shine tl:ïeir cap lamp onta 7 .... cel1 ~P test if 

the pointer will fly to the right. - The photornebe;r opera tor 

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. 

Spectators can be told to turn off their lamps, and the area 

'" should be cleared of people when, ~eadings are to be made. 

Since characteristics of the suspension may alter 

during a survey it is advipable to calibrate the photometer 

before and after ~ach survey to detect any change in char ac-

teri,sticf? ' 

An electrostatic charge rnay result from wiping the 
) 
glass cover of an instrument with a dry clotho , Thi,s can 

cause the ,pointer to take ~ false position because of the 

attraction between the glass and the pointer. Breathing 

on the glass 'will dissipate the charge, (77) . Accumulation 

of ~tatic charges can be a problern in the laboratorYlor in a 

potash mine where humidities are low but is n"t 'worth 

\ 
j , 
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considering in a Metal mine. 

6.6 Photographie Photometry Er-r,ors 
.>' , 

Rob~rts (59'> and 'Bèil (13'- 'di~euss the pro~~e.ms 
, ~ Cl '" • ~ ~ ~-

inherent in pbotographie pho~ometry èrrors. ·,Just as light 
é 

"­
meters must have a spectral response which ia' corrected to 

"be near 1:;ha't of th~ human eye, similarly ,it i~ im~àrtant 

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

the human" eye. Without fi!te~s the re~ponse is similar 

to the eye for wavelengths around 0.,55 llm' bu t ,is poor for 

wavelengths below 0.47 ~m or above 0.65 ~m. ~ 

Irradiation effects ,can give a bl'ack,ened area on the 

photograph which ie different from t;.l1at of the true image. 
~ , 

This effect varïes according to the average size of the 

silver halide grains of which an 'emulsion is èssentially 
" , , 

eomposed. Using a fine grained'emulsion keeps the effects 
~ o! • 

smalt but does not eliminate the problem. Long,~xposure times 

also cause irradiation effects. , . 
An image of a field of u'nif,o;rm. luminance will, s~ow .' , • ' f. ~ \ 

reducing density wit~ j.ncreas~n9· ,distance fForn ,the negative, -
, . , 

1 !. t. • 

centre. Althougheo~ree~ion,fae~ors can be applied they 
\ , j , " ~ ,,' 

are subject to the normal theory" of errors., .' ' 
~ . , 

The degree of development of a photographie film ïs 
, '\ 

dependent on several variables. 'The m~i,n,one~ aJ;'e\ the 
\ 

developing ternperature, the developing time, â~Q'the type 

, . 

of developing SOlutitn .. : SilIall fluctuations i~. t1l~se v~·ki.able. 
cannot be avoided. nown values of 'luminance must be' 

" fi" , , " 
\ ~ > f 
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developed on the ;ade of each photograph for comparison 

purposes. 

On ac systems, l.ncandescent lamps vary in output with 

the cycl ic var ia t ions l.n vol tage and current. The var ia t.l.ons 

can affect the film since the film may not recelve a mean 

light value durlng ltS exposure time. 

6. 7 Vlsual Photometry Errors 

The err~rs llkely to be present in the results obtalned 

wlth a brlghtness meter are due to: 

(1) colour contrast between the two flelds 
(2) vanabllity on the part of the operator 
(3) contrast sensl.tivity of the eye 
(4) imper f ect di f fusion of the tes t pla te 

Considering these factors, the variability of various types 

of 'lilumlnometers has been reported anywhere from + 2% to 

+ 10% (5). 

6.7. l Co1our Con trast 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 srune colour the ad just-

men~:can be made easily but if the surfaces are illuminated .. . 
by lL~hts or different colours comparison is difficult. 

Several techniques are available to help overcome the 

problem. One tecrynique is by the use o~ colour filtérs. 

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 

~~-~~---'-·_' ___ I_",_-------~~c.;::. _ .. -". 
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flicker photornetry and is incorporated in highly sophis-' 

ticated photometers as Dr. Blackwe~l's visuai task evaluator 

(88). It is 'impossible ta retain an accurate idea of the 

intensity of illumination of a surface even for sa short 

a time as a second. Ei ther the two surfaces must be viewed 

simultaneously or flicker photometery 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 ma tched 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 

mod~fying a miner's cap lamp. A 3 volt à arnp G.E. #512 

incandescent tungsten filament lamp with a colour temperature 

of 2360 Kwas used in the cap lamp, in the reference standard 

lamp and in the working standard lamp. After calibration 

the cap lamp was connected to thé control 1er (Figure 12, 

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

~battery A. 

6.7.2 Operator Variabili t:r: Using a MacBeth Illurni­

nometer, Morris et al ( 47) investigated the central tendency 

and dispersion of measurements made under typical field 

conditions using five dlfferent 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 

deyiation of + 0.12. Several statistical che~ks were 

applied to the data to arrive at the following conclusion. 

"An operator who characteristically makes small 

variable errors and whose constant error ,is known caI'\ yield 

data from which accurate estlmates of brightness can be 

maàe. Wlthout speclflc ~nowledge of the performance charac-

teristlcs of an operator the me an of a series of measurements 

from several opera tors is 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 

ev en when the mean of several opera tors 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 indi vidual. " 

Since it would appear that little confidence rnay be 

placed ih the mean of a,srnall number of readings from 

a single operator it was decided that at least seven observa-

tions would be made on the test ca rd and on the object under 

test(Table 20, page 209). Sinee even the mean of a large 

number of readings from an operator would be inaccuratè 

~nless the constant error of an operator wer~ known the 

MatBeth Illuminorneter was not used to measure brightness 

but was used to measure reflectivity. Sinee this is ealcu-

lated by obtaining the ratio of two brightness rneasurements 
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and mui tiplying i t by the known reflectivi ty of the test 

card any errors in the brightness measurements would tend 

to cancel each other out. This occurs because the large 

nurnber 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 wor~ out the ref lectivi ty of a surface 

un der test. Whenever this was done it was found that, 

al though the two operators could not agree precisely on the 

br ightness 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 variabili ty would not 

o contaminate the results a test should be performed that the 

operator can be classified as having a C.LE. aVE;rage eye 

(Commi ttee Internationale de l'Eclairage). For an average 

eye a wavelength of 0.555 ~m produces maximum visibility 

\ 
1 

1 
as it normally does in dayllght. This lies between yellow 

per unit of energy expended when the eye is functioning 

and green. If the wavelength increases or decreases, relative 

visibility decreases. Radiant energy of wavelength 0.555 J..Im .,. 

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) • 

., 1 n 
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TABLE 8 

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

WAVELENGTH RELATIVE WAVELENGTH RELATIVE WAVELENGTH RELATIVE 
J .. un VISIBILITY ~m VISIBILITY um 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 o . 62 0.381 0.74 0.00025 
0.51 0.503 0.63 0.265 0.75 0.00012 

Louis Laferrière was the principal operator of the 

illuminometers used in this research project. Other operators 

emp10yed in the study were Miss Camille Dow and the writer. 

Mr. Laferrière was tested at the National Research Council, 

Division of Physics, Ottawa and found to conform to the 

definition of a normal observer. Miss Dow and the writer 

both consistently produced photometrie observations which 

agreed with those of Mr. Laferrière. Therefore both can 

be considered as normal observers during the period this 
1 

research was con.ducted. 

6.7.3 Contrast Sensitivitx The accuraey of measure­

ment is limited by the decrease of the eontrast sensitivity 

of the eye at low brightness levels. Mine surfaces have 

1 
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poor reflectivities to start with. With both large 

irregular shaped openings and irregular lighting low 
1 

brightness levels often result. Visual photometers then 

are suitable for illuminance rneasurernents but should not 

be used for luminance measurernents. 

In this research project visuai photometers were 

used only for refiectivity 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 Irnperfect Diffusion of the Test Plate In order 

to calibrate the MacBeth Illurninometer the reflectivity of 

the test plate must be known. Yet the reflectivity of any 
-surface is not a constant but varies according to the angle 

of incidence and the angle at which it is viewed. This 
10 

value of the reflectivity of the test plate is used in a 

comparison of other surfaces to deterrnine reflectivity, 
) 

illuminance, or luminance so the conditions under which it 

is ohserved 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 
, '0 

can he varied either 30 ta 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 

~ange of incident angles. The unique feature of the special 

l , 
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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 a1ways viewed under thé co10ur that i t was calibra ted 

a t by the manufacturer. 

Kodak test cards were a1so used id conjunction with 

the il1uminometer. These were calibrated by the National 

Researcrr Council, Division of Physics (lQ8), and when u~ as 

standards in the field, viewing and recording angle geometry 

as weIl as colour temperature were made to coincide with 

calibration parameters. In this manner errors were kept 

minimal. 

, 
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CHAPTER 7 

MINE LIGHTS 

7.1 General 

The invention of the flame safety lamp in 1815 

solved the problem of providing illumination witiout the 

risk of explosion. The introduction of the e1ectric cap 
d 

lamp in the 1920's virtually e1iminated nystagmus. Today 

the problem is to provide the quantity and quality of light 

best suited to give maximum benefits in terms of safety, 
/-

performance and morale at minimum cost. 

Several types of light sources aré suitable for 

underground ~se, each having inherent advantages and disad-

vantages. Detailed descriptions of their method of operation, 

distribution of light output, range'of sizes, etc. are avail-

able from manufacturers' handbooks (122,126,127,130,133,135,137). 

using this data and the experience gained by other mine 

operators, industrial engineers could weigh the meri ts of 

the various types of sources as applied to their own parti-

cular situation. 

This chapter describes various types of light sources 

found in visits ta Canadian 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 mast 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 he~ted ta incandescence 

by an e1ectric current. Tungsten i9 almost always the fila-

ment material. 

Tungsten filaments operate between 2500 K and 3300 K 

causing the filament ta emit radiations in a continuous 

spectrurn although not in the sarne 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 weIl. Filament design i5 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 10ss are 

provided by coi1in9 filaments in single, double or triple coils 

with size varying according to the power and dut Y involved. 

Theoretically, a tungsten bar at the melting point would Yie~ 

52 lm w-l , but the highest efficiency of ~ standard lamp' 

listed in a lamp catalogue is 33 'lm w- l and the lowest is 

4 lm W-1 • Source brightnesB ia high ranging from about 3 x Hi 7 
5 

asb for. clear lamps to 3 x 10 asb for ,inside frosted lamps. 

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

l 
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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 design voltage requires a larger wire 

diarneter to handle the higher current. This results in a 

more rugged lamp. Gas losses are less ~ith these thicker 

filaments. Consequently, lamps for 120 V service are more 

efficient than 240 V lamps. Usua11y highest efficiencies 

are achieved from 12 to 20 V. Be10w this range, conduction 

lasses to the lead wires overca~ reductions in gas losses. 

If lamp input voltage fluctuates widely, control devices are 

necessary to prevent noticeab1e variation. A 10% drop in 

voltage can cause a 70% drop in output. For mine work, rough 

service lamps or vibration service lamps are used because of 

shock waves from blasting. Vibration service filaments have 

more supports than general service filaments. Efficiency is 

lower since the additional supports dissipate heat. Rough 

service filaments have more supports and lower efficiency. 

Bulb blackening, caused by tungsten evaporation, is a 
\ 

serious problem in vacuum larnps. This can be reduced by filling 

lamp bulbs with an inert gas. Unfortunately filling gas con-

ducts sorne heat away from the filament, causing a reduction 

in efficiency, particularly for low watt lamps. Lamps below 

40 watts are still of the vacuum type because the heat 105s 

1 
1 

1 
~ 

t 

1 
, f 
1 
1 



.\. 

--
" _ .. , ____ 1 .. ___ • t,"bd. !:l' 

- 100 -

introduced by the gas offi~ts the advantage gained by the 

lower rate of filament evaporation. 

The filling gas i9 usually a mixture of nitrogen and 

argon. Other inert gases have lower hea't conductivities 

than either nitrogen or argon but are too expensive for use 

in general service lamps. They are practical though in 

miners' cap lamps where high efficiency is desirable to 

minimize drain on the battery, (48). AlI 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 

terms of ini~ial equipment investment, being about $0.15/1000 lm. 

The system is flexible. Wattage for a given lampholder can , 
be changed easily by simply inserting another lampe Using 

Spencer cabl~ lamps can be ~nstalled quickly at any desired 

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

is evident on 60 Hz power. Light output reaches its maximum 

about o. 001 's after power ls applied. 

They are, however, often vulnerable to shock and 

vibration. Filaments are easily broken. Most of the energy 

is given off as heat 50 that. fixtures have to be made of 

speci~l material. The glowing filament i5 not safe in an 

e,xplosive atmosphere: The light source in a Itungsten fila":,, 

ment lamp is sma+l and the glare is appreciable as compared. 

with di9charge lamps~ in which the light source i9 large and 

the glare i8 small. 

..' 
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7.3 Tungsten Halogen Lamps 

These lamps are similar to the tungsten filament 

lampe 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 rnost conunon 

halogen gas but sometimes brornine is used. 

The halogen gas prevents tungsten from deposi ting 

on the inside surface. of the quartz bulb by a proç:ess known 

as the "iodine cycle". In 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 rnay not be 

sufficient to rnaintain the halogen regenerative cycle. This 

resul ts in a gtea tly reduced lamp life. 

A glass bulb cannot be used sinee a high bulb tempera-

ture is required to maintain the halogen degenerative cycle. 

In order to eut down on heat -l'oss the lamps are generally 

smaller than èomparable tungsten filament lamps. Srnall 

size is aecornplished by us.ing a tightly wound filament. 

Tungsten halogen lamps have a very high source bright-. 
ness, bc:üng around 5 X 107 asb. Effieiency is higher than 

~ \ 

. -1 
tungsten filament lamps with 20 to 27 lu W being reported. 

Colour temperature range is between30pO K and 3400 K giving 

a whiter light. Lamps are available between 45 and 5000 W 

giving life variations between 2000 and 5 h. This is a 
\,) 

greater li~~ expectaney than a tungsten filament lampe The 
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manufacturer claims the average life of a 500 W G. E. 

Quartzline ?àamp i5 twice that of the regular 50'0 W lamp. 

Lamp seals are more fragile than tungsten filame~t 

lamps and capital cost is roughly nve tirnes higher, b~ing 

about $0.77 per 1000 lu. 

7.4 PAR (Parabolic Aluminized Reflector) Lamps 

PAR lamps have modifications to th~ finish and shape 

of the bulb 50 that the light source is accurately focused 

by a self-çontained optical system. Silver or aluminurn is 

applied to sorne portion' of the glass or quartz bulb to con-

trol the light distribution from the filament by reflection. 

Oft~n a portion of the glass bulb 15 shaped into a parabola. 

The parabolic area is sil vered and the lamp is a comple~e 

lighting system with source reflector, and lens. The para­

bolie shape of the reflector produees a narrow beam of light 

if the filament is located at the focal point of the' reflector. 

If the front cover lens is eut into prisms or stipples, light 

is projected into desired beam patterns. 

An example of a PAR lamp lS' the seaJ.ed beam headlight 

used on scoop trams. Wi th sealed beams the light source 

is a tungsten filament but one Canadian mining company lS 

e~perimenting wi th quartz halogen lamps on their scopp trams. 

Conversion ki ta are on the market. 

The quartz halogen lamp is more common on European 

vehicles. It is und0l!-btedly a superior lighting system and 

has a longer lite because of the "iodine cycle". One manufacturer 
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300W Tungsten Filament (bdttom) 
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Figure 22 
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claims ~ts ha10gen 1amp on h~gh beam will probe 800 m into 

the night as opposed to about 500 m for sea1ed beams(119). The 

re1uctance to convert on this continent is probably due to the 

cost of the 1amps and the fear that the powerful headlights 

might blind oncoming drivers. Usua11y though the design of 

the 1ens aims the light ahead and to the right to reduce 

glare. 

A PAR mercury-vapour lamp i5 also manufactured for 

use as a machine headlight. This headlight lS now findlng 

good acceptance throughout the industry (93). This is 

bBcause lt has a life about ten times greater than the tungsten 

fllament lamp and provides from 30 to 65 lu w- l . The sealed 

beam on1y provides 12 to 22 lu w- l . 

PAR Lamps are availab1e in sizes between 25 W and 

1500 w. They are large in comparison to conventional lamps 

sinee they have a self-contained optical syst~m. They are 

u~ually more rugged with stronger supports on the filament 

giving them a greater resistance to vibration and shock. 

1.5 Fluorescent Lamps 

The fluorescent lamp is qn eleetric discharge lamp 
\ 

.' f lb" '\ d conslstlng 0 a ong tu e eontalnlng mercury vapour an 

e1ectrodes sealed at bath ends. When a suitable potentiai 

difference-is maintained between the electrodes, the gas is 

excited and a eurrent f10ws. The radiation from the gas 

discharge is a broken spectrum (page 16) with only a smali 

portion of the energy emitted in the visible blue portion of 
.. 
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the spectrum. The larger portion of the liberated energy 

lS in the ultra-violet region between 0.2 and 0.3 ~m. 

The molecules of certain silicates, tungstates, 

borates, and phosphates can react ta 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-vio~et radiatlon produced by the low pressure 

mercury vapour arc discharge and re-radia tes this absorbed 

energy as visible light when it returns ta its ground state. 

Yantz (110) describes the several means available ta 

initiate the low pressure mercury discharge. Sorne systems 

requlre pre-heating the electrodes whereas other systems de~ 

on a high voltage pulse with cathodes at a much lower tempera-

ture. Ballasts are required ta provide sufficient starting 

voltage and Ilmit current flow. A combination incandescent-

fluorescent lighting unit gives instant start arrl blerrled light (81). 

With the cold cathode lamps a variety of tube shapes 

are possible because the low arc current densities are not 

seriously affected by the sharp bends in the glass tubing. 

Fort y watt, 10 inch diameter circular fluorescent tubes are 

commonly used in underground lighting in England (72). 

The fluorescent lamp offers several distinct advantages 
• 

over tungsten lamps in mine lighting. Longer life, higher 

efficiency, better colour rendition and lower surface bright-

ness make this lamp increasingly more popular (73). 

The life of a fluorescent lamp is considerably greater 

than that of a tungsten filament lamp so that the number of 
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lamp changes required per year is correspondingly reduced. 
~ 

Tungsten-filament lamps have reduced lives under mining 

conditions since vibration and shock cause excessive filament 

breakage. The hot cathode fluorescent lamp has only shbrt 

rilament heaters at each cathode so is not so susceptible 

to vibration and shock failure. The electrQdes are weIl 

supported and the lamp bulb is strong. Lamp life ranges 

between 500 and 30 000 h depending upon the size of the lampe 

The efficiency of the fluorescent lamp is about three 

times that of a tungsten lampe It varies between 35 and 85 

-1 lu W . 

Colour rendi tion depends upon the mixture of pO'wders 

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 co'lour 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 fluorescent lamps ls important in mining 

work where aIl illumination is necessarily artificial. A 

highly efficient pale apple green tube is especially reco~-. ~ 

mended for coal face lighting both because of the high lumen 

output and its high aesthetic value in underground conditions 

( 72 ). 

Avoidance of glare ls important in mining work partic-

ularly since the eye is adapted to low illumination. With 
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low rnounting heights glare is a1rnost unavoidable with 

tungsten 1amps if a reasonab1e 1evel 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 

up to 2.5 rn and diameters of 5 cm. This large illuminating 

area gives a low brightness and reduces the possibi1ity of 

glare. Source brightness of fluorescent lamps range from 

16 000 asb to 65 000 asb. An assortment of fluorescent 

tube,s is shown in Figure 24 and a typical installation is 

shown in Figure 25. 

A fluorescent cap larnp has recently been developed 

by Ocean Energy (132) and adapted for mining purposes under 

contract with the U.S. Bureau of Mines. Using the srnallest 

tube shown i~ Figure 24 it operates on the sarne battery 

as a standard larnp and supplies a broad flood beam. It can 

opera te for the same 10 hour duration as a standard 1arnp 

and produce four to five tirnes the lumen output. 

Its ma~n advantage is to irnprove peripheral.illumi-

nation which is a welcorne aid to mechanics or tirnberrnen who 

do not require the high intensity spot of the standard cap 

lampe Since these trades tend to work in crews the fluores-

cent lamps augment each other and give good area illumination 

for greater safety and effioiency. 

One disadvantage ,is its large size and unusual appearance 
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Assorted Fluorescent Tubes 
Figure 24 

. Refuge, Station Illumination Using 
Fluorescent Fixtures-Brunswick Mine 

, , 

Figure 25 
" 
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(Figures 26 and 27). It is about 125 9 h~avier than a 

standard incandescent cap lamp and lacks the high intensity 

spot which many miners prefere 

Fluorescent lamps are now being used for general area 

illumination around rnining equipment. Mounted right on the 

equiprnent and operating from a 12v battery, six sizes from 

8 W to 40 W are available. Figures 28 and 29 show 20 W 

fluorescent lampe on a jumbo drill at Gaspé Copper. Jumbo 

opera tors and helpers aIl liked the area illumination these 

lamps provided and preterred the lamp fitted jumbo. Fittings 

can be obtained frorn the Magna-Bearn Division of Ocean Energy. 

7.6 High Intensity Discharge Lamps 

A variety of radiation sources are possible with 

this type of larnp. Their co~on characteristic is that 

they consist of gaseous discharge arc tubes which operate 

at pressures and current densities sufficient ta generate 

desired quantities of radiation within their arcs. AlI high 

intensity discharge lamps have a negative resistance charac-

teristic and ballasts are required ta supply nêcessary starting 

voltage and limit the current. AlI praduce 120 Hz flicker 

which is rarely an annayance. 

Three categories of high intensity discharge lamps 

are in use in mines. These are 

(1) Mercury Vapour Larnvs 
(2) Metal Halide Lamps 
(3) High Pressure Sodium Lamps 
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A Newly Developed Fluorescent Cap Lamp 

Figure 26 

J 

Fluorescent Cap Lamp and BatterY 

Figure 27 
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uorescent 

Figure 28 
p on Jumbo Drill­

Needle Mountain 

Side Mounted 20W Fluorescent Lamp on Jumbo Drill-
F(gure 29 .J Needle Mount~in 
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7.6.1 Mercury Vapour Lamps Collisions between 

e"lectrons 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 rad~ant energy 

in the transition. Sorne 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 u~tra-

violet radiation can be converted to visible light. If this 

is done the lamp is usually ca11ed "colour improved". The 

phosphors produce red light which enhances the blue appearance 

of the mercury arc spectrum. Mercury vapour lamps are yery 

bright, being about 4.6 X 106 asb for a clear lamp down to 

about 0.4 X 10 6 asb for a colour improved lampe Figure 30 

shows a small colour improved mercury vapour lampe 

A Compact Mercury Vapour Lamp 

Figure' 30 
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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 ta 10 cm 

long and l cm to 2.5 cm iQ diameter depending on the wattage. 

They are usually available 'in sizes between 50 W and 3000 W. 

The lamps are widely used in mine lighting for 

several reasons. Being a high intensity discharge lamp 

!there is no filament ta break. Expected larnp life is between 

10 000 h and 24 000 h resulting in far fewer bulb changes. 

Efficiencies of between 35 to 60 lu w-l i6 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.) . 

Approxirnately 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'designe~ to minimize objectionable 

glare. Recent models have a diffusin9 lens which disperses 

the light"in random directions and reduces surface brightness. 

Figures 31 and 32 show mercury vapour garage lighting in two 

d)fferent mines. AlI sbop personnel questioned liked the 

general area illumination. Mounting heights in both instances 

was over 6 m 50 that g1are was not a great problem. 

Patts (106) reports on the use of rnercury vapour lamps 

rnounted on mobile mining equiprnent in the United States. 

Direct current operation of mercury vapour lamps is possible 
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Underground Garage Illumination with Mercury Vapour Làmps 
( Brunswick Mme ) 

Figure 31 

250 Watt Mercury Vapour Lamps with 40 Watt Fluorescent 
Bench Lighting - ( Strathcona Mine ) 

Figure 32 
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with a resistor ballast to control the arc current. Resu1ts 

were encouraging. D.C. operation though would crea te high 

power lossès, high heat, and its attendant maintenance 

problems. 

7.6.2 Metal Halide Lamps These lamps are simi1ar 

to mercury vapour lamps but contain metal halide additives in 

the form of sodium iodide, thallium iodide and indium 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 sourde 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 l cm to 

2.5 cm in diameter. It islmade of fused quar~z with a special 

end coating designed to keep the ends hot to maintain evaporatio~ 
• 

of the iodides and metallic ions. A starting electrode and 

resistor in the lamp aid in striking the arc. Cornrnon sizes 

are 75 W, 400 W, 1000 W, and 1500 W. AlI are of rugged construc­

tion to resist vibration and shock? 

Higher open circuit voltages are required for'starting 

and DC operation is not recornrnended. Ballasts must provide 

sufficient starting voltage and prQper wave shape to operate 

the lamp successfully. Because of the high voltage requirements 

operational life is shortened. Another disadvantage is 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 regu1arly in 

lighting vocabulary. The construction, operation and radiation 

characteristics of Lucalox lamps are unlike those of the other 

high intensity discharge lamps. The lamp was made possible by 

thè invention of a translucent ceramic arc tube and ~,process , 
for sea1ing 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 

rnain~ained at very high temperatures within the compact ceramic 

arc tube giving good quality light, with a golden yellow cast. 

The bulbs generate typically 110 to 115 lu w- l 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 than mercury 

" 
lamps and life expectancy ranges from 6000 to 15 000 h. 

One problem with the lamp is that DC operation is not 

recommended. Input power i9 usually. 4 80'V a. c. wi th a ballast 

providing the necessary open circuit voltage te .'strike the arc. 
1 

Originally they ~equired sep~rate cables to each lamp and they 

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

have been surmounted. Fixtures now have., ~elf-contained ballast : 

uni ts in the lamps 50 that the lamps can be strung in daisY-?hai~ ,­

fashion. Weight has been cut to abou1=: 10~ kg" 

High pressure sodium ld!tlPs offer. gre?t promise as an 

underground light source and are being ~ried in sorne canadian 
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..... ~- \, . h -------~--~I~~~ ____ ~-, "' __ '.l'._'1_'.--_W--••• _I~LI''''.2.11.12.U~ ........ ;--...... ~I.·~~~.~W-'~ll-.. -.--~i~~'-.~4 .. ~r.~.~.~ .. ~.~,.~;;"~'~ .• a ....... . E 

1 

l' 
:~ 

à . 
~ 

~ 
,'i , , 
.' ,{ 

i 
t 
f 
>r 

1 
fi 

j 
1 
* k 



.. 'd •• 

- 117 -

mine operations. At Thompson Tl mine, t'Wo s'topes are 

presently receiving general area illumination with these 

lamps. Results are favourable and two more stopes are' 

scheduled to receive the lamps. At Needle Mountain illumi­

nation is obtained with sodium lamps. ~igures 33 and 34 are 

photographs of one of the 1amp installations and Figure 35 
r 

shows a section of the roadway receiving illumination. Figure .. 
36 is a wiring schematic for a six lamp installation on the 

1 

rampe 

7.7. 'Low Pressure Sodium Lamps 

Recent developments in low pressure sodium lamps 

have made them economically attractive. The lamp consists 

of ci U-shaped tube contained inside a cylindrical glass envelope. ' 

1 

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

lape reduces thermal 10ss and improves ,efficiency. A small ' 

quanti ty of sodium ,i,s oper,ated inside thé U-shaped tube at a 

temperature around 230oC~ Neon, argon, xenon and helium gases 
r r 

1: 1., J 

./ 
are aiso present to aid in start:~ng. A ~igh vacuum is applied 

. 
inside the outer glass envelope ta prevent convection heat,losses 

, ' 

from the arc. When first started','-. the lamp appears red gue to' 

the neon di~charge, but this gradually gives'way ta the charac­

teristic yellow as the sodiuÎn is vaporized'. The 1amp may: 
1 

6; 

requi.~~ 15 min to reaçh full brig~tnesfl: and 1. ta 2 m'in to restar~. 
'after a power fa~lure. 

~ 

" , 

Source brightness of low press,u.:re sodium lamps i!3 much '-
... , 1 ,:-. •• 
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Sodium Lamp-Front View Sodium Lamp -Side View 

Figure 33 Figure 34 

Ramp. Iltumjnation by Sodium Lamp 

Figure 35 
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J 250 W Lamp ,1 
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Current required = 1 .09 A 

For 6 Lamps=6.54 A ~ 

~ 
,~ 

~ Transformer Secondary 
1 
~l 
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1 , 

.Capacity == 230 V@ 1500 VA 
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Lamp Spacing = 13 M' 
Mounting Height = 7 fv1 
Lamp Tilt = .. 350 1 
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Sodium Vapour Lamps - Wiring Schematic 1 • 
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Figure 36 
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lo~r than other arc discharge lamps at about 3 X 10 5 apostilb. 

Lamp life varies according to burning'position but ranges 

between 8000 h and 12 000 h. Luminous efficiency is very' 
\ . -1 

high at about 178 lu W for the new indium oxide coated lamps. 

This is the most efficient 1ight source commercially available. 

Colour rendition is paor because the light output is mono­

chromatic giving the characteristic yellow typical of the 

sodium element in the incandescent region of thé bulb. Only 

a few select wattages in the 35- W to. 200 W range are comm~.rcially 

available. Again DC operation is not recommended. 

There is evidence that acuity in monochromatic light 

such as that of a low pressure sodium vapour lamp is better , 

than that in light of a continuous spectrum. AlI the light 

rays passing through the lens of the eye are refracted to an 

extent depending on their wave length. White light, containing 

aIl the spectral colours, therefore produces many images of the 
{ 

object viewed, aIl at different distànces from the lens. These 

cannet aIl be focused accurately upon the retina. The brain 

ignores this and interprets the ima~es without showing us 

coloured boundaries but nevertheless they are not 50 sharp as 

they are in rnonochromatic light, where aberration cannot occur. 

Monochromatic light produces only one image and permits ~asy 

and accur~te focusing. Further research is needed to determine 

" the importance of the bene fit to mine lighting. 

Evidence aiso exists that transmission losses are 

reduced wi th the use of Iow pres\uv:-~ sodium lamps (IO). 
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7 . 8 Compar i son of Mine Light Sources 

Table 9 

• 
Type of Effic Brightness Life ~ost D.C. 
Source (lu w- l ) 

[\ 
(asb) ( h) 1 (10 Im)-l source 

tungsten V O. 3x10
6 

750 

filament 
4-33 .- to to $0.15 yes 

3x10 7 1000 

tungsten 
5x10 

7 5 

ha10gen 20-27 • to $0.77 yes 
2000 

6 " 

0.16x10 500 
fluoresc. 35-85 to 6 to $0.81 yes 

0.65xlO 30 000 

, 

6 
10 000 mercury 0.4xlO 

35-60 to 6 te> $0.66 vapour yes 
4.6x10 24 000 

, 

meta1 7 6000 
not 

halide 80-90 1. 6xlO to $1.00 advised la 000 

high 
2. 3x10 7 6000 

not pressure 110-115 to $1.18 
sodium 15 000 advised . 

10w 
3x10S 8000 

pr~ssure 1,78 to $0.73 not 

sodium 12 OQO advised 

) , 
~ 
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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 exlsting 

schemes. A need exists to put the subject of underground 

illumination on a sound scientific basis ta 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 illumination produced by the fitting. 

These are: 

(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 mea-

surements or from the manufacturer. Thé factors can then be 

used to predict the illumination system required for any con-
1 

ditions, by either employing monographs (12), coefficients of 

utilization (9), and the use of .he Zonal Cavity Method (4,11). 

Potts and Bell (54) quota examples to show that·designs of 

underground lighting systems based wholly on the know1edge of 

existing installations do not lead to the most efficient 

light utillzation. Âlthough surface installations are . , 

amenable to ernpirical methods of lighting design, underground 
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1ighting is unique because of the many more variables and 

the large range these variables may ltave. 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 bacW, general shapes encountered 

include rectangular, elliptica1, semi-circu1ar and arched. 

These shapes can be employed to enable the mounting position 

of a 1ight fitting te be eocpressed numerica11y. As an illus-

tratien,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 parame ter of 

zero whereas a fitting mounted at the bottom of the arch has 

a position parameter of one. Knowing the f1u~ distribution of 

the fitting the problem of the best position parameter can be 
J 

solved. Another probl~ unique to mine lighting is the cramped 

condition of the working area. With low backs glare becemes 

increasingly important necessitating the us'e of low brightness 

light sources. 

7.9.2 Reflectivity T~e useful light which enters the 

eye is reflected light. Since the designer is c~ncerned with 

the abili t'y to see and not necessarily, with the way in which a 

,C-~ source illuminates, the emphasis shQuld be placed on reflected 
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light and not on the source of the light. The amount of light 

which gets reflected from the floor, sides and back sh9uld be 

known and sorne account made for the conditions of the sides 

and back. The light reflected by the sides and back of a 

roadway will travel in aIl directions in vary"ing proportions 

providing the sides and back are smooth. If they are rough 

and rock protrudes into the area to be illuminated sorne light 

from the fitting and sorne of the reflected light will be pre-

vented from reaching the working plane because of absorption 

-and reflection by these jutting surfaces. Reflectivity is 

discussed in detail in Chapter 9. 

7.9.3 Position and Orientation of Fitting One aspect 

of the positioning of the larnp has been diseussed in section 
~. 

7.9.1 sinee it ties in closely with the cross-section of the 

working place. The orientation of the fitting is important 

sinee the beam spread is usually controlled by reflectors. 

Proper orientation is usually determined by the mounting height. 

Figure 40 on page 138 fllustrates the e'ffect on roadway illurni-

nation with incorrect orientation and wi~h correct orientation. 

Po~r orientation results in a section of the roadway under the 

lamp not receiving any illumination. With straight fluorescent 

tubes a further variable is the alignment of the tube in the 

working area. Tubes have been aligned both transverse and 

longitudinal. Most writers state that longitudinal mounting 

is most effective (71) • . 
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7.9.4 Ambient Conditions The hum~dity of the air, 

the ve10city of the air flow, and the temperature of the air 

aIl 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 sorne research has been don~ on fog control (74). 
(7 

If dusty conditions 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 of the Fitting This is ob-
i 

tainable from the manufacturer and can be checked in a suitably 

equipped photometrie 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 hest serve the purpose. Mine lighting fittings 

should he chosen on flux distribution bearing in mind cost, 

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. 
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since electric cables have to be strung into the working places 

for machine operation it will be a simple matter to tap off 

sorne 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 sorne 

sort of control to limit the current which they will take, 

their effîciency more than compensates for this extra hardware. 

The ou~put of a tungsten filament lamp is about 10 lu w- l , 

-1 that of a mercury vapour lamp ~5 lu W and a sodium vapour 

lamp as high as 178 lu w- l . Most of the breakages of lampa 

at working places are caused by breakage of filaments by vi-

bration. Discharge lampa have no filaments to break. Even 

without vibration damage, the average life of a tungst;en fil?-ment 
., 

lamp is 1000 h while that of sodium and mercury va pour lamps 

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 

ta get away from the tungsten filament lamp ~ut as pointed out 

on page 107, it has its drawbacks. Perhaps a qu?rtz halogen 

or a mercury vapour cap lamp could be produced s~nce bath can 

opera te on D.C. A major problem would he to overcome the heat 
... 

generated. Tungsten-halogen lamps run hot to maintain the lodine 

, . 
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cycle (page 101) while mercury vapour lamps opera te hot because 

the power is Goncentrated in the small quartz tube. 

A new type of light bulb should soo~ be on the market. 

It operates on a principle similar to that of fluorescent lights, 

except that it does not us~ 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 cast would be high, up to $10 each, 

in the long run they would be more economical than tungste~ ~ 

filament.because of the electricity saved. The bulbs would find 

their greatest application in mines which are already using 

tungsten fila~ent bulbs sinee they already have the necessary 

wiring and sockets installed. 

Fibre optics could be employed in mine illumination. 

Certain highly refraetive substances can be manufactured in long 

tube shapes. When light is shone down the se tubes, they allow 

light to travel through them and be "bent" around corners. A 

small amount of light escapes aIl along the tube so that the 

tube acts as a secondary source of light. If the tubes were 

wrapped around a machine or around the walls of a stope they 

would aid the eye in identifying important objects. Source 

brightness would be too low though, ~o provide general ~rea 

illumination but benefits should be realized by a reduction in 

machinery damage and a general improvement in safety. 

Although m®st research is geared to improving the light 

source, it is impÔrtant that the harmful effects of g~are not oe 
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overlooked. One of the approaches employed by Crouse-Hinds 

to eliminate glare is the in;enious use of polarized light (28). 

The method involve~ putting a circularly polarized "glass" 

or plastic sheet aIl 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 llght, 

such as a Lucalox bulb, would see only a very diro light, the 

double polarization having reduced the intensity considerably. 

The rest of the area would be weIl illuminated since the light 

bouncing off these objects wou1d not be polarized. Many 
• 

Canadian mining companies make the wearing of safety glasses 

mandatory anywhere on company property. If the safety glass 

itself could be made of polarized glass the scheme would not 

be hard ta implement . 

" 
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CHAPTER 8 

ILLtJMINATljN AND BRIGHTNESS MEASUREMENTS 

8 el: Gen~ra1 

SeMera1 articles are avai1able descfibing method,s.' of 

taking either illumination surveys or brightness surveys, 

(13,53,54,59,80,86,101). This chapter describes bf:lsic 

measuring techrtiques as g1eaned from the articles, gives 

an example of an illumination survey made by the writer, 

and tabulates illumination leve1s'found in severa1 under-

ground working plac~s in 15 Cana~ian mines. 

There are two basic techniques by'which the Iighting 

level in a mine can be measured. Etther the incident lignt 

'1 

• .... 1"" 

in lx is measured in °an- î1luminatro~survey or the ref1et:ted 1 . .... . "\ 

1ight in asb i5 rneasured in a brightness survey (page 6.): . ~ 

These surveys are don~ ~o detérmine hçw mu ch of the light 

emitted by the source is actuallt ~eing received where'it 
- . 

ls ~eeded and to find how t-he 1ight i9 -being di~tributed .• 

In sorne countries the mine lightinÇf- surveys, are done ta 
1 

determine if certain' required s tand'a!=ds of 1 igh t leve1 s . 

" are be;i.ng ll)et. For ~ this work incident -light measure!Oe~'ts 
,r , 

are' useless' u_nIess t~e reflectivity of the: surface', be~~CJ. . 
measured is known.- ,Fo;r' this recison i t- is pest ta measure 

• 
the reflect'èd light directl1. 

« 

'. 

, \ 

The' -results,"' are usually used to draw isolux Curv.:es ' .. 

for the measur.:tl)g plane .. IFigux'-e"37 9n pa9~' 130 i~' an' e~ainple 
~ . 

.. 
. . 

, , ,f' 

" 

., 

, ' 

, 1 

, . 

, . 

, . 
'. ' 

fit ,"'-.1 



- '~ "1' 

<,r 
~"l • 

jO' t",,; 'V \'" ~ • • ~ l"" 
...... ~\___ _ __ ~'_o ' ___ ._. _. _. ____ I •• n_._. t ____ • ____ _ 

- t 3 0 -

• 

c 

o' 

= Lamp Location 
1 \ 

et 

.Scale = 1 :500~ '" 
0 

Contour Interval = 1 0 Lux - .. 
Gaspe ,Copper Mines Limited 4. 

" .. , C Zone 208 Stope 
. , 

" , 
" ; 

;' sodiUm ,Lamp I,~ofu~ ,Plot,. 
"- .. 

", 0 Figure";97 : 
, 

1 
- ,1_ 

<. ;,~ 

'> <-~ , 
. - ' .. 

, , 
' , o. 

r 
\ 

.. ~ 
~ k 

\ .... 

• '0 

:~I 
'\ ' ' . j 

""} 
.' 

0 , . ' " 
'1 Il 

" \' ~ . -, : 

~' ::,. 
,,' , " . ' 1 , 

f , ',' l, 
o' , , 

" 
~' 

" ""-' 
, ; , ... 1 

.~ " 
.... .) 

,', ~ . l ': ~ p, 

., J 



.... ________ --:--~---~~ -~ ---a 

- , 

" J 

" 

(.) 

" " 

131 -

of an isolux plot. If incident light is measured the 

c~rves can be used to deteLffiine the total light flux 

from which an efficiency factor can be calculated. If 

reflected light is measured the plot could indicate if 
( 

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

dards and would be useful in redesigning a lighting 

installation. 

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 

. (2) separa te measurements of diffuse and direçt li'ght 

(3) maximum reading technique 
• 

8.2.1 Planar Measure~nts This method i9 used when 

the general level of illumination in.the work place is 

required. Using a physical phot~meter the photocell is 

laid on the surface at each point at which th~,illumination 
" 

is to be measured. The illumination level indicated by the 

rnicroammeter' ls assumed to be the illumination on the sur-

fade at the point if accura~y is not required. Otherwise 

the errors inherent in physical photornetry'rnust be taken 

into account. These are described in ~ection 6.5 on page 

78. Figure 8 on page 54 illust~ates one rnethod of taking 

a planar measurement. 
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, 8.2.2 Separate Measurements of Diffuse and Direct Light 
" 

This ~eçhn~que involves the separate determination of the 

quantity of light reaching the meas~ring point directly from 

the source, and the light reaching the same point after one 

or more ref1ections from the back and wa1ls. 

The iilumination due to the direct light is measured 
~ 

by pointing the ceIl at rhe lamp and masking out aIl light 

from sources other than the lamp being considered. The 

reading obtained is then reso1ved normal to the surface 

\.;here illumination is being measured. The indirect !llumi-

nation is measured by p1acing the cell at the desired point 
, 

on the surface and the reading then obtained i5 corrected 

by use of a calibration curve. 

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

of the direct light from the lamps plus the indirect 1ight 

is called reading A, and if the total "direct illumination 

foùnd by surnrnation from aiming at each lamp in turn i8 
" 

câ1led B, thén B is always le~s than A. A - B is the deflec-

tion due to indirect light and this deflection is then 

translated 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 indir~ct illumination, represented 

'by.A -:B on the indirect light'curve, give total illumination 

when addéd together. 
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8.2.3 Maximum Readin This technique is 

used when it ine the man~er in which 

light is being di5tributed from a fitting. The photocell 

" ia pointed at the light source. ~The reading is resolved 

normally ta the plane being considered and the resolved 

cornponent i5 assumed ta 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 re~eted light rather than by incident 

light, 50 that this rnethod of measurement is preferable 

if one is attempting ta determine if certain standards 

or prescribed guidelines are bèing met. ~The method takes 

into account the actual reflectivity of the surfaces in 

the mine. Another advantage is that measurernents can'be 

carried out rernote from the specifie surface that is being 

measured. 

On April l, 1978, it will be required that aIl 

coal, mines in the United States will need a minimum of 

0.06 ft.L throughout the working place in any area where 

se1f-propelled mining equipment is being opera~ed (109). 

Seotion 75.17l9~3, in the Federal Register of April l~ 

1976 informs the coal industry and equipment manufacturers 

of the. methodl:! ta be used by the Minirig Enfor,cement and 

Safety Adminis,tra tion (.t'1ESA) ,in determining compl,iançe 

, ' 
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with the illumination standards. Because of the importance 

of this legislation, the MESA meas~ring technique is 

described. 

Reflected light will be measured. MESA enforcement 

personnel will probably use a "go/no-go" phy.sical photo­

meter that will display a green light if the brightness 

of a surface exceeds 0.06 ft.L, and a red ligh~ if the 

value is less than this minimum. Brightness measurements 

will be taken perpendicular to the surface being measured. 

If measurements have to be t~ken close to a surface, 
( 

that surface will be divided into square 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 covered by--

each individual measurement is not ta exceed 50 sq: in. 

With the go/no-go'photometer a violation will be assumed 

ta exist if the phatometer displays a red light for each 

af the four measurements. 

If no obstructions are present, measurements can be 

taken further back from the surface. One meas~rement is' 

sufficient for determining compliance when the photome€e~s 

used are designed to measure brightness of a round or square 

'.' field having an area of not less than 3 or more than 5 eq. ft. 

The instrument used for thie has a 26° acceptance angle 

and( when held perpendipula~ to the fourface being meaeu~ed 

" 
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Determination o.f Brightness by Averaging 
Figure 38 
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Geometry of a 26° Reflecte,d Llght Photometer 
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at a aistance of 5 ft., will measure a round field of 4 

sg.,ft. The geometry of this reading is illustrated 

in Figure 39. Again measurernents 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 

miné. One-way haulage by 30 ton diesel trucks is employed 

on this ramp and the poor visibility creates a hazardou8 

situation. 

It was decided to use wall mijunted luminaires to 

provide general lighting on the floor and on one wall. 

Backs are exceptionally high sinee the ramp i8 in a former 

stoping area. It was deemed not neeessary to illuminate 

the back and not practical to illurninate the wall with 

the luminaires on them. A general brightness level exceeding 

2.0 asb, measured in c~ear conditions was aimed at. This 

ls about three times the value shortly to be legislated 

by the US Bureau of Mines but al+owance had to be made for 

transmission losses. Dimensions of the roadway affected 

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 ia considered as a 8ix-sided box, and 

it i8 desired to light half-way up the wall, then the sur­

face area requiring illumination 18 
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10 X 70 + 5 X 70 + 2(10 X 5) - 1150 m2 

The lxl~eeded ta meet the 2.0 asb requirement is 

2.0/0.10 os 20 

Since a lumen is the amount of 1ight egual ta 1 lx even1y 

distributed over an area of 1 m2 , 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 mul ti~lied 

by a factor dependent on the estimated lasses from uneven 

distribution of light over aIl the surfaces and the distri-

bution pattern of the luminaire itself. Methods of deter­

mining these factors are described in the literature (page 122). 

Rnowing the total lumens required and using rnanufacturers' 

tables of light efficiency i~ terms of lumens per watt, light 

distribution', and b~am .spread both horizontal1y and vertically; 

various lamp types, mounting heights, and spacings can be 

calculated in an attempt ta determine the optimum arrangement. 

After several trial calculations it was decided to ~ 

use six 250W sodium vapour lampe mounted at a height 

of 7 m and spaced 13 m apart. Lamp beam spread from manu­

facturera' tables was 1280 B and l12oV. Ta al10w maximum 

illumination ta fall on the roadway,Olamp tilt was set at 

35°, Figure 40 illustrates the importance of the tilt angle 

on this type of luminaire and Figure 41 is a photograph of 
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C) Sodium Vapour Lamp Bearn Spread = 1280 H X 1120 Va 
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the ramp ta~en after the lights were installed. Photographs 

of the lights themselves are given on page 118. 

An illuminati~n survey was made after the lamps had 

be,en "-urning for at least 2 hours and is based on 56 planar 

measurements made over thé field. Normal rules for con-

touring of a lèvel survey were used to produce the isolux 

plot shown in Figure 37. At the time of the survey (December 

1975) no fogging conditions were encountered a9d transmission 

losses were considered as nil. 

An illumination survey is an important follow-up. 

In sp,i te of careful calculations to determine the best 

choice of lamps, the performance of an installation can 
.. 

only be accurately assessed by actual testing after instal-

lation. 

SOIDe interesting points emerged from this survey. 

Light distribution ia 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 ~o maintain the 13 m 
.... tc-:r-.._) 

~pacing between lamps. Since the eye is a poor judge of 

brightness the "hills" are not as noticeable in the- field. 

To illustrate, in Figure 41 the writer is in the ba~kground 

a distance of 68 m away and i8 holding a 6 foot folding rule. 

The low area'of illumination in the i~ediate foreground in 
, . 

the photograph corresponds to the low area of" illumination 

between lampa 2 and l in Figure 37. The photograph was 

• 
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taken looking north-west and was shot beside lamp number 

2. Uneven distribution of light is to be expected because 

of the uneven lamp'spacing and is a natural consequence 

of the inverse-square law. It could be offset by staggered 

lights on both wa11s 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 measurernents on the reflectivity 

of the roadbed gave an average of 0.12 in the 450 recording 

position. The slightly higher ref1ectivity 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 rneasurements on the south-east wall were 

much lower than expected and'- generally l-ess than 0.1 asb, 

Accuracy suffered as read~ngs were near the lower limit of 

the instrument range. Measurements of reflectivity indicated 

the reason. South-east pillar wall measurernents g~ve values 

of 0.02 in the 450 recording positcion. This is an extremely 

low value of reflec~ivity fo~ a'meta! min~.· AlI di~sel ' 

exhaust gas is dl~ectéd sideways onto, thi~ orie wall only~ 

because of the one-way haulage. Consequently, this 'wall 
, , 

is coated with fine carbon particles similar to lamp black 

in appearance and texture. This coating results in the low 

reflectivity vriues. In retrospect, it would have been 

better to rnount the lights C?n this pillar wall and bathè 
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the other wall where measuremeDts showed the reflectivity 

was four times higher. Ref1ectivity is still so low hOw-

ever that the floor can be considered to be lit by direct 

1ight on1y. The only advantage then would be a brighter 

wall. 

The case study illustrates the importance of ob- , 

taining values for reflectivity before ~roceedin9 with 

ca1culations. In summary, since the estimated value of 

reflectivity fQr ~he floor in this example was close to the 

actual value, desired levels of brightness were o~tained: 

8.5 Illumination Leveis in Canadian Mining 

Measur,ements on the general level of illumination 

were made at a number of Canadian mines. Data are on file 

with the Department of Mining and Metallurgica1 Engineering, 

McGill University and are summarized in Appendix E on page i01. 

Th~ following table gives sorne typica1 values. 

TMLE 10 

Typical II1Wllina-tion Leve1s in Canadian Mines 1 

WQrkins Place Illumination in l,x 
L .. 

,1 ,Shaft, Station 5 - 60 
Refuge station 30 - 600 
Haulageway 130 - 220 
Garage 40 1100 

'Ramp 15 - 110. 
Crusher 10 ':'" 200 
C. &F,. Stop~ 1Q 110 
'P'ueling Station )0,-, 430 
Charging Stat~on 10 :... 60 
Conveyorway - ' 5 - ,110 

, ,Und'ergrobnd Hoist Room. 25 -" 7S 
Shïfters 1 Pesle '. 70;- 1300 
'S~op' Work "Bench 130 1500 

, 

' ' 
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CHAPTER 9 , 

REFLECTIVITY MEASUREMENTS 

9.1 General 

Gbod underground lighting design is not possible 
1 

without a thorough ~nowledge of reflectivity. Not only 

do we see by ref.~~:ed light but in an underground mine 

that portion of reflected light whi,ch does enter the eye 

is usually only a smali percentage of the light whieh 
'" 1 

struck the object we are looking at. The majority of 

the light is' absorbed hy the surface. Measurements of 

this phenomena ~re neces~r~ 50 that either the Iighting 

installation can compensate for the 1055 or the surface 

ean he modified to cut down on absorption. 

where 

In this report, refleetivity is defined as 

R,"- reflectivity of su'rfaee being measured 
c 1:: mean instrument reading for the surface ' 
R - assigned refiectivity of the standard used 
QS: mean instrument re~ding for the standard 

Since the assigne~ reflectivity·of the standard is a 
1 

measqre of the ratio, of the x;-ef-Iected radiant flux to the 

ipcidept flux, the va~ue R then ~easures the efficiency of 

a 'surface in retransmitting light. If R .. 1. 00 tJ'len the 
. , , 

surface refleets the same'amount of~light ëts the standard and 
- " 

if R - 0.00 aIl the lig~t is absorbed. 

:f 
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In practice-near1y aIl surfaces are a combination 

of diffuse and specular reflection. Slightly diffusing 

materials scatter the lig~ only slightly, while highly 

diffusing materials scatter the light over a wide angle, 

having a reflectivity which can ei.ther vary over a consi­

derable r,~~'9é of valués or stay fairly constant. These . . . 
surfaces appear light no matter from which direction,they 

are vlewed but their brightness can be greater when the 

viewing angle equals the angle of incid~nce. The p~enomena 

ia illustrated in Figure 42 wi th the arrows havin9 a "ector 

connotation. 

. " 
, . 

Figure 42 
, . 
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'The figure is an oversimp,lif;i.cation of wh~t miqht 
l ' '" ~ , 

,I~J;, J <1 

actua11y,be taking place ~ince' it shows on~y one 'ray o~ 
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light 'incident onto the s~,rface. A con~<<?'f' 11ght CO~~~',":, 
, '1 ~ -1 1 

str~ke the sur!aee t or the_ inci~,~n~,:li9ht ~O~1~ be '~r~~v~ng,: 

from all directions. Similarly" pne' could attempt ta 

measure tpe reflected 'light in' on~y one dir~ction, cou1d 

m~asure a bundle of, the ~efl~cteq.;x:~~s 9f lig'h~, or ,could 

measure aIl of the' reflected light. 1'his means, thére are 
-

three geometrieal conditions for bo~ the' ineid~nt and 

colleeted fluxes; hemispherieal, eoniéai, and dirèetional. 

Usiog the various ~o~binations i~ i~ POSS~l~ to have 
l' 1 '... , 

nine ki.nds of reflecti~ity me,surem~nfs'=,. '(l,)' 'bi-hémispheripal; 
, ' "" ' 

(2) hemispher ieal-conieal; (3) h~~ispher{cal--directional i 

,( 4) conical-hemispherieal; (S) bi-c6nical; (6) eonical':' . , 
, , 

directional; {7} directional":pe~isph~rleal;' '(8) direet~ona,l-

coniçal; and' (9) bi-directional. 

Angles of in~id~rice, :rid~ of' recording' ~a~' ~eil 'as-- the 
~ . \ , 

solid angles 'should 'be ,spe~i~ied in .;;;'ny réf~ectivit.y, mE;iasure-

ment., If not 's~efi.fi~d the~:,:~i-'~~~:~~~~ri,~~~' Cdnd,i~i'~~s 

, ' 

are, assurned. 

,steradians iB 

In this i~$-ta~ce, 'al.l' fl,ux refleèted in 271' 0,. \ ~ . \ " ~ y • ; 

• , ,lt

t 
' , 

" . ,J,J. 

..J "" , 
measured"wi th' 

incluèled in the 'measuiem~ht. ' "Th'is' cari be~ . 
" \. ' " ft ~. " \~.. '" • " ... 

... 1"" ' , Q • 4 

a sphere reflectorna't;er', a, t~peptC?r '~hieh: is 
" , 

~ , '" ,~... '."'. • 0-

, ,-" _~'an \in't;.egr,at;ng sphe'ré nav.ing;. il,] ,fl.a:t circular'" ap~l?:ture o,n. 
..___------:-- CI J , • ,.<,"~ ,'1., • -~ 

-- whicli" th:e t'ft ~pe~i~n, is ~plëf'ced, ,{.78} ,. '" 

o 

/ 

1 ... r " 1 1 1 .... • 

. - " . Whèn apecifying angie,s, the' 'i,ncident- angle, i,s ,giv~n 
.. ' - '. ~'1 ~., l , ... " " • , It.. "'..',' ~' ....: : '1. 

first, and then the recording .angle. When'r the: "soi.id an.<1l'~s 
.. , _.. • t 1 <\,.., , • \ ,"., li 

ar: not speoifled the a:ss~Ption ,ui. rn~d~-,that' they are '-. ' , . ~ ," '. ) ~ , ' \ , . , ,.' ~. ~ 

'infiilitésimal' which in~,~tls< the reflec,t.ivity ·,w~Ûld. ~o~ ebange' 
• ..! j .', \ • • • ' 

" • if t'bey ~eI'e made sm~li'er .... Wi th tex tu red, surtaees thé' 
., \ , # ~ , ' ,. • -l "" ." 

, Jo 

~ ':-
'. ' 

.,' l 

, , ~ 

.' " 

, , . 

, '~ 

. , 
. ", 

'. 
, " 

" , 
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.. 
" , 
" 



II' " 
f 

1 
r ( 
r 

, i 
) , 

-t 

.. 

--, 
,f' 

- 145 -

\ 
orientation of the surface may'be important. A ribbed 

surface may have di~ferent reflectivities when the incident 

light strikes othe surface alang the axis of the ribs or 

a.t right angles 1;.0 the ribs. \,: SiIllilarly a fla~ surface can 

give diff~rent refleètivities dependi~g on the angle at 
, 

which the s~rface is tilted. It is important to measure 
" 

this tilt angle When the incident light path, the recorded 

1 ight path, and the normal to the surface, do not aIl Ile 

~n the same p~ane. It is also important to specify the 

type of light that strikes the surface. Wi th aIl ether 

parameter6 held constant, reflectivity does net stay 
\ 

co~tant when the illuminating wavelength i6 varied. 

9.2 Un4erground Reflectivit~ -Measurements 

When possib~e specimens were gatherèd 90 that reflec­

tivity' measurements could be perforrned in the laboratory 

where conditions could be more accurately controlled. When 

it was -not po~sible to remOVQ,a test surface or when it was 

feit thàt by re~oving ~he, surtace, the light properties 
, . \ . - ' 

would be modified, measurements were conducted in the field. 
~ 

These includ~d ~eas~rements on' mining equiprnent, consolidated 
, , 

fill, ànd extremely dusty surfaces. 
. . 

When the li9~~ source could be controlled georn~~fjc . , 

characterlst'ics .;Iere made -to coincide wi th c. I.E. staiRlard 
, , 

conditionsq• "For t.he illuminator, ill,urninat~en shall be 

within five degrees of, and centred about, a direction. of." 
f • ~ • 1 

45 degrees from the perpendicular to the test. sur.face. The 

\ 

,- ~ -.' 

j 
" 
1 
1 
t 
1 
~ 
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area of the illuminated rpot should be not less than that 
1 • 

of a circle seven centi~ters. in diameter. Viewing shoul'd 
i 
1 

be within ±S degrees of,; and centered about the pex-pendicular 
, 

(78). Figure 43 shows $ 450 /00 reé?-ding being taken on a 
i , 

wall and Figure 44 show$ a 450/00 reading being set up on a 

floor. 

..' Since the rneasuri:ng rnethod chosen involveà, visual 

photometry the spectra~ energy distribution of the illuminator 

was made to coincide with the spectral energy distribution 

of the working standard larnp on the illuminorneter for ease 

in luminance matchin9. The rneans by wbich this was achieved 

is described in Section 6.7.1. Observations were performed 

by a C. I . E. standard observer. 

At times the light source could not be accurately 
1 

controlled. This occurred when reflectivity measurements 

were made in well!lit areas. For example, rneasurements 

were made on the surface of a scooptram while it was inoper-

ational and parked in an underground garage. T!le garage 

was weIl-lit and the walls were whitewashed to give a high 

reflecti vi ty. It was ,assl,llTled in this instance tha t the 

light source was diffuse.' This is' probably not a bad assump­

tion in viE(w df, the domed shape of the, ceiling 1 the garage 

then sirnulating a hemispherical reflectometer. , 
standard for : ~5-degree, O-deéjree , 

refl~ctivity measux-emehts using: c.r.E(, standard oonditions 

is ~ press~d layer'. of !freShlY pre'pa'r~d' magnesi\un oxide. It 

i B asai9ned a reflectf vi ty of, 1 • 00 fOf the candi tions of 

o ' , -1 . , ' 

'" 1'1 ..... " 1 

, 
'. 
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45° /00 Wall Reflectivity 
Figure 43 

45° / 0° Floor Reflecflvity . 
Figure 44 
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45-degree illumination. and perpendicular view. It i8 not 

convenient to use this' standar;~ underground because of' 

preparation time and the large number that are required. 

Since the mine atmosphere i~ usually dusty fresh standards 

should be used for each reading. Fortunately secondary 

standards can be calibtated re,l.ative to the reference 

standard. 

Various secondary standards have been used. Porcelain­

enameled metal plaques al;e reasonably permanent in reflectivity 

and uniform over the surface. Hitchcock (99), in his work on 

reflectivity in underground coal mines, used "Millipore" 

Filter Paper #29325. This paper approaches a lambertian 

surface and has been compared to a magnesium oxide surface, 

for every possible geometric condition of the reflectometer, 

(page 208). Unfortunately, at o'Ver $3.60 a sheet when bought 

in bulk the cost was prohibitive. 

The secondary standard chosen for thia study was a",'·· 

Kodak Neutral Test Card eat 1527795. 1 designed primarily 

for colour photography. The card has a grey side and a 
/ , 

white side an~ the manufacturera claim an 18% reflectivity 

for the grey side and a 90% reflectivity for th 

The grey side was chosen because of its cost,its 
,. 

:uniformity from card to 'card, and because it, refl ctivity 
, 

more close.ly {pproxirnated the rèflectivi ty ot" u~de,rgr \lnd 

surfaces.. This lattez: feature was imRortant since
o 

br.tghtriass 

matches could be made quickly. Calibrations on the Kodak 
o , 

Grey Card 'wère obta:i:ned frorn the Nà tion~l Research Council 

• 
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of Canada as shown in Table _ 11 (108). 

TABLE 11 

CALIBRATION OF KODAK GREY CARO FOR 2360K AND 28541< 

SOURCE 

2854K 

2360K 

2360K 

GEOMETRY 

0°/0 

0°/45° 

45°/00 

REFLECTIVITY 

0.178 ± 0.001 

0.175 ± 0.002 

0.179 + 0.002 
-1 

Enve10pes containing four 8 in. X 10 in. cards were 
b 

purchased for about $2.00. Each card was eut into, 4 giving 

a secondary standard surface of about 20 in~. Theae were 

then individua1ly placed. in plastic baga and sea1ed wi th 

scotch tape. Cards were fastened anta the surface to be 

measured by placing caulking compound from a gun and car­

. tridge onto the white side and pressing the card firmly -, , 

into plaoe, CardsPwere destroyed after one use, since 

humidity, dust o~ dirt might affect tbeir light absorbing 

properties .. 

Measurements were made with 'the MacBeth !11uminometer 

as described in Sèctiph ,5.4.1 on'pag~ 57. Method of ~ecordi~g 

ia shown on Table 20, page 209. Values of reflectivity are on 
" , 

-file with the Cept. ,of Mining and Metall\,1rg.y, roicGill univer~ity. , . , 

Precautions were taken to ensure bath ~oouraoy and· 

preoision. The ,raté of decay of the batteries WAS compensated, , , . 
, . 1., 

fo~ by adjusting the mill~ampere ,re~di~9 after é4Ch shot to 
'. ' 

bring. it baclt to its standardized value. ", 
'. 

• 

i ... 
1 
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9.3 Laboratory Reflectivi~y Measurements 
j,. , . 

& Ir 
_It . 

Again the Kodak Grey Card was chosen as a secondary 

standard. Using a value of 0.179 in'the 45°;00 pos~tion 

as base value, values of reflectivity were obtained for 

several possible geometric conditions (page 206). It then 

became possible to measure 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 ~f geometric conditions, incident 

angle was genera11y held to 0°. Zero degree incidence is the 

most important angle since a cap-lamp, h~adlights on a jumbo, 

etc. are general1y shone directly ante 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 system and described in Section 5.4.1 

it ~as not necessary to compensate for battery decay wfth 

time or for colour differences. 
, . 

Readings wer~ made with either a MacBeth 11luminometer 

or S.E.I' .. photometer mounted in a temp1ate as'the detector. 

Figure 45" shows ~he geometry of the templat'e whicb is posi-, 

tioned 1 m behind the sample. ~,;,Figure 46 shows an operator 
~, ,. J 

, . 
sighting tprough the MacBeth Illuminometer mounted in one 

of the' template holes an'fi measpri.ng the reflectivity of 8/ 

, 
rock sample mo~nted in the go~iometer. The purp~se of the 

temp~ate 18 to con~rol. the geometry of the .recorded ~,ight • 

" 
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Figure 45 , 

Laboratory Me~surement 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, wi th the 0° position 

corresponding to the zenith. Azimuth angles are then read 

as one faces the specimen under study. Note that no off-
• 

angles of 20°, 250 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 he 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 being measured when measuring a,flat surface and 

was recorded as the TILT ANGLE. When measuring a non-ordered 

s~rface, the tilt becomes meaningless and was not recorded. 

The complete geomet~y of a bi-directionsl reflectivity 

measurement, as illustrated in Figure 47, includes (1) ~nci-

. dent angle, (2) off angle~" (3) read angle, (4) tilt angle, 

and (5) colour temperature. 

Refle9tivity readings comprise the bulk of the experi­

mental work and are presented in the appendix on' page '210. 

A summary of the data is provided in Sec"tien, 9.4. 

• 
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Plan View of Bi-directional Reflectivity Measurement 

Figure 47 
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9.4 Ref1ectivity Values 

Tal;>le 12 

Miscellaneous Surfaces 

Surface Range 

Backfill (dry rock) 0.25~0.30 
(sand) 0.10-0.18 

Cement (c1ean) 0.10-0.30 
(dirty) 0.05-0. ],.3 

(c1ea~) 0.20-0.33 
(4irty) 0.08-0.13 

Paint 

Table 13' 

0.06-0.12 
0.02-0.59 
0.02-0.30 
0.36-0.60 

Ore Surfacés 
. Surface Range 

Cha1copyrite(fresh) 0.32-0.70 
(oxidized) . 0.08-0.24 

Galena 
Gypsum 0.45-0.65 
Magnesite 0.85-0.90 
Pent-Pyrrho(fresh) 0'.12-0.75 

(oxidized) 0.08-0.28 
Pyrite 0.20-0~34 
S'phalerite 0.06-0' .. 22 
Talè (white) 0.57-0.81 

(qr,ey) O,.27~0.41 

. , -
; 

, " 

" 

, ' 

Surface Range 

~lastic(ye11ow 1amp 0.69-0.93 
battery) 

Ref1,ective tape 0.36-1. 70 

Road (cernent) 0.05-0.20 
(rockfi11) 0.08-0.11 
( sandfi11) 0.10-0.18 

Rubber ( tire) 0.02-0.05 
(boots) 0.04-0.18 

Shotcrete (clean) 0.36 ... 0.50 

Timber (sawn) 0.35-0.53 
(bark) 0.07-0.17 

Whitewash ( fresh) 0.65-0.95 
(dirty or faded) 0.20-0.60 

Table 14-
Rock Surfaces 

Surface Range 

Biotite gneiss 0.15-0.21 
Biotit, schist· 0.10-0.42 
Ca1careous si1tstone 0.47-0.63 
Chlorite schist 
Diorite 
Gabbro 
Liméstone 
Norite 
Pegmatite 
Quartz (grey) 
Quartz Diorite 
Serici te 'schist 
Serp'entine 
Shale 
Sl~te 
Ultramafiè' , 

, ' 

, , 

, . 

, 0.05-0.41 
0.10-0.15 
0.08-0.12 . 
0.35-0.55 
0.06';'0.15 
0.24-0.27 
0.36-0,52 
0.10-0,'33 
0.'27-0.30 

, 0.13-9. 46 
0.25-0.45 
0.16-0.34 
o.06-d.12 
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9.5 Increasing the Reflectiv of Mine Surfaces 

The added luminance in mines which can be obtained 

by the simple expedient of increasing the reflectivity of 

a surface shouid not be overlooked. T~is is particularly 

true for floors, walls and backs of the underground openings 

sinee these are the 1argest reflecting surfaces. The effect 

of a fresh coat of whitewash ls striking. The greatly ~-

proved reflectivity of the whitewashed back or wal1s has to 

be measured to be appreciated. Reflectivity measurements 

on both the untreated wa'll and the sarne \t1all with whitewash 

on it were obtained at three mines where the whitewash was 

at least two years oid. 

Effects of Whitewash on Surfac~s 

Mine Untreated Whi tewashed 
Surface Surface 

Brunswick 0.25 0.30 0.40 0.60 
S tr a theO'na 0.25 0.32 0.35 0.70 
Flin FIon 0.13 - 0.20 0.25 - 0.70 

Refiectivities are roughly twice as high for a whitewashed . 

• u~ than for the untreated surface. For fresh white-

(wa~h" values, rang:e' from 0.70 to 0.95. _ Whitewashing tl:len 

can easiIy double the luminance without altering the light 

source. Arèas noted where whitewashing has been appli,ed in­

clude shaft stations, main haulageways, lunch rooms, ramps, 

underg.round gara9,es, tipp.les, crusher stations, i'nterna,l. ( 

'h~ist rçomÉl and conveyor .ways. 
, ' , 

.. Othsr :rock surface' coat~n9~ are eqùaH.y _ ef.~ective. 
, ~ J • , ~ • . . 

stone d1,1st might prove beneficial in atoping areas. Al tho,ugh , -. 

" 

• 

1 tin-
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'not nearly as permanent as whi tewash it is much easier ta 

apply (75). Paints too have pxoven satisfactory. 'Metàllic 

paints though ahould be avoided. Not only is their reflec-

tivity not as high but it has a high specular component as 

weIl. A flat'white paint would be best. Its reflectivity 

is sirnilar te fresh. whi tewash but is 'more expensi ve. Any 

treated' surface other than stone dust should be washed 

periodicàlly as accumulations of dust or mud lower the 

reflectivity with time. 

In addition to cutt~ng down on tire wear a cernent 

F 

floor can greatly improve illumination since the reflectivi ty 

of cernent is often higher than the country rock. Sirnilarly 

shotcreting or guniting can rnod:j.fy the réflective properties 

as weIl as provide ground support. 

specif'icatiohs for new "equipment could include a 

" minimum value for reflectivity. The writer took measurements 
l 

on a new stoper painted a metallic grey with a value of 

only 0.08. Yet vàlues over 0.50 are possible wi th many 

metal paints. In the initial draft proposed by MESA fbr . . , 

~les governing illumination in mines a minimum reflectivity 

of 0.50 waS specified. However, the, j'lew ...regulation states 

that ,paint usèd on e~terior surfaces of mining machines shaH 
, 

have a minimum reflectivity of O. 30', ~xcept ,cab interiors 
#' , ~ , • • .. \ 

and'other surfaces, which might' adversely affect visibility 

'(116).' 'The change wa,s instituted 'in ord~r to permit the 
, Ar # 1 

ys~ of common types of readily ,available pratective paints 

and mater ials. . , 

.' 
" 

, " 

, 1 

" ' ." ,', 
~" 
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'To a certain extent, the ref~ectivity can be con­

trolled by choiee of liqht source. l-fercury vapour emissions, 

which are in the blue green band f tend to qive high reflec-

ttvity factors, whereas sodium vapour emissions, which i8 

mànochrornatic~ light in the yellow b~nd, have a large part 

of th~r light absorbed. 

The use of reflective tape is highly recomrnen~ed~ 
1 ~, . 

Laboratory measurements on various types pf tap'e gave· 
. 0 

reflectivity 'values ranqing f-rom 0.90 to over 1.00 .at 0 

incident and, low viewing angles. The tape i8 often. installed 

on bicycles. When drlving at night the brightness of the 

tape provides an effective visible warning of the presence 

of the cyclist. Underground the tape would be installed 

on each end of mining m~chines and on the sides a'nd back 

of a hard hat. Reflective tape will soon be mandatory' in 

the Uni ted St.;ltes on machineS and hard hat's. ,MESA rules 

speci!y that the area of each tape shall be not less than 
, "t , , 

'.10 'square inches when rnounted on; tnachinery . and 6 square inches 
" ' , 

when .placed on .a,.hard hat (116). ,~.~ 
If p,ropeJ;'lY"used' and maintained, dark r'ed glass' 

1 

reflectors are superior to trip lights, on ru~ning equipment '!' 

in lighted haula~ew~~s (51,105). 

r ~, 1 

• • : . . , 
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CHAPTER 10 

, ' 
A CODE FOR MINE LIGHtrING , 

, ' ... 
10. l General , 

~ , . 
r Gdod -lightiIlg i8 nec.essary, for safJe ând efficient 

work in undergro~nd 'mines .. ' The provision ~f cod~g. and 

reco~endaÙons 'would' be an inv.aluâb~e gù,ide to·, ~he person 

~l.gpning the underground l.ightîng and wo~ld avoid desig'ning 

from first prinçiple5.' Any aodè 50 pro.dl,l~ed' must be very . 

cai:"efully -arri~ed a"t and, s;andrds s~t,<m~s~ be both economicaliy 
" , 

feasible .and sooially- desirable. 
, -

It must-be borhe in mind' 

.that any coâe is rarely thé complete answer to the ,problem 

it was' roeant to hèlp solve, for wh~ne~er a stage of knowiedge 

is r~ached upon which a code lS based, unsolved problem~ 

still J:'emain.. . 

In Canada, each .provinc~ regulates-its'~wn mines 

act.' Most p~ovinces fO~lq~, Otlt~rio''s léa,d s'ihè'e thi,~ prov~nc~ 
1 ~~ • 

',J' 

a high levei of rese,arch. Where regu'lat~ons exi~'t' cOilc,erni1?9 

lighting in 'mines, . the' provinces' psu"ally fOllQ,W the r~cbmen~ 
". ,. .."," 

dations of t~e Canadian Electri;.aJ. :Codfil. Pat't V Q.f<the .Code' 
• .. -" J t"~ r 

, , 

'Use of Electricity in Min.es' states that l.ighting circuits 
, t • ~,rI:'" -~ ... ". ;f.t;,!, ~,... " 

shal1 be, provide<f"wi th protect.ion and. control i!l ,:ac~ord~ncé, . 
, ", , 

wi eh the requi~~ments of the Canad,ian Electrical' C~de' Part 1. 
.. .. . - .. 

'E~sentiaI Re;q.uire~n:ts and Minimum StandÇ\rd13' . Goverhinq , 
'" • J . ' " 

, ,'E-lectrical'I~staiiation's ''fo~ Buildings., St,r.tictures ahd.',pi:"emiseg."· 
.. ~ . ..., ' 

,,_~ \. • • • 1 

" 

ft., 

.... • ",\ 1 

• ,f • J' " 1 • Il ,lit. 1 

. :. 

" . 
l, 

. . ~ 

. ': " , , - , .. ,' . ,,", .', ,R , l 
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Hence, the means of setting up the-lighting la weIl regu­

lated but no definite requirements for illumination levels 

have yet been made. Illumination levels presentIy used in 

mines are below the levels of easy measurements and' outsi~e 

any recognized standard of illuminatioh. This is largely 

b~cause of economic considerations. A certain minimum 

standard of lighting should be aimed at. What this stand'ard " . ... 
shou,ld be, however f is of a controvelt'st,l 'n'à~re, and guidance 

~4, 

can only be obtained by' referring to light1ng installations 

in mines in other countrfef;J and in other industries. 
~ ~ 

Severai countries have pUDlished guidelines on the '" '. , -
~uant~ty and qualit;y of 11ght that shall be required for 

various underground tas~s. Canada has access to this infor-, . . 
matlon a~d ho.w it was ar.rived at through its membership 

, 
'in the Comiilia.sion :t;nternationa,l de i' Ecla,irage (CIE). Thi's 

o , 

i8 anihternational ,body concerned with illumination which 
- 't.. , 

"'hol.ds .mé~tings at 4-y~ar intervals. Dr. Gunt~r Wysceckioof' . " • , 

the Pnysics Division, N~C.1S _vice-~resident of this .. . 
, ' '. 

inter- , 
l, 

na~ional. body. AlI "countriesr:havin9 a~ interest in llghting 
, , . ' 

'mattelis ,,!end d~dégatés' to 'the CIE. ' Recent meetings 
".... " 

have, been':-

, , ' 

. ~.' 

" 

, "'..I!f(I 

"lSth 
i,6t_h' 
17th 
18th 

1963 
1967 
1971 
1975 

, V~enna _ 
Was lri-ng ton 

, Bar-celona 
London 

0' 

,~~. 19t~ se~sion i~ s1atè~,for Jàp4n i~ ~9791 '-

, " " '" 'comnift t~e, S .. 3. 1. 5 - • Mine":L+~htin9' form$t: Iy Qo~e·r.cf 

- iilùtninati~n' 'in ~in-é". ' rG)r "each 'meeting', one count}::y ';;1. 
l • Q. v J 

, , 

, , 
~ !t . 

" , 

\ . 
.,' 

• 

., 

: 

, 't.L 

. .;:.~:. ~ 

r !~~;:r 
;'if, 1 
.o!../~I ~ . ~' . 

~~_....:..._ . .oII<*---""" ___ lIIId""';;;;"""'~'~'Z~, 
"' " '. l' '.' . ~" . .' ' .. 

" 
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This country circu1ated a 'questionnaire to member coyntries 

and ,a summary was prepared for discussion at the CIE meetings. 

Unfortuna tely only abou,t half the rnember countries replied 

to the ques~ionnaire, and in consequence in 1967 it was 

decided to disband the cornmittee. At the London conference 

it wa~ decided to reactivate th~ committee on Miné Lighting 

and it i8 now known as Committee 4.10. Canada's affiliation 

to the C.I.E. is, througn the Canadian National Commi~tee 'of 

the International'Commission on Illumination (CNC/CIE). 

Secretary 0t CNC/CIE at the time of writing ia 
1 

·'Mr., Alan Robertson 
Division of physics 
National Research Council 
Ottawa, Ontario 
I<lA OR6 ' 

Mr. G.I<. Bro~ of Fuels Division, Mines BrànOh has 

in,p~~t years:collected available information on mine lighting 
, ", r' , in ~~aàian mines. The present Canadian corresponding member 

, '" 
for mil1e' light1ng ls Mr. Fre<t-~rd of ~dmontôn ConSUlting. 

, . , 

, In;formation en light,ing in CaJ;1adian 

-(1967 can ,~/(ound in' ,th~)~~\1S-cIE r~po~t's 
,(113,114) • 

mines prior ,t,~ 
, 

on mine lightinq 

- , 
'"'The fol1owi~9, d'ata: is a summary of, regul'ations, 
, ,''''l ' .. 

or guideline .• ~ertainin9 to tpe -level of illumination reqù~red 

,in undèrgt'oUil<1 workih9 plao •• !fl ,five other countriea. Sinae 

.. st~~dard. of illwpinat!~n tetl(J "to ,il1o.te~.,e frQlh ,'tint •. ta:, t'frite " 
~-< ;; ,,:~-' ," ~ , . . , 

• -'4,. 
• 1 

. , f ' 

• ,_ .... " K _ _ .. : .. ~. _ __a 

.... , .. ,;, ,:', f . ,ç~: ' 

" , , 

• 
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there ia no ~uarantee that the data presented ia up to date. 
, 

10. '2.;1 Great' Britain 'The National Illumination 
, 

"Committ'ee of iGreat Britain divided the subject of lighting 
, 

., into eight seotions. Th~f lighting of mines is a suh-seotion 

., 

of the miil-in s'ection titled "Applications - General". This 
~ , 

sub-cornrnitteei has reportèd that the standard of lightinq 

underground ie tao low and 'reaots adverse1y on produotion, 

safety and heaIth, and came to the conclus.ion that it was 

anomalous that standarQs for gene,ra.l industry ahould be':a..ny.' ... 
, 

1ess than that ,in,mines. T.he minimum'levei of working are as 

in genera,l indust;y i s 6 f. 0 • (11'3). 

The commtttee-urged ,that a minimum standard of 
. - , 

lighting of 0.4 f.o. in the"'genera~ wor~ing'_are~"should be 
, , -

aimed at and n~ attempt was'made te e~tablish aifferent 

illumination standards to apply at different plaoes. Sinee 
, 

this standard of lightlng ls not likely ta be prbvld~d by 

portable lamps alone 1 a system of oable' fed lamps supple­

mented by cap lamps ia probably necessary. 

Currently, there ls no code but guideline, are sug­

gested, based on standards employed by the London Underground 
~ -. 
~ranspott System. These quldelines etate that illumination 

should vary with ,the tàsk (39)" 

A levei of illumination ,of not 1esI than 0.5 f.c. on 
" . 

the working plane Along haulage roads .hould'be ai~ed et, .. , 

whil. at pointa, wh~r. specifie work ~8 beinq e~rried out th! • 

. , 

. , ,!/ . . , 1 

• • -- ,t' ••• ~ 
- 1 
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minimum must be con~iderably increased to something of the 
, 

order: ~f 6.0, f,c. for wor~shçps. Main junetions, loading 

'and ransfer points should be illuminateà to 'a 1evel of at 

1eas 3 f.c. S~ch 1ight qua~tities, however, must be 

accompanied by good non-g1are 1ighting installations. 
, " 

. 
~2.2 Hungar~ Table 15 shows the values of 

illumination recommended in Hungarian mines (38), and ar~ 
9-"" , 

,th~ highest. lighting leve1s fo.und in Europe. 

Recommended Lighting Levels 
,-in Hungarian Mines 

Working Place Illumination 

Lo~est Point of Shaft-High Traffic 
Low Traffic 

Haulageways - 8igh Traffic 
Low Traf,fic 

Intersections 

Loading Poin ts .. 
Around Machinery 

, " 

. Underground Repair Room 

';t'ransfer Points 

-

-
--( lux) 
~ 

60 - ,100 
40 - 60 

5 10 
2 - 4 

40 - 60 

40 - 60 

20 - 50 

,20 50 

10 sa 

]:"evel 

. .-. 

~"---

~? ,t~ 
, 

" 

. 10.2.3 Germany,and Holland A report entit~ed 
, ' 

l'Safelly Aspects ~f Minin, Methode in Germany and Rolland" . , 

,~ 

etates that on the coal-:face an illumination' of _0."5 ..f.o ... .ta 

. , f r .... - - '1'--' 
- t -;;~ '-1 '10 

e: .. " .. : .~.;",:~?,< .. c ... 
.. 

, ' 

;, 
'1' 

.!"., 
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. usually exceedeQ and is generally nearly 10 f.ç.; sorne 
. , 

faces having about 20 f.c. (114). 

The standards of the German Technical Advisory 

'Lighting Associàtion malte 'an attempt to establish different 
10 VI" • 

illumination standards ~t di~ferent il~ces but no 'attempt 

w~s made to specify the luminance desired off the workinq 

plané. 
" 

10.2.4 Switzertand In Switzerland the values qiven 
, 

in Table 16 are generally applied regardless,of the industry 
! 

and are for genera1 guidane.~ only. 

Table 16 

Swiss Guide to 'Light Intens:LtLes (1)----. 
,-, Necessary 

Type of Work "Examples Light' Intensity 
.' in lux ... 

Not precise Storing of goods 80 - 170 
MO~erately precise Fittinq (,not pr.ecisel 170 

, 
350 -

. Precise Reading, Drawing 350 - 700 
Great Precision Fittinq .. (~ecise) 700 -, 10 000 

> 

,;. 
10.2.5 

; 
United States 'In the U~ited States a qreat 

1 

deal of det,ail,ed study has been done to provide supportinq 

data ,for proposed standar~s in coal-mine 'illumination. This - ". . 
, . 

1. in respon~e to the requirements of the Coa1 Mi,nes, Health 

And Safety- Act. of· 1969 . (116) 1 whiQh required the. Secreta~y of, 

" . th" Inter,ior Î to propose' s,tandards un-der ~hioh al~ pl~oel iri a " 
,.-.-- - - .. . !" '!. ... ." • ' -

. -
. ~~ne-are to be,illumina~ed whtle parsQnl are working. The 

; 
, . 

. . .. 

.' 

" 

. 
~ " 

" 

1 • • .. ~ .. 

.> 

.. 
.' , 
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nece~sary research to provide basic data for.estab1ishing 

light standards was conducted by the National Bureau of 
1 

Standards and sponsored by the Bureau of ~ines. 

Hitchcock (99), Hal1dane (98) and Yantz (110) aIl 
" 

conducted important investigations. Hitchcock defined 

the visual tasks involved in the underground mining opera­

t~on, used,'a' 'visual task evalua~or and môck Up of mining 

macn,inéry to determine' the minimum '.luminance levels for 

each of these tasks, '~nd app1ied corrections for age and 

other envi~onmen~al qonsideiatio~à. For this work he u~ed 

techniques dev~loped by'Blackwell (17,20,21,22). Halldane 

reported o~ maximum leveis of ill~ination wh'leh snouid be 

.permitted and method~ of eliminating ~lare. Yantz investi-
. 

. gated available mine lighting hardware and reported on hard~ 

w~re which had 'been developed specifica11y to comply with 

proposed standards. 

Using guidelines that 2'0 ft. L. constitute glare cond.i,-
, ' 

tions 'underground and 0.06 ft.L. represents the minimum • 

light for a p~rson to distinguish an object, standards were 
o 

, , 
proposed .by MESA which covered illumination levels),. light 

distribùtio~1 reflecti~ity of equipment, eut-off ~gles, and 
1 

method of measurement.' TheBe standards were~"published in 

1970 ~d modifi~d in 1971. A public hearing was conducted! 
, , , 

x' ,. and revised 'standards wete published in the Federal Register 
( 

of April 1, 1976. In the April l issue. notice was given that 

, ' 

. \ 
') , 

v • 
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the final standards will be published ln the Federal Register 

of October 1, 1976 and eighteen months afte~ this date aIl 

working places in a mine shall be illuminated in accordance 

with these standards. 

Section 75. 1719-1 of the April 1 ~S6ue of the Federal 

Register is .quoted in part. "Eàch operator of an underground 

coal fl!i,ne shall provide each workinq ptace in a :mirte ,with 

.lighting as· ~re~cribed while self-p~opelled mining equipment 

1.s oper'ated in the work~ng place:' Self propelled mining 
. . 

eq~i~ment means equipment which possesses the capabi~ity of 

moving itself Jor ïts associated components from one location 

to another b~ electric, 'hydraulic, pneumatié:-: or .mechanical 

power suppl~ed by. a source located on the machine or trans-

·mitted to. the machine by cables, ropes, or cha~ns. The 

',lighting prescr-ibed shall be in- addition to that provided 

by personal cap lampa. The luminous' int~nsity (surface bright­

ness) of surfaces that ar~ in a mfn-e·r' a normal field of vision' 

of areas in WOrk~ng places that are required to,be lighted 

shall be not le se than 0.06 foot-Lamberts." . 

Although the stan8ards calI for a minimum 9f 0.06 ft.L 

which, on first reflection~ seems like a very low level, it 

sh6uld be borne in mine that the entire area is to be illumin-
1 . 

ated. The peripheral vision ia thus récognized as being import-

ant for the 'safe performa~oe' o~ 'underground mininq, t~_8k~._(page 17). 
~. ~-J ~ 

, , 
... 1 r 
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The maintainance of a minimum leve1 a1so ensures men will 

not have adap~ion problems as they leave the il1uminated 

work place since 0.06 ft.L. ls about the same leve1 of 1ight 

as that provided by the cap 1amps for close visua1 tasks. 

When 1eaving an i-11urninated face area a11 the miner suffera 

is a 10ss in peripheral vision. 

Hitchcbck's work showed so~e taska require luminances ... 
greater than 0.06 ft.i,. since these t~s~s are a11 re1atively 

close to the operator-they all receive supplemental i11umi- ' ,.. , 

nation from the cap l~p 80'again there ls justification for 

the 0.06 ft.L, minimum. 'The usua1 cap lamp-produces a 

luminance level of around 0.1 ft.L. for close tasks (56). 

Since these cap lampe have beam angles that rang~ fr~m 50 to 

32 0 it 'does not provide adequate.1ighting to the sides. A 

special cap 1arnp (page1l0) has been developed for this purpo­

se (28,93). 

The United states has ta~en an important first step in 

regu1atinq mine i11urninatio~ and in de,vè1oping the nec,essary 

hardwaré in spite of the inherent costs 'to the coa1 industry. - , 

Their continuing -investigations and research will be fo11owed' 

'closeiy • It will be interestlng to see if the code Is modi­

fièd in the final dr~ft ,and if it la èventual1y applled to the 

rest of the'mining industry. 

10.3 A ,Mine Lighting Code for 'Canada, 

Wor,k'by' We~ton (66) and Blackwell (20) in partiaular, 

" 

. ' 
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have shpwn that it is possible to derive a lighting' code on 

a strictly analytical and scientific basis, thus avoidlng 

the criticism of comm~rcial pressure. Blackwell's data was 
. 

adopted by the CIE in washington in 1967 and is univ'ersally 

known. The 0.06 ft.'L. level used in the United States was 

ar'rived at by using a Visua"! Task Eyâluator (88) developed 

" by Blackwell. Laboratory expe~iments simulated both the 
, ," 

co~l mine environment and the working tasks to arrive at 

il'luminàt'ion ,levels. . The experiments could be repeated in 

any ,dountr.y based on that coun'try 1 s mining taske, mining 

environment, and mining,equipment to analytically arrive at 

.,' a minimum luminance leV-f!l .. ' 

Basically there are two distinct methods, by which 

recommended levels of illumination can be specified for any 
1 .. 

given visual task. An absolute ndnimum 'illumination Qan be 

stated in which the visual task can be performed adequately. 

In American coal mine~ if the level of luminance falls, 

below 0.06 ft.L. where mining machinery is employed, fines 
. . 

can be imposed. While, this. will undoubtedly lead to an , 

increase in' illumination it has the major "disadv,,:ntage that 7 
operators ~ill attempt to just get ab ove the minimum to keep 

coste gpwn. Als'o, where minimum standards have been set, many 
• 

author1ties consider that the figures are too low. 
, " 

Th~ second method of specification' ia to use '& reCQm­

mended level whioh 18 considerably above the obligatory mini­

mum. Codes of recommended lighting prac~ice usuàlly etate 
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both the necQssary illuml~~i~n level for adequate visual 

performance and the ~evel whic'l:l will avoid glare discomfort. 

Comparisons.' between d,ifferènt code.s ïssued in different 

countries show that'universàl agreemen~ is difficult to 

obtain •. 

As thé .mechanized equipment used in modern mining 

becornes more sophist~cated_and more costly it.ls increasing­

ly important that' the level Ç>f il,lumination should' enable 

'men to ~.o.rk safely and éfficiently' in and around machines • 

. Mine ,'operators will pay' inc'reasîngly 'close at~ention to weIl 

thought out lighting specifications. Recommendations should 

he spelled out in the Mining Act to meet'this need for guide-
.' 

lines. 

A third rnethod la offered as to how tnese specifica-
. . 

tions could be spellèd but. Hitchcock has shown. how the mini-

mum level of mine lig~ting can be arrived at. Other experi­

menter$ (44,66) have show~ that the performance of working m~n 

increa~es with illumination up to a certain level of lighting 

and once this level ia reached further.illumination will have 

no beneficial eff~'~n.Wbrk~ng p~~formance. Experimental 

work simulat~ng ,inin~ conditions cou Id determine what this. 

maximum level of illumination is. Guidelines could then be 

• publis~ed for variQus minlng tasks listing the range of values 
~ 

between minimum and maximum. ~is would allow operators to 

strike ~ balance betwèen cdsts and benefite. A~da~a accumu­

lat~s it should be ~ossible to narrow the reQommended tangè~ . . , 
1 ...... 

" , . 
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, A~ the samé time formulae coul~ he givèn tO'eq~ate âny 

illumination value in the 91ven rangé te the 'all~wable \ 

max~mum brightness of the :source and tQ the max i,rnum , 

all0.wab~e change, i~il~i:lmin'ation ~ith",changi~g loc~le .. ' 
l ,1 - ( 

This wouid' th en control 9 l.are and e'limina Ù~ eye adaptation . ' , ' 

problems. 
, , • , ' 
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CHAPTER Il 
. . 

,Undergreu~d lighting can be greatly improved O,ver 

that provided by vehicle headlight~ or cap lamps. Sorne of 

the necessa~y hardware is making its appeatan6e on the 

market, i~~_~~enefits have been field tested, and the value 

and means of improvlng reflectivity are nOw·und~rstood. 

Mine o~erators and mine. l'i9ht designers should ,be 
1 -, - l ' 
aware'of this ·technology. It ia important too that they 

understand the consequen~es of the quaptity'and quality ~f 

undèrgrqund illumination'sineè it-has implications in the" 
, .' . 

are'as of ,wa'rker productivity, worker safety, 'worker morale,' 
. --------

and eq~ip,ment ac6idents. With this understand~ng, instâ~~ 
., 

lation and operating costs, for mine illumination can b~ 

justified. 

Table~ of illumination values' encountered at several 

underground work sites are provided in Appendix E. Generally 

'spèa~ing, wnere faxed ltghting was employed, values were weIl 

,above any recommendèd minimum, The variety of lighting hard­

Ware encountered by the writer and;described in Chapter 7 

demonstr~~és too·that Canada is in the fore front in innova~ 

tive practices. The number of mines though that are taking 

positive action" ta improve 'the mine luminance environment - , ' 

~till: remains in .. ~he mineri ty. 
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Tables of reflectivity,values ar'e prQvided' in 'Appendi'x 

H for several types of surfaces commonly enéountered in under-. , 

ground workings. This data is important for sèv.eral reasons 
,1 

and prevides 'the first extensive meas\lremen~s ,of ÏotB' kind . 

applicable te Canadian mining practices,' In general the 

reflectiv'ity values of natural surfaces are 'very 16w, po,int-,-
, " 

ing out the importanc~ of measuring light' in' 1?erms of lumin-
, ' ' . 'i$ , • . , 

.ance 'rather than i1luminance. ,The tables allow the mine 

lighting designer te compensate for tQe light'naturally 

absorbed by 

Finally, if 

the underground" surfaçes wi th which he ls dea1il1g'.· , , , i 
opt'~IT\um lUmi~an~e levels ~re .t9 be c'letermined " 

experimentally, then the mine eIlvir~nment will have to be , 
, 

duplicateq in the laboratory. 
, ' 

The predet.ermined re'fl~c.tivity 

values will allow the experimenter ,to' si~ulate un~ergI'oufl,d 

'surfaces in a laboratory èn~ire,nment, where pre.c'i~e· measurè­

ments can be taken. 

Sinc,e one sees b~ reflected light 'the~ . this light 
~ , ' 

should be used in alinost ~ll design éii te~ia,' Tfe- direèt 

light from so~r.ce to, eye r~taÛls. its ,importanc,e on~y w~eh 

dealing with th~'effects' of" glare. Although a g~eat"deai 

of research has been done to establish what ,Co?sti~u~~s, 

glare and how best to avoid it, research la badly needeQ. 

to 'd~ter.mine whàt the optimum luminance level is fOr' v~rious 

underground tasks. Mining acts sbould specify 'minimum a~d ' " 
, 

'maximum lum!nanée.levels for tasks. The~e' atanda~~s of", 
t . 1 J ,u 
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luminance could act as rêço~endations and neéd not neces-

,sarily be made man'datory. The, research techniques have 

,çeen developed to provide thes~ va~ues ~nd their public~~iori 

in the mining act would give· them the necessary stamp oÏ ' 

, auth9rity,.' 

. -' The environmental aspect of under~round min~ lighting 

" is an,' excellent field for, other research.· In adqi tion to , 

the establishm~nt of luminance standards, other areas requ~~­

lng investigation are: 

\ '. t 

.. ' ... l ' 

" . ) 

the developrnent, testin9, and ultimate government 
, ' 1 

l ' 

sanct'ion of an inexpensive ~ho,t<?rneter "to measure 
, , 

ldw levels of lumina,nce. ' 
, , 

- 'the correlation which exists between w6rker pro- ,1 
, , 

'. ' duction arid the quanti ty and qu~aoli ty of light ~ in" 

, " l' the ~orking pl~cè. . .. ' . , , 
" the effect Of light on accident frequency and 

l' 0'" , io. 
severity to m'en and,equipÏne~t., " : 

, " ~ ,1 " ,fi 

1 " t,he developrnent and festing, o~ smal'l bà~tery' pO\,:,ered, 
~ '1 ' 

, , 

" , 

J J\ 
l ; 

4 

\() 
,/ " , 

~ , 
'f 

u , , 

~ 
" " 1 
1 
r " 

; 1 
, ) 

-. 

ligh~ sources' ,to replace' ,~he t~adi tion~~ tungsten 

filament in the rnil'1~t' s oap l~mp.'· .' 
) " , ' J 

the'testing of rnonodb~ornatic.so~rdes of 'light to 
1 0' ~,~, 

() Q ! ~ (, 

ascertain the bene~its ~hich ,mlÇht ~e'gained pecausé 
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thereby enabling mine enviro~mental engineers to 

obtqln basic data ~eeded in lighting design cal-

culations. 

the Investigatlon of the effects pf the various 

parameters affecting underground illumlnation 50 

that sUltable design formulae can be arrlved at. 

- the testing of varlOUS types of metal paints to 

ascertain those most suitable f0r equipment 

Identl f ica t ion. 

the testlng of Inexpensïve rock surface coverings 

ta ascertain those most llkely to give high reflec-

tivity wlth a low specular component. 

- the testlng of surface coatings to find those that 

compare ln refle~tivity to underground rock surfaces 

so that underground visual tasks can be simulated in 

a photometrie laboratory. 

- a continuation of the development and testing of 
" // 

mine illumination hardware to find higher efficiency, 

• 
lower brightness, longer lasting, and less expensive 

AC and OC light sources. 
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Electric Cap Lamps. Dept. Interior BuMines Code of Fed. 
Reg ln . ( 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., ~l (Nov. 1968) 

How To Make a Lighting Survey. 
the lES. IlIum. Eng., 57, 87 

Lighting Survey Committee of 
(1963) 

The I.E.S. Code of Recommenda~~ons for Good Interior Lighting. 
The Illumination Engineering Society (London). (Apr.196l) 

Illumination in Underground Coal Mines. Dept. of Int~rior, 
EuMines Fed. Regr., Vol. 36 No. 207. (1971) 

Improving the Miners Working Environment. New sèi., !, 593, 
(1962) 

• 1 

The Le Havre Tunnels. Light and Ltg., 49, 329 (1956) 

Lighting Equipment for Illumination Underground Workings. 
Dept. !nterior, BuMines Fed. Regr., 23 (1958) 

Lighting an Underground F~ctory. ~ight and Ltg. (1945) 
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Tubular Fluorescent Lamps for General Lighting Service,. 
BS IB53 (1967) 

Tungsten Filament General Service F,:lectric Lamps.. 13S 161 (,1968) 
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'A.PPENDIX B 

DE~ERMt1.,NG, SI urtIT~'Bï' TABLE 
.. ~ l ' .. 

, ' 

The taçle is found to be easÎ'er and 'fàster to use' t'han 

to mu1 tip1y by the appropriël.te conversion fadtor ~ For el<arnp1e, " .... , "..~ .,~ 

to d~termine the lux equiya1ent of 350 foo~ 'c~nd1es, 350 ïs ~"-";,, 
locat~d in ,:the first' 'col umn and the value 3766, is foun~ On - '. , 

'th~' sa'me ,lin~ in the second ,co1umn under lx. This value wou1d '. .., ":.. 

" . 
tben' be' rounded off to three significant figures ~, If 35 or ' , . 
3:5 foot-candIes are to be converted, the 350 foot cand1e '" 

. . 
.value woJ;td still be used 1 the value being decreased by a 

factor of' iD or 100 (42". 
TABLE- 17 

'ft.L cd l.ot-. L cd" ft.L cd ft. L cd 
f.c lx m2 f.c lx ffi2 f.c lx nï2 f.c bc ,In2 

100 1076 343 330 3551 1131 560 6026 1919 790 8500 2702 
110 1184 377 340 3·658 1165 570 6133 1953 : &.00 8608 2741 
120 1291 411 ~350 3766 1199 580 6241 198~ 810 8716 2775 
130 1399 445 360 3874 1233 590 6348 2021 820, 8823 2809 
140 1506 480 370 3981 1268 6Ù'O 1~.~.6 2056 _i30 893'1 2844 
150 1614 514 380 4089 1302 610 6~ 6\:4 209Q 840 9638 2878 
160 1722 548 390 4196 1336 620 667.1 2124 B50 9146 2912 
170 1829 582 400 4304 1370 630 6779 2158 860 9254 2946 
180 1937 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 660 7102 2261 890 9576 3049 
210 2260 719 440 4734 1507 670 7209 2295 , 900 9684 3083 
220 2367 754 450 4842 1542 680 7317 2330 91'0 9792 3118 
230 2475 788 460 4950 1576 690 7424 23'64 920 9899 3152 

_ 240 2582 822 47.0 5057 1610 700 7532 2398 930 10010 ,3186 
250 2690 857 480 5165 1644 710 7640 2432 940 10110 3220 ' 
260 2798 ,891 490 5272 1679 720 7747 2467 950 10220 3255 
270 2905 925 500 5380 1713 730 7855 2501 960 10330 3289 
280 3013 959 510 5488 1747 740 7962 2535 970 10440 3323 
290 3120 994 520 5595 1782 750 8070 2570 980 10540, 3357 ' 
'300 3228 1028 '530 5703 1816 760 8178 2604 990 10650 3392 
310 3336 1062 540 5810 1850 770 8285 2638 
320 3443 1096 5~ 5918 1884 780 8393 2672 , , 

1 
l 

f 
1 
l 

1 
\ 
i 

,1 
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Appendix C 
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6 1 1 • 1 f l J 
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Linearity of Photometer 
Scale " , 

5 
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~ "' N 
;t: Source - 2360 K 1 
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Scale - 3 -, l 
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Mine 
No. 

l 

2 

3 

4 

r-----s---

-6 

7 

a 
9 

10 
1.1. 

12 

13 

14 

15 

, . 

.1. 

Mine 
Name 

Ki1mar 

Baker 

Bathurst 

~ . _ ...... _-,.. ... ___ ... .,..,._r""!' .. ~...,....I ..... ~~ ..... .,...,. .... ,f'IIfJ/l.,'::r*, ..... _os-'~_ , 
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Appendix D 

Table 18 

List of Participating Mines 
Underground Lighting Studies 

Products Company 
MineQ. 

magnesite Dresser Indus-
tr ies Canada 
Ltd. 

talc Baker Talc 
Limited 

lead Brunswick Min-
zinc ing & Smelting 
copper Corp. Ltd. 
silver 

Location 

Quebec 

Quebec 

N.B. 

Needla Mountain copper Gaspé Copper Quebec 
molybdenite Mines Ltd. 

-Palconbridge nickel Falconbridge Ontario 
copper Nickel Mines 

Ltd. 
Strathconé;l nickel Falconbridge Ontario 

copper Nickel Mines .. . Ltd . -
Creighton nickel Inco Limited Ontario 

copper 
Stobie nickel Inco Limited Ontario 

copper 
Den1son UranHllll Danison Mines Ontario 

Ltd. 
New Quirke - uranium RiQ ~lqQm Ltd. Ontario 
South Main copper Hudson Bat{" Manitoba 

zinc Mining & Smelt-
gold ing Co. Ltd. 
silver 

Sohil;lt Lake copper Hudson Bay Manitoba 
zinc . Mining & Sme1t-
silver inq Co. Ltd. \1 

Manibridge _ nickel Falconbridge Manitoba 
copper Nick~l Mines 

, Lte. 
Thompson Tl ]:dck~l Inco Limited Mafli toba 

copper 
" 

Birchtree nickel Inco Limited Manitoba 
c08pe;-

( 

l 
! 

! 
r 
l 
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Grizily 
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Appendl..x E 

Table 19 

Fixed Installation Illum~nation Levels in sorne Canadian Mines 

Mine Type of ,Highest Lowest Mean 
and Light Description Value Value Value 

Location Sourçe ( lx) ( lx) ( lx) 

*2 l-OOW t. fiL single bulb 
400 L. l, Verd-a- Ray protective 8.4 4.2 8.0 
at fire door cover , 
(floor) 2m ht. 

1 

#5 ' 200W t. fil. 
2800 L. 2 bulbs 85 45 65 
(floer) G.E. 100-0 h 

#6 100W t. fil. bulbs 
2925L. Rough strung on cable 34 4.3 33 

Service at 3rn intervals 

#2 lOOW t. fil. single bulb 
400 L. Verd-a-Ray 2. Sm ht. 14 12 13 
ore pass 
(floor) 

#14 Na (v) 2 at 3 m ht. 110 7.5 22 238-2400 SOOW 120V 
stope 

-_ ... - -- -_.- -

11111 'lL E 11 • 7~n Tt rc'Minef1:i •• Tbl •• '.Ui).' .. ''f;I...."..ClriI 3:rttrirtt'U W''iIIiI1lI 'o!t,rln'Wm_' III P' .. IOnil '" '.. ----------

IV 
o 
f-' 

" 

.. 

l' 1 ft 
1 

! ... 1 

, 

. 1 

"O. 
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f 
J 

underground Mine 
Working and 

1 

Place Location 

1 #3 
1 2350 L. 

.#4 
- in garage 

Shop 
Workbench #6 

29'00 L. 
garage 

:Il 

~ 

#11 
3?50 L 

, 

#11 
Hoist Room 55-30 H. R. 

3000 L 

Track 
"#14 

. Haulage way 2400 L 
main x-eut 

Fuel.lïng #6 
Station 2900 L 

-~-- ~ 

"" 

\ f ~~ _".~ ... 

o ------

" 
Type of Highest Lowe st Mean 

Light Description Value Value Value 
Source ( lx) ( lx) ( lx) 

Hg (v) DX 3 rows of 5 
1000W lamps each - - 290 

7m ht. 

150W t. fil. single rôw of 
PAR 5 lamps lm - - 1500 -

from bench top 
-

direct: 7 sets of 4 ft 
fluor double tubed 

' indirect: 2 rows at 4 m 
310 250 290 ag ( v) apart 5 lamps per 

~cg~ ~; 6m spaC1ng 

300W t. fil. wall mounted . 
Refl. F10bd spotl~ghts 240 130 "200 
heat resist. 

200W t. fil. - ~ 27 43 Rough Service 
~ 

fluor. Single row 8 ft. 
cool white double tubed at 220 130 170 

3m spaeing 3m ht. . 
Jig (v) wall mounted 430 72 360 

L--_~-----'------_~___ _ ___ ------- ~----- ~ 
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i 
, Mine Type of Highest : . Underground Lowe st Mean 

Working' 'and - Light 1 Descrip-tion Value Value Value 
Place Location Source ( lx) (lx) ( lx) 

r 

#3 

1
oro two rows 

. 2350 L .. . t. 001 white 8 ft . double 300 #2 shaft tubed at lm 390 120 

(table top) spac~ng 2.5m ht. 

, ... 

'" 

l 

-. ~ #6 40w;:r o single row 
2900 L. 4 ft. double 200 34 95· large L. R. daylig t tubed at O. Sm . 

Refuge 
'(table top) spacing 

#6 40W flt r • single row 

Station 2900 L. 4 ft. double 240 150 190 
small L.R. daylight tubed IV 

(table top) o 1 W 

'"' . . 
#11 100W~t. fil. 1 bank, of 5 bulbs 73 46 56 
3250 L. at 2. Sm centers 

, -
#14 fluor. single row 
240-0 L. cool white 8 ft. double tubed 650 220 430 

, at lm. spacing 
3m ht. 

#4 C zone Na (v) l3m between lamps 160 5 50 
Scoop Tram 208 stope 250V at Sm ht. 
ramp 

#6 Hg (v) Sm between lamps 46 15 32 2900 L. l50W at 3m ht. ' 

Conveyor #6 lOOW T.F. on spencer cable 110 Ramp 3025 L. 1 Rough Service S.Sm intervals , 4.3 54 , . 
-

.... ' -------.~ -, '----0.°--4 ..... _--" ..... ,.~ ij''tI·'S",W.''IE'M'''W m -



~ 

'-..1 
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~', pr. 
':. 
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% 

" 
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Underground 
Working 

Place 

Cz;usher 

" 

Shifter's 
Office 
. 

, 

: 

Min~' 
and 

Location 

" #3 
2950 L. 

#5 
2800 L. 

#6 
3025 L. 
(lm) 

"#11 
3250 L. 

#6 
2900 L. 
1unchroom 

#11 
3250 

#14 
2400 L. 

" • -1 

() -
. -

Type of Highest Lowest 
Light Description Value Value 

\ Source (lx) (lx) 

8 Hg (v) -4 t. fil. 54 5.4 

Hg Cv) - 54 5.4 

6-400W Hg (v) roof mounted 
2 t. fil. 220 56 
4-l25W Hg (v) platform mounted 

300W t. fil. 4 roof mounted 
Extended at Ilm ht. 37 . 13 

~ 

Service 

40W fluor. single row at 
daylight 4 ft. double - -

row at O.Sm 
spacing . 

40W fluor. 3 banks of 
cool white 4 - 4 ft tubes 1300 650 
Extended Ser-
vice 

fluo~. 8 ft double 
cool white tubed wall 840 470 

" 
moun~ed at 3m ht 

-------_______ ~~ __ .. , ~'_"""'.:......w.. ..... ..,;41 _ 

-f 1 

Mean 
Value 
(lx) 

30 

43 

190 

20 

70 

1100 

650 

1 

/'oJ 
o 
.co. 

.. 

b-

, 

-1 

0-
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1 
1 

-1 
-1 

:! 
, ! 

;i 
.. 'P • 

~ ; .~ 
,­
" 
~. 

1: 
r .: 

l' 
,,' 
': 
~j 
t .. 
'; 

" .'1 ,>., 

1~ 
;.~ 

'~~ 

, 

0, 
'---" 

Underground 
Working 

:glace 

Garage 

~ 

'" ~ 

" 

Charging , 
Station 

Mine 
and 

Location 

#3 
2350 L 
(floor) 

#4 . 
garage 

~ entrance 

#6 
2900 L 
0.8m ht. 

#11 
3250 L 

#14 '" 
2400 L 

#S 
2900 L 

#6 
2900 L 

, o 

:r _~ 

Type of Highest Lowest 
Light Description Value Value 
Source ( lx) (lx) 

Hgl (v) DX 3 rows of 5 
lOOOW lamps each 1100 580 

7m ht. 
1 

qt:zl. halogen l wall mounted 46 37 
\ 

8.5m ht. 
<> 

, 

Hg (v) 2 rows at 4m 
apart 5 lamps 
per row at 6m 300 110 
spacing 10m ht. 

150W t. fil. 2 banks 6 bulbs 260 54 Rough per bank 
Service 

fluor. a ft double tubed 
cool white 8 wall mounted at 670 160 3m ht. 6 back 

mounted at 6m ht. 

200W t. fil. 1 bare bulb - -
G.E. 1000 h 

100W t. fil. single bulb - -

• • .... : ~:.' _ho r' - ", .. -- ' ..... ~-_ .. ------ .... , '" 'n. I,."lr,-m 
....::.. ' , 

(~ 

Mean 
Value 

( lx) 

730 

-42 

250 

120 

410 

53 

52 

1 

N o 
111 

1 

• 

... 
• 

" 
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Appendix F 

Secondary St~ndard Reflectivities 

0.26 \ 
'-----{:'K.~-+-

0.25 \ 

\ 0.24 ~-+--4~-+----+--
~) 

o .23 ~+---+r\~\-+---t--

x/a 
2360 K 

B 0 .22 I-----+--------l~\~-::::>__ .....,i---_.~_-.------+--___+_ 
> ~:x/ 

U \ 
~ 0 .21 ~-+-~--+-.loor-",\-+----+--, --f----t-

~ ~ O. 20n-----+---+---+----t----Jo~"'---+--t--t--

. . \~ o .19 1----+----+----I--+---~~~--+-+------t----4-

~. 0.18 1----+-----+--\'1~t__--+-__+_-t---''''0~-_t_____t___t-
.....---+----;--+----t--t----+--r---..r-t---r---t-~ 

~.~ . 0.1 7 .....--"""--+----;-~ ---+--t----+--+---t---t-..-...c:r~--+--
.~ 

0.16 ....---+-~---1---+--+--~ -t-----t---t---+-_+__ 

0.1 5 '-----'------"_....-1.-----1....:.... ---'-_--'----'-_-'----I-_-L--

10 20 30 50' 60 .. .. 
Incident Angle - Degrees 

Kodak Grey Card Incident Angle Reflectivity " . 
Figure 49 
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Appendix F 
~ Secondary Standard Reflectiviti~s \ ï 
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\l Secondary Standard Reflectivities 
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APPENDIX G 

TABLE 20 

SREET NO. 5 of 10 

UNDERGROUND REFLECTIVITY REPORTING FORM 
*************************************** 

DATE Nov.~4,1975 
MINE Baker Talc 
LOCATION 400 level at 
OPERATOR LL 

LAMP NO. 100 watt T.F. 
BATTERY NO. Verd-A-Ray 

ore pass 

1NCID.ANGLE 0
0 

RECORD ANGLE 45
0 

TEST-PLATE ANGLE Horizont~l 
REF. STD. PLATE 0.786 

RECORDER .lIT 
CALCULATED BY LL 
CHECKED BY DT 

WORKING LAMP STANDARDIZATION 

RDG "A" DIAL "B" DIAL 
NO. (ma) (ma) 
1 233 268 

ê§ 2 233 268 
f=4 3 233 268 
~ 4 233 268 

a 5 

~ 6 
u 7 

MODE 233 268 

s:Q 1 233 268 
H 

233 268 ~ 2 
u 3 
~ 4 

MODE 233 268 

REF. TEST PLATE 0.,175 
"A" DIAL P F .C.) 2330 
AMBlENT TEMP. +10 C 

TEST-PLATE LUMINANCE 

RDG "B" DIAL SCALE (SCALE) 2 
NO. (ma) RDG (RDG ) 

1 268 2.53 6.4009 
2 268 2.24 5.0176 
3 268 ,2.30 5.2900 
4 268 2.32 5.3824 
.~ 268 2.44 5.9536 
6 268 2.50 6.2500 
7 268 2.57 6.6049 
8 

... 

FILTER NO. TOTAL = 40.899.4' 
, 2.417 31 R.M.S.= 

- F.FACTOR= 0.108 X 
POSITION STD. REF.'" 0.786 X 

2 AVG. LUMIN.(ft.L)= 0.205 -

REFLECTIVITY OF TEST-OBJECT 
FILTER NO. 31 FlLTER POSITION 2 - -

RDG liB" DIAL SCALE~ STn REF LX 
NO. NOTES (ma) RDG F . FACTOR 

1 268 2.37 
2 268 2.50 0.~08XO. 79= 
3 268 2.36 0.08532 
4 268 2.(47 
5 268 2.45 
6 
7 

SKETCH 
. 11 ''IooJ Pl ", . . ~ ~ ~ ~ "-'''''' Vl/j~,''r;,7 

'flood ~ S. 
9~ ~~.-L--I'oictfll.'" ~",tt" .\ 

<:,00<> Ho,*" 
100\'\1 ~ 

"~~'I\-~A.'f 

\~.\~ " 
f'o 
~~IOO«l-

low, __ .~_L 

~- ~ I,'. ;':.:;.. ::~~~}~Zr ':~' 

FILTER FACTOR 0.108 -
LUMINANp REF.T.PL._ REFLEC- (1-~) 2 

(ft.L) AV.L.T.PL TIVITY 

0.202 0.172 0.000016 
0.213 p.175+-0.205'" 0.181 0.000025 
0.201 ().85366 0.171 0.POOtl25 
0.211 ... 0.17'9 0.000009 
0.209 0.178 0.000004 

TOTAL - 0.881 0.000079 
MEAN 0.176 . 
STANDARD DEV . 0.004 

., 

DESCRIPTION OF TEST-OBJECT 

Brown mud 00 f100r moist but 
~ 

not water saturated. weIl packed 

litÊ1e to no èontrast 

1 · 
1 

1 

1 , 
1 

f 

1 
1 
~. 



o 

.UI1 • 

Description: Ore 

- 210 -

APPnIDIX H 

REFLECTIVITY DAtA 
.. 

Breccia, chalcopyrite in garnetized 1imé'stone 

Ore MineraIs 25% of field - top .reading 

Limestone 75% of field - bottom reading 

Need1e Mountain, 208 stope, 1718 Hwy .. 

, -

I!1cident Angle: Tilt Angle: 

Colour Temperature: 23~0 K tungsten filament 

R = 0~380 
o =0.092 

R = 0.242 
0"0.037 

0° 

45° 

90° 

(1) 135
Q 

...... 
t:J\ 

~ 
lB-O° 'd' 

AS -
(1) 

~ ... 
225°" 

. 

270° , 

.. 3150 

• ... 
.. '. Rx 

.Rx 

100 

0.415 
0.239 

0 .. 477 
0.~45 

0.415 
0.250 

0.250 
0.194 

0.362 
0.190 

0.477 . 
0.287 

0.455 
0.3.15 

0.560 
0.239· 

0.426 
0.245 

15° 

" 0.370 
0.199 

0.477 
0.239 

0.40.6 
0.281 

.. 
·0.,315 
0.213 

• 
0.338 
0.234 

·:0.268' 
0.281 

0.379 
0.199 

0.338 
,0.213 

0.3nl 
0.2.32 

.. 

Off Angle 

20° 

0.477 
0.256 

0.239 
0.239 

0.3-79 
0.250 

0.388 
0.239 

-.... 
, 
0.466 
0.288 

0.379 
0.250 

0.370 
0.228 

0.385 
0.250. 

'. 

25° 

0.445 
0.294' 

0.239 
0.256 

O~ 322 
0.268 

0.256 
0'.250 

-
.. ... 
'0.315 
0.281 

0.301 
0.,301 

. 
0.600 
0.165 

0.354 
0.259 

S.E.r. 

)0
0 

0.330 
0.239 

0.287 
0.234 

, 

0.379 
0.268 

-
-
-
-

·0.379 
0.199 

0.379 
0.239 

0.455 
0.151 

0.3-68 
'0.222 

• 

" 
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REFLECTIVITY DATA' J 

T 

Description: Ore 

Breccia, chalcopyr.ite in carcareous siltstone 
. 

ore mineraIs 25% of field top reading 

IL' 
Si1tstone 75% of field - bo~tom reading 

Need1e Mountain, 208 stope, 1719 Hwy 

Incident Angle: 0
0 

Col our Temperature: 

Tif t Angle: -

236J K tungsten filament S.E.I.. 

, 
R = 0.484 
cr = 0 •. 112 
R = 0.233 
cr = 0.046 

," 

.. 0 0 

-, 
h J ,. ( ~ '450 . , 

900 

1350 , CD 
r-f • 
~ 

1800 
~ .., 
CD 
~ 

2250 

2700 

31;.5
0 

" 
1 Off Angle 

10° 15° 20° 25° 300 

1 

0.427 0.417 0;417 0.399 '0.408 
0.166 0.302 0.302 0.309 0.195 

0.417 ,0.399 0.s3à. 0.590 0.408 
" 0.257 

0.502 
0.252 

0.563 
0.252 

0.632 
0.209 

0.617 
0.246 

0.632 
~.195 

'0- 0 • 331 
l' 0.159 , 

0.515 
i 

0.217 

0.170 0.302 

0.632 0.646 
0.214 0.295 

0.514 0.502 
0.191 ,0.246 

0.709 -
0.235 

.. -
\ 

0.417 ().408 
0.209 0.269 

0.302 0.317 
0.257 0.252 

0.399 0.603 
0.200 0.240 

c 

d".474' ,'0.490 

0.222' 0.272 

• - ,- -- -----; î: -- -

0.263 0.282 
, ' 

0.646 0.646 
-0.282 0.257 

0.525 -
0.204 -

- -- -1 

0.427 0.437 
0.138 0.162 -
0.468 0.408 
0.195 0.224 , 

0.408 ,0.314 
0.195': 0~Z57 

. 
0.495 

0.,2'JJ7' \0.230, 

-
J 

• 
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l'. 

REFLECTIVITY '·bATl1 . 

Description: Ore 

Complex massive sulp~ide 
~f t- ' 

Pentlandi te and :pyrrhot,i te ~ miner pyrite, bern! te f 

chal<;:opyri te, ~\nori,te inc1~sions, fresh, dry surface. 

Creighten Mine, 6i60 L 

". 

.' . 
~( l '1 

, " , i 

tncident Angle.: 0
0 Tilt Angle: l " 

Co10ur Temperature: '2360 J{ tungsten filament S.E.!. ' 

R "" 0.233 
Off Angle 

\ 

(J "" o~ 048 19
0 15° 20° .250 30° 

. 

oP 0.192 0.192, 0.201 0.206 
, 0.176 

45<:> 0.248 0.192 O. 2~1 0.180 .o.lS'~· --. 
" " . l 

'90
0 0.237 .0-.242' 0.237 0.1.72 0.153 . 

1 

Cl) 1350 0.242 0.30'5 0.192 0.242 - .' 

...... 0 

t:J\ 

:i! ) ; l 

" 

1800 
. 

0.305, 0.184 - ... -'0 
tU 

, 
~ 

Q) 
ll:4 2'2SO 

, J ~ 

0.153" O.216 ' 0.153 0.172 Q."237 - \ , 

2700 0.237 0,.202 0.272 o ~,231 :' 0.153 
" .' 

, . -
, ' 

_315° 0,.272 . :0'.2.J.6 O.24~, 0.188 . O~172 , , 
- 1 

0.236 o .,~,19 0.227 0.19'9 0.174, 
" 

, . 
• J" 

~ ,~, 1 
_, __ ., _.-. ___ ,_ ............ _ ...... ...,.. ~ ... ~ ...... - t.. J t __ ~ ____ .::'-~~I- If; 

'----___ r t PLunkzwJ_t .f" J_ .. _J ___ l' , - . 
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" ., ,'If' 

" " 
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.. ~.,r ~.~~+~_--:,-,.,.._-:.. '~-'-:~_~ __ Ii"_"" .... '_.,_. _ ....... , ____ _ 

,D~scr iption r 

. , 
- 21'3' ... 

:.' ) 

, ' , 

" . ' 

, " 

flE.FLSCTl;VlTY . .PA'TA . , 
i. 

J .. ,u , . , . 
, .' 

, ,l' 

,,' 
'. . . 

1 • • • 

n ' 

" , 

Cornple:x ~ma:ss,ivec, sulphide, oxid.ited' d~y sU'rfaèe, 
~ JI. - i' If ... , 

,pent1andite' and pyrrl10tite '~i,th minor: ch'alcopyrite, 
~ 

~,~ pornite, py~ite; prominent cl~avage,' c.r:~rnb1YI iridescent 

, Creignton M,ine" 6100' L . , 

,., 1 

Til t' 'Angle:' . 'o? 
, , 'Incideht Angle:' 0° 

: .... 

" . , 
Colour'Ternperature: 23~O K turigst~n filament 

, . 
" 

; '''~ 1 

, .1 

R 

cr 

"" 

'" 

." 

. 

. 

0.177 . 
~ 

0.034 

0° 

'450 

" -

9.00 

1 

CI) 1350 
~ , 
tn 

~ 
1800 

'tf 
Ils 

1 
"'225° 

270~ 

3150 

-
l' 

- " ", 

, 

.'" 0 
10, 15° ' 

, 

0.159 0.152 

0.191 0.163 

0.1'66 , 0.163 
, 

0.187 0.175 
" 
: 

O. ~~1 
, 

o .1~~ . 
" 

, , , 

0.)'19.1 O.277. Y 

, 
, ' . 

0.196' 

0.215 . 
0.193 

" , '. 

. 

1_," ... 

1 

o •. iPS· , .. 
'.' 

" p .. ~8,1: _ . , . 
0'. lBS, 

1 
'. ,1 

" 

" .' 

Off Angle 
" 

20~ 25° 

r 

, 
O.l56 0.159 

, , 

,-

0.129 , 0.15:2 . 
: · 

o' , , 
O~i~l, 0.:14'9 ~ 

. -
o ~l-3~' 1. 0'.136 

, , , " 

" c ' , 

- ' -' , 
" . 
' . ( 

. 
" 

; 

0~205" 0 .. ,149 . , 
" , 
~ 

'i 
, 

6~19-6. .0 _187 - .' i , , 
" • 

" ' \ ~.' <>:. ~O }.':, 0.196, 
, ' :,' .' 

" 

" 
• "1" .~ 

. '. 
. ) 

.' 

. 

, .. 
'". 

s.È~t. 

30'? 

().156 
, 

0.156 

0.149 
, , 

-
. 

-
" 

0.139 

0.149 
, , 

" 

' , 
. 0 .. 1&3" 

" ' 

, , 

/ 

, , 

" , . . 

f 

. ' ; 

, ' 

• 

, f 
" 

, ' l· 
'! 

1 
J 
i ,1 

,'{ 
.J't' :>t 

'\ 
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REFLECTIVITY DATA 

Description: Ore 

Banded ore wi th bands of aomp1ex su1phides 1 cm ::t thick 

separated by grey quartz bands 0.1' cm ! thick. Recog-, 
( 

nizab1e su1phide ores include pentlandite, pyrrhotite, 

pyrite, chalcopyrite. 

Strathcona Mine, 2125 L 22-30-32 stope 

Incident Angle: Til t Angle: 

Colour Temperature: 2360 K tungste~ filament S.E.1. 

-
= O. 178 

, 

Off Angle R 

cr 

1--
, 

,. 0.032 10° 115° 20° 250 30° 

e 

, 
00 0.152 0.205 0.215 0.171 0.136 ( 

1 

45° 0.179 0.191 0.152 0.126 ~O. 121 

1\ , 90° 0.210 0~171 0.163 0.152 0.136 
\ 

( 

cv,. 13'50 0.187 0.191 0.175 0.179 -
ri , 

~ 
1800 

> 

'lj 
0.187 0.200 - - -

«1 
QI -
p:f 

2250 0.220 0.241 0.236 0.1.21 6.24,1 

-

2700 ((.200 0.187 0.210 '0'.179 0.159 
"' 

315°' 0.183 , () • 156 0.152 0.171 0'.145 . 1 
~ . 

. 0.190 0.193 . 0.186 0,.1'57 0.156 

1 

, 
" 



• 
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(, 
REFLECTIVITY DATA 

1 

Description: Ore 

~halcopyrite, massive. No o~her ore mineraIs evident. 

strathcona Mine, 2125 L 2Z-30-32 stope 

. Incident Angle: Tilt Angle; -

Colour Temperature: 2360 K tungstert filament S.E.I. 

-R = 0.285 Off Angle 

cr "'" 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 
! 

QJ 135<' 0.242 0.29~ 0.342 0.242 -.-1 
tJ'I 

> 

~ 
180° 0.188 0.179 - - -'tj " 

. , 

1 

ni 
QJ , p:: 

225° 0.226 0.179 0.175 0.184 0.206' 
. 

~ 

270° 0.253 0.192 -0.184 0.188 O~ 143 -

, .. -
J 

3'15° 0.179 , 0.:298 0.271 0.179. 0.143 
, 

-
R,c 0.244. 0.282 0.325' 0~299 'o.2ào 

\' 

., 
_ .J.. __ • _"',. ~_ 

1 · 
i 

1 
1 
1 

.,' 
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REFLECTIVITY DATA' 

Description: Ore 

Comp1ex massive su1phides. Pentlandite, pyrrotite, 

minor pyrite, quartz, chalcopyrite. 

Strathcona Mine 

Incident AggIe: 0
0 Tilt Angle: -

Co10ur Témperature: 2360 K tungsten filament S.E.!. 

~ 

= 0.349 -, 
Off Angle R 

cr = 0.054 10° 15° 20° 25° 30° 

. 
0° 

. 
0.267 w 6.344 0.352 Q.344 0.306 ,-

45° 
.. 

6.413 0.336 0.293 0.232 0.344 
01' 

( 

90° 0.433 0.352 0.261 0.2B6 0.336 

Q) 135° 0.413 0.352 0.336 0.279 -.-f 
IJ'I 
~. • 
. 180° 0.433 0.328 - - -ra 
rd 

& ;, 
2250 0.433 0.344 0.344 0.328 G.3i7 -. . 

, 2700 0.377 0.344 0.413 0".386 0.360 
-t. 

3150 0.344 
1 

0.299 0.306 0.328 . - 0.217 
. -- ~ 

0.380 0.332 O~321 0.328' O~335 
'>.. 

1 

... --,_ .. *~ _ .... .;.......... ........ - •• - -- .. ... .. -.,.-- ~ - ._... ~ -- ----
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REFLECTIVITY DATA-

Descriptj.on: Ore 

Complex massive sulphides; pentlandi te and pyrrhoti te 

with minor pyrite, augen quartz, and chalcopyrite. 

strathcona Mine 

Incident Angle: Til t Angle: -

Colour Temperature: 2360 K tungsten filament S.E.I. 

R '" 0.274 
Off Angle 

,. 0.052 100 150 2Lf 250 30° 
o 

0° 0.290 0.247 0.253 0.357 0.326 

45° 0.201 0.290 0.318 0.304 0.152 . 

900 0.259 0.236 0.201 0.192 0.230 

(IJ 1350 0 .. 271 0.284 0.311 0.206 -
.-f 

'" ~ ; 

1800 0.304 0.192 - - -ra 
Id 
(IJ 
p; 

2250 0.304 0.304 0.365 0.365 0.333 

2700 0.304 0.318 0.241 0.304 0.241 

. 
3150 0.271 0.271 0.3~6 0.230 . 0.253 

0.275 0.268 0.288 0.280 0.256 
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Ct 
REPLECTIVITY DATA 

Description: Ore 
, , 

Complex massive sulphidei pent1andite and pyrrhotite 

with minor pyrite, quartz augen, and chalcopyrite. 

Stra thcona Mine 

I~ciàent Angle: 15° Til t Angle: -

Colour Temperature: 2360 K tungsten filament S.E.!. 

~ 

= 0.297 
Off Angle 

R 

'0 cr = 0.050 10° 15° 20° 25° 300 

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 

(1) 1350 0.337 0.322 0.244 0.353 -
~ 
01 

~ 
180° 0.322 0.262 - - -ra 

rd 
(1) .~ 

~ 
2250 0.301 0.307 0.,294 0:.322 0.262 -

2700 0.315 0.307 0.337 0.322 0.208 

3150 0.301 , 0.387 0.294 0.307 . 0.315 
, " 

0.295 0.289 0.328 0.258 
" , 
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REFLECTIVITY DATA 

Description: Ore 

Complex massive sulphidesi pentlandite and pyrrhotite 

with minoF pyrite, augen quar.tz, and 'chalcopyrite. 

Strathcona Mine 

Incident Angle: 30° Tilt Angle: -

Colour Temperature: 2360 K tungsten filament S.E.!. 

R = 0.260 Off Angle 

10° 15° 20° 25° 30° 
o = 0.075 

00 1 

0.306 0.343 0.226 0.285 0.211 

45° 0.343 0.292 0.327 0.279 0.351 

> 

900 
0.221 0.335 0.376 0.403 0.343 

Q) 1350 
0.351 0.306 0.343 0.221 -r-t 1 

tTt 

~ 
1800 

'tS 0.335 0.221 - - -
Ils 
CIJ 
~ 

2250 
0.226 0.285 0.157 0.226 0.153 

2700 0.272 0.176 0.176 0.211 0.172 

3150 
0.207 , 0.176 0.140 0.176 : 0.184 

0.283 0.267 0.249 0.257 0.236 

1 , 
, . 
i 
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REFLECTIVITY DATA 

Ore " .. (', 

-

r ~' Comp1ex mas~ ve su1phide; p(!nJ:laÎldi te-,. PY*4"hotite l­

minor pyrite, smal1 quartz augens, chalcopyrite. 

Stratheona Mine 

45° Incident Ang le: Tilt Angle: 

Colour Temperature: 2360 K tungsten filament S.E.!. 

R = 0.184 Off Angle 

cr 0.048 
10° 15° 

= '. 20° 25° 30° 

-(. 

0° 0.121 0.196 0.206 0.163 0.163 

45° 0~215 0.304 0.231 O. ?10 0.215 

90° 0.215 0.220 0.277 0.215 0.265 

Q) 135° 0.206 0.265 0.192 0.139 -ri 

l 
180° 

. 
'tl 0.149 0.136 - - -
'" 

. , 

~ \ l' 

225° 0.136 0.136 0.136 0.136 0.136 

. 
270~ 0.142 0.142 0.171 ~9 __ 16~ 0.13p 

, 

315° O. :13'3 , 0 .. 21,5 0.215 0.196 ' '0.142, . 
0.165 0.202 . 0.204 0.175 0.175 

, of 'f 

o ' 

, " ~ ........ ,~'~ 

1 

f, 

. 
ir­.,'-
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(' 
REFLECTIVITY DATA 

• 
Description: Ore, 

Comp1ex massive sulphide in contact with norite. Contrast 

at contact rneasured. Top reading on specular surface of 

rnassi~e su1phide. Bottorn reading an grey ta black srnooth 

nari te face. 

Strathcona Mine 2900 L 

Incident Angle: Til t AnglEt: 0° 

Co10 ur Ternper'1}:ure: 2360 K tungsterr filament S.E.!. 

-
R = 0.127 
cr = 0.035 off Angle 

-
10~ ISo 20° 25° 30° R = 0.096 

cr = Q,.028 

.' 

0° 
0.091 0.115 .0.115 0.078 0.159 
0.145 0.120 0.135 0.129 0.074 

-
45° 

0.182 0.145 0.085 0.151 0.065 
0.052 0.093 0.091 0.048 0.076 

90° 
0.080 0.159\ 0.170 0.096 0.089 
0.091, 0.145 0.048 0.060 0.105 

(1) 135° 
0.118 0.138 0.138 0.107 -

ri ~ 0.058 0.048 0.060 0.590 -
~ 

. . 
~---;; ~ --U.145 - - -

~ 0.063 - - -- Itf 
Cl) 

t--s~ 
2250 0.186 0.129 0.191 0.151 0.178 

0.120 0.093 0.063 0.060 0.129 

2700 0.129 0.145 0.091 0.115 o .1S1. 
0,.145 0.129 0.170 0.162 0.076 

315° 
0.096 0.062 0.151 0.120 0.102 

- 0.135 , 0.052 0.102:. 0.080 0.076 

- O.1~7 0.130 Rx Q'.'134 0.117 0.124 

~ 0.112 0.093 t1.096 0.085 0.089 

1 

~ 

. 
": 1 
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lŒFLECTIVITY DATA' 

Description: Ore 

Complex massive sulphide 

Predominantly pyrite, with chalco and pentlandite 
'" 

specular to semi specular. High~y spècular off pyrite. 

+ crystal facets IMM -. Matches off facets not possible. < 

Strathcona Mine, 2900 L 
Incident Angle: 00 Tilt Angle: -

C010ur Temperature: 2360 K tungsten filament S.E.!. 

R = 0.120 

o = 0.029 10° 150 

.0° 0.138 0.109 

45° 0.124 0.105 

90° 0.110 0.242 

(l) 130° 0.106 0.105 
.-t 
I:l'I 

~ 
1800 0.124 0.105 

'0 
rd 
~ .. 

2250 0.131 0.159 

.,. 
2700 0.095 0.145 

3150 t 

0.152 0.096 

0.123 0.133 

Off 

20° 

0.090 

0.100 

, 

0.097 

0.140 

-

0.139 

0.143 

0.121 

0.118 
~ 

Angle 

25° 

0.109 

0.105 

0.152 

0.108 

-

0.087 

0.120 

0.114 . 

0.114 

300 

0.f10 

0.084 

0.121 

-1 

-

0.112 
" 

0.091 

0.137 

0.109 

. 

, 

i 
Î 

i 

1 

l' 
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REFLECTIVITY DATA' 

, 

Description: Ore 

Massive su1phide, pentlandite and pyrrhotite 

specular, oxidized surface, Cu : Ni = 1:15 

MetalIie, irrideseènt, gold bronze • 
.. 

Birehtree Mine 108 orebody typieal ore 

00 
Incident Angle: Til t Angle: -

Colour T~rnperature: 2360 K tungsten filament S.E.I. 

R = 0.209 Off Angle 

10° 15° 20° 25° 30° 
= 0.041 a 

0° 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 0.28.7 0.261 0.205 

\ QJ 135° 0.188 0.228 0.171 0.192 -t-f 
\:11 

~ 
11l.00 0.181 

~ 
0.221 - - -. 

~ '" -
- 2250 0.200 0.165 0.173 0.161, 0.133 

,0 

2700 
. 

'" 0.188 ' 0.164 0.240 0:151 0.139 
, • 

315° 0.234 , 0.218 0.199" 0'.192 0.157 

ii x. 0.219 • ~.206 O.ilS 

-, ~ - -
4~ L •• j_, etI, ~ ~aa,.,.".,.f .. bJ ,!~<~ ,~ • _ -' '" .. }. J \ 

li 

Q 



, ----------

û 

o 

, 
" . 

~ - .' ," 

'/' l . _____ ..:.-...:.... _____ ,. _ ......... _ ........ ____ -', ___ -1_ Q 

- 224 -

REFLECTIVIT~ DATA' 

Description: Ore 
1 

Massive sulphides 

Pentlandite and pyrrhotite, highly specu1ar, . ). 

fresh surface, Cu : Ni = 1:15 

Birchtree Mine 108 ore body typica1 ore 

Incident Angle: ~o Tilt Angle: -

Colour Temperature: 2360 K .tungsten filament S.E.I. 

R =- 0.242 
. 

off Angle 

'" 0.060 
10Q 150 200 25° 30° 

1 

00 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 

QI 1350 e .18.5 0.157 0.232 0.1.61 -
M 
1:71 

-î . i J 

1800 0.232 0.1&0 .. - - -III . 
'" ~ " 

2250 0.261 . 0.249 0.238 "0.185 0.189 
.' 

. 
"210° 0.232 '0 ~ 1,47 

' /. -, 

0.193 0.222 .. ,O.21? . . .. . . ., ~ . . .... 
, ,. ;, ~ " ' . ~ .. ~ .. .. . . '" .... 

" 1 

31~0 0.279 ., 0.3'06 0.328 " '0 "3~14 " " O~~S2 
.. , . , 

,0.238 0.229' " 0.259 , 0,. 2-42" 'Ô. 24':6 ' 

• - ,1 

. ~. 
iï - ~ 

• 

'. 
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:rœFLECTIVITY DATA' 

Descri9tion: . Ore, 

Massive chalco and otber copper mtnerals 

Flin FIon Mine, H.B.M.& S. South Main 

4 V.P. square-set lower 3500 L 
t 

hangin9 wall 

Incident Angle: 0
0 Tilt ·Angle: 

Colour Temperature: 2360 K tun9s~en filament S.E.l. 

R ,., 0.589 . 

Off Angle 

a .. 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° 
1 

0.531, 0.59-6. 0.570 0.624 0.474 

135'0' 
0 

.QI 0.624 0.4~6 0.531 0.624 ( . -.-f 
t:1I 

.~ . . 
1800 0.786 0.6,69 

, 
'd - - -
ltI 
QI . { 
~. 

225° 0.596 . 1 O. ,751 '0.669' 0.624 0.496 . 
, " 

'2700 0.717 0.596 0.463 0.463 0.31·6 

315-0 - 0 .. 669 , 0.751 
'. 

0.474 0.474 0.485 , 
, , . . . , 

0.634 O. ~47 0.547 0.565 0.5:31 

. . ---- ' 

, 

, 1 

, ' ' 

, . 
" . 

~ __ ~ .ILl..- _ ... _:...-" _; ......... ' .::._ •• .... - .. '- ... ,-... - . • l , ,.~ ~ __ ' ~_'. ' 
-'-~'-;.< ... --. - ., 

'. 

• 
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REFLECTIVI~Y DATA' 
i ' 

/ 

Description:' Ore • Pyrite, sphalerite, minor chalcopyrite, ' 

5% Zn, 2% CU 

Light diffusè surface 70% of, field top readillg 
4 ~ t, , 

Park sp~cular surface 30% of field - bottorn r~adin9 

South Ma;i.n Min.e t' 4 V. P .. 'square set 
, 0 

Incident Angle: ' 0 Tilt An,g1e: 

", 

-' 

, , 

Colour Temperature: 2360 K tungsten filament S .,E. P. 

R 
Ç1 

-
R 
a 

= 0.168 
= 0.027 

'" 0.064 
= 0.010 

0° 

45° 

90° 
, 

CV 13S<:? ..... 
,t;J\ 

,,~ 
1800 

'0 
lU 
Ql' 

.~ 

"225° 
, , 

2700
. 

1 

, 

" -31So 

l,O~ 15° , 

. 
0 .. 139 0.139 
0.062 0.078 

0.175 . 0.152 
0.057 . 0.067 

, 
0'.210 ·0.183 
0.055, 0.039 . 

b.192 0.183 
0.055 0.049 

0.220· 0.201 
0.061 0.075 , , 

O.i83 0.156 
0.062 0.070 

0.215 0.187 
Ô .• 082 0.084 

O.13~ 0.145 
'0,.062 0.078 

! 

0.184 
0.068 

.' 
, , . 

Off . Angle 

200 

0.167 
0.070 

0.171 
0.058 

0.156 
0.068 

0.163,' 
0.().7.6 

... ' 
-. 

, , 

.0.139 
0:063 

0.171 
O. QG1 

0'.139 
9- 08,8 

0~158 

0.069 

250 ao~ 
, 

, . , 
0.167 il .13,6 
{l.058. 0.058 

0.192 0-.145 . 
0.078- 0.062 

. 

0,.145 0.'139 
0.047 0.066 

" 
, .. , 

0.1,39 -
0.057 -

-: -
- -. 

,O. 2~fO 0.l4.9 
0 .. 053, Ô.073 . 
0.139 0.175 
0.055 . {) .. 055 

, 

0~r49 ·,O.~lO_ 
0.0,~2 . '0.'054 .. 

9, 0~lS4 , 0:,..i7(, ,'~ 

O.059~' /0':061 ' " 

" 

,', 

'. ,-. , ~ . .. '. ~' '" 
1 

~ " 
'. i .... " 

',' ~ .. <} ~ 
'", 

, :'.' 1 ' • 

• 1 t. 

- -- ....... .........-- 7 - ",' ~ _ 1 1 

• 
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RÈFLECTIVI,',l'Y' PA'!A " 11 
, ' , 

" , 

Description: 'Ore ' , " -
'. ~'J ,,' _ • 1 :: :; 

, ,~ !J 

,,' 
. 
, " 

", 

,.' 

( .' 

" 1 Il 

comp'1:êx' massive su1phide,,'_ ~ain~y 'chalco:py,rite and sphalerite. 
clean, dry surface. No dtsti!lC!;t: -fields,,' " ' , 
top reading on'éha1copyrite S5~ çf field 
bottom !ieading on sphaleri~e:' 4'5\ of fit:;J.d 

~ '.. .. r j ~ " ~ 

S6ûth 'l ~ain Mine ~ y'~P. ." upp~t squa~è f?et 

, ' 

, ;. '0 
Incident Angle':' 0 

, ' 
, .!.fil t, Angle:. -
fi ' .~ - , 

, • 1 f ~ • 

Colour ~emperature: 2360 K tungsten 'filarnent,r S. E. 1. 
, - '( J.... .. 

" , " 

R 
a 

R 
a 

0 
, (, 

... 0.307 
'" 0_076 

" 

= 0\'.185 
= 0.048 

.. 
, '0° 

. '0 
4.5 

, . 

0 , .. Q;' 
""7' 90, ' . " 

c- . 
.) 

ai' 135°' ,04 
, ' tfI 

"~ \ 

1800 
rtS , 
lU 
(IJ 

ttt" 
, 

2250 

. 

2700 

" : 

315
0 

10° " 

0.224 
0'.224 , . 
o ~'l78 
0.141 

O~28~. 
'0.158 

O.30~ 
: 0.148 

:,0'.355, 
0.148~ 

0.282 
O.14S 

0.407 
O.i34 

0.295 
0.148,. 

0.291 

0.168 

.. 
" - ~ p'ff 'Angle .' - " . , . - . .. 

ISO .20°, 
, 

25° , 30~ , 

-

., ' - , 
0.631 ' " 

o ~ 355-~ 0:309,' , 0.28.2 
0.288',:, '" '0 .. 282 '0 .. 269 , 0.282 

, 

, 

' - ,O,.2~9 ' . O.2()9: 0,,229 : ,U', ~O4 l, 

\ :·0.170' (t.195 . Q.1,95 9·178', 
,\, .'" J 

O~"331'~' 
, 

" 
, ,. 

'''' .0.240 ' (f. 234 . 0'.214, 
;. 0 .148 . ' , 0 .1-5~L j 0.,1.48 0.1~9 .' , .-, 
,0 .. 2~9,',: O'~ 29S O. ,26,3 -
O'~'O66 O'~ :1,.11 0.·'148 ' -.. -. " , 

0.263 - - -
, 0,.3.8'6, . , - - '. -.. 
O.' 371', 0:363" 'O~3'8g 0.371 
0.155 Q.178 '0.1.83 {}.191, . 

" -, 

0.355" 0.389 , 'Q.'417 0.417,,, 
d. ;ll9 ()..178' 0.209 0.~?8 '), , . 

0.371 0.'331 {} .. 245 '- 0.43.7- , 
O.2QQ 10.21)0', 0.234 ,,0,_ 2>19 , ' ' ( 

, ' , 

o . .3?O 0.3.12 :'; '0'. 2,9~r' 0.318 
J ,Ç> • \, ' • 

'0.179' .' 0~1.8'6 0·.198' 0.19'9 
, , 

, \ 

" ~ "' 

" , .. 
, ,. 1 ~ , , r, 

J 

1 r:,k • '" 

", 
, '. 

.' 
/ 

,\ ",. 

" 

. " 

" 

, " 

, ,1 

, , 

• l'· 1 

, .-

" 
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REFLECTIVITY DATA 

Description: Or~ 

Sphalerite, dusty surface 

footwall contact 12% Zn 

Flin Flon Mine, H.B.M.& S.' South Main 

4 V.P. lower square~set 

Incident Angle: Til t Angle: 00 ~ 

Co10ur Temperature: 2360 K tungsten filament S.E.!. 

, 

R = 0.107 Off Angle 

9 "" 0.012 100 

'1... 
150 200 250 30° 

. , 
, ' 

, . 
. Î1f> 0.111 0.106 0.09Q 0.116 0.108 ' 

0 4S ;', 0.127 0,127 0.090 a.lOS O.O8~ . 
" 

900 0.127' 0.108 0.113 0.101 0.111 
-

Q) 1350 ()'.10a 0.108 0.108 0.101 -. 
.-t . 
tJ\ 

~ 
1800 

ra 0.111 0.090 - - -
"' Cl) 

22S
b iXl 

-0.127 0.113 0.108 0.11'6 0.113 , ' .-

2700 " 
-

0.092 0.111 0.099 Q.084 0.101 

" ; 

3i'?() . 0.118 , 0.108 0.121 
. 

r O.{)99 ()~ 092 
0 

0.115 0.109 .0 .~04 0'.104 

, , 
'. 

.J' _ • .w.. ___ ~ 

• ---- <- - -- -_.- .~--~-
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, 

REFLECT1VITY DATA' 

, 
Descript~~~~ 

Run-~f-muck from 1 V~P. 6 square set 

pyrite, 'minor chalcopyrite and sphalerite, 

fresh s~rface, 1itt1e dust, dry 

South Main Mine 

" 
-3250 Crusher 

A4 

Inoident'Ang1e: Til,t Angle: -

C010ur Temperature: 2360 K tun9sten filament' S.E.l. 

R = 0.253_ Off Angle . 
= 0.038 

100 15,0 20° 250 30° 

l , 

00 0.206 0.253 0.216 0.342 0.216 

450 0.236 0.201 0.242 0.226 0.211 

90° . " 0.259 0.312 0.334 0.231 . 0.216 

Q) 

.-1 1350 0.248 0.284 0.342 0.265- -
tJ\ 

~ 
. ... 

1800 0.242 0.304 - - -
't1 , 
rtJ 

& " 
, '. -

2250 0.271 0.259 '0.253 0'.253 0.253 -
, . 

- ~ . 
0 270 '" 0.271 ,0.231 0.253 0.271 0.271 

" ' 

" , 
' . 

3150 ' 0.21~ 
1 

0.25-3 0.192 0.259 . 0.201 ' , . , . 
, -

0.244' ·0.262' Q.262 

, , 

""~'. - J .. , 

.. 

JO 
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REFLECTIVITY DATA' 

Description: Ore. 
Massive sulphides in contact with wall rock 

Specular ore surface - top reading 

Diffuse wall rock surface - ~ttorn reading 

fresh, clean. 

SO\Jth Main Mine 

.. 

Incident Angle: 
~ 

Tilt Ailgle: -

Co10ur Temperature: 2360 ~ tungsten filament 

R 
a 

R 
a 

, 

= 0.178 
= 0.049 
= 0.096 
'" 0.014 

00 

. 
450 

90° 

1350 (J,I 
r-f 

~ 
180°' 

'''d ,fIJ 
-G) 
~ 

, -225° 

'270° , 

3150 

RX - ' l\c' 
" 

10° 

0.261 
0.109 

0.212 
0.101 

0.14.7 
0.097 

0.134 
0.114 , 
0'.114 
0.101 

0.165 
0.116 

0.180 
0.093 

' 0.20.7 
, - 0.104, 

0.177 

0.104 

" 

" 
Off Angle 

150 20° 25° 

0.222 0.125 0.232 
0.109 0.086 0.093 

0.154 0.172 0.154 
0.070 0 .. 101 l).061 . 
0.109 0.165 0.143 
0.073 0.090 0.061 , 

0.143,' 0.154 0.134 
0.082 0.097 0.086 

0.114 - -
0.119, - -
0.168' 0.172- 0.176 
0.097 0.095 Q.lQ9 

0.176 0.143, 0.217 
0.097, , d.082 0.10~ 

0.217 0.3'06 0.243 
" 0.106 " 0.097 0.097 

0.163 O~17Î 0.186 

0.094' 0.'093 0.088 

l" 

S.E.I. 

. 
30° 

0.227 
0.106 

0.154 
0.090 

0.122 
'0.109 

-.. 
,-
-

0.168 
Q'. ~22 

0.185 
0.091 

0'.278 
0.086 

0.189 

0.102 

1 
\ 

-, 

" . .. ",~.( . 
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REFLECTIVITY DATA' 

Description: Ore 
, 

Complex massive ~ulphide, fresh dry surface 

'Stobie Mine 

. 0° Incident Angle: 0
0 

Tilt Angle: 

C010ur Temperature: 2360 K tungsten filament 

, \ 
J 

R = ,0.4g9 Off Angle 

cr = 0.164 10° 150 20° 25° 
. 

00 0.507 0.385 0.232 0.385 

450 0.462 0.412 0.367· 0.292 

900 " 0.543 0.519 1 0.367 0,.442 

1350 
. 

Cll- 0.582 0.700 D..519 0.351 ..... 
0'1 

:â 
'0 1800 0.700 0.750 - ... 
~ 

& . 
2250 0.750 0.716 0.700 0.733 , 

2700 0.442 0.716 0.733 0.653 
~ 

, 

3150 0.507. 0.543, 0.462 0.531 

0.562' Q,.593 ,0.483 0.484 

S.E.!. 

30° 

0.260 
, 

0.285 

0.462 

-
-

0.462 
, 

0.596 

0.343 . 
0.324 

, . ' 

• ,. 

," 

• 
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REFLECTIVITY DATA' 

Massive Su1phides 

High chalcopyrite +, minor sphalerite, fresh, ç1ean 

surface, brassy ye110w, specular 

Schist Lake Mine 
<' 

Incident Angle: 00 Tilt ~gle: -
1 

'~ 

~-

Co1our Tempe~ature: 2360 K tungsten filament _~~~ , 

, \ 

=0.189 
\ 

itl Off Angle R 

o = 0~043 100 150 20° 25° \ 30° 
1 

, 

00 0.187 0.163 0.159 0.159 \ 
1 J 0.210 

450 0.205 0'.253 0.156 0.133 0.183 

'900 1 0.16~ 0.159 ' 0.167 0.201 0.163 
1 

IV 1350 0.183 0.171 0.167 0.12!} -r-I 

~ . 
1800 0.187 0 .. 210 - - .-ro '1' 

AS 

~ 
. ' . 

2250 , 0.133 0.271 0.253 0.264 .. \.205' -

2700 , 0.2'47 0.~63 0.271 o "1~5. 0\241 ", 

: 
. 0 o. ~6.3 , 0.183 0.183 0.205 ~.\79 31~· . 

Rx 0.184 0.197 0.194 0.177 0.197 . 
- t' 

" . , . , - , 
" 

,- - . . 
_L..,_ .. _:_._ :._ •. __ ... ___ . -_ ..... . - "- . .... 
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REFLECTIVITY DATA 

Description: Ore 

\ Massive su1phide 

Thompson Mine 

-------------ng1e: 150 Tilt Angle: 00 

Co1our Temperature: 2360 K tungsten filament 

.. 0.127 
~~ 

Off Angle R 

(] = 0.018 10° 15° 20° 25° 30° 

0° 0.108 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 

l , 

(l) 1.350 0.116 0.163 0.139 0.149 -.-f 
tn 
~ 

'''d 
Id 

180~ 0.130 0.130 - - -
~ 

2250 0.130 0.130 0.146 0.113 0.108 

2700 0.146 0.130 0.116 0.121 0.142 

315° 0.179 , 0.139- 0.116 0.121 0.094 -. - . . 
0.135 0.133 0.120 0.126 ,0.119 

ce 
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REFLECTIVITY DATA 

Description: Orè 

Massive sulphide 

Thompson Mine 
", 

Incident Angle: 300 Til t Angle: 00 

Colour Temperature: 2360 K tungsten filament 

.. . 
R = 0.125 Off Angle 

Cl = 0.014 10° 15° 20° 25° 30° 

, 
0° 0~ll5 0.107 0.129 0.110 0.155 

45° 0.135 0.129 0.118, 0.115 0.120 
, 

-.-
900 0.135 0.126 0.138 0.132., 0.126 

-' 

1350 QI 0.107 0.129 0.107 0.102 -..... 
'0\ 

~ 
1800 0.118- 0.115 - - -

~ 
dl 
QI ,. 
~ 

22SQ 0.155 0.129 0.129 
1 

,0.120 0.102 
, 
.. 

2700 0.129 0.129 0.155 0.120 0-.107, 

3150 0.135 0.1.35 0.135 0.123', O~123 , 
~ 

i. x 0.130 .0.126 o . 127 0 • 117 ' 0.1.22 
, -

" 1 

" 
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REF~ECTIVITY DATA 
, 

Description; Ore 

Messive Su1phide 

Thompson Mine 

Incident Angle: Tilt Angle: 0° 

C010ur Temperature: 2360 K tungsten filament S.E.!. 

R ::: 0.129 Off Angle 
cr "" 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 

QI 135° 0.104 0.107 0.104 0.109 -r-i 
b'J 

~ 
1800 6.151 0.131 - - -

'" Id 
QI . 
~ 

2250 0.15'8 0.151 0.128 0.151 0.151' - . 
2.700 0.154 0.158 0.141 0.128 0.125 

\ 

3150 0.169 . 0.131 0.151 0.089 0.~44 , 
0.144 0.130 0.129 0.115 0.127 

• 
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REFLECTIVITY DATA-

Description: Ore \, 

Disseminated to blebby comp1ex sulphide with pyrrhotite, -pentlandite predominating in high1y chloritized host 

rock, ch10ritic rock striated, du11 grey to shiny black. 

Dul1 Grey 20% of field top reading 

S~iny Black 80% of field botbom readinq 

Manibridqe Mine 

o 
Incident Angle: 0 Tilt Angle: 

Colour Temperature: 2360 K tungsten filament 

R 
cr 

R 
cr 

= 0.186 
= 0.032 

= 0.066 
... 0.022 

QI 
.-1 

~ 
rt:J 
Ils 

~ 
" 

00 

450 

900 

1350 

1800 

2250 

2700 

315
0 

~x 
R . x . 

100 

0.183 
0.101 

0.205 
0.050 

0.175 
0.084 

0.236 
0.105 

0.159 
0.052 

0.210 
0.071 

0.220 
0.063 

0.163 
0.043 ' 

0.194 

0.071 

150 

0,167 
0.073 

0.210 
0.053 

0.187 
0.043 

0.210 
0.042 ' 

0.110 
. 0.050 

0.159 
0.059 

0.'210 
0.110 

0.175 
0.040 ' 

0.179 

0.05-9 

Off Angle 

200 

0.175 
0.078 

0.159 
0.057 

0.159 
0.068 

0.220 
0.057 

-
-

0.259 
0.086 

0.145 
O. ()42. 

0.179 
0.118 

0.18S 

0.072 

250 

0.220 
0.070 

0.175 
0.058 

0.187 
0.054 

0'.16.7 
0.066 

-
-

0.2,01 
0.035 

0.201 
0.075 

0.139 
'0.P82' 

0.184' 

0.063 

S.E.!. 

300 

0.167 
0.076 

0.183 
0.035 

0.152 
0.052 

--
... 
-

'0.149, 
0.092' 

0.246' 
0.419 

0.220 
0.057 

0.186 

0.062 

• 



',' 
~, 

,. 

" 
~"'i 1 

• J' .~ 1 
, ~ tt • 

~, . ~:J,:> 

• -; "-

" 1 ", ,,lf 
t,b 

. ,'~ \ ',' 

r ........ '\.!:" 

o 

• 

.~,' 

, ' 
.... ' t ...... u _ U Lb' 

- 231 -

REFLECTIVITY DA~A 

. '" 
Description: Ore 

Blebby to disserninated cornplex su}phide ore in ~l~ramafic 

su1phides a 25%, ultramafic - 75% 

Manibridge Mine, F.N.M.L.· 4A stope 

Inciden:t Angle: 0
0 Til t Angle: -

Colour Temperature: 2360 K tungsten filament 

-
R ". 0.092 

cr ". 0.010 

.. 0° . 

45° 

90° 

QI 135° .-i 
1)\\ 

~ 
180

0 
't1 
ttS 

~ 
225° 

- . 

270Q. 

3150 

-
R.X 

100 

0.083 

0.107 

0..102 

0.100 

O.lOO 

0.102' 

0.098 

0.100 

0.099 

~ 

/ 

1 

Off Angle 

150 200 250' 

. 
0.105 0.083 0.107 

-

0.091 0.102 -0.096 

0..098 0.083 0.085 

" , 

0,.091 0 .. 085 0.110 . 
, 

'0.076 - '-

0.107 0.098 0.087 
- --

0.091 0'.069 0.080 
'I!. 

0.0,83 0.0111 . 0.085· 

0.093 

S.E.!. 

300 

' 0.098 

0.102 

0.083 

~ 

-
-

0.091, 

0.080 
, 

0.080 

0.0l!9 
, , 

.. --".- '_--"'---

.Q 

_ .. _-- .-- - ------ Lel _ i &412 J)4~~.i.I ~ .. { .. p, .. 
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Description: Ore 

Run of muck 

• l 

- 238 

REFLECX!VITY DATA-

.' 

dirty, grey, dry, dusty, qiffuse. 

Ore mine~als not identifiable ,. 
• u ... , 

~, 

Brunswick Mine, 2959 C~Qsher 'Station 

, .. '\ ., . , . ,., "" , 

\ 
\ 

\ 
\ 

\ 

\ 

Incident Angle: 0
0 Tilt Angle: 00 

Colour Temperature: 236p K tungSten filament 

, . 
\ 

.... 

-
R 

cr 

-

1 

= 0.152 

0: 0.011 

- -

0° 

45° 

90° 
( 

CI) ].,350 
..... 
b't '. 

~ 
1800 

,rd . 
Id 

~ J 

2~5° 

2700 

31So 

'-

~ J::. .. _ .. 1. r .-

100 

-

0.166 

-

- '.1 
-

'0.169 

, 

-
0.167 

, 

- 1 

, 0.167 

.. , 

• Off. Angle, , 
< • . 

1.5° 20° 250 . 
: 

0.155 - 0.145 .. , 

- - -
0 

. 
0.157 - 1 

~ ... \- .,~, -. ~ "'-0':1,52 0.149 -
, , , 

,- -0.157 - . -. 
: . 

- 0.147 Ô .14 8 . 
- . 

- - - . 
" 

-ç . 0:'154 -
0.156 0.151 0.'147' 

, , 

M.I. 

30°· 

-. 
0.140 

0.136 

- ' 

-

0.140 

r 
" 

0.143 

0.140 

", 

l , 
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~~L~èTlVlTY DATA' 

, ' 

Descr.iption: Ore 
l ~ .. ,' 

" 

compièx sulphide, pyrite dominatihg, alsp,s~nale~iteJ 

gal.ena, pyrrhotite.' Dissemination· ,is' very 'fine. 

Dusty, d~ surface. 

Brunswick' Mine, 62 F.W'. 

Incident Angl~: 0° 

1900'West ote ~one 
.. 
'tilt Angle: 

, 

0' o 

Colour Temperature: 2360'K tungsten filament S.E.I. 

R =0.148 

CT = 0.041 
. 

0° 

" 45° . 
.90° 

, 

'QI 135°-
,~, 
~' 

180° ,'g 
~ . " 

2250 , 

2700 

. 
'3150 ' . 

10° 15° 

0'.132 0.195 

. " . 
,O.13~ o .16~' 

\ 

0.158 0.155 

, , 
" 

0.'162. O~ 169'-

'0.173 0: 148,' , 

0.148 0.135 
" 1 

'0.190 ' . 0.169 
, 

'().17~·, 0 .. 162 ,. 
\ 

'.' -
"0,.159 ' 

" ' 
,', 

~ ( • ~I ' 
,'1 , 

Off Angle 

20~ 
• \ 

• 
,0.126 

, 0.135. 

0.158 

0.155 

'. 
" -

' 0.155, 

.' 0/1.3'5 

0.135', 

" 

25° 

\ 
~ 

0.129, 

0.'129 

0.166 

0.162 

-
, 

0.129 -
0' .. 151 " 
. 

, 

O.·,XO~, " 
. , 

" 

, " , '. , , , 
, " 

• r ~l' ,,~ •• _,'" ~'~"""-_ ~ 

, 

, 

1 

30° 

0.107 , 

0.129 

0.148 

-

-. 
0.132 

. ' 

' , 

0.135 
1 

0.132 
\ 

" " " .. . 
'~.l~O" 

, , .. 

" 

. 

, 

" 

.... :- ... 

/' 

.' 

',-
'. , 

,'\. , 

0. 

" 

r.. • 
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REFLECT!VITY DATA-

... 
Description: Ore 

,Talc,' 

White te grey, fine gr~ined to powdery surface, diffuse 

(iry. .. 
White 33~ of field - top reading 

Grey 67% of field - bottom reading 

Baker Talc ~ine, (GO L , South Cross-cut 
1 

Jnc'ident Angle: 0° Tilt 'Angle: 0° 

Colour Temp'erature:' 2360 K tungsten ,filament S.E.l. 

R 
il (] 

-
~ 
cr 

. . " 

'. 

== 0.678 
== 0.079 

= 0.337 
;.. 0.040 

~ 

1 0° , 

45° 

90Q 

1350 . Cl) 
'r-! 

b'I 
~- ~ , 

'. 

180° 
, 

~ 
lU 

·tt . 
225

0 

27·0° 

, , 

3150 

10° . 

0.576' 
0.306 

0.801 
0.,385 

cr. 702 
0.380 

Q .-623" 
,0.336, 

0.603· 
0.394 

0'.6$1 
0.337 

0.670 
0.336 , , 

0.773 
'0.363 

0/675 

0.355 
,"Ii', 

, 

, J. ,-' 

15° 

0.636 
0.339 

0.689 
0.409 

0.8l5 
0.335 

O. f;61 
'0.345. 

0.70B 
0.302 

0.646 
0.,300 

0: 701 
0.305 , 

0.668 
{)';289 

'0.690 
, " 

0.328 

. 

. 
, 0' 

Off Angle ' . 
20° 

0.717 
0.359 

0.·589 
0.342' 

0.768' 
0.409 

" 0.642 
q.34'8 

, 

-
-

0.751 
,0.352 

O~. 610 
0.348 

0.689 
0.339 

Q.689 

-0.357 

. 

25° 30° 

0.662 0.717 
0.409 0.331 

0.671 ' 0.673 
0.331 0.351 

0.625 o ~ 8'09 
0.372 0.306 

0.573 -
0.336 -

- -- -
0.682 0.586 , 

. 0:. 245 6~ 274 

0.785 ',0.6135 
0.275 0.289 

0.,759 0.443 
0.355" 0.280 

,~ 

o ~ 6'~O!-~ '- ~ • 652 i " 

0.33.2 ,0.306" 

, 

1 

. 
l" 

1 • 
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REFLECTIV~TY"DA~A' " 

'. 

Description: Ore ," . , 
" 

Magnesite , . 
. 

White, crystall'.ine,' ~pecu1ar; )-lOmoge~eou's," c1ea!l,-' .dry. 
, , 

"Kilmar 'Mine 

Colour Temperature: 

" v " ;. , 

" 

2360."K' tungsten, 
~ , 

, , . 

, 

< - ~ 'i'i~t: Al}gl,~:, 
" [.. A 
filament " 

i «,'1 

, . 
" . 

" Off' A:pgle ,-
I~------~r--r--,----~"~~'--~,~------~~----~--~ .. 

(1 .. 0.018 

0.863' 

.' 
• .1,-

, -

0.896' 

0,883 

, , 

'iiSo,," ÛJ~' , .2SÇ) 

-' , 

0.903 

O.89~ 
"' , 

• 0 • 

. ' 

... . 
. . 

t r ~ \ . " 

0;892 
\ . " 

, ' 
" , 

0.8'.4 5 

o ~ 892 ' 0.811 

1 .' ... - .~--

Q.892 

(}'.885 

,o. 8~~~ 

", 

, -
: O. B6'6 

''0.877 

~o:a81 

O.~71 
'. 

", 

, , 

.. 

, , 

':lI .... r', . 
r' 
1 

'l • 
" 

:. 1 

" , 
j, . , 

• t~ 

",:' 
,. 1 

" 
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m;:FLECTIVITY DA'l'A -

Desctiption: Rock 

Quartz diorite gneiss. 'Bànded texture wi th ~ltering 
whi te light grey and dark grey 1 cm ± bands. Thick" 
bands allpw Séparate readings. 

, . ' 

Quartz band 30% of field - top reading 
Diorite Band 30% of field - bot tom reading 
O.D. Band 40% of field - intemediate reading 

Strathcona Mine, 22-~O-32 stope, F.W. rock 

Incident Angle: 0° Tilt Angle: 0° 

Co10ur Temperature: 2360 K tungsten filament 

R 
0' 

F-
a 
R 
0' 

= 0.409 
= 0.048 
= 0.285 
... 0.042 
= 0.168 
= n O':f4 

0° 

45° 

~Oo 

Q) 135°, 
.-1 
t1I 

~, 
ra' 

,lU 

ft 

, 

lào9 

'225°' 
-
- • 
21(J~ 
- , 

.ji5'~ 
. 

fi 

R . 
le 

. 

Off Angle 

100 15° 20° 

0.439 0.357 0,.357 
O. ~83 0.270 0.179 
o 175 0.179 0.).18 
0-.459 0.373 0.382 
0.277 0·283 0.252 
o 179 o 183 0.127 
0.400 0.527 0.389 
O~ 301 0.»1 0.277 
() 159 0.236 OA 187 
0.'365 . 0.4'00 0.348 

,,0.325 0\,218, 0.252 
0215 o 191 0·.171 
O-~449 0.3'48 - -
Ô.283 , 0.277 -
o l56 o 2(Ù -
0.419 0.459 . .'0·.470 
0.391 0.2tp 0.382, 
() .183 - o 225 O~ i79 
O~ 373 0.391 0.391 

~ 0.264 0.215 0.270 
0.179 0' Q9), o 142 
0.;; 4.4.9 " 0.15.7 0.357 
0.303 f 0.2'25 0.264 

. n 14~ ,'0"191, 0,167 
0.-419 O.40~ , 0.385 

0'.303 . 0'.268 0.268 
.,., .. r .. 

{) .174.' '_ 0 ~ 181 : , . (),.156 ,. 

25° 

-
0.391 
0.325 
0.175 
0.365 
0.264 
0.156 
0.365 
0.357 
0.18'1 
0.400-
0:2$2 

' 0.191 . 
--.. 

0;449 
0.333 
C.201 

'0.449 
0.283 
() .183 
0.504, 
0.283 ' 
o 187 

-0.416' 

O.30Q' 

. 0.132 

s ~ E. 1. 

. 

300 

. 
0.504 
0.341 
0.179 
o-.4!9 
0.277 
0.:1.42 
0.373 
0.252 
0.225 

-
-- . 
--,.. 

O. '373 
,0 .. 264 
0,,14-2 

o.~~ O. 7 
0.220 
0 .. 429 ' 
0':'2--90 

. O' .. 241 
O. 42,~' 

1 

, ,,0'. 2rS4 
r 

. '0 .. 192-

, . . 

" . 
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REFLECTIVITY DATA . 

Description: Rock 

Quartz diorite, white ta grey 

~ 

Strathcona Mine - 2125 L 22-30-32 stope ... 

Incident Angle: 0° Tilt Angle: 

Colour Temperature: 2360 K tungste~ filament S.E.I. 

R = 0.159 . 
a = 0.018 10° 

00 0.183 

450 0.163 

90° 0.175 

Q) 135° 0.139' 
'M . 

C\ 

~ l'SOo 
'Ô 

0.167 
. ,,1tS 

, 'CQ ~ , 

: 

, -, 

l!4: 
225° , 

, 

, 

'270° 

31~o 

, ' 

- ' . .... 
CR 
,x 

," . 
~. .:.. ' 

: ~ 1 -, _ 

. 
0.098 

" . ' 
'O'.'l83 

- . 
; 

O~i49' 
, , . 

,'. '- -f, ~ ~. -

. " 
t, • _ ~ • 

. .~, 

15° 

0.163 

0.156 

0.156 

0.130 

0.17.1 

0.lS6 
-, 

. . , ., 
.0.175 

". " 

) 

O~ :lOS'. 
< 

, -
' .. ' .. 

" 

1 

1 

Off Angle 

20° 

0.167 

0.152 

0.163 

0.130 

-. -. , : 

0:,,18.7 " 

- -
• -', 

- 0"'17,9. 
- " " 

0'.14'9 - . ' 

-

',/ 
, ' 

-
-

25° 30° 

1 
0.183 0.163 

0.163 0,139 

0.156 0.163 

'0.'175 Il, 
, -

, 

..... , - -- , ' 
, , 

-

0'-149 '0.l'56 
" 

0-;'130 -.0.119 
> . . 

-, , 

0.163, , . ~~ :(63 , 
, -, 

-
0.157, 

_ ,t , #>- ~ r ,~. l ' 

" 
" 
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.. REFLECTIVITY DATA' 

Description: Rock , Q 

Chlorite schist, 'sorne specplarity, grey to green-grey, 

typical ha~ging wall cleavage plane. 

Top readings taken with S.E.I. 

Bottom rè'adings taken wi th MacBeth. 
:"1 

~hompson Mine T-l shaft 2400 L \2-38 st~ 
Incident Angle: 00 Til t Angle: 00 

,_JI". 

Colour Temperature: 2360 K tungsten filament S. E'. 1. & M.!. 

R 
CJ 

R 
CJ 

" 

= 0.172 
= 0.040 

= 0.167 
= 0.024 

0° 

45° 

90° 

1350 CI) 
M 
tl\ 

~ 
1800 

'CS 
Ils : 

?2SQ 

2700 
\ 

-3lS0 
-

~ 
1\c 

........ 

, 

10° 150 

0.187 0.191 
0.197 0.193 

0.187 0.230 
0.221 O. 2l9-

. 0.214 0 .. 241 
0.209 0.205 

0.219 0.191 
- 0:196 0.182 
.. 
0.152 0.152 
0.175 0.162 

0.126 0.138' 
O~162 O.I~_4 . .. 
0.152 0.145 
0.1,76 0.~59 

'0.191 0.16,3 
0.'190. 0.178 

0.179 0·.1,~1 

0.191 " 0.182 

;.. 
, , 

Off Angle ~ 

200 250 300 

0.182 0.163 0.107 
0.183 0.165 0.156 

0.241 0.209 0.170 
0.199 0.177 0.168 

0.205 ,0.241 0.200 
0.191 0.182 0.167 

0'.200 ·0.163 -
0.176 0.169 -

- - -- - -, 
. - : . . 

O.lft 0.121 0.115 
0.148 6.136 0.132. . ' 

0.191 0.159 0.121 
0.147 0.1.40 0.130 

0.152 O.~21 0 .• 11'5 
'0.159 0.150 ' 0.144 

k 

0.185 0.167 0.139 

0.112 0.136, 0.150 

, 1 

. ~ . 

.. 

f 
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u 
REFLECTlVlTY DATA' f 

Description: Rock 

Ch10rite schist, slightly specular, grey to green-grey, 

typical '~anging wall cleavage, plane. 

Thompson Mine T-l shaft ' 2400 L 2-38 stope 

Incident Angle: ' IS° . 00 
Tl.lt Angle: 

, " 

Colour Temperature: 2360 K tungsten filament S.E.l. 

R = 0.123 Off .Angle 

a .:: 0.021 100 15° 20° 25° 30° 

0° 0.143 0.125 ' '0.104 0.111 0.119 . 
1 

, 

450 " 

0.i19 0.099 0.119 . 0.125 0.148 . 
90°' 0.157 0.189 0.157 0.157 0.147 

, , 

1350 
, 

Q) 0.099 0.114 0.109 0.1~4 -ri 
t'J\ , 

,~ 1 

~ 180° 0.147 
,-

'd 
0.131 - -

111 ' , 

, , 
Q) 

O.l~ p; 
2250 0.119 . 0.09,9 0.140 0.099 ,. . 

\ . , 
2700 0.131 J).ll9 0.147 0.104 ,~.114 

, , .. 

: .. (Ct.'" 
J.. -c!J 

31~o O~122. t 0.125 , O. ~Q4, 0.104 
) , 

0.099 .. 
" 

0.125>' 0.130" 0.126 0.117 0.118 

" .. .... 
f~ .... > .. 
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REFLECTIVITY DATA' . .... 

Description: Rock 
.~ 

Ch10rite schist, slightly specular, grey to green-grey, 

typical hariging wall cl~avage plane ,. 
Thompson Mine T-1 shaft 2400 L 2-38 stope 

~ncident Angle: 30° Tilt Angle: 0° , 

Colour Temperat~re: 2360 K tungsten filament S.E.I. 

. 
. 

R 0.106 .. 
(l()ff Angle 

cr "" 0.019 10° 150 20° 29° '30° 

0° 0.10B 0.108 0.108 0.111 0.133 

45° 0.116 0.096 0.088 0.088 0.103 

90° 
u 

0 .. 096 0.121 , 0.111 0.088 0.124 • 

CD 1350 0 .. 130 0.118 0.099 0.070 -
...-f 
t:J\ 

:a -
rcJ 1800 0.106 0.Q82 - - - , 
ns 
~ 

2250 0.139 0.092 - 0.101 0.111 ,0.108 -
-

-270° 0.:090 . 0.101 0.160 o . ,1 l,l , ) 0.142 , 

If.: 

3150 0.094 . '0.090, 0.103 0.084 0.070. 

0.110 0.101 '0.110 0.095, 0.113 
. .... 

• 

\. J 
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REFLECTIVITY DATA 

Description: Rock 

Chlorite schist, slight1y specular, grey to green-grey, 

typical hanging wall c1eavage plane. 

Thomp'son Mil'le T-1 shaft 2400 L 2-38 stope 

Incident Angle: Tilt Angle: 

Colour Temperature: 2360 K tungsten filament S.E.I. 

R = 0.116 Off Angle 

cr ". 0.031 10° 15° 20° 25° 30° 

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 

~ 

Q) 13So 0.089 0.108 . 0.103 0.085. -
r-I 
t7'I 

~ 
1800 0.085 0.195 ;.. - -

~ t 
Id" 

, r! 
22 sC:> 0.118 0.132 0.113 0.192 0.145 

d'9 . J 

210? 0.110 0.108 0.170 0.~74 0.159 

3150 0.132 0.110 0.'135 0.152 0.085 . 
0.102 0.123 0.115 

, 
'0.132 0.109 

II 

" 

, 
T - .... _ .. ' 
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REFLECTIVITY DATA -

Description: Rock 

Biotite schist, grey, highly specular with diffuse bands. 
Spec~lar dark and diffuse light bands interchange with 
viewing angle. 

Diffuse surface 50% of field gives sorne v~riation - top reading 

'-, 

• 1 

Specu1ar surface, 50% of field shows' high variation - bottom reading 

Thompson Mine T-l shaft 2400 L 2-38 stope F. W .. 

Incident Angle: 0° Tilt Angle: 00 

Co10ur Temperature: 2360 K tungsten filament S.~.I. 

R 
cr 

R 
cr 

= 0.288 
'" 0.056 

'" 0.208 
'" 0.100 

0° 

45° 

90° 

1350 Cl) 
r-f 

~ 
1800 

rd as 
& 

2'250 

2700 

3150 

RX 
.~ .. 

. 

10° 15° 

. 
0.315 0.269 
0.158 0.141 

0.315 0.308 
0.182 0~129 

0.262 0.269 
0.126 0.166' 

0.256 O. '256 
0.155 0.222 

0.362 0.294 
0.199 0.158 

0.308 0.323 , 

Q.397 ,0 p 379 

0.288 . 0.269 
'0.120 o ~ 416, 

0.330 0.426-
o .13S 1 o .~94 

0.305 0'.302 
. }. 

9·184 0 •. 226 

Off Angle 

200 25° 30° 

0.256 0.308 - 0.315 
0.141 0.135 0.223 

0.256 0.239 0.223 
O. i99 0.158 0.123 

0.275 0.213 0.223 
0.177 ' 0.126 O.10~ 

0.239 0.223 -
0.120' 0.1-26 -

- - - . - - -. 
0.354 0.'251 0.199 

,0.1!i9 0.330 0.406 

' 0 .. 281. 0.281 0.262 
Ct. 40-6" 0.397 c 0.330 

"': , -.II .,~ " 

'0.232 0.467 0.315 
0.151 0.190 0.158 

<, 

0.·283 Ô.283 0.256, 

: 0.1'99 0.2.,09 0;22'4:· 

, ' 

, 
" 

• 
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REFLECTIVITY DATA' 

.Y Description: Rock 

Biotite gneiss, 1ight grey to dark grey, dry, clean, 

sorne specu1arity off plagioclase, fresh grainy surface , 
Birchtree Mine 108 orebody, typical hanging wall rock 

Incident Angle: ~lt Angle: 

Colour Temperature: 2360 K tungsten filament S.E.I. 

R = 0.181 Off Angle 
• 

cr = 0.019 10° 15° 2Qo 250 30° 

0° 0.204 0.216 0.194 0.190 Q.188 

45° .0.210 0.194 l 0.167 . 0.169 0.188 . 
, 

90? 0.'196 0.149' 0.190 0.179 - ,0.167 " 

. . -
G) 135° " 0.176 0.185 :',0.0:153 p.I-73 ... 
M 

r 
'180° 'tS 

0.153 0.172' - - -
lU ' -

i 
'225° ~- 0.210 0.205 0.177 0 •. 211 ' () .'151 

" - , ' . 
-

" . . 
2700 ,0.112 0.160 0.166 0.168 '0.190 

-, . , 
, , , . 

31So 0.194 " 0.176. 0.162 ' 0.194 , 0.156' 

~ ,0.189 0.182 0.173 0.183' 0.173 

1 

.? , , ,.-.... ' ' 
, _ ......... _- _J.._..J _. _..J. __ 

_' .. - • - .. ----- 1 
~ ....... -... ~~ 

, 
, 

l 
r 
~ 
1 , , 

! 

1 
, ! 

,) , 

.. _'_"_J 
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REFLECTIVITY DATA' 

Description: Rock 

Serpentine schist, green, plat y cleavage, dry, clean 

Manibridge Mine 

Incident Angle: 0° Tilt Angle: 

Colour Temperature: 2360 K tungsten filament S.E.l. 

R = 0.298 
Off Angle 

a = 0.040 
10° 15° 20° 25° 30° 

0° 0.342 0-.-284 0;305 0.226 0.284 

45° 0.358 0.298 0.231 _ 0.226 0'-254 
1 

90° 0.298 0.334 0.284 0: 272 0.254 

Q) f35° 0.358 0.278 0.305 0.248 ... 
~ 

~ 
180° 0.319 

, 
O.~42 - - -'Tl 

ro 
Q) 
~ 

2250 
0.33~ 0.358 0.284 0.366 0.,278 

- " 

, 270° 0.35'8 0.272 0.254 0.291 O.2e:4' 

. 
,31

0

5° O. ~84 t 0.34'2'0, 0.319. 0.2913 ... -0.291 
, 

.. 

fi' . x 0.331 0.314 0-.283 0,.215' 

• 0' 

, ,., 
. " 

, ... . ': \ - . 
-- ~ ___ • --.. _ •• --..-... \.. _-4-__ ..... _ .. _ .. _~ ,_ ... _ • ,. 

\ , \ 

',., l' 

• 
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REFLECTIVITY DA~A' 

Description: Rock 

Serpentine schist, white to gteenish white, fibrous, 

high gloss areas change position with changes in Qff 

and record angles. Top readin~ on diffuse a~eas, 

bottom reading on gloss areas. 

Manibridge Mine 

Incident Angle: 00 Tilt Angle: 

Co'lour Temperature: 2360}( tungsten filament S.E.!. 

R = 0.394 
cr =0.074 

R = 0.676 10° 
cr "" 0 .181 

0
0 0.363 

0.913 

45° 
0.347 

.. ~ ... . ' 0.956 

90° 
0.,4'37 
1.024 

CP .135° 
0.589 

ro4 ·0.832 

~ 
, 

180° .0.479 
ra 0'.913 
II:S 

~ 
225~ 0.:355 

. 0.457 . . . ' 

2700 O."3eO 
" 0.513 , . 

, .. 
31So O.~ 363 
, .0.70S ' 

". Rx ";0.414 

. R: Q ~ 790 
, '" x <_ 

, ~ .. ' 
\ , 

15° 

0.347 
0.692 

0.408 
0.67'7 

0.437 
1. 024 . 
" [' 

0.468 
0.4,57 

0.513 
0.725 

t>.355' 
0.576 

0.372 
0.759 .. 
'0~'~02 

.' 0.646 

0.400 

0.694 

Off Angle 

20° 25° 

0.302 0.324 
0.795 0.576 

0.289 ' 0.355 
~ 0.513 0.576 

0.363 0.513 
0.913 0.913 

0.408 0.537 
0.725 O. 91~ , 

. 

- -. 
- -

0.380 0.502 
0.5.76 , 0;502 

. ' 

0.447 0.437 
0.576 ' ,0.479 

0.-339 
0.576 

l, 

, 0 ~ 361 

0.668 

,. 
0.289 
0.589 

0.422 

0;650 

• 

30° 

0.380 
0.742 

0.398 
0 .. 661 

0.363 
0.502 

-
-
-' ... , 

0.408 
0.408 

0,.289 
0.363 

0;363 
0.516-, 

0 •. 367' 
0.5.42 

" 

, 

.' , 

\' 

" , 

l ' __ , . 
. " - ~ ""-,-,~ _. ~ _ .. - _ ...... _ ........ ,_' _~ ____ '''1 , i>' "l,' 

"v, .... ~. _ '-'" _ ..... ~ .... .,.~_ ~. ~'. 
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Description: Rock 

. Pegina ti,te, granite, clean," d~y,: pred~minant1y p..Î:n~ 

, feld~par, specular on str~ated surfa6es. 

Manibridge Mine 
1 

lncident Angle: 0° 
, 

Co1our Temperature: ,2360 K tungsten fil~ent 

-R ..: 0.247 Off Angle 

(] • 0.014 10° 15° 20° 25° 30° 
-

0° Q.265 9. 22 3- 0.254 ' _ 0.246 0.237 

0 ,,45 0.233 0.229 0.220 0.248 0.243 

900 
0.23.1 0.250 '0.,26,1 0.248 ' 0.242 

, 

, 
1350 cu ' 0.254 .-1 . Oij2S7 0~259 0.257 -

g 1 
' . 

1aO
o , 

rg 0-.243" • 0.25,6' - ~ -, 
cu· " , . 
~ 

2250
, 0.264 , 0.251 . 0,.254 0.251 0.248' 

. 

270°' 0.255. 0.265 .O·.22~ 0 •. 26,5 '0.2051 
l' .. . - , 

3i5~ 
, 

0.'2,40 o ~.,259' 0.227 . O. 2~8 0.254 , , 
1 

0.247 

:: ~ .. 

J) 

. , 

'. 

, .' 
'1 
,~ .-

, 

, . " (~ 

• 

. , 
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Description: Rock 

',' 

253 -
,- " . ,: 

REFLECTIVITY PA~' 

'- , 
" 

, 

, r, 
1 \\, 

<. ' 

, 1 

, . 

ultramafic, coarse .. grained, dark grey to b,lack to 

green dùe to epidote. 

Cl~an fresh surface, diffuse~ , . . 
" . 

, " 

Manibridge Mine 

Incident Angle:, 0° 

5th L Hànging Wall Roc~ 

,7il t Angle: -

Colour Temperature: 2360 K "tun~sten filament' S. E. 1. 

" 

• , 

, o ' 

• ,* ;~.: 

i , 
r 
i ' ~ 

. ! . 
, ; 

" 

, " , . , , 

, ~""-

{ , 

,'" ' .. 

R 

cr 

" 

.. 

• 

= 0.070 
-

= 0.008 100 

. '0° 0.058 

45° 0.Çl73 

. : . 

90° 0.061 ' 
-

cu. 1350 9.073' 
ri 
~ 

~, '-~80~ ''Ô 0.082 
lU 

'II) 
~ 

225° 1 0.071' 
,1 " '. 

, \ , ,. 
i-Jaoo 0.058 

" " . , 

"315° 0.080 , 

. -
~x 

4 0.07° ~ 

" 

'.' 

, Off lt-ngle 
j. 

150 20° 25° 30° 

. 
0.060 0.061 0'.075 0.075 

, 

0.073 0,. 061 1 
o ~ 064 0 .. '072 
.'" . 

~ 

0.067 0'.064 9.,075 0.061 , . 
" , 

0.'0'6'4- 0.061 0(.065 
" -, 

.,' 

-0.070 . - - -
, ' 

1 ,', " 
/ 

/ 0.064 
, 

0.07,5" 0.082 1 0'.079 
' -

0.065/ 
, 

0.064, . (}.064 '0'.064 
, 

,f 

0.09':2 0.077 
. 

, 0.015 0.077 
1 

1 , 
.. 

0.071 ,6.067 0.'069' 0.071 ... 

> 

.' 

, 1 
t 
1 
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Description: Roçk 

" 
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REFLECT.IVITY ,DATA' 
,.,~ 

u' 

'~l tramafic;' dark grey, clean, dry surface, dull' diffusè, 

haokly fracture, preferentia1 c1eavage on white to light 

grey carbonate·vein~~ts. 

Manibridge Mine 
l ' 

• 0 
Incident Angle: 0' 

'" 
Tilt ~9le: -

Colour Temperature: 2360 K tungsten filament S.E.I. . 
, , 

R = 0'.096 Off Angle 
, " 0 150 20° 25° 30~ 

-
= 0.012 10 . cr . 

, . 
~ 

o. 08:~ 
< > 

, , 
0° 0.096 0909,2 0.113 .0 :096 

j- '> 

.. 
, , -. / , -

.45° 0 •. 113 O':~094 0.078 p~094 0.090 
, 

, . 90° 0.09,6 'O.O~ ·0.086 0.094 '0.090 
, . , , ' . , . . , 

. 
135?' 

, . 
Q) 0.101 0,.096 0.086 '0.082 -' .. . - >-

.... " 
, f 

1800 0 .. 08-2 0'.084 . - .. - - -
- . . . 

, ,-

j 

rd 
1\1 

~ ., 111" 

Q) <. 

~ 
, 

225
0 0.108 0.10). '. Q'~ 092 .().O~2 '0.086 . 

, -
~. . . ' , . .. 1.' • 

2700 
. , 

O. 09~'· 0.082 0 .. '094 0.118 o-.~98 ,. 
1 

J ' 
'" , . , 

3150 0.088 
1 

',0.124 O.i21" 0.113 Q •• 1'08, 
, .... , • . 

, .' " 

, . fix \ 
,'.' \ 

, , 

0.096 0.097 o • 096 '. 0.09;8' 0,093 '.' ." 

. . . . ~ . , ."t 
\'" . .... , - -~ ...... _ .. - .- .. -

" 

.. 
• 
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, • REFLECTIVITY 'DATA' , 
,.' 

,f. , . , . 
. \ 

Oe.scription: Rock . . .. , 

Dior i 'te ~ 'typic'a~ faotwall· l!'ock, nea,r contact; dry,;:' ~lean, 
.' . , \ 

.l" 
Flin FIon Mine ~ a .'B,.M. & S •. South Main' . , , 

~ • t' 

.'4 v. i? upper " , 

Incident ~ngle: 0° , , , " Ti.lt' An.gle: '-. . . 

Colour Temperatùre: 2360' 1{ tung,sten' filamen;t , 
, .' 

. 
. . 

= 0 •. 135 . 

C1 = 0.018 10° . 
, 

, , 

0' 

" 15° .. 

. 

, .. " 
> 

. . 
" , 

Of.f "Angl.~ . 
10° 

. 
25° 
1 

1 

'S.E.!.' 

, 

'30° ., 
. . , 

". 

l, 

.' , .- ~ , 

" ' 

,. . . 

11 

\'l 

'" , . 

. ' 
" 

•• 1 

"', 

.. 
( ~ ,f 1 O.' Q •. 138. ,-O~ Q.IZ3 0.i23 0.155 . 

" 

" 

" \ . 
CD 
r-I , '. 
tn 

:~. 
• 

'0 
ct:l' 

'I~ 
, ~. 

, . 
•• l " 

. 

, 

'. 

" . 

4S() 

' :9'0° 

0 

135~ 

180° . 
'. 

'22S() 

'2'7"po' 

315°, 

. , .. 

~ . 

0,.·151', 

o ;.lS~, 
, 

0;.145' 
. 

0.1'4'8 . 
" 

. 0.151 
-

" 0:126 
,'. 

, . , O~1i7 1 
,1 

, . 
·0.14.2' 

" . 
... ' 

" 
~ ~ 

" 

'O.l.M 0'.'1:45 '0.123 
~ . , 

. '0' •. 148 0.135 0.155 . , . 
' ' 

., 

OaS5 0.1313- O .. ~51-. . . 
" " 

10 .• 155 
\ . 

-' ..... 
'" , 

, 

'0.15,$ 0.,1.15 0~~58 
" '. . 

, 
0.123 0."115 0.155 , 

, , . , 
" .' 

OM120 o .'·}:·17 0~102 " . 
• , • ~ Jo 

',{)~136 '0.:127· .. · O.,l~,~· . , . , . , . 

.. ' 
• 1 

. '. ~ ___ ~. ....... ..._,,-_'p • .1,.. __ 

, 

, . 
O~ 148 ' 

" 

0.14.8 

-. 
-. 

- , , • j 

, . 
0.129 i' 

.' 

0'.110' . " 

à.l'10, 

~ 

.. ' -",'- -./_ - .', -:î 
'0.133 .-: , '. " " , ~ 

" (,'" ,J' r 
1 •. 

, . -

. , -._--,-..,. 
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REFLECTIVITY DATA' , 

Descr i}?tion; Rock 

D~orite, footwall 

South Main Mine, 4 V.P. square set 

-. 

lncident Angle:' OÇl Tilt Ang~e:' -
-

, ,Colour T~mperature! 2360 K tungsteil: fi,lament S.E.tL " 
l' " ' 

, 

.. "0". !'31 \., 
, 

, 
Off" Angle 

" .. 0.016 
10° 15° 20° 25-° 30° " "(',, 

. , , , 
-. 

,bo 0,.137' 
,- -

G.137 0.134 O~116-,' 0.165 , . . . 
~ 

. " 0 ,45, 'f'O.131 0.137 
' , 

0' .14"3 ~ ,0.114 0.1'37 
" , 

,~Oo 
,'-0-1, " " . 

0.14-3 O:~ 1'40 0.134, " 0.104 O .. lp4 
~ 

. 
" 

1350 0.lb9 
,'. 

CI.I 0.1?;2 0.12,2 0.109 -..... , 
QI 

~, 
180°. 0.116 J-; 0.,161 - 1 '-, 

00' 
<ts " 

, ta' , ' : .' 

" . 
" ~, 225'0 0.137 0.137" 0.128 0,-131' 0.125, ' 

~. , . , 

,. , 
" '" .. ..... .. \ ~ ... - -" ~ .. 

.. ~ , # . , .. ', .. 
_ • i' _ ~, .. 

, ~ 1 

" 

... . . 
" 

, .. ' 
'. , 

" ' 

" 

-, 

if -, 

,2709 0.1,43 0.1,19 
, 

1 

,:iJ.sQ
• , ' 0.J.72 0,.134, ' 

- . , , . , 

" 0 ~ 142 " 0.130 ' 

, r 

, " , ' , 
.f.>f, , , 

.'. " • , -,. l' .. '" • ~'" ~:= '": 

<- .'; .. 
,0.,114 ,Ô~i09' , 

, 
" . 

,0.143' 0:13,7 

0.132 0.117 

: 

" , 

, -' . , , : 

.. 

, 
.., -
'O.137~ 

. rJ.137' 
, , 

Q,.134 . 

} ,,:.,. 
, 1 ~ ., 

, , 

, ' 

, 1 1 :~ • , .. ' \.J.,~ 
.. -.. " 

" 

. , 
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REFLEèTIVITY DATA J 

Description: Rock 

Serpentine, fresh surface, sorne spécularity, 

g~ey to-off-white, smOoth, conchoida1 

South Main 3250 L Shop 

'Iricidènt Angle: 0° '!'il t Angle:, - ' \ 
, ,~, 

2360 K tu~gs.ten filament S.E.!. " Colour Ternper.ature: 
L 

1 -R .. 0.187 
, 
= 0;046 10° , 

-
0° 0.116 

, ' 

: 45° 0.164 

90° ..' 0.207 

135° Q.157 4J 
M 
b'I 

~ 
180° 0.146 

ttj 
«1 

~ JI' 

2250 0.193 , . 

.270° .0.'130 . ... ~ . ... -....... . .. . --

315~ 0.116 
1 , . 

1 
. 0.161 

. ' Off ,Angle' 

15° 20° , 25° 

'0.201' O. ,243 0.127 

0.125 0.249 0.202 

0.222 0.130 0.176 

0~097 
.. 

0.202 '0.197 

0.202 .. . 
""," ' 

0.216, 0:143 0.207 

~ 

,0.207 0.197 '0.202 

, 
"~ " 

0.216 0:207 0.153 
., ' 

0,,186 - 0.196 0.181, 

30° 

0.207 

0.260 

0.189 

-

-
0.133 

, 

'0.193 

.. 
0'.328 , 

0.2,19 

, 1 

~ 

. 

\ 
\ 

, 
, 

• 
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REFLECTIV,ITY DATA' 

'D 't' R k' escrl.p ion:, oc 
~ \ ' 

Gabbro 

Flin FIon Mine, H.,B.·M.& S. South Main 

3250 Crusher Station Typica~ country rock 

,Inci,dent Angle:.. Tilt Angle: 

Cqlour Temperature: 2360 K tung$ten filament .. ,.\~ .. S.E.l. 

- .. 
,R ... o·~ 093 .. Off Angle 

--o.oir---. "100 : .150 200 ~S<? 300 
-

-~-.....---------
'Jo J--::-~ 

, . -. . --, 
0° 

-----0.079 0.096 ---o-.~8 ' 0.10'7 0.102 
------------~-

' . 
-------------

45° 0.087 0.078 ~0.09l. 0.093 ---O--.;-"è9~ 
. .., 

90° 0'.076 
' , 

0.091 0.096 0.076 
" 

tle 076 
. . 

-
~ 

CI) 1350 0.100 0,;107 0.079 0.081 -
~ 

.~ 
180° 0.076 Q.098 - - -·ru ' " 

III 
l' 

r2 - -
,. 

2250 0.089 0.091 0.107 0.115 0.115 
.. -

. 
{}. 096 ' 2700 04081 0.096 '0.093 0.107 

-- 1 

r , . , 

3150
, 0.016 0 •. 100" • O~098· , 0.085 0.120 , , . , 

.\ . ' 
, . ,0,., G8S ·0.093 0.095 0.09S 0.100·"~ . , , 

" 

" , . . .. 

" 

• 

.' , 

, .. 
~ __ t' _ __ , _, __ .- -

! . 
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)' 

REFLECTIVITY DATA-

.' 

Description: Rock 

Norite . , 

Top reading on dry surface, 

~ottom readin9 on wet'surface 

.J..aconbridg~ Mine, #5 shaft, 2800 L Charging sta,tion' 

Incident ~p.9Ie: 0° 
. , 

Colour Temperature: 2360 K t~ngsten fi1 9ment 

R .. 0.191 
a ... 0.020 

R ... 0.068 
a ... 0.011 

0° 

45° 
.. 

90°' . 
A 

Q) 135°, 
r-I 

1 f· 
1aoo 

] 
225°, ~ 

• ". <' 

.. 
270° 

" 
315.0 , 

. . 
~,~ '. 
, X 

R. ,/ ":-x 4 f 

' ' 
, 

Off Angle , 

10° 15° 20° 

0.191 0.225 0.170 
0.076 0 .. 065 0.068 

0.183- 0.178 0.200 
0.062 0.063 0.054 . 

. -
0.210 0.200 0.196 
0.04Q 0 .. 054 0.058 

0.148 0.235 0.187 
0.085 0.068 0.068 

' ' , 

0.196- " 0~187 -
0.056 0.046 -
0.205 0.2(}0 0.230 
0.085 '0.083 . 0.069 

0.196 . '0.205 0;210 
'O.o·as ' 0.081 . O. Q68, 

• 

"'0.170. 0.15'5 .0.196, . 
0;085· , 0.085 0.065 '. . , " 
b.181 , 0.198' 0 .. 198 

: ~'o,,fIQ7'~ '. 0 •. O~~ :r" 0 .Q64 
, . 

, " 

," ,1 
- ~'\ . , 

, 

25° 

0.163 
0.085 

0.187 
0.054 

0.205 
0.071 

0.174 , 
O.QG9 

--
0.191 
0.065 

0.174 
0',065. 

Q.196 
10.081 . 
".' . 
O~184 

0.070 
;. If", 

, 

30° 

0.196 
0.066 

0.1.91 
0.059 

.0.183-
0.054 

--
-- . 

0.191 
0.059 

0.155 
0.069 

0.191 
0.074 

0 .. 184 

0 .. 0'64 

.: .~', 

-' , 

• 

, ' 
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REFLECTIVITY DA~A' 

Description: Rock . 

Norite 

Top reading on dry surface 

Bot'tom' reading on wet' surface, 

Fai~onb?="idge ~ine, #5 shaft, 2800 L 

" 
Charging station 

l'ncident Angl~H 15° Tilt Ang1~: 

Colour 'rernpe-?=,ature: 2360 K tungsten' filament " S.E.I. 

-R 
cr . , 
R 
a 

"" .. 
.. 
• 

0,'193 
0.024 

0 •. 058, , 

0,011 

00 

4'50 

900 ' 

i350' , al 
t-I 
,t;J\ 

i~ 
1800 

''0 
n:s 
Q) , 
I:t; 

225~ 

2'100 

. 
. 0 

31$ .. 

i\c .. 
, ' fi . , --x 1 ~ 
j 

. ' 

10° 

0.'203 
b. 057 ' 

0.207 
0.072 

0.207 
0.061 
, 
0.198 
0 .. 070 

• 0.203 -
0.070 

0.165 
·0.062 

0.161 .-
" '0.053 . 

0.203 
. 0.050 
, " 

0.193' 

0.062 

, 

15° 

0.168 
0.044 

0.207 
0.068 

0.243 
0.0,62 

0.172 ~. 

0.05-8 " 

0.198 
0.044 

0.255 
0.054 

0.161 
O. 054 .. 

0.203 
0.053 

''0.201 

.0.055 

1 

Off Angle 

20° 

0.172 
.0.058 

0.193 
0.084 

0.180 
0.073 

" 

0.207' 
0.057 

-
.,-

, 

b.203 
0.051 

0.154 
0'" •. 053 . 

0.203 
0.050 ' 

0.187 
" 

0.061 
. , 

250 

. 0.222 
0.056 

0.157 
'0.068 

0.1·98 
0.088 

0.201 
0.060 

" -
, -

0.193 
0.044 

'0.198 
~O. 05'3' 

0.217. 
" 0.042 

0.199 

0.059 

-

. 
. 

, 

30° 

0.189 
0.056 

0.198 
0.053' 

0.172' 
O .. Q67 

--
-: -

0.161 
0.044é 

y 

O.a 203 , 
.0 •. 044 

0.161 
0.056 .' 

O'~ 181 

0 .• OS3 

, 
j -', 

• 

1 
1 , 

. -, 
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, REFLECT!VI,TY DAT~: 

Descripti~.n: 'Rock 

Norite 

TOp reading on ,dry, surface 

Bottom reading pn wet surface 

, • 1 

l ' '. 
Fa1conb~idge Mine, #5 shaft, 280~ L 

.;.> •. 
Chéi':tging station 

, 
, ,Ti,lt Angle: 

Colour Temperature: 2360 K tungsten filament S.E.I. 

. R 
cr 

R 
cr 

.. .. 

.. .. 

0.195- " 
0.019 
, 
0'.050 
0.008 

0° 

45° 
-

900 
, ' 

10° 
• 15°, 

" , 
0:179 0.216 
0.039' 0.Ô41 

0.183 0.226 
0.039 0,.058 

.' .. 
0.226 ' 0::--179-
0.043 0.049 

, , 

" 

Off Angle 

20° '25° , ' 30° 

0.2~1 0.179' 0.192 
0.039 0,.042, ' 0.039, 

0.183 Q.171 0.192 
0.063· 0.071 0.065 

-
-, Q.221 0.221 0.188' 

- 0.055 ' , 0.0,52 0.065. 
" . . 

o 

0.179 o .lS'3' , 
~.'~ 

1350 0.183 0.16.0- -
.!: 

'- ~':- "'-.. "'~-:'oC., ..... <oj _' 

0.049 O. 0.59 , '0,.059 0.057 -
',Cl . , '. 

. '~" 0 - ..... _ 1 

ISO? 
0,.221 0.179 -' ....... 4· - ..... -

"d 0.'049 9.052 - - , j - . 

,~ 
' .. ' , . - 0.192 . 0.197 0.201 0.221 0.179, 

2250 
0'.047 <r.049 0.049 0.050 0.048 . -

" . 
" ' .. 1-, 

" , 

, 0 0.183 0.197 0.226 0.192 0.226 
27,0, 0.,039 0 .• 04'9 ()..052 0.049 0.041 

" .l r:' , 

," , , 

'315° 
0'.119 0.179' 0.221 0.188 0.179 - 0.041'; 0.049 0.049 0.047 0.039 . ' 

, . 
" i" 0.193 0 .. 194 0.205 0.190 0.193 - ,O~043 0."051' 0.052 0.053 (). 050 .' ,Rx:, , 

\ . 
" . ' , -' ~ 

'. 
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RE,LEèTIVITY DATA 

.. " . 
Description: Rock 

Norite 

Top reading on dry surface 

B~ttom ~eading,on wet surface 

Falconbridge 1-fine., #~ shaft, 2800 L Charging station 

Incident Angi~: Tilt Angle': 
1 

Colour Temperature:' ~360 X tungsten filàment 
, 

,S.E.!.: 

."" 

R 
a 

... 0.213 
== 0.024 
... O. Q4'9 

1 - 0.006 

0" 0, 

45° 

900 

1350 
. ~ ..... 

of- .. 

't1 1800 

lU 

~ " 
'2250 . 

2700 

, , 

3150 

" 

Off Angle 

10° 15° '200 ,250 

-
0.200 0.183 0.196 0.210 
0'.042 0.048 0.045 0.048 

0.270 0.220 0.241 0.196 
0.,Q48 0.051 0.050 0.058 . 

, 
0.111 0.183 0;210 0.174 
0.044 0.048 0.047 0.048 

0-.241 .,0.220 0.187 O.Hn 
0.05,9 0.049 0.047 , 0.068 

~ 

,o. ~25 ' 0.-215- ;. - ) 

, -0.048. Q.047 - -.. ' 
0 .. 247 0.236 

,,' 
0.196 0.236 

0.0"2 0."038 0.'041 -0.039 . .. 
0'.225 0,.225 ' 0 .. 241 0.230 
0.0.53. 0.OS4 0.044 0.054 

O. ;2.20 ,0.,215 0~215 0.191 
0.058 ' . 0.056 0.054 0.0-53 

1 

o .. ~ 2 5' ; 0-. ~12 _ 0 .. 212 0 • '203 

'0.049'. 0.049" 0.047 0.053 
. "\ 

i_ 

, 

-

300 

0.1~1 
0.044 

O. 2~0 
0.046 

0.174 
0.048 

-
-
-
-

0.23'0 
0.040 

0'.241 
0.053 

0.'215 
,0."055 

0.212 

'0.048' 

. 

, 

, 1 

'. 

(1 

., 

.' , 
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REFLECTIVITY DATA . 

Description: Rock 

Quartz diorite 

.ti~ht grey,'diffuse 

2500 level Charging station 

.. 
Incident f4.ng1e:. 0°', Tilt ~gle: 0° 

Co~our Temperature: '2360 K tungsten filament . M. I. 

. R ... 0.300 ,Off Ang.1a. 
, 

. " , 

. 
30° ... 0 .• 017 10° 15° 

, 
20°. 2s~ ., a '. . 

, 

00 - 0.260' - 0.292 .-
J 

. 

450 0.355 - - - 0.331 
,-, 

.9-00 .. 0.314' '" - - . 0.31'9' ., 

:135° 0.296 0.289 
.. 

cu· - - -.... " , 

i , j 

'N 
180~ Q.278 0.326 R - , - .... 

'CS 
. Ils , 

~ 
225~ 

... 0.280 0.301 ... - - , 
~ j. 

" 1 

-
:~70o 0.325, - - - 0.275 , 

'. 1 '. . -
~,~ ... . 

3150 
, 

~ : ... - 0,,267 ..; 0.293 
, o , 

.' " ., \ e .. '~Jt.. , 
J ., 0.281 0.'294 ·0',304 . 0 • 319- , O. 300 -. .:. . 
~.' , ' , ' 

é' 

"' 
~ 
!i 

" .. ' ... " 
." 

'LI _ ." .. _ _ ... 1 ~ 
• ,~ --- ~---~~ ........... _------~ :<-. 

_ -'----- _-.-. ..... -- ~ - _. -,.. .. 
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REFLEC~IVITY DA'l!A" 

'Oescription: 'Rock 

Calcareous siltstone. Host rock for sulphide ore. 

, ' , 
Needle Mountain Mine. 

Incident Angle:, 0
0

. Tilt Angle: .. 

- Colour Temperature: 2360 K' tungs.ten filame'nt S.E.l. 

, 

-R • 0.512 Off Angl~. . 
. 

'. 

(j 
" . 

10°' , 1So .' '200 .' 250 300 
.. O. O,SO~ : , ", -

"-'" 

: , 

0° 0.418 0.456 0.456 0.489 - 0.489. 
, , 

, 
450 0'.489 '0.500 0.456 . 0.467 o ~ 4'67 

, 
'. . 

900 0.500 0.524 0.630. .0.. SOC) . 0.536 
" 

, . 
" . -. 

" 

~ 1350 ' 0.456 - 0.644 " 0.514 0'.536 -, , .. 
~ . " 

1800 0.'574 . 0;524 
, 

,"i - - -
" , 

~ 
. -

,', - , -. 2250 0.41'6 0.499 0.512 O~512' 0.561 , , 

, " 

~700 0.5:12 ·0.615- 0.5'00 ·0.512 ' o~ 548: , 
" 

31'5° : ... 0.456 1 0.489., 0.500 0.536-., '0.536 
Il . , . 

'0.485 0'.530' 0.518 
.' 

0.507 0.523. 

" , 

t ~. 

, ' '\ 
~~. l ' 

" 

, . 

: . 
" . " 

• ',' l, 

, " ," " 
.. : .- ~ "';: ,." 

, 
t' 

• 
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REFLECTIVITY DATA 

1 " 

Description: Rock 

Unidentified back fill fro~ fil1 stope 

Tep readings using S. È ;1. '?~ wet rnuddy surface 
J 

Bettom read,ings usi'ng MacBeth on very dusty, dry surface 

Brunswick Mine 62 F. W. 1900 West Ore Zone 

o o ' Ti~ t Ang.le: 0° 

Celour Temperature:, 2360 K tunqsten tilament 

, , 

cr 

R 
cr 

.. 
'"' 
ra: '. 

,~ 

r-f 

~' 
'Ô 
lU 
~ 
~, 

'., 

" 

0.130 
O.Ol'B 

0.276. 
O.Oll 

0° 
\ 

45° 

90P 

1350 

180° 

2250 ' 

t; 

2700 

3150 
-

. ~,,,~ 

lO~ 

0.127 
0.276 

0.111 
0.306 

0.164 
0~281 

,0.160 
0.283 

, 

0'_1~3 
0.301 
~ 

0.133 
·Q',.281 

'0.127 
0.289 

0.'1.46 
.0. 29~ : 
; 

O. i39" 

0.289 

" 

15~ . 

0.146 ' 
0.'274 ' 

0.139 
0.291 

'0.139 
' 0.282 

0.119 
0.286 

' 0.130 
' - 1 0.,277 

0.133 
~ 0.278 

0.136 
0.279' 

0.130 
'0.280 

0.134 

O~281 

-

-

Of,f Angle: 

20° 25° 

, 

0.139: 0.149 
0.281 (}.278 

O~139 0.106 
0.275 0:273 

0.146 0.113 
0.,274 0.274 

. 
0.139 0.090 
0.273 0.270 

- -
- -

0.133 0.10a 
' 0.265 0.265-

0.lJ6 0.106 
0.271 0.263 . 
'0.108 0.133 
0.280 0.273 

0.134 ·0.115 

0.274 "0.271 
" 

, . 

30° 

',0.160 
0.262 

.. -
0.106 
0'.256 

0.130 
' 0.273 

-, 

- "-
-- -

0.'106 
0.262 

0.133 
0.261 

" 

0:103 
0.251' . , 

0.123 
0.2'61 

" , 

-

\ 

~ - - .. 

"'~-,'~ 
A P 7' - - --..... ~ ;';~b~r-'" ~ -

• 
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.. REFLECTIVITY DATA 
( 

Description: Rock 

Backfi11 from fi11 stope, wet, mUddy, , ' , 

uniforrn grey field. 

". 

\ 
, \ 
. \ 

. .' 

, " 
Brunswick Mine 62 P.W., 1900 .\-7es1;: Orè Zone ~ 

~ 
, \ '-

'" 

-Incident Àngle,= 150. T,ilt Angle: 

'f • 

Colour Temperàture: 2360 K t'ungsten filament S.E.I.: 

, 

R =0.127 
, 

(J ... p. 027 10° , 

0° 0.109 

. 
',45° . q .129 

.900 0.155, 
j 

Q) 
r-i 1350 0.109 
Ij\ 

~ . 
1800 0.12'6 , 

rd .. 
Id 

& 
2250 ' 0.'104 . 

• . 
270° 0.135,e. 

, 3iso ' 
-, 

0.13.8 

.. Rx 0.126 

. . 
" 

. 
.' il 

Off Angle , 

15° 20°' 25° 

0·.123 0.126 0.109 
. , . 

0.138 . 0'.162 ' 0.129 

0.169 0.181 0.169 

0.141 0.138 0.148 

...0 .109 - - , -.. 

0.120 0.097 0.089 

0.132 O'.1~9 0.109 . 
" 

0.117 • 0.107 0.104 
, -

0.128 0.139 " 0.122 
( 

'1', . ,. , " 1 

./0 

.' ~<.\- -... •• .. 1 

, 
' , 

30° 

0.117 

0'.109 

0.19,5 

-

-

0.067 

0.087 
. 

0.104 

0.117 

. ... 

. , 

" 

, 

" 

" 1 . 

. \ 

,,' 

0" Sr. 

- \. " 

-' , ' , 

l ,~' 

" : .. '. 

,. 1 

\ 

" 
,.. . . _ .... \.~, \ 

• ..... JtMll!M:ftU_ .. ~ 

, 
J 
1 
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·REF~ECTIVI~Y DATA 
, " 

Description: . Rock 

Backfill from ri~l stope, ~~t, muddy, 

uniform g~ey surfacé. 

'. 

Brunswick Mine,.· 62 F~W. +900 West pre Zone 

, , 

-' . 0 
Inci<ile'nt Angle: .30 

Colour ~emperatur:'$:. 

Tilt Ang~e: 

2360 K tU~9sten' filament , , 

, 

R .. 0.091 1 , off Angle 

·,0.010, 10°" 
, 
",15° 20° 25° 

1 , 

, 

0 0 '0.090 0.097 ,0.097 0.090 

1 . 
450 0.097 0.093 0.086 0.p97 . 

900 {).081 0.079 0.097 ,0.097" 

" , 

CI) :1.35° 0.095' 0.097. 0.097 0.077 ,r-! 
t7I 

, . 
~ , . 

180° 0.104 ,0.074 - -"tI " rIS 

, . 

S.E. I. 

30° 

0.093 

0.099 

0.097 

-
. '. 

- . 
& , , 

,','! " 

" 

• r. . , 

" , 
" " 

.. ,J , ' ~. 

.(~ ',:, ,,". ' / ~ , 
~ ~ ~ ~.. ~ ~ 

- ~, ~ '. 
... 

" , ''',:'. 

" " 

225° 

\ 

, ' '~210o 
, . 

1 

i).so 
.' 

.::. 1 t 

j • ~ r ", • 

,. 

- '0.101 

0 .. 097 
, 

. 

" '0,;,117 
" " - , 

... 

. '\ 

." .:' ~ .. ~ 
1 l ' ~ \ ~ 

" 

',< 

: .. ' 
l ' ". - . 

\t ~. 

,,0.08'1 0.101 0.077 0.07"" . , 
, ' 

" 
1 

1 , 
" 

9'~O82 0.081 0.,077 0.097' 
1 

" \ . 
". : . , 

" l' 

,0,. ~,,81 ,,0.095 0.097 , 0.077 
., 

" ,. 
, 0.091 

" , 
1 1 • ~ ;' . , 

• • ~ 1 

'. ' 
, ~\ 

, 1 

1. ~', ,. \ ,~ 

" .... 
" tr 

.. /' r , 
, ~. ' " , ,. .. ~'".' .• '.::., j 
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, ' 

REFLECT~~ITYDAT~ 

. ' 
() 

Description: , " 
Rock, 

, . 
". Backfill f.rom f·il1 stope, wet', muddy,"' , /' 

",' .. 
, " ,., 

uniform' 9rey'iield~ 
~ , .' ' 

. , 
.. 

1'" , ' .. , .' 

.'. 

.. 

.' , ' 

19~O'We~t,Ore kone':' , . ; Brunswick Mine 62·Ji'.W. 

"Jlsb 
• ~ Il 

" 

COloux' Temperature:: 2366 1<., ,:~un9sten ~ilamertt.' 
'I~ " • 

f, : . 
" 

cr 

, ' 
"h' 

. 
'"' 0.017 

':; 0 .. 007, 

. 

QO~ 

4S~ 

" 

90
0 

, 
'QI 1350 

. ..; 
tn' 

~ 
r(j 
cd 

~ 

1 

180
0 

22S0 

. 
270P 

3150 

-R' x 

! 

~ 

O' 

, 

.. 

~ 
\ ' 

,'. 
,< 

10° . ~ " ., 15° 
1-\ ~ 

,~ 

t~ ~ 

0.075 . 0.018 , 
, ~ , 

" o , 
0 .• 080 ~o: 090 . 

: 
• 0 

0.077 ':0.075 

0.071' 0.0'12 

0.078 O. Ô6B 

\ 

0.09Z .0.078 
. 

0.080 {j.06'O 

~ 

0.O~2 0.073 . , 
\ 

0.0,80 ,,0.074 

" , 
" 

" 1 • 
f ,Off Angle 

" , , 
2'00 ';1 25° '. . 

, 
, , . ~ 

1 o .'bS'4 , /0'.080-, . 
, 

\ 

:0.0'7,,5 0.078 
, ..., . 

1 , . o . 078' .' O~ 073 

\ 
1 

0.077 ,'0.073 

~ , ; - -
, 

'. .. . . . 
0.'015' 0.O7{ . 

\ 

, 
0.072 0.075, 

1 , 

, O. d97 , 0.084 

0.080 0.0,77 

• <Q S.E.,l. 

" 

" , 
" 

, 
. . . ,300 

" , 

0.'075 . 
0.072 

., 
,0.072 .. 

-. 
< 

J 

-

o ~ 075" 
~ 

\ 

• , ,0: ç>70 , 

, 
~.{)'. 064 
" 

" 0.071 

, " 

, ' 

, " 
, , 

1 ' 

, ' 

, ,1 , . , 
.' 

J, 

1 
, . 

.' 

I,i ~ .. 

... l , .. 

'" ( 

, Il 

1 \,1 .... i 

1 

" ~ r , '0 

, , 

': .. , 
". ~ 

\ r 'r ~ -0 .. 
" ,_-""', ~ • ....-r,., 

",II 

/ 
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REFLECTIVITY DATA~ 

Desc:çipti'On: Rock 

.Slate, country ~àll ,rock 

ligh~,to dark .grey 

" 

BrUflswick Mine, 6'2 F.W. 1900· l'lest ·.ore Zone 

Incident' Angl~: , . T·ilt J.'j.ngle: 0° 
, " 

, ' 

Colo~r Temperature:' 2360 K tungsten' filament' M.I. 

.,. 9·'234 1 
., 

~" Off Ang.~e 

cr = O'~ 046 IO? 15~ 20° 25° 
/ 

30°' , 

: . 
" , 

" 0 , . 
0° - " 0.276 - 0, .. 201 -:-

\, 
p d 'J 

, 
. 

" > 

'45° . '0 '.271 - -0 - " 0.,206 
" o. 

. ,. o • , 

" " 
, . , , 

~ .. 
" 

, ". 

/, 
f {I-

1 

1 

" J 

l, 
6 

'. , 

Q) 
M 
t1\ 
'~ 

~ 
~ 

, 

, 

"'if ' 

'90° , 

135~ 

180° 

225~ 

270°' 

31So 

, 

-
, 

" , -
, 

, -
0.287 

'. . 
-

Q • 

, .0: 338 
, , 

/' 

, 

-,' 
, 

0" 250 
~ 

-

" .' 
0.~56 
'/ 

0 
() ., 

... '. ~ 

" . 
1 

<,~ 

. • " , "'l.J-

" , . 
~ 

'Il 

, 

, - ... ., 
~ , 

• , 

0' 

, 0'.2'36 , 0.213 

'" '. - • -' '. 
. , , ." 

1 

," 

, 
",1 

,', 

, . 
'0.249(' , 

o·~ 213 
" 

~ 

- ," -
" . " 

" ,-
" .' , 

" O. 41Q~ -' . , , 

,. ," 
, '. , .'l 

1. , '1 ' 

, 0 

0'.198 
" 

~ 

) 

-
,.:.., 

. 
, 

1>.178 

" " n , . .() .15:7 
" 

, ' 

0.18'5 

, t 

- " 

" 

. 

'1 . 

. " 

<" • 

.' 

~. ' 

......... 

( 
~ 
, ,j 

, : 

'1 
.., 
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REFLECTIVITY DATA 

Description: Rock 

Sericite schist 

Grey, sorne white (carbonate). 1 
~ 4 
M~nor yellow-orange (iron ox~de), striated, slickensided 

clean, dry. 

Brunswick MIne 
• .-J ° InçIdent Angle: 0 

~ 2350 L ~ Lunch room wall 
Tilt Angle: 

Colour Temperature: 2360 K t~ngsten filament M. I. 

r---~ 

-
R ~ 0.279 Off Angle 

- - --- -r- -~--- -~----.---
= 0.011 10° 15° 20° 250 '30° o . 

- -

0° - - - - 0.270 
1------ 1----

45° - - 0.277 - - -
f-

I 

-900 - 0.277 - - < ) 0.269,/ 
r---------- c---- ( 

• 1 

1350 
" , 

al - - - 0.2'67 -ri 
t1l 

~ 
1800 0.291 - - - -

't1 
rt! 
al 
!Xi 

22S<? - - 0.275 - -
-

2700 - - - ·f80 -, 

3150 0.299 0.289 - - -
R 

x 0.295 0.283 0.276 0.274 0.270 

1 , 

r~ 

,(' 

·1 
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REFLECTIVITY DATA 

• 

Description: paint 

Whitewash on sericite schist 

Flat white to grey ta pale yellow, dry. 

Dlxfuse, not' fresh, 2+ a 

Brunswlck Mine 2350 L Lunch Room Wa Il 

l nc ident Ang le: 0° L!; Tilt Angle: 0 0 

co~our Temperature: 2360 K tungGte~ filament 

-
R 

cr 

'" 0.457 

= 0.024 

. 

0° 

45° 
1 

\ 
90° 

«J .1350 
r-I 
tJ\ 

~ 
'0 
rt1 
(1) 
rx; 

R x 

1800 

2250 

2700 

3150 

~ 

10° 

-

-

-

-
• 

0.458 

-

-

0.506 

0.482 

Off Angle 

15° 20° 25° 

- - -

- 0.442 -
, 

0.459 - -
1-

- - 0.428 

- - -

- 0.456 -

- - 0.472 

0.494 - -. 
0.477 0.450 

M.1. 

, 
30°· 

. 
0.433 

--1-------

-

0.417 

-
, 

-

-
, 

l>. 

-

0.425 

1 • 

1 

1 
1 
j 

. . 
~ ....... ----;::-.--...,..-----.~,--.":"'. -, -_-~_-::,_-~-:-, --"'---~-.-- .... ~"--;' .. _--,.,.... -~-~ 7:T,-·,'" -.,.,-.--......,.,----" --.. 

--- • ...', _:'~: .. ~. '1~ .. '.t' '1 "'-i '.fI..,., 
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REFLECTIVITY DATA 

Description: Paint 

Whitewash applied ta ~erpentine wall rock. 

Top readings on dirty unwashed surface. 

Dust accumulation = 2+ a. 

Bottom readings on clean freshly washed surface. 

South Main Mine 

Incident Angle: 00 

32))0 L garage 

Tilt Angle: -

Colour Temperature: 2360 K tungsten filament S.E.I. 

R 
o -R 
o 

= 
= 

= 
= 

0.360 
0.095 

0.786 
0.088 

0° 

45° 

90° 

QI 1350 
ri 
Cl 

~ 
,180° ru 

IV 
QI 
~ 

2250 

2700 

)'15 0 

,---------- ---- ---"--~--_.-

1-----

, 

10° 

0.251 
0.624 

0.479 
0.804 

0.417 
0.842 

0.372 
0.,882 

0.457 
0.685 

0.603 
0.786 

0.240 
0,734 

0.389 
0.862 

0.401 

0.777 

• 

, 

15°, 
• 

" 
0.317 
0.768 

0.191 
0.654 

0.479 
0.842 

0.339 
0.78!i 

0.224 
0.902 

0.479 
.0.804 

0.381 
0.786 

0.398 
' 0.563 

0.351 
0.766 

Off' Angle 

20° 

I~ 

0.363 
",0.654 

0.302 
0.804 

0.324 
0.701 

0.389 
0.823 

1-

-
0.363 
0.902 

0.468 
0.923 

0.191 
0.786 

0.343 
0.799 

25° 

0.219 
0.882 

0.468 
0.823 

0.309 
0.734 

0.363 
0.768 

-
-

0.355 
·0.654 

0.37? 
0.823 

0.2S9 
0.823 

0.339 
0.787 

\ 

30° 

0.479 
-

0.39B--
-

0.204 
0.786 

-
-, 

-
-

0.372 
0.639 

0.372 
0.823 

,0.355 
0.804 

. 0.363 

0.806 

( 

• 

• 



( 
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Description: Paint 

Whitewash, both 

- 273 -

REFLECTIVITY DATA 

.~ 

Dirty and fresh clean surfaces 

Clean surface 7'0% Qf field - top reading 

Dirty surface 30% of field - bottom reading 
l' 

1 

Fa1conbridge Miné #5 shaft 2800 level Charging station 

Incident Angle: 0° Til t Angle: 0° 

Colour Temperature: 2360 K tungsten filament 

-
R 
a 

R 
a 

'" 
= 

1 
'" 
= 

0.894 
0.085 

0.620 10.0 
0.092 

0.980 
00 0.632 

0.980 
45

0 
0.551 

90
0 0.936 

0.647 

Q) 1350 0.980 
~ 0.-662 
tJ'I 

~ 0.914 
180

0 
'CI 0.693 
ro 
Q) 
~ 

225
0 0 .. 980 

0.662 
, 

0.834 
2700 

0.678 

315
0 0.957 

~.632 

RX 0.945 

,Rx ~ 0.645 . .. 

! 

15° 

0.834 
0.526 

0.693 
0.778 

0.980 
0.693 

0.914 
0.760 

0.957 
0.526 

, 
0.957 
0.647 

0,778 
o '364 

0.778 
0.604 "\' 

0.861 
0.612 

Off Angle 

20 0 

0.957 
0.662 

0.796 
0.618 

0.936 
0.418 

0.936 
0.678 

-
-

0.957 
0.778 

• 
0.980 " 
-0.491 

0.743' 
0.514 

0.901 

0.594 

. 

250 

0.957 
0.564 

0.834 
0.618 

0.957 
0.618 

0.778 
0.538 

-
-

0.'778 
'0.618 

0.778 
0.590 

0.893 
0.538 

0.854 

0.583 

30° 

0.936 
0.693 

0.834 
0.~32 

(}.957 
0.693 

,-
-

YI -
-, 

0.815 
0.618 

0.957 
0.6'32 

0',936 
0.743 

0.906 

0.668 

. 

\ 
. ~ 

\ 

.. 

; 

• 

• 
i 

\ 
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REFLECTIVITY DATA 

Description: Paint 

Dir(y' whitewàshed surfa~e 

" , 
Flin FIon Mine, H.B.M.& S. 

3250 Shifter's Office 

-, 

SOuth Main 

.. 

Incident Angle: 0°. Tilt Angle: 0° 

Colour Temperature: 2360 K tungsten filament S.E.!. 

-
R = 0.495 ,Off Angle 

cr = 0.ÛS6 10° 15° 20° 25° 30° 
-

0°, 0.420 0.450 0.493 0.541 0.517 
, 

~ 

45° 0.517 0.567 0.471 Q.450 0.493 
"'- " 

• 
90° 0.471 '0.505 0.482' 0 .. 529 0.482 . 

. . 
ID 135° 0.450 0.580 0.S17 .0/471 . -
M 
Cl 

. . 
~ - 0·.S6~ hC493 180° - - -
'Ô 
ltI 
ID 0 "'. ~ 225° 0.593 0.593 0.493 0.450 0.461 . 

. 
270° 0.517 0.482 0.461 0.~71 0.410 

, " 

315° 0.593. 0.580 0.383 0\ 482 0.392 

R 
x', 

0.51~. 0.531 
'....-

0.471 0.485 , 0.459 

" 
c • 
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(i 
• REFLECTIVITY DATA" .. , 

Description: Paint 

Si1ver, metallic, 1+ a, c~an, dry 

Specular, bupbly, applied to shotcrete surfacè 

Stratheona Mine 2900 Lunchroom Wall 

Incident Angle: Tilt Angle: . 

Colour Temperature: 2360 K tungsten filament' S.E.!. 

R = 0 .. 4.81 Off Angle 

o = 0.080 10° 150 
, 

20° ~So 300 
1 

.. 
0° 0.427 0.486 0.501 6.365 0.432 

( 

1 ... 

45° 0.66~ '0.509 0.486 0.521 
, 

0.542 
{ 

, . . ) 

90°0' 0.69-8 0.5,26 0~51l 0.462 
, 

0.391 ..., • . 
, . .. -" 

CI} 135° 0.469 0.541 0.548 0.5i8 , -ri 
~ • < • 4 • 

~~ 180°' , 
.. . 

d. 447 0.539 1 
, . - - -"Ô . ... , 

,. 
Id 
CD 

:'10.599 
, • .. 

lXi . 
225° 

, 
9.538 0.438' 0.411 0.395 . 

- . 
'<> . • 

270° '~'.4J,(-v '0.419 0.460 0.402 
II' 

0.406 
• . ~ , 

. ' 
, - , 

315° . l 9.611 ~8 ' ' ... , 1 

.b, .. 376 , 0.371" 0.447 . , 
, 

," 

• 
if 4!t. 54 ()-o 0.50.2')- 0.474 

.-
0.447 0.423' x . • / f 

'\ 
, 

~ 

'-

~ .. :. 
10 , 
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o 1 1 

REFLECTIVITY DATA 

Descriptio~: Paint 

,Ye110w paint on meta11ic victau1ic pipe coup1ing. 

Trade name Coup10x A 

t '\ 

'(3 0° , Inél ent Angle: Tilt Angle: -

Colour Temperature: 2360 K tungsten filament S.E.!. 

= 0.464 Off Angle 

cr = 0.065 10° 15° 20° 25° . 30° 

. 
0° 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 0.416. 

1350 (1) 0.523 0.466, 
H 

1 

0.587 0.466 -
tJ'\ 

~ 
1800 0.435 0.488 - - -

'CI 
Itt 

~ \ \ 

21.'5° 0.416 0.477 0.466 0.416 0.388 

. 
270° ~388 0.500 0.'523 0.425 0.466 
~ . ~ . 
31'50 0.416 , 0.561 0.587 0.370 0.523 , , 

0.441 0.485 0;498 0.460' 0.430 
-j>'-~.: 

", 

,10 

... 
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REFLECTIVITY DAT~ 

Description: Paint 

Yellow P1a~c cap lamp battery 

( 

Incident Ang le: 0° Tilt Angle: 0° 

Colour Temperature: 2360 K tungsten filament S.E.r. 

R =0.804" Off Angle 

= 0.085 " 
100 15° " ° 25° .. 30° 20 

cr 

0° 0.884 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 
V 

'. 

Cl) 1350 0.806 0.864 "0.788 0.884 -
r-f 
tJ'\ . 
!â 

1800 -1' 

.0.6,55 . 0.·926 - -~ 
. -rd " 

Id 
Cl) ~, 
p,: 

2250 0 .. 735 0.884 0.825 0.8.44 0:825 
, , . 

" 1 

. 

2700 0.864 0.844 
. ... 

0.864 0.884", 0.702 
. 

315° ~ .. 0.864 
. 

0.844 , 0.735 0.752" 0.702 . .~ . 
Rx 0.792 .0.843 '0.831 0.822 0.715 

" 
r •• ~ 

\ '. . 
.. , 1., ~ • 

r 

,..' 

1 
1 

• 

\ ' , 

.1' 
. " 
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REFLECTIVI~Y DATA' 
... 

Descriptign: Safety Hat 

) Brown miner's cap 20 +a 

'" 

Incident Angle: 0° Til t Angle:. -
'. 

Colour Temperature: 2360 K tungsten filament S.E.!. 
, . , 

R =: 0.099 Off Angle, 

= 0.021 - 10° 15° 20° 25° r . cr 

00 o .10t 0.089 , 0.091 0.109 0.112 
, ) 

\ J 

, 45° 
\ '" 0.089 \ 0.074 0.072 0.085 0.177 

..,.90~ 0.097 0.107 0.102 0.137' 9 .ll7 '. 

Q) 1350 0.109 0.128." ~ 0.083 0.091 .. -ri 
0\ 

~ 
, 

'1800 0.109 0.069' - - -
'0 
Ils 

, , 
Q) ... • 
~ 

2250" 0.104 0.'087 ::. 0 • .089 ,0.104 0.08'7 .- . . . 
, . 

2700 , 0.087 0.091 0.085 ' 0.093 0.10,9 . 
. 

)0 • 

3150 
. '\ 

0.107", 0.109 0.107 0.1·04 \0.055- " 

1 . , . 

0.101 0.094 
, , 

0.090 0.103' 0.110 
" 

• 
f' 

_.' _. . __ .Î ."! 
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., 
REFLECTIVITY' DATA' , 

• 
Description: S~fety·Hat 

( 

.. \ 

Incident Angle: 0° Tilt Angle: -

Colour Temperature: 2360 K tungsten filament S.E.!. 

. 
" R .. 0.957 . 

Off Angle 

cr = 0.101 10° 15° 20° 25° 309 

o 
0° 0.908 0.887 1. 091 1.066 0.950 

1 
, , 

1 .. , 45° 0.86i 0.90,8 0.908 0.867 1.091 
, , , '. 

, 

90° 
" 0.8,28 1.042 0.908 0.950 0.97.2 

, 

. 
i3So Q,I 1.066 1.042 0.908- û.1367 -..... . 

~ , 

1800 
. 

. 
'"CS 

.{) • 867 . 0: 887 - - -
lU 

& '-

2,25° 
' . , 

1.143' 1.042 .. 0.908 0.867 \ 0.867 ... 

, 

1. 
. - . " . , , , , , 

270° ;L.091' • 0".887 1.."091 0.86:7 , '1.091 

q . 
-315° . q .'92~. cf. 867 ,1.196 0.847 0.867 , f 

. ., . .. 
• " 

. 
" 

0.971( - . 
0.962 0;945 1.,crOl 0.904 

J , 

'" 

1 • 

,,. .... ~ ... 

\ 
. " 

',' " 
>. . , ..:: 

~ .'':. .""" 
- ---~-~---
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, / 

REFLECTIVITY "DATA 

Dessription: Kodak ~èst Card 

Catalogue No. 1521795, grey surface 

Incident Angle; 

.,) , 

'0: o 

\.. 

Til t Ang1é: 0
0 

Co1our Temper~ture: ._--------------- 2360 ~ tungsten filament S.E.I. 

-------------------------= 0.250----- t--~_ • , 
~-. Off Angle -

cr ;;0 0.036 10° 15° . 20° 25° 30° 

./ 

'""" 

0° 0\ 313 0:275 0.237 0.221 0.193 

" 
, 

45° 0.305 ' 0,,250 0.243 0,'221 0.214 

~ 

900 0.295 0.276 0.257 ;. 0.241 0.193 

(J) .135° .\l0.288 '0.257 '0.232 . 0.214 -
.-1 

~ 
180° "0.295 0',263 ~ . . - 1 - -'tJ. . 

lU 
CD .~ 

p; 
2250 (}.288 0.266 - ,0 •. 232 '0.224 0.193 -. . 

, il. 
~ 

27~ --0-.-299 0.296 0.272 0.237 0.19'5 
, . 
fk'so f ~, 

0.288 'b~.266 0.237 0.2;34 O~ 20,0 
. (\ 

" 

0.2~6 0.26!J '. ~:244 : 0.227 . 0.198 

.' 

~ .-~ - -- li, ._~ ... ~ }-

\, 
'1 

-._---------... 
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REFLECTIVI~ DATA: 

. ,Description: 
" 

Wood 
\ 

Mine ladder, 2" J( 4." dry spruce 

Smooth cut parallèl to grain. Clean surface. 

Strathcona Mine 
,. 

Incident Angle: 0° 
• 

Tilt Angle: 

- Colour' Temperature:', 2360 K tungsten filament 
. ' 

1 

Off Angle -, 
R .. 0.396 

100 15~ 20° 25° • a -0.059 
. .. 

~ 

0° . - - - -. " 
. . 

45° - - o. 39~ '-, 
't " : 

" 90° - 0.4.14 - --' 

, Q) .135
0 ... - - . 0.383 

.-1 
13\ t , 

.~ , , . , 
" 

. ~ 
1800 0.486 -" - ... 

'd . " , 

Ils . 
~ 

2250 . - - 0.466 -. 
" 

... , , .' 

2700 ... -, - 0.42~ 
" , 

\ 

3150 0.490 '0.480 - -, -..... 

• J ; 

• 

• 

M.I. 

... 300 . 
1 

, 
0.425 

.... 
-, 1 

0.368 

~ 
." 

-:-

;. 
1 

-
1 

~ -

-
u - .-
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( REFLECTIVITY DATA' , ; 
0 

Desèription: Wood 
. ; 

Bar~ off dry spruce log~ 
: -

A \ Logs used as backfill retaining wall. 
" ' 

Str~,thcona Mine . 
~. , .. 

,-
III a. , 

'l'~lt Angle: 

" 

.. 

• 

Incident Angle~.;_Qo 

Colour Temperature: 
" 

236~ K tungsten ,filament' 
. . 

S.Ê.I~ 

" 
. J' 

t 

, ... 

/-
R "" 0.131 

cr .. 0,029 , 

. 

2700 
q 

3150 
, 

.. 1 • 
0 

~ • -

0~133 0.171 0.130 

0.133 0.103 

0.105 0.175 

0;105 0.,163 

. , 

.1~6 rI.i2i'-, 0.144 

" '0 
30 

0.1-75 0'.163 
'J Cl, 

0~'175 

. '. 
0.142 .0.124 

, CI ,r 

0.08.4 ' . 

0.149 

. \ 
o . -l aL . , \0. 075 

, :.' .; 
,0.124 : 

\ 
• ,1 

....:;-

0.149 

0.142 

'~ 

.. 

t 

l' 
l' 
i' 
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REFLECTIVITY DATA 

Description: Wood 

2""x 4" dry spruce 

Mine 1ad'der, 

Rough eut aeross graifl, c1ean surface, dry 

Top reading with 5*1. 
Bottom reading with M. 1. on different sample. 

Strathcnna Mine ~ 
Incident Angle: 00 Til t Angle: 0° 

Colour Temperature: 2360 K tangsten fil~ment 

R 
a 
-
R 
a 

, 

= 
= 

= 
= 

" 

0,386 
0.034 

0.3'91 
0.032 

0° 

4~0 

90° 

135° CV 
...... 
t7I 

~ 
180° rtj 

I\j 
CV 
~ 

225° 

270°" 

315° 

-

10° 

0.3,34 
0.449 

0.411 
-

0.375 
-

0.411 
-

0.411 
-

0.375 
0.413 

0.441 
v -

0.367 
-

0.391 

0.431 

.-# 

, 

15° 

0.367 
-

0.393 
-

'0.319 
-

0.367 
0.421 

0.375 
"0.404 

0.402 
-

0.402 
-

0.358 
-

0.373 

0.412 

-

". ...~ - ' 

Off 

20° 

0.327 
-

0.367 
0.397 

0.421 
-

0.421 
-
-
-

0.451 
0.385 

0.451 
-

0.421 
-

0.408 

0.391 

, 

Angle 

, 

250 

0.319 
-

0.358 
0.381 

0.375 
-

0.411 
-
-
-

0.431 
-

0.384 
-

0.375 
0.363 

( 

0.379' 

0.372 

S.E.r. 

-,---

30° 

0.358 ' 
-

0.402 
-

0.384 
0.353 

-
-

-
-

0.384 
-

0.375 
0.347 

0.375 
-

0.380 

0.350 

/ 

; 
1 
1 

• 
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REFLECTIVITY DATA 

Description: Wood 

2" x 4" dry spruce 

Mine ladder 

Rough cut across grain, clean surface, dry 

Strathcona Mine 

'a 15
0 

InCl ent Angle: Til t Angle: 0
0 

Colour Temperature: 2360 K tungsten filament 

R 

cr 

= 0.322 

= 0.035 

Q) 
ri 
0'\ 

~ 
'C 
Ils 
Q) 
~ 

0° 

450 

90° 

1350 -

1800 

225° 

2700 

315° 

R 
x 

10° 

. 
0.295 

0.309 

0.371 

0.362 

0.281 

0.316 

0.380 

0.346 , 

Off Angle 

150 20° 25 0 

... 
0.362 0.281 0.281 

0.295 0.323 0.316 

c 

0.407 0.380 0.371 

0.354 0.338 0.295 

. 
0.309 - -. 

0.281 '0.288 0.281 

0.354 0.301 0.338 

0.354 0.301 0.295 

0.340 0.316 0.311 

v - -- *"- -_. 

S.E. I. 

30° 

0.288 

0.295 

0.295 

-

-
, 

0.316 

0.330 

0.295 

0.303 

.. 

. 

1 
! 

1 
f 
1 

• 
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REFLECTIVITY DATA 

Description: Wood 

2" x 4" dry spruce 

Mine ladder 

. Rough eut across grain, clean surface, dry. 

Stratheona Mine., 

Incident Angle: 300 Tilt Angle: 00 

Colour Temperature: 2360 K tungsten filament S E 1. 

) 
. 

" 

-
R = 0.301 ~ Angle 

a "" 0.039 10° 15° 20° 25° 300 
, 

/' 

" 00 / 0.207 0.273 0.261 0.261 ) 0.207 

(, 45
0 0.273 0.329 0.321 0.329 0.273 

90° 0.273 0.386 0.344 0.329 0.329 
.... 

. . 

13-50 
... 

CI) 0.329 0.321 0.329 0.329 -
.-1 
0'1 • 
~ 

1800 0.261 0.314 - - -
~ 
III 
(1) 
~ 

2250 0.336 0.261 0.307 0.255 0.329 

2700 0.300 0.321 0.314 0.329 o ~ 329 

• 
3150 0.329 , 0.273 0.280 0.329 0.261 

0.288 0.310 0.308 0.309 0.288 

• 
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REFLECTIVITY DATA' 

Description: Wood 

2" x 4" dry spruce 

Mine ladder 

rough cut across grain, c1ean surface, dry 

Strathcona 

Incident Ang le: 45° Tilt Angle: 0° 

Colour Temperature: 2360 K tungsten filament S.E.r. 

R =0.304 Off Angle . , 

a = 0.030 
'" 

10° 15° 20° 25° ~ 
-

0° 0.320 ! 0.292 0.254 0.242 O. 66 
1 

-- , 
450 

0.312 0.284 0.260 0.292 0.242 

900 0.312 0.320 0.335 0.'343 0.292 ( 
4 

Q 
Q) 1350 0.320 0.260 0.260 0.292 -...-t. 

§ 
1800 

rd 0.272 0.359 - - -
Id 
C11 
p:: 

2250 .0.327 0.327 0.36:0 0.292 0.312 
. 

~ , 

2700 0.320 0.3;20 0.320 0.320 0.312 

3150 " 
0.312 . 0.312 0.327 0.3'27 0.359 

. 
0.312 0.309 0.297 0.301 0.297 

r-

,/ 

J 
,/ 



~ 1 J, 
4 

·1 

1 ,--
1(~ 

( ) 

, , 

• 

, \0 

"'~~ .. 'if 
, 

' , " , 
... ,_.- ~ - . -- ~--~. -",. 

:, 
,p ., 

..... 287 -
~ 

REFLECTIVITY DATA 

Description: 
ln Metal 

Rusted meta11ic victaulic pipe coupling for 4" line. ... 

Inciderlt ,Angle: 0
0 

Tilt Angle: -

Colour Temperature: 236cr K tungsten filament S.E.!. 

R = 0.135 , Off Angle 

cr 10° .150 20° " t!So 30° = 0.017 -~ 

4 ~ 
"()O 0.127 0.116 "" 0 .116 0.130 0.127 

45° 0.143 0.136 0.111 0.113 O.13E> 
'\. 

90° 0.143 0.176 {) .136 0.143 
J 

0.130 

Cl) 1350 0.146 0.130 0.149 0:119 -
r-i , d U\ , 

~ 
. 

180° 
, 

0.143 ' 0-.143 - - -
"d 
fIS : 

225°) 9. 113 0.143· 0.160 0.136 0.139 , . . -
" 

2700 0.172 q.136. 0.127 0.111 0.119 . 

" , , 
,. 
O.1~0 3150 , 0.143 0.124 0.1,36 0.121 

: . 

0.146 ,0.140 0.132 0.127 0.129 

'- r ' 

.. 
~.~ ........ - -

: . 

l'!'' 

,. .. 

. ,. 
" 

• 
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(J 
REFLECTIVITY DATA 

Description: Metal 

Polished meta11ic victau1ic pipe coupling 

\' 

Incident Angle: 0° Tilt Angle: 

Colour 2360 K tungsten filament 

, 'J - ~ 
oc 0.1 'Z.. 

Off ~le " 

= 0.070 
10° 15° 200 IJ 25° 30° 

) '0 
0.193\. 

~ 

0° 0.212 0.180 ~.227 , d.180 
. 

45° ~ 0.249 0.114 0.130 0': 080 0.048-
, 

90° 0.227 0.133 0.137 0.09'2 0.067 
\ 

<Il 13'5° 0-.273 0.193 0.109 0.058 - 1 

.-f 
t1I . ' . - , 

~ 1\ 

180~ 0.254 ~.12,2 - - -
'Ô • 
ltS .. Cl', 

<Il 
~ 

2250 0.127 0.137 0.080 0.054 0.048 . 
0 

1 ~ 

2700 0.153 0.133 0.109 0.090 . 0.042 
'. 

J 

315°' 0.216 , 0.168 0.157 0.097 0.043 
.'.', CO' 

0'.214 0.148 0.131 0.1,00' .. ;' 0.071 

.... ' ••• ,Jo., ~, , t .. 
'_ .. , ,.. 

- -
, j ' ... .,"~ ~ -, , 

- - - • -- .. - • "-~ 1j,"t-

~:;:t-.~,...v_~ _"'r,4 .... 
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(j .. 
REFLECTIVITY DATA' 

Description: Cement 

Shotcrete 

White to grey, porous, clean 2+ a, dry 

strathcona Mine 2900 Lunchroom wall 

Incident Angle: Tilt Angle: - { 
Colour Temperature: 2360 K tuhgsten filament S.E.!. 

, 

R = 0.433 Off Angle 

1 o 
"0.053 . 10° 150 200 250 300 

, . 
cr 

. 
00 0.421 0.572 0.401 0.397 0.40,0 

45° 0.486 0.,372 0.401 0.389 0.535" 

90° 0.454 0.429 0.437 0.369 0.395 , 

cu 1350 0.410 0.396 0.361 -0.374 -r-4 
t)l 

~ 
180° 

. 
l'(j O~ 489 0.,489 - - -
I!J 

, 
cu 
Il: 

2250 . 
0.369 0.461 0.475 0.465 0.384 

2700., 
~ 

, . 
0.361 ,0.486 0.433 0.504 ' 0.455 . -

-. 
31~~ 0.429 . O.4~1 0.392 0.510 0.405 

. . , 
Q~ r ',0.427 0,.461 .,,' 0'.414 0.430 0.429 

.. f' '. 
" , 

~ ~ ,. 
, ... ~ 

" , 

'" 
, 

, , 

-. ~-.,.- -~~. --- -::.- _ ...... , .. ~ - ---_ .. -........ . --~ -- --- ... ~ .... 

If 
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~ 1 
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'. 

REFLECTIVITY DATA' 

Description: Fibrin 

iIIt. 

.. "f 
• " .. 'il .~ 

, ' 
, . , . 

't , ' 

Synthetic materia1 used to r,e~lace burlap to line 
; . 

~, 

manways, mousetraps 1 etc. prior to backfi11 pOUI:'," 

slight1y s'pecular, cleàn, dry. 

Falconbridge Mine 
, 

Incident Angle: Tilt Angl~-: 
o o \' 

'--. 

Co-lour Temperature: Z3'60 K tungsten filament S.E.!. 

, t ~,;.;: 

R =0.189 Off Angle ~ 

= 0.045 100 150 20° 
o .', ';"'~ .. ~ 

25 '\ " 30 . . 1 ,.",':;. .... : 
0-

. . 
. 

0° 0.225 Q.241 0.183 0.231'6- . 0.124 
1 '. 

, 

J 

-

45° " 
d~159 0.196 0.183· 0.145 -{)~ 145 

---
., 

'" 
" , 

900 0.290'- 0.2'05 0..196 0: 163~:' o ~ IG3 . - 4:i<. . " 

QI i35° 0.290 0.145 0:171· 0.152 -

, .. ' 
" 

;. 

.... ( 

~ f . ... ' -- ~ ~ 
0 '. > 

180° 0.225 
rd 

0.159- - -
III, . - J. . ' , ~ .. ~ " 
& " r -, 

225° 
" , . 0.231 0.17Y 0.183 Q.17i 0,.130 ' 

• " 
.' . 

~ .' .. .' o .- -, 
2~,Oo 0 •. 201 O.~lQ 0.159 O. Ü~3 0'; 149 • 

! , , 

Ir.,' , , " " . 
315,° - -0.277 • 0.231 , 0.196 0.152 . ,0.183 

..~ .. " -
0.237 0.195' 0.182 

t.."' 
0.171 O.1~9 

il • 

" 
r • 

, 
- ,-" . -' , ....... , 

-! , 



" 

, 
'!. 
! 

,; 
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Cj 

r .. 

r 

Description: 

flat orange 

. '.~ ~ 

~ , 
" 

", , '. 
{ , 

r 

REFLECTIVITY DATA 

Air Ducting 

" 

" 
f " ;_ 

.. ' 

Strathcona Mine' 

. :tpcioent ~ng1e: ri9 
, .. , 1 

~ . TiÎt Ang1e:t 0°: 

Co10ur Temperature: 2360 K tungsten.fitament 
4 '\ · 

R = ,0.359 · 
off Angle' . 

~ 0.'033 " 

, 

cr 
100 15° 200 250 30° ~ 

~ 1 , 
~ 

--

0° ç 0.358., · 0.358 , , 0.350 O ... 326 0.366 

-
O· 45. ~ 0.358 0.3'75 0.411 .,,0.358 0.342 

; . -
. 900 

à.383 0.350 0.342 0.411 0.350 . 
. 

(1) 1350 
0.350 0.430 0.334 0.420 -,..f 

lJ'l 

~ 
1800 ; 

rd 0.383 0.271 - - -
,Ill 

(1), • 
~ 

2250 
0.342 0 .. 342 0.342 0.342 0.326 

-. 
2700 

0.342 0.342 0.319 0.383 0.411 

• 
31So 

0.'383 , 0.411 0.342 0.342 0.334 

" ,l\c ' 0.362 0.359 0.345 0.375 0.354 

• 1 

" 

• 

'f> 

.. 

.. 

- - --- ---- ~----------------'--_-.""'. , ..... ' ..... ""'L-..... ' ....., ..... ~ .. ""'t~ __ -.."...... 

,. 
" , 

, ' 



. 
'.clf 
'~t( 

U'~ 
li'.$,· 
.~ "', .. 

~' ) , 
,~ 

'(y. 

'0 

(-~ 
~,,~ ,~ '-:;.~ 

-' 

l;,~~' 
~~'< 
'J '., 
" , . " 

l' ..•• 

. 
" 

.. .. • "'. j .... i'" 

" 

., 
' c , . 

: ... ~t • '. 
_ ... - .. __ -_ ......... ,---. _.t:.-. ... ______ '-,_. _. ----I.-'l~g~--....... --*"!""'--.;........;...:· ,.:........_~ 

, ... 
- 292 -

REFLÈCTlVITY DATA . 
, . 

" Description: Oilers - inside pants leg 

• 
Incident Angle: 0° Tilt Angle: 0° 

Colour Temperature: 2360 K tungsten filament S.E.I. 

R = 0.436 Off Angle 

(] "" 0.038 10° 15° 20° 25° 30° 
- -

0° 0.535 0.477 0.425 0.435 0.456 

.~ 

45° 0.445 0.370 0.445 0.425 0.435 
, 

L 
" 

90° -
, 
6.425 0.425 0.435 0.488 0.435 

) 

Q) 13§0 . 0 . 425 0.445 0.435 0.415 -
r-I 
tn - . 
~ 

1800 0.445 0.435 - - -ra 
Ils , 

~ 
225° 0.548 0.466 0.425 0.477 0.415 . ... 

270~ 0.435 0.435 0.425 0.425 0.362 

3150 0.406 , 0.370 0.397 0.406 0.445 

0.458 0.428 0..427 0.439 0~425 

.' 
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Description: 

':'" 293·-

l ' 

1 

REFLECTIVITY D,.~A: 
, " , . 

~ , ~ '. 

f 1 , 

.{ 

, . 

", 

B,ltèk corrugated, surface caked with dry mud 

• 

00 
Incident Angle: 

• 
• 

00 
Tilt Angle: 

'V 

Colour Temperature: 2360 K tungstèn filament S.E.I. 

. 
.R = 0.145 Off Angle 

cr = 0.019 10° 15° 20° 250 30° 
, , 

. 

0° 0.127 0.171 0)49 0.149 0.143 
, 

450 0.156 0: 156// Vo.i27 0.149 0.146 
- , . ~ 

1 -
~,<!A{O 

. 

'0
0 0.12.f' 0.188 0.139 0.143 

,<1) 1350 0.143 0.149 0.184 0.143 -
r-f 

. 
~ 

1800 , 
0.124 0.149 - - . -

'CS 
Id , 
<1) . 
~ 

2250 
. 

0.153 0.171 0.127 0.136 0.124 

0 

270? 0.156 0.143 0.139 0.113 0.113 

- . 
J 

3150 0.16B 0.14,9 0~160 0.1~.3 0.116 
1 v 

-
Rx 0~144 0.158 0.149 0.140 0.131 

, J 

. 
'- éJ 

.. 

" __ _ i__ __ ~~. _~_ 

,1 

<, 

" 

/-
1 
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REFLECTIVITY DATA' 

Description; Black Rubber Boots , ' 

(srnooth surface) 

Incident Angle: 0
0 Til t Angle: '0

0 

, 

Co10ur Temperature: 2360 K tungsten filament S.E.I. 

tI 

-R = 0.058 Off 
/' 

A'ng1e 
. ..;.~ 
.lt'" , ,-
.' 

Cf = 0.012 100 150 20° 250 300 

"0 
00 0.061 0.051 0.057 0.061 0.042 

1 

45° 0.049 0.065 0.058, - 0.057 0.067 
" . ... . 

90~ , 0.051 0 .. 059 0.042 0.038 0,.038 

, 
Q) l3?0 .- 0.077 0 .. 075 0.053 0 .. 075 -

r'4 

~ 
, , 

1800 0.084 0.043 ;-" - -
'0 -
Id 

&l \ . 
2250 0,,058 0.052 0.071 0 •. 048 0.052 -

. 
270°' 0.057 0 .. 058 , 0.058 0.049 0.057 

1 

" 
3150 . 0.04-9 ' 0.061 0.080 0 .. 054 0.071 

fi' 1 , 
, 

, 0.061' ().. 058 0.060 0.0·55 0.054 

1:.,1) 
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.\ / 
,.., ~LECTIVI'TY 'DATA - ' 

1 
Descr iption: Reflective Tape 

l' 

(3M Scotchlite) 

Il 
1 

J. 
Q. 
'~ . 

·iC ~.""''1'- ~ ., .... : . 

• 

Incident Angle: /°0 
_ . 

Colour Temperatre. 2360 K tungsten filament 

R "" 0.467 / f Off Angle 
J 

= 0.221 100 15° 200 25° cr 

Qr 
'. '" 

0.603 0.59 2 0.355 0.289 . 
, 

410 . 0.872 0.617 0.355 . 0.282 . 

700 0.852 0.576 0'.316 , , 0.224 , 

. 7350 
, 

QI 0.742 '0'.447 0.347 0.269 
ri 
bI . 
~ 

11800 

~' 
0.872 0.447 -. -

r . 
'\ 

,/ ~ 
. .. 

" 2250 
(\ 0,.814 0.5,63 , 0.372 0.2~~ .. , 

r-
270~' 0.892 0.563 0.501 0.339 

3150 0.892; ,.0.4,37 0. , 80 0.276 .. 
0.817 P':375 0.28'0 

fil ,J .. 

'IY 

-. \ 

.\ . ,- , 
'. ' 

S.E.L 

300 

[9. 246 

0.219 

0.282 

-

-

0.282 

0.295 

0.214 

0.256 

, '. 
1 • ... ~ ,. 

\ - ~,.~ , 

; ." 
l '-.,-

". 

, ! , 


