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FOREWORD 

This report was prepared by Bituminous Coal Research, Inc., 
Monroeville, Pennsylvania, under U.S. Bureau of Mines Contract J0308090. 
The contract was initiated under the Minerals Health and Safety Tech­
nology Program. It was administered under the technical direction of 
the Pittsburgh Mining Research Center, with Mr. William Lewis acting as 
Technical Project Officer. Mr. Patrick Neary, Section of Procurement, 
Pittsburgh, Pennsylvania, was the Contracting Officer for the Bureau of 
Mines. This report is a summary of the work completed as a part of this 
contract during the period May 1980 to November 1982. This report was 
submitted by the authors in October 1983. 

No patentable inventions resulted from this contract. 
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I. INTRODUCTION 

This report is divided into three parts, as follows: 

Part I. Literature Search to Obtain Information on Available Anti-glare 
Materials and Techniques 

Part II. Psychophysical Studies of Disability and Discomfort Glare for 
Underground Coal Miners 

Part Ill. Reflectivity of Underground Coal Mi ne Surfaces 

Part I was conducted by Bituminous Coal Research, Inc., Part II by the 
Illuminating Engineering Research Institute, and Part III by Mr. C. L. Crouch, 
an independent consultant. This report is, therefore, a compilation of the 
reports prepared by the three organizations that conducted the research. 

A. 

B. 

II. SUMMARY 

Objectives 

The objectives of this contract were to: 

(1) Conduct a literature search to obtain information on available anti­
glare materials and techniques. 

(2) Develop data on the glare sensitivity of face personnel i n under­
ground coal mines and conduct tests on the glare potential of exist­
ing underground lighting systems 

(3) Conduct underground studies to evaluate the reflectivity of coal 
surfaces in an effort to verify the average reflectivity val ue of 
4 percent specified in the MSHA regulations. 

(4) Through the Final Report, make this information available to the 
lighting industry for use in the design and application of low-glare 
potential luminaires in underground coal mines. 

Scope of Work 

The procedure developed to accomplish the objectives included the tasks 
described below. 

1. 

on: 

Task I - Literature Survey of Glare Investigations and of Anti-glare 
Materials and Techniques 

An extensive literature survey was conducted to collect information 

(a) Currently available materials that can be used to diffuse or 
control light output from luminaires, particularly thos e util­
izing point-source lamps . 

1. 
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(b) Lighting techniques used to mi~imize the glare potential of 
lighting systems and of individual luminaires. 

(c) Investigations conducted on glare with particular emphasis on 
the human engineering aspects of the work. This information 
was reviewed to determine its applicability to underground mine 
lighting requirements. 

Details on this work are given in Part I - Literature Survey of 
Investigations and of Anti-glare Materials and Techniques - Sections 
Abstracts of articles describing anti-glare lighting techniques and 
investigations are included as Appendix A to Part I of this report. 

2. Task II - Discomfort and Disability Glare Evaluation and Tolerance 
Level Measurements 

Studies have been conducted to determine the light-tolerance levels 
of people in the general population, but no studies have dealt specifically 
with underground coal miners. To determine whether the discomfort and dis­
ability glare tolerance levels of the miners correspond to the levels exhib­
ited by the general population, two test procedures were conducted by person­
nel from the Illuminating Engineering Research Institute (IERI). 

a. Procedure I - Evaluation of Mining Machine Illumination Systems 
From the Glare Standpoint 

Regardless of the seam height being mined, both the limited 
space around a mining machine and work procedures require personnel to operate 
in close proximity to the machines. With luminaires mounted on the machines, 
the light sources are often directly or within a few degrees of the miner's 
line of sight. This creates significant glare which can be both uncomfortable 
and unsafe for the crew members. The severity of the problem depends on the 
type of light source (incandescent, fluorescent, or high-pressure sodium), the 
luminaire design, and placement of luminaires with respect to normal work 
stations. Although shielding and diffusing material over the luminaire lens 
are used to minimize the problem, glare still remains the most frequent com­
plaint of the miners. 

In order to analyze the glare potential of existing lighting 
hardware, IERI personnel made field measurements on seven MS~-approved light­
ing systems mounted on either continuous miners or bolters. The measurements 
were made in Westmoreland Coal Company's "dark room" facility using a Dis­
comfort Glare Evaluator and a Visual Task Evaluator. The analysis of the 
field data resulted in a "Vision Comfort Probability" factor which permits the 
lighting systems to be ranked according to their glare potential. A detailed 
discussion of the data and results is presented in Part II - Psychophysical 
Studies of Disability and Discomfort Glare for Underground Coal Miners -
Section III, The Study of Disability and Discomfort Glare from Current Mine 
Lighting Systems. 
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b. Procedure II - Discomfort and Disabili ty Glare Measurements on 
Undergrour.d Miners 

Measurements of the general population have established that 
factors such as age, eye color, and vision deficiencies do affect the glare 
sensitivity of individuals . However, no data exist for such specific worker 
populations as miners, and the possible effect on glare sensitivity of working 
in an almost totally dark environment is unknown . Inasmu ch as the degree of a 
miner's glare sensitivity could be an important parameter in a lighting system 
design and in establishing realistic lighting regulations, it is important 
that this paramete r be established. This was accomplished by using the 
Dis comfort Glare Evaluator to evaluate the glare sensitivity of underground 
personnel at the MSHA Beckley Academy, Maple Meadow Mining Company, and 
Westmoreland Coal Company. A description of this test procedure is included 
in Appendix D. 

Previous testing by IERI resulted in the development of formu­
las which relate field luminance or reflected light levels and the "borderline 
between comfort and discomfort" (BCD) sensation for the general population. 
Using the field data from Test Procedure II, these formulas were modified to 
reflect the BCD sensation for underground mining personnel and provide a com­
parison with the general population's BCD values. Discussion of the analysis 
a nd results is presented in Part II - Psychophysical Studies of Disability and 
Discomfort Glare for Underground Coal Miners - Section IV, The Underground 
Study of Miners' Sensitivity to Disability and Discomfort Glare. 

3. Task III - Evaluate Reflectivity of Coal Surfaces 

Federal lighting regulations specify that an average surface reflec­
tivity value of 4 percent shall be used for calculations involving underground 
coal mine lighting. The validity of this reflectivity value has been ques­
tioned by both operators and equipment manufacturers. Since the reflectivity 
value can have a significant effect on the illumination system design, the 
Bureau undertook, as part of this contract, to verify the 4 percent value by 
taking underground surface reflectivity measurements i n working faces at mines 
in different coal seams. · 

Tests were conducted in seven underground coal mines to collect data 
on the reflectivi ty of the face, r ib, roof, and floor surfaces in the working 
place. The results were used to determine if the 4 percent surface reflectiv­
ity specified in the federal lighting regulations is a valid average reflec.­
tivity value for use in designing mine lighting systems. The surface 
reflectivity was measured using an Ulbricht sphere modified for use as a 
reflectometer, specifically for surfaces commonly found in commerce, institu­
tions, and industrial applications. Discussion of the procedure and results 
is presented in Part III - Reflectivity of Underground Coal Mine Services. 

4. Task IV - Development of Conclusions and Recommendations 

Field data and information collected during the conduct of Tasks I, 
II, and III were analyzed to develop conclusions and recommendations related 
to: 
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(a) The candlepower distribution for machine-mounted lighting 
systems to minimize the glare potential for personnel working 
around the machine. 

(b) The investigation and/or application of shields, diffusers, and 
other light-control techniques examined during this project. 

(c) Modifications to the federal lighting regulations to alleviate 
existing lighting problems while maintaining the intent of the 
regulations to provide a safer and more efficient mining envi­
ronment. 

C. Summary of Conclusions 

Part I - Literature Search to Obtain Information on Available Glare 
Materials and Techniques 

(1) No articles were found that dealt specifically with development of 
underground mine-lighting techniques to eliminate or minimize glare 
from machine lighting. This would indicate essentially no research 
has been done in the development of low-glare, machine-mounted 
lighting t~chniques. 

(2) Some investigations which involve the general population and/or 
surface work areas have possible implications to underground light­
ing. The reports of these investigations, discussed in Part I, 
Section A, should be reviewed by the Bureau to develop potential 
research programs to improve underground lighting. 

(3) Many products on the market can be used to diffuse or control light. 
Present practice has been to use diffusing materials to minimize the 
effect of high-intensity light sources. Based on the information 
obtained and limited testing performed by BCR, insufficient work has 
been done in using a combination of diffusing materials and pris­
matic lenses to minimize glare, particularly with the high-intensity 
light sources. 

Part II - Psychophysical Studies of Disability and Discomfort Glare for 
Underground Coal Miners 

(1) Measurements of disability and discomfort glare of seven currently 
available lighting systems mounted on a continuous miner and a 
bolter showed very serious glare effects, resulting in losses of 
visibility and attendant discomfort. 

(2) The average glare sensitivity of the miners tested was about the 
same as for the above-ground population. However, sensitivity 
varied widely. As a result, a small percentage of miners who are 
very sensitive to glare may account for a majority of the complaints 
which are the basis for the mines' difficulties in achieving a suit­
able illumination environment. 
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D. 

(3) Field data indicate that age is a factor and eye color a possible 
factor in glare sensitivity. 

(4) Based on results of previous studies presented in CIE Publication 
No. 19/2, a loss of 50 percent visibility due to lighting systems 
(average loss of systems tested) might mean a 25 to 30 percent loss 
of the miners' visual performance. 

(5) There appeared to be no significant difference in disability glare 
sensitivity between miners coming "on" shift and those going "off" 
shift. However, the miners coming "off" shift showed a 40 percent 
greater discomfort glare sensitivity t han those coming "on" shift. 

(6) Miners' disability glare sensitivity was foun d to be as follows: 

(a) 99.86 percent may be expected to have visibility loss equal to 
or less than 74 percent. 

(b) 0.13 percent will have visibility loss equal to or less than 
23. 9 percent. 

(c) 50 percent will have loss equal to or less than 50.71 percent, 
and 50 percent will have loss greater than 50.71 percent. 

Part III. - Reflectivity of Underground Coal Mine Surfaces 

(1) Reflectivity measurements for face a nd ribs varied from 2.3 to 6.6 
percent, with an overall average of 4.2 percent. 

(2) Reflectivity values for roofs ranged from 5.2 to 11.0 percent, with 
an average value of 8.3 percent. 

(3) Reflectivity values for the floors ranged fr om 2.8 to 4.6 percent, 
with an average value of 4 .0 percent. 

Summary of Recommendations 

The recommendations resulting from the data analysis are summarized 
below. 

(1) Tests should be conducted to determine the glare reduction achieved 
by the combination of commercially available diffusion materials and 
prismatic lenses . 

(2) Studies should be conducted utilizing "special-purpose" lighting 
techniques such as using relatively high light levels on the face or 
roof where the machine opera tors must see detail, but, in areas such 
as the ribs and floor, supply only light adequate to insure good 
peripheral vision. 

(3) In conjunction with all lighting, use more reflective clothing and 
surfaces; but, in particular, study use of such reflective surfaces 
in conj unction with the "special-purpose" lighting technique re-
f erred to in recommendation (2) . 
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(4) Contrast between a surface or detail and its background is a major 
factor in a person's ability to see an object. Investigate the use 
of the "effective relative contrast sensitivity" discussed in the 
article "Limitation of Disability Glare in Roadway Lighting," as a 
design tool for analysis of underground lighting requirements. 

(5) Investigate the theory discussed in the article "Duration of After­
image Disability After Viewing Simulated Sun Reflections" to develop 
a procedure to measure the duration of after-image disability when 
viewing a standard light source with and without anti-glare protec­
tion. This could be a potential tool for lighting-system designers 
in choosing the optimum anti-glare materials. 

(6) Conduct studies to determine (a) the light uniformity requirements 
needed to provide a safe environment, and (b) whether lower light 
levels than specified in the regulations could be used without 
affecting safety or working conditions. 

(7) Conduct studies utilizing both fiber optics and light pipes to 
provide underground lighting. These may also be useful in design­
ing a non-machine-mounted lighting system that would be easier to 
advance with the face than a system of luminaires inasmuch as a 
minimum of light sources would be required. 

(8) In view of the relatively high mine roof reflectivity compared to 
rib, roof, and floor, investigate the design of a machine-mounted 
lighting system that utilizes the indirect lighting principle to 
achieve the required light level and distribution. 

(9) Test data show an increased discomfort glare sensitivity of miners 
coming "off" shift as compared to coming "on" shift; lighting 
systems should be designed to take this factor into account. 

(10) Investigate the possibility of developing a procedure that would use 
the "Index of Sensation," described in Part II, Section C, to eval­
uate mining machine lighting system designs. Such an investigation 
would have to consider the following factors: 

(a) The procedure would have to be performed in a simulated entry. 

(b) A consensus should be reached on what work positions are the 
most critical for each machine application and should be used 
in analysis. 

(c) What value of index should be established as the design 
criteria? This could be tied into the visual comfort prob­
ability so a given percentage of miners would find t he system 
satisfactory. 

(11) If the "Index of Sensation" is used, a program should be initiated 
to investigate the possibility of developing a computer program as a 
design tool for determining the index for a given system. 
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(12) Require increa sed use of reflective material by personnel and 
machi nes to enhance contrast . In conjunction with the use of tape, 
inve stigate l owering the .06 footlambert requirement to a level 
nearer t h e lowe r limit required for peripheral vision (.01 fL) . 

(13) Eliminate the use of underground ligh t level measurements. Require 
surface measurements under simulated conditions, using inciden t 
light measuremen ts in a simualted e nt ry of 4 percent reflectivity on 
the simulated ribs, floor, and face; a n d 8 pe rcent on the roof . The 
unde r g round measurements are inappropriate because results will be 
influ enced by: 

(a) The inspector's ability to properly position himself to take 
accurate readings, i.e., proper distance f rom surface, not 
shield luminaires, hold instrument at proper angle. 

(b) Condition of luminaires with respect to dirt accumulation, 
scratched surfaces of lens, age of light source. 

(c) Condition and calibration of instrument. 

Underground i nspection would be limited to checking for approval 
tag, dirt on lens, condition of lens, and compl iance with exp l os i on 
proof (X/ P) or intrinsically safe (I.S.) requirements. 
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PART I - LITERATURE SURVEY OF GLARE INVESTIGATIONS 
AND OF ANTI-GLARE MATERIALS AND TECHNIQUES 

A. Literature Survey 

The literature survey was conducted to identify journal articles, project 
reports, or other publications that contained information pertinent to under­
ground mine lighting, including glare-control techniques, discomfort and 
disability glare research, light-control products , lighting design, task and 
safety lighting, and mine illumination. The primary sources of information 
were the H. W. Wilson Company "Applied Science and Technology Index" and the 
Lockheed Missile and Space Company, Inc., "Dialog" information-retrieval 
system. 

The "Applied Science and Technology Index" contains titles and authors of 
articles published in professional and trade journals including "Coal Age," 
"Mining Engineering," and "Mining Congress Journal." A total of 199 ref­
erences were obtained from this source. 

"Dialog" is a computerized collection of over 100 data bases, listed in 
Table 1, which BCR can access by an in-house remote terminal. Using key words 
and phrases (such as glare, discomfort, and disability), the preselected data 
bases listed in Table 2 were searched for references to articles considered 
relevant to mine-lighting control, and produced a total of 137 references. 

TABLE 2. DATABASES ACCESSED FOR INFORMATION 

National Technical Information Service (NTIS) 
Engineering Index (COMPENDEX) 
The Institute of Electrical Engineers (INSPEC) 

- 1964 to present 
- 1970 to present 
- 1969 to present 

From the 336 references found during the search, 112 articles, listed in 
Appendix B, were obtained for review. In addition, one article was obtained 
through contacts at the 1981 CIE Mine Lighting Conference held at the MSHA 
Academy, Beckley, West Virginia. A summary of these articles, by subject 
area, is given i n Table 3. 

TABLE 3. ARTICLES BY SUBJECT AREA 

Discomfort Glare 20 
Disability Glare 16 
Light-control Products 36 
Lighting Design 11 
Task and Safety Lighting 18 
Mine Illumination 12 
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T~U l. DATABASES ACCESSllU: BY BCR 

AB I/INfORM 
AGRICOLA 79-.,._, 
.a.GRICOLA 70-78 
.a.lM/.a.RM 
AME RICA: HISTORY I, I.If£ 
APTIC 
AOUACUL TUR£ 
AOUALINE 
AQUATIC SC:IENCIS Ir fl~ERI£S ABS 
ARTBIBLIOGRAPH1£S l,IOOERN 
.a.s1 
IHRA fLUID ENGINEERING 
BIOGJ'IAPMY MASTER INDEX 
BIOSIS PREVIEWS Hil77-c,,...,,, 
BIOSIS PREVIE"VS 1969-76 
BOOK REVIEW INDEX 
CA SEARCH g7:11 
CA SEARC:H 72 -76 
CA SEARCM 77 -79 
CA SEARCH 8O-orwwm 
CAB ABSTRACTS 
CHEMICAL INDUS'TRY NOTIS 
CHEMNAME 
CHEMSEARCH 
CHEMS IS 72-76 
CHEMS IS 77-~t 
CH ILO ABUSE Ii NEGl.ECT 
CIS 
CLAIMS,... /CHEM 50-52 
CLAIMS..., /Cli ATION 
CLAIMS"" /CLASS 
CLAIMS"• /UNITHIM 50-52 
CLAIMS,.., /UNITE RM &3-70 
CLAIMS"" /UNITE RM 71 -o..wnt 
CLAIMS,.., /U .S. PATElllTS SJ -70 
CLAIMS"' /U .S. PATENT ABS 71-oo-t 
CLAIMS"" /U.S. PAT ABS WEEKLY 
COMPENOEX 
COMPREHENSIVE DISSERTATION INOEX 
CONFERENCEPAPERSINOEX 
CO NGRESSIONAL RECORO 
CRISI USOA 
OIALINOEX 
CIA LOG PUBLICATIONS 
DISCLOSUR E 
ECER 'eXCEPTIONAL CHILO 
ECONOM IC ABSTRACTS INTERNATIONAL 
E IS INDUSTRIAL PLANTS 
HS NONMANUFACiURING [STAB 
ENCYCLOPEDIA OF ASSOCIATIONS 
ENERGY LINE 
ENVIROLINE 
ENVIRONMENTAL BIBLIOGRAPHY 
ERIC 
EXCERPTA MEOIC,. 7' -79 
EXCERPTA MEDICA 80.l)fn..-1 
E XCE RPi A MEDI CA (IN l'ROCESSl 
HOERAL INDEX 
FEDERAL REGISTER 
FOOD SC IENCE & TECH ABSTRACTS 
FOODS AOL I BRA 
FOREIGN TRADERS INOEX 
FOUNDATION OIRECiORY 
FOUNDATION GRANTS INDEX 
FROST & SULLIVAN DM2 
GEOARCHIVE 
GEOREF 
GPO MONiHLY CATALOG 

10. 

GRANTS 
HISTORICAL ABSTRACTS 
INl'AOOC 
INSPEC 1;&9-77 
INSPEC 11i178-o•-rt1 
INT 'L PHARMACEUTICAL ABSTRACTS 
IRL LIFE SCIENCES COLLECTION 
tSMEC 
LANGUAGE & LANGUAGE IEHAVtOR ABS 
LEGALRESOURCEINOEX 
LISA 
MAGAZINE INDEX 
MANAGEMENT CONTENTS 
ME OLINE 
MENTAL HEALTH ABSTflACTS 
METAOEX 
METEOR /GEOASTROl'HYS ABS 
MLA BIBLIOGRAPHY 
NATIONAL FOUNOATIONS 
NATIONAL NEWSPAPER INDEX 
NCJRS 
NE'NSEARCH 
NICEM 
NICSEM/NIMIS 
NONFERROUS METALS 
NTIS 
OCEANIC ABSTRACTS 
ONT AP CA SEARCH 
ONTAI' CHEMNAME 
ONTAP ERIC 
PAIS INTERNATIONAL 
PHARMACEUTICAL NEWS INDEX 
PHILOSOPHER'S INDEX 
PIRA 
,OLLUTION ABSTRACTS 
POPULATION BIBLIOGRAPHY 
,SYCINFO 
PTS F &S INOEXES 1972-11i175 
ns F&S INDEXES 11i176-p, .. ,n 
ns INT·L FORECASTS 
ns INT·L TIME SERIES 
ns l'REDALERi 
f'TS l'ROMT 
PTS U.S. FORECASTS 
f'TS U.S. TIME SERIES 
IIAPRA ABSTRACTS 
RILM ABSTRACiS 
SCISE ARCH' 197'-77 (a.Jtlal:fibe"l 

(nonwblcri~nl 
SCISE ARCH' 1 lil78-or-nt (wt,si;,ibe"l 

(nonwbscfi~nl 
SOC IAL SCISEARCW 
SOCIOLOG ICA L ABSTRACTS 
SPECIAL EDUCATION MATERIALS 
SPIN 
SS IE CURREN,- RESEARCH 
STANOARO & POOR ·S NEWS 
SURFACE COAT INGS ABSTRACTS 
,-RADE OPPORTUN ITIE S 
TRACE OPl'ORTUNITIES WEEKLY 
TRIS 
TSCA INITIAL INVENTORY 
U .S. EXl'ORTS 
U .S. POLITICAL SCIENCE OOCUMENiS 
U .S. PUBLIC SCHOOL 0IRECTORY 
WHOASEARCH 
WORLD ALUMINUM ABSTRACTS 
WORLD TEXTILES 



None of these articles contained information on innovative lighting 
designs or glare-control techniques specifical ly for mine-lighting applica­
tions. Fourteen articles, listed in Table 4, while related directly to ~in­
ing, do not discuss research and development work. Twelve articles are pri­
marily information on available lighting hardware and its application; one 
article discusses lighting regulations and one, the critical areas of under­
ground lighting . 

Sixteen articles discuss results of lighting studies and were considered 
potentially relevant to mine lighting. Brief discussions of these articles 
are presented in Appendix C. 

It is significant that only 14 of the 112 articles reviewed were directly 
related to coal mining, and, as noted, the se did not discuss research in ~ine­
related lighting problems. The limited amount of literature available on mine 
lighting indicates an apparent lack of research and development in coal-mine 
lighting as compared to the work being done in areas such as roadway, office, 
and industrial-plant lighting. 

B. Survey of Anti-glare Materials and Techn iques 

1. Org anizations Contacted 

A survey of anti-glare materials and techniques currently used in 
general lighting applications was conducted to obtain information on products 
or techniques with potenti al value in controlling glare from underground coal 
mine illumination systems. Table 5 lists 40 organizations--including 32 manu­
facturers, five distributors, two research organizations, and one op t ome­
trist--contacted for information on glare-reducing materials and techniques. 
A variety of light-control products, as list ed in Table 5 , were available from 
the organizations, including complete lighting systems and such components of 
lighting systems as glare-reducing coatings, plastics, and lenses . 

The list of organizations to be contacted was prepared from (1) a 
search of the Thomas Register of American Manufacturers, and (2) r ecommend­
ations from light ing manufacturers and the Illuminating Engineering Research 
Institute. The organizations were initially con t acted by phone to obtain the 
name of the individual most qualified to discuss mine- lighting applications 
of the organization's product or control technique. As a result of t hese 
contac ts, 15 companies provided brochures on light-control materials and 
luminaires, three manufacturers expressed interest in working cooperatively on 
the development of low-glare coal-mine illumination systems, and seven com­
panies supplied samples of the light-control products listed in Table 6. 

2. Anti-glare Material~ and Techniques 

A review of the products in Table 6 resulted in the following 
analysis of their us efulness for mine lighting systems . Aluminum reflectors 
(Items 1, 2, 3) can be used to improve directional lighting efficiency but are 
considered of no value in reducing glare. 
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TABLE 4. MINING-RELATED ARTICLES 

Article 

1. Products to Light Underground 
Workings 

2. Illumination of Mining Equipment 

3. Lighting Suppliers Work to Cut 
Glare 

4. Underground Mine Lighting; A Look 
of What's New in Concepts and 
Equipment 

5. HPS Lights West Virginia Coal Mine 

6. New Underground Lighting Regula­
tions and How They Apply 

7. Overview of Remaining Critical 
Areas of Underground Illumination 

8. Companies Take the Initiative on 
Mine Lighting 

9. Polycarbonate Tube Shields Mine 
Light ~ 

10. New Directions for Polycarbonate 
in Lighting 

11. Focusing on Tough Illumination 
Problems Underground 

12. How to Implement Mine Illumination 

13. Glare Reduction for Underground 
Lights 

14. Area Illumination in Room and 
Pillar Hard Rock Mines 

1 2. 

Author 

Anonymous 

Bell, J. R. 

Brezovec, D. 

Chironis, N. P. 

Anonymous 

Lester, C. E. 

Lester, C. E. 

Mason, R. H. 

Anonymous 

Reed, J. J. 

Skinner, C. S., 
et al. 

Skinner, C. S. 

Trotter, D. and 
Laferriere, L. 

Weakly, L. A. 

Source 

Coal Min & Process, 
Oct. 1976 

Min Cong Journal, 
Oct. 1979 

Coal Age, 
May 1980 

Coal Age, 
Aug. 1974 

Lighting Design & 
Appl, Jan. 1977 

Coal Min & Process, 
Oct. 1976 

Coal Conference & 
Expo V, Louisville, 
KY , Oct. 19 7 9 

Coal Min & Process, 
Oct. 1976 

Plastics World, 
Nov. 1978 

Lighting Design & 
Appl, June 1979 

Coal Conference & 
Expo V, Louisville, 
KY , Oct • 197 9 

Coal Min & Process, 
Mar. 1979 

Can Min Journal, 
Sept. 1980 

Min Eng, 
June 1978 



TABLE 5. ORGANIZATIONS CONTACTED FOR INFORMATION ON 
GLARE-CONTROL PRODUCTS OR TECHNIQUES 

Name of Organization 

1. Moldcast Lighting 

2. RCA Corporation 

3. 3M Company 

4. Appleton Electric Company 

5. Sonolite Corporation 

6. Roflan Company 

7. Alcoa 

8. Plastic Manufacturers, 
Inc. 

9. Optical Filter 
Corporation 

10. Holophane Division of 
Johns-Manville Corp. 

11. American Acrylic 
Corporation 

12. KSH, Inc. 

13. Keene Corporation 

14. RAB Electric Manufacturing 
Company, Inc. 

15. Evaporated Coatings, Inc. 

16. l~xalite International 
Corporation 

17. General Electric Company 

Type of 
Organization 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

13 . 

Products of Possible Interest 

Prismatic luminaires 

Glare-reducing coatings 

Glare-reducing coatings, 
diffusing tape 

General lighting products 

General lighting products 

Explosion-proof oil refinery 
luminaires 

Aluminum reflective sheet 

Custom designed lenses aGd 
diffus ers 

Lenses and optical f i lters 
for nautical and space 
applicat ions 

Explosion-proof oil refinery 
and industrial luminaires 

Fiberglass reinforced 
diffusers 

"Acri-tuff" lenses and 
diffusers 

General lighting products 

General lighting products 

Heat/light separat ion and 
anti-glare films 

Custom fabricator of poly­
carbonate lighting plastics 

"Lexan" polycarbonate 
plastics 



TABLE 5. ORGANIZATIONS CONTACTED FOR INFORMATION ON 
GLARE-CONTROL PRODUCTS OR TECHNIQUES 

(Continued) 

Name of Organization 

18. Fiber Optics Technology, 
Inc. 

19. Bayhead Products 

20 . Plastic Dynamics 
Corporation 

21. Corning Glass Corporation 

22. American Optical Corp. 

23 . United Lighting & Ceiling 
Corporation 

24 . Dura-Plastics of New York, 
Inc. 

25. ALP Lighting 

26. Exide Corporation 

27. A. W. Carrol Company 

28. •Diffusa-Lite Company 

29. Transilwrap Company 

30. Precision Plastics Company 

31. Flexible Lighting, Inc. 

32. Optronics, Inc. 

33. Williams & Company 

34. McJunkin Corporation 

35. Plastic Products 

Type of 
Organization 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Manufacturer 

Distributor 

Distributor 

Distributor 

14 . 

Products of Possible Interest 

Fiber optics illumination 
systems 

Polycarbonate and acrylic 
lenses and diffusers 

Scratch-resistant coatings 
for polycarbonates and 
acrylics 

Low-glare glass lenses, glass 
tubes for mine luminaires 

None 

General fluorescent lighting 

Custom fabricator of plastics 

Light diffusers, louvers 

None 

Fluorescent bulb guards 

Light diffusers 

"Transilmatt" polyester dif-
fuser used in bulb guards 

General lighting plastics 

Flexible fluorescent lighting 

Low-glare headlights 

Aluminum reflective sheet 

Diffusing tape, bulb guards 

General lighting plastics 



TABLE 5. ORGANIZATIONS CONTACTED FOR I NFORMATION ON 
GLARE-CONTROL PRODUCTS OR TECHNIQUES 

(Concluded) 

Name of Organization 

36 . Flexo- Lighting, Inc. 

37 . Gold Seal Electrical 
Products 

38. Illuminating Engineering 
Research I nstitute 

39. Optical Coating 
Laboratories, Inc. 

40. Dr. Harry Zeltzer 

Type of 
Organization 

Distributor 

Distributor 

Research 

Research 

Optometrist 

15. 

Products of Possible Interest 

None 

Polarized panels 

None 

Glare-reducing optical 
coatings 

Low-glare optical lenses 
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Brand Name 

1. Coilzak Diffuse 

2. Coil zak Semi­
s pee u lar 

3. Coilzak Specular 

4. Para-lite l 

5. Louverlux 

6. White 1000-SOS 
LUMAsite 

7. Frost . 006 
LUMAsite 

8. Frost . 009 
LUMAsite 

9. GE 9038-112 
LEXAN Protect­
A-Glaze 

10. KSll-12 

TABLE 6. LIGHT-CONTROL MATERIALS RECEIVED* 

Company Material 

ALCOA Corp. Al urn in um 

ALCOA Corp. Aluminum 

ALCOA Corp. Aluminum 

ALP Lighting Products Acrylic 

Di ffusa-Lite Co. Acrylic 

American Acrylic Corp. Acrylic 

American Acrylic Corp. Acrylic 

American Acrylic Corp. Acrylic 

General Electric Co, Polycarbonate 

KSH, Inc. Acri-Tuff Acrylic 

Description 

Diffuse finish aluminum 
reflector 

Semi-specular finish 
aluminum reflector 

Specular finish aluminum 
reflector 

Parabolic louver; con­
trols high-angle bright­
ness to 45 degrees 

Cell louver; controls 
high-angle brightness 
to 40 degrees 

White diffuser; excellent 
glare control 

Fiberglass reinforced 
diffuser 

Fiberglass reinforced 
diffuser 

Translucent diffuser, 
high-impact and 
temperature resistant 

Standard lens; high 
efficiency 

*Inclusion of these products does not represent an endorsement or recorrmendation by the USBH or BCR. 
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Brand Name 

l l. KSH-701 

12 . KSH-3E 

l3. Whi te Matte 

14. Polarized 
Panels 

15 . Synmet ric 306 

16 . Asymnetric 306 

l 7. Red Spot 

TABLE 6 . LIGHT-CONTROL MATERIALS RECEIVED* 
(Continued) 

Company Material 

KSH, Inc . Acri-Tuff Acrylic 

KSH, Inc. Acri-Tuff Acrylic 

KSH, Inc. Acri-Tuff Acrylic 

Polarized Corp. of America Acryl i c 

Lexalite International Corp. Polycarbonate 

Lexalite International Corp. Polycarbonate 

Lexalite International Corp. 

18. Trans ilmatte . 005 Transilwrap Co. Polyester 

Description 

Rectangular pattern lens; 
good light distribution 

Asymmetric lens; reduces 
veiling glare 

White diffuser; excellent 
glare control 

Wh ite diffuser; standard 
lens and layer of polar-
1z1ng material 

12" x 12" lens; good 
light distribution 

12" x 12" lens; good 
light distribution 

Clear flat lacquer, 
diffuser 

Drafting paper, qiffuser; 
heat insensitive 

* Inc l us i on of these products does not represent an endorsement or recolllllendation by the USBM or BCR. 



Louvers (Items 4, 5) can be used to shield light output in a given 
direction, and control glare in that direction only. They are, however, 
impractical for mine applications because they reduce lighting efficiency, can 
significantly affect uniformity of light patterns, require additional space to 
install, and would be subject to extensive mechanical damage. 

Lens and diffusers (Items 6 to 18), made of either clear or white 
plastic, are designed specifically to control glare by diffusing the light 
and/or providing directional control. These materials give the best potential 
for minimizing glare produced by mine lighting systems. When evaluating these 
lenses, the properties of the plastic must be considered before analyzing the 
light patterns produced . Table 7 summarizes the properties of the plastics 
commonly used in the manufacture of lens and of glass used in some luminaires 
with HID or incandescent light sources. A review of the data indicates that 
glass is the best lens material because of its chemical stability and rela­
tively good strength and durability . However, glass is more expensive than 
plastic, which has led to extensive use of plastic lens on mine luminaires, 
particularly with fluorescent light sources. Of the four plastics included in 
Table 7, polycarbonate is the best material based on its good chemical sta­
bility, particularly flammability characteristics, and excellent impact 
strength . However, polycarbonate loses its strength and may change color or 
acquire a haze when exposed to sunlight or certain chemicals. Lumasite has 
properties similar to polycarbonate, but its lower deflection temperature and 
"slow-burning" characteristics make it less desirable for mir,e-lighting appli­
cation. Therefore, of the currently available plastics, polycarbonate is the 
best lens material, but some precautions should be observed in its 
application: 

(a) Hydrocarbon fluids and vapors will attack the material, result­
ing in loss of strength . For example, the fumes given off by 
the plasticizers in certain wire insulations, and by some 
solvents, will, over a period of time, attack polycarbonate, 
causing it to develop a haze and loose strength. 

(b) The plastic should be protected from high-temperature heat 
sources (such as weld spatter, welding torches, and heat from 
lamp filaments) to avoid localized softening and failure of 
lens. 

(c) The~e is evidence that the plastic will tend to develop inter­
nal cracking or crazing which can lead to impact failure of the 
lens. 

Limited testing of five lenses and two diffusing materials was con­
ducted to evaluate their potential for underground use. The procedure and 
results of these tests are presented in Section C. The diffusers, listed as 
items 6 to 9, were not tested either because they were very similar to the 
tested materials or the sample available was too small. Briefly, the test 
results indicated that: 

(a) Clear, prismatic, plastic lens generally broke up the "hot 
spot" created by an incandescent or HID light source but ofte n 

1 8 . 
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TABLE 7. PHYSICAL PROPERTIES OF COMMON LENS MATERIALS 

Property Units Acrylic • LUMAsite* ACRI-TIJF** 

Specific Gravi t y 1.19 l. 35 1. 15 

Light Transmittance 
0.125" thick 

clear pla st i c % 92 70 - 84 90 

Rockwell Hardness M-95 M-104 M-92 

Impact Strength 
Izod ft -lb/ 0.4 6 2 

inch 

Deflection Temperature 
at 264 psi •F l 89 233 170 
at 66 psi "F 210 245 187 

Flammability Slow Burning Slow Burning Slow Burn ing 

Thenna 1 Shock Resistance Excellent Exc e llent Excell ent 

Ef feet of Weak Acid s None None None 
Effect o f Weak Al ka 1 i None None Non e 

Effect of Sunlight None None None 

Tensil e Strength lb/in 2 i l ,000 14 .000 5,400 
Fl exura 1 Strength 1 b/ in 2 17,000 22,000 6,600 

* - LUHAsite is manufactur ed by American Acrylic Corporation. 
** - ACRI-TUF is manufactured by KSH, Inc . 

Polyc arbonate 

1. 2 

85 - 91 

M-78 

14**"" 

275 
280 

Self- ext in-
guishing 

Excell e nt 

None 
Some attack 

Some embr it-
tlement and 

color changes 

9 , 500 
13,500 

Tempered 
Glass**** 

2.3 - 2.6 

.88 - .92 

N.A. 

3.6 

415 - 500:J: 

Non-
burning 

Good 

None 
None 

None 

None 

10,000 
N.A. 

*** - Polycarbonate gradually loose s impact strength when exposed to sunlight, chemicals, etc. 
**tt - General range for glass · will vary for specific t ypes. 

* - Upper limit range for mechanical considerations only. 
~. \. - No. ava ilah!e. 



produced small, hi~h-intensity images, dispersed over the 
surface of the lens. 

(b) ~iffusion material with smooth surfaces greatly reduced the 
"hot spot" of the light source and produced a large surface of 
relatively low intensity. 

(c) Diffusion material with a prismatic lens design on one surface 
further reduced the hot spot and gave a generally more uniform 
light distribution. 

Based on these very limited tests, there appears to be considerable 
potential for the use of diffusion material with a lens pattern to reduce the 
glare potential of underground luminaires. 

3. Specialized Lighting Equipment 

As a result of the literature search, some specialized lighting 
equipment was identified as having possible use for minimizing the glare 
potential of mine-lighting systems. Following is a brief discussion of these 
items, based on information supplied by manufacturers and/or distributors 
listed in Table 8. 

a. Use of parabolic reflector and prismatic lens - Directional 
control of light can be readily achieved by the use of prism and reflector 
systems designed to reflect and redirect light to give a desired pattern. One 
example of a luminaire employing this system is shown in Figure lA. The 
reflector controls the light cutoff angle (Figure lB), while the clear plastic 
prismatic lens cover provides 180-degree lateral diffusion of the light. This 
design, which normally uses arc discharge lamps, provides limited light­
pattern control and reduced glare potential with high output. Current appli­
cations include roadways, streets, and parking lots. ~ modification of this 
design to further reduce glare would incorporate a white plastic lens instead 
of the clear material. 

The design principles used in this luminaire may by apolicable 
for lighting specific areas, such as the roof or floor, to a high level whil e 
~ini~izing the glare for personnel working around the machine. 

b. Radio-frequency -excitation - Fluorescent lamps will produce 
light if placed in an electrical field of radio frequency. This principle has 
been used to develop lighting systems incorporating small glass tubes, con­
taining mercury vapor and coated internally with phosphors. These tubes can 
be placed inside clear, flexible tubing and excited by radio-freque ncy elec­
trical waves carried by aerial wires oriented axially along the tubes. The 
advantages of this system are: 

(1) The lamps contain no elec trodes or filaments and, there­
fore, have an indefinite life. 
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TABLE 8. SUPPLIERS OF SPECIALIZED LIGHTING EQUIPMENP 

Source of Equipment 

Moldcast Lighting 

Flexible Lighting 

Optronics, Inc. 

Fiber Optics Technology, Inc. 

L.A. Whitehead, University of 
British Columbia, Department 
of Physics 

Product 

Paracyl luminaire - sharp cutoff, 
low-glare luminaire 

Radio frequency operated fluorescent 
luminaires 

Sealed beam, low-glare luminaires 

Numerous custom Fiber Optics' products 

Prism light guide 

*Inclusion of these suppliers does not indicate endorsement of the products 
listed, but is intended only to identify a potential source for the 
equipment. 
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G) - Luminaire Housing 

@ - Luminaire Lens with 
Prismatic Lens Patterns 

0 - Adjustable Aiming 
Reflector · 

© - Light Source 

© - Removable Secondary 
Reflector 

0 

A. Luminaire Using Prismatic Lens and Adjustable Reflector 

Low Angle Cutoff 

Middle Angle 

High Angle 

B. Cutoff Angles Available with Adjustable Reflector 

BCR 2286G2 

Figure 1. Example of Luminai r e Utilizing a Combination of 

Prismatic Lens and Specialized Refl e ctor 
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(2) Individual tubes which may be broken can be replaced 
quickly by inserting new lamps in the plastic tube s. 

(3) System output can be changed by varying the size and/or 
number of tubes. 

(4) The system can foll ow irregular equipment con tours to 
light hard-to-reach surfaces. 

(5) Essen tially no heat is produced by the l amps . 

The disadvantage of the system is that, with present designs, 
light levels at any point along the plastic tube are low; consequen tly, 
attaining the required luminance level (0.06 ft-L) may be d ifficult . The 
flex ibility and minimum-glare potential of this system should make it attrac­
tive for further research and development work and subsequen t underg round 
trials on various types of equipment. 

c. Low-glar e headlights - A sealed beam headlight is available 
which is designed to suppress glare by essentially eliminatin g diffuse, 
scattered light and producing a controlled, high-intensity beam reportedly 
capable of piercing smoke, rain, fog, and haze. Although surface coverage of 
the lamp' s beam is limited, mo difications to the s ystem may be possible to 
increase its coverage and make it more attractive for underground appli­
cations . The reduced glare potential of the lamp should be investigated 
particularly for applications where personnel, stationed at the front e nd of 
the machine , frequently look i n the direction of headlights or other lumin­
a i res. 

d. Fiber optics - The use of glass fiber bundles t o transmit light 
is a well-established technology having many applications i n medicine, sci­
ence, and industry. The main advantage of this s ystem is that light can be 
carried to one or more locations remote from a single light source. Theoreti­
cally, a mining application could use a single, high-wattage incandescent or 
HID l amp i n an enclosed housing with bundles or multistrand cables of glass 

'fibers transmi tting ligh t to windows or lenses around t he periphery of t he 
machine . This would produce a cool, low-glare system and eliminate the need 
for the large luminaires now used. 

The disadvantages of the system are : (1) because of its low 
efficiency, a large number of fibers and peripheral outlets would be needed to 
attain the required light levels; and (2) d issipation of the heat produced by 
the e nclosed light source would be a problem. However, some i nvestigation may 
be warranted to ascertain the practicality of using fiber op tics i n mine 
lighting. 

e . Light guides - Light guides, also known as light pipes, a r e 
similar to fiber optics in that light is transmitted from a single remote 
source to the location to be illuminated. The guides are rectangular trans ­
parent pipe whose walls have pr i sm-shaped outer facets which act as total 
internal refle ction mirrors. The design has the advantage of total i n ternal 
~eflection combined with low attenuation of light to give an effi c ient, low-
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cost method of distributing light. Other advantages, similar to those of 
light fiber techniques, are the use of a single light source which can be 
completely shielded from view, cool light-emitting surfaces which eliminate a 
potential safety hazard, and the potential for carrying light to areas not 
accessible with luminaires. 

A system of light guides should require relatively low mainte­
nance and may also provide a practical system for mounting on the rib or roof. 

c. Comparison of Glare-reducing Materials 

Current methods to control glare from machine-mounted illumination sys­
tems; e.g., partial shielding or applying colored diffusion tape, have not 
been entirely adequate in providing comfortable illumination for underground 
mine personnel. To provide information on additional light-control materials 
for potential underground application, five different plastic lenses, two 
diffusion materials, and a polarized panel (Table 9) were compared for glare­
control characteristics and relative reduction in light output when used with 
an incandescent light source. 

A test box, shown in Figure 2, with an interchangeable black or white 
interior was constructed to house a 150-watt incandescent lamp. One side of 
the box was left open to hold a 12-inch by 12-inch sample of lens or diffusing 
material. Measurements of incident light were taken in a darkroom to compare 
the distribution and losses of light emitted through the various lens or 
diffusers with the pattern and output of a bare bulb. A Gossen Panlux inci­
dent-light meter was used to record light measurements at distances of 1 foot 
and 5 feet from the light source, along lines parallel to the open side of the 
box, and at the level of the lamp filament. Because no convenient method was 
available to check the photometer calibration, the brightness measurements 
were used to compare light patterns produced by the various materials and show 
relative magnitude of "bright spots" in the output. A more precise and de­
tailed evaluation should be conducted to evaluate these materials for under­
ground application. 

Figures 3, 4, and 5 show the light distribution pattern and lumen output 
of the panels tested. These curves indicate the following: 

(1) The light distribution curve for a bare luminaire peaks sharply at 
8.5 ft-c when intensity is measured opposite the luminaire • . From 
this point, the intensity decreases in approximately a linear 
pattern up to 5 feet on either side of the luminaire. 

(2) The curves for diffuser materials also pe ak directly opposite the 
light source but at a reduced level. In addition, the slope of 
their curves to the left or right of the hot spot is more gradual 
than the slope of the curve for the bare luminaire. 

(3) The use of prismatic lens materials resulted in a variety of light 
patterns, some of which produced hot spots equivalent to the bare 
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TABLE 9. LIGHT-CONTROL MATERIALS TESTED 

Brand Name Company Material 

1. KSH-12 KSH, Inc. Acri-Tuff Acrylic 

2. KSH-701* KSH, Inc. Acri-Tuff Acrylic 

3. KSH-3E KSH, Inc. Acri-Tuff Acrylic 

4. White Matte KSH, Inc. Acri-Tuff Acrylic 

5. Symmetric 306* Lexalite International Corp. Polycarbonate 

N 
V, 6. Asymmetric 306 Lexalite International Corp. Polycarbonate 

7. Transilmatte .005 Transilwrap Co. Polyester 

8. Polarized Panel Gold Seal Electric Co. Acrylic 

*These panels tested for two lens orientations 90 degrees apart. 

Description 

Standard lens; high 
efficiency 

Rectangular pattern lens; 
good light distribution 

Asymmetric lens; reduces 
veiling glare 

White diffuser; excellent 
glare control 

12" x 12" lens; good 
light distribution 

12" x 12" lens; good 
light distribution 

Drafting paper, diffuser; 
heat insensitive 

10" x 10" lens; excellent 
glare control 



2276P88 

(A) Test Box with KSH-701 Lens to Distribute 

Light from the 150 Watt Bulb 

2276 P86 

(B) Test Box with 150 Watt Incandescent Bulb 

and No Lens or Diffuser 

Figure 2. Test Box Used to Evaluate Various 
Lens Designs and Diffusing Material 
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Figure 4. Comparison of Light Intensity and Distribution for 
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bulb while others produced multiple hot spots. Use of these 
materials would require careful testing to select an appropriate 
pattern. 

(4) For the eight light-control materials tested, light intensity at 
distances greater than 4 feet to either side of the source was 
essentially the same, 

(5) When the box interior was black, no more than 0.55 ft-c of illumi­
nation was achieved beyond 6 feet to either side of the source for 
any lens or diffuser tested. 

(6) Orientation of the lens pattern can be very critical, as shown by 
the difference in foot-candle distribution curves for KSH-701 and 
Lexalite 306 Lens Symmetrical Pattern materials. One orientation 
produced smooth, bell-shaped curves; however, rotating the panels 90 
degrees produced curves with multiple "hot spots" which could in­
crease the glare problem. 

The interior of the luminaire box was changed from black to white, 
resulting in an increase of three to four times the light intensity for most 
lenses and diffusers tested, However, the increase related to change in box 
interior color was not as great for the bare lamp. Table 10 shows a com­
parison of the peak luminaire intensities for the bare lamp, the White Matte 
diffuser, and the #306 lens with both black and white interiors. 

From visual observation, the bare lamp created glare regardless of the 
color of the box interior. Using a White Matte diffuser over it reduced glare 
to a minimal level with either a white or black box interior. As shown in 
Table 10, a higher intensity was achieved with the White Matte diffuser and a 
white box interior than with a bare lamp and a black box interior. Thus, more 
illumination with less glare was achieved with proper light control. 

From this comparison, it appears that illumination can be significantly 
improved in a low-reflectance environment by using better methods of light 
control, Light intensity can be i ncreased by using highly reflective sur­
faces, while lenses and diffusers can be used to distribute this light and 
reduce glare resulting from the higher light intensities. 
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TABLE 10. LUMINAIRE INTENSITY (ft-c) FOR BIACK OR WHITE BOX 
INTERIORS AT A 5-FOOT DISTANCE 

Distance t o Left Box No Len s White 11 306 Len s 
or Right of Lig ht Interior or Matte Horizontal 

Source, (f t ) Color Diffuser Diffuser Orientation 

0 Black 8.5 4.5 2.8 

0 White 20.0 16.0 12.0 

2 Black 6.2 2.9 2 .4 

2 White 15 .5 11. 0 10 .5 

4 Black 3. 1 1. 2 1.0 

4 White 8.0 5.0 4. 0 

6 Black 0.5 0 .5 0.3 

6 White 3.5 2.0 2.0 

D. Task IV - Evaluation of Data and Development of Recommendations 

Following are the recommendations developed as a result of information 
and data collecte·d during the performance of this contract. 

1. Anti-glare Material s and Techniques 

(1) A project should be undertaken to evaluate and field test the 
diffusion materials and lens which showed the best potential for glare con­
trol. Based on the tests conducted by BCR and the observations made during 
these tests, the best potential candidate material is the polarized panel, 
which is a combination of prismatic lens and polarizing diffuser. However, 
other combinations may offer equal control, and the investigation should not 
be limi ted to the polarized panel. 

(2) All prismatic lens panels tested were commercial products 
intended for use in office ceilings or similar applications. Some companies 
will custom design prismatic panels for specific applications; therefore, it 
is recommended that the possibility of designing a prismatic lens panel speci­
fically for the mining application be investigated . If this is feasible, 
panels should be developed and field tested. Potential sources of custom lens 
panels include Lexalite International Corporation, KSH, Inc,, American Acrylic 

. Corporation, Holophane Company, Inc. , and Thorn Ll.gh ti ng Ltd. 
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(3) The "low-glare" headlight design principle should be investi­
gated for possible application to machines where personnel work in front of 
the luminaires, in particular, the machine headlights. The initial effort 
could be with the lamp design produced by Optronics, Inc. If results indicate 
reduced glare, further work could be done to modify the design to give the 
desired light pattern. 

(4) Investigate the use of light pipes for both machine-mounted and 
rib/roof - mounted lighting systems . This system would have most of the advan­
tages of fiber optics but would be more efficient and could transport a 
greater quantity of light . The relatively small cross section . and rectangular 
shape of the pipe should lend itself to designing pipes into a machine frame . 
In addition, pipes should be relatively easy to hang along the rib or roof. 

2 . Recommendations Based on the Literature Survey 

(1) Present regulations require that the luminous intensity of 
those surfaces in a miner's field of vision whi ch are required to be lighted 
be not less than 0 . 06 foot - lamberts and that the surface brightness of floor, 
roof , coal, and machine surfaces shall not vary more than 50 percent between 
adja cent surfaces of similar surface reflectivity . The study discussed in the 
article , "Lighting for Difficult Visual Tasks," indicates that the use of 
special- purpose lighting may be more beneficial than simply increasing general 
lighting. 

It is therefore recommended that a program be initiated to 
develop, for each type of mining machine, lighting systems that utilize the 
"special- purpose" lighting technique . For example, a continuous miner system 
would provide increased light for the face and only sufficient lighting for 
peripheral vision for the roof and rib . This should provide personnel with 
adequate vision to identify movements and object s in their peripheral field 
while potentially improving their ability to observe details of the cutting 
operation. Some specific details which would have to be considered include 
establishing an adequate light level for peripheral vision and insuring that 
an adaptation problem would not exist between light levels of the "special­
lighting" areas and the rest of the working place. 

(2) There have been no studies to determine whether the increased 
lighting in the mine working place has increased production or improved 
accident records. Therefore, an effort should be made to determine the 
relationship between light levels and mine productivity and safety so that 
lighting- system design criteria can be established to achieve appropriate 
light levels either for increased safety only or for both safety and 
productivity. 

(3) Since contrast between an object and its background is an 
important vision parameter, a useful tool in designing lighting systems would 
be a method of evaluating relative contrasts in an environment. The article, 
"Limitation of Disability Glare in Roadway Lighting," discusses such a method 
called "the effective relative contrast sensitivity." The derivation and 
application of this contrast evaluation procedure should be studied to deter­
mine its potential application to analysis of the mine environment and us e i n 
lighting-system design . 
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(4) The information in t h e a r ticle , "Dura t ion of Afterimage 
Disability After Viewing Simulated Sun Reflections," suggests that a method of 
evaluating ligh t sources a nd anti-glare technique s could be bas e d on the time 
required for an observer to recognize an object after exposure to the light 
source . An investigation should be conduc ted to de t ermine whether this p r o ­
cedure could be used to rate the glare properties of luminaires and anti-glare 
materials or techniques. This rating could be used by designers in selecting 
system components to minimize glare or by hardware designers in identifying 
the bes t ant i-glare materials . 
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APPENDIX A 

ABSTRACTS OF ARTICLES DESCRIBING ANTI-GLARE LIGHTING TECHNIQUES 
AND GLARE INVESTIGATIONS CONSIDERED POTENTIALLY RELEVANT TO 

UNDERGROUND COAL-MINE LIGHTING 

Introduction 

The articles reviewed indicate that lighting research has concentrated 
primarily on office, school, roadway, and factory lighting to improve the 
productivity and/or safety of personnel in these areas. Research and devel­
opment work done by manufacturers in developing hardware for mine lighting has 
been directed at producing systems to comply with the federal mine lighting 
regulations, which are general in their treatment of glare. Title 30, Part 
75.1719-2, item (g) states "lighting fixtures shall be designed and installed 
to minimize discomfort glare." As a result, essentially no research has been 
done in the development of techniques for low-glare mine lighting. 
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ILLUMINANCE, DIVERSITY AND DISABILITY GLARE IN EMERGENCY LIGHTING 

Simons, R. C. (Thorn Lighting Ltd.), Lighting Research and Technology 7 (2), 
125-132 (1975). 

A safe minimum level of illumination was determined for escape-lighting 
systems from a series of experiments with subjects passing through a network 
of corridors in simulated escapes. This investigation was performed in con­
junction with the preparation of a British Code of Practice to establish a 
generally applicable minimum safe escape illuminance. The major factors 
considered in defining the quality of illumination were the mean illuminance 
at the floor level, the diversity in illuminance along an escape route, and 
the apparent brightness of individual luminaires that could result in observ­
ers experiencing disability glare. Discomfort glare was not considered be­
cause visual comfort, motivation, and fatigue do not apply in escape situ­
ations. In the main experiment, 10 subjects were required to travel a corri ­
dor under six levels of emergency lighting. Obstacles were placed in the path 
of travel in a random manner, and the location of objects was altered for each 
test. The experiments showed a uniform floor illuminance of 0.28 lux (0.026 
ft-c) provided subjects with adequate visibility for carrying out the experi­
mental task. Neither the diversity of emergency luminaires nor apparent 
brightness were found to affect performance. However, disability glare may be 
more critical in emergency lighting if an indiv idual is looking toward a light 
source such as an exit sign, instead of looking down at obstructions as in 
these experiments. 

GLARE REDUCTION FOR UNDERGROUND LIGHTS 

Trotter, Donald and Laferriere, Louis ( McGill University), Canadian Mining 
Journal 101 (9), 37-38, 40 , 42, 43, 44 (1980). 

Some basic theories on visual performance, discomfort glare, and dis­
a bility glare are presented, and application is made to t he underground mine 
environment. Underground mining pe rsonnel generally do not experience serious 
a daptation problems as most underground areas with permanent lighting have a 
sufficient illumination level. However, problems of discomfort and disability 
glare in the low-luminance mi ne environment are often severe and affect t he 
worker's safety and well-being. The following s even recommendations are given 
for mi nimizing the glare potential of underground mine luminaires, and prac­
tical applications are discussed for each one. 

1. Avoid small sources of high luminance. 

2 . Use large sources of low luminance. 

3. Mount luminaires out of the field of view. 

4. Screen or shield source from direct view. 

5. Use diffusing lense s or filters . 
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6. Keep difference in luminance between visible sources and backgrounds 
small. 

7. Keep background and surround luminances high. 

VISUAL PERFORMANCE DATA FOR 156 NORMAL OBSERVERS OF VARIOUS AGES 

Blackwell, o. Mortenson and Blackwell, H. Richard (Ohio State University), 
Illum. Eng. Soc. J • ...!_, 3-13 (Oct. 1971). 

A study conducted on the visual-performance potential of 156 "normal" 
observers from ages 23 to 68 provides an approximation of the real world 
population in this age range. Observers were tested for the threshold of 
visibility while viewing a flashing disk of variable brightness, thus measur­
ing the effect of disability glare. These tests were conducted at both fixed 
and changing background luminances, ranging from 0.001 to 500 ft-L. In the 
analysis of the data, observers were grouped by age in 10-year spans: 20-30, 
30-40, 40-50, 50-60, and 60-70. The threshold contrast and task contrast were 
plotted against age at various background luminances. Results showed that 
large differences in visual performance capability e xist among individuals in 
the same age group and between the averages of different age groups. As 
expected from previous studies, visual performance decreases with increasing 
age. Future research work needed in visual performance capability is out­
lined. 

THE DEMOGRAPHIC VARIABLES OF DISCOMFORT GLARE 

Bennet, Corwin A., Ph.D. (Kansas State University), Lighting Design & Appli­
cation J_, 22-24 (Jan. 1977). 

Two studies were conducted where observers made several judgments on the 
borderline between comfort and discomfort (BCD) of a light source with vari­
able brightness to relate some demographic variables to discomfort glare . The 
first study was conducted in 1972 at Kansas State University (KSU) with 162 
observers and was the basis for eliminating several demographic variables that 
were thought to be related to glare sensitivity. These were sex, hair color, 
wearing of glasses, having a light occupation, and the "sunniness" of one's 
residential location. The second study was carried out at Kansas State 
University with 199 observers, but the only demographic correlations made were 
age, eye color, indoor/outdoor occupation, and residential population classi­
fication. Observers participating in the study were primarily high school 
students, parents, and other interested individuals viewing exhibits at an 
annual KSU Engineering Open House. The following correlations were drawn from 
this study: 

1. Older people are more sensitive to discomfort from overly bright 
lights than younger people, in direct proportion to their age. 
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2 , Blue - eyed people are slightly more sensitive to discomfort glare 
from lighting than brown-eyed people. 

3 , Indoor workers are slightly more sensitive to discomfort glare from 
lighting than outdoor workers. 

4, People living in large population areas are equally as sensitive to 
discomfort glare as residents of small population areas. 

LIGHTING FOR DIFFICULT VISUAL TASKS 

Faulkner, Terrence W. and Murphy, Thomas J. ( Eastman Kodak Company), Human 
Factors J:..2_, 149-162 (April 1973). 

Visibility of difficult visual tasks can be improved by changing the 
task, increasing the light level, or altering the character of light. The 
visual task may be changed by such methods as magnifying the task or a pplying 
a different finish to it. However, when it is not possible to change the 
task, because of product design requirements, time limitations, etc., a change 
is required in the illumination of the task, Light levels may be inc reased t c 
levels of 1000 ft-c or more, but a r esulting i mprovement in visual performance 
will only occur when the task contrast is very l ow , approaching the threshold 
of visibility . High-contrast tasks seldom show any improve ment in performance 
at light levels above 10 to 20 ft - c, while l ow-co nt ras t tasks show i mprovement 
up to 50 or 100 ft-c. In practice, improv ements in task visibility from use 
of special-purpose lighting are substantially g reater t han improvements 
achieved through increases in light lev el. Seventeen t ypes of special-purpos e 
lighting are described, and application s o f each s y stem are given. Inspection 
lighting is one of the most common forms of special-purpose illumination. 
Experience with designing lighting s ystems for i nspection wo r k has s hown that 
the quan tity of light dire c ted on a difficult visual task is les s important 
than the type of light selected. In some cases additional increases in gen­
eral illumination may actually present a hindrance to performing a d i ffi cult 
visual task. 

THE PUPILLARY RESPONSE AND DISCOMFORT GLARE 

Fry , Glenn A. and King, Vincent M. (Ohio State University), Illum. Eng. So c. 
J. 4, 307-324 (July 1975), 

A four -part study was conducted to i nvestiga t e pupillary fluctuations as 
an index of discomfort glare. The authors refer to a previous work b y Fry and 
Fuga te where discomfort glare from a flashing light was attributed to stimu­
lation of nerve e ndings in the i ride s. The major objective in this investiga­
tion was to develop a method f or analyzing t he components of pupil fluctua ­
t ions. This paper attempts to trace discomfort-glare activity in the sphinc­
ter muscle of the iris which manifests itself in minor f luctuations in the 
diame ter of t he pupil. Human and artifici al pupils are analyzed for their 
response to steady, momentary, int ermittent, and alternating stimuli. Results 
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of this work show: (1) although increased light levels reduce the size of the 
pupil, fluctuations in the size of the pupil generate discomfort glare more 
than size alone; and (2) in practice, environments that require rapid adapta­
tion to varying light levels will result in increased discomfort glare, re­
gardless of the average level of illumination. 

LIGHTING, PRODUCTIVITY, AND THE WORK ENVIRONMENT 

Hughes, P. C. and McNelis, J. F. (General Electric Co.), Lighting Design & 
Application~. 32-40 (Dec. 1978). 

A study was conducted to determine the effect of different light levels 
on the work performance of younger and older office workers. Two visual tasks 
performed were similar to those done by clerical workers in an office environ­
ment. The first task performed by a group of 12 office workers consisted of 
searching three-digit tabular material for 10 numbers. Lighting levels were 
50, 100, and 150 ft-c. In a second task, completed by nine office workers, 
two columns of letters and numbers were compared for similarities, again under 
light levels of 50, 100, and 150 ft-c. In addition, all personnel completing 
either task gave subjective reactions to the three lighting levels based on 
the following criteria: effort needed to perform the task, distinctiveness of 
print, eye comfort, brightness, stimulation, and satisfaction. Average gains 
in productivity were five percent when light levels were increased from 50 
ft-c to 100 ft-c and nine percent, when they were increased to 150 ft-c. 
Older workers realized greater increases in productivity than younger workers 
as levels of illumination increased. Also, older workers found lower illumin­
ation levels (50 ft-c) more objectionable than younger workers. Both older 
and younger workers indicated the quality of the lighted environment improved 
with increasing levels of illumination. A mean improvement of 31 percent and 
46.9 percent was realized by increasing the light level from 50 to 100 and 50 
to 150 ft-c, respectively. 

LIMITATION OF DISABILITY GLARE IN ROADWAY LIGHTING 

Jung, F. W. (Ontario Ministry of Transportation and Communications), Ont. Xin. 
of Transp. and Commun., Record No. 628, 33-37 (1977). 

"Safety and comfort while driving at night depend on the visual detection 
of objects, which is based on contrast. The performance of this visual task 
is related to the relative contrast sensitivity of the lighting system pro­
vided, which is a function of the roadway or background luminance and is 
adversely affected by disability veiling brightness or glare ." A method of 
designing roadway lighting systems to limit disability glare is proposed; it 
specifies a minimum value of effective relative contrast sensitivity for a 
particular road class. When glare sources are present, the r elative contrast 
sensitivity of a task being viewed is decreased by disability glare and eye 
adaptation, resulting in an effective relative contrast sensitivity with a 
smaller value. "A simple formula has been derived for the effecti ve relative 
contrast sensitivity of a lighting system by using curve-fitted standardized 
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data . Glare control by limiting the relative contrast sensitivity can be 
achieved by a permissible glare formula or a diagram . The method is demon­
strated by examples." 

NEW CONCEPTS IN DIRECT GLARE CONTROL 

Lewin , Ian (Holophane Company , Inc . ), Illum. Eng . Soc . J . l, 209- 21 5 (Ap r il 
1973) , 

A s implified technique for assessing Visual Comfort Probability (VCP) of 
light fixtures was formulated , and a new lens with high efficiency and high 
VCP was developed . The Equal Area Equal Glare System (EAEGS) can be used to 
assess visual comfort based on the premise that , in a given room, light fix­
tures are viewed at different angles , each contributing to the overall glare 
effect . Overhead light fixtures viewed from various angles are weighed ac­
cording to the amount of glare produced from each, and the products of the 
luminance and weighting factor for each fixture are added to give a sum which 
i s a measure of the total glare effect . Using this principle, it was shown 
that fix t ures in view at angl es less t han 70 degrees from the vertical con­
tribute substantially less direct glare than fixtures at angles ranging from 
70 to 90 degrees. Although overhead fixtures viewed at 70 to 90 degrees are a 
greater distance from the observer, these fixtures contribute most of the 
direct glare because of their close proximity to the horizontal line of sight. 
The concept of EAEGS was used to determine the photometric distribution 
required by a luminaire to produce high visual comfort. From these data, a 
completely new lens was developed that allows passage of light only in the 
useful zone, ranging from Oto 70 degrees. A superior combination of effi­
ciency and VCP were achieved by eliminating high angle b rightness. 

DURATION OF AFTERIMAGE DISABILITY AFTER VIEWING SIMULATED SUN REFLECTIONS 

Saur, R, L. and Dobrash, S. M. (General Motors Corp.), Applied Optics~, 
1979-1801 (Sept. 1969). 

The view out of an automobile driver's window was modeled with simulated 
glare reflections from the sun, a roadway, and an identification target ap­
pearing to be 96 meters ahead along the roadway . The scene was painted on a 
matte surface at an actual viewing distance of 91.5 cm. The glare source was 
located 5 degrees below the target, simulating the sun's reflection from a 
windshield wiper arm. The 35 observers viewed the glare source for realistic 
intervals, then the time they required to recognize the target was measured. 
Curved, mirrorlike surfaces and matte surfaces were compared for control of 
discomfort glare and afterimage disability. Results show: (1) proper curv­
ature of mirrorlike surfaces reduces afterimage disability and discomfort 
glare equall y , and at least as much as the matte surfaces now specified in 
Federal Standards on Automotive Safety; (2) the increase in time required to 
identify the target with a glare source compared to no glare exposure varied 
from 0.8 to 2.7 seconds; and (3) for those observers licensed to drive, after­
image disability was not affected by age or visual acuity. 
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THE THRESHOLD OF DISCOMFORT GLARE AT LOW ADAPTATION LEVELS 

Putnam, Russell C. and Faucett, Robert E, (Case Institute of Technology), 
Illum. Eng. Soc. J., 505-510 (Oct, 1951). 

"This paper presents a fundamental study of the borderline between visual 
comfort and discomfort at low adaptation levels and small glare sources. It 
takes into consideration the adaptation of the eye and the apparent source 
size as well as the brightness of the source. Fifteen observers were used in 
the investigation. Relationships are obtained for the borderline between 
comfort and discomfort in terms of adaptation level and source size. The 
adaptation levels range from 10 to 0.001 foot-lamberts and the source size 
from 0.0011 to 0,000001 steradian which approximate the conditions found in 
street lighting." The primary conclusion presented was that, "considerable 
brightness can be tolerated without discomfort if the sources are small, 
whereas the brightness must be kept relatively low for large sources if com­
fort is to be maintained, assuming other factors are unchanged." 

POLARIZED LIGHT IMPROVES VISUAL COMFORT 

Tate, R. L. C. (Thorn Lighting Ltd.), Electrical Times 162, 33-34 (Nov. 1972). 

In a discussion of polarized light, the author develops a method of 
reducing veiling (reflected) glare in working areas using partial polarization 
of light at the source. Light reflected from a glossy or semi-glossy surface 
lying flat on a desk is normally horizontally polarized; and light which 
penetrates the surface, revealing the brightness and color contrast beneath, 
is vertically polarized. Horizontal polarization is greatest when light 
strikes the surface at the "Brewster's angle," about 58 degrees from the 
normal. Horizontally polarized light can be eliminated using a polarizing 
screen. This screen permits only vertically polarized light to pass through, 
but cuts the light output in half. However, a new plastic material has been 
developed to provide vertically polarized light at a higher light output ratio 
than a polarizing screen. Thin flakes of air are imbedded in a clear panel to. 
reflect horizbntally polarized light and produce what is known as a "Polar­
ized" panel. Reflected light is re-reflected inside a luminaire or luminous 
ceiling, depolarized in the process, resulting in additional output of verti­
cally polarized light. These panels are advantageous over other methods to 
control veiling glare because they are effective from every angle. For exam­
ple, desks may be arranged in a large open-plan office without regard to the 
orientation of overhead luminaires equipped with polarized panels. 

A DISCOMFORT GLARE CALIBRATING DEVICE: SUBJECTIVE EVALUATIONS IN A STANDARD 
ENVIRONMENT 

McNelis, John F. (General Electric Company), General Electric Company, 
Cleveland, Ohio, undated (9 pp). 

A study was conducted to determine whether the basic research on Visual 
Comfort Probability (VCP) could provide a unified method to relate current 
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research on discomfort glare in progress at various laboratories and universi­
ties in the U.S. and abroad. Basic VCP investigations were conducted with a 
large sphere about an observer to evaluate the visual comfort of indoor light­
ing. No visual task was performed except evaluating the comfort of the space. 
However, current research on discomfort glare is aimed toward controlling 
glare in outdoor and roadway applications and relating an individual's sensi­
tivity to demographic variables. In this experiment, a group of 50 observers 
from a heterogeneous population participated in a study using a new discomfort 
glare calibrating device. They provided 1,000 determinations of the border­
line between comfort and discomfort (BCD). The large sphere used in the basic 
VCP investiga tions was replaced by a smaller, more practical test box having 
dimensions of 100 cm wide x 80 cm high x 60 cm wide. Observers in the experi­
ment selected BCD measurements by adjusting a glare source luminance to the 
point where the light became vaguely objectionable. The new calibrating 
device provided a measure of discomfort glare ex perienced by observers equal 
to the sphere. The new device is easy to construct and provides an effective 
means of relating new research in lighting and novel environments with a 
larger body of basic research using the VCP approach. 

SHADOW-FREE LIGHTING DESIGN 

Frier, J. P. (General Electric Company), Plant Engineering 11., 171-174 (Sept. 
20, 1979). 

Application criteria normally provided with industrial luminaires for 
buildings have included a value known as spacing-to-mounting height (S/MH) 
ratio. Frequentl y, this ratio has been interpreted as the recommended, rather 
than the maximum, spacing to supply illumination free of hot spots below a 
luminaire and dark spots between luminaires. To provide more uniform lighting 
when obstructions are present, the S/MH ratio should be decreased. In prac­
tice , this requires an increase in the number of luminaires and a reduction in 
the wattage of each. 

When lighting areas with obstructions, this paper recommends that each 
luminaire provide no more than half the light directly beneath it, while other 
surrounding luminaires provide the rest. An example was given to demonstrate 
how to determine the relative light contribution of each surrounding luminaire 
in the area below a given luminaire. In conclusion, t his paper po i nts out 
that increasing the number of luminaires without increasing the overall watt­
age will normally result in more shadow-free lighting. 

FIBER OPTICS: NEW DEVELOPMENTS BRING NEW APPEAL 

Aronson, R. B. (Senior Editor, Machine Design), Machine Design!:}__, 81-85 
(April 17, 1975). 

Recent technical and economic developments have improved the outlook for 
utilizing fiber optics in a great number of new applications. Reasons for 
this increased interest in fiber optics include: the development of fibers 
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which cause little distortion of a light signal; growing interest in mid-loss 
fibers; the rising cost and scarcity of metals, especially copper; and greater 
application of optoelectronic systems. The two most common materials used in 
fiber optics are plastic and glass. Plastic fibers are generally cheaper and 
frequently used for illumination over short distances, while glass fibers are 
more e x pensive and primarily used for data transmission over longer distances. 
Applications of fiber optics can be grouped into four broad categories: 
illumination, display, instrumentation, and communication. Fiber optics for 
illumination are commonly used in lighting inaccessible areas such as interi­
ors of machines or body cavities. Light can be transmitted to the other end 
of a fiber or "leak" out light at various points along the fiber. Optical 
fibers have safety advantages because no electrical current or heat is present 
at the display face. Fiber-optic cables for display may be used to create 
alpha-numeric characters and pictures from ambient light emitted by the fiber. 
Application of fiber optics to instrumentation has been primarily with light­
sensing heads that must be placed in hostile environments. Finally, fiber 
optics have found use in current short-distance communication, and probably 
with long-distance communication in the future. 

A NEW EFFICIENT LIGHT GUIDE FOR INTERIOR ILLUMINATION 

Whitehead, L. A., Nodwell, R. A., and Curzon, F. L. (University of British 
Columbia, Department of Physics). 

The paper describes the experimental and theoretical studies of a recent­
ly patented prism light guide which combines the total internal reflection of 
optical fibers with the low attenuation of air transmission of light. Since 
it can be molded from acrylic plastics, the cost of the guide is low enough 
that large-scale interior illumination with piped light is feasible. 

The operation of the prism light guide has been demonstrated experi­
mentally and is in complete agreement with a simple theoretical model. The 
present quality of pipe produced by press-molding acrylic plastic is high 
enough to compete favorably with other types of light guides, and further 
improvements in manufacturing techniques will make it possible to use prism 
light guides for piping light to provide general interior illumination in 
buildings. 
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1. "Visual Performance Data for 156 Normal Observers of Various Ages" 

Blackwell, o. Mortenson and Blackwell, H. Richard 

Test results discussed show that large differences in visual per­
formance capability exist among individuals in the same age group and 
between averages of different age groups, and that visual performance 
decreases with increasing age. 

The tests described in this article were conducted under "ideal" lab 
conditions and confirmed that, for the "normal" population, age and 
visual acuity do affect an indiv idual's sensitivi t y to disability glare, 
older persons being more sensitive. The dif ferences that exist in the 
normal population also exist in the underground miner population and may 
be accentuated by the working environment. This was the basis for the 
tests of underground miners in this report. 

2. "The Demographic Variables of Discomfort Glare" 

Bennet, Corwin A., Ph.D. 

The project resulted in correlations between demographic variables 
and discomfort glare which showed that (1) older people are more sensi­
tive than younger people to discomfort from overly bright lights, 
(2) bl ue -eyed people are more glare sensitive than brown- eyed people, 
(3) indoor workers are slightly more sensitive than outdoor workers, and 
(4) urban and rural residents are equally glare sensitive. 

These results confirm the findings that age affects discomfort glare 
sensitivity, and includes eye color and environment as additional fac ­
tors. Of particular interest is the indoor/outdoor relationship, which 
indicates "indoor" workers are more sensitive to discomfort glare than 
"outdoor." Miners should obviously be classified as "indoor" workers and 
therefore should be more sensitive to disability glare. However, their 
relationship to light sources, very close and often in their line of 
sight, may alter the expected result. 

3. "Lighting for Difficult Visual Tasks" 

Faulkner, Terrence W. and Murphy, Thomas J. 

Study results presented in this paper indicate that special - purpose 
lighting will have more significant positive results than a general 
increase in light level . In some cases, increasing general illumination 
may actually hinder performance of a difficult task. Therefore, two 
approaches are suggested. One is to apply special high-level lighting to 
specific areas; i.e., the face for continuous miners and t h e roof for 
bolters; and/or use low-level general lighting but make objects more 
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visible by using luminous colors; for example, luminous jackets and caps 
for personnel and stripes on wires, hoses, etc. 

4. "The Pupillary Response and Discomfort Glare" 

Fry, Glenn A. and King, Vincent M. 

In the tests described in this article, results indicate that, in 
practice, environments that require rapid adaptation to varying light 
levels will result in increased discomfort glare regardless of the aver­
age level of illumination. 

The mine work place is required to be uniformly lighted; therefore, 
after the initial adaptation period, face personnel should not have 
problems with discomfort glare due to rapid adaptation requirements. 
However, face personnel are continually alternating their observations 
between the "uniformly" low-level lighted coal surfaces and the non­
uniform, machine-mounted illumination system, having several high­
intensity point sources and relatively dark background surfaces. This 
does represent a situation involving rapid adaptation, with its potential 
discomfort glare problems, and indicates a need for further development 
of lighting systems which minimize this condition. 

5. "Lighting, Productivity, and the Work Environment" 

Hughs, P. C. and McNelis, J. F. 

Results of this and other studies have indicated that increased 
productivity can be achieved by increasing light levels, particularly 
among older workers. However, the study discussed in this article was 
done for clerical work requiring observation of detail such as typed 
figures. This is vastly different from mine work and performed under 
significantly different conditions. Although this study may indicate a 
potential for increased productivity with mine lighting, other studies 
would be nece'ssary to confirm this. 

6. "Limitation of Disability Glare In Roadway Lighting" 

Jung, F. W. 

This article discusses the development of a simple formula for the 
effective, relative contrast sensitivity of a lighting system. This can 
be used in roadway-lighting systems to control glare by limiting the 
relative contrast sensitivity as determined by use of a permissible glare 
formula or diagram. 

Since most surfaces in the mine working place quickly become covered 
with coal dust, contrast between objects being observed and their back­
ground is very low. If the "effective relative contrast sensitivity" 
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discussed in this article can be adapted to the mine environment, it may 
offer a means of evaluating the low-contrast conditions that exist in 
underground coal mines. In addition, the technique of high visibility 
surface preparation to increase contrast between equipment surfaces, 
personnel, etc., and the coal surfaces could be assessed. 

7. "New Concepts in Direct Glare Control" 

Lewin, Ian 

The project described in this article resulted in a procedure to 
measure the total glare effect of luminaires in a subject field of view. 
Results of this work show that fixtures in view, at angles less than 70 
degrees from the vertical, contribute substantially less glare than fix·­
tures at angles ranging from 70 to 90 degrees. 

This study again verifies that the design of a successful mine­
lighting s ystem is difficult since the light sources are generally in the 
70 to 90-degree angle from the vertical and, therefore, close to the 
personnel's line of sight. This would be particularly true in lower coal 
seams where most lights are essentially at eye level. This emphasizes 
the need to conduct further studies in the judicial use of shielding and 
diffusing and in use of novel light sources such as fiber optics and 
light pipes. 

8. "Duration of Afterimage Disability After Viewing Simulat ed Sun 
Reflections" 

Sour, R. L. and Dobrash, S. M. 

The results of this project indicate that the concentrated light 
from highly reflective surf aces can create discomfort glare and afterim­
age disability problems. Specifically, the time required by an observer 
to recognize an object can be increased from 0,8 to 2,7 seconds as a 
result of such reflections. This is apparently independent of the sub­
ject's age or visual acuity. In the mine, these reflective surfaces 
could be equated to the high-intensity surfaces or point sources of the 
luminaires used in light ing s ystems . Mine personnel must frequently look 
at these sources in much the same way as the project test subjects viewed 
the reflective surfaces; consequently, the test results may be applicable 
to the mining situation. The increased r ecognition time could affect a 
miner's productivity and safety by requiring him to hesitate in his 
activity to allow the afterimage to cle ar up. 

This suggests tha t one method to evaluate the effectiveness of an 
anti-glare material or technique would be to measure the duration of 
afterimage when using a light source both with and without it. 
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9. "The Threshold of Discomfort Glare at Low Adaptation Levels" 

Putnam, Russell C. and Faucett, Robert E. 

The primary conclusion of the work discussed in this paper was that 
considerable brightness can be tolerated without discomfort if the 
sources are small, whereas the brightness must be kept relatively low for 
large sources if comfort is to be maintained, assuming other factors are 
unchanged. 

These results emphasize the difficulty of designing mine lighting 
systems with currently available hardware. In an open environment, mine­
lighting fixtures could probably be used with little difficulty because 
they could be mounted further away from observers and would be a rela­
tively small light source. However, in the confined environment of the 
working face, even the smallest luminaire becomes relatively large be­
cause of its close proximity to the observer. It then has a high poten­
tial as a glare source. This again emphasizes the need to study mine 
lighting to determine whether modifications can be made in the require­
ments that will permit the use of smaller and/or lower intensity sources. 

10. "Polarized Light Improves Visual Comfort" 

Tate, R. L. C. 

Investigations have shown that light produced by a polarizing screen 
can reduce glare but the light output is cut in half. This article 
describes a new material to provide vertically polarized light at higher 
output ratios than a polarizing screen. 

The use of materials that partially polarize the luminaire output 
have been shown to reduce glare and should be evaluated for use as dif­
fusers on mine luminaires. These materials are available in plastic 
sheets or panels that eliminate horizontally polarized light and provide 
only vertically polarized light at a higher output ratio than a polar­
izing screen. This may reduce the glare potential of currently available 
hardware, particularly point-source luminaires. 

ll. "A Discomfort Glare Calibrating Device: Subjective Evaluations in a 
Standard Environment" 

McNelis, John F. 

The results of this study confirm that valid discomfort-glare data 
can be obtained by using a smaller, modified version of the large sphere 
used for glare studies at various laboratories and universities in the 
U.S. and abroad. This supports the position that glare data collected 
during the tests described in Section IV of this report would be compar-

60 . 



able to data from tests conducted in the more sophisticated spheres, and 
conclusions and recommendat ions based on these data should be valid. 

12. "Shadow Free Lighting Design" 

Frier, J. P. 

This paper deals with lighting levels achieved when varying the 
number, spacing, and wattage of luminaires. The conclusio n states that 
increasing the number of luminaires without increasing the overall watt­
age will normally result in more shadow-free lighting. 

This conclusion points out the problem with the uniformity require­
ment of the lighting regulations. Better uniformity requires more lumi­
naires of lower output. This is counter-productive since mining equip­
ment is not designed for the mounting of many luminaires. In addition, 
each luminaire, regardless of the wattage, is a potential glare source. 
Therefore, this provides some bases for reconsidering the uniformity 
requirements to minimize both the number of fixtures and the wattage 
required. 

13. "Fiber Optics: New Developments Bring New Appeal" 

Aronson, R. B. 

As noted in this article, the use of fiber optics is becoming more 
attractive due to recent advances in materials and techniques used in the 
transmission of light by fibers. The basic concept of fiber optics is 
also attractiv e in mine lighting since, theoreticall y , a single light 
source, hidden from operator view, could s upply illumination b y a s ys tem 
of fiber cables strategically located on the machine. Based on these 
reported advances, a feasibility study should be considered to study the 
use of fiber optics and related s ystems such as light pipes. 

14. "Illuminance, Diversity and Disability Glare in Emergency Lighting" 

Simons, R. C. 

· The article's conclusion that 0.026 ft-c provided adequate lighting 
in escape-lighting situations suggests that the current MSHA standard of 
at least 0.06 ft - L of light in all active working places may be higher 
than the minimum light level needed to see potential slipping and trip­
ping hazards. Even if the floor reflectivity in this ex periment ap­
proached 100 percent, the floor luminance level needed to see the hazards 
would be only Q.026 ft - L. This indicates that a reevaluation of the 
minimum standar ds for underground coal mine face illumination may be 
warranted . 
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15. "Glare Reduction for Underground Lights" 

Trotter, Donald and Laferriere, Louis 

In this paper, some basic theories of visual performance, discomfort 
glare, and disability glare are presented, and appli~ation is made to the 
underground mine environment. 

The discussion suggests that improved visibility in underground 
mines can be achieved with proper control of discomfort and disability 
glare from mine luminaires. Seven suggested recommendations are given 
which can be applied directly to the design of new mine luminaires, or to 
retrofitting currently existing luminaires with improved light-control 
techniques. This paper indicates that research on the effects of dis­
comfort and disability glare is needed to provide a basis for mine lumi ­
naire design. 

16. "A New Efficient Light Guide for Interior Illumination" 

Whitehead, L. A., Nodwell, R. A., and Curzon, F. L. 

The authors describe ex perimental and theoretical studies of a 
recently patented prism light guide which combines the total internal 
reflection of optical fibers with the low attenuation of air transmission 
of light. The pipes are molded from acrylic plastic; consequently, the 
cost of the guide is low enough to make commercial application feasible. 

Within limitations, the guides can be made in a range of rectangular 
sizes, which may be practical for machine mounting. Advantages of the 
system would be that only a single source would be required and the 
exposed pipe would be cool and impact resistant. The relative ease of 
installation and use of a single light source may make the system prac­
tical for rib or roof-mounted systems. 
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PART II. - PSYCHOPHYSICAL STUDIES OF DISABILITY ANO DISCOMFORT GLARE 

FOR UNDERGROUND COAL MINES AND MINERS 

By 

C. L. Crouch, P.E. and Richard L. Vincent 

I. INTRODUCTIO N 

In recent years the system of lighting m~nes has changed from only 
caplamps to both caplamps and general lighting with luminaires mounted on 
machines. In general these luminaires consist of diffusing-type equipment 
both incandescent and fluorescent. The fluorescent luminaires consist of 
fluorescent lamps enclosed in diffuse cylindrical housings . This intro­
duction of general lighting luminaires has greatly changed the visual 
environment, and in general has received favorable reaction of the miners 
even thoug h there are a number of complaints. A survey of their reaction 
has indicated in general that they would not want to revert to the former 
system of caplights only. Seventy-eight percent of the miners interviewed 
had comp 1 a i nts or quest i ans regarding the 1 i ght i ng sys terns from the 
viewpoint of di scomfort glare, disability glare, veiling reflect i ons, and 
after-images. These complaints resulted in a serious concern on the part 
of the Mine Safety and Health Administration, MSHA, of the U. S. Government 
and the U. S. Bu r eau of Mines. The Bureau of Mi nes wished to correct the 
situation and instituted a study of both discomfort and disability glare, 
first from current underground 1 i ghti ng systems and second, the sens i­
ti vi ty of miners to the two forms of glare . The Bituminous Coal Research, 
Inc ., and The Illuminating Engineering Research Institute ha ve colla­
borated in making a study of these two phases. 
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GLOS SARY 

In the analysis and discussions presented in the report, there are 
terms used that are unique to the field of lighting and v1s1on. The 
following is a glossary of these terms to help (readers, users) better 
understand the report contents . 

A. Terms Associated with Disability Glare 

1. Disability Glare - glare wh i ch results in a reduction of 
v i s i b i l i t y . I t i s c au s e d by s c at t e r of r a y s of l i g h t fr om b r i g h t 
areas or light sources as they enter the eye from the periphery 
of the field of view causing a veil of light overlaying the 
details to be seen. 

2. Disability Glare Factor (DGF) - is defined as the visibility of 
a task seen under a given lighting system compared with the 
visibility of the same task seen under reference uniform and 
practically no glare lighting conditions . DGF measures any 
reduction in visibility due to disability glare. 

3. Disability Glare Constant (K) - is the constant in the dis­
ability glare equation which accounts for scatter of light in 
the eye of the average observer in a reference popula tion of 
observers . 

4. , Disab i lity Glare Rat io (DGR) - is the ratio of the cont r ast of a 
given seeing task measured under uniform non-glaring condi tio ns 
divided by the cont rast of the same task measured under a 
calibrated glare condition. 

5. Background Luminance (L) - is the non-glaring luminance which 
serves as contrasting background to the detail to be seen. 

6. Effective Background Luminance (Le) - is background luminance 
plus any superimposed luminance produced by the scattered light 
from glare sources in the field of view. It is the total 
effective luminance to which the eyes are adapted. 

7. Veiling Luminance (Lv) - a luminance superimposed on the retinal 
image which reduces its contrast. It is this veiling effect 
produced by bright sources or areas in the f ield of view that 
results in decreased visibility. 
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8. 

9. 

10. 

11. 

Luminance of Uniform Surround i ng Field (Ls) - is the uniform 
luminance surrounding the seeing task being measured . 

Relative Contrast Sensitivity (RCS) - is a function of the eye's 
sensitivity to contrast varying with the background luminance 
expressed as a percentage of the value found under a given level 
(100 cd/m2) of diffuse task illumination. 

Visibility Level ( VL) - is measure of how far above threshold 
seeing conditions a task is being seen . Threshold seeing be ing 
the probability that a given task will be seen is 50% of the time 
being presented; therefore, VL = 1 is considered threshold . 

Visual Task Evaluator (VTE) - is a contrast threshold meter used 
to measure visibility of objects above their threshold of being 
seen in the working environment. 

B. Terms Associated with Discomfort Glare 

1. 

2. 

3. 

4. 

5. 

6. 

Discomfort Glare - glare which produces discomfort. It does not 
necessarily interfere with visual performance or visibility . 

Borderline Between Comfort and Discomfort (BCD) - the concept of 
a sensation between comfort and discomfort as one goes from 
comfort to the border of discomfort . 

Relative BCD - is the ratio of luminances, where comparable 
luminance COMP (Le), the luminance judged by an observ er to 
produce the same sensation as a lighting system being evaluated, 
is divided by BCD (Lb0 ), the luminance of a calibrated test 
source judged to be at the borderline between comfort and 
di scomfort by the same observer. 

Field Luminance (F) - is the luminance equivalent to the total of 
sources in the field of view to which the observer is adapted . 

Index of Sensation (M) (of a source) - a number wh i ch expresses 
the effects of source luminance, solid angle factor, position 
index, and the field luminance on discomfort glare ratings. 

Discomfort Glare Rating (DGR) - is a numerical assessment of the 
capacity of a number of sources of luminance, such as lumi­
naires, in a given visual environment for producing discomfort . 
It is the net summation effect of the individual values of index 
of sensation for all luminous areas in the field of view . 
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7. 

8. 

9. 

Visual Comfort Probability (VCP) - the rating of lighting system 
expressed as a percent of people who, when viewing from a 
specified location and in a specified direction, will be 
expected to find it acceptable in terms of discomfort glare . 

Discomfort Glare Evaluator (OGE) - is the instrumentation used 
to determine the acceptability of lighting systems in terms of 
discomfort glare , as well as to determine the rating of glare 
sensitivity of individual observers . 

Dis comfort Glare Adjective Scale Rating - a descriptive ad ­
jective scale which has been found to correlate with discomfort 
glare ratings and used to indicate the degree of discomfort 
being produced . 
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I I. SUMMARY OF FINDINGS 

A. General 

Measurements of disability and discomfort glare from currently 
available lighting systems showed very serious glare effects in losses of 
visibility and attendant discomfort. 

Sensitivity of miners to disability glare was about the same on the 
average as the aboveground popu I at ion . However, there is considerable 
variation in sensitivity and by looking at the frequency curve plott ing, 
one sees that there is a small percentage of miners who are very sensitive 
to glare which may account for the complaints and those miners ' diffi ­
culties in finding a suitable illuminated environment. The measurements 
indicate an age factor and a possible color of eyes factor. There appeared 
to be no significant factor between on- and off- shifts. Loss of 50% 
visibility (the average fr om the systems tested) might well mean a 25-30% 
loss of visual performance according to the CIE Publication No. 19/21. In 
general the data confirms the results of laboratory studies which 
constitute the basis of formulation in CIE 19/2. It is recommended that 
this formulation and its development in Appendix Ebe used for the design 
of lighting in mines and that visibility measurements of actual objects to 
be seen in mines be made to carry out visual performance analysis for the 
mine environment. 

Sensitivity of miners to discomfort glare could be less depe~den t on 
the field brightness for the mining population than for the aboveground 
population by 41% due to the change in effect of the luminous environmental 
field factor from F.44 for interiors, to F.32 for mines. However, this is 
more than compensated for by the higher constant in the overall glare 
formula . 

There is a 40% greater sensitivity of miners coming "off" the shifts 
in the mines than their readings as they go into the mines. If one is to 
design f or the greater sensitivity apparently developed in the mine 
environment, then one should take this into account. 

B. Phase I - Findings of Disability and Discomfort 
Glare from Current Mine Lighting Systems 

1. Disability Glare 

CONTINUOUS MINER: Using current formulas from the aboveground 
population, measurements of di sa bility glare under conditions from seven 
different currently available lighting systems showed greatly reduced 
visibility due to disability glare . From Table 01, and Figure 6, one sees 
not only great losses but also great variations occuring at different 
positions of view around the continuous miner. The variation is from no 
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glare, DGF = l.000 to extreme glare, DGF = 0.018 (1 . 8% visibility remaining 
after glare loss) . Of course these losses of visibility change from 
position to position of viewing the systems around the continuous miner. 
Some lighting units, especially the incandescent, have greater shielding 
than the fluorescent, both from the geometry of the housing and the 
mounting arrangement, with parts of the mining machine occluding the view. 

Figure 7. 
continuous 
some cases 

2. 

BOLTER: The values of DGF for the bolter appear in Table 02 and 
The magnitude of these values is the same as those for the 

miner. The losses of visibility are serious and even severe in 
for all systems. 

Discomfort Glare 

CONTINUOUS MINER: Two posit ions around the continuous miner 
were used with one being by the machine cab and the other on the opposite 
side of the machine. From the Guth analysis, Table El, he points out, 
" ... the main conclusion is that all the lighting systems are very glaring." 
In general the ratings varied from approximately "perceptibly uncom ­
fortable" to "intolerable." The Visual Comfort Probability, VCP, (the 
percentage of observers that would be satisfied) varied from 0% to 28% 
(with the exc eption of one having a VCP of 50%). 

The ratings on the opposite side of the miner as shown in Table 
E2, were in general lower but still largely in the discomfort glare 
category. They var i ed from the "borderline of comfort and discomfort" to 
"intolerable" and a VCP of 0% to 50% (with one being 65%). 

An observer skilled in discomfort glare evaluations rated the 
systems from "barely uncomfortable" to "intolerable" as shown in Table E4, 
and corresponding verbal descriptions given in Table E3. 

BOLTER: Three positions around the bolter were used for rating 
discomfort and represented strategic locations from the worker's view­
point. The ratings shown in Table E5, were similar to those for the 
continuous miner although there appeared to be less discomfort glare from 
Systems 6 and 7. Not all the systems were tested because there was 
considerable similarity among several systems . 

C. Phase II - Findings of studies of the 
Sensitivity of Miners to Glare 

1. Disability Glare 

a. Greater Sensitivity of Some Min ers: A total of 110 miners 
were tested for their reaction to a given degree of disability glare. Some 
individuals were tested twice so that 144 responses were made . The overall 



--.J 
w 

DG F 

ij 1. 0 0 

.8 

. 6 

.4 

• 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I ■--

A I 
I 
I 
I 

/ : 
• 0 I I I jf I I ' ff I 1 I # I I I 

1 2 3 1 2 3 1 2 3 I 1 2 3 Ll 2 3J l 2 3 

L sys tem A► ---(-Syst c m Il ~ ◄-System C --J+system n+ - Sy s tem E - ◄-System F -►-
DGF MEASUREMENT POSITIONS 

BCRNL 228 6C4 

Fi gu r c 7. DGF for Llgh ting Syste111 s on Bolter 



results show a general shape of frequency curve as illustrated in Figure 3. 
This is a generalized curve derived from a probability graph as shown in 
Figure 9. From the left of Figure 8 cited above, one sees that there are 
a few miners who are very s~nsitive to disability glare. Since disability 
glare is a direct reduction of visibility, this would lead to the 
conclusion that under the low luminance conditions of mines, these 
particular miners might well be blinded by glaring lighting systems, 
particularly from certain viewing positions. This fact may well contri­
bute to the unhappiness reported by the survey cited in the introduction. 

By a similar argument, one can see from the righthand side 
of Figure 8 that a few are rather insensitive to disability glare. 

Since Dr. H. Richard Blackwell, Director of the Institute 
for Research in Vision, Ohio State University, Columbus, has made 
extensive studies of disability glare9, both in refer~nce to a normally 
sighted population and taking account of the effects of age, the data from 
the 110 miners was transmitted to him for his analysis. His analysis given 
in Appendix E indicates the following: 

1. The v i s i b i 1 it y 1 o s s es due to the mean d i s ab i 1 i t y g l are 
as measured from currently used lighting systems 
varied from 19.4% to 82.9%. 

2. A visibility loss less than or equal to 74% will be 
experienced by 99.86% of the mining population, while 
0.13% will have a loss of 23.9% or less. 

3. Half of the mining population may be expected to have 
a visibility loss less than or equal to 50.71% and 50% 
will have a visibility loss greater than or equal to 
50. 71%. 

Dr. Blackwell points out that the Crouch-Vincent data 
included a very few individuals whose age exceeded 50 years. When taking 
into account the age data available on the United States working 
population, ages 20- 70 years, the following results were obtained: 98.86% 
of the new assumed population would have a visibility loss of 78.03% or 
less; only 0.13% would have a 24% loss or less; 50% would have a loss of 
54.33% or less; and 50% would have a loss of visibility greater than or 
equal to 54.33%. 

b. Miners' Field Measurements Confirm Laboratory Findings: 
Dr. Blackwell, analyzing all the data and comparing them with his 
laboratory studies and the data of Prof .-Dr. Werner K. Adrian (formerly of 
the University of Karlsruhe, Germany and now at the University of Waterloo, 
Canada), came to the conclusion that the measurements at the Derby and 
Prescott mines, consisting of 54% of the total, very nicely fit the pattern 
of the combined laboratory data confirming and sup ;; orting the whole, 

74. 
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consis ti ng of a gr and t ot al of 2,462 obser vers. All the data form the basis 
of t he model f or eval uat ing dis abi lity gl are as presented i n Appendix E. 
Disability glare i s quantified by the disability glare factor, (DGF) as 
defined in the Introduction". 

Or. Blac kwell in his extensive laboratory studies of the 
variation of disability gl are with age found a very definite age effect 
(reference 9). The range of age covered by Blackwell was from 25 years old 
to 75 years old. This field study went from 21 years to 59 years old . The 
overall effect of age from this study is shown in Figure 10. Since 
Blackwell's studies were conducted under more ca r efully controlled labo­
ratory conditions, with a wider range of age and a larger population sampl e 
than the study in the mines, it is r easonable to expect that the field study 
results would not be as sign ifi cant; however, from the fo rmul ati on 
developed by Blac kwell the field resul t s for 110 miners wer e analyzed in 
accordance with age. The r_?sults plot ted in Fig ure 10 and based on Fig ures 
11-13, while not significant, tend to be in t he di recti on of Dr. Bl ackv1e l l 's 
findings. The straight me an val ue of DGF . f or eac h decade of age is show n 
below. 

Age in Year s 
21- 30 
31 -40 
41-50 

DGF 
. 575 
. 520 
. 512 

A further analysi s of the da t a to de termine i f eye color , 
light eyes vs . dark eyes, made a diffe r ence in res ponse t o dis abi li t y gl ar e 
showed an i nsignif icant difference in the straight mean value s wh ich from 
Figure 14 are as follows: 

Eye Color 
Light 
Dark 

DGF 
.540 
.5 70 

Re sponse to di sability gla r e based on com i ng "on" sh i ft or 
"of f " shif t was ana lyzed with t he str ai ght mean va l ues t aken fr om Fi gure 15 
showi ng no si gnifi can t dif fe re nce, Those mean va l ues were : 

Shift 
On 
Off 

DGF 
. 580 
.530 

Si nce f ield measurements are never as pr ec ise as 1n 
laboratory condit i ons, it is recommended t hat the Blac kwell fo r mu l ation 
described in Appendix Ebe used . In general t he field measurements were 
confirmatory of the l aboratory results. 
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2. Discomfort Glare 

Useful data was obtained from 106 underground miners in relation 
to their sensitiv i ty to discomfort glare. These were analyzed by 
Or . Sylvester K. Guth, a spec i alist in discomfort glare. His analysis is 
found in Appendix F. 

a. Sensitivity of Miners: If discomfort glare readings by the 
miners for a field luminance, F = 0.1 fl are treated like those for 
disability glare, in terms of a frequency distribution per 100 measure­
ments to form a smooth curve, one arrives at the skewed curve shown in 
F i g u re ; 1 6 . F r om t h i s i t c an be s e e n t h at a r a t her 1 a r g e p a r t of t he m i n er s 
were very sensitive to low luminances (less than 200 fl). Further there 
were some who were insensitive in relation to the value at the peak of the 
frequency distribution, Figure 16. 

b. Effect of Field Luminance: Or. Gut h f inds that the exponent 
of the field luminance (F) is 0 . 32 for miners, F-32 instead of 0.44, F.44 
which has been found to apply to interiors and aboveground populations. 
Since the "borderline of comfort and discomfort", (BCD ) luminance varies 
inversely with F this means that the glare value i s less dependent upon the 
environmental br i ghtness than for the aboveground interior lighting. If 
the field luminance currently required for mining situations is used, F = 
0.06 fl, then F-44 = 0. 29 fl and F-32 = 0. 406 fl, then since the index of 
sensation, M for discomfort glare for a single lumina i re equals the 
1 umi nance of the source divided by FX, then the M v a 1 ues for interior 
lighting would be 40% more than for mine lighting based on F.44 for 
interiors and F-32 for mines. However this is more than compensated for by 
a higher constant as based on Figure F9,. as follows: 

Discomfort Glare Luminance, L 

Interiors: L = 355 F.44 

Mines: L = 614 F.32 

Or. Guth has prepared the change in for mul a due to F.32 and 
has presented the further formulation and graphs for application for 
design and field use in his report in Appendix F, Figures F6 and Fl2. 

c. Sensitivity in the Mines: Or. Guth has analyzed the 
miners' measurements in relat i on to whether they were ta ken as the miners 
came on or off the i r shift for all three shi f t s , as sh own i n Tabl e F8. 

In each of the shifts there was a difference wi t h tho se com ing off 
shift being more sensitive to glare than those going on shift. Those on 
Shift 1, (12 am to 8 am), showed the greatest gain of sensitivity, 55% for 
a field luminance of 0.1 fl . Those on Shift 2, (8 pm to 4 pm), showed a 52% 
gain in sensit i vity with those on Shift 3, (4 pm to 12 pm), showi ng a 19% 
gain in sensitivity. Guth states that some of . these differences could be 
due to the average sens i tiv i t y of each part icular gr ou p. Howev er, if one 
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takes all of the "on" values for the three shifts and finds the relative 
values by dividing the data in each field luminance category by its 
respective mean value, then a frequency graph can be developed as shown in 
Figure 17. In looking at this figure one sees that all the values fall on 
a single curve showing all the groups having the same sensitivity. Then if 
one averages all the mean BCD values of the on-, and in turn off-, shifts 
as given in Item IV of Table F8, and averages the change in sensitivity, 
there is a 40% increase in sensitivity which would mean one should design 
for 40% less luminance than the geometric "on" luminance or 23% less than 
the straight mean of all on- and off- shift measurements. 

d. Formulation for On, Off, and Combined Data: According to 
Figure 18 and Table FS, the formula using a geometric mean for a single 
luminaire in the "on" shift would be L = 786F·32 while that for all "on" and 
"off" shift values would be L = 614F·32 and the formula for the "off" values 
would be L = 473F·32. 

e. Design for Sensitivity in Mines: 

1. Determining Permissable Luminance For Various Sized 
Light Sources 

From the data in Table FB and plotted in Figures 34 
and 35 for "on" and "off" shift values, for field luminance of 0.1 fl, it 
is noted that between 1 and 400 fl there are 72 observations out of a total 
of 124 or 58% who are sensitive in this region. From a practical viewpoint, 
therefore, one could design the lighting for this portion of the more 
sensitive population. If one takes 200 fl as representing the median 
between 1 and 400 fl, a lighting unit could be designed with a luminous area 
to satisfy this portion of the population. The 200 fl represents the 
luminance obtained at the BCD for the circular luminous area of the test 
source subtending a solid angle of 0.0011 steradians at the eye of the 
observer, which is equal to a square light source of 2" x 2" at a five foot 
distance. One could use any size light source and find the luminance that 
would be permissable to produce the same glare effect of the 200 fl 
luminance of the test source occupying 0.0011 steradians. This can be done 
by developing the index of sensation, M, as given in Appendix F for the test 
glare source. Then, maintaining the same M value for other sizes of 
luminous area and using the formula for M, solve for the permissable 
luminance. 

In order to do this it was necessary to prorate the 200 
fl downward for a field luminance of 0.06 fl. This is 170 fl. This value 
is then used in the above formulation for determin ing the permissable 
luminance for any size luminous area of a luminaire. These values for 
differing sizes are shown in the graph, Figure 40. These values are 
predicated upon direct viewing of a luminaire and the premise that the 
other luminaires are separated so far away visually that the luminaire 
under observation is contr i but i ng to the total effect. One could therefore 
measure the average luminance exposed toward the eye of any luminaire and 
see if it meets the criteria of Figure 40. 
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2. Using the Guth Formulat i on 

The other design method for evaluating discomfort 
glare is to use the formulation developed by Dr. Guth in Appendix F for M, 
the index of sensation; DGF, the disability glare rating; and VCP, the 
visual comfort probability scale, using Figure 19 for combined values of 
the "on" and "off" shift (the sol id line) or for the most sensitive 
condition, the 11 off 11 shift (the dashed line). 

As an example applying the Guth formulation, the 
discomfort glare rating, OGR, and the res ulting visual comfort proba­
bility, VCP showing the portion of the population satisf ied with the 
lighting system from a discomfort glare res pons e , have been calcuated 
below for the test glare source, and for the MSHA requir ed field luminance, 
0. 06 fl. 

First calculate the Index of Sensation, M, from the 
formu la: 

Where: 

Then 

M = LK w 
PF-32 

M = Index of Sensation 
L = 473F·32, Luminance for the 11 off 11 shift conditi on, 

L = 192.25 fL2 
F = Field Luminance, in this example, 0. 06 fl, the MSHA 
requirement. 
P = Position Factor, Use: 1, fo r on the li ne of sight 
w = Solid angle of t he glare source in steradians, 

Use: 0.0011 for the discomfort glare test glare source 
K = A modifier of the solid angle selected from Appendix Fs 

Table F12, Use: 306. 

M = 192.25 x 306 x O 0011 
1 X 0.406 

= 159 .38 

In this instance, the Index of Sensation, M, is 
calculated for one glare source in the field of view; if there is more than 
one glare source to consider then use the formu la: 

Ma 
t 
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Where: Mt= the sum of the individual indices of sensat i on 

a = n-0.914, and represents a variable exponent 

n, is t he number of values of M included in Mt 

Then, calculate Discomfort Glare Rating, DGR, where: 

DGR = Mf 
For this example Mt= 159.25 and the exponent, a, = 1. 

Therefore, for this example OGR = 159.25, compared 
with the calculated result of Guth where OGR = 200, which was based on the 
combined data for both 11 on 11 and 11 off 11 shift conditions. Using the more 
sensitive 11 off 11 shift, OGR calculation rounded off to 160, and coming 
across to the dashed line in the graph plotted in Figure 19, the visual 
comfort probability, VCP = SO~; or 60% VCP for the combined 11 on 11 and 11 off 11 

data (solid line). 
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III. THE STUDY OF DISABILI TY ANO DISCOMFORT GLARE 

FROM CURRENT MINE LIGHTING SYSTEMS 

A. Purpose 

The first phase of the study was to determine from current g 1 are 
formulas whethe r or not cu rrent lighting systems used in underground mines 
caused disability and discomfort gl ar e. It was impractical to study the 
lighting systems in an active underground mine; therefore, the West­
moreland Coal Company made their research laboratory available to conduct 
this phase of the investigation. The laboratory was designed to simul ate 
the luminous conditions found in an underground coal mine. The laboratory 
is located near Big Stone Gap , Virginia . 

B. Researc h Pl an 

Before beginning this part of the investigation, the r esearch team 
visited an active underground coal mine in order to better understand the 
visual and physical condition s encountered by miners while working in and 
around var ious mining machines. 

After the visit to the mine and before making the disability and 
discomfort glare evaluations, a joint meeting of the Westmoreland en­
gineers (who were responsible for installation of mine machine lighting 
sys tems) and the research team was he 1 d. The meeting was to determine 
where the cr itica l visua -1 locat io ns were located around the continuous 
miner and bolter which were t o be used in the glare evaluations. A critical 
visual l ocation for example, was an area where t he miners had to be able to 
see in order to assemble roof bolts . From the joint discussio ns the 
researc h team se 1 ected sever a 1 1 ocat i ans around each machine for making 
the glare evalua t ions . 

Seven different lighting systems were placed on a continuous miner 
with five of the same systems later being tested an the bolter. The 
evaluations were first made using the continuous miner which had been 
placed in the mine simulator. The bolter was then placed in the mine 
simulator for measurements of glare produced by its unique lighti ng 
configuratiGns. The mine si mulator was pa inted a special flat black in 
order to maintain a nominal 0 .06 fl wall luminance. 
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C. Disabil i ty Glare 

In 1925, Holladay2 discovered that disability glare reduced the 
visibility of objects to be seen and that for glaring lighting units, the 
glare effect could be represented by an equivalent uniform luminance 
overlaying the object to be seen. In an effort to quantify the effect of 
disability glare on visual performance, Blackwells developed the concept 
called disability glare factor, (DGF) which is defined as the visibility of 
a task seen under a given lighting system compared with the visibility of 
the same task under reference uniform and practically no glare lighting 
conditions . Even an unlimited luminous field represents a 7% disability 
glare loss. The DGF concept modified the original Holladay and Stiles 
concept by taking into account not only the reduction in image contrast 
produced by the equivalent uniform luminance, Lv, but also the change in 
contrast sensitivity of the eye due to adaptation to the sum of the focused 
light on the task and the stray 1 ight in the eye. Blackwell accounts for 
the change in the eye's sensitivity to contrast by the concept relative 
contrast sensitivity, (RCS). In general DGF usually represents a loss. To 
take account of both Lv and RCS, he deve 1 oped the DGF concept which is given 
as follows: 

DGF = L x RCS for Le 
Lex RCS for L ( 1 ) 

Where: DGF is the disability glare factor. 

The formula for Le is: 

RCS is the relative contrast sensitivity. 
L is the background luminance of the task without 

glare. 
Le is the effective background luminance including 

the glare effect. 

= L + Lv Le 
1 + aK 

( 2) 

Where: Land Le are the same as above. 
Lv is the equivalent veiling luminance. 
K is the constant that accounts for the scatter 

of light in the eye for the average observer i n 
the reference population of 20-30 year old ob­
servers. 

94. 

I 



"a" is the pr oport ionality constant under reference 
conditions consisting of a uniform surround with 
an inner limit of 2 degrees diameter and an outer 
limit of 180 degrees diameter. 

The formula for Lv is: Lv = aiKiLs ( 3) 

1. 

Where: Lv is the veiling luminance. 

ai is the constant related to the dimensions 
of an annular source of uniform luminance used to 
produce stray light~ For the Disability Glare 
Attachment of the Visual Task Eval uator used in 
the investigation, ai = 0.00379 (when the inner 
limit of the field is 3.25 degrees i n diamet er 
and the ou ter lim i t is of 24 degrees in di a­
meter). 

Ki is the stray light coeffic ien t of the observer. 

Ls is the luminance of the un i form sur rounding 
field. 

Physiological Basis of Disability Glare 

Fry6 and other researc hers found that there was a scatter of the 
light from the glare sources through the eye media involving the cornea, 
the lens, the vitreous humor, and the retina itself . Th i s scattering of 
light caused an internal veiling luminance to be superi mpo sed upon t he 
focused image that t he observer was trying to see. 

2. Effect of Age 

Fisher and Christie?, in studies relat ed to roadway lighting, 
found that there is a definite age f actor involved in disability glare . 
Further research8 determined that the disability glare factor was de­
pendent upon. the eye's pupil size which i n turn is decreased by both age and 
luminance of the environment; therefore, t he K factor in the above formulas 
changed with age to a hi gher value at low levels of illumination suc h as 
those involved in roadway and mine ligh ti ng as compar ed with the higher 
levels used in interior l ighting . 

Blackwellg made very comprehensive tests on various age grou ps 
and with bo th high and low lumi nan ce levels t o determine the K factor for 
age. For 100 cd/m2, K = lOm3 . For 1.7 cd/m2, K = lOm4 . The formulas for 
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"m3" and "m4'' are as follows: 

being: 

Age 20- 44 years, m3 
44-64 
64-80 

Age 20-44 years, m4 
44-64 
64-80 

= 1.000 
= 1.000 + .0310(A 
- 1.620 + .0725(A 

= 1. 500 
= 1.500 + .0419(A 
= 2.338 + .0668( A 

Where: A is the age of the observer . 

44) 
64) 

44) 
64) 

( 4) 

( 5) 

The other age affected factor is RCS9. The generalized formula 

RCS= n~~
4 

+ ~-
2

•
5 

( 6) 

n = ~~- 4 + ~ 2. 5 
( 7) 

Where: RCS is relative contrast sensiti vity. 

Lis the task background luminance in (cd/m2): 

n i s a norm alizing constant used to bring RCS 
to unity at 100 cd/m2. 

S is a constant used to construct the various RCS 
curves and which is related to the steepness of 
the curve. As a person ages, the steepness of 
the RCS curve becomes less. 

t i s the "re lative effective overall transmit­
tance" of the eye of the observer . 
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3. Visibili t y Leve l 

V i s i b i 1 i t y Leve 1 ( V L ) w h i ch i s def i n e d i n Fi g u re 20 as the 
logarithmic distance between the equivalent contrast line (A) and the 
threshold contrast line (B) at any point on the graph. Then VL is 
calculated as: 

C VL =-=-
C 

-
( 8) 

Where: C is the equivalent contrast found using the VTE. 

C is the threshold contrast of the 4 1 disc at a given 
level of luminance. 

VL is the visibility level, where a VL = 1 represents 
threshold seeing conditions and the probability 
of seeing a given detail is 50%. As the VL is 
increased, the probability of seeing the detail 
also increases. 

4. VTE Disability Glare Factor Measurements 

An important modifier to the basic VL equation (8) is disability 
glare, which has been quantified by the DGF concept as described above. 
DGF determines the amount of visibility that will remain after accounting 
for disability glare. 

The DGF is assessed in the field using the Visual Task Evaluator 
(VTE*) with the optical sur r ound device, the disability glare evaluator, 
attached. The VTE with the glare attachment, pictured in Figure 21 can be 
operated using three different fields of view as shown in Figure 22 and 
described as follows: 

MATCHED MODE: Where the annular surround luminance is 
matched to the background luminance of the task detail 

. being measured. Contrast threshold measurements made in 
th i s con di ti on est ab l i sh the reference con d i t i on ( w hi ch 
represents a practical no glare condition even though an 
unlimited f ield luminous field represents a disability loss 
due to glare). 

REAL WORLD (EXTERNAL) MOOE: Where the contrast threshold 
measurements are made using a 24 degree fie 1 d of view of the 
actual illuminated environment as the annular surround for 
the task being measured. The 24 degree field of view may or 
may not have glare sources within its field. The ratio of 
the visibility found in the real world to the visibil ity in 
the matched condition dete rmines the OGF value. 

*For further explanation of VTE, see Appendix D. 
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Figure 21. Operator Using the Visual Task Evaluator with Disabili t y Glare 
Attachment While Evaluating t he DGF for Mine Lighting Systems. 
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GLARE MOOE: ~/ here the annular surround luminance is 
approximately 32 times the background luminance of the 
detail being measured . The glare mode threshold measure­
ments are used to determine the individual VTE oper ator 1 s K 
factor (which is the constant that accounts for the scatter 
of light in the eye due to glare). 

Determining OGF from Field Measurements 

Referring to the OGF equation (1) above and Figure 23, one finds 
that there is both a positive and negative factor to disability glare. The 
increase of luminance, to which the eyes are adapted due to the intro­
duction of a glare source or so~rces within the field of view, results in 
a greater sensitivity of the visual system to the visibility of detail. It 
has been found that if the su rroundings are very low in luminance, the 
addition of a glare source actually increased the ability of the eye to see 
detai113. However , in most cases of overly bright light, (glare sources), 
there is an actual decrease of sensitivity or visibility due to the veiling 
reflections in the eyes. In Figure 23, ci ted above, one sees that there is 
a positive contribution to sensitivity, and therefore visibility, which is 
accompanied by a larger negative loss of sensitivity. The OGF becomes the 
final net effect of both components. Equation (1) can be broken into these 
components: 

DGF = !:_ x RCS for Le 
Le RCS for L 

The first term L/Le 9 represents the negative component, the loss in 
sensitivity. The second term: RCS for Le divided by RCS for L, represents 
the positive component, the gain in sensitivity . 

From the measurements obtained using the three fields of view 
described above, one can determine the appropriate DGF. Each person who 
made threshold measurements in the glare mode had their own sensitivity to 
glare and degree of scattered lighting in the eye; so, an individual K 
factor was determined. To make the individual values more useful, it is 
generally necessary to relate them to a large population of observers 
tested under more controlled conditions in the laboratory. Through the use 
of disability glare equation (2) above, the losses obtained by the 
individual were related to the losses that would be expected if the average 
observer of the larger 1 aboratory reference popu 1 at ion had made the 
measurements. Once the OGF has been determined it can be used as a modifier 
to the basic VL equation (8): 

VL = _C_ x DGF 

C 
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6. Evaluation of Disability Glare from Current Lighting Systems 

A highly sk i lled VTE operator made all the DGF measurements of 
the different mine lighting systems. The operator had made several 
thousand VTE measurements in other studies in the past and could thus make 
these more exacting measurements for this phase of the glare investi­
gation. A skilled operator who was calibrated with the VTE was required 
since the actual visibility being produced by the several lighting systems 
was required. Several positions that had been selected by the research 
team were us ed to evaluate the DGF's of each of the seven mine lighting 
systems mounted on the cont inuous miner as we ll as the OGF's for fi ve of the 
same systems mounted on the bolter. The VTE with disability glare 
evaluator attached, as shown in Figure 21~ was positioned seven feet from 
each machine at the various chosen locations shown in plan view in Figures 
24 to 28. Figure 29 illustrates the bolter and lighting system to be 
evaluated in the dark room. The OGF results for the continuous miner and 
bolter are shown in Tables 01 and 02 respectively and are discussed in the 
summary of findings at the beginning of this report and in Appendix E. 

D. Discomfort Glare 

In 1925, Holladay2 not only investigated and defined disability glare 
but also determined a new concept of discomfort glare, t he psycho­
physiological effect of light sources. He found that there was a "shock" 
effect when bright light sources are exposed moment arily. He was able to 
evaluate this effect and develop a formula to denote various degrees of 
sensation varying from "scarcely noticeable", to 11 ple asant 11

, to "com­
fortab l e 11 and "the boundary between comf art and discomfort 11 (BCD). 
Further he was ab le to define sensations that varied from 11 uncomfortable 11

, 

to "the boundary between uncomfortable and intolerable ". Guth (Appendix 
F) refers to these sensations in his Table F3. 

1. Physiological Basis of Discomfort Glare 

Further studies!? showed there is a pupillary opening change 
when the obser ver was suddenly exposed to an over ly bright light source. 
From this it was concluded that the sensation of discomfort could be 
related to the strain in the eye's sphincter muscle whic h reduces the 
pupili ary opening when exposed to an overly bright light source. 

The most comprehensive studies of discomfort glare were carr i ed 
out over many years by Dr. S. K. Guth16 who investigated the various 
elements that contributed to the sensation of discomfort glare and then put 
then: together in suitable formulation, described in Appendix F, labeled, 
the Borderline between Comfort and Discomfort (BCD). Thi s formulation 
serves as a basis for determining the acceptability of lighting systems in 
terms of discomfort glare and also for rating the glare sensitivity of 
individual observers. 
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Figure 29. Evalutation of a Fluorescent Lighting System as Placed on a Acme 
Bolter and as Seen From Position 3 for both Discomfort and 
Diability Glare. The Picture also Shows the Bolter as it Appeared 
in the Mine Simulation Testing Room. 
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2. Instrumentation 

Since the BCD sensation serves as a basis for determining the 
acceptability of lighting systems in terms of discomfort glare and also for 
rating the glare sensitivity of individual observers, Guth has developed 
the Discomfort Glare Evaluator (DGE)l9 to measure the BCD sensation. The 
OGE employed in the present investigation is shown in Figure Fl, being used 
to evaluate an underground lighting system. The components include a head­
rest with a moveable shield, a light source and control units for the 
experimenter and the observer. 

When the moveable shield is in the "down" position, all of the 
test luminaires are excluded from the field of view of the observer. When 
the shield is rotated upward, the luminaires are included in the field of 
view. 

The circular test source consists of a transilluminated dif­
fusing glass. It is viewed in a $mall mirror (see Figure Fl) located on the 
line of sight which can be in any direction, depending upon the experi­
mental conditions. A gray mask, the reflectance of which is selected so 
its luminance approximates that of the area viewed by the observer, 
surrounds the test source. 

A timing mechanism in the operator's control unit governs the 
exposure sequence of the test-source and the lighting system. When BCD 
evaluations are made, the moveable shield on the head-rest remains 
normally in the "down" position, except for the glare condition. The test­
source is presented for one - second exposures separated by one-second 
intervals during which the observer is exposed only to the field luminance. 
A ten-second cycle is used during which the test-source is presented for 
subjective evaluations three times, and the remaining short period is 
allowed for the observer to alter its luminance. 

When making comparative evaluations of a lighting system, the 
source on the line of sight -- now termed the comparison source -- and the 
luminaires are alternately exposed to view. When the moveable shield 
rotates upward to expose the luminaires, the comparison-source is turned 
off. When the shield returns to the "down" position, the comparison source 
is again turned on. The exposures are of one-second duration, separated by 
one-second intervals. Each group of three exposures is followed by a five­
second period for evaluating the sensation and altering the luminance of 
the comparison source. The observer is permitted as many eye l es as 
necessary for making an appraisal. 

3. Evaluation of Discomfort Glare from Current Lighting Systems 

CONTINUOUS MINER: Using the procedure and instrumentation 
outlined above, discomfort glare evaluations were made from two different 
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observe r positions as shown in Figure F2 for all seven lighting systems. 
A tot al of eleven people partic i pated 1n the me asurements with the results 
summarized in Tabl2 Fl, F2, and F4. 

BOLTER : Three observer positions were used in evaluating five 
of the same systems with a total of four obse rvers par ticipating. The 
results are shown in Table FS with the glare evaluat i on positions shown in 
Figure F3. 
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IV. THE STUDY OF UNDERGROUND MINERS' SENSITIVITY 

TO DISABILITY AND DISCOMFORT GLARE 

A. Purpose 

The second phase of this investigation was to answer the question of 
whether or not the underground mining population is more, less or the same 
in sensitivity to both forms of glare as compared with the sensitivity of 
the aboveground population in corrmerce and industry. If they were more or 
less sensitive then current glare formulas should be changed so that 
improved lighting designs could be made for mine illumination. 

B. Research Plan 

Prior to testing the mining population a plan was developed to 
de term i n e what pop u l at i on ch a r act er i st i c s of the mi n er s m i g ht h ave an 
influence upon the disability and discomfort glare evaluations. It was 
decided that factors of age, years worked as a miner, shift worked during 
the test period, eye color (light or dark), whether or not glasses or 
contacts were used, color vision (normal or deficient) and visual acuity at 
the time of the test were of possible influence. Standardized tests were 
used to determine these various factors at each test location" Before any 
testing was begun at the different mine site locations, two or three 
research team members met with the mine management to describe the purpose 
of the investigation, set a date for testing and to determine a schedule 
for testing the miners as they came on or off their shift and to locate a 
facility in close proximity to the mine entrance to setup the various 
testrooms. Each miner participated on a voluntary basis and was paid his 
hourly wage for each hour of work. Ideally the research team was capable 
of testing a group of four miners coming on shift and four miners coming off 
shift with an hour's time required 1or ea;h group of four miners. 

C. Testing the Miners 

At each test location the space.made available by the mine manqgement 
was adapted to accommodate the experimental setups. The different test 
setups were separated from each other either by using different rooms or ·by 
dividing a large room into several cubicles by hanging black strips of 
cloth for curtains. Each group of miners who were tested entered the test 
area which had been darkened to simulate the mine environment. After a · 
brief description of the purpose of the glare investigations the miners 
were seated and asked a series of questions to determine their age, number 
of years worked underground, shift worked, eye col or and th e need of 
glasses or contacts. Color vision and visual acuity were then tes t ed. 

113. 



l. Color Vision Test: The miners were given a color v1s1on test 
using the American Optical Corporation 1 s test charts: 11 Pseudo-Isochro­
matic Plates For Testing Color Perception 11

• The test plate booklet was 
placed on a Macbeth Easel Lamp Stand at a distance of 30 inches from where 
the miner was seated. Each miner was instructed to read the number (which 
had been printed in various shades of color) on each test plate. The number 
of correct responses determined whether or not the miner had a deficiency 
in color vision or was normal. If the miner was color deficient it could 
make him more sensitive to glare. 

2. Visual Acuity Test: The objective of this test was to determine 
the miner 1 s visual acuity at the time of testing. A standard visual acuity 
test was given using the Snellen eyechart. The eyechart was placed twenty 
feet from a line marked on the floor by which the miner was instructed to 
stand. Supplemental lighting was used to light the eyechart. Each miner 
was instructed to cover his right eye with his right hand cupped and then 
read the top line on the chart. If more than two or three errors were made 
he was instructed to try and read the next line below until he came to a 
line which could be read without error or just one error. The same 
procedure was repeated for the left eye. 

After these factors were determined, the sensitivity of the 
miners to disability and discomfort glare was tested. 

3. Disability Glare Testing: The purpose of this test was to find 
whether or not the sensitivity of underground miners to disability glare 
was different when compared with the aboveground population of workers. 
The degree of disability glare was quantified by the disability glare 
factor, DGF as described in Section III. In order to make the comparison 
between the two different populations, the DGF testing was done at two 
different luminance levels. 6.0 fl being the higher level and 0.06 fl being 
the lower level. The high luminance level testing of DGF allowed 
comparison to the data on an aboveground population which had been 
extensively tested by Dr. Blackwell9 in his laboratory at Ohio State 
University. The low luminance level represented the actual luminance 
level currently being recommended for underground mine lighting; thus, the 
range of OGF I s would be representative of what might be found in an 
underground mi ne . At each test site two VTE 1 s with glare evaluator 
attachments in place were setup to determine the DGF r esponse with one 
recording the high luminance OGF and the other the low luminance OGF. The 
setup and procedure was the same for both luminance conditions. A test 
chart composed of a series of different sized Landolt rings (which are 
shaped like the letter C) was placed 13.l inches from the longitudinal 
center of the front objective lens of the VTE, and supplemental lighting 
with a dimmer switch was used to light the test chart to the des i red 
luminance. The general arrangement for disability glare testing at both 
high and low luminance levels is shown in Figure 30~ The absorptive 
properties of the VTE optics were accounted for when determining t he light 
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Figure 30. Disability Glare Test at Low Luminance Level: Visual Task Evaluator 
with Glare Attachment Centrally Positioned in Front of Testchart of 
Landolt Rings. 
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level to be maintained on the test chart in order that the luminance levels 
stated above would represent the amount of light at the eye of the miner. 

4. DGF Procedure: The largest Landolt ring on the test chart was 
centered in the VTE's field of view. As each miner was seated, he was 
instructed to look into the VTE's eyepiece and determine whether the 'C' 
was centered and in focus. If this was not the case the miner adjusted the 
focus by pulling out or pushing in the eyepiece . Since this phase of the 
study was to determine only the individual miner's response to disability 
glare, it was only necessary to use the two fields of view as shown in 
Figure 31 : to determine DGF and the K factor for the miner. Measurements 
were first made in the matched mode condition where the luminance of the 
annular surround was the same as the background luminance of the Landolt 
ring task being measured. 

While the miner fixated on the centrally located 'C', the 
contrast dial on the side of the VTE was turned by the team member taking 
the data . As the contrast di al was moved the contrast was gradually 
reduced until the 'C' disappeared, then the dial was turned until the 'C' 
could just barely be seen. This point of bare seeability is threshold. 
Once the miner understood the concept of threshold, he was instructed to 
turn the contrast dial while looking through the VTE at the test letter -
- turning the contrast dial until the 'C' disappeared and then back to the 
point where it could just barely be seen. As each threshold point was 
reached and indicated by the miner, the number on the contrast dial was 
recorded by the research team member until a series of seven consistent 
measurements were obtained . The average of these contrast threshold 
measurements was used in determining DGF. Then using the same procedure 
the VTE was placed in the glare mode where the luminance of the annular 
surround was approximately 32 times the background luminance of the 
Landolt test letter. Before taking this series of threshold measurements, 
the miner was instructed to look only at the 'C' and not the brighter 
surround while his eye adapted to the higher luminance level of the 
surround. A five minute time period was given for adaptation. From these 
glare mode measurements, an average value was obtained which together with 
the matched mode threshold measurements, the DGF and K value for each miner 
was determined, using the procedure described in Section III. 

5. Discomfort Glare Testing: To determine whether or not the 
underground mining population was different in sensitivity to this form of 
glare a cubicle was constructed to provide a standard controlled environ­
ment.19 The cubicle, as shown in Figure 32, consisted of a box 199 cm deep, 
80 cm high and 60 cm wide. The interior and exterior were painted a light 
gray to provide a uniform lum i nance of 0.01, 0.1, 1.0, and 10.0 fl for the 
interior field luminances. A chin and head-rest were mounted on a sawhorse 
and positioned at the front opening of the cubicle which located the eyes 
of the observer even with the front of the cubicle . The cubicle was adapted 
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Figure 32. Cubicle Used For Obtaining BCD Judgements. 
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to al low not only on the l ·ne.of sight measurements but also 25 degrees 
above and below the line of sight. The circular aperatures through which 
the test -sou rce shined subtended a solid angle of 0.0011 steradian. 

The source luminance was provided by the luminous element of the 
Discomfort Glare Evaluator (OGE). Thi s source was reflected toward the 
observer's eyes by a diagonal mirror located outside the rear of the 
cubicle. The luminance of the source, which was under the control of the 
observer, was continually variable from O to about 12,000 fl. The 
arrangement for obtaining the source luminance being external did not 
measurably affect the internal luminance of the cubicle. 

During the testing the observer adjusted the lum in ance of the 
test source which momentarily was exposed for a !-second period, until it 
was judged to produce a sen sat ion at the borderline between comfort and 
discomfor t , (BCD) . The 1-second interval was found to be long enough for 
the observer to receive the full impact of glare but sufficiently short so 
that it did not significantly affect adaptation. The latter point is 
particularly important when the field luminance is low, as in the present 
in vestigation. 

Each observer made a series of at least f ive judgements for each 
field luminance at one sitting or test period. Ideally, at lea$t two such 
ser ies of measurements should be made by each observer on different days . 
Because of l ack of continued availability of observers and time re­
strictions , only a few were able to make repeat measurements on different 
days; yet, many made repeat measurements on t he same day. The results 
obtained are considered valid and useful. 

6. Testing at the Mine Safety and Health Administration 

The total experimental procedure and setup was first tested at 
the Mine Health and Safety Administration, MSHA, Academy at Beckley, West 
Virginia. Observers for this part of the investigation included attendees 
of the Academy courses as well as personnel from the illumination 
laboratory on campus plus members of the research team. Although it had 
been hoped that many underground miners would be attending courses at the 
Academy during the test period, only a few of those who agreed to be tested 
had actually been full time miners or had been underground for a period of 
years; however, data provided on disability and discomfort glare was valid 
with the re su lts being used to provide a stronger base of reference for the 
aboveground population. The results provided a base of comparison to the 
later testing of the miners . This pilot study helped modify and ref i ne t he 
testing procedures used on the underground miners. In all, twenty-thr ee 
observers were tested with one being excluded for incomplete da t a. The 
results of the disability glare testing along with the population 
characteristics determined from the interview process outlined above are 
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shown in Table 03. The disability glare results as shown in Table 03 show 
a normal range of values to be expected and substantiate the generalized 
disability glare model developed by Blac kwell as reported in Appendix E. 
Due to instrument failure of one of the VTE 1 s, low level DGF results could 
not be obtained. The discomfort glare results are shown and discussed in 
Appendix F. 

D. Measurements at the Mine Sites 

Active underground miners were tested at five different mine sites 
which included: Maple Meadow Mine, Fairdale, West Virginia; Prescott 
Mines 1 and 2, and Derby Mines 4 and 5, Big Stone Gap, Virginia. A total 
of 114 miners completed the battery of tests with valid data being obtained 
for 110 miners for disability glare and 106 miners for discomfort glare . 
The miners were tested for an hour before or an hour after their shift . 

1. Populational Characteristics, Color Vision and Visual Acuity 
esu ts 

The tabluated results obtained through the interview process are 
recorded in Table 04, 05, and 06. Of the 114 miners measured, 5.3% had a 
deficiency in color vision which did not significantly affect the OGF 
results. Additionally the mining population as a whole had normal 20/20 
vision. The populational characteristics were used to determine trends in 
disability glare and discomfort glare results. 

2. Disability Glare Testing 

The valid disability glare testing results were used in support 
of the Blackwell model described in Appendix E. The data obtained on 51 
miners at the Maple Meadow Mine at the high luminance level and the 59 
miners at the Prescott and Derby Mines at the low luminance level were used 
by Blackwell in the development of his generalized model of disability 
glare. Additionally in order to analyze the populational trends, the 
results of the 51 miners at Maple Meadow Mine tested at the low luminance 
level were combined with the 59 miners 1 low level results at the Prescott 
and Derby Mines. The tabulated summary of results of disability glare are 
shown i n Tab les 04, OS, and 06.The conclusions from the disability glare 
testing are sta~ed in the summary of findings at the beginning of this 
report . 

3. Discomfort Glare Testing 

The results from the discomfort glare tests are discussed and 
shown in Appendix F. Conclusions are discussed in the findings at the 
beginning of this report. 
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CONCLUSIONS AND RECOMMENDATIONS 

As noted in the Introduction, there were many complaints from miners 
about the glar e from current lighting systems even though there wa s gener al 
agreemen t that the environment or general lighting was a great improvement 
over lighting by caplamps only. Tests by evaluating instruments in this 
report confirmed the reaction of the miners by measuring very large losses 
of vi s ibility due to Disability Glare and marked degrees of Discomfort 
Glare. Therefore these data would lead to the conclusion that the 
conditions should be remedied by suit ab le general lighting design. It is 
the considered judgment of the authors as both researchers and application 
engineer s that this can be satisfactorily done. 

Before this can be carried out there are some further data that need 
to be obtained. A th orough basi s for the 0.06 footlamberts needs to be 
es tab 1 i shed . We now know from psychophysical data that. the effect of 
surrounds has a large impact on the ability to see the tasks at hand. Of 
course Disability Glare is proving that in this report. However, the 
general surrounding ambience of light has a large effect. Lythgoe, in 
1931, found that dark surrounds profoundly affected visual acuity, the 
ability to see sma 11 deta i 1 . This was confirmed by 1 ater researchers. 
Recently , Boynton found that as one looks about in the scanning process and 
encounters lighter or darker areas, there is an immediate loss of visual 
sensitivity which means lowered visibility . Thus the luminance (or 
brightness) of the surroundings should be ke pt in appropriate balance with 
the luminance of the task. In interior environments the goal is not to 
exceed ten to one, i.e. the surroundings be not less than one tenth t he 
luminance of the task or greater than ten times the task. But what is the 
task or tasks? At the present time we do not know. Only tests with the 
Visual Task Evaluator can really tell how much light should be on the 
tasks. 

If we assume that the current regulations value of 0.06 footl amberts 
is correct, then will 0.06 footlamberts be enough for seeing the tasks in 
coal mines? There would be a strong question in our minds as to whether 
this would be adequate. 

What do caplamps deliver to the tasks and do they make the details 
plainly visible? All of this could be determined by suitable Visual Task 
Evaluator measurements. We would recommend that this be done. 

Assuming that the environmental field luminance of 0.06 fl combined 
with the light provided by caplamps will turn out to be satisfactory to 
adequately illuminate the details to be seen, then the results of this 
study can be summarized as follows: 
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D · s ab i i t ~1 G l a r e 

1) There i s no difference in the mean sensit ivity benveen the 
underground mining population and the aboveground population. 

2) The frequency c;.irve of disability glare, Figure 3 , indicates 
that some miners ere very sensitive to disabilfty glare and 
some are very inse!'lsitive. The very sensn:1ve could account 
for the reports of unhappiness from some miners with current 
lighting syst em s . 

3) It is recommended that the formulation developed by Blacbvell in 
Appendix E and CIE Report 19/2 be used to evaluate the effects of 
various lighting systems on disability glare. 

Discomfort Glare 

1) The frequency curves for discomfort glare, Figure 33-39 for a 11 
levels of field luminance (0.1, 1.0 and 10 footlamberts) shows 
there was a tendency for mast observers ta be sensitive to low 
levels of luminance; however, just as in the case of disability 
glare there were some quite insensitive ta much higher levels. 

2) DESIGN TECHNIQUE A: Based on the data for both the "on ·' and 
"off" shifts at 0.1 fl field luminance plotted in c:- ;gu res 3;. 
and 35, the majority of observers (approximately 53%) were at 
the borderline beh,een comfort and discomfort between the 
limits of 1 to 400 fl. The limiting luminance for the 0.00:1 
steradian glare test source (which represents a luminous area of 
2 inches by 2 inches at a distance of five feet) i s 200 fl. 
Prorating the 0.1 fl field luminance to the regulated luminance 
of 0.06 fl results in an index of sensation, M = 141 for the 
0.0011 steradian test_glare source. Then holding M = 141 as a 
constant and varying Kand w, in the basic glare equation: 

M = LKw 
PF,32 

The limiting luminances of other var i ous sized glare soui-ces 
have been calculated and plotted in the graph, Fi gure ~O. 

3) DESIGN TECHNIQUE 8: Based on the combined data from a 11 f i e ld 
luminances, the revised formula presented below represents the 
changed constant value to account for the 40% increase of 
sensitivity of "off" shift miners over "on" shift miners and the 
reduced exponent 0.32, which mod i f i es the environmental f i e l d 

luminance, F. 
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Rev se~ Lum i nance form ula : L = d73F · 32 

Tnen use the c=.lcula"Ced L, cbove, to determ i ne the inaex of 
sensat i on M: 

M = 

Where: 

LK w 

PF-32 

M = Index of Sensation 
L = the luminance of the glare source 
w= the solid angle of the glare source in sterad ian s, 

subtended by the source at the eye of the obser­
ver . 

K = a factor related to the solid angle w, and found 
in Appendix F, Tabl2 Fl2. 

- = the field or environmental lu~inance to which the 
ooserver is adapted. 

P = position factor in relation to the l ine Oi s\ght 
as shown 1 n the fo ll owing ta □ l e: 

Anale On the Line of 

0 degrees 

An9le Above the Line 

5 degrees 
10 degrees 
15 degrees 
20 degrees 

Angle Below the Line 

5 degrees 
10 degrees 
15 degrees 
20 degrees 
25 degrees 
30 degrees 
35 degrees 
40 degrees 
45 degrees 

Siaht 

of Sight 

of Siaht .. 

p 

1.0 

1.2 
1.5 
1. 7 
2 .1 

.90 
1 1 A 
_ __ j 

1. 28 
1. 58 
2.03 
2.ll8 
~ 1 -
.; . -'.) 

4.05 
5.25 

From the calculated index of sensation M, determine OGR as shown 
in the design section for this report and summa rized below. 
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OGR = the Discomfort Glare Rating, is equal to M\ which 
represents the combined indices of sensation of 
all glare sources contributing to discomfort. 

a= a variable exponent equal to n-.914 where n is the 
number of glare sources i n the field of view as 
shown below: 

n J 

I l.OUO 
2 0. 939 
3 0.904 
4 0.880 

Mt = the sum of all the indices of sensation. 

If the glare sources are widely separated around the mining 
machine, only one luminaire may be contr ib uting to the glare 
sensation or at least most of the sensation of the total scene; 
therefore the disability glare rating, OGR will equal the index 
of sensation M for the particular unit being observed. One then 
applies the OGR to Figure 19, using the solid line for 
determining the percent of the population satisfied using the 
combined 11 on 11 and "off" shift data, and using the dashed line to 
determine the percentage satisfied using the most sensit ive, 
"off" shift data. 
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'/I . JISC:JSSIO~l 

Loo kin g at Figure 40 , it is seen that for practica lly sized 
l uminaires, the limiti ng luminance is comparat ively low . for which a 
luminaire wou ld be designed . One possibil i ty could be to go to the ne xt 
higher level of d iscomfort "bare ly uncomfortable" wh ich would allow a 
multiplier of 1. 33 fo r the limiting lumin ance and a visual comfort 
probability of 38% . Another approach would be t o us e more diffusing 
luminaires per machine t han are currently be in g used . If prismatic or 
reflector techniques of light control are used in design, an asymmetric 
distr·bution could be pr odu ced which wo uld reduce the ca nd lepower i n the 
zone where the worker's eyes would be located . Outs ide of this viewing 
zone the candlep01•1er could be greatly increased to thr mv two beams of 
light, one beam on the roof, the other washing the floor. This method ~vo uld 
hold true only for lighting hi gh coal seams but not for the low coal seam 
conditions. Whe n all ar e vi suali zed, we 1t1ould recommend that indirect 
lighti ng be used where all the ligh t is thrown upward to the roof and the 
upper coal face and ribs, wi t h adequate shielding of the lu min aire from the 
viewer's eyes . The li ght would then be reflected through the en vironment, 
to light the rr0chines and surroundings without glare . With sufficient 
lumens of light di rected upward, all objects should be ad equa tely seen for 
safety purposes . Should th ere be a desire to highlight the floor area for 
greater vis i bili ty of ruts an d possible obstructions, lumina ir es could be 
provi ded to send out a beam over the floor area to su pplement the indirect 
lig ht. See conclusions of the report to the Bitumi nou s Coal Research, In c. 
on reflect ivi ty of coal surfaces by C. L. Crouch 20. 
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APPENDIX D 

TABULA1ED DISABILilY GLARE FACTOR (DGF) FIELD DATA 
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TABLE 01. OGF ME,i\SUREMENTS FOR THE 
CONTINUOUS MINER 

Lighting Syst em* Position 1 Position 2 Position 3 Position 4 

A. 

B. 

C. 

0. 

E. 

F. 

G. 

H. 

I. 

J. 

XXX 

** 
* 

151-1 f 1 u o r e s - (Tl) ** (TlO) 1.000 
ce nt 
1500 ma (T2) 0.018 (Tl4) 0.644 
fluorescent 
1500 ma (T3) 0 .193 (Tl2) 0.291 
fluorescent 
1500 ma (T4) 0.473 (Tll) 0.815 
fluorescent 
1500 ma ( T 5) 0.557 (Tl3) 0.477 
fluorescent 
Incandescent (T6) ** (T9) ** 
(Unshielded) 
Incandescent XXX XXX 
(Shielded) 
Incandescent (T7) 0.677 (TS) ** 
(Unshie lded) 
Incandescen t XXX XXX 
(Partial shield 
at 45 degrees) 

Incandescent XXX XXX 

- Position was not measured 
OGF cou ld not be calculated 

(T23) 0.043 (T24) 0.791 

(T28) 0 .806 (T29) 0.578 

(T26a)0.670 (T25) 0. 617 

(Tl5) 0.241 (Tl6) 0.552 

(T26b)0 . 487 (T27) 0.574 

XXX (Tl7) 0.317 

(19) 0.645 (Tl8) 0.492 

XXX XXX 

(T22) 0. l 04 XXX 

(T20) 0. 977 (T21) 0. 311 

- In Guth's Analysis in Appendix F, page he designates the 
systems as follows: 
Continuous Miner: A = 1, B = 2, C = 3, 0 = 4, F & G = 6, 

H, I, & J = 7 
Bolter: A = 1, B = 2, 0 = 7, E & F = 6 



Lighting System* 

A. 15w fluorescent 
B. 1500 ma fluores-

cent 
C. 1500 ma fl uores-
D. Incandes cent 
E. Incandescent 

(Sh ielded) 
F. Incandescent 

(Unshielded) 

** - DGF could not 

TABLE D2. OGF MEASUREMENTS FOR THE 
ACME BOL TER 

Position 1 Position 2 Position 3 

(T 1) 0.116 (T6) 0.229 (Tll) 0.100 
(T2) ** (Tl) 0.071 (Tl2) 0.100 

(T3) 0.411 (TS) 0.360 (Tl3) 0.306 
(T4) 0.637 (T9) 0.573 (Tl4) 0.039 
(TSa)0.679 (TlOb) .025 (Tl5) 0.358 

(TSb)0.395 (TlOa). 400 

be calculated 
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TABLE D3. SUMMARY OF MSHA ACAD EMY PO PULATI ON CHA RACTERISTICS 
ALO NG WITH DISAB ILITY GL ARE FACTOR, DGF, EV ALUATIO NS 
AT HIGH LUM I NAN CE LE VEL 

Observer Age Years Eye Color Glasses, Visual Ac uity DGF 
Number as a Light/Dark Contac t s, 

Miner Neithe r 

1. 26 1/4 D G -- -- . 432 
2. 26 0 D G ---- .440 
3. 28 0.3 D G ---- .333 
4. 30 6.0 D G R:20/20,L:20/20 .432 
5. 31 5.0 L N R: 20/20 ,L :20/20 . 493 
6. 34 7. 0 D N R:20/20 , L:20/ 20 . 650 
7. 37 0. 1 L N -- -- . 714 
8. 38 1.0 D G --- - .455 
9. 38 2. 0 L N ---- . 595 

10. 39 5.0 D N --,0 - . 431 
11. 38 1.5 D N R:20/ 20,L: 20/20 .407 
12 . 40 2. 5 D N --- - .418 
13 . 41 13 . 0 L N --- - .4 15 
14. 43 0 L N ---- .421 
15. 45 14.0 L G R: 20/20 , L: 20/20 .329 
16. 52 29 .0 L N ---- .608 
17. 55 22 . 0 0 N ---- . 577 
18. 55 22. 0 L N R: 20/30, L: 20/30 .3 16 
20. 59 3/4 D N R:20/30,L:20/20 .242 
21. 61 40.0 0 G R: 20/30, L: 20/30 .837 
22. 65 35 . 5 L N R: 20/60 ,L: 20/60 .824 
23 . 74 0 L N ---- . 324 

143. 
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20 .2 
19 .l 
32 . 3 
20 . 2 
15 .4 
7.8 
5.8 

18.6 
9. 0 

20 .8 
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22. 1 
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22. 1 
34. 7 
9. 9 
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Observer 
Numbe r 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13 . 
14. 
15. 
16 . 
17. 
18. 
19. 
20 . 
21. 
22. 
23. 
24. 
25. 
26. 
27 . 
28. 
29. 
30. 
31. 
32 . 
33. 
34. 
35 . 

TABLE D4 . SUMMARY OF UNDERGROUND MINING POPULATION CHARACTERISTICS 
ALONG WITH DISABILITY GL AR E FACTOR, DGF, EVALUATIONS AT 
HIGH LUMINANC E LE VEL 

MAPLE MEADOW MINE 

Age Years Work Eye Glasses, Color Visual Acuity DGF K 
as a Shif t Color: Contacts, Vis ion: 
Miner Light/ Neither Normal/ 

Dark Deficient 

30 8 2 on D N N R:20 /20 ,L: 20/20 . 481 16.6 
37 5 2 on D N N R:20/ 20,L:20/26 
25 5 2 on L N N R:20/20,L: 20/20 .742 5. 0 
41 6 2 on 0 N N R:20/20,L:20/20 . 608 4.7 
28 5 2 on D N D R:20/20,L:20/ 20 
30 10 2 on L G N R:20/20, L:20 /20 .610 9. 4 
33 10 2 on D N N R:20/20,L:20/20 . 914 1. 3 
34 7 2 on L G N R:20/ 45 ,L:20/32 . 600 10.0 
39 6 2 on L N N R: 20/32, L: 20/32 .538 6. 3 
30 8 2 on L N N R:20/3 2,L:20/32 .600 9.9 
24 6 3 on L N N R:20/20,L:20/20 .538 12.9 
33 6 3 on L G N R:20/ 45,L:20/45 .210 70.5 
32 14 3 on D N N R:20/20,L:20/ 20 . 311 37.4 
39 15 3 on D G N R:20/20,L:20 / 20 .622 4.4 
40 5 3 on L N N R:20/20,L :20/20 .283 21. 0 
28 5 3 on D N N R:20/20,L:20/20 .839 . 2. 7 
42 8 3 on L G N R:20 /32,L:20/32 .318 17 .5 
50 6 3 on L N N R:20/20,L:20/20 .518 14.4 
25 8 3 on D N N .300 39.2 
28 4 1 on D G N R:20/20,L:20/20 .518 8.9 
31 4 1 on D G N R:20/ 20,L:20/20 . 514 14.4 
37 14 1 on D N N R:20/20,L:20/20 . 720 2, 7 
23 2 l on L N N R:20/20,L:20/20 .523 13 .8 
33 6 1 on L N N R:20/20,L:20/20 .5 29 13.6 
40 10 1 on L G N R:20/ 20,L:20/20 .382 12.7 
23 4 1 on D N N R:20/20,L:20/20 .589 10.3 
23 6 l on L N N R:20/20,L:20/20 .556 11. 9 
21 4 2 off D N N R: 20/20,L:20/20 .345 31. 0 
31 13 2 off L N N R:20/20,L:20 /20 .500 15.3 
30 11 2 off D N N R:20/20,L:20/20 .5 22 13.8 
26 8 2 off L ~I N R:20/20,L:20,'20 .6 74 7.0 
26 7 2 off D G N R:20/20 , L:20/20 .345 31. 0 
28 10 2 off L N N R:20/20,L:20/20 .629 8. 7 
44 27 2 off L G N R:20/20,L:20 /20 . 713 5.9 
41 24 3 off D N N R:20/20,L:20/ 20 . 400 11. 7 
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TABLE 04 . SUM MARY OF UNDERGR OUN D MINING POPULATION CHARACTERISTICS 
ALONG WITH DISA BILI TY GL AR E FACTOR, DGF, EVALUATIONS AT 
HIGH LUM INAN CE L~ VEL 

MAPL~ MEADOW MIN E 
(cont inued) 

Observer Age Years Wor k Eye Gl asses, Color Visual Acuity DGF K 
Nufilb er as a Shift Color : Contacts, Vision : 

Miner Light / Neither Normal / 
Dark Deficient 

36 . 38 12 3 off D N N R:20 /20 ,L:20 / 20 . 500 7. 4 
37 . 30 10 3 off D N N R:20 / 32,L:20/4 5 . 615 9. 2 
38 . 22 5 3 of f L G N R:20 / 32,L:20 /32 .3 77 26 .5 
39. 34 5 3 off L G N R: 20/20 ,L:20 /20 . 714 5. 8 
40. 44 25 3 off D G N R:20/38,L :20/45 . 441 19 .7 
41. 37 13 3 off L N N ---- . 440 20 .3 
42 25 5 1 off L N N R:20/ 20,L:20/20 .285 42.8 
43. 36 3 1 of1 0 N N R:20/20,L:20/20 . 512 14.7 
44 . 26 3 1 off D N N R: 20 / 32,L:20/38 .441 19 .7 
45 . 21 12 1 off I. N N R:20/20 ,L:20/ 20 .365 28. l 
46 . 21 3 1 off L N N R:20/20,L:20/20 . 676 7. 0 
47. 31 12 1 off L N N R: 20/38,L :20 / 20 .395 24. 4 
48. 24 6 1 off L N N R: 20/20,L:20 / 20 . 631 8. 4 
49. 34 7 1 off L N N R:20/20,L:20 /32 
50. 33 7.5 1 off - N N -- -- .449 19.2 
51. 24 5 1 off D N N R: 20/32,L:20/38 .480 16.6 
52. 25 6 1 off D N N R: 20/20,L:20 / 20 . 622 8.9 
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TABLE 05. SUMMARY OF UNDERGROUND MINING POPULATION CHARA CTERISTICS 
ALONG WITH DISABILITY GLARE FACTOR, DGF, EV ALU ATIONS AT 
LOW LUMINAN CE LEVEL 

MAPLE MEADOW MINE 

Observer Age Years Work Eye Glasses, Color Visual Acuity DGF K 
Number as a Shift Color : Contacts, Vision: 

Miner Light/ Neither Normal/ 
Dark Deficient 

1. 30 8 2 on D N N R:20/20,L:20/20 
2. 37 5 2 on D N N R:20/20 , L:20/26 
3. 25 5 2 on L N N R:20/20,L:20/20 .469 61. 7 
4. 41 6 2 on D N N H:20/20,L:20/20 .364 131.0 
5. 28 5 2 on D N D R:20/20,L:20/20 .648 23.7 
6. 30 10 2 on L G N R:20/20,L:20/20 .431 76.4 
7. 33 10 2 on D N ,~ R:20/20,L:20/20 . 263 248.0 
8. 34 7 2 on L G N R:20/45,L:20/32 .333 147.3 
9. 39 6 2 on L N N R:20/32,L:20/32 .411 95.5 

10. 30 8 2 on L N N R:20/32,L:20/32 .471 61.0 
11. 24 6 3 on L N N R:20/20,L:20/20 . 593 31.8 
12. 33 6 3 on L G N R:20/45,L:20/45 .507 51. 2 
13. 32 14 3 on D N N R:20/20,L :20/20 .465 64 . 5 
14. 39 15 3 on D G N R:20/20,L:20/20 
15. 40 5 3 on L N N R:20/20,L:20/20 .622 30.0 
16. 28 5 3 on D N N R:20/20,L:20/20 . 613 28.6 
17. 42 8 3 on L G N R:20/32,L:20/32 .754 14.2 
18 . 50 6 3 on L N N R:20/20 , L:20/20 . 632 31. l 
19. 25 8 3 on D N N .594 31. 7 
20 . 28 4 1 on D G N R:20/20,L:20/20 
21. ·31 4 1 on D G N R:20/20,L:20/20 . 971 1.0 
22 . 37 14 1 on D N N R:20/20,L:20/20 .361 127.0 
23 . 23 2 l on L N N R:20/20,L:20/20 .385 100 . 5 
24. 33 6 1 on L N N R:20/20,L:20/20 .382 106. 0 
25. 40 10 l on L G N R:20/20,L:20/20 .556 42.8 
26. 23 4 1 on D N N R:20/20,L:20/20 .424 79.5 
27. 23 6 1 on L N N R:20/20,L:20/20 .410 91. 0 
28 . 21 4 2 off D N N R:20/20,L:20/20 .813 8.6 
29. 31 13 2 off L N N R:20/20,L:20/20 .522 46.7 
30. 30 1,1 2 off D N N R:20/20,L:20/20 . 635 25.4 
31. 26 8 2 off L N N R:20/20,L:20/20 .470 61. 5 
32. 26 7 · 2 off D G N R:20/20,L:20 /20 .477 59 .0 
33. 28 10 2 off L N N R:20/20,L :20/20 .549 40.2 
34 . 44 27 2 off L G N R:20/20,L:20/20 .875 5.6 
35. 41 24 3 off D N N R:20/20,L:20/20 
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P,B L~ 05. SU~MARY OF UND ERG~ OUND MINING ?OPULATION CH ARACTE~ISTICS 
ALONG WITH DISABILITY GL AR E FACTOR, DGF, EVA LUA TIONS AT 
LJW LUMINANCE LE VEL 

MAPLE MEADOW MI NE 
(continued) 

Obser ver Age Years Work Eye Glasses, Color Visual Acuity DGF K 
Number as a Shift Color: Contacts, Visiun : 

Miner Light/ Neither Normal/ 
Dark Defic i ent 

36. 38 12 3 off D N N R:20/20,L:20 /20 .441 79.0 
37 . 30 10 3 off D N N R:20/32,L :20/15 . 226 333.0 
38. 22 5 3 of f L G N R:20/32,L:20 /32 .35 7 120.0 
29. 34 5 3 off L G N R:20/20,L:20/20 .496 55.5 
40. 44 25 3 off D G N R:20/38 ,L:20/45 .774 12.7 
41. 37 13 3 off L N N -- -- .245 308.0 
42 ,..,,.. 

<:::' 5 1 off L N N R:20/20,L:20/20 .621 27.4 
43 . 36 3 1 off D N N R:20/20,L:20/20 
44 . 

,., ,.. 
i::::o 3 1 off D N N R:20/32, L: 20/38 .774 12 . 7 

45. 21 12 1 off L N N R: 20/20,L:20 / 20 . 551 39. 7 
46. 21 3 1 off L rl N R:20/20 ,L:20/20 . 625 26 . 8 
4 7. 31 12 1 off L N N R: 20/38, t-: 20/20 . 461 65.3 
48. 24 6 1 off L N N R:20/20 ,L :20/ 20 .550 40.0 
49 . 34 7 1 off L N N R:20/20 ,L:20/ 32 .568 37.7 
50. 33 7. 5 1 off - N N -- -- .615 29 .l 
51. 24 5 1 ofi D N N R:20/32 , L:20/38 .7 53 12 . 9 
52. 25 6 1 off D N N R: 20/20 , L:20/20 .720 15 . 8 
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T.!\BLE 86. SU MM~RY OF UND ERGROUND MINING POPULATION CHARACTERISTICS 
ALO NG WITH DISABILITY GL AR E FACTO R, OGF, EVA LUATIO NS AT 
LOW LUMINANCE LEVEL 

Prescott and Derby Mines 

Observer Age Year s \✓ ork Eye Glasses, Color Vi SU a 1 Acuity DGF K 
NumD•: r as a Shift Color: Contacts, Visio n: 1st 1st 

Miner light / Nei ther Normal/ 2nd 2nd 
Dar k Deficient 

Prescott Mine 

53. 24 6 3 on D N N R:20/20,L:20 /20 .915 2.4 
3 off .446 5l. 3 

54. 30 10 1 on L N N P. :20/20,L :20/20 .358 86.0 
3 off ,..,.. 

30 9 1 on D N N R:20/20,L:20/20 .281 147 .0 JJ. 

3 off 
56. 26 7 2 on L N N R:20/20,L:20/20 .358 86.0 

2 off .462 46.8 
57 . 29 8 3 on L G N R:20/20,L:20 /20 .860 4. 4 

3 off .434 54 . 9 
58. 28 6 3 on L G N R: 20/20,L:20/20 .833 5.3 

3 off .791 7.5 
59. 29 8 3 on L N N R:20/20,L:20/20 .594 23.4 

3 off .182 382.0 
60. 27 5 3 on L N N R:20/20,L:20 / 20 .844 5. 1 

.740 10.4 
61. 28 8 1 on L N N R:20/20,L:20/20 .508 36.6 

l off .667 15.9 
62. 30 1 on L N N R:20/20,L:20 / 26 . 962 1.0 

1 off . 556 28.4 
63. 34 7 3 off D G N R:20/20,L:20 / 20 . 738 10 .9 

3 on . 750 10. 1 
64. 3i 4 3 off D G N R:20/20,L:20 / 20 .610 21. 5 

3 on .969 0.8 
65. 32 10 2 on L N N R:20/20,L:20/20 

2 off .818 6.3 
66. 45 15 2 on L N N R:20/20,L:20/20 . 444 61.0 

2 off . 714 13.8 
67. 22 4 3 on L N N R:20/20,L:20 /20 .9 47 1. 4 

3 off . 153 571. 0 
68 . 29 6 3 on L N N R:20/20,L:20 /20 .600 22.6 

3 off .658 16 . 6 
69. 29 9 3 on L c; N R:20 / 20,L:20 / 20 .464 46 .4 

3 off .500 38 . 2 
70. 43 10 3 off L N N R:20/20,L:20/20 .383 86.0 

3 on .5 26 38.0 
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TABLE 06 . SUMMARY OF UNDERGROUND MINING POPULATION CHARACTERISTICS 
ALONG WITH DISABILITY GLARE FACTOR, DGF, EVALUATIONS AT 
LOW LUMINANCE LE VEL 

Prescott and Derby Min es 
(continued) 

Observer Age Years 1✓ ork Eye Gl asses, Color Visual Acuity OGF K 
i~umo er as a Shi ft Color: Contac ts, Vision : ls t 1st 

Miner Liaht / Neither Norma l / 2nd 2nd 
Da;k Deficient 

Prescott Mine (continued ) 

71. 26 5 3 off L G N R:20/26,L:20/20 .656 16.8 
3 on .610 21. 5 

72. 35 14 2 on L N N R:20/20,L:20/20 .391 74 .5 
2 off . 700 13.8 

72. 40 7 2 off L G N R:20/32,L:20/26 . 714 13.2 
2 on 

74 . 29 8 2 off L N N .537 31. 5 
2 on .762 9. 1 

75. 25 4 1 on D N N R:20/20,L:20/20 
1 off 

76. 36 11 2 on L N N R:20/20,L:20/20 .820 6.i 
2 off .625 21.0 

77. 47 10 3 on L ,~ N R:20/20,L:20/26 .730 12.8 
3 off . 581 29 .9 

78. 26 6 3 on D ,~ N R:20/20,L:20/20 .880 3. 6 
3 off .864 4.2 

79. 27 4 3 on L ,~ N R:20/32,L:20 /20 . 513 35.7 
3 off 

80. 26 7 2 on D ri H R:20/38,L:20/26 . 744 10. 2 
2 off . 660 16 .4 

81. 42 16 2 on L N N R:20/20,L:20 / 20 .381 86.0 
2 of f 

82. 26 6 1 on D N N R:20/32,L:20/20 .878 3. 7 
1 off 

83. 29 9 2 on L r~ D R:20/20,L:20/20 .794 7. 4 
1 off 

84. 31 8 3 on D N N 
3 off 

85 . 31 8 3 off L ~I N .565 21. 2 
3 on . 580 25.4 

Derby Mines 

86 . 22 4 3 off L N N R:20/20 ,L:20/ 20 .806 6.8 
87. 22 4 3 on L N D R:20/20,L :20/20 .867 4. 1 

. 683 14 .5 
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TABLE 06. SUMMARY OF UNDERGROUND MINING POPULATION CHARACTERISTICS 
ALO NG WITH DISABILITY GLARE FACTOR, DGF, EVALUATIONS AT 
LOW LUMINANCE LE VEL 

Prescott and Derby Mines 
(continued) 

Observer Age Years \.Jork Eye Glas ses, Color Visual Acuity OGF K 
Numoer as a Shift Color : Contacts, Vision : ls t 1st 

Miner Light/ Neither Normal/ 2nd 2nd 
Dark Defic ient 

Derby Mines (continued) 

83 . 47 5 3 on D N N R:20/26 ,L:20/20 .808 7.6 
89 . 25 4 3 on L N N R:20/32,L:20/20 .652 17 . 2 

. 305 123 .0 
90 . 22 4 2 on L N N R:20/32,L:20/20 .800 7 . 1 

.710 12.4 
91. 28 4 1 on L N N R: 20/20,L:20/20 l. 000 0 . 1 

.651 17 .3 
92. 30 6 1 off L G N 
93. 24 3 1 on D ri N R:20/26,L:20/26 l . 000 0.1 

.7 46 10 .1 
94. 31 6 3 off L G N R:20/20,L:20/20 .444 52 . 4 

.589 24.2 
95. 26 5 1 on D N N R:20/26 , L:20 / 32 .703 12.9 

. 571 26.3 
96. 27 8 3 off D N N R: 20/20,L:20/20 .433 55 .1 

.453 43 . 5 
97. 25 4 D G D R:20/20,L:20/26 .946 1.4 

.476 43.5 
98. 45 7 L G N R:20/ 20 ,L:20/20 .750 11.1 

.750 11.1 
99. 37 11 L G N R:20/20,L :20/26 .314 126.0 

.340 105.5 
100. 46 4 L N N R:20/20,L : 20 /20 .219 320.0 

.765 lO . 2 
101. 32 8 D N D R:20/20,L:20/20 .523 34.5 

.333 104 . 0 
102. 28 3 [) N N R:20/20,L:20/20 .249 192 . 0 
103. 27 8 D N N R:20/20,L:20/20 .519 36 . 0 

.3 70 83 . 5 
104. 34 B D N N R: 20/20,L:20/20 . 711 13. l 
105. 37 4 D N N R:20/20,L :20/20 .9 72 0 .7 
106. 38 6 L N N R:20/20,L:20/20 .816 6. 3 

. 660 16 .4 
107. 22 5 L N N R: 20/20,L:20/20 .740 lO. 5 
108. 31 11 L N N R: 20/32, L: 20/32 .400 78 . 2 

. 330 123.4 
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Tr'\BL~ 06 . SUM~ARY OF UNDERGROUND MINING POPULATION CHARACT ERISTICS 
ALONG WITH DISABILITY GL AR E FACTOR, DGF, EVALUATIONS AT 
LOW LUMINANC E LE VEL 

Prescott and Derby Mine s 
(continued) 

Observer Ag e Years Work Eye Glass es, Co l or Visual Acuity D,.. .-\.Jr K 
Number as a Shift Color: Contacts, Vision: 1st 1st 

Miner Light / Neither ~lorma 1 / 2nd 2nd 
Dar k Deficie nt 

De r b '1 M i n e s (continued) 

109 . 44 5 D G N R:40/40,L:20 /20 . 519 36 .0 
. 370 83.5 

ll C. 32 8 D N N R:20/20,L:20/20 . 711 13 .1 
lli. 31 7 D N N R:20/20,L :20/20 . 972 0 .7 

112 . 26 7 D N N R:20/20, L:20/20 
.925 2. 1 

113. 24 5 L N N R:20/45,L:20/45 .434 51. 7 
.587 24.2 

11~. 4S 7 l. N N R:20/20,L:20/20 .800 7. 9 
.594 26 . 9 
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DISABILI TY GL AR E INSTRUMENTATION 

Visual Task Evalu ator (V TE) 

FrylO in 1955 presented a proposed lens for mounting on the front 
of a luminance me ter that would proportion the response of the photocell 
through the optical system in accordance with the disability glare effect. 
This conc ep t was further developed in an ac tual glare lens in 196311. This 
has been used extensively in street l ightin g in this country . In 195S, 
Blackwe11l2 developed a Visual Task Evaluator, (VTE), for measurement of 
visibility of tasks in commerce and indust r y. This consisted of a cont rast 
threshold meter that would reduce the unknown task to threshold (the point 
of bare seeability) and then through a calibration procedure an equiva ­
lency was determined between the task being evaluated and the laboratory 
test object on which extensive visibility data had been collected . The 
current model of the VTE includes a limited t ime expo sure of 200 
milliseconds between the opening and closing of the shutter. This time 
pause, 200 mSec, represents the eye pause necessary to gather sensory 
information. The field of view had been limited to t wo or three degrees to 
record the foveal response of the eye . Most recentl y an enlarged field of 
view was introduced into the optical path of the VTE through the use of the 
disab ility glare attachment. The enlarged field can ac count for age 
effects as well as the disability glare factor . 

The disability glare evaluator (the optical attachment to the 
VTE) uses a 24 degree field of view to eva lu~te the visibility with and 
without glare. Under the skilled operation of an experienced VTE operator, 
the mine lighting systems' disability glare measurements were made using 
the disability glare evaluator attached to the VTE. Since precise 
measurements of visibility were being measured in Phase I, a skilled 
operator who was calibrated with the VTE, was required. In Phase II where 
the relative sensitivity of miners' reactions to disability glare was 
recorded, the same instrumentation was used but did not require the miner 
to be calibrated, since the actual visibility was not required, just the 
relative degree of visi bility . 

Operation of the Visual Task Evaluator 

In normal operation the operator of the VTE looks through the 
instrument at the detail to be measured while simultaneously adjusting an 
internal veiling l uminanc e which is superimpos ed over the detail. As the 
veilin g luminance is increased, the contrast of the detail is reduced. The 
operator continues to adjust the veiling luminance until the detail can 
just barely be seen. This point of bare seeability is called threshold . At 
threshold all objects become equal in visibi l ity; therefore they can be 
compared to determine the factor which would make them equally visible 
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above threshold . This comparison allows details studied in the field to be 
related to deta i ls studied in the laboratory. Tests had been conducted by 
Blackwell on a population of normally sighted college age students to 
determine data on a standardized test object, a 4 minute disc (whose visual 
size is 4' of arc subtended at the eye of the observer). The relationship 
of threshold contrast versus light level for the 4' disc is an established 
function as shown in Figure D- 1. This threshold function is part of the 
international system described in CIE 19/2 where visibility is related to 
visual performance. Each operator of the VTE completes a calibration 
procedure based on the 4' disc to produce a ca 1 i brat ion curve . Through the 
calibration curve the equivalence in visibility (which includes both size 
and contrast) for the task being measured and the 4' disc is ,!1l?de . The 
equivalency is designated equivalent contrast whose symbol is C. 
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APPENDIX E 

DEVELOPMENT AND USE OF A QUANTITATIVE MODEL OF DISABILITY 

GLARE SENSITIVITY AS A FUNCTION OF OBSERVER AGE AND LUMINANCE 
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DEVELOP~ENT AND USE OF A QUANTITATIVE ~□DEL OF OIS~BILITY GLARE 
SENSITIVITY AS A FUNCTI ON OF OBSERVER AGE AND LU~INANCE 

Prepared by Dr. H. Richard Blackwell 
Director, Institute for Research in Vision, Ohio State University, and 

Light and Vision Consultant, Columbus, Ohio 

January 20, 1982 

A. Introduction 

As a portion of their studies of the 1 i ght i ng of coa 1 mines, Crouch and 
Vincent studied the sensitivity to disability glare of variJus groups of coal 
miners, using t wo especially modified Blackwe1l Visual Task Evaluators. The 
technique was new, never having been used previously. It is not surprising, 
therefore, that experimental "glitches" were encountered which invalidated 
some of the experimental data obtained. However, two sets of val id data were 
obtained v-1hich have been subjected to analysis. One data set was obtained 
from a group of 31 miners from Prescott Mine; the second data set was obtained 
from a group of 28 miners from Derby Mines. In eac~ case, visibility met er 
measurements were made at a luminance of • 206 cd/m (. 06 fl).* The data 
analysis revealed values of glare sensi t ivity cons i derably gr ea t er than 
correspond to the classical value of the disab i lity glare consta nt, K, equal 
to 10. The result is compatible with the assumption that sensitivity to 
discomfort glare is a function of t he si ze of the ocular pupil, which is 
itself related to luminance, a notion first suggested by Marian i and 
Longobardi and by Ra nchi, Su l 1 i and Longobardi as report ed in CI E Report No. 
19/2 (1981). Accordingly , a quant i tat i.ve model of dis ab ility glare 
sensitivity as a f unction of bot h observer age and lumin ance has been 
developed with the idea of comparing predictions from such a model with the 
data obtained by Crouch and Vincent . Such a comparison was expected to rev ea 1 
whether or not coal miners exhibit mor e . les s , or the same degree of 
sens iti vity to di sabili t y glare as non -mining ob servers of the same age. 
Description of the model will proceed in t wo steps , first invol ving mean 
values for observer groups of differing age, and then involv ing measures of 
t he var i ability of glare sensitiv i ty among di f feren t members of each age 
group. The model is based upon studies of a t ot a 1 of 2,330 obse rv er s. 

B. Mean Val ues for Diff erent Observer Age Groups 

The di sability gla re constant , K, is co nceptu alized to re present the 
prod uct of two t er ms as f ol l ows : 

( 1 ) 

*T1--10 other sets of va l id data taken at a higher lumina nce are discussed on 
page 1S5. 
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·11here K20 r2pr2sents the iilean value of K for a population of normal observers 
aged 20 years, and K. 1 equals val u2s of K for observer groups of other ag2s 
expressed relative tbe the value for a 20 year age group under otherwise 
identical conditions. Values of K20 vary with luminance, whereas values of 
K 1 are independent of 1 umi nance. re 

The variation of K with luminance depends upon the variation in ocular 
pupil diameter for dif~~rent luminanc2 levels. \-le start by relating pupil 
di amet2r to 1 uminance, using the standard data of deGroot and Gebhard 
expressed as follows: 

p = antilog [.8558 - .000401 (log L + 8.60) 3] ( 2) 

1-1here L equals luminance in units of cd/m2• Figure E-1 presents data of 
81 ackwe 11 and Bl ackwe 11 obtained as part of a study of 2 235 observers of 
differing ages at tvm luminance levels, 100 and 1.7 cd/m. Experimentally 
determined values of K?O are plotted as a function of pupillary diameter 
calculated from Equation (1) for each of the two luminance levels. The solid 
line fitted through the two data points represents the empirical relationship: 

K
20 

= 8.0 + 3.523(p - 1.82) 

1-1here p equals pupillary diameter in rrnn. 

( 3) 

Experi mental values of K as a function of age are presented in Figure 
E-2 2epresenting the data ofrB,ackwell and Blackwell for the 100 and the 1.7 
cd/m luminances and the very extensive data of Adria~ obtained on 2095 
observers of varying age at a luminance 1 evel of 0.1 cd/m • It is considered 
that Figure E-2 confirms the assumption that K Lis independent of luminance 
within the precision of the experimental data.re.lhe two solid lines in Figure 
E-2 define the following relationships between K 1 and age: 

For age .s_ 42.76 years 

For age> 42.76 years 

where A equals age in years. 

re 

K = 1 
rel 

Krel = antilog [l.778(log A - 1.631)] 

( 4a) 

(4b) 

Based upon these arguments, the quantitative model predicts the full 
gamut of ·interrelations between K, observer age and luminance. Simply compute 
pupillary diameter, p, for any level of luminance of interest from Equation 
(2), compute K20 from the value :if p obtained using Equation (3) , compute K ~, 
from observer age using Equation ( 4a) or ( 4b), and then compute K from tf'le 
values of K.?O and K 1 obtained in the earlier steps of computation using 
Equation (fJ. (Ife should be noted that the model is undoubtedl y 
oversimplified since it is known that age affects the relation between 
pupillary diameter and luminance. No account has been taken of this 
complication since the experimental data shown in Figures E-1 and E-2 appear to 
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justify the simplified mod el wit hi n the precision limits of the data . ) 

The si mplified model expressed by Equations (1) through (4) above was 
used to predict the values of appropriate constants correspond i ng to the 
luminance level of . 206 cd /m2 used by Crouch and Vincent in their primary 
me Jsurements. The value of p equaled 4. 54 mm . The value of Kzo equaled 
17 . 58 . Values of Krel and K 1t'lere calculated for each miner based upon 
appropriate values of age, A, from which individual values of the OGF ratio 
to be expect ed for each miner were calculated. Standard statistical methods 
we r e used to calculate the mean OGF ratio to be expect ed for the group of 59 
miners, which equaled .679. The mean DGF ratio actually obtained by the 
group of 59 miners equaled .646 + .085, the latter representing the standard 
error of the mean. There is obviously no sig nificant difference between 
obtained and predicted mean DGF ratio values, the observed diffe r ence being 
less than . 4 standard error units. 

It is interesting to report the results of a similar evaluat io n carried 
out on a total of 73 differe nt observ ers operating at a much higher lum inanc e 
level, one more simi l ar to those usually used in the me asu r emen t of 
sensitiv ity to disability glare, namely 20 . 6 cd /m 2. The 22 MSHA Academy 
people* were studied in Beckley, and an additional 51 miners were studied at 
the Ma ple Meadow Mining Company. Indi vidua l values of the DGF rat i o to be 
expected for each min er based upon age were ca l culated as before . The mean 
DGF ratio actually obtained by the group of 73 miners was .536 + .070 . Agai n, 
the re is no signif i can t differe nce between obtained and predic ted re sults. 
Note that the direction of the difference between obtained and predicted 
results is oppos it e in the t wo cases . These results are taken to indicate 
th at mean values of glare sensit ivity for mining and nonmin in g observers do 
not differ s ign ificantly . (It is cons id ered, indeed, that the Crouch­
Vincent mean data provide excellent confirmation of the mean values 
predic t ed by the model and vice versa. It would seem reasonable to conclude 
that the model is suppor ted by data from a grand total of 2,462 observers, 
representing studies at a total of four lumi nance levels, cou nt in g both 
mining and nonmining observers from the four studies . ) 

C. Individual Differences in Glare Sensitivity Within Age Groups 

Data of Blac kwell and Blac kwe ll for the 235 obse rv ers of differing age 
were ana lyzed in te rms of individual differences within age groups. The 
initial an alyses were made in terms of the var iability of ~GF ratios, that 
is, the variqbility of the rat ios of sensi t ivi t y obtained under co nditions 
invo lv ing a bright glare annulus divided by sensit ivity obtained by the same 
observer under conditions of uniform luminance. (These ratios are des cribed 
as DGF r atios since there is some disability glare effect in the field of 
uniform luminance, t here being a much greater disabili ty glare effect of 
course i~ the case of the bright glare annulus.) It was found that values 

*Mine Health and safety Administration, Academy, furnished 22 observers; 
however , they were not active underground miners. 
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of (0 /mean) of the DGF ratios were essentially equal for the reference 
observers in the 20-30 year age group and the II off the street" observers of 
differing age including the 20-30 year age group. It was also found that 
values of (0 /mean) of the DGF 2atios were essentially equal for data obtained 
at the 100 and the 1.7 cd/m luminances. Interestingly, the values of 
( 0 /mean) of the DGF ratios obtained in all these experiments were considerably 
less than the values of (0 /mean) of individual visibility thresholds obtained 
by the same observers. This was taken to signify that the use of ratios of 
sensitivities (i.e. inverse thresholds) on the same observer under the uniform 
and the glare annulus conditions tended to reduce individual differences among 
different individuals in each age group. It was found that the raw values of 
(s/mean) of DGF ratios had to be reduced only by .962 in order to eliminate 
the spurious variability among individuals due to experimental uncertainties. 
(This is to be compared with the reduction of values of (o/M) of the age 
multiplier m_1 by .610 required for the same purpose.) Values of DGF rati o are 
used to dertve values of the disability glare constant K as described in CIE 
Report No. 19/2. Variability in K increases by about 2.5 times with respect 
to variability in DGF ratio simply because of the mathematical operations 
required to make the transformation. Values of (0 /M) of K were reduced by 
multiplying by .962 and then converted into values of logarithmic sigma with a 
resulting value of .211 as the measure of individual variability in K among 
members of any age group. (Use of the logarithmic sigma is indicated since 
the values of (o/M of Kare found to be essentially independent of the 
magnitude of the mean values of K.) 

Figure E-3 exhibits the predictions of the model with res pect to both mean 
values of K for different age groups, and individual variability among 
different members of each agez group with respect to the value of K, luminance 
level being set at .206 cd/m. The tick marks falling at the center of each 
bell-shaped distribution represent the mean values of K predicted by the model 
for the different age groups. The be 11-shaped di stri but i ans represent the 
frequency distributions of individual values of K for the members of each age 
group. (These distributions are normal because logarithmic value of Kare 
used on the horizontal sea 1 e.) Note the cons i derab 1 e overlap of the 1 og 
normal frequency distributions of K for individual members of different age 
groups. This signifies that individual differences in K are large in 
comparison with systemat i c differences in mean K from one to another age group. 

The measure of indi vidual variability among members of each age group 
obtained by Crouch and Vincent was 2.98 times as 1 arge as the measure used in 
constructing Figure c-3. We consider that this reflects a large amount of 
spurious individual variability due to experimental uncertainties in the 
rather crude psycho phys i ca 1 method used in the vis i bi 1 i ty meter study of the 
miner's sensitivity to disability glare. This degree of difference in 

\ 

individual variability among different observers due to differences in 
psychophysical methodology agrees well with earlier results reported by the 
pres~nt author. It is suggested that measures of individual variability among 
members of given age groups obtained by the vis i bi 1 i ty meter methodology not 
be used as measures of individual variability. Thus, whereas we concluded 
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earlier that mean values obtained by Crouch and Vincent agree very well with 
values predicted by the model, we here conclude that individual variability 
measures predicted by the model represent the true state of affairs much 
better than the measures obtained by Crouch and Vincent. 

D. Significance of Individual Differences in Sensitivity to Disability Glare 

The significance of the large individual differences in sensitivity to 
disability glare shown in Figure E-3 depends, of course, upon the degree to 
which actual lighted coal mines produce disability glare. Fortunately, we 
have additional data from the Crouch and Vincent study of coal mine lighting 
which permit us to estimate how much disability glare is to be expected. 
Crouch and V i n cent made p s y chop h y s i ca 1 de term i n at i on s of the degree of 
disability glare to be expected in coal mines lighted in accordance with 
common practice. Data on 45 different lighting situations were available from 
studies of a simulated coal mine. These data were used to establish mean 
parameters of lighted coal mines with respect to their production of 
disability glare, using the standard concepts upon which the Surround Device 
of the Blackwell Visual Task Evaluator was based. The basic idea is that a 
visibility meter operator measures his sensitivity in detecting a given visual 
task under each of three conditions: (a) a situation in which the surround 
luminance matches the task background luminance; (b) a situation in which the 
surround luminance canst i tut es a uni form glare annul us of known 1 umi na nce 
considerably greater than the task background luminance; and (c) the situation 
in which the real surround of the lighted coal mine surrounds the task in a 
realistic manner. Va lues of the visibility meter operator's sensitivity 
obtained under conditions (a) and (b) are used to establish the meter 
operator's value of K. Then, values of the sensitivity obtained in conditions 
(c) and (a) are used to derive a value of the luminance of a uniform glare 
annulus producing the same disability glare effect as produced by the actual 
nonuniform task surround. This equivalent glare annulus luminance may then be 
used to calculate the loss in visibility under real-life conditions of full­
field viewing for an observer with any given value of the disability glare 
constant, K. 

In the case at hand, the mean value of the equivalent glare annulus 
luminance for the 45 mine lighting simulations wa s 43.81 times the task 
background 1 umi nance, the mean task background 1 umi nance being . 680 cd/m2. 
Assuming that geometries of lighting were maintained but that task background 
1 uminance was reduced to the target value of .206 cd/m2 assumed relevant to 
actual coal mining installations, we may use the model to compute the 
following values of DGF as a function of the disability glare constant, K. 
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K DGF 

3 .806 
5 . 728 

10 .605 
15 • 529 
20 . 476 
30 .405 
50 . 324 

100 ,236 
200 . 171 

The percentage loss in visibility resulting from the degree of disability 
glare represented by a given ,,alue of DGF equals 100 (1 - DGF) . Thus , the 
values given in the table above represent visibility loss ranging from 19.4~ 
for K = 3 to 82 .9% for K = 200. Note from Figure E-3 that individual members 
of a total 11ork2r population may be expected to have sensitivity levels to 
disaJility glare covering nearly this entire range of values of K. Hence, 
individual members of a total 1-1orker population may be expected to have 
visibility losses covering nearly the entire range from 19.4 to 82.9%. 
However, s i nee most miners included in the two groups studied by Crouch and 
Vincent were 1 ess than 60 years of age, the pr act i ca 1 upper limit of K is 
about 90, signifying that the upper limit of visibility loss is about 75%, 
still a tremendously large 1oss to contemplate. 

C" 
'-. Populational Evaluation of Sensitivity to Disability Glare 

The data presented in Figure E-3 suggest that, although the sensitivity 
to disability glare is to some extent age related, the most important 
conclusion is that individuals vary greatly in their sensitivity to disability 
glare (only in part because of differen ces in age). It would seem most 
appropriate, therefore, to carry out a populational evaluation of sensitivity 
to disability glare. What is obviously required in addition to the data 
presented to this point is an age di stri but ion of the miner population to 
serve as a weighting function of the various bell-shaped curves in Figure E-3. 

Figure E- 4 presents the age di stri but ion of the 59 miners for whom 
measurements of sensitivity to disability glare were made by Crouch and 
Vincent, presen t ed in the form of the histogram repres2nted by the rectangular 
blocks. Each histogram block has a height corresponding to the proportion, 
p~1, of the population of miners falling 1.-1ithin an age range defined by the 
h'istogram width. The sol id curve is the continuous function best fi t ting the 
hi stogram rectangles, and represents pM as a function of miner age. Values of 
PM may be read from the continuous fun~tion for each one year age span. 
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TAB LE El. PERCENTAGE VISIBILITY LOSS ES FOR DIFFERE NT 
MEMB ERS OF THE 59 MIN ER POPULATION 

PM K 

. 0013 · 4 . 105 

.0062 5.264 

.0 228 6. 750 

.0668 8.656 

.1587 11.10 

.3085 14.23 

.5000 18 . 25 

.6915 23. 40 

. 8413 30 . 01 

.9332 38 .49 

.9772 49 . 35 

.9938 63.28 

.9986 81.15 

OGF 

.760 

.720 

.677 

.632 

.586 

. 539 

.493 

.448 

. 405 

. 36 4 

.326 

.291 

.260 
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Percentage 
Vis ibility Loss 

23 . 98 
28 .00 
32 . 30 
36 . 80 
41. 42 
46 . 09 
50. 71 
55.21 
59 . 52 
63 .59 
67 . 37 
70 .85 
74 . 01 
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.ni;iht not be representative of miner populations in general, an analysis was 
11ade of the distributions of sensitivity to disability glare to be expected 
from the entire working populat ion of the U.S. The appropriate age 
distribution function is presented in Figure E-6. The histogram represented 
by the rectangular blocks was based upon the reported results of the U.S. 1979 
Census . The solid curve was constructed as the best-fitting function to fit 
the histogram rectangles. This solid curve may ~e used to define values of 
the proportion of the entire U.S. population, p , \vhose ages fall within each 
one year age range. The solid curve may also bePused to derive values of PWP' 
the proportion of members of the "working population" of the !J.S., defined as 
those members of the U.S. population with ages between 20 and ?Q years . (All 
that is involved is a truncation and renonnalization of the age distribution 
function of the entire popu lation.) These values have been used to reevaluate 
the distribution of sensitivities to disability glare under the conditions of 
coal 1nines, calculation being entirely analogous to those carried out for the 
miner population distribution function shown in Figure E-4. 

In this case, the statistical parameters 1t-1ere as follows: the mean value 
of K equaled 22.28 (log K = 1.343); logarithmic sigma equaled .243. The 
increases in both mean K (from 13 . 25 to 22.28) and logarithmi-: sigma (from 
. 215 to .243) are to be expected, of course, because of the relatively greater 
incidence of older individuals in the U.S. •,mrking population than 1vas found 
in the ;niner populations by Crouch and Vincent. These revi sed st a tistical 
parameters were used to derive the populational values reported in Table E-2 . 

The interpretation of the various quantities is as before. Now , 99. 35% 
of the assumed population of miners have visibility loss of 73.30% or less, 
only .13¾, have visibility loss of 24.19% or less, and 58% have visibility loss 
of 54.33% or less. (Similarly, 50% will have visibility loss equal to or 
greater than 54.33%.) Al 1 these values exceed those found with the assumed 
younger 1niner population, although perhaps the most signifi cant result of the 
tivO analyses is that visibility losses are of approximately the same very 
1 arge magnitude within the rather wide age 1 imi ts of the two assumed worker 
age distributions. Thus, i t is probably safe to assume that realistic miner 
populations 11ill have vis ibility loss of approximately the values shown in 
Ta~les E-1 and E-2. 

Finally, Figure E-7 presents the data of Table E- 2 . Here also the 
function is not that of a simple ogive. Therefore, as before, if values of 
visibility loss are desired for different va lues o~ Pwp than those contained 
in Table E- 2 interpolation from the solid curve in Figure Smay be used. 
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TABLE E-2 . PERCUJTAGE VISIBILITY LOSSES FOR DIFFERE H 
MEMBERS OF THE U.S. WOR KER POPULATION 

Percentage 
PM K OGF Visibility Loss 

.0013 4 .159 .7 58 24 .1 9 

.0062 5.502 . 713 28.7 5 

.0228 7.278 .664 33.64 

.0668 9. 627 .612 38. 77 

.1587 12.74 .560 44.00 

.3085 16 .85 .508 49.23 

.5000 22.28 .457 54.33 

.69 15 29 .48 .408 59 . 21 

.8413 38.99 .362 63.79 

.9 332 51. 58 .320 68 . 01 

. 9772 68.23 .282 71. 84 

.9938 90 . 26 . 247 75 . 27 

.9986 119. 40 . 217 78 . 30 
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DISCOMFORT GLARE IN MINE LIGHTING 
by 

Sylvester K. Guth 

I. INTRODUCTION 

Extensive investigations of discomfort glare ha ve been conducted over a 
period of many years. While most of them have been concerned with the 
evaluations of conditions pertaining to interior lighting in offices, schools 
and industry, some were related to roadway lighting. It is recognized that 
conditions encountered in underground mines are considerably differe nt from 
typical abo ve-ground 1 ighted environments. Nevertheless, certain fundamental 
relationships can be expected to pertain to any situat ion even though it may 
be necessary to make minor adjustments in how they are applied . 

Glare is defi ned as the sensa tion produced by luminances within the 
visual field that are sufficiently greater than the luminance to which the 
eyes are adapted to cause annoyance, discomfort or loss in visual performance 
or visibility.1 The magnitude of the sensation of glare depends upon a number 
of physical factors: the size, luminance and lo cation of the source; the 
number of sources; and the field or adaptation l uminance. In addition, it 
also is necessary to take into account the sensitivity of the individuals who 
are exp osed to the glare. 

It is evident that glare may be considered to be a negative charac­
teristic of the visual environment. In many real-life situations it may not 
be possible to completely eliminate glare. However, by understanding how the 
various factors contribute to glare and their relative importance, one can 
design lighting systems which will minimize the degree of sensation and 
thereby increase the acceptability of the 1 ighting system. In the long run, 
such an approach can be expected to improve productivity, safety and morale. 

The earlier investigations2 resulted in the development of a discomfort 
glare evaluation procedure for interior lighting3. Those in vestigations, 
conducted over a period of about twenty years, i nvo 1 ved more than 200 
obser vers who made subjective evaluations of a wide variety of lighting 
conditions. A significant result of employing the large number of observers 
was the development of a Visual Comfort Probability (VCP) basis for rating 
1 ighting systems. This permitted expressing discomfort glare evaluations in 
terms of the pe r cent of observers who would be expected to judge a lighted 
environment as being acceptable . The VCP scale was derived from subjective 
judgements and thus represents the relative sensitivity to discomfort gl are 
of that population sample. Applications of the VCP pr oced ur e to interio r 
1 ighting systems indicated that it was consistent with experience . 
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Underground mines present a unique type of visual environment. It 
therefore is appropriate to investigate certain aspects of discomfort glare 
with special reference to the lighting conditions encountered in the mines. 
Accordingly, the present investigation has two primary objectives: 

1. To evaluate lighting systems mounted on continuous mining 
machines and bolters. 

2. To determine if those who spend considerable time in under­
ground coal mines are more or less sensitive to glare than an 
above-ground population. 

From such information .it is hoped that improved design criteria can be 
established for mine lighting. 

1 84. 
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II. EVALUATING DISCOMFORT GLARE 

A. Criterion. The basis of the res3arches2 which led to the development of 
the discomfort glare evaluation system was a criterion which could be defined 
by the experimenter and also could be interpreted by the observer as a 
relatively definite sensation. It also was found to be a basis for devising a 
disco.nfort glare rating scale which takes into account subjective differences. 

This criterion was the sensation at t~e borderline between comfort and 
discomfort and is tenned the BCD sensation • It a.1 so has the advantage of 
being meaningful from a luminance condition which, if a little brighter would 
not be acceptable, and, if a little less bright, would not be particularly 
objectionable. This criterion has been used for more than thirty years with 
considerable success. Very few individuals were unable to make consistent 
judgments with this criterion. 

B. Instrumentation. The BCD sensation serves as basis for determin i ng the 
acceptability of lighting systens in terms of discomfort glare and also for 
rating the glare sensitivity of individual observ~rs . It is a key element in 
the use of the Discomfort Glare Evaluator employed in the present 
investigation. The instrument is shown in Figure F- 1 as used for evaluating 
interior 1 i ght i ng sys tens. The components inc 1 ude a head- rest with a mov ab 1 e 
shield, a light source, and control units for the experimenter and the 
observer. 

When the movable shield i s in the 11 down 11 position, all of the test 
1 uminaires are excluded from the field of view of the observer. When the 
sh i eld is rotated upward , the luminaires are included in the field of view. 

The ci rcular test source consists of a t ransilluminated diffusing glass. 
It is viewed in a small mirror (Figure F-1) located on the line of sight which 
can be in any direction, depending upon the experimental conditions. A gray 
mask, the reflectance of 'Nhich is selected so its luminance approximates that 
of the area viewed by t he observer , surrounds the test- source. 

C. General Procedure. A timing mechanism in the operator's control unit 
governs the exposure sequence of the test- source and the 1 i ght i ng system. 
When BCD evaluations are made, the movable shield on the head-rest remains in 
the 11 down 11 position at all times. The test-source is presented for one-second 
exposures separated by one-seco~d intervals during which the observer is 
exposed only to the field luminance. A ten-second cycle is used during which 
the test-source is presented for subjective evaluations three times, and the 
remaining short period is allowed for the observer to alter its luminance. 

When making comparative evaluations of a lighting system, the source on 
line of sight--now termed the comparison-source--and the luminaires 
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Figure F-1. Discomfort Glare Evaluator Located at the Side 
of the Continuous Miner . 
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are alternately exposed to view . When the moveable shield rotates upward to 
expose the luminaires, the comparison-source is turned off. When the shield 
re turn s to the "down" position, the comparison source is again turned on. The 
exposures are of one - second duration, separated by one-second interv als. 
Eac h group of three exposures is followed by a five - second period for 
evaluating the sensation and altering the luminance of the comparison-source . 
The observers are required to adjust the luminance of the comparison-source 
until it produces the same sensation as the luminaires. At all ti mes the 
observer keeps his eyes fixated upon the position of the comparison-source. 
He is permitted as many cycles as necessary for making an appraisal. 

The preceding is a general description of the procedure employed in BCD 
investigation. More specific information is given in the sections dealing 
with the actual experimental conditions used in the present study. 
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III . EVALUATING MINING ~ACHIN E LIGHTING 

It wa s evident that it would b2 i~po s sible to evaluate the glare produced 
by lighting systems on mining machines in an underground mine . The r efore, 
arrangements were made to use the laboratory of the Westmoreland Coal Company, 
Big Stone Gap , Virgi nia , for these studies . However , before emba r king on this 
part of the investigation, the research team vis ited a mine in order to better 
understand the visual and physical :onditions encountered by miners when 
working around continuous miners and bolters . The infonnati on gained during 
that vi s it was used for establishing the experimental :onditions in the 
laboratory and to assure that they were reasonable si mulations of tho se in the 
.nine . 

A. Continuous Miner 

1. Experimental Arrangement: The laboratory provided a dark 
environment which corresponded to that of an underground mine. Each of seven 
differe nt lighting sys tems wa s mounted on the continuous miner at the standard 
locations . The systems included the following: 

1. 430 ma, 15 watt F lamps 
2. 150J ma, 64 watt F lamps 
3. Se l f-contained F lamps 
4. Four unit s i n g 1 e cont ro 1 F 1 amps 
5. Self-contained F lamps 
6. Incandescent Triangular 
7. Incandescent, square 

Tvw observer positio ns were employed. One was located opposite the 
matching operator's position on the on-side, looking downward toward the rear 
as a machine helper would when keeping ca':)les clear of the machine. The 
second position was on the off-side, opposite the cab, with the observer 
looking downward toward the front of the machine. These positions are 
indicated on a sketch of the continuous miner in Figure F-2 . In both cases, 
the lighting units on the observer's side of the machine were in view when t he 
movable shield of the Discomfort Glare Evaluator was rotated upward, and 
hidden from view when in the down position. A typical arrangement, as seen 
from near the operator's position (on-side) is shown in Figure F-1. 

It is obvious that all possible worker positions around the machine 
could not be apprai sect. The two that wer e selected are re aso na':ll y 
representative and provide good bases for evaluating the lighting systems. 

2. Observers: A total of eleven observers participated in this part of 
the investigation. Because of the time required for changing l ighting systems 
and the limited number of days available, all observers did not evaluate every 
lighting system. This, of course, limits some analytical comparisons , but 
never the 1 es s the res u 1 ts are cons i d ere d extreme 1 y use f u 1 for genera 1 
conclusions. 
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1n 2 ojs2rv ers rnad2 tHo s2ts of 00s2rvat1ons '.'iith a lighting system: 
(1) :o.nparison e11aluations of the li ghting syste11, and (2) 3CD 211aluations 
with t~ e s,1i2 Li in t;ie :iown po sitfon . Th e :JJserver ','las permitt 2d as .nany lJ ­
se:ond :y:l2s as ne-:essary f::lr rnaking a c::i:nplet2 appraisal of ea-:~ lig hting 
syst211 and 3CD judg11ents. 

3. Disco'11fort Glare Evaluations: The r2sults obtained are surnrn ariz2d 
in TaJl2 F- 1 for the on-side O;Jserver position and in Ta:ile F-2 for the off­
side position. COMP (L,..) re pr2s2nts the luminance of the circular c:omparison 
sour:e of the Discomfort 3l are Evaluator judged by the o':)server to produc e t he ' 
sa.11 e sensai::1on as the lighting system b2ing eval uat ed. BCD (1_') ) is t he 
1u:ninan:e of the test-sourc2 judged to ':)eat the borderl i ne Jet·de2!1 :o:nfort 
and disco:nfJrt \'iith the novable shi2lj in the "down" positi:rn. T'.12 ra tio 
L,.. /l. ;:irovides a relati ve nume rical rating of a lighting system 2xpr2sed i n 
t~rm~0 of the BCD sensa tion . The higher this rat ing, the 1 ess :ornfortab le t he 
syste11 is judged to be. 

The relatively large differences a:nong the OJs2rvers for both L_ and 
1- . are not unexpect ed Jec:ause it is well known that i ndividuals vary greatly 
i~ 0 t:12ir jud_g11ents of discomfJr t glare. n.veraging the results o:, t ained for 
ea:n lig riting syst2::1 1voul::i '.Je 11ea:1ingless Je,:aus2 t he sa:ne o:iservers :lid no t 
2•13luat2 2v2ry syst2:n" Therefore, the .nost pertin2nc an alysis i s i n t 2r~s :i f 
th 2 individual relative ratings, L/Lboo 

Consijering first the data pr2sent2d in Table F- 1, i t is seen t :1at 
·t1ith one exception every rating is gre:iter than L:J.- T~ indicate s t hat t he 
o:>se r vers judged all the lighting syste:ns to Je quite un-:ornfortaJl2 . T':l e onl y 
exception wa s Observer No . 1 who judged System -S to ~eat SCD o All other 
ratings ar e greater than about l o7o Thus the main conc l usion one :an dr aw i s 
that all the li ghti ng syste,11s ar2 very glaring. 

S i n:: e the s i g n i f i c an:: e o f n um er i c a 1 r a t i n g s u s u a 1 1 y i s d if f i c u lt t o 
v i s u a 1 i z e , i t i s a ppr op r i at 2 to 2 x press th em i n t 2 r11 s of d 2 s c r i pt i v e 
adjectiveso Luckie sh and Holladay) dev ised 13 level~ of sensation which later 
't/ere related to d iscomfort glare ratings '-Jy Guth-. Us ing the numerical 
r atings ciotainej by those investigators 1,vhi:h :orresiJond to the several levels 
of se nsa. tia n, t he sca l e i llustrated i n ;able F- 3 may be 'Jsed for indicating 
th e degre~ ~f di scomfort pr oduced by the ratings given i n Ta ble F- 1. 

Fro:n Taole F-3 it is seen that four of the 1 ig hti ng sys t 2,n ratings 
·.'1 2r2 j udged to Je per:eptibl y unco,-nfortabl e. \.lany 'Jf the O;JServer s j udged t he 
l ig nti ng systens to Je un :: anfort aJle and even intolera:>12. 

Si .ni l ar r 2s ul ts ·.-12r2 oo ta ine::I •Hh2n the o~ se rv ers \'iere locat2d on off­
side of th e :: on ti nuo us :nin 2r . It is interest i ng to no t e t hat one o':)server 
(N o. l J) j udg ed Sys t em S to 02 "distracting but no t uncomfo r table " ac:or di ng 
to the adj ect i ve rat i ngs of Table F-3 . Several of t he o':) serv ers r ated 
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TABLE F-1. DISCOMFORT GLARE EVALUATIONS OF SEVEN LIGHTING 
SYSTE MS ON A CONTINUOUS MINER: ON-SIDE OBSERVER 
POSIT ION 

Obser ver COMP BCD Rating VCP 
Le Lbo Lc/Lbo OI 

/0 

( fl ) (fl) 

System 1 
1 5100 2890 1. 76 28 
2 3080 1210 2.55 15 

System 2 
1 5160 3000 1. 72 28 
2 3550 690 5.14 4 
'J 2210 635 3.48 7 ~· 
4 2640 940 3.87 7 
5 8290 1650 5.02 4 
6 8520 190 44.84 0 
7 2110 235 8.98 1 

System 3 
1 4430 2640 l. 68 30 
2 1970 610 3.23 10 

System 4 
1 6350 1920 3.31 9 
2 372.0 575 6.47 2 
5 4280 2210 1. 94 24 
8 12550 1330 9.44 1 
9 3680 190 19.37 0 

System 5 
1 6890 2770 2.49 16 
2 6050 630 9.60 1 

System 6 
1 2210 2210 1.00 50 
2 3400 400 8.50 1 

System 7 
2 1830 470 3.89 7 

I 
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TABLE F-2. DISCOMFORT GLARE EVA LUATIONS OF SEVEN LIGHTING 
SYSTEMS ON A CONTINUOUS MINER: OFF-SIDE OBSERVER 
POSIT ION 

Observer COMP BCD Rating VCP 
Le 

(fl) 
Lbo 
(fl) 

Lc/Lbo % 

System 1 
5 1890 850 2.22 19 
8 2990 260 11. 50 0 

10 1915 1825 1.05 48 

System 2 
1 2880 2630 1.09 46 
5 2530 1065 2.38 16 

System 3 
10 1645 1065 1.54 32 
11 3800 71 53.52 0 

System 4 
10 2310 1090 1. 94 24 

System 5 
1 2310 2310 1.00 50 
5 3120 780 4.00 6 

System 6 
5 1195 310 3.83 7 

10 510 680 0.75 65 

System 7 
5 1410 635 2. 22 19 

10 1000 940 1.06 49 
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TABLE F-3. ADJECTIVE RATING SCALE FOR INDICATING THE DEGREE 
OF DISCOMFORT OF RELATIVE NUMERICAL RATINGS 

Adjective rating 
of glare 

no gl are 

unnoticeable 

acceptable but not imperceptible 

acceptable 

distracting but not uncomfortable 

BCD 

barely uncomfortable 

perceptibly uncomfortable 

uncomfortable 

less than 

just intolerable 

intolerable greater than 
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Relative 
Numerical 

Rating 

0.29 

0.29 

0.42 

0.54 

0.75 

1.00 

1.33 

1.83 

2.50 

3.33 

3.33 

VCP 
% 

92 

92 

85 

77 

64 

50 

38 

26 

16 

9 
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Systems 1, 2, and 5 to be at about BCD. Excluding Observer No. 11, it appears 
that on the off-side the lighting syst ems are not quite as uncomfortable as 
they are on the on-side. The probable reason for this is that one of the two 
units in the field of view is displaced more from the line of sight and thus 
contributes less to the sensation of glare. Nevertheless, the majority of the 
observers indicate that the lighting systems are in the uncomfortable range. 

The three observers (Nos. 6, 9, and 11) listed in Tables F-1 and F-2 
who gave very high ratings of Lc/L appear to be extremely sensitive to 
glare. This is indicated by the rg?atively low values of ½ 1'/hich they 
judged to be at BCD. . o 

The adv ant age of ana 1 yzi ng the results in tenns of the ratio L /L 
is that each observer acts as his own control by providing his own refe~en~g 
for rating purposes. This minimizes the dependence upon absolute values of 
the c001parison-source luminance L and takes into account the individual 
sensitivity to glare. The effectf can be i 11 ustrated by Ob servers 2 and 5 
when evaluating System 2 (Table F-1). Observer 2 reported an Lc of 3550 fl 
and Observer 5 reported 3290 fl. Taking these by themselves, one would assume 
that Observer 5 judged the system to be much more uncomfortab 1 e. However, 
when one takes into account the BCD evaluations~-590fl for Observer 2 and 1550 
fl for Observer 5--which represent their respective sensitivities to glare, it 
is seen that the ratings in terms of L /Lb are very nearly the same. I n 
other words, a high comparison-source 1 ~inaRce, Lc does not necessraily mean 
that an observer judges a lighting system to be more uncomfortable. Indeed, 
in Ta:::>le F-1 it is seen, for example, that observer No. 1 usually gave higher 
COMP values than many other observers. Nevertheless, because of 
corraspondingly big BCD values his ratings are among the lowest~ 

It must be emphasized that the ratings are relative indices of 
sensation and should not be considered as absolute ratings. Thus, for 
example, a relative rating of 3.0 is not intended to imply that a lighting 
system is twice as uncanfortable as one having a relative rating of 1.5. It 
isj of course, more uncomfortable and the degree of discomfort can be 
expressed in terms of the adjective rating in Table F-3. 

Another way of presanting ratings is in terms of a Visual Comfort 
Probability (VCP) which expresses the relative BCD luminance in t erms of the 
percent of observers who would be expected to find a given 1ighting system 
accepta11°. This is a procedure which was developed for interior lighting 
syste~s , Z and has been found to be readily understood and appreciated. Thus, 
using the relationship shown by the solid line in Figure F-3 , VCP values fo r 
the relative numerical ratings in Tables F-1, F-2, and F-3 ha ve bee n 
detennined and are tabulated in the columns headed VCP. (The development of 
Table F-12 is discussed in Part IV of this report.) 

The relatively large differences in VCP ratings for some observers 
again reflect the variations in individual_ judgments of what constitutes 
di sccxnfort glare. They al so emphasize the need for employing a 1 arge group 'Jf 
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ojservers or, at least, a smaller group of representative observers in order 
to obtain what may be considered suitable average ratings . Nevertheless, the 
VCP ratings i 11 ustrate very dramatical 1 y the high degree of discomfort glare 
produced °Jy the various lighting systens mounted on the continuous miner. The 
majority of tne VCP values are very low and indicate a poor probability of 
acceptance . 

A comparison of the VCP ratings for the on-side position (Table F-1) 
with those for the off-side position (Table F-2) confirm that the latter is 
less uncomfortable. However, the relatively low VCP values for both observer 
positions emphasize that considerable glare is produced by all lighting 
systems. For interior 1 ighti ng it has been concluded that if the VCP is at 
least 70, discanfort glare should not be a problem. For mining nachine 
lighting it may be necessary to adopt a somewhat lower criterion such as 50. 

An additional analysis will be of interest. Observer No. 2 judged 
a 11 of the 1 i ght i ng sys terns at the on-side position of the continuous ;ni ner. 
He had participated in many disccmfort glare investigations and thus could be 
considered an experienced observer. In addition to making BCD judgments with 
the movable shield in the 11 down 11 position, he also made them with it in the 
"up" position. In the latter case the luminaires on the machine were in the 
field of view. The reason for doing this i s that in the invest igations of 
interior lighting systems it was found that the luminaires contributed to the 
field luminance which sanewhat mitigated the glare effect. (It should ~e 
pointed out that the reason for using the "down'' position of the shield in th e 
present investigation for the other observers is that it was_ easier for the 
inexperienced ob servers to make the BCD evaluation. Furthennore, the result s 
were for what might be called 11 worst 11 condition . ) 

The judgments made by Ob server No. 2 are sum.11ari zed in Tab 1 e F-4. 
It can be seen that the values of Lhn (with the luminaires in view) are higher 
than thosa of Lb (without the lumirra-1res in view.) The latter also are given 
in Table F-1. <=tach set of three data--L , L , and L --were taken at the 
same sitting. The computed values of L /L c ar~0 less th~~those of L /L --on 
the average,. about half. Neverthelesf, ~Rey all indicate a relati'7elf 0 high 
degree of discomfort which means that even though the luminaires have 
increased the effective field lwninance, their presence has not made the 
various lighting systems comfortable. The VCP values for the two methods used 
for obtaining the relative numerical ratings lead to the s~ne conclusion. 

Since the values given in Table F-4 are for the same observer, one 
can use them for detennining the relative merits, in terms of discomfort 
glare, of the various lighting systems . It is interesting to note that the 
method for obtaining the BCD judgments has no appreciable effect upon the rank 
order of the systems. System 1 is the 1 east uncomfortab 1 e in both cases, and 
System 5 is the most uncanfortable. 
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TABLE F-4. DISCOMFORT GL ARE ANO BCD EVALUATIONS BY OBSERVER NO. 2 
FOR SEVEN LIGHTING SYSTEMS ON A CONTINUOUS MINER; 
ON-SIDE OBSE RV ER POSITION 

System Comp BCD BCD Ratings 
with without 

glare glare Le VCP Le VCP 
Le Lbt Lbo Lbg 

% 
~ 

% 
(fl) (f ) (fl) 

1 3080 2490 1210 1. 24 43 2.55 15 

2 3550 1460 690 2.43 17 5. 14 3 

3 1970 920 610 2.14 21 3.23 10 

4 3720 1740 575 2.14 21 6.47 2 

5 6050 1490 630 4.06 6 9. 60 1 

6 3400 1200 400 2.83 13 8.50 1 

7 1830 1070 470 1. 70 29 3.89 6 
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B. So 1 ter 

l. Experimental arrangement: Five of the lighting systems were mounted 
on the bolter at the standard locations . (Syste:ns 3 and 5 were not used . ) 
Tnree observer positions ·t1ere employed: 

Position 1 : 
Position 2 : 
Position 3 : 

on the off-side of the bolter . 
at the rear for ob serving the cables. 
on the operator' s side at the bolt-making area 
behind the left 1_.,,hee 1 • 

These are marked on the sketch of the bolter s hown in Figure F-4. In all 
c.ases the positioning of the Discomfort Glare Evaluator was similar to that 
when evaluating the lighting systems on the continuous miner . 

2. Observers: Four observers participated in this part of the 
investigation. Two of them had made judgments in the first part and two were 
new . The same procedure of making comparison evaluations and BCD judgments 
was ernp l oyed. Because of time l imitations it was not possible to obtain 
evaluations for all lighting systems at each of the three positions '-Jy all of 
the observers. 

3. Discomfort Glare Evaluations: The observed data are sum:narized in 
Tajle F-5. They are grouped according to the lighting system, and within 
groups by the position around the bolter. As in the case of the continuous 
miner, the significant values are the relative ratings of L/L'Jo and the VCP 
values. 

In general, the relative discomfo r t glare ratings indicate about the 
sa:ne degree of di scorn fort as was when the 1 i ght i ng systems were mounted on the 
continuous miner. Two of the observers judged System S to be in the 
"distracting but not uncomfortable" region of sensation, and one found Sys t em 
7 to be approxi mately BCD. However, the majority of the judgments were more 
than "perceptibly uncomfortable." The VCP ratings also illustrate the 
relatively poor visual :omfort of the various lighting systems. 
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TABLE F-5. DISCOMFORT GLARE EVALUATIONS OF FIVE LIGHTING 
SYSTEMS AT THREE POSITIONS AROUND A BOL.1 ER 

Observer Position COMP BCD Rating 
Le Lbo Lc/Lbo 

(fl) (fl) 

System 1 
1 1 6050 4270 1. 42 

12 ] 1195 510 2.34 
13 1 1485 550 2.72 
1 2 9300 3675 2.53 
l 3 5840 4125 1. 42 

System 2 
1 1 9540 3120 3.06 
1 2 7120 5500 1. 29 
1 3 8500 3675 2.31 

System 4 
1 1 9050 3530 2.56 

12 1 3390 2010 1. 69 
13 1 1000 400 2.50 

System 6 
1 1 2880 4770 0.60 
3 ] 685 390 2. 01 
3 2 1000 1265 0.79 
1 3 2315 1915 1. 21 

System 7 
1 1 4610 3970 1.16 
1 2 6260 2880 2. 17 
1 3 3530 3390 1.04 
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IV. GLARE SENSITIVITY OF UNDERGROUND MINERS 

The objective of this part of the study was to determine if those who 
spend considerable time in underground mines are more or less sensitive to 
glare than an above ground population. The first step involved measurements 
made at the National Mine Health and Safety Academy (MSHA ) with observers who 
currently were not or had never been underground miners. This 'Has followed up 
by measurements made at three mines in the Big Stone Gap area with observers 
who currently were underground miners. 

A. Experi mental Ar rangement: The basic d~scomfort glare investig at ions ,vere 
conducted in a two-meter diameter sphere • This provided a standard and 
controlled enviro1?'11ent which was employed in many subsequent studies. More 
recently, McNel is developed a cubicle which was a practical and portable 
approximation of the sphere. 

The cubicle, consisted of a box, 100 cm deep, 80 cm high and 60 cm wide. 
A head- and chin-rest were positioned at the front opening so as to locate the 
eyes of the observer even v1ith the front panel. The test-source was viewed 
through a circular aperture on the horizontal line of sight in the rear panel 
of the cubi cle. The aperture subtend ed a solid angle of 0.0011 steradian, the 
same as that used in the original discomfort glare investigations. 

The source luminance was pr ov ided by the l um inous element of the 
Discomfort Glare Evaluator. This was reflected toward the observer's eyes by 
a diagonal mirror located outside the rear of the cubicle. The lum in ance of 
the source, which was under the control of the observer, was cont inually 
variable from Oto about 12,000 fl. 

The interior of the cubicle coul d be illuminated to provide 
luminances of 0.01, 0.1, 1.0, and 10 fl. The arrangement for 
sou rce l uminance, being external. did not measurably 
in ternal luminance of the cubicle . 

uniform field 
obtaining the 
affect the 

B. Pro cedure: The procedur~ was i dent ical to that employed in the original 
discomfort glare evaluations and in the previous parts of the present 
investigation (see Part I, Introduction). The observer adjusted the lumina nce 
of the test-source , which was momentarily exposed for 1-second periods, until 
it was j udged to produce a sensation at the borderline bet ween comfort and 
d·i scomfort (BCD). The 1-second exposure procedure was found to be long enough 
for the observer to receive the full impact of glare but sufficient 1 y short so 
that it did not s i gnificantly affect adaptation. The latter point i s 
particularly import ant when the field l umin an ce is low, as in the present 
investigation. 

Each observer made a series of at least five BCD judgments for each field 
luminance at one sitting or test period. Ideally, at least t wo such series of 
measurements should be made by each observer on different days. 
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Unfortunately, 1:)ecause of the la:k of :ontinued availability of the observers 
and the time limitations, only a fe•,-i of them ,vere a1:)le to provide the repeat 
measurements . Nevertheless, the results obtained are considered to Je valid 
and useful. 

C. Measurements at MSHA: 

1. Observers: Those who participated in this part of the investigation 
were attendees at the Academy course plus a number of staff and research team 
members. At first it had been hoped that currently active underground mine rs 
would be available . However, it turned out that few of the observers had been 
full-time miners; those ·.vho had been miners had not worked in that capacity 
for a number of years . Therefore, the rcisults obtained should be considered 
as being for an 11 above-ground 11 population and thus could provide a reference 
basis for the 1 ater test of underground mine rs. In a 11 , 22 ob servers 
participated in this part of the study. 

2. BCD Results: The SCD judgments of the MSHA (Academy) observers are 
sumnarized in TaJle F-6 and the geometric mean values are represented by the 
solid line in Figure F.-5. Also included in the table are BCD values derived 
from the glare formula 2 which represent the population u~ed for dev elopi ng the 
di scomfort glare rating procedure for interior lighting. These are plotted 
in Figure F-5 by the dotted line. 

Several things are evident from these data. Qne is that the 
relationship between BCD l wninance , L, and field luminance, F, for the Academy 
observers is not as steep as that represented by the SCD formula . The 
equations for the two lines are: 

Academy observers: L = 503 Fo. 33 

BCD formula: L = 355 Fo. 44 

( 1) 

(2) 

While the difference in the exponents seems large, and over a wide range of 
field lurninances may have a significant effect, the net effect for a limited 
range of F will be quite small. For example, for field luminances of J.QS and 
0.12 (0.1 + 20%) the ratios of BCD luminance for the Academy observers to that 
obtained by the glare formula are 1. 83 and 1.793, respectively. This 
difference is not considered too significant. Of course, \vhen large changes 
in Fare involved, the effects of the exponents can be very significant. 

A second point is that, on the average, the A:ademy observers appear 
to be less sensitive to glare than those whose judgments were used for 
developing the BCD fo m ula. The lower sensitivity to glare is indicated ':Jy 
the higher BCD luminances selected by the Academy observers . It is 
interesting to note that for a field luminance of lCl fl, both groups gave very 
nearly the same SCD judgments. 

204. 



N 
0 
V, 

I 
1000 ~ j 

~ ,,,,,,, 

~ 
,,,,. .,,.-

Academy Observ ers 

~ 1).-------- _,,,. 
✓ 

✓ ~-------- ~ _, ~.,,,,,. ,,,,~ 
,-._ ,.,, 
.....l . -------

.,.,. ... 
~ ~ 

'---' .;~ 
(/) -------ri .,,,,,,,, BCD Fo rmula 

.....l --- v-".,. 
t d __.. 
u / I ,,,, ~ ~ 
~ 

✓.,.. 

% ,.. ,,,.. 
H .,,.,.. 
~ 100 
,---l 

0 
u 
p:i 

.... 

10 

0 . 01 

,,,. ,,,.. 
✓.,.. ,. ,,,. ,,,. 

__,' .,,. ,,,. 
I 

I 

0.1 1.0 
FIELD I.UMTt! ANCE, F (fL) RCRN l. 

Fig11 r l' F-- 5 . The Rc1aLio n ship s l3 l" twcen 13CD T. 11mi nancc ,rnd Fll'ld L11m in;111 c c for J\c;1 dc my 

Observe cs ( Sol 1d Line) nnd Guth Formul a (DoLteu Linc). 

lO 

2L86CL1 !1 



T;BL:: F- S. SCO uUDS>1:::ns BY ABOV E-GR OUN D p::qsJNN EL ; T 
FOUR FI ELD LU:-11 N.~NCES (ACADE~Y 88S~qVERS) 

Obser ver Fie ld l umi nance (fl ) 
0. 01 0 . 1 1. 0 10 

1 12 28 157 495 
2 68 265 1200 3450 
3 100 140 280 700 
4 10 36 150 140 
5 160 355 495 1280 
6 1205 2770 49 20 7040 
7 46 54 91 147 
8 14 19 64 168 
a 240 300 445 660 .; 

10 385 605 1105 1920 
11 470 700 1320 1700 
12 40 100 140 182 
13 1260 1810 2830 5350 
14 44 67 133 221 
15 9 17 150 280 
16 580 750 1000 1270 
17 1465 3580 5620 7660 
18 115 2 40 830 2240 
19 1570 4650 6200 9400 
20 750 880 2240 6850 
21 150 182 380 580 
22 77 187 465 3100 
23 7 9 28 2 40 

Geometric mean 131 221 510 1048 

BCD Formula a7 129 356 981 
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A third point is the relatively large range of the BCD judgments at 
each field luminance as shown jy the individual data in Table F-5 . 4 1t was 
much greater than that encountered in t he original SCJ investigation . For 
example, for a field luminance of 10 fl the range was 9408 to 140, or a ratio 
of 67:1. In the original SC'.) investigation, for the same field 1uminan7e, it 
was 1500 to 315, and a ratio of 5:1. In a more recent study by ~cNelis, for 
comparab 1 e conditions, the range was 6009 to 750 , with a ratio of 8: 1. The 
ranges at the three lo\ver field luminances in the present investigat ion we:e 
much greater, the ratios being 224 , 517, and 221 for field luminance of Q.'.Jl , 
J.l, and 1.J fl, respectively. These large spreads in the data are caused 
both by relatively high and low BCD lumin ances. 

No spec ific reasons can be given fJr these lar ge subjective 
differences. They may be due in part to the observers not having previously 
partic i pated in this type of investigation and in part to different 
interpretations of what constitutes BCD. However, it should be mentioned that 
the observers in the original BCD studies and those used by McNelis also had 
no prior experience with this type of subjective judgment. 

In spite of these variations, the average results are considered 
good. Each observer, by himself, was quite consistent. That is, those giving 
high or low BCD judgments at one field luminance were correspondingly high or 
low at the other field luminances. The data shown in Table F-6 should provide 
a good reference Jasis for the results obtained by the underground miners 
because all were obtained under identical conditions . 

D. Measurements at Mine Sites: 

In order to obtain observers who currently were active underground 
miners, arra ngement s were made to carry on the investigation at three 
opeations in the Big Stone Gap area of Virginiao These included the Maple 
Meadow ~ine, Prescott ~ines Nos. 1 and 2, and Derby Mines Nos. 4 and 5. 

1. Observers: A total of 114 underground miners particpated in the 
investigation. However, incomplete or very erratic data were obtained from 
eight observers and so their results have been excluded. The miners came in 
for testing either just before going on a work-shift or as they came off a 
shift. For conveni2nce, the shifts were desginated as follows: 

Shift 1: 
Shift 2: 
Shift 3: 

midnight to 8 AM 
3 AM to 4 PM 
4 P :~ to mid n i g ht 

Whi1e workers fro1n al1 shifts were r2presented, it was not possible to obtain 
complete equa1 ity of number s of observers for each shift. In a fev-1 cases, 
data were obtained by the same obs2rver before and after the sa;ne s:ii ft, but 
on different days . 
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2. Experimental Conditions: The cubicle used at the Academy was set up 
at a convenient 1 ocat ion near each mine. An objective was to mi nirni ze the 
time required for an observer leaving the mine, arriving at the test locations 
and making the BCD judgments. This was particularly important for those 
coming off shifts 1 and 2, which involved daylight hours. The procedure 
employed was identical to that used for the Academy tests . 

Because of time limitations, it was decided to obtain BCD judgments 
at three field luminances--0.1, 1.0, and 18 fl. These are adequate to 
determine if there are any significant differences between mi:1ers and 
nonminers. In addition to making BCD judgments of a source on the line of 
sight, a number of observers also made evaluations when the source was loc ated 
20 degrees above and below the line of sight. 

E. BCD Results : 

Considerable personal information was obtained from each observer, 
including shift worked, age, number of years as a miner, and color of eyes. 
Thus, in addition to the standard types of analyses, the BCD judgments could 
be evaluated to detennine if any of these factors had a significant effect 
upon the results. These various analyses are presented and discussed briefly 
in the follo~ing paragraphs. 

1. Grouped by Mines: The average BCD judgments of each of the 
observers is given in Table F-7. They are grouped according to the min2 in 
which each observer worked. Also included are the shift, age, number of years 
as an underground miner, and eye color (l for light and D for dark). The 
letters A and B following an observer's number indicated those individuals who 
~ade BCD judgments before going on a shift and when coming off a shift. Thus, 
the 184 observers yielded a total of 124 average judgments for each of the 
field luminances. Each individual datum is the average of at least five BCD 
judgments. 

The geometric mean for each of the groups is given in Part A of 
Ta::ile F-3 and plotted in Figure F-6. These data indicate that, 'Jy selecting 
l ov,er average BCD 1 umi nances, the Maple Meadow miners are more sens.it i ve to 
glare. On the other hand, the Prescott miners are least sensitive, selecting 
higher average luminances. Th e Derby miners are approximately midway between 
the other two groups. 

To detenni ne if these differences are si gni fi cant, standard errors 
of the means have been calculated. These are shown by the short vertical bars 
on each of the plotted curves •flhich represent plus and minu s one sigma. The 
percent standard errors are 13% for Maple Meadow, 17% for Prescott, and 31 % 
for Derby. The standard errors reflect two primary points regarding the data 
for each group; the number of observers and the variation among them. The 
number of observers are given in Part A of Table F- 8. The variation among the 
observers (see Tabel F-7) can be illustrated by the range of BCD judgments for 
the 1 fl field luminance: 
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TABLE F-7. BCD JUDGMENTS OF UNDERGROUND MINERS 

Observer Shi ft Age Years Eye Field luminance, fl 
no. as Color 0.1 1.0 10 

Miner 

MaQle Me adow 

1 2 on 30 8 D 545 1225 2110 
2 2 on 37 5 D 335 600 1065 
3 2 on 25 5 L 38 75 345 
4 2 on 41 6 D 165 290 495 
5 2 on 28 5 D 405 805 1200 
6 2 on 30 10 L 1650 6580 11800 
7 2 on 33 10 D 140 705 1500 
8 2 on 34 7 L 330 470 895 
9 2 on 39 6 L 700 1210 4860 

10 2 on 30 8 L 155 520 1065 
11 3 on 24 6 L 155 305 2080 
12 3 on 33 6 L 690 1725 5110 
13 3 on 32 14 D 26 · 48 79 
14 3 on 39 15 D 140 265 445 
15 3 on 40 5 L 1000 2770 4350 
16 3 on 28 5 D 180 780 1880 
17 3 on 42 8 L 220 425 945 
18 3 on 50 6 L 620 1275 2540 
19 3 on 25 8 D 1560 1740 2050 
20 1 on 28 4 D 32 117 250 
21 1 on 31 4 D 400 750 1240 
23 1 on 23 2 L 1115 2440 6460 
24 1 on 33 6 L 1670 2040 2610 
25 1 on 40 10 L 10 25 70 
26 1 on 23 4 D 300 540 1005 
27 1 on 23 6 L 245 890 . 1500 
28 2 off 21 4 D 12 43 166 
29 2 off 31 13 L 505 1030 1670 
30 2 off 30 11 D 370 585 1170 
31 2 of f 26 8 l 83 315 5100 
32 2 off 26 7 D 225 590 1395 
33 2 off 28 10 l 395 1160 2750 
34 2 off 44 27 l 155 210 575 
35 3 off 41 24 D 165 385 510 
36 3 off 38 12 D 460 835 2070 
37 3 off 30 10 D 438 1590 3110 
38 3 off 22 5 L 55 87 130 
39 3 off 34 5 L 365 530 780 
40 3 off 44 25 D 465 630 890 
41 3 off 37 13 L 130 395 730 
42 3 off 25 5 L 630 780 1005 
45 1 off 21 3 L 32 87 275 
46 1 off 21 3 L 395 755 1420 
47 1 off 31 12 L 330 395 630 
48 1 off 24 6 L 39 185 465 
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TABLE F-7. BCD JUDGMENTS OF UNDERGROUND MINERS 
(continued) 

Observer Shift Age Years Eye Field luminance , fl 
no. as Color 0.1 1.0 10 

Miner 

Maple Meadow (continued) 

51 1 off 24 5 L 87 250 275 
52 1 off 25 6 D 780 890 1205 

Prescott --
53 3 off 24 6 D 1090 3055 3205 
54 1 on 30 10 L 160 200 330 
55 1 on 30 9 D 220 505 1465 
56A 2 on 26 7 L 505 640 1030 
56B 2 off 26 7 L 850 1310 1725 
57A 3 on 29 8 L 905 1425 2440 
57B 3 off 29 8 L 465 1235 1635 
58 3 off 28 6 L 1465 1820 2020 
59A 3 on 29 8 L 300 905 1160 
59B 3 off 29 8 L 14 71 140 
60A 3 on 27 5 L 1160 2115 4415 
60B 3 off 27 5 L 465 792 1635 
61A 1 on 28 8 L 640 1090 1465 
61B 1 off 28 8 L 330 685 1030 
62 1 off 30 - - 590 792 965 
63A 3 on 34 7 L 505 2685 6775 
63B 3 on 34 7 L 1385 3475 7980 
64A 3 on 31 4 D 965 1385 2115 
64B 3 off 31 4 D 180 395 850 
65A 2 on 32 10 L 11 29 60 
65B 2 off 32 10 L 60 140 395 
67A 3 on 22 4 L 465 1090 1920 
67B 3 off 22 4 L 300 685 1635 
68A 3 on 29 6 L 1160 1910 3785 
68B 3 off 29 6 L 395 1090 2210 
69 3 off 29 9 L 180 300 465 
70A 3 on 43 10 L 2330 6385 9595 
70B 3 off 43 10 L 3205 4785 10500 
71 3 on 26 5 L 160 330 685 
72 2 off 35 14 L 160 590 1160 
73A 2 on 40 7 L 430 1090 2020 
73B 2 off 40 7 L 1310 1465 2020 
74A 2 on 29 8 L 1030 1465 2440 
74B 2 off 29 8 L 300 505 1030 
75A 1 on 25 4 D 550 1465 2930 
75B 1 off 25 4 D 850 1385 2930 

I 76 2 off 36 11 L 300 850 1545 
77A 3 on 47 10 L 360 850 1385 
77 B 3 off 47 10 L 245 68 5 1310 
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TABLE F-7 . BCD JUDGMENTS OF UNDERGROUND MINERS 
(cont i nued) 

Observe r Shift Age Years Eye Fi el d lumina nc e, fl 
no . as Color 0. 1 1.0 10 

Miner 

Prescott (continued) 

77A 3 on 47 10 L 360 850 1385 
778 3 off 47 10 L 245 685 1310 
78 3 on 26 6 D 1310 1635 2020 
79A 3 on 27 4 L 110 430 1090 
798 3 off 27 4 L 180 330 50 5 
80A 2 on 26 7 D 180 505 965 
808 2 off 26 7 D 200 395 905 
83 1 on 29 9 L 792 2115 3475 
84 3 on 31 8 D 60 71 180 
85 3 off 31 8 L 35 125 330 

Derbl'. 

86 3 of f 22 4 L 71 110 220 
87 3 on 22 4 L 7 14 71 
88 3 on 47 5 D 2380 4415 9595 
89 3 on 25 4 L 550 1160 3205 
90 2 on 22 4 L 330 550 6385 
91 1 on 28 4 L 300 395 850 
92 1 off 30 6 L 300 505 640 
93 1 on 24 3 D 590 1440 7015 
94 3 off 31 6 L 550 792 1030 
95 1 on 26 5 D 360 1030 2440 
96 3 off 27 8 D 200 220 270 
97 3 off 25 4 D 1030 1235 2115 
98 3 on 45 7 L 220 792 1465 
99 3 off 37 11 L 505 2020 2685 

100 2 on 46 4 L 1235 1910 5535 
101 3 on . 32 8 D 395 685 4265 
102 3 off 28 3 D 29 125 330 
103 2 off 27 8 D 430 550 1090 
104 1 off 34 8 D 300 550 735 
105 3 off 37 4 D 1385 2220 3205 
106 2 on 28 6 L 505 850 1235 
107 1 on 22 5 L 2560 4955 14550 
1081\ 2 on 31 11 L 3 35 160 
1088 2 off 31 11 L 3 14 35 
109 3 off 44 5 D 430 550 685 
110 2 on 32 8 D 905 1235 2440 
111 1 on 31 3 D 395 1030 1160 
112 2 off 27 7 D 590 2330 2931 
113 3 on 24 5 L 792 1725 2440 
114 '") off 45 7 L 220 465 685 .., 
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A. 

B. 

D. 

T~3LE F-3. MEAN BCD LUMINANCES OF UNDERGROUND MINERS 
GROUPED BY MINES AND SHIFTS 

No. of Field luminance, fl 
Observers 0.1 1.0 10 

MINES 

Maple Meadow 47 2?8 500 1049 
Prescott 47 370 764 1382 
Derby 30 279 600 1269 

ALL DATA 124 288 614 1219 

Shift 1 29 245 509 902 
Shift 2 35 264 592 1409 
Shift 3 60 332 691 1296 

ON - ANO OFF-SHIFT 

I. Shift 1 
On 17 340 777 1499 
Off 12 153 279 439 

I I. Shift 2 
On 19 370 786 1895 
Off 16 177 422 990 

I I I. Shift 3 
On 28 371 798 1685 
Off 32 301 610 1030 

IV. All data 
On 64 362 786 1692 
Off 60 228 473 850 

V. Same observers on- and off-shift 
On 18 339 839 1658 
Off 18 265 580 1127 
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Maple Meadow 
Prescott 
DerJy 

25 to 5530 
29 to 6385 
14 to 4955 

The ratios (high/low) are quit2 large, Jeing 253 for Maple Meadow, 220 for 
Prescott and 354 f~ff Derby. These contrast 1Mith 3a7ios of from l'J to 20 
encountered in the various earlier BCD investigations ' • The large ratio for 
Derby coupled with a f2 ,...,er number of observers' results in a higher standard 
error of the mean for that group. Taking into account the standard errors, it 
can be concluded that the differences among the three groups of miners are not 
particularly significant. 

2. A11 Data: The geometric mean of all the data in Table F-7 are given 
in Part B of Table F-8, and plotted as the solid line in Figure F-7. The 
dotted line represents the corresponding results obtained by the non-mining 
observers at the Academy (Table F-5 and Figure F-5). This comparison is :nore 
appropriate than one with the original SCD data because both \'/ere obtained 
'Mith identical experimental conditions. 

The curves in Figure F-7 indicate that the miners, on the average, 
are slightly less sensitive to glare than the non-mines. The for:ner sele-:ted 
BCD lu,ninances that were approximately 20 percent higher than the Academy 
ob servers. 

The two short vertical lines represent the average standard error of 
the means for the two groups, which are 12 percent for the miners and 35 
percent for the Academy ob servers. The length of the 1 i nes :orrespond to one 
sigma. Thus, while there is a trend toward less glare sensitivity among the 
miners, the difference cannot be considered highly significant. 

The equation for the underground miner relationship is 

BCD= 6QOF0. 32 ( 3) 

in which· the exponent of Fis almost the same as in the equation for the 
Academy ooservers (Eq. 1). This indicates that the effect of field luminance 
upon the BCD judgments is the same for the two groups. 

Pm analysis of the dis t ribution of the BCD judgments of the miners 
is illustrated in Figure F-3. For this purpose the data for each of the three 
field lurninances were converted into relative BCD l 1J,11inances. This per:nitted 
combining all of the data into a single relationship. These then ·nere divided 
into twelve groups, each encompassing a range of relative luminances of about 
0.23 log unit. The resultant groups, the number of 00s2rvers in each grouo, 
and t;1e mean relative BCD lu:ninances are given in Table F-9. The curve shown 
in Figur2 F- 8 illustrates the ske 1.-1e':l distribution caused 'Jy the obs2rvers 
selecting rather low BCD lu~inances. This point also is illustrated in Figure 
F-9, which is a probability plot of the percent of observers sele~ting a gi ven 
BCD lu;11inance or less • . fl. normal distribution i,-1ould be indicated by a single 
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TABLE F- 9. NUMB ER OF OBSERVERS SELECTING VARIOUS 
RANGES OF RELATIVE BCD LUMINANC ES 

Range Number Mean 
of relative of relative 

BCD observers BCD 
lumina nc e luminance 

0 . 01 - 0.02 5 0.02 
0.02 - 0. 05 8 0.04 
0.06 - 0 .09 7 0.07 
0.10 - 0.15 16 0 .12 
0 . 16 - 0.25 15 0 . 21 
0.16 - 0.44 20 0 . 35 
0. 45 - 0.75 45 0 . 60 
0.76 - 1.30 86 1.01 
1.31 - 2.25 48 2. 94 
3.91 - 6. GO 26 4 .84 
6. 61 -12.00 14 9 . 02-
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straight line . In this ::as2, the lower an".i higher r elative BCD luminance 
val ue s follow different relationships. 

\~hen the very low relative BCD lu.ninances are excluded (i.e. those 
less than about 0.1), the resulting relationshi;:i is shown in Figure 12. The 
straight line through the plotted points indicates a normal distribution . In 
this cas2 the seal e on the ab scissa has been r eversed so that a point on the 
line now represent s the per::ent of observers selecting relat ive BCD lu:niances 
equa l to or greater than that indic ated 'Jy the point. For example, 9'.J percent 
of the o~servers selected relative 3CD luminances great2r than about 'J . 38 . 
Similarly, 20 percent selected relative BCD luminances greater than 2.2. 

The dotted 
rela ti onship obtained 
evident, while the two 
great. 

line in Figure F-10 repr"esents the co 2responding 
in the original basic BCD investigation . As is 
lines have different slopes, the disparity is not very 

The sol id line in Figure F-10 can be used as a basis for a Visual 
Comfort Probability (VCP) rating systcn for underground miners. /\s such, i t 
·11ou l d corre spond f?J the one that was used for developing a VCP procedure fo r 
interior l ighting , • 

3. Effect of Shi ft: To determine v1h2t'.1er the shift being worked on had 
an effect upon BCD judgments, the data in Table F-7 't1ere divided into three 
groups. The r esulting geometric means are given in Part C of Table F-8. For 
field luminances of 0.1 and 1.0 fl there was a progressive increase in BCD 
luminance for the three shifts. Ot)servers from the 4 P~ to midnight shift 
gave the hi ghest BCD luminances, whereas those on the midnight to 3 AM shift 
gave the 1 east. At a fie 1 d luminance of 10 fl 5 the results for Shi ft 2 were 
highest. 

4. On- Vs. Off-Shift: A natural question pertains to whether after 
working underground for an eight-hour shift results in a greater sensiti vity 
to glare. To check this point, the BCD judgments 'Here divided into six groups 
(on and off for each shift ) as shown in Part D I to D III of Table F-:3. In 
addition, all data were averaged (Part DIV of Table F-8). The results in all 
cases indicate that there appears to be a greater sensitivity to glare when 
coming off a shift. 

One problem in 2valuating these data is that the popul 3tion of a.11 
groups is nat identical. That is, observers of equal glare sensitivity ar2 
not represented in each of the groups. Thus, the apparent differences between 
on- and off-shift observers may be caused 'Jy differential sensitivities to 
glare to the observers in each group. Fortunately, eighteen observers -.-1ere 
tested twice, once before going on a shift and again when coming off a shift. 
These are the observers listed in Table F-7 ·11ith A and B following their 
numbers. While the A and B data were taken on different days, they d i-::i 
involve the same shift. These results, 1.'lhich are summarized i n Part D V of 
Table F-3, indi cate that when tested after a shift the observers a.re more 
s2nsitive to glare. 
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:Ah i12 th2 differences are not highly significant in tenns of standard errors 
of th2 :neans , they do show that there is a definite tre nd tow-1rd greater 
se nsitivity to glare after working underground for a period of eight hours. 

5 . Effects of Age: In Table F-lQ are summarized the data hr various 
five-year age groups . The mean values for each age group are plotted i n 
Figure F-11. The results indicate no d2finit2 trend in glar2 sensitivity 
bec,..ause of age . The apparently consid erably higher BCD luminance selected by 
the 45-50 age group is not considered significant i:)ec:ause of the small number 
of observers involved • 

.S. Years as a Miner: From on- ::i.nd off-shift data, 1Hhich indicated t :1at 
spending time working underground increased glare sensitivity, one might 
consider that the same effect would be produced by ,113.ny years as a miner. The 
results of this analysis are summarized in Table F-11 and the mean BCD 
lu,ninances are plotted in Figure F-12. These data indicate that there is a 
trend toward increased sensitivity to glare with the number of years as a 
miner, even though the plotted points are represented by a jagged line, with a 
considerable r eve rsal for the 21-25 group. In general, one would expect that 
the average age of observe r" s in the groups would i ncrease with the number of 
years as miners. While there is a trend in the increase of average age for 
each group, all are le ss t han ~5. Thus, considering the age data of 
Figure F-11 which shows no significant differences in glare sensitivity for 
observers under age ~S, it was surprising tr1at t he data given in Figure F-12 
do exhibit a trend. 

7. Eye Color: There has ~een specul at ion t hat individuals with light 
colored eyes migh t be more sensitive to glare than those with dark colored 
eyes. Since the eye color of the observers had been rec orded , it was possible 
to test this. For simplicity, the observers we re divided into t wo groups : 
blue, green, hazel, and gray were considered light colored eyes; those having 
0rown eyes were put in the dark group. The geometric mean BCD j udgments were: 

Da rk eyes (n = 45) 
Light eye s (n = 73) 

532 fl 
630 fl 

On the average those wi th brown eyes se 1 ected a 1 ower 3CD 1 u.Tli nance, and thus 
could be consid ered as ':) eing sli ghtly mor2 sensitive to glare . This i s the 
opposite to \-vhat one might expect. However, the difference bet·"'een the two 
groups is not consid ered si gn ifi cant , being only about 8 percent. This is 
about half of the stand ard error of the mean. 

3. Displac ement of Glare Source: One of the f undamental components in 
the dis:::ornfort glare fonnula is the Position Index, Po This is a quantity 
wrlich indicates how much 'J righter a glar~ source can be if it is displaced 
f rom the line of sight. Luckiesh and Guth reported the results of an exten­
sive exploration of glare source locations above the line of sight. This was 
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TABLE F-10 . EFFECTS OF AGE ON SCD JUDG~E~TS 

Age Number Field luminance, fl Mean 
Grolip of 0.1 1.0 10 BCD 

Observers Luminance 

21 - 25 27 254 534 122S 530 
26 - 30 45 322 699 1300 664 
31 - 35 25 178 408 837 393 
36 - 40 12 339 422 1402 505 
41 - 45 10 383 723 1204 693 
46 - 50 5 691 1443 3004 1441 
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Years 
as 

miner 

1 - 5 
6 - 10 

11 - 15 
16 - 20 
21 - 25 
26 - 30 

TABLE F-11 . BCD LUMINANCE VS . NUMBER OF YE ARS 
AS AN UNDERGRO UN D MINER 

Average Number Field luminance, fl 
age of 0.1 1.0 10 

observers 

28 43 284 595 1266 
32 6S 341 730 1405 
34 12 110 298 590 

0 
42 2 2 77 492 674 
44 1 155 210 575 
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2.dec ·Jc.te for interior lighting glare evaluat io ns because in typical light ~n g 
systems the sources always are located in the upper part of the field of view . 
Ho·.-:e 11er, in mine lighting, especially with equipment mounted on r.iachines, the 
lu mi naires may be located below the line of sight . 

A report by Netusil8 included evaluations of sources located in the 
lower part of the visual vield. His results for sources above the line of 
sight were in good agreement with those reported by Guth2 . 

In the present investigation, BCD judgments were made by a small 
group of observers when the test - source was located 20 degrees above and below 
the line of sight as well as on the line of sight. The results, together with 
the corresponding values obtained by Guth and by Netusil are presented in the 
fo 11 o•,•1 i ng tab 1 e: 

20° below 00 20° above 

Miners l. 58 l.00 1. 96 
Guth 1.00 2.10 
Netusil 1.42 1.00 1. 66 

The values are relative BCD luminances which correspond to the Position 
Indices. 

The agreement is cons idered quite good, considering the differences 
among observers and the experimental conditions . It is interesting to note 
that the Position Index for the sources at 20° below the line of sight for the 
miners is less than that obtained for 20° above the line of sight. Netusil 
reported a similar difference . The rat ios 20° belm-1/20° above for the min ers 
and Netusil 's observers are 0.81 and 0.85, respecti vely, which are not 
significantly different. 

From this it is evident that the position index data reported by 
Netusil and by Guth can be combined i~to a single relationship for the entire 
field of view . 
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V. DISCUSSION AND CONCLUSIONS 

The results of the evaluations of lighting systems on a continuo us miner 
and a bolter lead overwhelmingly to the conclusion that , in terms of 
discomfort glare, they are very uncomfortable. 

It is well established that discomfort glare is influenced adversely by 
increasing source luminance and area, and is mitigated by higher field 
luminances and greater displac ement of the sources from the line of sight . 
Obviously, the mobility of workers around a machine and the dark visual 
environment present certain cons traints on what can be done to minimize the 
gla re effects. Thus, it appears that source l uminance and area are the 
primary factors to be controlled in order to make the visual situation more 
bearable. Furthermore, changing the placement of the luminaires may offer 
some additional improvements in glare. 

The primary function of the luminaires on the continuous miner is to 
provide illumination on mine surfaces so that the operator and the helper can 
see objects and surfaces around the machine. On the other hand, lighting on 
the bolter must serve two purposes: i l luminate the area around the machine 
and the roof area where bolts are to be installed; and to illuminate certain 
areas on the machine where a worker selects and assembles the bolts. The two 
lighting requirements on the bolter are not easily provided for by a sinsle 
luminai re type and location o 

It is self-evident that reducing the luminance of the luminaire s will 
reduce glare. However, this also will reduce the illumination on the mine 
surfaces. What appears to be needed is better shielding and relocation of the 
lighting units so that the luminances seen by the miner are reduced. At the 
same time, the ligh t distribution from the luminaires should be controlled so 
as to maintain the desired illumination where the worker must see things. 

An objective of this investigation was to obtain data and other 
information which could be used for evaluating and predicting the discomfort 
glare produced by lighting systems on mining machines. It would be desirable 
to be able to make such predict ions from the physical and photometric 
characteristic of proposed luminaires while they still are in the "drawing 
board" stage or from mock - up samrles. 

The extensive data obtained with the large group of underground miners 
provide some clues as to how the glare formula and procedure developed for 
interior lighting can be modified for use in mine lighting . The basic formula 
developed for interior lighting is: 

LQ 
M = ( 4) 

PFC 
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,,iner2 ':he index of sensation :1 is 2xpressed ::s a hn:tion Jf the lu:ni:-Bn:2 L, 
solid angle fa::tor Q and position index P Jf a sour:e, and ':h'= fi2l:::i lu:nina;1c2 
F. In tne formula for interior lighting the exponent 'c' is equal tJ ') . 44 . 
:1.J1vever , as shown in Figure F-j, the 3CD judg:nents of the undergraund ~iners 
indicate that th2 2xponenc of F for the .nine environment is C) .32. Thus , ~q. 
(4) , when evaluating mining machine lighting becomes 

LQ 
M = (: ) 

In a rest atement9 of the glare formula, the quantity Q is replaced by Kw, and 
Eq. (5) becomes 

LK w 
M = 

PF0.32 
( 6) 

K is a function of sol id angle w - The solid angle is approximated by 

w= ( 7 ) 

where Ap is the projected area of the luminaire from the observer's viewing 
position and D is the distance from the eye to the center of the luminaire. 
Values of K have been tabulated3 and are included in Table F-12. 

Eq. (6) is used for calculating the index of sensation M for each 
luminaire in the field of view. The resulting discomfort glare rating (OGR) 
is obtained from 

a 
OGR = Mt (8) 

v1here Mt is the sum of the individual indices of sensation and 'a' is a 
variable exponent. 

a = n-0 .914 ( 9) 

In C:q . ( 9 ) , n i s th e number of values of :•1 i ncluded i n ~1t. In general, there 
wil l be on ly t ~o or th ree lum i naires i n t he fi e l d of vi ew of a wor ker aro und 
a mining mach i ne. Thus, the value of 'a' of concern are: 

n 
1 
2 
3 
4 

a 
l . 000 
0.939 
0.904 
0.880 
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T.!\3L~ F- 12 . FUNCTION K JF SOLID ANGLE w 

., 0 1 2 3 4 5 6 7 I ' RANGE: 0.0000010 to 0.00000'39 

0 .000001 20930 20700 20410 20080 19720 19360 l899J 18530 18280 17~0 
. 0JOJ:J2 1760::) 17280 16970 16670 16 330 16100 15E30 15570 15320 1508:l 
. C>) JOJ3 14~0 14620 14400 1419() 1399".J 13800 13510 1~20 13250 13070 
.OJO,m 12910 12750 12 59-J 12!.!0 1229".J 12150 12010 1187.) 11740 11610 
.O:>J JOS ll~ 9J 11 350 112~0 111 30 11 020 10910 106)0 10590 1059() 10490 
. 000) 05 10,9".J 10300 10200 10110 10)20 ~o 9850 9 770 968() %00 
.O'JOJ07 ~30 S!50 9370 9300 9230 9150 !:l'.J80 9020 8950 6880 
• (»X,08 E3 20 8750 869:J 8530 857.) 8510 8450 8390 8330 8280 
.OXY.J09 BUO 8170 8120 8060 8010 7960 7910 7850 7820 7i70 

RANGE : 0.00001 0 to 0. C,0009 9 

0 . 0:-J Ol 7720 72'.!'J 691 0 6570 6280 6010 5770 5550 5350 5170 
.O'J002 500:) 4850 4700 4570 41..!0 4320 4210 4110 4010 3920 
.00J03 3530 3750 3670 3600 3520 3460 3390 3330 3270 3210 
• CY.XJJ4 31 5Q 3110 3050 3010 2952 2917 2874 2832 2792 2753 
. 00005 2714 2678 2643 2609 2575 25~3 2512 2482 2452 2423 
.00006 23~ 2368 23-12 2316 2291 2267 2243 2220 2197 2175 
. OOJ07 21S.: 2132 2119 2092 2072 2053 2034 2016 1998 1980 
.oo::os 196 3 1~ 1929 1913 1897 1882 1865 1851 1837 1822 
.OOC-:19 1808 1794 1780 1767 17~ 1741 1728 1716 1703 1691 

RANG[: 0.00010 to 0.00099 

0 . 0001 1679 1571 1477 1395 1325 1262 1206 1155 1109 1067 
.0002 1029 99--l 952 932 904 878 854 831 810 793 
.00Cl3 771 753 736 720 705 690 677 6~ 651 639 
.000-l 628 617 606 596 586 577 568 559 551 543 
.OOC5 535 528 520 513 507 500 4"4 487 481 476 
.0006 470 4~ 459 45-1 449 ~ 439 434 430 425 
.0007 421 417 413 409 405 401 397 3~ 390 387 
.0008 383 380 376 373 370 367 ~ 361 358 355 
. O'J09 352 350 347 344 342 339 337 334 332 33J 

RANGE : 0.0010 to 0.0100 

0 .001 327 . 0 306 . 0 287 . 9 272 . 2 258.5 245 . 4 235.7 226 . 0 217.3 209.4 
.002 202 . 2 19j . 6 189. 5 183 . 9 178 . 7 173. 8 169.3 165.1 161.2 157. 4 
.003 153 . 9 150 . 6 147 . 5 lt.4 . 6 141. 8 139 . 1 136.6 13-l . 2 131. 9 130 . 0 
.(Y.):l 127 . 6 125 . 6 123 . 7 121.8 120 . l 118 . 4 116.7 115 . 1 113.6 112 . 2 
.005 110 . 8 109.4 108 . l 105 . 8 105 . 6 104 . 4 103 . 2 102 . l 101.0 100. 0 
.005 99 .0 98 . 0 97 . 0 96 . l 95 . 2 ~ . 3 93 .4 92.6 91. 8 91.0 
. OJ7 90 .2 89 .4 88 . 7 88 .0 87 . 3 65.6 85 . 9 85 . 2 8-4 . 6 8( '. 0 
.008 83 . 4 82 . 8 82.2 81.7 81.0 80 . 5 80 . 0 79 . 4 78 . 9 78 . ( 
.009 77 . 9 77 . 4 76 . 9 76 . 5 76.0 75 . 6 75.l 74 . 7 74 . 2 73 . 8 
. 010 73 . 4 

RANG ( : 0.010 to 0.130 

0 . 01 73.4 69 . 7 66.4 63 . 7 61. 3 59 . l 57 . 3 55 . 6 s.: . a 52.7 
. 02 51. 4 50 . 3 49 . 2 48 . 2 47 .3 46 . 5 45. 7 45 . 0 44 . 3 U . 6 
. 03 43 .0 42.5 41. 9 41.4 40 . 9 40 . 5 -4<l . O 39 . 6 39 . 2 38 . S 
.C>-1 38 . 5 38. l 37 .8 37 . 5 37 .2 36 . 9 36 . 6 36 . 3 36 . 1 35 . B 
.05 35 .6 35 . 4 35 .1 3-4 . 9 3-: . 7 3-l . 5 34 . 3 :,..: . l 33 . 9 33.S 
. 06 33 . 6 33 .4 33 . 2 33 . l 32.9 32 . 8 32 . 6 32 . 5 32 .4 32 . 2 
.01 32 . l 32 . 0 31.B 31. 7 31. 6 31. 5 31. 4 31. 2 31. l 31. 0 
.08 3J . 9 3J . 8 30. 7 30.6 30 . 5 3J . 4 30.3 3J. 3 3.'.l . 2 30.1 
.C9 30 . 0 29.9 29 .8 29 .8 29.7 29 . 6 29 . 5 29 . 5 29 . 4 29 . 3 
.10 29 . 2 29.2 29 . l 29.0 29 . 0 28 . 9 28 .8 ZB.B 28 . 7 28 . 7 
.11 28 . 6 28 . 5 28.5 28 .4 28 .4 2"8 . 3 2"8 . 3 28 .2 28 . 2 ZS . I 
. 12 :nu 2"8 .0 28 .0 27. 9 27 . 9 27 . 8 27 . 8 27 . 7 27.7 27 . c 
.13 27 . 6 
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The application of t he variable exponent to M is an important part of 
the glare rating procedure. It takes into accou~t, for exa11pl e , that two 
identical glare sources in the field of view are not twice as uncomfortabl e as 
one of them alone. The effect of the exponent can be illustrated by assuming 
that two sources, each of which has an index of sensa t ion equal to 100. Thus, 
M equals 200 , and ap pl yi ng t he exponent a= 0.939, the D3R is equal to 144. 
T~i s is con siderably less than the sum (200) and indicates that the rating for 
the two sources is only 44 percent greater th an one of them. 

As was pointed out in the discussion of Table F-4, a more representative 
value of the field luminance includes the luminaires. A useful approximation 
is the illumination at the eye which can be calculated from · the photometric 
data fo r the lumi naire or measured. 

The position index P can be obtained from a chart such as the one in 
Figure 5 of reference 2. Ulti mately, a chart will be available for source 
locations below the line of sight. 

Having obtained a DGR for a lighting system, t he next step is to 
transl ate this into a meaningful number such as a Visual Comfort Probabi 1 ity 
(VCP) rating. Th i s can be done by employing a relationship such as is shown 
by the soli d line of Figure F-10. 

According to the data for the miners (Figure F-7), the DGR for the 
average BCD sensation is 200. This is the DGR for the 50 percent point on the 
probability plot of relative luminance shown by the solid line of Figure F-10. 
Taking this into account, the DGR probability plot shown in Figure F-13 has 
been prepan~d. If, for example, a lighting system has a DGR of 400, the 
Visual Comfort Probability (VCP) will be 20 percent. On the other hand, a DGR 
of 100 will give an 30 percent VCP. 

The advantages of a chart such as shown in Figure F-13 are that it 
converts discomfort glare ratings into meaningful visual comfort 
probabilities. Moreover , it takes into account all of the visual comfort 
judgments obtained from the large group of underground miners. 

In effect, glare is a situation in which sources are more conspicuous 
than the things that need to be seen. The data obtained in this investigation 
provide a basis for evaluating the degree of discomfort glare from mini ng 
machine lighting in underground mines . The objective should be to design the 
lighting equipment so that it will have a visual comfort rating of at least 50 
percent, and prefera~ly much higher. 
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Summary 

PART III - REFLECTIVITY OF UNDERGROUND COAL MINE SUR FACES 

C. L. Crouch 

Measurements of reflecti vity of underground coal mine surfaces were 
made in eight mines in five states. This variety of mines in different 
states represented different coal seams with different reflective pat­
terns. The measurements for face and ribs varied from 2. 3% reflectance to 
6.6%. Averages range from 4 to 4. 5% . However by mines and therefore seams, 
there were low reflectances in some and high in others. A significant 
feature was the comparatively high reflectance of the roofs in all of the 
mines. This could be especially helpful in designing alighting system t o 
rn1n1m1ze glare and transient adaptation losses and produce a grea t ly 
improved visual environment. 

235 . 



I 

REFLECTIVITY OF UNDERGROUND COAL MINE SURFACES 

Introduction 

For many generations of coal miners, the lighting has consisted of 
small spotlights, called caplamps, stabbing the darkness with feeble 
beams . Only recently has the mining world begun to realize the importance 
of environmental lighting. The change has not only been significant but 
dramatic as the surroundings became illuminated instead of tiny spots of 
light roving over black surfaces. Now it has changed from the era of the 
firefly to the larger area surroundings. These lighted surroundings give 
a feeling of security and therefore safety. One can now see the contours 
of the coal surfaces, the obstructions on the floor surfaces, and best of 
all, the possible loose rock in the roofs which might clue the possibility 
of a rock fall . One can see the other workers and the contours of the 
machines working in the mining area. 

This provision of environmental lighting has proven greatly helpful 
to the miners themselves and while there are still some difficulties with 
overly bright lighting fixtures, the survey of miners indicated that the 
new lighting systems providing general lighting were a great improvement 
over the former caplamp system of lighting. Of course the caplamps still 
are used as localized lighting for seeing particular detail, but the 
illuminated surroundings ameliorate the harshness of spots in surrounding 
darkness. Psychophysical sto-d1es- from the early l9OO's t-o the present time 
have resulted in our understanding that the l i ghted surroundings have a 
tremendous influence on the ability of the visual system to see the de tai ls 
in the object of regard . Kt)nigl, working on the ability of the visual 
system to resolve detail, called visual acuity, found that it increased as 
the illumination on the ta rget area increased. But then, when it reached 
a given level it began to decrease because of the strong difference between 
the illumination of the detail and the darkness of the surroundings. In 
1932, Lythgoe2, both a medical doctor and an engineer, conducted a 
classical s tu dy on visual acuity and found that the lum inance of the 
surroundings must be maintained in a given balance with the luminance of 
the detail in order to get ma xi mum ability to see the detail. Further he 
found that if the surroundings exceeded that of the luminance of the 
background of the imme diate detail, then there began to be a fall off of 
ability to see deta il (visual acuity). Since that time a number of authors 
have confirmed the same finding. Earlier in 1926 , Holladay3 had been able 
to determine the fact that bright light sources in the surroundings in the 
field of view contributed to both disability and discomfort glare. He 
developed formulation for both types of glare. His fi nding that bright 
light sources in the surroundings caused a decrease of visibility tied in 
with that of Lythgoe who found that brighter surroundings than th at of the 
task resulted in decreased visual acuity. More recently it has been found 
by Boynton4 that if one looks away f rom a lighted area to a dar ker area 
there is a change in adaptation of the visual system so that there is a 
temporary loss of ability to see detail. This is called transient 
adaptation. 

In application of these psychophysical results, the Bureau of Mines 
has seen fit to sponsor a study in disability and discomfort glare from 
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general lighting systems now being curr ently used and to measure the 
changes in sensitivity of miners to d is ability and discomfort glare . While 
there was significant improvement by furnishing general lighting systems, 
it has been found that these systems in and of themselves constitute glare 
sources which greatly reduce visibility of the detail to be seen . Not only 
is there a decrease in visi bility but there is a great increase in the 
feeling of discomfort from the bright light sources themselves. Thus the 
U.S . Bureau of Mines is now beginning to realize that while much progress 
has been made, there still can be great improv ements in the lighting of the 
surroundings so as to preser ve optimum visibility of the details to be seen 
and provide a goodly degree of comfort from the lighting systems which 
might be used. In order to get at the solution of better surroundings it 
was necessary to go back to fundamentals and find out the reflectivity of 
the underground coal mining surf aces in order to design l ightin g that wou 1 d 
give the lighted effect of visually efficient and comfortable sur­
roundings. Once having determined the reflectivity of these surfaces, the 
designers can then utilize these values to design the lighting that will 
give the proper effects. 

Reflectivity Studies 

Method of measurement: 

Interior surfaces, as far as illumination is concerned, are fairly 
easy to measure. They are flat surfaces, and in general diffuse the light 
rays in reflection from the light incident on the surface. However, in the 
coal mine situation the reflectivity involves a much more complex pattern. 
The incident light rays are reflected from small mirror type surfaces that 
are disposed in relation to the incident light in every conceivable plane . 
Of course, the coal is gouged out by bits being located on a drum. Since 
coal in general is in a laminate structure, the laminations are broken and 
crumbled up so that the glossy reflective surfaces are small and pointed in 
every direction. There are projections, there are cavities, all of which 
present to the eye of the observer a series of sparkling highlights 
interspersed with dull reflections and actual shadows. These rough, 
uneven surfaces present a problem of measurement since some of the 
projections will project into the reflectometer and some of the cavities 
will be outside of the reflectometer. Thus it was felt that in making such 
measurements one should take an integration of the return of ,reflections 
from a fairly large area of the coal face. The writer of this report 
conceived of the use of sending a rather large patch of light onto the coal 
surface and then picking up the reflections in a diffuse reflecting 
hemisphere and measuring the amount of light collected by the hemisphere. 
This was communicated with Or. H. R. Blackwell of the Institute for 
Research in Vision at Ohio State Universtiy, and out of these discussions 
came the reflectometer that was used to measure the reflectivity of coal 
mine surfaces. The design that was finally evolved was a hemisphere of 24 
inches in diameter and a rather wide beam of light that was directed at the 
coal surfaces of approximately seven inches by ten inches elliptical 
pattern which was screened from the hemisphere by suitab le baffles and then 
the return into the hemisphere was measured by four photodiodes equally 
spaced around the perimeter of the hemisphere and electronically averaged 
into a figure of reflectance. At first there appeared to be errors 1n the 
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measurements and it was discovered that the beam of light being sent to the 
coal surface was actually being somewhat spilled into the hemisphere 
before arriving at the coal surface. Increased baffling resulted -in 
providing for the beam being completely independent of · the hemispherical 
surface. Further it was found that Eastman Kodak gray paper, having been 
carefully calibrated at 18% reflectance, could be used as a calibration 
medium. When all of the refinements were made, it was found that the 
performance of the reflectometer was very accurate in its reproduction of 
the 18% reflectance. The reflectometer is shown in Figure 41. 

Since the light fixtures of current lighting systems on continuous 
miners and bolters are mounted low on the machines, the light in general is 
thrown upward across the face and ribs of the coal. Therefore in designing 
the reflectometer it was felt that the light should be thrown onto the coal 
surface at roughly a 45 degree upward angle from the horizontal. Therefore 
in the hemisphere the design was arranged so that a beam of 1 i ght of 
approximately seven inches across and ten inches high was thrown upward at 
an angle of 45 degrees to the vertical surface. Of course, only the center 
of the patch of light would be at the 45 degrees and the rest of the patch 
would be at varying angles from above the horizontal to sixty degrees with 
the horizontal. Prof. Trotter, Canada, had also made a study of 
reflectivity in which he directed the light upward toward the coal surface 
at approximately 45 degrees with the horizontal. · 

However, in thinking of the use of the reflectometer in making 
measurements of coal surfaces it was thought wise to not only take a 
measurement with the beam directed upward, but also to make measurements 
with the beam turned horizontally to the right, to the left, and downward . 
Thus one could conclude that the averages of these four measurements would 
show an average of the total reflectance from the coal surface regardless 
of the angle of incidence. This was not done in the first two mines visited 
because this thought of the various angles of incidence was not fully 
conceived. 

One must remember that in looking at the measurements made which are 
recorded later in this report, the large aperture of the collecting 
hemisphere would encompass not only the highlights or glossy reflect ions 
but would record the dull, non-glossy reflections and the actual re­
flectance of shadows. Truly the encompassing of a large aperture would be 
representative of what would occur in actual practice as the miners worked 
about their task of mi ning . If one had used only a small aperture, that 
aperture would have encompassed only the particular highlights and 
reflections that would have occurred at a spot on the mine surface. This 
was not what was wanted, but the overall reflectance encompassing all types 
of reflections was desired to properly assess the luminous environment of 
the workers. 

Range of measurements: 

At the beginning of the experiments it was felt that probably 
different seams of coal would have different degrees of reflectivity, both 
from the viewpoint of the glossy reflections as well as the non glossy 
reflections. It was felt that some coal would be far more sparkling and 
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2286Pl6 

A. Light Collecting Hemisphere 

2286Pl7 

C. Light Source 

2286Pl4 

B. Control Panel 

2286Pl8 

D. Light Measuring Photodiodes 

Figure 41. Hemispherical Reflectometer 
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some would be much more dull in reflection . Therefore it was decided that 
a whole series of mines representing different types of seams of coal 
should be measured . Thus locations were selected which would sample the 
various seams . A total of eight mines were measured beginning in Alabama 
with three mines, then in Kentucky with one mine, and ti,,10 i n Il l inois . 
Later measurements were mad e at two other locations, one in West Virginia 
and one in Virginia . 

Results: 

All of the measurements made in all of the mines are shown in Table 11, 
12, and 13 . Table 11 is for the measurements at the coal face for all of 
the mines. Table 12 includes the measurements of the ribs at all of the 
mines, and Table 13 includes measurements made on the roofs and the floors 
of all the mines . More measurements were made at some of the mines than at 
other s . More measurements were made at the face in some mines than for the 
rib s, t he roofs , or the floors . The measurements had to be made under the 
prevailing conditions. Sometimes those conditions represented only a 
small available area for making the measurements. At other times there was 
a limitation of time for making the measurements. By having more 
measurements for a particular mine than for other mines, this would tend to 
influence the average more than those mines in which only few measurements 
were able to be made. Thus if one wants to have values that are 
representative of the different seams, then one should take averages for 
the different mines and l ook at those in compar i son with other mines having 
different seams . This plan was followed in ·Ta:)les 14, 15, and 16. Thus, 
Table 14 represents the average values for the face found in each of the 
eight mines. Table 15 represents the average value obtained for the ribs 
in each mine. Table 16 represents the average values for the roofs and the 
floors in each one of the mines. Since averages are made of the total 
amount of measurements regardless of the mine location in Tables 11, 12, 
and 13, one notices that the averages of these values are not too greatly 
different from the averages of Tables 14, 15, and 16. Nevertheless, to 
be representative of the various seams as represented by the mines, then 
one should be using the values in Tables 14, 15, and 16. 
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As noted previously, each bell - shaped curve in Figure E-3 is the same 
logarithmic normal frequency distribution with a s tandard deviation, 
logarithmic sigma, equal ot .211. Standard statistical methods are available 
for calculating the distribution of a population of distributions such as the 
bell-shaped cures of Figure E-3 . The basic idea is that there is a 
logarithmic nonnal frequency distribution with logarithmi c sigma equa l to . 211 
corresponding to each year of chronological age. The "combined" logarithmic 
signa of a population of miners of differing ages is derivable from the 
pr oportions of miners in each age group and the mean value s of the 
distributions, examples of which are i ndicated by the tick marks in Figure 
E- 3. The mean of the combined distribution is also derivable from the mean 
values and the age proportions of the miner populations . In the present case, 
the mean value of the populational distribution of values of the disability 
glare constant, K, was found to equal 18. 25 ( 1 og K = 1. 261), and the 
logarithmic sigma was found to equal . 216. These stati stical parameters of 
the populational distribution of miner sensitivities to disability glare were 
used together with standard tables of the normal frequency distribution to 
derive the data presented in Table E- 1. In this table, values of pM represent 
proportions of the miner population. Values of K were obtained di~ectly from 
the statistical parameters. These pairs of values of p and K have the 
following meaning. As many mines as pM may be expected to h~ve sensitivity to 
disability glare equal to or less than K. Using the Crouch and Vincent 
assessments of the level of disability glare to be expected in coal mines, we 
calculate the values of DGF corresponding to each value of K, following which 
we calculate the values of visibility loss defined previously. Here the 
meaning is that as many miners as pM may be expected to have visibility losses 
equal to or less than the values paired with them. 

Table E-1 may be used to quantify the general con clu s ions reached at the 
end of the last section of this report. For example, it may be stated that 
99.86% of the miner population may be expected to have visibility loss equal 
to or less than 74.01%. (This quantifies the statement that "the upper li mit 
of visibility loss is about 75%".) We may also state that only .13% of the 
miner population will have visibility loss equal to or less than 23.9%, and 
that half of the miner population, i.e. pM = 50%, may be expected to have 
visibility loss equal to or less than 50.71%. Similarly, 50% 1vill have 
visibility loss equal to or greater than 50.7l t. (All these numbers quantify 
the statement that visibility losses will "cover nearly the entire range from 
1 9 • 4 t O 8 2 • 9% II • ) 

Figure E-5 pres2nts a graph of the values of pM as a function of 
visibility loss contained in Table 1. Note that the 1 S-shaped cumulative 
distribution curve is not a simple ogive (normal frequency function). 
However, the interested reader may use Figure E-5 to interpolate values of 
visibility loss ·corresponding to values of pM not contained in Table E-1. 

It was pointed out earlier, and is apparent from Figure E-4, that the 
sample of 59 miners studied by Crouch and Vincent incl uded very few 
individuals whose age exceeded 50 years. Since the Crouch-Vincent sample 
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North River 
Ene r gy Corporation 
Alabama 

Al l By Product 
Gorgas No. 7 
Al abama 

Ji m Wa lters 
Bl ue Cr eek 
Al abama 

I slan d Cr eek 
Ham il ton #2 
Morganf iel d, KY 

AMA X 
Wabash 
Keansbu r g, IL 
Near Mt. Carme l, IL 

Old Ben 
Benton, IL 

Westmoreland 
Hanson No. 3 
Westmoreland, WVA 

Bishop Coal 
Bleeders 
Pocahontas, VA 

AVERAGE 

Average of 4 positions 4.4 
Average of averages 4.3 

Up1<1a rd 
5.2 
5.5 

4.5 
3.0 

4.7 
3.2 
3. 0 

4. 0* 
3. 5* 

4. 2 
3.6 
3.4 
3. 8 
3. 5 
3. 6 
3.4 
3.4 
3.5 

5. 0* 
5. 0* 
5.3* 
5. 0* 
5. 0* 
4. 7* 
4.8* 
6.0* 
5. 1* 

5. 3 
6.0 

4.7 
4.3 
4. 2 

4.4 

TABL ~ 11 

FACE 

Rig rt 
5. 1 
5.5 

3.9 
2. 8 

3.0 
3. 0 
3.3 

4 . 9* 
3.5* 

2. 3 
2. 3 
2.4 
2. 5 
2.7 
2. 7 
2. 3 

4.0* 
4.1* 
4.3* 
3. 7* 
5.1* 
4. 8* 
4. 8* 
5.2* 
5.0* 

5. 1 
5.8 

4. 7 
4 . 2 
4.2 

3. 9 

Left 

4. 5* 
4. 9* 

3.6 
3. 4 
3. 3 
3. 7 
3. 5 
3. 5 
3.4 
3. 7 

5.8* 
6 . l* 
5.7* 
5.3* 

5. 0* 
5. 2* 
5.7* 
4.5* 

5.7 
5. 8 

6 . 2 
5.4 
4.5 

4 . 7 

5.5 

4.2 

4. 3 
3. 9 
3. 2 

4 . 1 * 
3.8* 

4. 5 
4. 4 
4.0 
5.2 
5. 2 
4.0 
4.5 
4 .2 
4. 2 
4. 1 

4.3* 
4. 9* 
4. 7* 
4.6* 

4. 5* 
4. 7* 
4.7* 
4.4* 

5.6 
6.6 

4.5 
3,6 
3.9 

4.5 

Average 
5. 2 
5. 5 

4 .2 
3.3 

4 .0 
3.4 
3. 2 

4.4* 
3. 9* 

3 .7 
3.4 
3.3 
3.8 
3. 7 
3.5 
3.4 
3. 8 
3. 9 
4.1 

4.8* 
5. 0* 
5. 0* 
4.7* 
5.1* 
4.8* 
4.9* 
5 .4* 
4.8* 

5.4 
6. 1 

5.0 
4 . 4 
4 . 2 

4.3 

*Value has been corrected by l.068 from measured value because of escape of refl ect 
li ght due to concavity of coal surface. 
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No rth Rive r 
Energy Corporatio n 
Alabama 
-------------------------
A 11 By Product 
Gorgas No. 7 
Alabama 
---- -- -------------------
Jim ~/alter s 
Blue Cr eek 
Alabama 
-------------------------
Island Creek 
Hamilton #2 
Morganfield, KY 
-------------------------
AMA X 
Wabas h 
Keansbu rg, IL 
Near Mt. Carmel, IL 

--- ----------------------
Old Ben 
Benton , IL 

-------- -- -- - ------------
\✓ es tmor e 1 and 
Hanson No. 3 
Westmoreland, WVA 
----- -------- ------- --- --
Bishop Coa 1 
Bleeders 
Pocahontas, VA 
-- --- --------------- -----

Average of 4 positions 4.1 
Average of Averages 4.1 

Upward 
5.0 
6.5 

4. 5 
3.0 

3. 1 
3. 0 
3. 2 

4 .4 
4.4 

2. 6 
2. 3 
2.6 
3. 6 
3. 6 

5. 5 
5. 2 
5. 2 
4.7 

5.7 
5.0 

5 .1 
4.3 

4. 2 

TABLE 12 

RIBS 

Right 
5.0 
6.5 

3.9 
2.8 

3. 4 
2.9 
3.0 

4. 8 
4.8 

2. 6 
2. 6 
2. 5 
2. 5 
2. 5 

4.1 
4.2 
4.6 
4.8 

5. 7 
4,8 

4. 9 
4.2 

4.0 

Left 

4.7 
4. 7 

3. 0 
3. 0 
2. 7 
4. 5 
4.4 

4.8 
4.2 
4.8 
4.4 

5.4 
4.5 

3.7 
4.4 

4.2 

Down Average 
5. 0 
6 .5 

4. 2 
4. 2 3. 3 

3.8 3.4 
3.8 3.2 
3. 9 3.4 

4 . 3 4.6 
4.4 4. 6 

2.8 2.8 
3. 0 2.7 
2.7 2. 6 
2. 9 3.4 
2.9 3.4 

5 .0 4.9 
3.8 4.4 
3. 7 4. 7 
3.7 4.7 

5.2 5. 5 
4.2 4.6 

4.1 4.5 
4.0 4. 2 

3.8 4.1 



North River Energy Corp . , AL 

TABL~ 13 

ROO FS 

Al l By Products , Gorgas No . 7 Mine, AL 
Jim Walters, Blue Creek Mine , AL 

Island Creek, Hamilton #2, KY 

AMAX, \✓ abash Mine, IL 

Ol d Ben Mine, IL 

Westmoreland, Hanson No. 3, WVA 

Bishop Coal, Bleeders, VA 

North River Energy Corp., AL 

FLOORS 

All By Products, Gorgas No. 7 Mine, AL 
Jim Walters, Blue Creek Mine, AL 
Island Creek, Hamilton #2, KY 

AMAX, Wabash Mine, IL 

Old Ben Mine, IL 

Westmoreland, Hanson No. 3, WVA 
Bishop Coal, Bleeders, VA 
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11. 0 
5. 2 
7.7 
8.4 
8 . 5 
8.2 
8.5 
8. 4 
8. 5 
8. 2 
8.5 
6. 1 
6 . 2 
6. 4 
6.4 
6 . 9 
6. 7 

10 . 1 
10 . 9 

7. 9 AVERAGE 

3. 7 
4.6 
4 . 6 
4 . 6 
4. 6 
4. 3 
4.3 
4. 2 
2.8 

4.2 AVERAGE 



Upv;ard Right 

5.4 5. 3' 

3.8 3.4 

3.6 3.1 

3.7* 4.2* 

3.6 2.5 

5.1* 4.6* 

5.7 5.5 

4.4 4.4 

4.4 4.1 

Upward Right 

5.8 5.8 

3.8 3.4 

3.1 3.1 

4. 4 4.8 

2.9 2.5 

5.2 4.4 

5.4 5.3 

4.7 4.6 

4.4 4 . 2 

*Value has bee n corrected 
of r eflec ted l ight due to 

TA3LE 14 

FACE (by mines) 

Left Downward 

5.5 

4.2 

3.8 

4.7* 4. 0* 

3.5 4.4 

5.4* 4. 6* 

5.8 6 . 1 

5.4 4.0 

5. 0 4.6 

TABLE 15 

RIBS (by min es ) 

Left Downward 

4. 2 

3.8 

4.7 4.4 

3.5 2.9 

4.6 4.1 

5.0 4.7 

4.1 4. 1 

4.4 4.0 

by 1. 068 f rom measured va l ue 
concavity of coal surface . 
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Average 

5.4 

3 .8 

3.5 

4.2* 

3. 5 

4.9* 

5. 8 

4.6 

4.5 

Average 

5.8 

3.8 

3.3 

4. 6 

3. 0 

4. 6 

5. 1 

4. 4 

AVERAGES 

4. 3 AVERAG E 

because of es cape 



TABLE 16 

ROOFS (by mines) 

North River Energy Corp., AL 
All By Products, Gorgas No 7 Mine. AL 
Jim Walters, Blue Creek Mine, AL 
Island Creek, Hamilton #2, KY 
AMAX, Wabash Mine, IL (Mt. Carmel) 
OLD Ben Mine, IL 
Westmoreland, Hanson No. 3, WVA 
Bishop Coal, Bleeders, VA 

FLOORS (by mines) 

North River Energy Corp . , AL 
All By Products, Gorgas No. 7 Mine, 
Jim Walters, Blue Creek Mine, AL 
Island Creek, Hamilton #2, KY 
AMAX, Wabash Mine, IL (Mt . Carmel) 
Old Ben Mine, IL 
Westmoreland, Hanson No . 3, WVA 
Bishop Coal, Bleeders, VA 

AL 
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11.0 
6.5 
8.4 
8.4 
6. 3 
6.8 

10.5 

8. 3 AVERAGE 

3. 7 
4.6 
4.6 
4.3 
4. 2 
2.8 

4.0 AVERAGE 



In Tables 11 and 14, one sees the footnote that some of the values 
have been corrected due to the concavity of the surface of the face of the 
particular mine being measured. Apparently the diameter of the drum on 
which the bits were located on the continuous miner was small enough so as 
to leave a concave surface when the miner was withdrawn from the seam. The 
degree of concavity was measured as one inch depth at the middle of the 
diameter of the reflectometer. It was noted that light was escaping from 
these openings under the edge of the reflectometer and some measurements in 
the field indicated that there was a degree of error because some of the 
light flux was not being collected by the hemisphere for registering the 
reflectance. Si nee sma 11 differences in the measurements of the per­
centage reflectance would make significant difference in the return of 
light to the eye of the miner, it was decided to carefully measure the 
possible loss due to this concavity. A metal model of the concave surface 
was formed and measurements made by careful photometry as to the degree of 
this loss. Since a greater degree of accuracy can be obtained in measuring 
light surfaces instead of dark, measurements were made of the loss of 
reflectance using a white surface, a gray surface, and a black surface. A 
photograph of the curvature plate is shown in Figure 42. The average 
reflectance loss was 6.4%, or in other words, the hemisphere was collecting 
93.6% of the flux that it would normally collect from a flat surface. 
Correction would therefore be 1.068 times -the value obtained by the 
hemisphere at that point. The record of these mea surements of the degree 
of error is shown in a communication from Mr. Paul R. Smester, Director of 
Metrology, Edison Price, New York. It is shown as Appendix G. 

Figure 42. Model f o r Measuring Concavity Reflectance Loss 
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Discussion of Results 

The averages as shown in Tab 1 es 11 and 12 are comparative to the 
averages shown in Tables 14 and 15. They hover around 4% reflectance 
varying from 4.0 to 4.5% reflectance. These averages appear to be in 
confirmation of the value currently assumed for reflectance of coal mine 
surfaces as shown in the MSHA regulations. However, the individual mines 
with their particular seams vary from 3.5 to 5.8, a 66% change. In fact, 
the ribs change from 3.3 to 5.8, a change of 75%. 

If one would take only the upward beam reflectance as representative 
of lighting conditions in the currently lighted mines, the range would be 
from 3.0% reflectance to 6%. For the ribs it would be a range of 2.3% to 
6.5%, a variation of 100% to 183%. Thus if one takes a low reflectance face 
and ribs, then one would get roughly only one-half or one-third as much 
light as a high reflectance face and ribs. The lighted environment of one 
mine would be so much lower than that of another mine having higher 
reflectance. From the illuminating engineering viewpoint the design for 
the low reflectance coal mine should be compensated in relation to the high 
reflectance mine. 

One very signif ic ant feature showed up through the measurements of 
the various coal mine surfaces. That had to do with the roof reflectance. 
Table 16 shows an average of 8.3% which is roughly double that of the face 
a~erages and the rib averages . This unique fact may well lead to a method 
of lighting which would be superior to that of current lighting systems. 

Additional Related Information 

As the measurements proceeded, there was an inspiration to pick up 
samples of coal from the AMAX Wabash Mine near Mt. Carmel, Illinois and 
also from Old Ben Mine in Benton, Illinois. The writer thought it might be 
interesting to compare the measurements on pieces of coal with that of the 
overall surface as measured by the hemisphere. Of course the hemisphere 
would have both highlights and dull reflections and reflections from 
shadows. The reflections from piece1 of coal would be highlights and 
diffuse components that were not represented in the high 1 i ghts . Ac ­
cordingly it was agreed that photometric measurements should be made on 
these pieces of coal as a comparison. The pieces were taken to the 
Electrical Tes ting Laboratories of Cortland, New York which had facilities 
such as the Baumgartner sphere reflectometer and the small sphere 
reflectometer. The .results are shown in the Electrical Testing Labora­
tori es ' report, Appendix G. A piece of slate that was picked up along the 
way as representative of the roof of a mine was also measured. In these 
measurements it was discovered that coal apparently is composed of 
laminated layers. If one looks at the surface of the laminate, then one 
sees highly glossy reflections. If one looks at a cross sect ion of the 
laminates composing a piece of coal, one sees that the reflections are much 
less and are more of the diffuse reflection character. This is illustrated 
i n coal samples 3 and 4, in Fig. 43, from the Old Ben Mine. 
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Figure 43. Mine Samples Used to Measure Surface Reflectivity in the Laboratory 

1. Slate sample 

2. Mount Carmel Coal Sample (AMAX Wabash) 

3. Old Ben Coa 1 Sample Measured Perpendicular to Laminate 

4. Old Ben Coa 1 Sample Measured Parallel to Laminate 

Sample 3 shows the glossy reflections from the surface of the laminate 
and sample 4 indicates the reflection from a cross section of a series of 
1 ami nates composing the piece of coa 1. One shou 1 ct note that the 
Baumgartner sphere reflectometer had a one inch diameter aperture and the 
small sphere reflectometer had a one-eighth inch diameter aperture. The 
one inch aperture allowed the inclusion of highlights and diffuse 

· reflections while with the small sphere aperture one could measure just the 
highlights or the more diffuse components. One notices a very significant 
difference when the glossy reflections are measured by taking the 
measurements perpendicular to the laminate while the lower reflections are 
from the cross sections of the laminates measured parallel to the 
laminations. One also can note that the values of the highlights are 
higher when measured with the small sphere aperture as represented by 6.7 
and 6.2. 

The Mt. Carmel (AMAX Wabash) sample was much less glossy than the Old 
Ben samples and really represented the more diffuse type of reflections all 
the way around the sample of the coal. 

Because of the considerable variation in glossiness vs. diffuse type 
of reflectance, it was postulated that the coal seams with high glossiness 
of the laminations would have the overall greater reflectance in the large 
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hemisphere than those with less glossiness. Thus, the glossy reflections 
were superimposed upon the di ff use type of reflectance and gave higher 
values in those mines having highly specular laminations. 

Further, the thought occurred to the writer while the tests were 
being made at the Electrical Testing Laboratories that the extreme of the 
non specular reflectance vmuld be so-called ''lamp 'Jlack." The term "lamp 
::,lack" came from the blackening of the chimneys of kerosene L1mps in the 
early 1900's. The maj or ity of homes were then lighted by kerosene l amps. 
If the wick was turned too high, the wick smoked and the smoke accumulated 
on the interior of the chimney near the top where the glass was the 
coolest. "Lamp black" has been used over the years as a form of ;)aint, 
·t-1ith the particles of the "lamp black" being placed in a vehicle for 
coating surfaces. Furthermore, it is still being used for mixing with 
cement to get varying degrees of gray or black cement. This material was 
found at a hardware and sent to Electrical Testing Laboratories for a few 
additional measurements. We have now received a report from ETL that the 
reflectance of "lamp black,'1 or carbon black as it is sometimes called, 
was measured at a value of 2.3%. 

Thus, it would appear that the basic reflectance of coal is 2.3% and 
that the additional higher reflectances are caused by glossiness of the 
coal surface which superimposes a mirror-type reflection on the basic 
reflection factor of 2.3%. Perhaps a simplistic supposition would be that 
due to pressure of the overburden, ::i. glaze of glossiness has been formed 
on the laminations or joints which causes a higher reflectivity than the 
basic material. Therefore, one would expect that in some mines the 
pressure has not been so great, and, therefore, there is less glossiness 
and a greater degree of the basic reflectance being exposed. This would 
appear to be justified by the measurements of the coal samp 1 es taken from 
01 j Ben :,ii :ie as compared with those taken f rom :v1t. Carmel (AMEX Wa1Jash) 
:'line. ',..Jithout an analysis of the basic properties of the coal itself, 
(the chemistry of the ,naterial in the coal might make a contribution to 
the glossiness as well), it would appear that pressure and possibly 
chemistry would account for t he degree of glossiness supe r impos2d upon the 
basic carbon content of the coal. On the assumption of this reasoning, we 
would conclude that anthracite would be much more glossy ~esause of 'Jeing 
more purely carbon and having been formed by greater pressure on the 
organic material • 

Conclusion and ~ecommendations 

From al 1 the rneasurements made of 'Joth f ace and rib in the eight 
different mines with the four orinentations of the reflectome ter, the 
reflectance measurements of coal surfaces varied from 2.3% to 6.6%. If 
one considers only the upward beam positions of the reflectometer, the 
.11easurernents of '.)0th face and ri b of the eight mines varied from 2.3% to 
6 .5%. If one looks at the measurements for all positions of the 
refl ec tometer, the averages of a 11 of the :neasurements at the eight mines 
varied from 2.S% to 6.5%. These values are shown in the average c8lurnn 
for both face and rib in Tables 11 and 12. 
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If one 1 oaks at the averages of the measurements by ini nes of the 
various positions of the r2flectometer for both face and rib, one sees the 
variations from 2. 5% to 5.3%. If one takes only the upward position of the 
beam, then the variation is froin 2.9% to 5.3%. If the averages are 
considered in Tables 14 and 15 (by mines), then the variation for all 
positions is from 3% to 5 . 3%. 

In Tables 14 and 15, if one takes only the upward components one can 
draw a frequency curve for the averages of the individual mines in 
accordance with Figure 44. While this curve is representative of the 
values involved, one should not lose sight of the fact that there are not 
many figures involved. Eight mines may not be representative of all of 
the seains across North America or even representative :if a given seam in 
various locations. As ·t1e discussed a:,ove, there might Je many more 
samples of coal that are representative of the lower reflectance because 
of the less glossiness and greater proportion of the pure car:ion :ieing 
exposed to vie·t1. 

Another interesting graph is that of Figure 45 in which a frequency 
curve is drawn for all of the measurements :iy mines taken in all of the 
four positions of the reflectometer. Here again, the same comment applies 
regarding the meagerness of samples of low or high reflectance, which may 
not be representative of all of the reflectances of mines in the country. 
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18 . 

The Significance of Reflectances for the Light En vironment 

In the introduction it was pointed out the very vital significance of 
the illumination of the surroundings for optimum visibility and maximum 
comfort . There needs to be a balance between the luminance of the 
surroundings and the l uminance of the task or the details to be seen . There 
needs to be an elimination of both disability glare and discomfort glare. 
In order to eliminate transitional adaptation losses of sensitivity, the 
luminance of the surroundings needs to be in appropriate proportion to the 
luminance of the task or the details to be seen . These conditions have been 
met for interior lighting for many years. It may not be possible to attain 
this goal for mine lighting, but one should strive within the realm of good 
economics t o approach the conditions as nearly as possible. 

A very significant feature has appeared in the measurements that now 
may point the way to a better visual envi ronment. This has to do with the 
reflectance of the roofs of the mines. We note that in the seven mines the 
average was 8 . 3%. This is double the average for the measurements of the 
faces and ribs of all of the mines . It is interesting to note that the 
proportional reflectance for the mine environment is approximately the 
same as that recommended for the l ighti ng of interiors. In interiors the 
recommended reflectances5 of the ceiling are 70 to 90% with an average of 
80%; the walls are 40-60% with an average of 50%; and the floors are from 
30-50% with an average of 40%. Now if we look at the proportional coal 
reflectances the ceiling has appro xima tely 8%; the walls have an average of 
4.4%; and the floors have an average of 4% . 

As early as the l920's , i lluminating engineers had learned by 
experience that in order to overcome the glare of overly bright light 
sources the very best possible quality of l ight ing was obtained from 
indirect lighting where the light was dir ected from the lamp to the ceiling 
and diffused downward throughout the room. · 

The 1 i ght was spread over the whole cei 1 i ng and therefore there was no 
glaring high brightness to shock the worker in the office as he looked up 
from his work and looked around the room. With the proper interior 
reflectances of ceiling walls and fl oor there were relatively small 
differences of change of brightness so that losses of sensitivity due to 
transient adaptation were not significant. There was a minimum of shadow 
due to the large ceiling light source (reflected light) . Therefore detail 
was well seen in every part of the room. Further the ceiling, which had 
become the light source being the brightest part of the room, was above the 
normal zone of seeing and th erefore not a source of visual disturbance due 
to glare or transient adaptation. Of course if carried to extreme, 
ind i rect lighting of poor distr ibution across the ceiling causing "hot 
spots" would become a glare source itself. If too much light is sent to the 
ceiling it becomes an overly bright part of the room and thus a potential 
glare source and a source of distraction . In summary therefore the answer 
is appropriate design of the l ight~ng system. 

Experience with indirect l ightin g indicated two drawbacks -- mai n­
tenance and apparent inefficient use of l ight. In the era of indirect 
lighting in the 1930 ' s and early l940's the luminaires were open bowls 
reflecting light to the ceiling. These bowls collected dirt and there was 
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heavy depreciation. The advent of air conditioning greatly ameliorated 
this loss of light . Then when fluorescent came in the luminaires became 
area sources 1 ike parts of the ceiling and gave the diffusion and limited 
brightness toward the eyes formerly obtained from indirect lighting . 

Indirect lighting has lower efficiency in utilization of light. 
Sending light to the ce i li ng and back involves greater losses . 

How does al 1 this ap ply to underground min es? If cu r re nt prac t ice of 
interior lighting with fluorescent luminaires spread over the "roof" could 
be carried out this would be the preferable system. This, with proper 
glare contr ol (s hielding) , would gi ve t he appropriate diffu s ion and light 
up t he who l e environment wit h the most effic i ent use of light . From 
considerations to date t his course appears impractical. The need for 
explosion- proof luminaires would limit the flexibility of design for 
glare control at a reasonable cost. Furthermore a general explosion-proof 
mining system together with the luminaires would present costs that would 
appear prohi bitive in comparison with the current 1 ighting systems mounted 
on the machines . It appears therefore that in the foreseeable future 
lighting on and from the machines will continue. 

Lights on the machines are located in the very zone of maximum visual 
activity. Any source in this zone emitting light toward the eyes of the 
miners is a hazard both from the viewpoint of glare and transient 
adaptation. Every time a miner's glance hits a light, even though it be 
l imited in brightness, he has a serious loss of sensitivity (visibility) as 
he looks away to the low luminance of the surrounding environment . This is 
du e to transient ada ptation . 

There i s a zon e of emission from a machine-mounted luminaire which 
would miss the visual zone of activity and light the roof with its higher 
reflection factor for indirect lighting. 

Indirect lighting in the 30's and 40's was done with incandescent 
lamps with 20 lumens of light per watt . Now there are high intensity 
discharge lamps of 80 to 120 lumens per watt to provide lots of lumens to 
overcome the low reflectances of the mine surfaces . Calculations have been 
made on the basis of 4% reflectance surface and it appears that one 400 watt 
high pressure sodium indirect luminaire would produce enough light 
including depreciation to assure the current regulation of .06 foot­
lamberts on the coal surfaces . Of course for better distribution of light 
in the environment, this might be directed into two 250 watt luminaires. 
From the viewpoint of maintenance, an explosion-proof luminaire can be 
designed with dust and dust shedding features. In order to gi ve a feeling 
of how such a low reflectance area might appear, a rough set-up was made in 
a photometric test area of 4% reflectance surfaces. The result is shown in 
Figure 46. 
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Figure 46. Light Distribution in a Low Reflectance (4%) Room Using Indirect Lighting 
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EDISON PRICE L I GHT I NG 
I NCORPORA 7 E D 

9 September 1982 

Mr. Cash Crouch 
95-15 238th Street 
Bellrose, NY 11426 

Dear i''lr. Crouch: 

409 EAST 60TH s r RE~T. NEW YORK , N . Y. 10022 • TEMF'LE10N 8 . 52 12 

We completed the measurements to determine the reflectance loss 
when a standard reflecting surface is placed in a concave surface 
having a radius of curvature of 61 inches resulting in a separation 
of 1 inch between the contact rim of the mine reflectance photo­
meter and the trough of the curvature plate. 

The reflectance loss was determined by measuring the reflectances 
of white, high reflectivity, gray, medium reflectivity and black, 
low reflectivity surfaces both on a flat surface as well as on th e 
curved plate. 

The average reflectance loss measured due to the curvature of the 
plate is 6.4%. A photograph of the curved plate form to be used 
for these measurements is enclosed. 

Very truly yours, 

EDISON PRICE INCORPORAT~D 

Pl?~ 
Paul R. Smester, Director of Metrology 

Encl. 
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ETL TESTING LABORATORIES, INC . 

CORTLAND, NEW YORK 13045 INDUSTRIAL PARK 

Order No. 23673- L Date No vember 30, 1982 

L 

REPORT NO. 4580 70 

TOTAL AND SPECULAR REFLECTANCE 
MEASUREMENTS OF COAL AND SLATE SAMPLES 

RENDERED TO 

C. L. CROUCH 

DATA REQUESTED 

7 

..J 

Total reflectance measurements and specular reflectance measure­
ments of one slat e s ample and sev eral coal samples were requested 
by the client . 

AUTHORIZATION 

This report was authorized by your personal application. 

MATERIAL SUEMITTED 

One slate sample and three coal samples were submitt e d f or test 
purposes. One coa l sample was designated Moun t Caryel. One 
coal sample was designated Old Ben Coal with the readings taken 
parallel to laminate. One coal sample was designated Old Ben 
Coal with the readings taken perpendicular to laminate. 

TESTS AND TEST METHODS 

Total reflecta nce measurements on t he sample s were obtained with 
a Baumgartner sphere reflectometer and a small sphere reflecto­
meter . The Baumgartner sphere reflectometer has a one inch dia­
meter aperture . The small sphere reflectometer has a 1/8 inch 
diameter aper t ure . The sphere reflectometers were calibrated 
against a Kodak gray paper with an 18 percent reflectance . A 
series of measurements on each sample were conducted and the 
range recor ded . 
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Report No. 458070 

TESTS AND TEST METHODS (cont'd) 

Specular reflectance measurements on the samples were obtained with a Photovolt 
Glossmeter. The measurements were first obtained when a 45 degree attachment 
was conne cted to t he Glossmeter . Another series of measurements were obtained 
when a 60 degree attachment wa s connected to the Glossmeter. The calibration 
of t he Glossmeter was traceable to a NBS Gloss Standard. The r ange of readings 
on each s ample was recorded. 

RESULTS OF TESTS 

Sample Designation 

Slate Sample 

Mount CarJnel Coal Sample* 

Old Ben Coal Sample 
Measured Perpendicular 
to Laminate 

Old Ben Coal Sample 
Measured Parallel 
to Laminate 

Percent Total Reflectance 

Measurements Made 
on Baumgartner Sphere 

Reflectometer 

5.5 to 7.0 

4 .3 to 4.4 

5.8 to 6.2 

4.9 to 5.4 

Measurements Mad e 
on Small Sphere 
Reflectometer 

5.2 to 5.6 

4 .6 

5.2 to 6.7 

4.8 to 6.2 

The Mount Carmel Coal had a single point of high reflectivity of 5.3 percent . .__,, 
The small reflectometer was used to measure the point . 

GLOSSMETER MEASUREMENTS 

The Glossmeter measurement of the slate sample was 2 percent when the 45 degree 
attachment was used. The Glossmeter measurements of the coal samples were in 
the range of 6 to 14 percent. There were points of high gloss · (20 percent) on 
the coal samples . 

Measurements taken with the 60 degrees attachments were slightly lower t han the 
~asurements t a ken with the 45 degree attachment. 

I 
Report Approve by: 

JI ' 
ordon Bonvallet, Manager 

Photometric Division 

Copied by: DE/mm 
Checked by: .t4_ 

* AMAX Wabash 

Report Prepared by: 

IL-JJQ; -
-(,,____ 

David Ellis 
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TES TED FOR C. L . CROUCH 

\I ... Cl 119e 

Baumgartner Sphere Reflectometer 

1. Slate Sample 

2. Mount CaC,mel Coal Sample (AMAX Wabash) 

3. Old Ben Coal Sample Measured Perpendicular to Lamina te 

4. Old Ben Coal Sample Measured Parallel to Laminate 

ETL Testing Laboratories, Inc. Report No. 458070 

Order No. 23673-L 

Plate No. 88676 
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Small Sphere Reflectometers 

ETL Testing Laboratories, Inc. Report No. 458070 

Order No. 23 673- L 
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ET Te ting La boratori s, Inc . 

Industrial Park Cortland, New York 13045 Telephone 607-753-67 11 TWX 510 252 0792 

Testing Inspection Certification 

Acoustical • Ai r 0:Jnditioning & Refrigeration o O,emical • Electrical • Mechanical • Photometric 

Order No. 23673- L 

Mr. C. L. Crouch, P . E. 
95-15 238th Street 
Floral Par k, NY 11001 

Dear Hr . Crouch : 

Let ter Report Xo . 458 378 

January 14, 1983 

Reflectance measurements were made on t he sample of lamp black sub­
mitted by you . The material was placed on a flat black p iece of cardboard 
and the lamp black piled to an 1/8" depth . A small incegrating sphere 
reflectometer was used for the measure~ents. 

The average reflectance of the lamp black was 2.3%. The ref lectometer 
was standardized with a Kodak Grey mate rial wi th a reflectance of 18 ± 2%. 

On examination of the lamp black material with a microscope, it wa s 
apparent the re are many very small particles of white subscance in t he lamp 
black. This would raise the reflectanc ; value slightly . 

GB/nnn 

I y truly ~s, 

1 .,,__,_,Qt[::)~ ,L_ 

~ordon Bonvallet, ~anager 
Photometric Di v ision 

An independent. employee-owned organization testing for safaty and perfo rmance. 
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