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NOTICE 

The project that i s  the subject of this report was approved by the 
Governing Board of the National Research Council, whose members are 
d rawn from the Counc ils of the National Academy of Sciences, the 
National Academy of Eng ineering,  and the Institute of Med icine . The 
members of the committee respons ible for the report were chosen for 
the i r  special competence& and with regard for appropr iate balance . 

This report has been reviewed by a g roup other than the authors 
according to procedures approved by a Report Review Committee 
consisting of members of the Nat ional Academy of Sciences, the National 
Academy of Eng ineer ing, and the Institute of Medici ne . 

The National Research Counci l  was established by the National 
Academy of Sciences in 1916 to associate the broad community of science 
and technology with the Academy ' s purposes of  furthering knowledge and 
of advising the federal government . The Council  operates in  accordance 
with general policies determined by the Academy under the author i ty of 
its congressional charter of 1863,  which establi shes the Academy as a 
pr ivate, nonprof it, self-governing membership corporation . The Council 
has become the pr inc ipal operating agency of both the Nat ional Academy 
of Sciences and the National Academy of Eng ineer ing in the conduct of 
thei r  services to the government, the public, and the scientific and 
eng ineering communities . It i s  administered jointly by both Academies 
and the Institute of Medicine . The Nat ional Academy of Eng ineering and 
the Institute of Medicine were establi shed in 1964 and 1970, 
respectively, under the charter of the National Academy of Sciences . 

The Commi ssion on Sociotechnical Systems is  one of the major 
components of the National Research Council and has general 
responsibility for and cognizance over those program areas concerned 
with phys ical, technolog ical, and industr ial systems that are or may be 
deployed in the public or pr i vate sector to serve societal needs . 

Thi s  study by the Commiss ion on Sociotechnical Systems wa s 
conducted under Contract No . J0100Ql4 with the Bureau of Mines, u.s. 
Department of the Inter ior . 

Pr inted in the United States of Amer ica 
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PUF�E 

Post-di saster survival and rescue research is a small component 
of the u.s. Bureau of Mines  (USBM) health and safety research program . 
Dur ing the per iod 1970-1979, post-disaster research received approxi­
mately s.s percent of the total USBM health and safety research funds . 

The objectives of this  study were to evaluate the USBM post­
disaster research program and to recommend future efforts in this  area . 
In conducting the study, the Committee on Underground Mine Disaster 
Survival and Rescue rece ived extensive data from the Bureau of Mines 
on i ta program.  The commi ttee also obtained input from other federal 
agencies, state off ic ials, mine operators, equipment manufacturers, and 
m iners ' representat ives, and visited two operating mines, a training 
center ,  the USBM research center i n  Pittsburgh, Pennsylvania, and the 
Mine Safety and Health Administration ' s (MSBA) Mine Emergency Opera­
tiona (MEO) facility in Hopewell, Pennsylvania .  The committee reviewed 
reports of all the mine d isasters, as well as a number of accidents, 
that occurred in the United States during the per iod 1970-1979 . The 
committee also reviewed the laws, regulations, and procedures bearing 
on disasters, disaster response, and post-disaster aud ita . An impor ­
tant source document for the commi ttee was the report •Mine Rescue and 
Survival, •  prepared by the National Academy of Engineer ing in 1970 . 

The committee has developed a definition of a disaster survival 
and rescue system that provides a frame of reference for the evaluation 
of research accomplishments and the assessment of future needs (Chapter 
1) . On the basis of ita review of the past decade ' s disaster s (Chapte r 
2) and research accomplishments (Chapter 3) , the committee has br iefly 
outlined the essential components of an R&D progr am in the post­
d isaster area (Chapter 3 ) . The committee has then looked to the future 
and addressed two topics that the mining community must consider if  i t  
i s to develop a more effective capability for post-disaster survival 
and rescue . These are a the need for a systems approach to preparing 
for d i saster response (Chapter 4) , and the special considerations that 
apply to government-sponsored research and development leading to the 
design of escape, survival, and rescue equipment (Chapter 5 ) . 

The disaster survival and rescue system identified in  this repor t 
encompasses research institutions, government at all levels, mine 
management, unions, and miners, all within the framework of a total 
systems approach . Without such an approach, the total system may not 

v 
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perform as  well as possible with respect to the objectives of post­
d i saster survival and rescue. 

The report has therefore touched on areas that are not exclusively 
research and that are not entirely under the control of the Bureau of 
Mines . The call for an evaluation of MSHA ' s post-disaster audit 
process and mine emergency operations is  a case in point . The recom­
mendations concerning assessments of the standards set for oxygen self­
rescuers and of the rulemaking process is another . Examination of 
these areas may be useful to leg islative and administrative bodies that 
must determine whether there are better methods for achieving the 
desired obj ectives and whether funding levels are adequate. The 
approaches to training called for in thi s  report can be pursued by the 
mining industry, independent of government. For the individual miner, 
the role he or she can play in discovering hazards, in ensuring the 
safety of fellow workers, and in escape and evacuation are emphasized . 

The record of the mineral industry over the years reveals 
continuous endeavors by management, miners, and federal and state 
governments to eliminate the danger s  involved in the extraction of 
minerals from underground . The s ignificance of the progress that has 
been made to ensure a safer and more productive work environment should 
neither be overlooked nor minimi zed . Yet it is clear from the con­
tinued occurrence of disasters and accidents that attainment of the 
obj ective of a totally safe mine remains elusive . Pursuit of this  
obj ective i s  continuing . This  study, directed toward evaluating the 
Bureau ' s survival and rescue research dur ing the past decade, i s  a part 
of that endeavor .  

The bulk of the recommendations i n  this report concern research 
and are d irected to the u.s. Bureau of Mines . However, mine manage­
ment, unions, miners, enforcement agencies, leg islative bodies, and 
research organi zations have important roles to play in ensuring that 
research efforts are effectively d irected toward productive ends . In 
that sense, the report f indings should be of interest to everyone in 
the mining community in the United States and abroad . 

R. v. Ramani 
Cha irman 
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OVERVIEW 

An underground mine d isaster is an acc ident of major proportions 
that takes a significant toll in human l ives .  A d i saste r  usually d is­
r upts the normal functioning of a mine and may result in entrapment of 
miners  whose normal egress from the mine i s  cut off . A disaster often 
necessitates a rescue operat ion and a means of keeping the trapped 
mine r s  alive while they awa it rescue . 

Explosion , f i re ,  i nundat ion of water or toxic gases , and collapse 
of a major portion of a mine are among the causes  of mine d i sasters . 
Miners threatened by such an occurence must either br ing the s i tuation 
under control ( e . g . , by extinguishing a fire)  or remove themselves from 
the danger . I f  control i s  unsuccessful , they must retreat to a place 
of safety . 

Pour d i fferent act ivit ies may be involved : evacuat ion , escape , 
survival , and rescue . Evacuation is the orderly ex it  of people from 
t he mine using previously identif ied eacapewaya and following a pre­
viously determined evacuation plan . Miners whose normal evacuat ion 
routes are blocked may be able to f ind alternat ive ex it routes and 
escape by the i r  own efforts . Por those who cannot , the i ssue become s 
survival while waiting to be rescued . The survival per iod may last for 
many days while rescue efforts are mounted from outside the mine . 

Development and enforcement of mine safety regulat ions i s  the 
province of the Mine Safety and Health Administration (MSRA) in the 
Department of Labor . That agency also has responsibi lity for respond­
ing to mine d i sasters and tak i ng charge of rescue operat ions i f  neces­
sary . Research and development relating to mine safety is the 
responsibility of the u.s. Bureau of Mines (USBM) in the Department of 
the Inter ior . In  both MSRA and USBM , the major effort is d irected 
toward accident and d i saster prevention . As a result of these 
agencies ' efforts and those of the mining industry and the labor 
unions , the frequency of mine d i sasters  has d iminished in recent years . 
Yet d i sasters do cont inue to happen , and measures to enhance the 
miners ' prospects for surviving a d isaster continue to be necessary . 

The present study was undertaken by the National Research Council  
to  advise the Bureau of  Mines on the effectiveness of ita post-d i saster 
R&D program and to suggest future d i rections for that program. The 
prog ram was begun i n  1970 and has been pr imar ily equipment-or iented . 
Whi le many of the projects car r ied out have been technolog ically sound , 

-1-
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d isappointingly few results have found the i r  way into operational 
practice . The commi ttee f i nds that this has been caused in part by 
insufficient attention to the integration of individual projects into 
a coherent effort to achieve broad program goals , and in part  by 
fai lure to draw suff iciently on the exper ience , perceptions , and 
expertise of prospect ive users  in planning and cont inually reassessing 
research programs. 

From its review of the underground mine d isaster s  of the past 
decade and its examination of present d i saster-response capabilities , 
t he committee has concluded that what i s  needed is not only new sur­
vival and rescue equipment , but also more effective planning and 
t ra ining so that miners ,  mine managers, and government officials are 
better prepared to cope with d i sasters. Of particular importance are 
the f irst few minutes of a d isaster , when cruc ial decisions must be 
made--often with incomplete information about what has happened or i s  
h appening . Modern s imulat ion techniques could be of g reat value in 
developing and evaluating d isaster plana and i n  training personnel . 

There is one piece of equipment that the committee bel ieves would 
have g reat life-saving potential• an oxygen-providing escape breathing 
a pparatus small enough and l ight enough to be car r ied on the miner ' s  
person . The device i n  present use--the " f i lter aelf-rescuer "--does not 
provide oxygen and is effective only against carbon monoxide . The 
•oxygen self-rescuers• developed thus far are teo large and heavy to 
be continuously car r ied or worn by miners and would have to be cached 
at strateg ic places in the mine . Development of a l ight , compact 
• oxygen self-rescuer •  was urged by the National Academy of Eng ineering 
in 1970 but has not yet been  accomplished--i n  par t  because of  r ig id 
adherence to a statutory requ i rement that such a device provide enough 
oxygen to keep a miner alive for an hour . No analyt ic determination 
of the necessary t ime requi rement for an escape breathing apparatus or 
of the rate of oxygen consumption typical of escape activities has been 
carr ied out . 

· 

The committee believes that a systems approach integrating spe­
c i f ic equipment and procedures with disaster plana , disaster training 
programs , and evaluations of the effect iveness of the response to each 
d i saste r  and potential d isaster , would lead to improved prospects for 
m i ners surviving a catastrophic acc ident . The committee believes this 
approach should be reflected in the R&D program addressing post­
d isaster survival and rescue , and the major ity of the recommendations 
offered i n  this report are d i rected toward that end .  

-2-
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MAJOR RECOMMENDATIONS 

The committee places utmost importance on the following recommen­
dations , which concer n  (1) the need for a systems approach in post­
d isaster research and development , (2 ) the importance of planning for 
effective response to mine emergencies, (3) the development of an 
oxygen-providing escape breathing apparatus , ( 4 )  the design of escape, 
survival , and rescue equipment and the training of miners  in  ita use , 
and ( 5) the development of an improved data base for decisions 
concerning post-disaster R&D .  These recommendations are summari zed 
here wi th parenthetical references ind icating the chapters in wh ich 
they are discussed . Other recommendations are found in the text of the 
r eport and are summar i zed at the end of each chapter . 

A Systems Approach for Post-Disaster R&D 
1. I n  manag ing ita post-disaste r  R&D program ,  the Bureau of Mines 

should adopt a systems approach . The entire post-disaster 
response system--encompassing research , desig n ,  planning , 
operations, training ,  regulat ion , and enforcement--should be 
viewed as  a whole . I n  every phase of the R&D program , the 
Bureau should involve all par t ies who will u lt imately be 
involved i n  implementing the R&D results . These include 
government agencies , mine operators ,  unions , and mine equip­
ment manufacturers . The Bureau must actively solicit  this  
i nput , not j ust invite it.  The mining companies and unions 
must act ively partic ipate in the process . (Chapter 5) 

2 .  The Bureau should institute management procedures that ensure 
continual evaluation of the interrelations between d ifferent 
research projects and that ensure assessment of thei r  combined 
effectiveness in achieving prog ram goals. (Chapter 3) 

3. I n  evaluat ing both proposed and ongoing research projects , the 
Bureau should ut i l i ze outside review by research scient ists 
a nd eng ineers , manufacturers and users , and experts from 
related areas in  other programs and industr ies . I n  particu­
lar , input should be sought from those with actual expe r ience 
in the area under study ( e . g . , mine rescue team captains , 
miners who have successfully barr icaded , etc . ) ,  and those who 
are likely to use the R&D results . (Chapter 3) 

-3-
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4. In developing new systems , the Bureau should provide for 
adequate R&D, demonstration, and test ing of key components of 
the system before proceeding with development of the inte­
g rated system. (Chapter 3) 

s. The Bureau , MSHA, NIOSH, state regulatory agencie s ,  mining 
companies, unions , and manufacturers should cooperate in the 
development and implementation of new devices and procedures. 
Ideally , rulemaking should evolve only after the new tech­
nology has been adequately tested and proven , using devices 
constructed as they would be in mass commercial manufacture. 
Companies should be offered incentives to partic ipate in 
product development and testing of early designs. For this 
cooperative interaction to work it must beg in at the research 
initiation phase and continue through research , product 
development, demonstration , testing , approval, and marketing . 
(Chapter 3) 

6 .  The joint USBM-MSHA procedure for assigning pr ior ities to 
suggested research proj ects should be examined to ascertain  
whether it actually meets industry ' s  safety needs. In par­
t icular , the bias in favor of short-term, low cost proj ects 
should be cr itically evaluated. (Chapter 3) 

Planning for Effective Emergency Respanse 
7. Guidelines and cr iteria should be established for use by mine 

operators in developing disaster plans and training programs, 
and by MSHA in evaluating those plans and programs. While · 
this clearly i s  an MSHA respons ibility ,  the Bureau of Mines 
should provide the necessary foundation by conducting research 
a imed at developing methodolog ies for testing and evaluating 
mine emergency plans using simulation or other appropr iate 
techniques. The Bureau should also. undertake R&D to develop 
specific techniques for applying system safety analysi s  to 
mine disasters. This should include the development of sys­
tematic methods for ident ifying and investigating potential 
d isaster s ituations . These methods should be made available 
to MSHA and to the mining industry . (Chapter 4 )  

8 .  Guidelines and standards should be developed for integration 
of a mine ' s  emergency med ical care system and emergency com­
munication system into the emergency medical care and emer­
gency communication systems serving the local community. 
(Chapter 4 )  

9 .  Emergency medical care training for miners should be developed 
and evaluated in light of realistic assessments of need and 
utilization . Ongoing refresher training must be a part of 
thi s  system. (Chapter 4 )  

10.  A careful and systematic assessment should be undertaken of 
the r isks involved in non-routine underground mining activi­
t ies. All such activities should be backed up with well­
defined disaster response procedures . All personnel involved 
in  the activity should be fami liar with , and trained in,  
evacuation and disaster response procedures. (Chapter 2) 

11. The federal government ' s  mine emergency response capability , 
and specifically MSHA ' s Mine Emergency Operations (MEO) group , 
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should be evaluated in the context of the complete emergency 
response system. The feasibility and effectiveness of 
mechanisms other than the present MEO structure should be 
examined . (Chapter 4 )  

An Oxygen-Providing Escape Breathing Apparatu s 
12 . R&D on an oxygen-providing escape breathing apparatus should 

be continued, with major emphasis  on a system that is designed 
for escape and can be car ried on the miner ' s  person. (Chapte r 
3 )  

1 3 . Physiolog ical and metabolic research , combined with simulation 
of mine emergencies requi r ing escape efforts , should be 
undertaken to establish realistic oxygen rate and time dura­
tion requirements for an escape breathing apparatus . This  
should include a reexamination of the validity of the one-hour 
requirement, and i f  the one-hour duration is found to be 
unnecessary, it  should include determination of the appro­
pr iate time requ i rement . (Chapter 3 )  

1 4. A systems study should be undertaken to identi fy the design 
requirements and optimum strateg ies associated with the 
var ious options for meeting the necessary t ime durat ion 
requirement for an escape breathing apparatus ,  includ ing 
cached devices and •piggy-back • systems. This will provide a 
rational basis for tradeoffs leading to a system with which 
the miner ' s prospects for survival are maximi zed . (Chapter 3 ) 

Design of Escape, Survival and Rescue Equipment and Training of Miners  
in ita Use 

1 5 .  Realistic design cr iteria for escape , survival and -rescue 
equipment should be established early in the R&D process , and 
should take into account the nature of mine emergencies , the 
conditions under which the equipment will be used , and the 
human element in its use .  R&D progress should continually be 
assessed in  light of these cr iter ia. (Chapter 5 )  

1 6 .  Among the considerations i n  the design and evaluation of 
emergency equipment should be the need to train miners  in its 
use in actual or s imulated emergency conditions. Thi s  may 
require simulation techniques analogous in  princ iple to use 
of the Link Trainer in aviation . (Chapter 5) 

17. More attention should be g iven to developing equipment for 
communication among rescue team members . (Chapter 3 )  

18 . Continued research on oxygen sources for breathing apparatu s 
should be carr ied out . (Chapter 3 )  

19 . Continued research on rescue breathing apparatus is  needed , 
with emphasi s  on an apparatus that provides greater comfort 
over longer working per iods and on a mine rescue team helmet­
breathing apparatus configuration that promotes both comfort 
and utility. (Chapter 3 )  

2 0 .  The applicability o f  the refuge chamber concept should be 
examined in detail , with emphasis  on the relative utility of 
refuge chambers and other kinds of survival system elements 
such as better barr icading techniques and improved mine 
layouts with a mult iplicity of escapeways . (Chapter 3 )  
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2 1 .  The Bureau should undertake R•D to  develop improved capabi l­
ities for rescue work in deep and hot mines. (Chapter 2) 

22 . The Bureau should make a more active effor t to study tech­
nology developed in other industr ies and other countr ies that 
might be applicable or adaptable to mine disaster survival and 
resc�e efforts in the United States. (Chapter 3 ) 

An Improved Data Base for Post-Disaster R•D 
2 3 .  Present reporting and investigating procedures should be 

examined to see if they adequately serve thei r  purpose , or 
whether an alternative approach--such as invest igation of mine 
d isasters by an independent body analogous to the Nat ional 
Transportation Safety Board--would be more effect ive. 
(Chapter 2)  

2 4 .  I t  i s  essential to collect and analyze data on the medical 
causes of death or disabi lity in mine disasters in order to 
determine the adequacy of the medical training ,  equ ipment, and 
procedures in the mine emergency response system , and to 
identify research needed to enhance the l ikelihood of survival 
for those inj ured in disasters. (Chapter 4 )  

2 5 .  In  compiling data on past accidents and d isasters, i t  would 
be useful to include information on s ituations that had the 
potential to develop into major d isasters but d idn ' t. Such 
"near misses" are likely to occur more frequently than actual 
d isasters. A provision for g ranting immunity from punitive 
action to those who report such inc idents should be considered 
a s  an element of the repor ting system. (Chapter 2 )  
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CHAPTER 1 .  INTRODUCTION 

In 1 979,  in response to a request from the Bureau of Mines in the 
u.s. Department of the Inter ior , the National Research Council 
appointed the Committee on Underground Mine Disaster Survival and 
Rescue to review the Bureau ' s  post-disaster survival and rescue 
program. The obj ectives of this review were the following : 

1 .  Provide a critical evaluation of the current u.s. Bureau of 
Mines post-disaster survival and rescue program in the light 
of current technology and the present needs of the mining 
industry . 

2 .  Suggest future r esearch and development efforts in the post­
disaster survival and rescue area . 

3 .  Suggest ways to foster the integrat ion of new effective 
technology and procedures into operational safety programs 
for the mining i ndustry . 

This  chapter d iscusses the following : the events leading to this 
review, the scope of the review, the definitions of mine hazards , ac­
c idents , and d isasters' the elements of a survival and rescue system, 
the underground mining industry, and the role of government in mine 
safety . 

1 . 1  BACKGROUND 

In 1 9 6 9 ,  at  the request of the Bureau of Mines , the National 
Academy of Eng ineer ing (NAE) appointed a Committee on Mine Rescue and 
Survival Techniques to assess survival and rescue techniques for use 
in mine disasters . That committee was concerned with : 

o The degree to which miners ' prospects of survival might be 
improved in the event of circumstances preventing their normal 
withdrawal from a mine. 

o The prospects of improving rescue procedures , improving the 
effectiveness of exi sting devices , and developing new devices or 
equ ipment that might make it  possible to improve s ignif icantly 
miners ' chances of survival in the environments that prevail 
following disasters .  
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o Technological advances in related fields, such as space explora­
t ion, deep submergence, and c ivil defense, that might lead to 
signif icant improvements in mine rescue techniques and equip­
ment . *  

The NAB committee ' s  repor t ,  •Mine Rescue and Survival, • •• hereafter 
called •the 1970 NAB Report, • consisted of two major parts. Part  I 
descr ibed an interim mine rescue and survival system that the committee 
believed could be made available within a year using well-developed 
technology whose application was straightforward . The commi ttee felt 
that such a system could have saved almost all of the coal miners who 
had d ied in recent years from carbon monoxide poi soning following 
explosions or fires . The interim system descr ibed in that repor t 
consisted of three subsystemsz a survival subsystem using improved 
emergency breathing devices and refuge chambers ,  a communications sub­
system using seismic or electromagnetic devices to locate and communi­
cate with survivors, and a rescue subsystem using large- and small-hole 
drilling equipment and rescue teams . Some of the equ ipment recommended 
for the inter im system was deemed applicable to survival and rescue of 
miners trapped by i nundations or cave-ina . However the pr imary purpose 
of thi s system was to be rescuing survivor s of fires or explosions . 

Par t  I I  of the 1 9 70 NAB r eport dealt with recommendations for a 
research and development program which could lead to an advanced 
survival and rescue system. The recommendat ions included acquisition 
of bas ic data relating to mine rescue and survival so that newer and 
s tate-of-the-art technology could be incorporated in the advanced 
system. Par t  I I  also contained several recommendations on needed R&D 
i n  survival, communication and rescue subsystems . 

The 1970 NAE report became the basis of the USBM post-disaste r 
s urvival and rescue program. The discussion and recommendations found 
in that repor t are , for the most part ,  still relevant today, although 
i n  some i nstances technology and operational capabilities have advanced 
to a point where modif ications in that report*s discussion of disaster 
response and management are warranted . 

In 1979 , the Bureau of Mines asked the National Academy of 
Sciences to review the accomplishments of its post-disaster survival 
and rescue program in the light of cur rent technology and needs , and 
to recommend future research directions and ways of effectively 
implementing research results . In undertaking this task, the 
Committee on Underground Mine Disaster Survival and Rescue has 
examined not only the Bureau ' s  program, but also the nation ' s 
exper ience with mine d isasters s ince 1970 and the present capabilities 
and practices of mining companies and government agencies as they 
relate to disaster planning and emergency operations . Many of the 
committee ' s  findings relate to organizational and planning matters 

* See the •Scope of Work• statement in Contract No. S0190606  
between the United States of America and the National Academy of 
Sciences ,  February 26,  1 969 

•••Mine Rescue and Survival, •  National Academy of Eng ineering, 
Washington, D. C. , 1970 
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that are the responsibi lity of the mine operators and of the Mine 
Safety and Health Admin istration , rather than of the Bureau of Mines . 
While these are discussed in this repor t ,  the pr imary focus is on 
improvements that require research and development . 

1 .  2 SCOPE OF THIS STUDY 

In conducting this study , the Committee on Underground Mine 
Di saster Survival and Rescue has 

o Reviewed all underground mine disasters that have occurred in 
this country since 1 9 6 8  to identify k inds of equipment or 
procedures that could have saved l i ves had they been ava ilable . 
The committee has also reviewed the repor ts of investigations of 
these disasters to assess their value in gu iding dec isions 
concern ing research , regulations , and mine operat ions. 

o Evaluated the surviva l ,  rescue ,  and recovery procedures and 
equipment currently in use and under development to deter mine 
their potential for r educing the number of fatalities in mine 
disasters. 

o Examined the research and development program car r i ed  out by the 
Bureau of Mines since 1970  in the post-di saster survival and 
rescue area . 

o Made r ecommendations based on the above reviews . 
The committee has not examined the economics of post-di saster sur ­

v ival and rescue in any detail . I t  d id examine the budgets of the 
Bureau of Mines and MSRA post-disaster programs ,  but did not attempt 
to assess the adequacy of f und ing levels. The committee believes i t  
would be useful for the Bureau o f  Mines and MSHA to contract for 
studies of cost-effectiveness of spec ific technolog ical developments 
and operational procedures, but it did not attempt to carry out any 
such analyses . Nor d id it attempt to analyze the economics of indi­
vidual proj ects. I t  was more concerned with the overall pattern of 
post-disaster operat ions , related research , and i mplementation of 
research results ,  and the integration of these into a coherent and 
e ffective post-disaster survival and rescue system. Clearly, cost is  
an i mpor tant cr iter ion in such a system, but one that should be con ­
sidered against a background of nat ional policy and objectives con­
cern ing mine safety . 

Wh ile the committee has , for the most par t ,  d irected its recommen­
dations toward the Bureau of Mines , its feeling is that to be effec­
t ive ,  post-disaster survi val and rescue must be viewed as a system in 
which research , planning , management , training , and design and manu­
facture of equipment are all essential elements. Consequently , the 
repor t  as a whole is addressed to the mine safety commun ity--the Burea u 
of Mines ,  MSHA, NIOSH, the state mine inspection agencies, the mine 
operator s, the un ions, the equipment manufacturers, the research 
commun ity ,  and the counterparts of all of these in other countries .  

1 .  3 HAZARDS, ACCIDENTS, AND DISASTERS 

Unless there is a common understanding of terms, there can be 
considerable confusion in transmitting information and knowledge. 
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Th is can be par ticularly vexing to the understanding of safety litera­
t ure in  which terms such as "inj ury" and "accident" are often ( and 
mistakenly) used interchangeably , and the definitions of acc idents and 
h azards adopted for classification pur poses may not be adequate for 
interpretation and control . 

The ter m  "hazard" is  used here to desc r i be  a dangerous situat ion 
in a mine . Perception of the hazard is essential because if the hazard 
i s  not perceived , no action can be taken . A • hazard source • i s  the 
background condit ion which , wh ile not posing a danger in itself , may 
g ive r ise to a hazard . An •acc ident• is  the realization of a hazard . 
An accident of major propor tions representing a substantial threat to 
h uman l i fe may be sa id to have • disaster potent ial . • I f a large number 
of people are in fact ki lled , it is deemed a •disaster . •  FOr some time 
the Mine Safety and Health Administrat ion defined as a •disaster " any 
acc ident resulting in the deaths of f i ve or more miners.  Thi s  defini­
t ion no longer has offic ial status, but is still used informally and 
will be used in thi s  report . 

To i llustrate: The presence of methane in a mine is a hazard 
source . Concentrations of methane below 5i are not in themselves 
dangerous, but there must be continual aler tness to the possibility of 
dangerous concentr ations of methane , and awareness of the steps to be 
t aken should the concentration reach dangerous levels. Certain act ions 
are required at spec ified concentrations of methane . In the wor king 
face area , when the concentr ation exceeds li operat ions must cease and 
the ventilation system must be adj usted to lower the concentrat ion , 
w hen the concentration exceeds 1 . 5% the miners must withdraw from the 
area . * When the concentration reaches 5i a hazard exi sts . I f  an 
ignition source i s  present a methane ign ition can occur . Thi s  ign it ion 
i s  an acc ident that has disaster potential . The appropr iate actions 
now are evacuation , first a id ,  etc . I f  the ign it ion develops into a 
methane explosion that claims a substantial numbe r of lives, it is a 
d isaster . 

Many mine acc idents that have "disaster potent ial • do not become 
disasters , either because the acc ident occur s at a time when no or few 
wor kers are in the mine , or because the response is effective and all 
the threatened miners are evacuated safely . FOr those involved in 
safety management and research , the dist inction between acc idents and 
disasters is not important , and the aim is to identify and control the 
hazard . However , disaster s command tremendous attent ion , because of 
the ir infrequent occur rence and the exten t of human suffer ing involved , 
e ven though the number of deaths from non -disaster acc idents has been 
many times higher . 

Dur ing the per iod 1970-79, 195 people died in  underground mine 
disasters , while 1 4 3 8  died in other acc idents, as shown in Table 1 . 1 . 

Survival and rescue of miners following an acc ident depends upon 
( 1 )  the state of the mine commun icat ion system , (2)  the ability of the 
accident to propagate and lead to more ser ious events, ( 3 ) the extent 
of inj ur ies from the physical violence assoc iated with the acc iden t 
( 4 ) the threat to l i fe due to toxic i ty of the mine atmosphere , ( 5 ) the 

* 3 0  CFR 75. 308  
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Table 1.1 Number of underground mine fatalities resulting from disasters (defined as accidents in which five or .ore people 
died) and other accidents, 19 70-1979. Disaster figures are in italics. (Data orovided by the Mine Safety and 
Health Administration.) 

Type of Mine 1970 1971 

Coal nisas ter 3/I(J 

Other 166 133 

Metal nisaster 
Other 35 34 

Non-metal nisas ter ?P 
Other 10 5 

Stone nisaster 
Other 1 6 

TOTAL 250 185 

1972 

14b 
108 

91! 
31 

5 

2 

251 

1973 1974 

99 9 0  

37 34 

6 9 

3 4 

145 137 

,, Finley Coal Company explosion, Hyden, Kentucky, December 30 , 1970 

19 7 5  19 76 

86° 
9 9  8 1  

25 2 4  

3 9 

3 2 

130 1 4 2  

1 9 7 7  

gd 

8 2  

35 

3 

2 

131 

1 9 7 8  

6" 

7 2  

29 

7 

3 

1 1 6  

1 9 7 9  

1 1 5  

1 6  

6,. 
8 

2 

146 

TOTAL 

112 

1 0 4 5  

91 
300 

1J 
65 

2 8  

163 3  

I• ConsolidAtion Coal Company fire, Blacksville, West Virg.inia, July 22 , 1972 (9 deaths) and Itmann Coal Company explosion, 
Itmann, tlest Virginia, December 16, 1972 (5 deaths). 

,. Scotia Coal Company explosions, Oven fork, Kentucky, March 9 and 11 , 19 76 (23 .Unere aucl 3 noa-.iner• died) 
d Kocher and Leon Coal Company inundation, Wilkes Barre, Pennsylvania, March 1 ,  1 9 7 7  

P Clinchfield Coal Company inundation, Duty, Virginia, April 4 ,  1978 (4 miners and 1 non-miner died) 

f Sunshine Mine fire, Kellogg, Idaho, May 2 ,  1972 

g Barnett Complex Fluorspar Mine hydrogen sulfide poisoning, Rosiclare, Illinois, April 1 2 , 1 9 7 1  

IJ Belle Isle Salt Mine explosion, Belle Isle, Louisiana, June 8, 1979 
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diff iculty in sustain ing life due to inadequate oxygen , ( 6 )  the number 
of miners trapped in  the mine , ( 7) the i mpaired accessibility to the 
entrapped miners due to damage to hoiata , etc . , and (8)  the availa­
b ility of evacuation , escape , survival , rescue and recovery equipment 
and procedures , and of workers tra ined in the ir uae . 

1 .  4 A MINE DISASTER SURVIVAL AND RESCUE SYSTEM 

The four essential elements of an underground mine disaster 
survival and rescue ayatem are illustrated schematically in Figure 1 .1 .  
The elements are a hazard identif ication , mine design , disaster 
response , and post-disaster audit . 

Hazard Identif ication & The fi rst element ia a r igorous and con­
tinuous search to identify sources of hazards and to move towards 
des ign ing min ing aystema that will eliminate or reduce the likelihood 
of ha zards . 

Mine deaign a  The second element ia  the design of the mine itself 
to ( 1 )  eliminate as many hazards aa possible' ( 2 ) reduce the chances 
of occurrence of hazards that cannot be eli minated' ( 3 ) localize the 
effects of accidents having disaster potential , and ( 4 )  enhance 
prospects for evacuation , escape , and survival in the event of a major 
acc ident . 

Disaster reaponae a S ix .atagea of response may be called for when 
a hazard ia realized . These are hazard control , evacuation , escape, 
survival , rescue , and recovery.  

Hazard control refer s to immed iate action to eliminate the hazard 
or l i mit  ita scope--e . g . , action to extinguish a fire .  If successful , 
this may be all that is  called for . I f the hazard cannot be 
controlled , then personnel must move to a place of safety . 

Evacuation refers to the orderly ex it of people from the mine using 
predeter mined eacapewaya and following a predeter mined plan for exi t .  

Escape refers to safe exit by ind ividual miners whose normal evac­
uation route ia blocked . These miners may try a number of alternate 
routes but do f inally manage to escape . In both evacuation and escape , 
miners  may use an emergency breathing apparatus such aa the •filter 
aelf-reacuer , •  a belt-worn device that,  when in uae , f i lters car bon 
monoxide out of the air  the miner breathes . 

Por those who are unable to evacuate or escape , the i ssue becomes 
survival while wa iting to be rescued . Some miners may be immobilized 
and s ome may be inj ured .  The trapped mi�ers may erect barr icades to 
isolate themselves from life-threaten ing gases or may take shelter in 
refuge c hambers where these are ava ilable . The survival per iod may 
last for many days . This may be a pe r iod of cons iderable physiolog ica l 
and psycholog ical atreaa . 

Rescue efforts are mounted from outside the mine , and are d irected 
toward locating , commun icating with , reaching , and removing the trapped 
miners . If the rescue effor t proves too difficult , or takes too long , 
or if the atmosphere in the mine ia too hostile or the miners ' inj uries 
too severe , some or all of the trapped miners may succumb.  Rescue 
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Figure 1. 1 The elements of an underground .!ne disaster survival and rescue systea. 
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efforts are continued to the point at which additional effort ia deemed 
f ruitless or likely to endanger the lives of the rescue personnel . 

Recovery of  the bodies of  the vict ims and restoration of  normal 
operations in the mine follow once conditions ins ide the mine permit 
this . 

Post-disaster audit • A thorough post-disaster audit should deter­
mine the cause of the disaster , evaluate the function ing of the emer­
gency procedures , and recommend , aa needed , ( 1) development of new 
equ ipment , new approaches to mine design , and new emergency procedures 
and planaJ (2 )  better train ingJ and ( 3 ) changes in leg islation , regu­
lation , and enforcement .  The findings of the audit must be made 
avai lable to the affected mine and to all other mines , ao that out of 
each disaster comes an increased awareness of the steps that can be 
taken to prevent future disasters or to respond to them effectively . 

An effective survival and rescue system depends upon the develop­
ment of technology and procedures for mine alarm, e mergency communica­
tions , mobilization of per sonnel , emergency medical assistance , and 
sur face organ ization to manage rescue operations , aa well as the 
equipment and procedures needed for evacuation , escape , survival , 
rescue , and recovery . 

1 .  5 THE UNDERGROUND MINING INDUSTRY 

Min ing ia  the process of extracting mater ials from the earth . 
Min ing methods can be broadly classif ied as sur face or underground ,  
depending on whether the ore body i a  recovered from operat ions on the 
surface of the earth , or from operations in underground open ings . In 
a sense , min ing includes the removal of gas and oil from underground 
chambers and the recovery of subter ranean water aa well as the extrac­
t ion of coal , mineral ores , and atone. This report ia l imited to the 
study of rescue and survival activities that are assoc iated with 
underground min ing of solid resources . 

· 

There ia  considerable var iety in the phys ical structure of under ­
g round mines . Some are cavernous atone mines with roofs 2 5  to 50 feet 
high and huge portals capable of accommodat ing heavy motor i zed 
vehicles . Some are shallow mines i n  coal seams two or three feet h igh 
in wh ich miners must crawl or •duckwalk . •  There are gassy and nongaaay 
mines , mines with elevator s and mines with ladders, mines with truck 
or rail transportation systems and mines with none . Some mines employ 
hundreds of underground workers and some employ fewer than f ive . 

Th i s  repor t follows the usual practice of consider ing the mining 
i ndustry as consisting of two d istinct seg mentaz ( 1 )  coalJ and (2) 
metallic and non-metallic minerals and atone (usually abbreviated as 
•metal-nonmetal• ) . There are approx imately 2 , 500 underground coal 
mines in the Un ited States, accounting for roughly 4 0t of the nation ' s  
coal product ion , and approx imately 500 underground metal mines, 100 
underground non-metall ic mineral mines, and 100 underground atone 
mines , which together account for 6t of the nat ion's ore product ion . 
All of the nat ion's more than 7 , 000 sand and gravel mines are sur face 
operations, and they will not be considered . 
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Table 1 . 2  shows the total number of underground mines , the total 
number of miners ,  and the distr ibution of mines by number of employees 
for the coal , metallic , non-metallic and atone operat ions . In 1978,  
u nderground coal min ing accounted for 81\ of  the total underground 
work force in the mineral industry and for 79\ of the total number of 
underground mines . Only l 3t of the mines employed more than 100 
miners , while 60t of the mines employed fewer than 20 miners .  

Underground coal mines tend to be concentrated i n  Appalachia , 
Illinois ,  and western Kentucky . Metal and nonmetal mines are found 
throughout the country . The mine des igns and mining methods differ , 
and appropr iate post-disaster survival and rescue equipment and 
procedures must be un iquely determined for each operation . 

1 .  6 THE BOLE OF GOVERNMENT 

In i tially , state governments regulated min ing . The Bureau of 
Mines was established in the u.s. Department of the Inter ior in 1 910 , 
and was charged with conducting research in mining methods and mine 
safety but bad no inspection or enforcement author ity . * Inspection 
and enforcement were left to the states , and state laws reflected the 
nature and extent of min ing in that state--such as deep or surface 
mining--and the type of ore mined ( e . g . , coal , metal , non-metal) . 
Pennsylvan ia ' s  regulations date back to 186t, and the Illinois law 
dates back to 1872.  

Enactment of s ignif icant health and sa fety legislation at both the 
federal and state levels baa closely followed major mine disasters 

* 
The Bureau of Mines Organic Act , P .L. 179, May 1 6 ,  1910 ( 36 

Stat . 369) states that the Bureau shall conduct 

• • • •  diligent invest igation of the methods of min ing , 
especially in relat ion to the safety of miner s ,  and the 
appliances beat adapated to prevent accidents , the 
poss ible improvement of cond itions under wh ich mining 
operations are car r ied on , the treatment of ores and other 
mineral substances , the use of explos ives and electr icity ,  
the prevention o f  acc idents , and other i nquir ies and 
technolog ic investigations pertinent to said industr ies , 
and from t ime to t ime make such public reports of the 
work , investigations , and informat ion obta ined as the 
Secretary of said depar tment may d i rect , with the 
recommendation of such bureau • • • • (Sec . 2) 

and specifies tha t 

• • • • nothing in this Act shall be construed as in any way 
grant ing to any off icer or employee of the Bureau of Mines 
any r ight or author ity in  connection with the inspection 
or supervis ion of mines or metallurg ical plants in any 
State . • (Sec. 5 ) 
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Table 1. 2 N.-ber of underground mines by type and employee size group In 1978
1 

Total Nuonber Number of Hines Having Given N.-bers of El!lployees 
T�_()f_Hj�e of Hiners _1-_lj _ _ _5-�- _ _10-_1�- 20-J/j _ 35-lj9 SD-99 IOO-J/j9 ISQ-2/j9 25o+ 

Coal ... 3.993 23" 532 797 373 169 218 JO/j 115 150 

He tal 2/j,l38 162 88 50 27 16 33 20 25 15 

Non-���etal 7,311t 27 19 26 15 6 9 8 10 6 

Stone 2, .. 10 25 31 It] 22 7 6 0 0 

TOTAL 177,855 ""8 670 920 "37 198 266 132 151 171 

1
Data fro.: 

"Injury Experience in Coal Hlnin9, 1978." Hlne Safety and Health Administration Informational Report IR 1112, 1979, p. 19. 

Total Nuonber 
of Hines 

2,692 

"36 

126 

139 

3,393 

"Injury Experience In Hetalllc Hineral Hlnlng, 1978." · Hlne Safety and Health Administration Infor.ational Report IR 1116, 1979, p. 13. 
"Injury Experience In Nonmetallic Hineral Hlnln9 (Except Stone and Coal), 1978." Hlne Safety and Health Administration Informational Report 

IR JIJ/j, 1979, p. 13. 
"Injury Experience In Stone Hinin9, 1978." Kine Safety and Health Administration Infol'll8tiona1 Report IR 1113, 1979, P• 13. 

Copyright © National Academy of Sciences. All rights reserved.

Underground Mine Disaster Survival and Rescue: An Evaluation of Research Accomplishments and Needs
http://www.nap.edu/catalog.php?record_id=18461

http://www.nap.edu/catalog.php?record_id=18461


( see Table 1 . 3 ) . However the federal government was ,  pr ior to 1969, 
extremely reluctant to intrude into the areas of mine health and safety 
and particularly the enforcement of standards , which was viewed as a 
state responsibility .  

1 . 6 . 1  The Federal Role 

Changes in the federal government ' s  responsibility for mine safety 
have developed through the aer ies of leg islat ive actions shown in Table 
1 . 3 , culminating with passage of the Federal Metal and Non-metallic 
Mine Safety Act of 1966 ( the 1 966 Metal Mine Act) , the Federal Coal 
Mine Health and Safety Act of 1 969 ( the 1 969 Coal Mine Act) , and the 
Federal Mine Safety and Health Amendments Act of 1977  ( the 1977 Mine 
Safety and Health Act ) . 

Although the 1 966 Metal Mine Act* d id not make specific reference 
to research , it did author i ze the Secretary of the Inter ior to develop, 
revise as necessary , and promulgate health and safety standards for the 
purposes of protection of life , the promotion of health and safety , and 
the prevention of accidents in mines . The 1 969 Coal Mine Act went much 
further . The purpose of that Act was 

( 1 ) to establ ish inter im mandatory health and safety standards 
and to di rect the Secretary of Health , Education , and Welfare 
and the Secretary of the Inter ior to develop and promulgate 
improved mandatory health or safety standards to protect the 
health and safety of the Nat ion ' s  coal miners ' ( 2) to require 
that each operator of a coal mine and every miner in such mine 
comply with such standards , ( 3 )  to cooperate with , and provide 
assistance · to, the States in the development and enforcement 
of effective State coal mine health and safety programs , and 
( 4 )  to improve and expand , in cooperation with the States and 
the coal min ing industry , research and development and training 
programs aimed at preventing coal mine accidents and occupa-

* tionally caused diseases in the industry . 

Section 30l (b)  of Title I I I  elaborated on the application of man­
datory safety atandarda z 

The purpose of this t i tle i s  to provide for the immediate 
appl ication of mandatory safety standards developed on the 
basis of exper ience and advances in technology and to prevent 
newly created hazards result ing from new technology in coal 
min ing . The Secretary (of the Inter ior ) shall immediately 
initiate studies , invest igations, and research to further 
upgrade such standards and to develop and promulgate new and 
improved standards promptly that will provide increased protec­
t ion to the miners , particularly in connection with hazards 

*Federal Metal and Nonmetallic Mine Safety Act ,  P. L .  89-577 , 80 
stat . 7 7 2  

* *Federal Coal Mine Health and Safety Act o f  1 969, P. L .  91 -173  
( 8 3  Stat . 74 2) , Sec . 2 (g )  

-1 7-

Copyright © National Academy of Sciences. All rights reserved.

Underground Mine Disaster Survival and Rescue: An Evaluation of Research Accomplishments and Needs
http://www.nap.edu/catalog.php?record_id=18461

http://www.nap.edu/catalog.php?record_id=18461


Table 1 . 3  Development of Federal and State Kine Safety Laws in the Uni ted States , *  

-- - ·---- - ---- ---- · 
.,,: __________ ._·�--"-·---

___ 
....;.

ll
;..:

ll 
... 

l ... f
;;
ICMI

;.; 
llAil - filUM. UCIILATia -.s fGI • 111111:111111 Ill OIIIU LUIIUt• 

11141 

IllS 
14 . 1 . 1  .. 

11. 4 . 1  .. 

,,,,I., -��. _,,_1• u• un�<�l 

l . l . lllt 

11.4 . 1110 

11 . 1 . 1111 

Z l . l . llll 

11. 4 . 1111 

l l . l . lllt 
10 • • •  1 ... H . I . IM 

l . l . lltl 

1 . 1,., 

6. 11. 1,., -..... . ..... fl'lllll 1161 l t l ll<ll 

I I . U . I ,.,  Gorr, _, ..... lilt II IIIII 
1 . 1- •••• loolotlul _, �- .. 1_11,.11 ... 

. , ... , . .... .. , ...... 
11. 1 1 . 1- ...,. .... . ,_,h ... .. ( 114 , . . ... , 
t i . I I . IM a-., , l l l lotll lrst 1111111 

IO. l . ltll 111 .1 . ....... If 1111 ... Mtllll t  .... , • .tM 
·-·"' ..... .. 

-·1-lo Riot 111111 Art l!!!llll 
�-·· - ol ..... l!!!llll ='J!!;!.�'l;, =:r•• IJo-1111 

:o::'l!!!!.�'lc. -··-" ·-·Ill 

...,.., ee-tr. -·"•1• lllt•l-1 •1• 
1_ ... .. . 

. . . ..... ..... l..,.ctl• let 

.... .... 1-ti• Acl 

... .. ,. .... .... ........ Act 

,_toclr Riot 1-11• Act 

fMttal lwt,.cth•w tf aU •lilt ..,. ..,.. .,.. 
10 - ----1 .. forrltorr 
f ..... ll htt,.CUM If 111  llltltl t• flft'ltwltl 
wt� ,,...,,r liNt� IOMI teM .....-u---.. 
Mtatce, Oll,._., ... Mtd 
f.-,.11 l•tfiiCU• If •1111 t• IIIII ...,.ltwlel 
tt-lorrl<l II Ill M.S. loolotlcol ....... 

1 1 . 1 . 1111 Ylrelolo Riot �-��- Act 

I . I . IMI II. "' fl<lorll COol •1• 1-11• Act 

l4 . 1 . 1M6 

ll.I. IMI Cootrol lo, 1 1 1 1•1• 1 1 1 1  11 11111 

4 . 1 . 1Ml 

4 . 1 . 1Ml 

lt . II. I'J\1 
IS. l . I'J\1 

IMO 

•• I. I ... 

l t . t . l'" 

t . l  ... 

... . . .  1 .. 
.. ., . .... 

1. 1 1 . 1111 

..... , •• , .... 1 1 1 1•11 lilt 1 1 1 1111 

�-...... IIKI Ylrtlolo I ll 11111<11 

_..., _ .. _ wl� ... ...... Rl• 11;111 
CMt fer II ... u., 
Pl. JZ11 s.n., If •tM &I •ee-l• a.,UMCII 
•I•� Po lllK ol 1M• IJII -� �- 1-1 
11. IU1 fl<lorll Cool •1• lllolr Act 

" J16: ru .... u .. •  , ,,.. .-n ., .. , •-.t•• 
tl ... Ill 
... .... J7 ,_,1 lltlll .... -.. 1 111111 ... 

II. tHII: fl<lorll COot "I• lltll lll 1011 111111 
Act ., .... 
Pl •· 1M: , ....... NIM S.f•ll ... IINillli Ac& •' 1171 

=.Cool ... ... ,� ... llfllt ... 

*From "An Internat ional Review of Regulat ions for Die sel-Powered Equipment in 
Underground Hines" by G .  W. Kenzy and R .  V .  Ramani , in Proceed ings of the 
Second Internat ional Mine Ventilation Congress , Reno , Nevada , November 4-8 , 
1979 , publi shed by the Society of Mining Engineers of the American Ins t i tute 
of Mining , Metallurgical and Petroleum Engineers , New . York , 1980 , pp . 175-190 . 
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f rom trolley wi res , trolley feeder wires , and s ignal wires , 
the splicing and use of tra i ling cables , and in connection 
with improvements in vulcani z ing of electric conductors ,  
improvement i n  roof control measures , methane drainage in 
advance of mining , improved methods of measuring methane and 
othe r explosive gases and oxygen concentrat ions , and the use 
of improved underg round equ ipment and other sources of power 
for such equipment . * 

Title V of the Act set important requirements for and author i zed 
the appropr iation of funding for health and safety research : 

The Secretary (of the Inte r ior ) and the Secretary of Health , 
Education , and Welfare , as appropr iate , shal l conduct such 
stud ies , research , expe r iments , and demonstrations as may be 

appropr iate-- ( ! )  to improve working conditions and pract ice s 
i n  coal mines , and to prevent acc idents and occupat ional 
diseases or ig inat ing in the coal-mining induatry r (2) to 
develop new or improved methods of recover ing persona in coal 
mines after an acc ident r ( 3 )  to develop new or improved means 
and methods of commun icat ion from the surface to the under­
ground area of a coal mine r ( 4 )  to develop new or improved 
means and methods of reducing concentrations of respirable dust 
in the mine atmosphere of active workings of the coal mine r 
( 5 ) to develop epidemiolog ical informat ion to (A) identify and 

define positive factors involved in occupational diseases of 
miners , (B) provide informat ion on the incidence and prevalence 
of pneumoconios is and othe r respiratory ailments of miners , and 
(C) improve mandatory health atandarda r ( 6 )  to develop tech­

n iques for the prevention and control of occupat ional d i sease s 
of miners , including teats for hypersusceptibil ity and early 
detection r ( 7 )  to evaluate the effect on bodily impa irment and 
occupational d isability of miners affl icted wi th an occupa­
tional di aeaae r ( S )  to prepare and publ ish from time to time , 
r eports on all s ignificant aspects of occupat ional d i sease of 
miners as well as on the med ical aspects of inj ur ies , other 
than d iseases , wh ich are revealed by the research carr ied on 
pursuant to this aubaection r ( 9 )  to study the relationship 
between coal mine envi ronments and occupat ional d iseases of 
minera r  ( 10)  to develop new and improved underground equ ipmen t 
and other sources of power for such equ ipment which wi ll 
provide greater aafety r and ( 11) for such other purposes a s  
they deem necessary to carry out the purposes of this Act . 

(b)  Activities under thi s  section in the field of coal mine 
health shall be car ried out by the Secretary of Health , Educa­
tion , and Welfare , and act ivit ies under this section in . the 
f ield of coal mine safety shall be car r i ed  out by the Secretary 

** (of the Inter ior) . 

*Op c i t ,  Sec . 3 0 l (b)  

**Op c it ,  Sec . SOl (a , b )  
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Wh ile the 1 969 Act applied only to coal mines , it was amended by 
the Mine Safety and Health Act of 1977* to include non-coal mines as 
well . 

The 1 966 and 1 969 Acta represented a s ign ificant departure from 
tradition in that health and safety standards were to be enforced by 
an agency of the federal government .  Enforcement of the 1 966 Metal 
Mine Act and the 1 969 Coal Mine Act or ig inally rested with the Bureau 
of Mines in the Department of the Inter ior . In 1 9 7 3 ,  the enforcement 
of both of these laws was entrusted to a new agency , the Mine Enforce­
ment and Safety Administrat ion (MESA) , created within the Department 
of the Inter ior . The 1 977 Act establ ished in the Department of Labor 
a Mine Safety and Health Admin istration (MSBA) to be beaded by an 
Ass istant Secretary of Labor for Mine Safety and Health , and trans­
ferred the enforcement reaponsibl ity to this new agency . The 1 969 and 
1977 acta also gave certain responsibilities to the Nat ional Inst itute 
for Occupational Safety and Health (HIOSH) in the Department of Health , 
Education , and Welfare (now the Depar tment of Health and Human 
Services) . 

The result i a  that today the federal government ' s  responsibil i ties 
for mine safety and health are divided among three agencies a MSBA, the 
Bureau of Mines , and HIOSH . MSBA i s  responsible for i ssu ing and 
enforcing mine safety and health regulations , for tra in ing miners , and 
for responding to mine emergenc ies . The Bureau of Mines ia responsible 
for conducting research on mine safety and on technolog ical means for 
reduc ing health hazards in mines . NIOSH i s  responsible for conducting 
research relating to miner health , and together with MSBA for testing 
and certifying devices used to detect hazardous mater ials in mines and 
protective equipment used by miners.  

MSBA and the Bureau of Mines work cooperat ively to identify areas 
in wh ich research and development have the potential to contribute 
s ign i f icantly to an improved survival and rea�ue capability .  The 
Bureau baa the major responsibility for conducting the R&D,  while MSBA 
abarea with the Bureau the responsibil ity for integrating R&D results 
into operational practice . MSBA implements R&D results either by 
i ncorporating them into i ta own operations or by rulemak ing that 
requires new practices or equ ipment to be adopted by the min ing 
industry . * * 

The Interagency Memoranda of Understanding clarifying the 
responsibilities of MSHA, the Bureau of Mines , and HIOSH are reproduced 
i n Appendix I .  

*Federal Mine Safety and Health Amendments Act of 1 97 7 ,  P .L. 95-
164 

* *Wbile there have been many instances in  which the Bureau ' s  R&D 
results have been adopted by the mining industry without rulemak ing , 
these have generally occur red in areas other than post-di saster 
survival and rescue . 
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1 . 6 . 2 .  The Mine SafetY and Health Administrat ion & R!gulations , 
Enforcement , Training , and Bmargengy Qperat ions 

The Mine Safety and Health Administration (MSBA) i s  responsible 
for promulgating and enforcing regulations to implement federal mine 
safety and health laws . * Regular mine inspections are conducted under 
the supervision of distr ict managers ( there are distinct organ izational 
elements addressing coal and metal-nonmetal aines)  to ensure compl iance 
with regulations . The distr ict managers are also the off icials with 
primary respon ibility for responding to ser ious aine emergencies , 
assessing the ir nature , and determin ing the oourse of action to be 
followed . MSBA also mainta ins a training academy that provides health 
and safety related train ing to ita employees and to mine personnel . 

Sections 103 ( j )  and 1 0 3 ( k )  of Title I I  of the 1 977  Mine Safety and 
Health Act provide that a 

j )  In the event of any acc ident occurr ing in any coal or other 
mine , the operator shall not ify the Secretary (of Labor ) 
thereof and shall take appropr iate measures to prevent the 
destruction of any evidence which would assist in investigating 
the cause or causes thereof . In the event of any accident 
occurring in a coal or other mine , where rescue and recovery 
work is necessary , the Secretary or an author i zed representa­
tive of the Secretary shall take whatever action he deems 
appropr iate to protect the life of any person , and he aay , if  
he  deems i t appropr iate , supervise and direct the rescue and 
recovery activities in such mine . 

( k )  In the event of any accident occurr ing in a coal or other 
mine , an author ized representative of the Secretary (of Labor ) , 
when present,  may issue such orders as �e deems appropr iate to 
i nsure the safety of any person in the coal or other mine , and 
the operator of such mine shall obtain the approval of such 
representative , in consultation with appropr iate State 
representatives , when feasible , of any plan to recover any 
person in  such a mine or to reoover the coal or any other aine 

**  
or  return affected areas of  such mine to normal . 

These provisions grant the MSBA representative broad author itY. to 
take whatever action is appropr iate to protect l ives . The MSHA 
representative ' s  role in an emergency operation may be l imited to 
support and advice , or it may extend to tak ing partial or total command 
of the rescue and recovery activities . 

* . 
In add i�ion to mine s ,  MSBA' a  responsibility includes all under-

ground excavations , encompassing , for example , tunnels and caves . 

* *Federal Mine Safety and Health Amendments Act of 1 97 7 ,  P .L. 95-
1 6 4 , Title II , Sec . 10 3  ( j , k )  
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Part 50 of the Code of Pederal Regulations requires mine operator• 
to immediately notify MSBA of acc idents . As used in this regulation , 
•accident• means • 

1 .  A death of an individual at a mine 
2 .  An injury to a n  individual a t  a mine which baa a reasonable 

potential to cause damage 
3 .  An entrapment of an individual for more than 3 0  minutes 
4 .  An unplanned inundation of a mine by a l iquid or gas 
5 .  An unplanned ign ition or explos ion of gas o r  dust 
6 .  An unplanned mine f ire not extinguished within 3 0  minutes of 

discovery 
7 .  An unplanned ign ition or explosion of a blasting agent or an 

explosive 
8 .  An unplanned roof fall a t  or above the anchorage zone in 

active work ings where roof bolts are in use ' or , an unplanned 
roof or r ib fall in active work ings that impairs ventilation 
or impedes passage 

9 .  A coal or rock outburst that causes withdrawal of miners or 
which disrupts regular mining activity for more than one hour 

1 0. An unstable condition at an impoundment ,  refuse pile ,  or culm 
bank which requires emergency action in order to prevent 
failure , or which causes individuals to evacuate an area , or , 
failure of an impoundment ,  refuse pile , or culm bank 

1 1 .  Damage to hoisting equipment i n  a abaft o r  slope which 
endangers an individual or wh ich inter feres with use of the 
equ ipment for more than 30 minutes 

1 2 .  An event a t  a mine wh ich causes death o r  bodily inj ury to a n  
individual not at the mine at the time the event occurs . * 

If such an acc ident occurs , the mine operator must immed iately 
notify the MSBA distr ict or subd istr ict off ice having j ur iadiction over 
the mine . If  the operator cannot contact the appropr iate MSBA distr ict 
or subd istr ict off ice , then MSHA headquarters in Arl ington , Virg inia , 
must be notified .  

Acc idents resulting in two o r  more deaths , f ires that are not 
extinguished within 30 minutes , explos ions , inundations , entrapments , 
and any other acc idents requir ing mine rescue and recovery procedures 
are immed iately reported by the distr ict or subdistr ict manager to MSBA 
headquarters in Arlington , Vi rg inia .  The d istr ict or subdistr ict 
manager is author ized to take whatever actions may be necessary to 
protect lives pending the receipt of instructions from Arlington . 

MSBA' a Mine Emergency Operations (MBO) facility maintains rescue 
and recovery equ ipment consisting of a rescue drilling r ig ,  communica­
tions equ ipment ,  and supporting mine emergency services , personnel , and 
equ ipment (provided in large part through contracts with pr ivate firma 
and other governmental agenc ies ) that are held in read iness for rapid 
mobilization . MBO supports on-site commun ications , log istics , gas 
sampl ing and analys is , and , where needed , se ismic locating of . trapped 
miners and exploratory and rescue drilling . Dur ing the past decade 

* 30 CF.R 50. 2 (b )  
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there were no emergency escape holes dr illed utilizing MEO ' s heavy 
drill r ig .  Small-diameter probe and test holes were dr illed in several 
situations , us ing locally available dr ills . 

Table 1 . 4  l ists the 1 8  s ituations dur ing the period 1970-1979 when 
MBO fac ilities were deployed , and in each case shows the elapsed time 
between occurrence of the acc ident ,  the MEO alert,  the MBO deployment , 
and the arr ival of the MBO team at the acc ident site .  The time spans 
between the MBO alert and the order to deploy , and between deployment 
and arr ival on site ,  have been quite var iable , with the latter 
occasionally tak ing as long as 36 hours . It has sometimes been as long 
as 1 2  to 48 hours after MBO personnel arr ive at the acc ident site 
before the seismic locating equipment is  put into operation and 
dr illing is begun if needed . 

MEO is only one part of MSHA' s response to an emergency . Other 
appropr iate steps may be taken , such as establishment of a ventilation 
evaluation off ice at the mine , staffed with ventilation experts fro. 
the distr ict off ice and MSHA' s techn ical suppor t personnel . 

The MSHA rescue and recovery operation is  conducted in coordina­
tion with any operations conducted by state off icials and agencies . 
Representatives of the company and the mine workers are also g iven an 
opportun ity to partic ipate in and be informed of these operations , 
provided that this does not inter fere with the rescue and recovery 
work . 

MSHA also conducts investigations of acc idents . The depth of the 
investigation and the deta il of the investigation repor t are determined 
by the nature and severity of the accident .  Unless granted permiss ion 
by an MSHA distr ict or subdistr ict manager ,  no operator may alter an 
accident s ite or an acc ident-related area until completion of all 
investigations pertain ing to the acc ident ,  except to the extent 
necessary to rescue or recover an individual , prevent or eliminate an 
i .. inent danger , or prevent destruction of min ing equipmen t .  

1 . 6 . 3  Th e  Bureau o f  Mines z Mine Health and Safety Research 

The leg islative actions of 1 969 and 1 977 led to increased funding 
for the Bureau ' s  health and safety research program and set several new 
objectives for Bureau research . Research and development activities 
were to be undertaken to reduce or el iminate hazards potentially 
injur ious to the health or safety of miners and to provide a techno­
log ical basis for industry compl iance with existing health and safety 
r egulations and for the development of new regulations . •  Some of the 
Bureau ' s  research is conducted in-house at its 10 research centers , but 
the major portion is  conducted under contract by pr ivate organ izations . 

From 1970 to 1979 , the Bureau spent approximately $326 million on 
health and safety research . Of this , post-disaster research has 
received $17 . 9 mill ion (See Table 1 . 5 ) . Other major areas of concern 
have been ground control ( •71 . 6  million ) , industr ial hazards ( $69 . 7 

*Five Year Plan , Bureau of Mines , u . s .  Depar tment of the 
Inter ior , February 1980 . 
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I N � I 

'!"able 1 .  4 S i tuat ioM in which MSBA '• 11110 faci l i t i es  -re deployed , 4 1970- 1 9 79 . ( Data provided by I'ISIIA) 

Date of I ncident 

Jlarch 26 , 1 9 7 1  

M ay  2 ,  1 9 7 2  

July 2 2 ,  1 9 7 2  

Auqu. t 1 7 ,  1 9 7 3  

sept-r 2 5 ,  1 9 7 3  

Location of Incident 

-.co l in Mine 
Buckeye Coal C-y 
ae.aco l i n ,  Pennaylvania 

Sunshine Mine 
Sunshine Mininq COIIIPUIY 
Kel loqq , Idaho 

B llllcksvi l le No. 1 MiM 
conso l i dat ion Coa l co.­
pany ,  B l ackavi l le ,  
Wes t Virg i n i a  

Lakeshore Mine 
Hecla Mine C011p4ny 
caaa GrAnde , Ari zona 
oakwood Red Mh Mine 
oakwood Red Mh 
Corpora t ion 
Van aant , V i rq i n i a  

Sept-r JO , 1 9 7 3  Pyro No .  2 Mi ne 
Pyro Mi ni nq c._any 
Sturqis , Kentucky 

June 4,. 1 9 7 4  Ma rs H i  1 1  Mine 
Reynold• lle ta l •  

��t:;1�tanaa. 
March 9, 1 9 76 Scot i a  Mi ne 

Scotia Mine Co.pany 
Ovenfork , Kentucky 

Jll4rch 1 1  .. 1976 Scotia Mine 
Scott a Coa l  Ca.pany 
Oven fork , kentucky 

February 7, 1 9 7 7  Rev l oc  No .  3 2  M i ne 
Bet :-tlehell Mines 
Corporation 
Ebenaberq , Pennsylva n i a  

'l'ype of Incident 

coal aine f i re  

s i lver aine fire 

coal aine f i re 

COpper aine f ire 

coal aine f i re 

Tl.8e of 
OCcurrence 

March 26 
10 1 20 • • • •  

Ma y  2 
1 1 : 40 • • • •  

July 2 2  
7 : 30 p . a .  

Auqu.t 1 7  

Sept-r 2 5 

coal ai ne f ire Sept-r 30 

bawd te mine f ire June. 

coa l aine exploe i on  March 9 

coa l ai ne explosion March 1 1  
a.nd f i re 

coal ai.ne f i re Pebruary 7 

11110 Alerted 

March 26 
4 : 55 p . a. 

Mey 3 
l l : JO a . a .  

July 2 l  
10 ; 3 0  • •••  

Auc;out 1 7  
6 : 30 p . a .  

sep-r 2 5  
1 : 10 p . a .  

Sept-r 3 0  
1 : 30 p . a. 

.June 4 
10 : 50 • • • •  

Jlarch 9 
1 : 2 5 P · •· 

Jlarch 1 1  
1 : 10 ••••  

February 7 
6 : 00 • • •• 

IIIlO Deployed 

Merch 26 
5 : 11 P · • ·  

May 3 
9 : 00 p . a. 

.July 2 :J  
10 : 30 . ..... . 

Auquet 1 8  
2 : 00 P·•· 

S.pt-r 2 5  
6 : 00 P · • ·  

Sept-r 30 
5 : 30 p . a .  

.June 
l : OO p . a .  

Mar ch  9 
6 : 00 p . a .  

March 1 1  
2 : 00 ••••  

r.b r uary  7 
8 : 00 • • • •  

11110 On-S ite 11110 Secured 

March 2 7  
12 : 11 • • • •  

May 4 
12 : 30 • • • •  

.July 2 3  
6 : 30 P · • ·  

Auquet 1 8  
6 : 00 p . a .  

Apr i l  6 

May l 8 

.July 28 

�c·!.�� 
Sept-r 25o Sept-r 26 
8 : 30 p.a. 8 : 50 a . a .  

OCtober 1 
3 : 05 • • • •  

.June S 
3 : 30 p . a .  

Ma r ch  9 
7 : 10 p . a .  

March 1 1  
9 : 00 • • • •  

February 7 
1 1 : 00 • • • •  

OCtober 3 
2 : 00 p . a .  

J une  5 
lO t OO p . a .  

March 1 0  
l 2 t 00 p . a .  

March 1 5  
1 9 7 7  

l : 00 p . a .  

February 2 1b 
5 t 00 p . a .  

l!l at u.re  o f IIZO lnvol..-nt. 

Loqiatica , �catioaa, 
dri l l inq , H i -.ic location 

Logiatic a .  �cat.iou, 
'f'V probe 

Logi•t.ica , �icat.ion.a, 
co..u.nicat.ion.a probe ,  Mi.tc 
location, gae -linq 

Loqiatica, �ica.tiona 
probe , 'f'V probe ,  drillinq 
con.ul t.a tion 

Trauport.ed re.cue � 

Loqiatica, �icationa 
probe, Mi.tc locati on ,  qaa 
analyeie ,  drillinq coneultation 

�icat.ioaa .upport. 

Tran�rt:ed reacue te-

Tranaport:ed re.:ue teaa, 
c�ication.a, �ica­
tiou probe, 'I'Y probe . 
ga• -l iuq 
Loqiatic. ,  �icationa , 
drilling, gaa •-linq and 
analyaia 
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I N VI I 

llal'cl> 1, 1977 PortAl �1 CD&l - llal'cl> 1 ......... 1 ......... 2 ......... 2 
-.. - � �1 "'-"-=:J• -r City ,  - 3 : 20 p.a. 12 o 05 p.a. 5 o  lO p.a. 

y • ..u. 

april 10 , 1977 
veata 110. 5 111M oolll - fire JoMa - La1191llin April 10 April 10 April 10 April 10 
St.el O>rpor&UDD 3 o 00 a . a .  1 : 00 • ••• 7 a 30 a .a. California, -
Pennaylvania 

July 7. 1977 ••• O>a1 oolll aiM July 7 July 7 July 7 July 7 
�y •u-t - 10 a 45 a . a .  12 : 00 p.a. 3 a 00 p . a .  
st.  a.a.-1 .. , v1q1Ala 

&ap-r 2 1 ,  1 9 7 7  81.9 YIIDk Abandoaed .-oaed aiM Sep-r 2 1  �r 2 1  �r 2 1  &ep-r 2 1  
lliM Sha f t  pouible - 10 : 27 •••• 1 1 : 32 • • •• 3 a 00 p . a .  
aarter Sprllap , KMaaa -u-t 

October 15 , 1977 TWi99 C&ft ..... October 15 october 15 October 15 October 15 
�rl aa4 ,  Md. -tr_..t 4 : 45 p.a. 6 : 45 p.a. 1:45 p.a. 2 : 00 p . a. 

Sep-r 14 , 1978 Oil Shale Mine oil aba1e Sep-r 14 S�r l4 Bept-r 14 sa�r l4 
0Cc1dental Petroleua alAe fire - 3 : 40 p . a .  4 : 00 p . a .  1 : 00 p . a .  
COrporation 

-r 1 1 , 1 9 7 1  CoDnon Hotel hotel -r ll -r l1 -r ll -r l l  
Joplin , JU••ouri oo11-e 10 : 0 0  • • • •  U a OO p . a .  3 : 00 p . a .  5 • 00 p . a .  

J .... 9 ,  1979 SAlle I s le Salt lliaa ealt lline J- ' .r- 9 J- ' J_ , 
CA1'9i l l ,  Inc . explodon - 3 : 30 • • • •  6 : 00 • • • •  1 1 : 00 • • • •  
sa l l e  I d e ,  LouJ.aiiiiiA 

a In addition �o the 1 1 • ituatiODa llated here , when IIBO va• deployed, there .,.re 9 other occuiona duriD9 tb1• period 
when IIEO wu alerted but not deployed. 

MEO reaained involved for ..,re than a year until March 17 , 1 9 7 1 ,  priaar i ly in .,._.,.,icationa and 9U •-liD9. 

- 11 Lo9i8UC11 , -laaUoaa , 
l o OO  p.a. Mlllaic p..- ,  !'V p..- , 

dri111A9 . ........ 

april 14 Lo<JbUCII , __,1aat1oaa , 
1 : 00 p.a. 9U _u.., - ealllpla 

July I Airlift of IIIIIA P8R.,.....1 
l a lO  a.a. 

�r 22 ec-oaioat1DDA , !'V p,_ 
5 : 00 p . a .  

October 16 Lo<JlUiCII , -1oat1oaa , 
2 o 00 p . a .  9 U  a-11"9 

�r l7 cc--icatlDDA , !'V p,_ , 
1 : 00 p . a .  �atan p,_ 

-r l7 &aillalc 1ocaUDD 
5 : 00 p . a .  

J - 2 ]  ft"-ported re&CUII �. 
I 1 00 p . a .  lo91aUCII , __,icatiDDA , 

9 .. aaapliD9 - aaa1ya1a ,  
airlUta . 
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Tab le l . S  Fund i ng h i s to r y o f  Bureau o f  Mines po s t - d i s a s t e r  research programs , 1 9 7 0- 1979 . (Amounts in mi l l ions o f dol l ars : d i screp-
ancies in the • tot a l • column resu l t  f rom nume r ica l round-o f f ) . 

1 9 7 0 1 9 7 1  1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5 1 9 7 6  1 9 7 7  19 7 8  1 9 7 9  TOTAL 

Bureau of Mines , tota l 6 1 . 4  9 1 . 4 12 5 . 9  82 . 5  7 5 . 3  10 9 . 6  1 34 . 9  9 2 . 8 9 8 . 2 1 2 1 . 1  9 9 3 . 1 

Hea l th and S a fe ty , tota l 1 2 . 1  9 . 5 3 3 . 1 3 1 . 4 3 1 . 4 3 2 . 1  3 4 . 7  3 5 . 1  5 1 . 0  5 5 . 6  3 2 6 . 0  

Coa l 1 2 .  1 P . f> 3 0 . 2 2 8 . 4 2 1 . 4 2 1 . 6 29 . 0 :zs .  2 4 1 . 1 4 6 . 0  2 80 . 0 

Me t a l a n d  Non -Me ta l 0 0 2 . 9 3 . 0 4 . 0  4 . 8 f> . 1 f> . S 9 . 3 1 0 . 8 4 6 . 0 

I 
Pos t - D i s a s te r  S urvival and 3 . 6  0 . 1  2 . 2  1 .  J 1 . 1  1 . 7  1 . 6  1 . 6  2 . 2  1 . 5 1 7 . 9  N 0\ Res cue , tota l I 

r:o11 l 3 . 6 o .  1 3 . 0 1 .  2 1 . 0 1 . 4 1 . 4 1 . 6 2 . 2 1 . f> 1 1 . 0 

Me t a l  and Non-Me t a l  0 0 0 . 3 o .  1 o .  1 0 . 2 0 . 2 0 0 0 0 . 9 
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million ) , fires and explos ions ($4 2 . 4 million ) , respirable dust ($28 . 9 
mill ion ) , aethane control ($23 . 1  million ) , industr ial hyg iene ($16. 3 
mill ion ) , noise ($9 . 5 million ) , rad iation hazards ($8 . 5 million ) , 
ventilation (82. 4 million) , and explosives (82. 4 million ) . 

In each of these areas there is a joint MSBA-Bureau of Mines 
research review committee . These committees serve to guide the 
Bureau ' s  research pr ior ities and research funding decisions ,  and help 
to ensure that these dec isions incorporate MSBA' s asses ... nts of the 
research and development activities i t  needs in order to fulf ill its 
r egulatory and enforcement role . 

The Bureau ' s  post-disaster research program is discussed in detail 
in Chapter 3 .  

1 . 6 . 4  NIOSH and State Agenc ies 

The Nat ional Institute for Occupational Safety and Health (NIOSH) 
and the mine inspection agencies of the var ious states also have roles 
r elating to post-disaster survival and rescue . 

NIOSH conducts research relating to the occupational health of 
m iners .  Its research draws upon expertise in medic ine , epidemiology , 
toxicology , and industr ial hyg iene , as well as eng ineering ,  physical 
science , and other health f ields . NIOSH does not have a direct role 
in survival and rescue operations , but is involved , with MSBA, in 
approval of equipment that may be used in those operations . 

NIOSH also provides MSBA with techn ical information concerning 
toxic mater ials and harmful physical agents in mines and wor ks with 
MSBA in developing regulatory standards for such mater ials . It 
provides assistance to MSBA in f ield invest igations and train ing . 
NIOSH and MSBA are jointly responsible for testing and certifying 
devices for measur ing harmful phys ical agents in mines and for testing 
and certifying personal protective equ ipment .  NIOSH i s  responsible for 
certifying that such devices perform as requ ired , MSBA for certifying 
that they are intr ins ically safe . NIOSB also conducts research on 
worker fatigue in relation to des ign features of breathing apparatus . 

NIOSH plays a public health role in addition to i ts research role . 
I t s  activities in min ing include health hazard evaluations , general 
ain ing surveillance as mandated by law , and medical surveillance 
including coal miner x-ray and autopsy programs . When appropr iate , 
NIOSB per forms or assists in performing autops ies on miners k illed in 
accidents and disasters . 

Many states in which mining is  s ignif icant have mine inspection 
agencies , whose budgets reflect the extent and nature of the mining 
i ndustry in that state . Some states also mainta in rescue and recovery 
equipment and personnel that can be mobilized to respond to a disaster .  
The states do not generally provide funds for mine disaster survival 
and rescue research . 

State officials are l ikely to be among the f irst on the scene of 
a disaster , and their  techn ical expertise and knowledge of local con­
d itions are of g reat value . 
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CBAP'l'BR 2 • UNDERGROUND MIRE DISASTERS OP T11B PAST DECADE 

During the decade from 1970 through 1979 nine underground mine 
d isasters occurred in the United States ( See Table 2 . 1 . )  S ix were in 
coal mines and three were in metal and non-metal ainea . POur were 
caused � explosions , * two by f ires , and two by inundat ions ' one 
involved poisoning � hydrogen sulf ide gas . A total of 195 lives wer e 
lost in these disasters .  Dur ing the same per iod , 1438 lives were lost 
in lesser accidents in underground mines . 

Investigative reports on two of the decade ' s  disasters ,  Scot ia and 
Porter Tunnel , have not yet been publicly released because of pending 
l it igation . Reports of the investigat ions into the other seven 
disaster s were examined by the committee to identify aspects of 
d isaster management that have been affected by the Bureau of Mines 
post-disaster research program or that could be addressed by that 
program .  The committee sought to determine wh ich survival and rescue 
procedures have been particularly effective and wh ich have presented 
problema . The committee also sought to determine what the potential 
lifesaving �ct might have been of techniques and equipment that wer e 
not ava ilable at the t ime but that are available today . In addition 
to these disasters , the committee looked into 56 accidenta--47 in coa l 
m ines and 9 in metal and non-metal mines--that had d i saster potential 
and were thus relevant to ita examination of post-disaster survival and 
r escue . 

In this chapter coal mine d i sasters and metal-nonmetal mine 
disasters are discussed separately . Although it might appear mor e 
log ical to g roup disasters by cause ( e . g . , f ire , explosion , inunda­
tion)  than by com.odity ,  there are signif icant differences between coa l 
and metal and nonmetal mines . These differences are reflected in the 
organization of the mining industry and the federal agency responsible 
for aine safety and health , and also in the relevant federal laws and 
regulations , which treat coal and metal-nonmetal mines d i fferently . 

*The Scotia d i saster involved two separate explos ions two days 
apart . 
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I w 0 I 

Tab l e  2 . 1  

COI\L : 

METAL 1\ N D  
i-loN"M_E"('A.;; 

Und e rg round m i n e  d i sa s t E' r s  in the United States, 1 9 7 0- 197 9 . ( I n forn�ation provided by the �li ne Safety a nd Ilea l th Adm i n ­
i strat ion) 

Da te 

December JO , 1 9 70 

J u ly 2 2 , 1 9 72 

De cember 1 6 , 1 � 72 

Ma r ch 9 and 1 1 ,  1 9 7 6 

Ma rch 1 ,  1 9 7 7  

1\pr i l  4 ,  1 9 7 8  

- -- - - ·  - - -- - - - - -

1\pr i l  1 2 , 1'1 7 1  

May 2 ,  1 9 7 2  

.J une 8 ,  1 9 7 9  

- - - - -

Locat ion 

Nos . 15 and 16 M i nes 
F i n ley Coa l Company 
lly den, Kentucky 

B l acksv i l le No. 1 M i ne 
Conso l i da t ion Coa l Company 
B lacksv i l le ,  West Vi rg i n i a  

t tmann No. 3 M i ne 
I tmann Coa l Company 
I tman n , West V i r g i n i a  

S cot i a  M i ne 
S coti a  Coa l Company 
oven fork , Kentucky 
Porte r Tunne l 
Kocher and Leon Coa l  

Company 
W i l kes Ba r re, Pennsy lvan i a  

Mos s  No. 3 Po rta l A M i ne 
C l i n ch f ie l d Coa l Company 
lluty ,  V i rq i n i a  

Barne t t  Comp l e x  Mi ne 
Oz a rk Mahon i nq Company 
Ros i cl a re .  I l l i no i s  

S unsh ine M i n e  
S unsh ine M i n i n q  Company 
Ke l l oqq , I daho 

Be l le I s le S a l t  M i n e  
Ca rq i 1 1 , I n c. 
St. Ma ry Pa r i sh , Lou isi ana 

K i nd o f  
Mine 

Coa l  

Coal 

Coa l  

Coal 

Coa l 

Coal 

F l uo rs p a r-
lead- z i n c 

S i l ve r  

S a l t  

Kind o f  
Disaster 

Exp los ion 

Fi re 

Explos ion 

Explos ions 

I n unda t i on o f  
water 

I n undation o f  
b lackdamp 

Hy d rogen 
s u l f i de 
poisoninq 

Fi re 

Explosion 

Number o f  

Mi ne rs 
Un de rg round 

39 

4 3  

1 2 1  

* 

19 

4 

2 2  

1 7 2  

2 2  

Number 
K i l led 

3 8  

9 

5 

2 6  

9 

5* *  

7 

9 1  

5 

Numbe r  
I n j u red 

1 

0 

3 

* 

* 

2 

0 

0 

• 

* I n fo rma t i on not ava i lablE' to t.hP comm i t tee .  
*'  'l'h<' 5 v ic t ims i nc l ud ed 2 o f  t h<"' 4 m i ners wor k i ng underg rou nd a nd 3 o f  the 1 0  pe r sonne l on the sur face who partici pated i n rescue 

a t t empt s .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

U n d e r g r o u n d  M i n e  D i s a s t e r  S u r v i v a l  a n d  R e s c u e :  A n  E v a l u a t i o n  o f  R e s e a r c h  A c c o m p l i s h m e n t s  a n d  N e e d s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 4 6 1
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2 . 1  DISASTER IHVBSTIGATION REPORTS 

D isaster investigation reports can help determine legal liability 
and can provide information that will help avoid future d i sasters 
through enactment of new laws and regulations , changes in inspection 
or enforcement procedures , modifications in equipment design , develop­
ment of new training procedures , institution of improved emergency 
plans , and conduct of new research . 

Pr ior to May 197 3 ,  all mine disasters were investigated by the 
Bureau of Mines . The Bureau ' s  reports had a reputation for being com­
plete and comprehensive , and were often published as Information Cir­
culars and widely c i rculated . 

When MESA was created in 1973 , all mine safety inspection and 
investigation responsibilities were transferred to that agency . With 
that change , g reater emphas i s  was placed on find ings related to non­
compliance with federal health and safety regulations . This new 
e�hasia continued when , after enactment of the Federal Mine Safety and 
Health Amendments Act of 1977 , respons ibility for disaster invest iga­
t ion repor ts passed to the newly created MSBA in the Department of 
Labor . Th i s  appear s  to be associated with a growing tendency toward 
l itigation after disasters ,  and a concern within mining companies ,  
unions , and government agencies about the poss ible legal implications 
of statements made dur ing d i saster investigations . One consequence is  
that reports are often delayed for legal review , and important findings 
that could be applied in other mines are not as qu ickly and widely 
available as they should be . 

2 . 2  COAL MINE DISASTERS 

The number of coal mining disasters and associated fatalities 
decreased from 13 disasters with 2 3 9  victims dur ing 1960-1969 to 7 
d isasters with 92 vict ims dur ing 1970-1979 . This extended a trend that 
had begun some years pr ior to 1960 . S imilar favorable trends were 
noted in the number of accidents having disaster potent ial . Much of 
th is progress may be attributed to 

o I�rovements in  mine design 
o I�roved escapeway& and other mine egress facilitie s  
o Improved disaster prevention techniques and equ ipment 
o Improved training programs for miners 
o Better mine emergency plans and evacuation dr ill programs 
o More effective coord ination between mine operators and miners ' 

safety committees 
o Improved mine rescue apparatu s 
o Better geographical d istr ibut ion of trained mine rescue teams 

These improvements notwithstand ing , the committee ' s  review ind icates 
that further efforts are needed , both in disaster prevent ion and 
d isaster response . 

Br ief descr ipt ions of the decade ' s  d isasters , drawn from the 
off icial investigation reports , follow. 
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Finley Coal Company Explos ion (8yden, Kentuckyz December 30 , 
1970 ) 1 

A coal dust explosion was caused by improper use of 
explosives , and exacerbated by inadequate application of 
rock dust . Thirty-nine miners were in the mine .  Thirty­
three were k illed instantly z five who appeared to have moved 
a short d istance after the explosion presumably d ied of 
asphyxiation or carbon monoxide poisoni ng . 

Mine employees d id not carry self-rescuers ,  although 
f i lter self-rescuers were avai lable and stored in set loca ­
t ions . It is unl ikely that the miners who survived the 
explosion could have donned self-rescuers in  t ime to save 
their lives had they been on their  persons , or if  oxygen 
self-rescuer s  would have been effective had they been 
available . 

Consolidation Coal Company Fire (Blacksville , West Virg inia z 
July 22 , 1972) : 

The f ire broke out dur ing a Saturday operation that was 
not for production but was for the purpose of relocating 
equipment within the m ine . The fire apparently was caused 
by an electr ical short c i rcuit  when a continuous mining 
mach ine being hauled along a track contacted the energ i zed 
trolley wi res . For ty-three miners were in the mine at the 
t ime . Thirty-four evacuated safely . Nine miners were 
trapped .in the mine and ultimately d ied . They were wear ing 
f ilter self-rescuers when overcome . Delay in communicating 
with these miners and evacuat in� them proved cr it ical . More 
t imely evacuat ion would probably have enabled them to 
survive . Delay nothwithstanding ,  availabi lity of oxyge n 
self-rescuers would probably have enabled them to make the i r  
way out o f  the mine . 

I tmann Coal Company Explosion ( I tmann , West Virg inia z 
December 15 , 197 2 ) : 

Methane was ignited by an electr ic arc that occur red when 
the trolley pole of a portal bus lost contact with the 
t rolley wire . The explosion occurred dur ing a regular 
change of shifts on a scheduled production day . Five miner s 
were k illed outr ight and three severely burned miners were 
rescued by a mine rescue team . 

Scotia Coal Company Explosions (Ovenfork , Kentucky z March 9 
and 1 1 ,  1976 ) : 

Two methane explos ions , two days apart ,  claimed a total of 
2 6 victims . No off icial report on this disaster has yet been 
r eleased because of pend ing l itigation . 
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Seven of the 1 5  victims of the f irst explosion survived the 
initial explosion . It  waa found dur ing the recovery operation 
that they had started to evacuate , donned f i lter self­
rescuers , and then dec ided to return to the work ing place and 
barr icade , where they ultimately d ied .  The 1 1  victims of the 
second explosion were k illed instantly . Two survivors donned 
f ilter self-rescuers and guided the .. elvea out of the mine by 
following a telephone cable . 

Porter Tunne l ,  Kocher and Leo n  Coal ec.pany Water Inundation 
(Wilkes-Barre , PennfYlvania J March 1 ,  1977) 1 

Th i s  vaa an inundation of water from earl ier abandoned 
· wor k ings . Nine miners were k illed instantly . Bight miners 

escaped unaided , one waa carr ied out , and one waa rescued 
by search parties the next day . Ho offic ial report haa yet 
been releaaed because of pend ing litigat ion . 

Clinchf ield Coal Company Blackdamp Inundation (Duty , Virg inia, 
Apr il 4, 1978) 1 

An entry being advanced by a continuous mining mach ine 
cut into a mined-out and abandoned area of the same mine , 
and waa inundated by a rapid inrush of blackdamp (air defi­
c ient in oxygen and h igh in carbon dioxide ) . Five miners 
d ied and four escaped by their own efforts or with the a id 
of others . The f ive victims all lacked life-support equ ip­
ment . Two of them might have survived had they withdrawn 
tm.ediately J the other three d ied whi le attempting to rescue 
the affected miners without appropr iate equ ipment . 

In ita review the committee also examined a number of acc idents 
t hat had disaster potential . The committee concentrated on ign itions 
and mine f ires inasmuch aa the great majority of recent coal mining 
d iaaatera have stemmed from such inc idents . The committee d id not 
confine ita study to domestic occurrences . It also reviewed d i saste r 
reports and follow-up studies of several fore ign mine f i res and 
explosions . These stud ies confi rmed the conclusions drawn from the 
review of da.eatic d i aaatera , l i sted below . 

Conclusions 
Review of coal mine d i aaatera of the past decade auggeata that the 

.oat signif icant gains in poat-d i aaater survival and rescue would 
result from 

o Provid ing miners with an oxygen-supplying escape breath ing 
apparatus ( •oxygen self-rescuer • )  to be carried on the i r  
persona . Such a device would be for the purpose o f  keeping 
miner s alive while they escape through reg ions of oxygen­
deficient or tox ic atmosphere . It would not need to support 
the level of respi ration needed for rescue work . Hor would 
i t  need to be aa rugged aa a rescue apparatus . 
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o More effective training of miners in the immed iate act ions to 
be taken when a fire  or other emergency is  detected or sus­
pected . 

o More effective training of managers , supervi sors ,  and 
d i apacher a  in the development and implementation of disaste r 
plana , so that in the event of an emergency proper instruc­
tions are g iven in timely fashion and are promptly and 
properly car r ied out .  

There has also been some indication* that rescue teams could wor k 
more effectively in  conditions of high temperature and humid i ty i f they 
were provided with l iqu id-oxygen rescue breathing apparatus . This  is  
of particular importance i n  deep , hot , humid mines such as  are found 
i n  the western Uni ted States . 

Two of the decade ' s  d isaster s ,  the Blacksville f i re and the 
Clinchf ield inundation , occurred dur ing per iods of irregular operation 
rather than dur ing regular production shifts . Exper ience in other 
industries suggests that often weekends and other non-regular pe r iod s  
a re t imes when the usual cha i n  o f  top management personnel are not on 
duty , and when subordinates may hesitate to make prompt decisions that 
a re l i kely to cause major d i sruptions in the mine . The committee could 
not determine whether thi s has been a problem in mines . I f  i t  has , 
management should take steps to ensure that appropr iate decisions are 
made quickly i f  an emergency ar i ses  at such a time . 

Other measures that might have considerable impact i nclude : 
improvements i n  mine design to permit rapid i solation of areas affected 
by f ire 1 improvements in mine communication systems for emergency use 1 
prompt d issemination , throughout the industry , of investigative reports  
of d i sasters and accidents having d i saster potential ' emphas i s  in  
d i saster reports on technolog ical and operational remed ies i n  addition 
to the present emphas i s  on noncompliance with regulations ' and better 
understanding of human reactions and behavior in  emergency situations 
a s  a basis  for more realistic d i saster plans and disaster training . 

2 . 3  METAL AND NON-METAL MINE DISASTERS 

There were three d i sasters in metal and non-metal mines dur ing the 
1970-19 7 9  decade ( see Table 2 . 2 ) . The Sunshine Mine fire  in 1972 , wi th 
91 fatalities , caused the i ndustry and government agencies to re­
examine all elements of mine rescue and disaster response . Even a s  
enhanced d i saster prevention and rescue capabilities were put i n  place , 
the industry continued to exper ience ser ious accidents that could have 
r esulted in g reater loss of l i fe than was actually exper ienced . 

Dur ing the decade there wer e  three fatal f i res i n  underg round 
metal and non-metal mines . In  addition to the 1 9 7 2  Sunshine Mine 
f i re , fires at the Star Mine in  1971  and the Lakeshore Mine i n  197 3 
c la imed two l ives each . There were also two methane explosions that 
resulted in fatalities . Both were in salt mines . The Sterling Shaft 
explosion in 1 9 7 5  took four lives . The Belle Isle explosion in 1 979 

* See •Recovery , Somerset Mine , • u . s .  S teel Corporation , Western 
Di str ict-Coal , undated . 
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I w v. I 

Table 2 . 2  Di s as ters and �tent i a l  d i sasters i n  anderqround .atal and non-.ata l •ines , 1970-1979. ( Info�t ion drawn fro• 
HSHA reports . )  

MUIIIber o f  workers who -re 

Locat i on K ind of Mine Date Incident Exposed Evacuated Trapped Rescued K i l led I n j ur�d 

Disas ters 
Barnett Co.plex 
Ros i clare . I l lino i s  

Sunsh ine Mine 
Ke l loqq , I daho 

F l uo rspar­
l e .l d - ;'! i nc 

S i l ve r  

Apr i l  12 ,  1 9 7 1  

May 2 ,  1 9 7 2  

G a s  I nundation 22 

Fire 172 

Be l le Is le Mine S a l t  Jane 8 ,  1979 Methane e xplos ion 2 2  
Be l le I s le ,  Loui s iana 

Potentia l Disasters 
Star Hlne 
Burke , I daho 

Lakeshore Mine 
Cas a  G rande , Ari zona 

Mars H i l l  Mine 
Rauxite , A rk ansas 

S te r l i nq Sha ft 
Re tso f .  New York 

H�s take Mine 
Lead , South Dakota 

A.a r i can Tunnel 
S i l ve rton , Co l orado 

Crescent Mine 
Ke l loq ,  Idaho 

Loqan Wash 
Debeque . Colorado 

Lon9 Dave Lode 

Lead- z i nc­
s i lver 
Copper 

Baux i t e  

Sa l t  

Go ld 

January 2 0 , 1 9 7 1  

Augus t 1 7 .  1 9 7 3  

June 3 ,  1 9 7 4  

Apr i l  1 8- 19 ,  1 9 7 5  

Hay 9 • 19 7 5  

Ba Re meta ls June 4 ,  1 9 7 8  

S i l ve r  J un e  2 8 , 1 9 7 8  

F i re 

Entra�nt and 
fire 

Materi al run 

Gas exp losion 

F i re 

Inunda t ion of 
water and •ud 
Fi re 

Oi l s h a le Sept.-her 1 2 , 1 9 7 8  Fire 

* 

Lockwood Vall�y , Ca l i forn i �  
Move.ber 2 ,  1 9 7 9  Entra�nt by 

materi a l  run . 

TOTAL 

*Not d i scernable from o f f i c i � )  reoort . 

• 

1 1 2  

4 4  

1 3  

610 

35 

• 

3 

1 0 3 3 +  

15 7 

79 9 3  2 9 1  

17 17 5 • 

• 2 2 

110 2 2 

4 2  1 1 1 1 

• .. .. 

610 

35 

• 

3 3 

891+ 118 2 3  1 1 2  5 +  
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resulted in  f ive deaths . A hydrogen sulfide gas invasion at the 
Barnett Complex mine in 1971 took seven lives . 

The Belle Isle explos ion and the Star , Sunshine , and Lakeshore 
f i res all resulted in entrapment of miners . In  the Belle Isle 
d isaster , the 17 trapped miners were successfully rescued . In the 
S unshine f ire , only two of the 9 3  trapped miners were rescued , and in 
both the Star and Lakeshore f i res , the trapped miners ,  two in each 
case , per ished . The Lakeshore f i re was also characte r i zed by materials 
entrapment .  There were two other i nc idents of entrapment by mater iala a 
Mara Bill in 1974 and Long Dave Lode in 1979 , in which one and three 
miners respectively were trapped J all were rescued . 

Fires at the Bomeatake Mine in  1975 and at the Crescent and Logan 
Wash Mines in 1978 had disaster potential but did not result in 
entrapment , inj ury , or death , either because no miners  were in the 
affected area or because all were evacuated safely . The same i s  true 
o f  the inundation of water and mud at the Amer ican Tunnel Mine in 1978 . 

The three disaste r s  of the decade (Barnett Complex , Sunshine , and 
Belle I sle ) involved about 216 of the i ndustry ' s  approximately 36 , 000 
employed personnel r 103  of these were killed .  In  two of these 
d isasters , all miners underground were involved in l i fe-threatening 
circumstances . The nine potential d i sasters that the committee looked 
i nto i nvolved more than 1 , 000 addi tional underground employees in  
possible life-threatening c ircumstances , and resulted i n  nine deaths . 
S even of these incidents affected the total mine area and requ i red 
evacuat ion of all underground personnel . (See Table 2 . 2 . ) 

Underground f ires , liberation of toxic format ion gases , and 
inundation continue to be major causes of metal and non-metal mine 
d isasters and potent ial d i sasters .  Frequently these occurrences are 
assoc iated with a non-routine act ivi ty ,  which complicates control of 
t he s i tuat ion and makes evacuation and rescue difficult . 

Although i t  i s  evident that new practices developed over the 
decade are contr ibuting to an improved emergency response , shortcomings 
are sti ll  present , a s  discussed below. 

F ires 
In addition to the three f i res that resulted in loss of l i fe to 

miners ,  there were 10 5 other reportable fires ( i . e . , fires of more than 
3 0  minutes duration ) dur ing the decade . Most of these f i res were 
handled with pre-planned procedures provid ing for prompt evacuation o f  
personnel f rom the mine followed by appropr iate f ire f ighting actions . 

A normally small fire , compounded by other unusual circumstances , 
c an r apidly g row to d i saster d imensions . The Sunsh ine Mine f i re in 
1972 i s  a case i n  point . A small f i re in  the exhaust  ai rway of the 
mine complex breached the separating bulkheads to contaminate the fresh 
a i r  intake . The fire increased in intensi ty more rapidly , spread more 
quickly , and produced more toxic gas than i s  considered normal for 
underground mine fires . Knowledge of mine fire  chemi stry was not 
suffic iently understood at that t ime to have pred icted the concentra­
t ions of combustion products that did in  fact occur . Moreover , a 
systematic study of the Sunshine Mine design would have revealed that 
rescue efforts in response to a fire  of thi s  nature would be difficult . 

An underground mine f ire at the Star Mine in 1 971 , resulting in 
two deaths , was also unusual in that the fuel was a new product made 
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of chemical resin-based mater ials . Two employees accidently ignited a 
f iberg lass ventilation duct pipe . The combinat ion of resin-based fuels 
and .oving air in the duct created a chemical fire with dense and toxic 
combustion products . Both workers were overcome whi le attempting to 
retreat from the fire location . Ne ither of the two exposed employees 
had f ilter self-rescuers . The follow-up investigation d id not deter­
mine whether protection from the fumes and smoke would have been 
possible had f i lter self-rescuers been available . This acc ident 
resulted from the use of a new product in mine operat ions without fully 
testing it for combustion qual it ies . The product is  now manufactured 
with a flame retardant to prevent a reoccurrence of the Star Mine f i re . 

A large var iety of d iesel-powered loaders ,  transporters , concrete 
pumps , and other machinery is used in modern mining , and several mine 
f ires have involved this mobi le d iesel-powered equipment . Of these , 
only the Lakeshore Mine f i re in 1973 resulted in fatalities . In thi s  
unusual c ircumstance , a large diesel loader was covered by dr ill cut­
ting s  flowing uncontrolled out of a large d i ameter borehole . The 
sudden slide of dr ill cutt ings trapped two miners in a dead-end tunnel 
and covered the loader with its motor runn ing . The bur ied loader 
overheated and started burning . I f  not for the f ire , the trapped 
personnel probably would have been freed . 

Many of the 108 metal and non-metal mine f i res resulted in orderly 
evacuation of mine personnel without inc ident or inj ury .  The use of 
the f i lter self-rescuer in these evacuat ions i s  not always detai led in 
the reports of these inc idents . However , enough cases descr ibe the use 
of the f i lter self-rescuer to demonstrate i ts value whi le evacuating 
through smoke-contaminated mine entr ies . 

Entrapment 
Entrapment of personne l ,  either by tox ic smoke or by material runs 

that blocked ex its , characte r i zed six accidents in which a total of 1 1 8  
people were trapped o r  prevented f r om  making a normal exit from the 
mine . Ninety-three of these were the 91 victims and two survivors o f  
the Sunshine Mine f i re .  Includ ing the latter two , 2 3  people were 
rescued from entrapment by mine rescue personnel . Both the Belle Isle 
Mine and Sunshine Mine evacuations were complicated by inoperative 
shaft facilities , in  the f i r st case due to damaged equipment and in the 
latter due to the operator of an underground hoist be ing overcome by 
the fire combustion products . These rescue efforts are notable for the 
organi zation and achievement by mine rescue personnel under d i ff icult 
and unfamiliar cond itions . 

Methane exPlosions 
Methane ignitions and explosions in non-metallic mines resulted 

in nine deaths dur ing the decade . The Ster ling Shaft explosion in 197 5 
involved ignition of gas in an abandoned salt mine shaft which was 
being backfilled . The explosion resulted in the deaths of three miner s 
at the shaft collar , with another m i ssing ,  having probably fallen down 
the shaft . Th i s  i s  an example of a non-routine act ivity resulting in 
a disaster . 

The Belle Isle Mine methane explosion and h igh pressure gas blow­
out in 1979 illustrates how the normal evacuation of personnel not 
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d irectly involved in the explosion can be hampered by damaged 
man-hoisting facilities . 

Disaster Response and Rescue Qperationa 
Metal and non-metal mine d i sasters and rescue operations d iffe r 

f rom those in  coal mines pr imar i ly in  the wide var iety of situations 
the metal and non-metal rescue team is confronted with . Nearly all the 
d isaster s ituations d iffer in mine design and operating methods . The 
shaft access i s  about the only facility common to moat metal and non­
metal m ines . 

Metal and non-metal mines of all s i zes have been involved in 
disaster recovery and rescue operations . More than half of the 
decade ' s  d i sasters and potential d i sasters involved the exposure of 
fewer than 50  people wor king underground at  the time of occurrence . 
The other half of the incidents occur red in  large metal mines . 
Disasters  do not usually d irectly involve the total mine complex of the 
larger mines 1 the Sunsh ine Mine fire  was an exception .  Usually all 
personnel except those directly affected by the disaster are evacuated 
s uccessfully . This  has been par ticular ly true in  recent years follow­
ing implementation of new safety standards for evacuation and emergency 
exit  provisions . 

Entrapment or i solation from fresh a i r  exits is  an important 
concer n  in metal and non-metal mine d i saster s .  Dur ing the past decade 
twenty-seven miners ,  not including the victims of the Sunshine Mine 
f ire , have been trapped . All but five were rescued through the effort s 
of mine rescue teams . The two survivors of the Sunshine Mine fire had 
been trapped in a branch of the fresh a i r  vent ilation circuit  that had 
not been invaded by contamined a i r , with no exit  except through an 
unlined 48-inch d iameter ver t ical borehole . They were rescued throug h 
the efforts of Bureau of Mines personnel supported by var ious other 
government agencie s .  

Pr ior to the present practice o f  having trained mine rescue per­
sonnel readily available at the mine s i te , a number of rescue opera­
t ions were frustrated by late a r r ival of mine rescue personnel .  Some 
of the seven lives lost i n  the 1971  Barnett Complex disaster might have 
been saved i f  mine rescue teams and suppor t equipment had been 
avai lable on a t imely basi s .  Recent exper ience i nd icates that to a 
large extent , mining companies have establi shed mine rescue teams 
capable of respondi ng on short notice . 

Moat deep metal and non-metal mines are accessed through a hoist­
ing facility which is often the rock hoi s t  and material and man-hoist  
combined . A major concern in most metal and non-metal mine d i sasters 
is whether or not the vertical shaft entrance is affected or damaged . 
At the very least , the shaft presents a difficult path for mine rescue 
teams str iving to gain access  to deep mine levels . Seventeen miner s 
were rescued after the Belle I sle explosion in  1979 by heroic efforts 
of mine rescue personnel who entered the mine through a damaged hoist 
fac i l i ty .  

N o  safe and exped ient method o f  enter ing a damaged shaft has been 
developed . In  deep mines , d r i l led boreholes are not reasonable alter­
natives to a damaged shaft . 
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Other Aapects of Survival and Rescue 
Many metal mines are vertically oriented and are relatively deep , 

c ompared to hor i zontally or iented , relatively shallow coal mines . Por 
these reasons , presently avai lable trapped-miner location devices and 
borehole-dr illing rescue techniques have not been used in metal mine 
rescue operation s .  

Filter self-rescuers have been used in evacuation of personnel 
through smoke in mine fires since the Sunshine Mine f i r e  in 1972 . 
Except in the case of a fuel-r ich f ire or other chemical-fueled f i re ,  
where large quantities of combustion products are produced , the f ilter 
self-rescuer appears to have provided adequate protection to personnel 
traveling through smoke . Several large diesel loaders have caught 
f ire , but either have been allowed to burn out or were so situated that 
workers and fire f ighters were not in the heavy smoke produced by the 
f ire . With the wider use of chemically formulated mater ials and d iesel 
equipment with rubber tires , the potential for fires consuming d iesel 
f ue l ,  rubber , and other mater ials and producing dense smoke and high 
concentrations of carbon monoxide and other toxic combustion products 
will increase . The f ilter self-rescuer , which only protects against 
carbon .onoxide , is probably not adequate in such an atmosphere of 
smoke and chemical combustion products . 

Rescue operations in the Sunshine Mine fire and at the Lakeshor e 
M ine demonstrated the extreme d iff iculty facing a mine rescue team in 
advancing their fresh air base in deep , hot underg round mines . S ingle­
heading advance of the fresh air base i s  d i ff icult and requ i res con­
siderable ingenuity by the mine rescue team . I f  the mine is hot , the 
work involved in bui lding bulkheads i s  extremely fat iguing and t ime 
consuming . 

Conclusions 
Greatest loss of l i fe in underground metal and non-metal mine 

d i sasters has been associated with those instances in wh ich the f i r e  
or explos ion affects all o r  most o f  the underg round mine complex . Thi s  
further complicates rescue and recovery operations and adds to the time 
r equ i red for mine rescue teams to reach and help survivors . 

In many cases , a systematic evaluation of mine des ign for hazard s 
could have revealed the poss ibility of a d i saster . Appropr iate pre­
ventive measures might then have been taken , and appropr iate d i saster 
response plans provided . Such plans , carefully developed and 
installed , and supported by prope r  training , would substantially 
enhance the survival prospects of miners . Existing technology can 
provide a great deal of suppor t to these plans . 

Oxygen self-rescuers , or even f i lter self-rescuers had they been 
avai lable and used , might have saved some of the Sunshine f i re victims . 
With the increasing l i kelihood of tox ic combustion products in  mine 
f i res , oxygen self-rescuers wi ll  assume g reater importance i n  d i saste r 
survival . Because of the var iety of mine cond itions , an evaluat ion of 
each mine may be necessary to determine whether oxygen self-rescuers 
should be carr ied on the miners ' persons or whether they can be cached . 

The present capabi lity of mine rescue teams for advancing qu ickly 
in the mine and for work ing in hot envi ronments has not been adequate 
to assure t imely rescue . 
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Improved emergency communications are vital to efficient evacua­
t ion and rescue operations . Operating communications have often been 
destroyed or damaged extensively in major f i res or explosions , and 
emergency systems that can withstand such events are needed . 

Thorough training and continued practice in  disaster  response 
p rocedures would enhance the miner ' s  capability for proper use of 
emergency procedures and equ ipment. 

Seismic techniques for locating trapped miners ,  rescue dr illing 
capabilities , and refuge chambers have made l ittle or no contr ibution 
to the rescue of survivors of underground metal and non-metal mine 
d isaster s .  

There i s  evidence to suggest that non-routine activities , 
especially on weekends , are t imes of high vulnerabi l i ty to d isaster . 
Better preparation for the eventuality of d i saster in such c ircum­
stances could result i n  saving lives .  

In  the committee ' s  j udgment , the improvements that would have been 
most effective in saving lives in the past decade ' s  underground metal 
a nd non-metal mine d i sasters  are 

are 

o An oxygen-supplying escape breathing device ( •oxyge n 
self-rescuer • )  ava ilable to all mine r s .  

o More thorough training of miner s in emergency response 
procedures . 

o Improved capabil i t ies for rescue teams working i n  deep , hot 
mine s .  

o Improved communications systems for use i n  emergency and 
rescue operations . 

O ther improvements having very l imited potent ial for saving l ives 

o Refuge chambers suitable for use in metal and non-metal mines . 
o Procedures for locating trapped miner s i n  deep mines . 
o A rescue dr illing capability for deep mines . 

2 . 4  RECOMMENDATIONS 

On the basis of a review of the decade ' s  d i sasters--both in coal 
and in metal and non-metal mines--the committee believes that the 
s ingle piece of equipment most li kely to reduce loss of l i fe in mine 
d i sasters i s  the oxygen self-rescuer . The next most effective means 
of reducing the number of fatalities i s  better training to prepare 
miners to take appropr iate action when a fire or other emergency 
occurs . Better planning for emergencies is needed to make such 
training effective . Improved capabil ities for rescue wor k in deep or  
hot mines i s  needed to exped i te rescue operations in  such envi ronments . 

A careful and systematic assessment of the r isks involved in 
non-routine activities should be under taken . All such activities 
should be backed up with well-defined disaster response procedures . 
All personnel involved in  the activi ty should be familiar with and 
trained i n  evacuation and d i saster response procedures . 

Present reporting and investigating procedures should be examined 
to see i f  they serve the i r  purpose adequately or whether an alternative 
approach--such as investigat ion by an independent body analogous to the 
National Transportation Safety Board--would be more effective . The 
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problema associated with .. lf-incr imination should be addressed , aa i t  
i a  o f  critical i�rtance to be able to conduct a poet-aud it in a 
.. nner that encourages honest evaluation without fear of legal repe r ­
c ussions associated with litigation or prosecution . 

In ca.piling data on past accidents and d iaaatera ,  i t  would be 
u seful to include infor .. t ion on situations that had the potential to 
develop into diaaatera but d idn ' t .  Such potential d i aaatera are li kely 
to occur .ore frequently than actual d i aaatera ,  but may not be 
reported , either because there ia  no requi rement to report them or ou t 
of fear of punitive action . Yet i t  i a  as important to know what 
worked in responding to potential disasters aa it  ia to know what 
d idn ' t . It would be useful to develop a mechanism for reporting and 
analyzing such incidents and for d isseminating the resulting informa­
t ion in a form that might aaaiat others in averting d isaster . A pro­
vision for granting �nity from punitive act ion to those who repor t 
s uch inc idents might increase the effectiveness of the reporting 
ayatem. 
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CBAP'l'ER 3 .  '1'BB BUREAU OP MINES POST-DISASTER RESEARCH PROGRAM 

Within the USBM Health and Safety program , research d i rected 

specifically to the survival and rescue of miners following potentially 

disasterous events is classed as •post-d isaster research . •  Th i s  
program was init iated for coal mines in 1 9 7 0  a s  a result o f  the Coal 
Mine Health and Safety Act of 1969 . S imilar efforts were initiated fo r 

aetal and non-metal mines in 1 972 . In both areas , research efforts 
were stiaulated by disasters in wh ich the lives of miners might have 
been saved if d ifferent technology and procedures had been avai lable . 

Post-disaster research has accounted for •18 million out of the 
total of •326 million spent in the last decade for health and safety 
research . There have also been research efforts aimed at detecting o r  
aitigating conditions which might lead to disasters which were not 
funded under the aeg i s  of the post-disaster program , but which could 
conceivably lead to technology that would be applicable in d isasters 
as wel l .  

3 . 1  INTRODUCTION 

The USBM post-disaster research program dur ing the past decade has 

focused on developing technology for the fol lowing a 
1 .  Communicating with and locat ing trapped miners . 
2 . Supporting the lives of ainers trapped underground and of 

those involved in rescue and recovery wor k .  

3 .  Rescuing trapped miners . *  
The program was shaped to a g reat extent by the recommendations 

of the 1970 NAB report . * * That report suggested a numbe r of specific 
a reas of research as early obj ectives o f  the new program ,  and t o  a 
large extent these recommendations were followed . Progress was ham­
pered by a number of factors outs ide the Bureau ' s  control , among them 

o The shortage in the ear ly 1970s of R•D-or iented sc ientists 
and eng ineers with knowledge of underground mining . 

* A  l ist of the research proj ects undertaken in the past decade is 
g iven in Append ix I I I . 

• • •Mine Rescue and Surval , • Nat ional Academy of Eng ineer ing ,  

Washington , D .c . , 197 0 .  
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o Organi zational changes within the federal government with 
regard to mine safety and health , e . g . , the creation of the 
Mine Enforcement and Safety Administration in 1972 and its  
convers ion to the Mine Safety and Health Administration in  
197 7 .  

o The g rowing role of the Nat ional Insti tute for Occupat ional 
Safety and Health i n  setting design standards and conducting 
approval testing of such safety equipment as dust samplers 
and breathing apparatu s .  

o Pressure on the federal R&D program to produce visible and 
useful results , which in thi s  case led to emphas is  on the 
design and construction of equipment and its demonstration in 
operating mines , somet imes at the expense of continued devel­
opment that might have proved more useful in the long run . 

o The selection of research projects because of statutory or 
regulatory requ i rements rather than because of their 
appropr iateness for achieving overall program goals . 

Despi te initial difficulties , the program got off to a good start.  
The dec i s ion was made to  initiate Phase I ( the inte r im system )  of the 
1970  NAE report through a single major contract , while building a long­
term research capability through  a combination of in-house and contract 
activit ies . This was a real istic response to the pressure for results , 
the level of fund ing , and the shortage of necessary expert i se . 

However ,  as t ime went on , management of the program became 
project-or iented rather than program-area-or iented . Whi le i t  i s  
evident that detailed plann ing and evaluation have taken place on an 
annual basis , there seems to have been a lack of suff iciently well­
defined objective s ,  cover ing broad progr am areas , to adequately main­
tain the longer-term coherence that is necessary . Thi s  does not mean 
t hat ind ividual contracts and in-house proj ects have not had well­
stated obj ectives , but rather that the broader obj ect ives that t i e  
several projects together d o  not appear t o  have been a strong component 
i n  the routine planning and evaluation process . As a consequence , 
there have been research proj ects that , whi le technically successful , 
have not found the i r  way into operational pract ice because they were  
not perce ived by the mine safety community as  meeting a real need . 

The evaluation of the USBM post-di saster research program set 
forth in this report is based on the committee ' s  exami nat ion of the 
major program sub-areas--communications , life suppor t ,  and rescue 
operations--and on the research progress or lack of i t  wi thin  each sub­
area . The commi ttee made no attempt to evaluate in depth all proj ects 
and d id not consider it to be its responsibi li ty to resolve scientific 
or enginee r ing i ssues . The pr imary cr iterion has been whether the 
p rogress made has contributed to enhanci ng the survival and rescue 
capability represented by that sub-area . A secondary cr iter ion has 
been whether research in the sub-area has been responsive to the goals 
set forth in the 1970 NAE repor t ,  many of which are still valid today . 

3 . 2  COMMUNICATIONS 

• Poet-disaster communications • in the 1970 NAE report means 
• locating and communicating with workers trapped underground e ithe r 
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behind barr icades , in  refuge chambers , or attempting to escape . • *  That 
r eport discussed telephone , electromagnetic ,  and seismic communica­
t ions . Telephone communications were dicussed pr imarily in terms of 
short-term improvements , electromagnetic and seismic communications 
were identi fied as areas in need of longer-term R&D . 

3 . 2 . 1  Electromagnetic Communications 

The 1970 NAE report noted that •Electromagnetic communications 
techniques have the advantage that in the long term, they might evolve 
a s  a means of operational communications within the coal mine .  If 
proper ly designed , enough of the operational system could survive an 
explosion to provide emergency communications . Moreover , electromag­
net ic or radio communications i s  the only technique that would permit 
emergency voice contact between men on the sur face and those under­
ground • •  ** Further , •Rescue team operations could probably be enhanced 
by the development of rad io systems for communications between team 
members • • • • * * *  

The USBM responded with a program aimed a t  developing devices to 
permi t communication between persons inside a mine or between persons 
i nside and outside the mine , and to make it possible to locate persons 
trapped inside the mine using electromagnetic waves as the propagation 
medium. These devices were to be capable of performing reliably in 
most mines under normal mining conditions , as well as in disasters , and 
were to be manufacturable at a reasonable cost . To satisfy this 
objective several alternat ives were pursued : 

1 .  Direct through-the-earth propagation 
2 .  Gu ided wave propagation through the mine entr ie s 
3 .  Leaky feeder propagation 
4 .  Inductive coupling to wires and metallic obj ect s 
5 .  Wire propagation 
All of these options were g iven consideration as part of several 

systems-or iented stud ies . Greater emphasis was placed on option 1 ,  and 
options 4 and 5 received less attention for post-di saster s ituations . 

The program evolved with a combination of simultaneous equipment 
d evelopment , f ield exper iments , and theoretical and analytical efforts 
being pursued . Efforts were made to fully character i ze the propagation 
media through advanced analytical techniques ,  measurement of conduc­
t ivities and noi se , and consideration of design options . A review of 
the various effor ts suggests that analytical and theoretical work were 
neglected at times in favor of equipment construction for demonstration 
purposes . In the later 1970s , however ,  the second phase of equipment 
and systems development appear s to have relied more heavily on the 
analytical work .  

*Mine Rescue and Survival , p .  1 2  

* *Mine Rescue and survival , p .  13  

***Mine Rescue and Survival , p .  2 3  
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The work in this area has clearly shown the practicality of elec­
tromagnetic techniques for communicating with and locating trapped 
m iners . The value of inductive coupl ing to existing wires and metall ic 
objects for mine rescue teams has been demonstrated in South Afr ican 
m ines , and exper iments suggest this technique will be of value i n  the 
United States as well . The Bureau made signi f icant advances in 
e stabl ishing the theoret ical , analytical , exper imental ,  and hardware 
design aspects of electromagnetic communications for meet ing post­
d i saster needs . Options have been considered for the possibility of 
meet ing both routine and post-d i saster needs with one system . The 
concept of a •hardened• or •explosion proof • telephone system was 
stud ied , with the conclusion that such a system could not be construc­
ted , installed and maintained at a reasonable cost . However ,  the use 
of multipath telephone circuits has been recommended and var ious 
approaches have been devi sed . Battery-powered carr ier current radios 
for trolley haulage systems came into use during the decade and 
provided another communication path . Techniques for coupling electro­
magnetic communicat ion signals to steel hoist rope were developed . 
Th is  method i s  now being used in conj unction with battery-powered 
car r ier radios to permit voice communication with the cage even whe n 
all electr ical c ircuits between the cage and the surface are lost . 

During the 1970s advances in electronic communicat ion technology 
were driven pr imar i ly by the rapid development of highly dense packag­
ing techniques for integrated c i rcuits . The concomitant development 
of the microprocessor made it possible to reali ze the benefits of 
dig i tal communication and circui t  control techniques that had been 
developed dur ing the previous two decades . 

The h igher packag ing densities and wider array of practical design 
a lternatives ( e . g . , d igital vs analog ) made system reali zations more 
adaptable to the specific needs of mines and made costs more acceptable 
to low marg in companies . 

The availability of low cost d ig i tal ci rcuits now makes possible 
sophisticated signal processing techniques for minimi zing the effects 
of  noise and compensating for peculiar system characteri stics such as 
those exper ienced with • through-the-earth • systems . Such applications 
are now pract ical for hand-held devices , as well as for portable field 
equipment .  

Solid state swi tching technology i s  revolutionizing the design of 
telephone systems . New design options now exist both for in-mine 
systems and for i nside-to-outside systems , which make it  possible to 
accommodate to specific rescue and survival needs . Telephone systems 
can be designed with features that are activated during emergency 
conditions , so that , for example , when any underground phone i s  taken 
•off hook • i t  automatically • r ings•  the emergency communication center . 

Knowledge of • through-the-earth • propagation of electromagnetic 
waves has greatly advanced dur ing the decade , pr imar i ly because of 
contract wor k sponsored by the Bureau of Mines . With adequate informa­
t ion about the earth ' s  resistivity profi le near mine workings , accurate 
predictions of signal propagat ion patterns can now be made for a wide 
var iety of system configurations . Avai lablity of adequate resistivity 
data is  now the major l imiting factor in analyzing a given situation . 
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The extensive body of data that has been gathered and i s  now being 
analyzed and processed should meet the major needs of the next few 
years .  

The development o f  integ rated-c i rcu it technology dur ing the past 
decade has contr ibuted greatly to reducing battery requ i rements for 
i n-mine applications . This  has many advantages , including lighter 
weight , longer operating times , and easier compliance with • intr insic 
s afety•  requirements of MSHA. 

The development of electronic devices dur ing the past decade has 
generally led toward better reliabi lity and the pract ical ity of trading 
o ff important factors such as we ight , packag ing ,  costs , and environ­
mental considerations ( such as temperature ) . 

Evaluation : 
USBM research in  electromagnetic propagation for use in  post­

d i saster communication and location techiques has more than met the 
r ecommendations of the 1970 NAE repor t .  Development of a direct 
through-the-earth beacon for location and communication has been 
followed through to the log ical point of producing prototypes that can 
be manufactured and placed in use in several operating mines . Thi s  
program may represent the g reatest s ingle contr ibution t o  evolve from 
the 1970 NAE recommendations . Electromagnetic through-the-earth 
experiments have shown that a maximum propagation d istance of about 
1000 feet is possible in most mines.  

However , development of  medium-frequency ( i . e . , in the vicinity 
of 1 MHz ) two-way commun ication units for rescue teams and possible 
routine applications was not initiated as early in the research program 
as would have been desi rable . Also , inordinate attention was g iven to 
overly sophisticated • integrated systems • for demonstrat ion purposes 
before many of the system components had been adequately developed or 
tested . 

The rapid development of electronic technology during the 1970s 
has made equipment development easy , but has made it d i ff icult to 
dec ide at what pciint to adopt a basic design for extensive testing and 
possible operational deployment . Thi s  problem was and st ill is com­
pounded by the lack of a clear policy or methodology for the transi tion 
from basic research to applied research , development , demonstration , 
t esting ,  and ult imately , implementation . It i s  not clear how much of 
this transition is  considered to be a USBM responsibility .  

The more recent emphasis on establi shing equipment rel iability and 
expioring new hardware , system and signal processing tech iques are 
c lear ly steps in the r ight d irection for this program .  Because of the 
l imitations imposed by earth conductivity and ambient noise and the 
prospects for deeper mine s ,  i t  i s  important that these new methodolo­
g ies be pursued . Thi s  effor t needs to place more emphasis  on explora­
tory research , and less on equipment development and demonstration . 

All of the effor t related to locating and commun icat ing with 
t rapped miners has centered on communication between a stat ion on the 
surface and miner s trapped underground . No attention has been given 
to communication between two underground stat ions--e . g . , between 
trapped miners and advancing rescue teams . This concept mer its some 
a ttention . 
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3 . 2 . 2  Sei smic Communication s  

B ecause of the wealth of knowledge existing i n  1 9 6 9  o n  seismic 
techniques , the i r  appl ication to locating and commun icat ing with 
trapped miners was d i scussed in g reat detail  in the 1 9 7 0  NAE repor t .  
I t was recogni zed that all o f  the required receiving and s ignal pro­
ceas ing equ ipment was available •off the shelf , •  and that the miner 
might need no mor e  than a hammer with which to pound on rails or roof 
bolts . Thus the use of se ismic waves was viewed as the most promising 
short-term method for locat i ng a trapped mine r .  

The early analytical and theoret ical wo r k  resulted in a portable 
rece iving system mounted on the back of a pick-up truck with an ar ray 
of  geophones to be deployed on the sur face . The mine r  transmi tted 
s ignals by pound ing with a sledge hammer . A we ight-dropping device wa s 
a lso used i n  some exper iments .  Down-l ink communications were achieved 
by f i r ing shots on the surface . 

Early results indicated that electromagnetic communication was 
mor e  promising than se i smic commun ication for th i s  purpose and the 
program emphasis was therefore shi fted to electromagnetic& . Never the­
less there was a continuing commitment to ma intaining a se ismic com­
munication capability because the miner  would not need a special 
t ransmitting apparatus � Standard se i smic procedures were developed and 
a re now taught to miners as par t  of the i r  mandatory t raining .  

Among the longer term research obj ectives identif ied i n  the 19 7 0  
NAE report were the gathering of data on sei smic transmission through 
var ious geolog ic structures , the use of accelerometer s to detect high­
f requency sei smic pulses , the development of automatic sei smic s ignal­
ling devices , and the study of transmi ss ion paths of se ismic energy in 
m ining areas . Wor k  has gone on in a number of these areas . Some of 
the studies ind icate techniques that could be useful for moni tor ing 
geolog ical conditions in mines daily ,  quite apar t  from their  potential 
value for locating and communicat ing wi th miners dur ing disasters . 

Evaluation : 
Early plana for the sei smic approach were altered when the first 

electromagnetic exper iments demonstrated that in most locations where 
seismic techniques could work , exper imental electromagnetic devices 
per formed bette r  in moa t  cases . Even though the mine r  had to carry an 
• active •  transmitting device , the electromagnetic rece iving apparatus 
had the advantage of being smaller , portable and much easier to deploy 
than seismic devices . As a result , the overall developmental effor t 
shifted toward electromagnetic& . 

Never theless ,  there is  still a need for theoretical and experi­
mental se i smic work , not only to suppor t post-disaster appl ications , 
but also as par t  of a cont inu ing e ffor t to explore ways in wh ich 
permanently installed sei smic systems could be used on a day-to-day 
bas is , and thus be avai lable dur ing d i sasters for miner  location . 
Location of transducers  ins ide mines should be cons idered , in conj unc­
t ion with d istribution of microcomputers . 
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3 . 2 . 3  Borehole Probes 

The objective of this effort was to develop probes that could be 

lowered through a borehole and used in emergency mine rescue 
operations . Probes for two-way voice commun ication wi th trapped 
miners , continuous mine atmosphere mon itor ing , temperature indication , 
and television searching have been developed , and have been deployed 
by MSHA ' s  Mine Emergency Operations facility .  Methods for using 
i nfrared imaging to • see • through smoke have been stud ied but have not 
yet proven to be practical .  

Another effort i n  thi s  area was the development o f  a portable gas 
analyzer to permit rapid measurement of gases present in a coal mine 
f ire . A useful device was developed and several units are avai lable 
for deployment .  

Evaluation a 
The borehole-probe work has primar ily been development baaed on 

existing technology rather than research . Uaeful .and practical equip­
ment has been developed and deployed . 

3 . 3  LIFE SUPPORT SYSTEMS 

B reathing apparatus falls into two categor ies . The escape 
breathing apparatus (EBA) , also called personal breathing apparatus , 
emergency breathing device , or • self-rescuer , •  enables the individual 
miner to continue breathing while passing through reg ions of hostile 
atmosphere when escaping from the mine . The rescue breathing apparatus 
(RBA) is used by volunteer rescue teams in the proceaaa of searching 
for and rescuing trapped miners and reestabli shing fresh air venti la­
t ion in the mine . The requi rements for the two differ . The escape 
apparatus must be available to every person .in the mine , must be simple 
to use , and need only keep the miner alive for the t ime it is li kely 
to take to reach a safe location or a stockpile of addi tional breathing 
devices . The rescue apparatus is  used only by specially trained 
volunteer rescue teams and must keep them alive for a longer per iod of 
t ime whi le they engage in strenuous rescue work . 

The escape breathing apparatus in  current use i s  the • fi lter self­
rescuer . •  It  essentially fi lters carbon monoxide out of the air  the 
m iner breathes , it does thi s  by means of the catalyst hopcalite which 
converts carbon monoxide to carbon d ioxide as the ai r passes through 
the device . The f ilter self-rescuer offers no protection against toxic 
gases other than carbon monoxide and does not provide oxygen ' therefore 
i t i s  useful only in an atmosphere that contains suffic ient oxygen to 
support life and that i s  contaminated solely by carbon monoxide . 
Moreover , when i t  i s  used in a carbon monoxide envi ronment , the 
mouthpiece heats up to blister ing temperatures ( in excess of 300° F 
at  a 2t concentration of carbon monoxide) .  The f i lter self-rescuer is 
light weight (about 2 pound s )  and compact ( the size of a small water 
canteen) and is worn by all miners on their  belts . 

All the rescue breathing apparatus i n  current use are 
self-contained oxygen-provid ing units . They tend to be heavy ( about 
3 0  pounds ) and bulky ( the s i ze of a backpack ) .  An oxygen-providing 
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breathing device can contain either a supply of compressed oxygen gas 
or cryogenic l iquid oxygen or a chemical source for oxygen generation . 

To improve the des ign of any breathing apparatus it is  necessary 
to know ( 1 ) the environment in  which the apparatus will be used , ( 2 )  
the physical cond ition o f  the miners who will use the apparatus , (3 ) 
the physical activity in which they will be engaged and the physio­
log ical and metabolic requ i rements arising from that activity ,  ( 4 )  the 
length of t ime that protect ion must be provided , and ( 5 )  the • human 
factors •  considerations that determine what features the apparatus mus t  
have i f  it is t o  be accepted and used proper ly by those i t  is intended 
to protect . These last cons iderat ions are more of a problem with the 
EBA,  which must be accepted and used by all miners , than with the RBA, 
which is used only by select voluntee r s .  

3 . 3 . 1  Escape Breathing Apparatus 

The 1970 NAE report identified the requ i rements for an EBA, or 
escape breathing apparatus . It • should provide a respirable atmos­
phere , regardless of the envi ronmentJ  should permit intermittent voice 
communication , should provide eye and face protection in areas of high 
dust and smoke concentrations , should be of the longest possible dura­
tion , and should be light and compact enough that miners will not 
obj ect to carrying them continously . •• That report went on to point 
out that , for such a device , • • • •  safety is  related not only to the 
reliabi lity of the device , but to its avai labi lity and the willingness 
and ability of the miner to use i t .  Minimum weight , volume , and com­
fort when in use may be more important than very str ict requ i rements 
for operating time , permissible carbon dioxide levels , and inspired ga s 
temperatures . No matter how rel iable the device , safety is not pro­
vided if  i t  i s  so bulky and heavy that i t  i s  ' inadvertently ' stashed 
some place in the mine . • • •  The report urged the same approval schedule 
not be used for EBAs and RBAs , and speci fically recommended for EBAs 
• that a new approval schedule reflecting the philosophy of maximum 
probability of survival should be adopted , • and that thi s  schedule 
• should not establish inflexible requirements ,  but should permit 
tradeoffs to achieve a better total design . • ***  

To provide a respirable atmosphere regardless of  the environment , 
an EBA must contain a source of oxygen . The 1970 NAE report d iscussed 
possible sources a compressed oxygen , cryogenic l iquid oxygen , and 
chemically generated oxygen using potassium or other superoxides or 
chlorate candles . Most of the R&D supported by the Bureau of Mines 
dur ing the past decade involved chemically generated oxygen J only 
toward the end of the decade was work begun on compressed oxygen 
systems , and no effort has been devoted to cryogenic systems ( see 

*Mine Rescue and Survival , p. 9 

**Mine Rescue and Survival , p .  3 3  

* **Ibid 
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Table 3 . 1 ) . There was clear evidence as ear ly as late 1970 to indicate 
that the weight and dimens ion recommendations of the 1970 NAE report 
were not being met .  This  led to USBM research that developed a light­
weight , compact 10-minute uni t  and also a •piggy-back • combination of 
a belt-wearable 10-minute device and a cached 60-minute device ( the MSA 
1 0/60 system) . That system d id not requ i re the miner to remove the 
mouthpiece , as the 60 minute unit  could be plugged directly into the 
1 0  minute un it . Neither of these systems was mar keted . 

The EBAs that ultimately emerged from thi s  program to be marketed 
a re suff iciently heavy ( 8-9 pounds ) and bulky ( the s i ze of a small 
knapsack ) to raise quest ions about the wi llingness and abi l ity of 
m i ners to wear them . Consideration has been g iven to regulations 
specifying that when these devices are introduced they may be cached 
r ather than carr ied on the miners '  persons , in  which case miners would 
continue to carry fi lter self-rescuers to provide protect ion unt i l  they 
r each a cache of oxygen-providing EBAs (oxygen self-rescuer s ) . 

Evaluation : 
The examinat ion of mine d i sasters and rescue efforts dur ing the 

past decade reaff irms the 1970 NAE conclusion that an escape breathing 
device that is continuously carr ied on the miner ' s person and that 
provides sufficient oxygen to support l i fe for the time it takes to ge t 
to a place of safety would be the most important piece of l i fesaving 
equipment that could be developed . The committee believes that whi le 
i nd ividual R&D proj ects in this area were sound , the program as a whole 
failed to provide the needed focus on an effect ive escape breathing 
device . 

The R&D carr ied on in  the past decade ind icates significant 
eng i neer ing problems in developing an oxygen EBA , par ticularly with 
r egard to s i ze and weight . I f  be ing l ight enough and compact enough 
that miners will wear them continuously i s  given high pr ior i ty ,  as the 
committee believes it should , then other avenues should be explored to 
r educe we ight and bulk . 

The 1969. Act calls for a one-hour device , and this has been 
cons idered a r igid requ i rement thus far . The one-hour requ iremen t  
should be reexamined on the basi s  o f  a realistic assessment o f  the 
physical condition of the miners , the phys ical act ivity involved in 
e scape and survival , and the assoc iated phys iolog ical and metabolic 
requirements . Further R&D should be conducted in the chemistry of 
oxygen generation and in the use of oxygen sources other than chemical 
generation . Systems like the •piggyback • device , that combine wear­
ability with caching , should be explored further . 

Caching is  a legitimate opt ion to be considered , but one tha t 
s hould have been taken i nto account early in the R&D process in deter­
mining appropr iate tradeoffs among the requi rements and in  developing 
design specifications . It is  also necessary to develop a strategy for 
caching . Thi s  should include location of the cache , number of units 
to be cached , shelf life and maintenance requ irements , etc .  There is 
a real concern that cached devices may not be as effective as devices 
that are belt-wearable and tragedies may result from caching bulky 
devices . Therefor e ,  thi s committee reaffirms the importance that the 
1 970 NAE report placed on tradeoffs among requirements leading to 
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Table 3 . 1 The s t a t us o f  oxygen-providing e scape breathing apparatus in the United S ta tes i n  1 9 8 0 : 
the " fi l te r  se l f- rescue r •  is i nc l uded for comparison . ( In formation provi ded by the Bureau 
o f  Mines ) 

Uni t  
( H f r .  mode l 

MSA , W- 6 5  
Draeger , 8 1 0  

wes t inghouse , PBA 
( Ch lorate Candle ) 

Lockhee d , PBA ( K02 ) 
MSA , PBA ( K02 ) 
MSA , 1 0 / 6 0  Sys tem ( K02 ) 

Dr age r ,  S R- 6 0  

MSA ( K02 ) 
CS E ,  AU- 9 

( compres sed o2 ) 

US Di vers 
( compre s sed o2 ) 

Durati on We ight S i z� 
( min . ) ( lbs . )  ( in .  ) 

6 0  2 . 2 7 0  

� -:. � -. ..-=.....a � l/l::"'"r-... 

6 0  8 . 7 5 2 5  

6 0  4 . 5 2 0 0  

1 0  2 . 4  1 0 0  

1 0  4 . 2  1 7 0  
( worn ) ( wo rn )  

6 0  8 . 5 
( both deployed) 

Year 
Completed 

1 9 7 0  

1 9 7 1  

19 7 0  ( s i c )  

1 9 7 4 ,  

1 9 7 8  

Remarks 

Fi lter type ( does not s upply 
o2 ) :  l i s ted for compa r i s on . 

No N I OSH approva l : not marketed . 

N IOSH- approved : not marketed . 

10-mi n ute , be l t-worn devi ce : 
N IOSH- approved : not marketed . 

P l ug- i n  sys tem : N IOSH approved 
won ' t  be marketed . 

. � �= , = �= = ==��-=�����-�--------�-
6 0  8 . 5 5 4 5  1 9 7 9  Ava i lable by 1 9 7 9 : NIOSH approve d :  

p lanne d  f o r  u . s .  marketing 19 80- 8 1 :  
sma l le r  vers ion i n  us e  i n  Europe . 

6 0  9 . 1  4 2 5  1 9 7 9  Avai l ab le by 1 9 7 9 , NIOSH- approve d : 
p l anned for marketing 19 80- 8 1 .  

6 0  8 . 1 2 6 5  1 9 7 9  Used i n  Europe : mod i f ied un i t  
s ubmi t ted t o  N I OSH for approval i n  
1 9 7 9 : planned f o r  market i ng 19 80- 8 1 .  

6 0  6 . 5  2 5 0  1 9 7 9  P resently in prototype evaluation 
s tage : was p l anned for marketing 
1 9 80- 8 1 . 
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creative design and a better total system--i . e . , one i n  which the 
miner ' s  probability of survival is maximized--and for R&D to �evelop 
methods for evaluating tradeoffs.  

Whatever device i s  developed should be subjected to extensive 
field testing in different k inds of mines , with careful observation of 
t he way miners actually use it , and feedback and suggestions should be 
sought from those who participate in such field tests , before consi�­
e ration is g iven to man�ating i ts use . Initiat ion by MESA in 1976 of 
rulemak ing to require use of an oxygen EBA precede� any extensive field 
testing and was accompanied by a reduced level of fun�ing for R&D in 
thi s area . 

3 . 3 . 2  Rescue Breath ing Apparatus 

Whi le the 1970 NAE repor t d id not ident ify improvement in rescue 
breathing apparatus as a high pr ior i ty item ,  i t  di� point to the need 
for long-term research that could contribute to improvements in the 
then existing equipment , which i t  described as heavy , cumbersome , 
costly , and uncomfortable i f  use� for long per iods . The Bureau has 
conducted some research in  this area , and has j ust recently begun a 
l imited effort in the design of a light-weight , low-profi le rescue 
breathing apparatus sui table for use in thi n  coal seams and other con­
f ined spaces for which the present equipment i s  too bulky . 

The committee is concerned that in the RBA wor k that has been 
d one , dec i sions to requ ire posi tive pressure in the facepiece through­
out the respiratory cycle , and to effectively discourage •buddy valves • 
( wh ich would allow a second person to breathe temporar i ly from 
another ' s  breathing apparatus) ,  have been made somewhat arbitrarily an� 
do not reflect the most essential nee�s of rescue wor k .  Moreover , 
insufficient attention has been pai� to the value of cryogenic ( liquid 
oxygen ) devices , especially for use in  hot mines . Thi s  may be the 
result of inadequate solicitation of guidance from individuals with 
rescue team exper ience . 

Evaluation a 
Improved rescue breathing apparatus was not g iven high pr ior i ty 

by the OSBM. What work has been done has not been sufficiently sub­
j ected to review by those who have used or will in the future use such 
apparatus .  

3 . 3 . 3  Phys iological and Metabolic Research 

Physiolog ical and metabolic stud ies are requ i red both to establi sh 
the requirements for an emergency breathing apparatus and to design 
p rocedures for testing and approving such apparatus . Although the 
requirements for escape and rescue apparatus � i ffer , the approach i s  
the same . I t  involves ( 1 )  d istinguishing between the � i fferent kinds 
of activi ty li kely to be engaged in by miners  using the equipment 
( e . g . , walking to a place of safety vs . engag ing in  arduous rescue 

work ) , ( 2 ) relating thi s  to the physical and med ical cond i tions likely 
to be found among miners and rescue team members , and ( 3 )  �eveloping 
requ irements and techniques for human tests and automated breathing 
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simulator s that can be used in the development of breathing apparatus . 
The 1970  NAE report says of such stud ies : 

•The metabolic requirements of the miners must be determined 
more accurately for design of improved emergency breathing 
devices . Under condi tions following an explosion , a miner ' s  
oxygen consumption , t idal volume , and respiratory frequency 
are likely to increase . Each of these parameters affects 
the emergency breathing device design requirements . A 
research program should attempt to develop , in the labora­
tory or in the field ,  exper imental stresses that are s imi lar 
to those actually experienced dur ing emergency conditions . 
Because of the d i ff iculty in s imulating hazardous condi tions 
in a laboratory envi ronment , considerable care and thought 
will be requi red to design meaningful exper iments . The 
subj ects should be drawn from the population at r i sk--the 
miners themselves . Addi tional training should not be given 
to those participati ng in the exper iments ,  and every 
possible effort should be made to impose realistic stresses 
on the subj ects . • • 

The report goes on to state that whi le the missions of escape and 
rescue apparatus d i ffer , they are covered by the same approval 
schedule . Whi le this schedule i s  appropr iate for rescue apparatus , 
for escape apparatus • • • •  a new approval schedule • • •  should be adopted . 
The schedule should not establ ish inflexible requi rements but should 
permit trade-offs to ach ieve a better total des ign . • • •  

Part o f  the Bureau ' s  program during the past decade was d i rected 
toward development of an automated breathing metabol ic simulator for 
test ing breathing apparatus under development pr ior to human testing . 
The program has also suppor ted physiolog ical research on people in 
stress s ituat ions simi lar to those miners might exper ience dur ing a 
di saster , and these results have been appl ied to the development of 
e scape breathing apparatus . However both of these activities have 
been hampered by inadequate ear ly attention to design cr i teria , 
exper imental protocols , and sampling procedures , so that progress has 
been slow . The work  has proceeded independently , rather than having 
the pace set and the pr ior i t ies determined by the ult imate 
goal--development of an escape breathing device for miners . 

A revised human subj ect test for approval of breathing apparatus 
that does distinguish between escape and rescue has now been developed 
and is  being evaluated before it i s  proposed as a revised MSHA/NIOSB 
regulation . 

Evaluation : 
The Bureau of Mines has supported stud ies of physiolog ical 

response and metabolism under stress condit ions and development of an 

*Mine Rescue and Survival , pp 32-33 

**Mine Rescue and Survival , p.  3 3  
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automated breathing metabolic s imulator . For too long , however , the 
characteristics of the actual miner  population were not suff iciently 
taken into account . Moreover , the distinction between escape and 
rescue activities has remained blur red , and the development of tes t 
schedules appropriate to escape has been slow. Thi s  i s  par ticularly 
unfortunate s ince new rescue breathing apparatus was not as badly 
needed as an oxygen-generating escape breathing apparatus (and in fact 
l ittle R&D in rescue breathing apparatus was undertaken) .  

Because the weight and bulk of an escape apparatus increase with 
the length of time i t  must keep a mine r  alive , which in turn is  
r elated to the miner ' s physical state and activity ,  to develop a truly 
l ight-weight , belt-wearable device the Bureau must realistically 
a ssess the effort required of a miner attempting to escape . The 
Bureau ' s phys iolog ical and metabolic research has not provided 
suffic ient support for development of a l ightwe ight escape breathing 
apparatu s .  

3 . 3 . 4  Refuge Chambers 

The 1970 NAE report proposed refuge chambers  that • • • •  would 
provide protection from poisonous gases and some protect ion from 
subsequent explosions until the men could be rescued . The chambers 
could also serve as a temporary haven for men to replace or replenis h 
emergency breathing devices or wait  for the a ir to clear before 
resuming escape attempts . • • The repor t pointed out that 

•When i t  appears to be impossible to escape or imprudent to 
attempt escape following a f i re or explosion , miner s are 
tra ined to i solate themselves from toxic gases and smoke by 
erecting barr icades of brattice cloth on wood framing .  
From 1909 to 1961 , more than 1 , 000  coal miners were rescued 
from behind barr icades . In the per iod under consideration , 
the past two decades ,  6 2  miners were rescued from behind 
barr icades and 2 7  died behind inadequately constructed 
barr icades . • • •  

The repor t discussed the pros and cons o f  refuge chambers : 

•some have strongly argued that in case of emergencies 
miners should proceed immediately to a refuge chamber and 
await rescue . While thi s  would provide almost absolute 
protection from poisonous gases , there is always the 
possibility that a subsequent explosion or a roof fal l  
might destroy the chamber and k ill its occupants . I f  an 
emergency two-way voice commmunication capabi l i ty can be 
developed , a good approach would be for miners to proceed 

*Mine Rescue and Survival , p .  7 

**Mine Rescue and Survival , p .  1 0 
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to the chamber to receive information on the extent of 
damage and whether escape is feasible or they should wait 
until rescue . In the final analysis , the decision will have 
to be made by the men underground at the t ime , and the mine 
rescue and survival system should maximize their  chances for 
e ither escape or survival underground . •* 

The report further stated : 

• • • •  When escape is not possible or the r isk i s  considered 
to be too high , chambers may also serve as waystations for 
miners escaping from the mine to rest , replace or replenish 
emergency breathing devices , and communicate with the sur­
face • • • If  possible , without creating the hazardous situation 
inherent in any major underground construction project , some 
protection should be provided against secondary explosions . 
Two potential concepts have been identified . A preliminary 
design has been made of a metal bulkhead and door ,  two of 
which could be used to enclose a shock wave . The bulkhead 
could be anchored by roof bolts into the roof and floor . 
It  would be made in sect ions that could be easily moved as 
mining sect ions are opened and closed . The other concept 
i s  an inflatable structure that , if inflation i s  rapid 
enough , can be left deflated until actually needed • • •  A 
combination of sectional and central underground shelters 
may be the most economical method of providing protection. 
Analysis of the hazards of individual mines should be con­
ducted to a id in selection of types of underground 
protection . • •• 

The Bureau has conducted some technical research on bulkheads and 
on guidelines for refuge chamber design and construction . However , the 
applicability of the refuge chamber concept as part of the total 
survival and rescue system has not really been examined in depth . 

Evaluation : 
This area has rece ived little attention from the Bureau . What 

work has been done has been narrow in scope . It has failed to 
d istinguish between the usefulness of refuge chambers in different 
kinds of disaster s ( e . g . , explosion , fire)  or in different kinds of 
mines ( including their  usefulness for thermal protection in deep , hot 
mines ) . Nor has there been any in-depth analysis of the requirements 
for refuge chambers or of the d istinction between self-contained refuge 
chambers and those connected to the surface by drill holes . 

In l ight of the considerable concern that has been expressed about 
the implications of the refuge chamber concept , and the querries that 

*Mine Rescue and Survival , p .  7 

**Mine Rescue and Survival , pp . 10-11 
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have been raised about the deployment of these chambers , the Bureau has 
been appropr iately cautious . What work has been done clearly ind icates 
a host of eng ineering difficulties with the refuge chamber concept . 
However not enough has been done to provide a basis for j udg ing whether 
further pursuit of this  approach is likely to be fruitful , particular ly 
i n  view of the regulations that now exist with regard to mine design , 
e scapeways , emergency dr ills , and communications . 

3 . 3 . 5  Oxygen Sources for Breathing Apparatus and Refuge Chambers 

The 1970 NAE report discussed the need to develop appropr iate 
oxygen sources , both for breathing apparatus and for refuge chambers . 
This  does not appear to have been recognized by the Bureau as an 
identified area for R&D unti l  1974 . Since then , there have been 
projects on improved oxygen sources but these have concentrated 
exclusively on metal superoxides . There has been no effort to develop 
new oxygen sources for refuge chambers , as existing sources that were 
considered too heavy and bulky for breathing apparatus were considered 
adequate for refuge chambers . 

Evaluation : 
The development of new sources of oxygen for breathing apparatus 

and refuge chambers has not been recogni zed and funded as a major area 
of R&D , despite the s ignificance that such development could have for 
an improved escape breathing apparatus . 

3 . 4  RESCUE OPERATIONS 

The improvements in rescue operations called for in the 1970 NAE 
repor t center on ( 1 )  rescue dri lling and ( 2 )  equipment to assist rescue 
t eams . The latter category includes rescue breathing apparatus ( See 
Sec . 3 . 3 . 2 ) , rescue team communications (See Sec . 3 . 2 ) , and such othe r 
approaches as infrared and other spectral detectors to search for f ires 
or hot spots within the mine , new types of r ig id foam for construction 
of temporary stoppings , the possible use of remote control vehicles to 
complement rescue team operations by sampling the atmosphere and 
�earching for hot spots , and development of bubble-type helmets to 
provide better visibility and greater comfor t for the wearers of rescue 
b reathing apparatus . *  

3 . 4 . 1  Rescue Dr illing TechnologY 

The 1970 NAE report went into g reat detail concerning the require­
ments for rescue dr illing .  That repor t envisaged the combination of a 
h ighly mobile , air-transportable search and probe dr ill and a wider 
d i ameter rescue dr i ll . Although 6- to 8-inch diameter dr ills for 
s inking probe holes were recogni zed to be commerc ially available , 
larger r ig s  capable of sink ing 18- to 28-inch diameter holes were con ­
s idered to be too slow and cumbersome for rescue work . Therefore 

* See Mine Rescue and Survival , p. 2 3  
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research was recommended for improving the mobility and d r illing rates 
of the larger r igs . Moreover , the report pointed out that considerable 
d r illing research that might be applicable to mine rescue was already 
in progress . Therefore , it was recommended that the Bureau monitor and 
evaluate such research activity . It was recognized that additional 
work might have to be sponsored by other laborator ies under USBM 
g uidance and leadership . The repor t impl ied that the Bureau should not 
develop an in-house research capabi lity in thi s  area . 

Work  in the drill ing area was pr imarily dedicated to development 
and testing of the two drills now assigned to MSHA ' s Mine Emergency 
Operations . These drills were later modified as a result of testing 
and deployment dur ing actua l emergencies . 

Research related to dr illing dur ing the past decade was limi ted 
to two projects . A study of the state of the art for down-the-hole 
percussion devices in 1972 led to the conclusion that pr i vately 
sponsored research was more than adequate and that Bureau suppor t wa s 
not necessary . In another project , a gu idance system was developed for 
f ield-testing the probe drill  developed for the mine rescue system . 

Evaluat ion : 
Although the Bureau did not mount a major research effort in post­

disaster  drilling technology , the prog ram i t  conducted was responsive 
to the 1970 NAE recommendat ions . In light of funding constra ints in 
the post-disaste r  area and in view of drilling research being conducted 
outside the Bureau , the magnitude of the Bureau ' s  post-d isaster dril­
ling research seems appropr iate . 

3 . 4 . 2  Mine Survey and Rescue Vehicle 

The 1970 NAE report envisaged a remotely controlled probe vehicle 
that • • • •  might be equipped with manipulator arms • • •  and could have 
c losed c i rcuit television that would be transmitted to the surface 
through the mine opening by repeater stations dropped from the vehicle 
at  suitable intervals . A vehicle of th is type • • •  must be powered by a 
self conta ined system. Novel power sources such as fuel cells and 
sophisticated methods of mak ing d iesel , natural gas , and other internal 
combustion eng ines acceptably permissible should be invest igated . " * 

The Bureau under took to design and bu ild a remotely controlled 
veh icle to operate in a hostile mine environment .  Provis ions for 
measur ing methane and carbon monoxide concentrations and ambient air 
temperature were to be inc luded . 

The feasibility of using a remotely controlled vehicle in a mine 
envi ronment was demonstrated . Many factors and limitat ions affecting 
the general usefulness of such a machine were d iscovered . I t  was 
determined that the vehicle had l imited mobil i ty and was easily 
s tranded by tracks , ruts and large rocks . The system was j udged to be 
at best a prototype and not suffic iently reliable to be used in 
emergencies . 

*Mine Rescue and Survival , p .  2 4  

-sa-

Copyr igh t  ©  Nat iona l  Academy o f  Sc iences .  A l l  r i gh ts  reserved .

Underground  Mine  D isas te r  Surv iva l  and  Rescue :  An  Eva lua t ion  o f  Research  Accompl i shments  and  Needs
h t tp : / /www.nap .edu /ca ta log .php?record_ id=18461

http://www.nap.edu/catalog.php?record_id=18461


I t  i s  apparent that minimal funds were expended to develop this  
vehicle . The Bureau ' s review of the contractor ' s final report 
concluded that the or ig inal scope of work was too ambitious for the 
t ime allowed and the resources available . 

In another effor t ,  the National Aeronautics and Space Administra­
t ion was engaged to adapt a lunar rover inertial reference system for 
use on the vehicle descr ibed above . A number of problems were identi­
f ied in  trying to adapt the reference system to the vehicle and the 
tests appeared to be incomplete and inconclusive . 

(A re lated effor t involved development of a manually operated 
rescue team vehicle , suffic iently large to carry people and supplie s 
i n  and out of dangerous areas and thus hopefully extend the useful 
range of activity for a rescue team . Thi s  device is  bas ically a 
battery powered rough-terrain rubber-tired vehicle operated by an 
onboard dr iver  and provided with gas sensors and wireless communication 
equipment . )  

Evaluation : 
The 1970  NAE report recommended that remotely controlled sur­

veillance vehicles should be invest igated by the Bureau . There was 
v irtually no elaborat ion on this  recommendat ion . 

I t appears there was never a concerted effor t to fully explore the 
potential value of such veh icles and to set forth a development effort 
for meeting the most important needs . The exper ience ga ined by the 
i nitial effort was never exploited in later developments . 

The research performed leads to the conclus ion that remotely con­
t rolled surveillance vehicles would have only l imited utility dur ing 
mine rescue oprations . Thi s  utili ty probably exists only when mine 
condit ions make it  impossible or unusually r i sky for a rescue team to 
operate , e . g . , in  areas where there is risk  of a secondary explosion 
or a roof cave-i n .  

3 . 4 . 3  Rescue Team Helmet and Cooling Garment 

The 1970 NAE report noted that • Rescue team operations could 
probaly be enchanced by • • •  development of bubble-type helmets to provide 
better visibility and greater comfort for the wearers of breathing 
devices . • • Unti l  1975 the Bureau undertook no research in thi s  area . 
S ince 1975  the Bureau has developed , under contract , a bubble rescue 
helmet , and , through a combination of contract and in-house reseach , 
cooling garments for rescue work in hot environments . These i tems are 
now available for rescue use.  

Evaluation : 
Th is area was not g iven high pr ior ity in the 1970 NAE repor t ,  and 

the USBM response has been appropr iate . However ,  more attention should 
be pa id to the cond itions under which rescue work i s  carr ied on , and 
an effort should be made to develop equipment that increases the rescue 
team members ' comfort and visibility .  

*Mine Rescue and Survival , p .  2 3  
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3 .  5 RELATED RESEARCH 

Although mine moni tor ing was not specifically addressed in  the 
1970  NAE repor t ,  in the ear ly 1970s two projects involving the 
moni tor ing of airflows and undesirable gasses in mine airways were 
funded by the post-disaster research program. Both proj ects were aimed 
pr imarily at disaster mitigation r however ,  the post-d i saster value of 
having deta i led data on cond it ions before and dur ing the d i saster  was 
recogn ized . The possibi l i ty of the moni tor ing equ ipment surviving the 
disaster was recogni zed but not made pa rt  of the des ign requ i rements . 
Both projects led to construc t ion ,  installat ion and demonst rat ion of 
moni toring equipment in coal mine s .  

A third research project add ressed the possibi l i ty of using low­
data-rate through-the-earth transmission techn iques for mon itor ing 
condit ions in  a mine following a d i saster . The feasibi l i ty of having 
permanent or  semipermanent beacons wh ich could be act ivated by a signa l 
f rom above g round was considered . Although thi s  i s  possible in 
princ iple , the overall value of such devices i s  quest ionable . 

Research efforts a imed at detecting or mitigating cond it ions that 
might lead to disaster s can somet imes lead to technology or knowledge 
that would a id dur ing post-d isaster conditions . Several projects con­
ducted by the Bureau fell into this category but were not funded under 
the post-di saster prog ram .  These proj ects related mostly to control­
ling mine f i res and included efforts aimed at improved temporary stop­
p ings which could have post-disaster applications . There were also 
several projects involving sensor s and moni tor ing systems which could 
a id in evaluating pre- and post-d i saster cond i t ions . Also , several 
projects funded by the Bureau have led to new communication equ ipment 
for everyday use which has some capability of respond ing dur ing 
di saste r s i tuation s .  

Evaluation & 
There have been var ious R&D areas related to post-disaster 

survival and rescue that have not been carried out as par t  of any one 
of the identif ied post-di saster subprog ram areas . Thi s  in  itself is 
unobj ectionable ' however there does not appear to be any systematic 
procedure within the USBM for integrating such R&D results into the 
major prog rams . 

3 .  6 SURVIVAL AND RESCUE PLANNING AND MANAGEMENT 

Wh ile the 1970 NAE report d id not explic itly speak of a mine 
di saster planning and management system , a number of the elements of 
such a system were speci f ically addressed . Thus the report states & 

•There i s  strong evidence that in add ition to proper 
equipment , proper training is  essent ial to survival and 
rescue .  Each mining crew should be organi zed for and 
d r i lled in behavior that would maxim i ze the i r  chances for 
survival . They should be taught the speci f ic hazards 
a ssoc iated with d ifferent types of emergencies and the 
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best way to meet them . The records of coal mine disaste r s  
show very clearly that many more miners would have survived 
had they known the proper course of action to follow. 

Two possible training a ids for long-term development are 
an explosion model to demonstrate the effects of explosion s 
a nd a s imulator in which miners could be exposed to s imu­
lated conditions of a fire or explosion . A simulator could 
be equipped with a refuge chamber , smoke generator , and 
other devices to realistically s imulate emergency cond i­
t ions . • •  

The report goes on to clar i fy the notion of an explosion model t 

•The model could be a physical and/or mathematical analog 
capable of indicating a ( 1 ) the prog ression and magnitude 
of shock waves traveling through a mine 1 ( 2 )  gaseous con­
stituents of the atmosphere after ignition of pr imary and 
subsequent explosions ' and ( 3 ) the effects of mine con­
f iguration ( e .g . , tunnel s i ze ,  crosscut and spur location , 
etc . ) on shock wave attenution , refuge chamber location , 
e tc .  An exper imental program should be conducted to 
improve and ver i fy the model . • • •  

The report points out that in mine d i saste r s ,  informat ion o n  exact 
med ical cause of death is usually not available , and concludes that 
• The information that could be gained by autopsies on f i re and explo­
s ion victims would aid mater ially in  the des ign of future rescue and 
survival systems . • •••  I t  further recommends that •Previous mine d i sas­
ter s  should be simulated to gain addit ional insight  into the causes of 
death . This  knowledge could then be used to develop more effective 
procedures to search for survivor s . • ** * *  Moreover , • • • •  an operation s  
r esearch type o f  analysis o f  rescue team techniques should be conducted 
to determine if  a more efficient method of team operation i s  possible . • * * * * * 
I n an overall sense , the repor t pointed out , •The success of the pro-
g ram i s  dependent upon the integration of the components into a tota l 
system . This  systems integ rat ion or systems eng ineer ing effort will 
make the difference between having a smooth-functioning mine rescue 

*Mine Rescue and Survival , p. 8 

**Mine Rescue and Survival , p .  3 2  

* **Mine Rescue and Survival , p .  6 

****Mine Rescue and Su rvival , p .  3 2  

* ** * *Mine Rescue and Survival , p .  2 4  
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and survival system and having only improved equipment still  used in 
the l imited manner of the past . • •  

The only effor ts undertaken by the Bureau in  thi s  a rea were three 
studies involving ventilation systems and guidelines for emergency 
e scape systems . Some computer s imulation was involved . ( Fur ther d is­
cussion of the value of a systems approach to post-disaster survival 
and rescue i s  found in Chapter 4 . )  

Evaluation : 
The Bureau could have used the 1970 NAE recommendations quoted 

above as a foundation for a true systems approach to post-d isaste r  
survival and rescue . I t  d id not . Instead i t  approached var ious com­
ponents piecemeal . The concept of a survival and rescue system , 
i ncorporating acc ident analysi s ,  operations research , training , design, 
and post-d i saster investigation , all leading to improved response 
planning and management , is  not evident in  the Bureau ' s  post-disaster 
R&D program . 

3 . 7  PROJECT SELECTION 

A cruc ial element in  management of a prog ram such as this i s  the 
selection of projects to be under taken . Thi s  selection mus t  reflec t 
the concerns of the agencies responsible for regulating mine safety and 
responding to mine emergenc ies , the mine operator s , the miners them­
selves ( through their unions ) , and the manufacturers of mine safety 
equ ipment , as  well as  those undertak ing the R&D . It  must be based on 
considerations of need , practicality ,  effectiveness ,  acceptability ,  and 
cost of implementation , as well  as  consideration s  concerning the 
technolog ical capability for the R&D . 

A mechanism has evolved i n  which a joint USBM-MSHA commi ttee 
evaluates all suggested research projects and ranks them in  order of 
pr ior ity .  Ava ilable funds are then allocated to the highest pr ior ity 
p roj ects . (See Table 3 . 2  and Appendix I I . )  The rank ing scheme con­
s iders three major areas : need , technical soundness , and cost of 
research and implementat ion . Each proposed proj ect is evaluated with 
regard to four cr iter ia in each of these areas , and the 12  rating s  
�ombined t o  g ive a n  overall rank ing . However the c r i ter ia are not all 
independent . For example , c r i ter ia 1 ,  2 ,  3 ,  4 ,  and 10 all involve the 
expected impact of the research on mine health and safety ; i t  is likely 
that a proj ect that rates highly i n  any one of these cr iter ia will rate 
h ighly in all of them . Simi larly ,  there is  l ikely to be a correlation 
between the rating s  for c r i teria 5 and 8 ,  which have to do with proba­
bility of success , and between the rat ings  for c r i teria 9 and 12 , which 
have to do wi th the expected cost to industry of implementing the 
resul t s .  The net effect of the inter-dependence of the c r i teria i s  
that •need • i s  g iven more weight  than •technical soundness , • wh ich i n  
turn receives more we ight than •cost . •  

*Mine Rescue and Surviva l ,  p .  19  
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Tab le 3 . 2 Synopos i s  o f  MSHA-USBM pro j ect rating procedure . Each p roPOsed p ro j ect is qiven a rating of " 1 " 
( low ) , • 2 • (medium) , or • 3 • ( h i gh )  for each of the 12 criteri a .  Within each area the ratings are s ummed ;  
the s e  th ree sums are then mult iplied together t o  �i ve an overall rating . Th i s  procedure was used in 
Fiscal Years 1 9 7 9 , 19 80 , 1 9 8 1 .  ( Based on informat �on provided by the Bureau of Mine s ; see Append ix V )  

Area 

Need : 

Te chni-
car--
Sound-
nes s : 

Imple­
menta­
t�on 
and 
Cos t : 

Crit�rion 

1 .  Urgency 

2 .  Haz ard potent i a l  

3 .  D i s as ter/health risk 

4 .  Health and s a fety contribut i on 

5 .  Pomise o f  s ucce s s  

6. Indus try practi ce and 
a l ternat i ves 

7 .  Impact on research prog ram 

8 .  Techni cal adequacy 

9 .  Implementation potent ial 

1 0 . Implementation des i rab i l i ty 

1 1 .  P ro j e ct durat ion 

1 2 . Cost of implementat ion 

High Rat i ng 

Appli cat i on needed immedi ately , or proj ect 
w i l l  terminate a mult i-year p rogram. 

P rob lem addre s s ed involves a common i l lnes s  
w i t h  many mi ne rs exposed , o r  an i n j ury o f  
g reat frequency o r  s ever i ty . 

Problem addressed can potenti a l ly a f fect 
more than 2 0 t  of the work force . 

Proj ect make make a maj or contribution 
to mi ne health and s a fe ty . 

H igh like l i hood o f  s ucce s s  

Nove l i dea , s ound approa ch , few or no 
alternatives exi s t  or are under development 

Proj e ct w i l l  make a maj or contribut ion 
to this area o f  research 

Technology and approach a re s ound and within 
the s tate o f  the art . 

Indus t ry  likely to j udge re sults of pro j e ct 
to be cost-e f fective and to adopt them 
vo luntari ly . 

Results of pro j e ct a re nece s s ary to e l iminate 
hazards and e s t ab l ish s t andards 

Les s  than two y ears 

Tot al cos t  of R•D and implementat ion 
w i l l  be less th an $ 1  mi l l ion 

Low Rating 

Proj ect addresses a long- term , 
future need . 

P roblem addre s s ed involve s  an in­
frequent i l lness w i th few miners 
exposed , or an in j ury of low 
frequen cy and severity . 

P rob l em addre s s ed can poten t i a l ly 
a f fe ct less than St of the work 
force . 

Pos s ib le cont ributi ons to mi ne 
health and s a fety are sma l l . 

Low l ike l ihood of success 

Proposed approach i s  a l ready in 
use i n  indus t ry , or at an ad­
vanced s t age of deve lopment 

Pro j ect w i l l  contribute l i t t le to 
this area of research 

Technoloqy and approach h ave 
been tried previous ly wi thout 
s ucce s s  or are beyond the s tate 
o f  the art . 

I ndus try l ik e ly to opposed imple­
mentation o f  results as unj us t i ­
fied . 

Res ults wi l l  have l i ttle impact 
i n  e l imi nat i ng hazards and 
es t ab l i sh ing s tandards 

More than four years 

Total cos t o f  R'D and imp lemen­
tation wi l l  be more than $ 1 0  
mi l l ion 
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Moreover , the rating s  are combined additively within the three 
major a reas , but multiplicatively between areas .  This means that a 
project rated •med ium•  in all  three areas gets a h igher overall rank ing 
than one rated • high•  in one area , •med ium• in a second , and • 1ow• in 
the third . Thus , whi le a short-term , expens ive project would rece ive 
t he same rating as long-term inexpensive one ( since cr iter ia 11  and 12 
are combined additively) , a shor t-term project addressing a minor 
hazard and a long-term project addressing a major hazard would both be 
rated lower than a medium-term project addressing a medium hazard 
( since cr iter ia 2 and 11 are combined multiplicatively ) . 

Some of the drawbacks of thi s  project-selection methodology were 
i dent ified in an evaluation performed by Booz Allen for the Bureau of 
Mines in 1978* but the methodology has not been significantly revised . 

Evaluat ion : 
The overa l l  impact of the proj ect rank ing scheme is  to favor 

short-term , low-cost projects whose results are needed immediately and 
a re l ikely to be read i ly accepted by the mining industry , at the 
expense of longer-term , expensive projects addressing longer-term needs 
t hat  may lead to results likely to be resisted by the industry . 

3 .  8 TECHNOLOGY TRANSFER 

The phrase • technology transfer • or ig inally came into widespread 
use in the context of adapting and apply ing technology developed for 
the space program to other areas . That has since been generalized to 
refer to any transfer of technology between areas of appl icat ion .  I t  
h a s  a lso been used to refer to measures for bring ing about the transi­
tion of a new technology from the R&D laboratory into operational use . 
Th is  i s  the pr imary sense in which it  is  used here . 

The Bureau of Mines considers  the desirabil i ty and cost of imple­
mentation in its project ranking procedure , and also has a technology 
transfer program that centers on information disseminat ion . The vehi­
c les used are industry briefing s ,  seminars , demonstrat ions , exhibits 
at  meeting s ,  and technical  information bulletins . While l ittle effor t 
of this sort has been devoted to the post-disaster area , the committee 
does not believe that more of this kind of activity would necessar i ly 
lead to more effective integration of R&D results into operational 
practice . The drawback s  to this approach to technology transfer are 
( 1 ) that i t rests almost entirely on a one-way flow of information from 
the developer of the technology to the prospective user , and ( 2 )  that 
i t does not start unti l  the R&D is complete . Bulletins and research 
reports  are impersonal and may not elic i t  a response . Seminars and 
briefing s  are more personal and do permit some feedback but it may come 
too late to affect the development projec t .  

* Evaluation o f  Research Proj ect Selection Methodology for the 
Mine Health and Safety Program , : Booz Allen and Hamilton , Inc . , 
February 24 , 1978 ( USBM Contract No. J0177121)  
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There i s  another approach to technology transfer in  which the 
p rospective user becomes a partner in the enterpr ise at the outse t .  
Cost-shared research conducted jointly by government and industry i s  
o ne way to do thi s .  Such a n  approach , the committee believes , would 
be far more effective in inducing user acceptance of R&D results , as  
it  would permit shaping and reshaping the R&D program to match 
user-perceived needs . Thi s  approach is d i scussed further in Chapter s .  

In addition to the concern with outward technology t ransfer , there 
i s also a need for inward transfer of technology that has been 
d eveloped i n  other areas and that may be adaptable to mining . While 
mine disasters are d ifferent from most other k inds of disasters , many 
o f  the elements of coping with a mine d isaster--e . g . , emergency com­
munications , firefighting , breathing apparatus--have much in common 
w i th their counterparts in other k inds of disasters , and an R&D program 
bear ing on mine survival and rescue might be expected to look to mili­
t ary , space , f i refighting , and undersea rescue prog rams for technology 
and procedures that might be transferable to mining . The 1970 NAE 
r eport identif ied several such areas of technology that could conceiv­
ably be adapted to meet mine disaster needs . *  While the Bureau of 
M ines has at t imes contracted with defense agencies and with NASA for 
specific R&D projects ,  it has not established • systemat i zed • means for 
t ransferring technology from other areas into i ts post-disaster R&D 
program . 

Mine safety and health research i s  conducted in other countries 
as well . Although there are no formal agreements between the Bureau 
and foreign governments for post-d i saster research , general ag reements 
providing for informat ion exchange with the United Kingdom , South 
Afr ica , and Ind ia include spec ific post-disaster areas . 

Evaluation : 

Although the Bureau of Mines has a • technology transfer • program , 
i t  focuses almos t exclusively on d isseminating information about 
completed R&D . No special emphasis  is g iven to post-disaster R&D . No 
extensive attempts have been made to transfer post-disaster technology 
by engag ing prospective users as partners in the enterpri se .  

There i s  no formal program for transfer ring into the Burea u 
i nformation and technology from R&D programs in other government 
agenc ies . While some information exchange takes place , the Bureau ha s 
not developed creative and effective means for identifying and adapting 
technolog ical developments in other areas for appl ication to mine 
d isasters . 

3 • 9 EVALUATION OF THE TOTAL PROGRAM 

F igure 3 . 1  i llustrates the committee ' s  conception of what an R&D 
prog ram in post-disaster survival and rescue should look like . Note 
t hat i t  includes both equipment development ( •hardware• ) and develop­
ment of plans and procedure s ( • software• ) and that in add ition to 
d epicting areas of research ( e . g . , locat ion and communication ) , i t  

* Mine Rescue and Survival , pp . 22 , 2 8 

-65-

Copyright © National Academy of Sciences. Al l  r ights reserved.

Underground Mine Disaster Survival and Rescue: An Evaluation of Research Accomplishments and Needs
http:/ /www.nap.edu/catalog.php?record_id=18461

http://www.nap.edu/catalog.php?record_id=18461


I 0\ 0\ 
I 

� · 

Develop better 
equiprMnt end 

� procedures for 
f81P0ndlng to 
mine di-.n 

� 

� 

a.ic end Explol'atal y ..__ 

"HARDWAR E" 

B•lc ltudiel of: 
• Elec:tr-.gnetic and 

leitmic communicetion 
e ChemistrY of OXVtllfl 

glfler8tion 
• Physiology 8nd metebolilm 

under ltreR 
Technology trensfer ill from 
ot!Mr erws 

"SOFTWARE" 

Besic studies of: 
• Human behavior under ltr8R 
• EHecti_,_ of training 
• EHectivenea of -...ncv 

plens 
• Disester simuletion 

Technology trensfer in from 
ot!Mr erees 

� 

� 

� 

� 

Da11lapment 

LOCATION AND COMMUNICATION: 
• Location techniqu• � • Borehole probes 
• Relcue communic:etions 

ESCAPE AND SURVIVAL: 
� New elements 

• Oxy�n •lf-rncuer (herdwere end 
• Refuge chembers .... sof._,., for � 

incorporetion into 
existing sy.-m 

RESCUE: 
• Relcue drilling 

� • R- breathing .,.,._ 
• Protective clothing 
• R- whicle 

� 
DISASTER SIMU LATI ON � AND SYSTEM TESTING 

lntegretion of 

.. project results 

� EMERGENCY P LAN N I NG imo ..w sv.._ •  

AN D DISASTER � (herdwere end 

I NV ESTIGATION 
IOf�) 

DISASTER TRA I N I NG � 
F igure 3 . 1  SchPma t i c  i l lustration of t he commi t t ee ' s  concept ion of an R&D program in post-d isaster 

surv ival and rescue . 

'---

� 

Productian end 
()p8qtlol .. u. 

Technology trensfer I 
out, resulting in 1 production end i u. oA ,_ equipment I end prooedur• 

Copyright © National Academy of Sciences. All rights reserved.

Underground Mine Disaster Survival and Rescue: An Evaluation of Research Accomplishments and Needs
http://www.nap.edu/catalog.php?record_id=18461

http://www.nap.edu/catalog.php?record_id=18461


ind icates a flow from basic research through applied research to 
d evelopment and , finally , production and operational use of new equip­
ment and procedures . It also depicts integration of the var ious areas 
of research to lead to development of new systems , or of new elements 
to be incorporated into existing systems , based on a number of 
d ifferent research proj ects . 

As an example , the development of a new escape breathing apparatus 
rests on basic and exploratory research in chemical and other sources 
of oxygen and in the physiolog ical and metabolic demands associated 
with escape , and draws on informat ion about breathing apparatus used 
i n  applications other than mining . 

From this base , applied research is conducted , a imed at solving 
some of the problems associated with an escape breathing apparatus . 
Th i s  in  turn leads to development of improved apparatus or of a totally 
new approach . The development stage must incorporate 

o Conceptual development to meet identified obj ectives . 
o Development of technical means for atta ining obj ectives . 
o Ruman factors considerat ions in setting design specif ica­

tion s .  
Th is last i tem i nvolves cons ideration o f  such questions as : 

o Row and in what circumstances will the equipment be used ? 
o What deg ree of training (or retraining )  will be required? 
o What confusion may a r i se in use? 
o What fail-safe or redundant features will be requ i red? 

The development phase also involves considerat ions of cost and cost­
e ffectiveness and of problems assoc iated with commercial scale 
manufacture . Development usually culminates in the construction of a 
p rototype . 

The prototype is then tested , evaluated , and mod i f ied i f  
necessary . I f  it is  a laboratory prototype , there may be several 
i terations leading to a commercial prototype-- i . e . , one bu ilt as the 
commercially manufactured product would be .  The next steps are demon­
s tration and finally tests lead ing to approval .  Some number of devices 
are built , laboratory-tested , and field-tested , and whatever approval 
i s  required by law is either g ranted or withheld . Once approved , the 
device is ready to be manufactured commercially and put in to use . 

The same sequence of phases is  required in development of a 
• software • system. 

Figure 3 . 2  shows , using the same conceptual scheme , what the USBM 
prog ram actually look s  like . Conspiciously absent are the inward 
technology t ransfer , all of the • software , •  the integ ration of 
d ifferent projects ( instead , development follows projects lines ) , and 
t he outward technology transfer . 

F igures 3 . 1  and 3 . 2 are g reatly oversimplified ,  but they serve to 
illustrate the committee ' s  percept ion that the Bureau ' s  post-d isaster 
research activity is  an assemblage of proj ects rather than an inte­
g rated program geared to ult imate implementation , and that insufficien t 
a ttention has been paid to • software . •  

The committee ' s  conclus ions about the program as a whole are : 
1 .  The Bureau of Mines post-d isaster research program dur ing the 

past decade addressed most of the recommendations of the 197 0 
NAE report .  However the prog ram d id not go very far beyond 
these recommendations . In  par t icular , it d id not undertake 
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Figure 3 . 2 Schema t i c  i l lustrat ion of t he Bureau of Mines post-diaaster survival and rescue program. shown in the 
same concep tual scheme as F igure 3 . 1 .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

U n d e r g r o u n d  M i n e  D i s a s t e r  S u r v i v a l  a n d  R e s c u e :  A n  E v a l u a t i o n  o f  R e s e a r c h  A c c o m p l i s h m e n t s  a n d  N e e d s
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 4 6 1

http://www.nap.edu/catalog.php?record_id=18461


research in such areas as disaster training ,  disaster plan­
n ing ,  and management , and analytical techn iques for pre- and 
post-disaster analysis . In addition , some items in the 1970 
NAE report were not addressed . 

2 .  The USBM post-disaster research program was hand icapped , 
espec ially during the early years of the decade , by a shortage 
of scientists and eng ineers with both the necessary expertise 
and extensive mine exper ience bear ing on post-disaster 
survival and rescue . 

3 .  The program has tended to favor technolog ical development 
aimed at developing equipment ,  in contrast to more fundamenta l 
research endeavors .  Even where fundamental work was conducted 
(e . g . , electromagnetic through-the-earth propagation) , t imely 
i nteg ration of the results with more applied efforts has not 
generally been ach ieved . There has been no systematic effor t 
to maintain the long-term continuity of expertise on wh ich 
progress in fundamental research depends . 

4 .  Although annual planning and evaluat ion procedures for 
ind ividual proj ects improved over the years , there is no 
evidence of management procedures for integrating ind ividual 
projects into a coherent effor t lead ing toward achievement of 
broad program goals . Management has been project-or iented 
rather than program-or iented . This has slowed prog ress toward 
u ltimate prog ram goals . There is no systematic procedure for 
carrying a research problem from concept development throug h 
to f inal implementat ion . Th is is of particular importance as 
proj ects enter the trans ition from research to product 
development and f ield test ing . 

s .  The procedure currently used to determine research pr ior itie s 
is biased in favor of shor t-term , inexpensive proj ects 
addressing near-term needs , that are deemed likely to lead to 
results acceptable to the mining industry . 

The planning and management aspects of post-disaste r  survival and 
r escue will be d iscussed in detail in Chapter 4 .  Steps that would 
improve the flow of the ent ire R&D system from conception to implemen ­
t ation will be covered in Chapter s .  The recommendat ions offered in 
this chapter pertain largely to the content and management of the 
activities that the Bureau is now undertak ing . 

3 . 10 RECOMMENDATIONS 

The commi ttee believes that the Bureau of Mines post-d isaster 
research program is important and shou ld be continued . The commi ttee ' s  
r ecommendations for changes i n  approach or emphasis fall into four 
major areas : prog ram management , communicat ions , life support and 
r escue operations , and technology transfer . 

Program Management 
1 . The Bureau of Mines should inst itute management procedures 

that ensure continual evaluation of the interrelations betwee n 
d ifferent proj ects and that ensure assessment of their  
combined effectiveness in achieving program goals . 
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2 . The Bureau should inst itute a prog ram for maintaining funda­
mental research efforts on a cont inuing bas i s .  

3 .  The joint USBM-MSHA procedure for rank ing proposed research 
proj ects should be examined to ascerta in whether it  meets 
industry needs . In part icular , the bias i n  favor of short­
term ,  low-cost proj ects should be crit ically evaluated . 

4 .  I n evaluating both proposed and ongoing research proj ects , the 
Bureau should use outside review by research scienti sts and 
eng ineers , manufacturers and users , and experts from related 
a reas in other prog rams and i ndustr ies . I n  particular , input 
should be sought from those with exper ience in the area under 
s tudy ( e . g . , mine rescue team captains , miners who have suc­
cessfuly barr icaded , etc . ) ,  and from those who are l i kely to 
use the R&D results . 

s .  In  developing new systems , the Bureau should allow t ime for 
adequate R&D , demonstrat ion , and test ing of key components of 
t he system before proceeding with development of the 
integrated system. 

Communication s 
6 . Projects concerned with locat ion and communicat ion in  

d i sasters should place more emphasis on development of systems 
i n  wh ich both transmitt ing and rece iving equipment can be used 
underg round . 

7 . More attention should be g iven to developing equipment for 
communication among rescue team members . 

L i fe Sueport and Rescue Operat ions 
8 . R&D on an oxygen-provid ing escape breathing apparatus (EBA) 

should be continued , with major emphasis  on a system that is 
designed for escape and can be carr ied on the miner ' s person . 

9 .  Physiolog ical and metabol ic research , combined with s imulation 
of mine emergencies requ ir ing escape efforts , should be 
undertaken to establ ish realistic oxygen rate and t ime dura­
t ion requ irements for an EBA . This should include a reexam­
inat ion of the val id i ty of the one-hour requ irement and , i f 
the one-hour durat ion i s  found to be unnecessary , it  should 
include determinat ion of the appropr iate t ime requ irement . 

1 0 . A systems study should be undertaken to identify the d i ffering 
design requ i rements and optimum strateg ies assoc iated with the 
var ious options for meet ing the necessary t ime duration 
requ irement for an EBA , includ ing cached devices and •piggy­
back•  systems . Thi s  will provide a rat ional basis  for trade­
off&  leading to a system with which the miner ' s  prospects for 
survival are maximi zed . 

1 1 .  Conti nued research on oxygen sources for breathing apparatus 
should be carried out .  

1 2 .  Continued research on rescue breathing apparatus i s  needed , 
with emphas i s  on an apparatus that provides greater comfort 
over longer wor k ing per iods and on a helmet-breath ing 
apparatus that promotes both comfort and utility .  
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13 . The applicabi lity of the refuge chamber concept should be 
examined in deta i l ,  with an examination of the relative 
utility of refuge chambers and other survival system element s 
( e . g . , barr icading techniques and mine layouts with a 

multiplic ity of escapeway&) . 

Technology Transfe r 
1 4 .  I t  i s  essential to have close cooperat ion between the Bureau , 

MSHA, NIOSH , state regulatory agenc ies , mining companies , 
unions , and manufacturers i n  the development and implementa­
tion of new devices and procedures . Ideally , rulemaking 
should evolve only after the new technology has been ade­
quately tested and proven , using devices constructed as they 
would be in mass commercial manufacture . Companies should be 
offered incentives to participate i n  product development and 
testing of early designs . For this cooperat ive interaction 
to work it must beg in at the research initiation phase and 
continue through research , product development , demonstrat ion ,  
testing , approval , and marketing . · 

1 5 .  The Bureau should make a more act ive effort to study tech­
nology developed in other industr ies and other countr ies tha t 
m ight be appl icable or adaptable to mine d i saster survival and 
rescue efforts in  the Uni ted States .  
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CHAP'l'BR 4 .  CONTINGENCY PLANNING AND MANAGEMENT 

Anticipating emergenc ies and planning to meet them are vital atepa 
i n  the development of procedures that will lead to qu ick , order ly , 
effective and eff icient poat-d iaaater response . Therefore , this  
chapter will address such topics aa d i saster planning , system safety 
analysis , emergency med ical services , and emergency response mechani sms 
of the Federal government . 

Whereas special precautions , preparat ions , and procedures may be 
necessary to reduce the threat to life and increase the chances of 
evacuation , escape , and survival in the event of a d i saster , it i a  
necessary t o  understand that there i a  no sharp l ine between d i saster s 
and acc idents , part icularly i n  planning for control . Much of the 
mater ial i n  th is  chapter i a  therefore applicable not only to post­
d isaster survival and rescue operat ions , but also to general hazard 
control activities aa well . I n  add ition , moat of the methodology d i s ­
cussed i a  already available but needs to be adapted to the mining 
industry . 

4 . 1  DISASTER PLANS 

Aa long aa hazard sources such as methane , coal dust , water pools , 
electr ical equ ipment , etc . , exist in  mines , there i a  always a possi­
b i l i ty that accidents will occur . Good mine planning and operat ing 
practices , greater choice i n  equipment , increasing mandatory and 
advisory regulatory standards , and vig i lance by management and labor 
have greatly reduced , but not eliminated , the likel ihood of hazards and 
of loaa of control dur ing an acc ident . Loaa of control--and the time 
frame with in which th is  loaa takes place--depends on the type of acc i­
dent . Explosions , inundations , f ires , and massive roof falls vary 
g reatly in their  potential for damage and the opportunities for 
re-establishing control . 

S uccessful response to a hazard or acc ident depends upon many 
factors .  Among the more critical ones are a ( 1 )  the existence of 
emergency plana with wh ich the mine personnel are thoroughly fami l iar 
aa a result of regular training , ( 2 )  the time available to make j udg ­
ments and ( 3 )  the mental ability and preparedness of the ind ividuals 
on the scene . The appropr iate actions to take dur ing the f i rst few 
momenta after an acc ident depend on the type of accident . Quick and 
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cor rect response i s  vital . It  i s  necessary to explore the source , 
ident i fy corrective actions , and then take the best action to br ing the 
i nc ident under control . Somet imes i t  i s  necessary to abandon efforts 
a t  control and to red i rect resources to safeguard ing personnel .  

Review o f  past d i sasters ind icates that a t  t imes even a wel l  
t hought-out d i saster plan i s  not well implemented . This  happens moat 
frequently when the d i saster occur s  at odd hours , on weekends , or over 
hol idays when the usual or more exper ienced management personnel are 
not avai lable . Such instances may result i n  an assistant delaying 
evacuat ion of the mine in  order to • see for h imself •  or to personally 
attempt to • figh t  the f ire•  or • save the lives . •  When the hazard i s  
not immediately brought under control , the delay in  evacuat ion o r  other 
appropr iate action may result i n  loss of life ,  lengthy rescue efforts , 
and loss of mine operation for a prolonged per iod because of d i saster 
damag e .  

While the f irst few moments after d iscovery o f  a hazard are 
crucial , the total plan for response to a hazard must be broader i n  
scope , encompassing a number o f  steps from hazard recognition to final 
restoration of normal operations . These steps must be described in 
wr i ting wi thout ambiguity ,  and i nst illed in the mine personnel through 
r igorous education , training , di saster s imulations , and dr ills . The 
i nstructions and training must clear ly explain when to abandon the 
control effor t and to initiate the evacuation procedure . Among the 
s teps that may be requi red are : ( 1 )  development of a competent i nte­
grated organizational structure that will funct ion even if key members 
a re absent J ( 2 )  development of an emergency communication procedure 
that clear ly ident i f ies the essent ial information that must be noted 
and communicated upon d iscovery of a hazard J ( 3 )  hazard recognit ion and 
control procedures r ( 4 )  evacuat ion , escape , and survival procedures and 
equipment r ( 5 ) rescue procedures and equ ipment , and ( 6 )  surface organ­
i zation , facilities , outside sources of technical assistance , etc . , to 
support the emergency operat ions . 

The lack of sui table emergency procedures and equipment can be 
trag ic ,  as can a lack of familiar ity with these . Review of past 
d isasters suggest that in  some cases escaping miners may not have been 
fami liar with the escape equipment ' s  operating character istics , and 
t h i s  may have materially impeded thei r  escape effor ts . 

When a �isaster has occur red and rescue and recovery work i s  
necessary , federal and state off icials must be informed . An advisory 
body consisting of the mine management , federal and state mine 
officials , and union representatives should be formed as early as 
possible . The purpose of the advisory body should be to assist i n  
planning rescue and recovery wor k ,  and to provide suppor t and advice 
to the person i n  charge of the rescue . A review of past d i sasters does 
not reveal that the multi-j u r i sd ictional and legal issues involved have 
affected the conduct of the rescue and recovery wor k .  However , the 
committee has received the impress ion that , at least in the initial 
stages , there is some confusion . There is apparently no clearcut 
procedure def ining the d ivision of respons ibility and accountabi lity 
between federal , state , and local agenc ies , mine operator s ,  labor 
unions , and others , in the event of a mine d isaster . 

There i s  no quest ion that there is  a g reat need to exercise 
extreme care in  mak ing decisions and tak ing act ions that can cost 
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live s ,  and all i nputs to the deci sion-mak ing process are useful and 
must be welcomed . However , there must be a sing le person i n  overall 
control of the rescue and recovery operation , with full responsibility 
for execution of the act ions dec ided upon . This ind ividual should be 
identi fied at the earliest possible t ime , and should be knowledgeable 
i n  r e scue and recovery work and in the management of emergency opera­
t ion s .  In the event of a d i spute as to what decision should be made , 
i t  i s  essential that someone have clear-cut respons ibility J  otherwise , 
not only will confusion result but valuable time will be lost . Because 
of t he heavy responsibility that the person in charge of the rescue 
operation bears , and the need for quick and decisive action , means 
s hould be sought to protect that ind ividual from be ing hampered in  
execution of the job by undue concerns about legal liability or about 
the less cruc ial "housekeeping " aspects of the emergency operat ion . 

I t  i s  important to ensure that in time of disaster the usual 
operating methodology is changed as little as possible . For example , 
communicat ions will be more reliable i f  mine personnel can use the 
regular communication system ( if it is operationa l )  than i f they must 
deploy a new system and hope that everyone will be able to properly use 
the equ ipment . 

P lans must take into account the need for crowd control . Families 
and on-looker s  can be expected to be on site in a short t ime . Disaster 
plans must not only address prevention of unauthor i zed personnel from 
obstructing or even entering the mine , but must  also identify areas 
where they can wai t ,  and must make provisions for local clergy , food , 
and perhaps even housing during prolonged operations in inclement 
weather . Ties to local community services such as law enforcement and 
med ical suppor t should be provided . Equally important is  the need to 
i ssue clear and detailed repor ts to the news media and br ief ings to 
fam i l ies of the affected . Important though these aspects are , they 
s hould not be permitted to distract the ind ividual in charge of 
d i recting the actual rescue operation .  

No one can totally plan for a major disaster with a l l  o f  its 
unexpected emergencies . However ,  a good disaster plan , understood by 
a ll and practiced on a regular basis , will help to insure an orderly 
and eff icient trans ition from routine operat ions to effective disaste r 
response . 

4 .  2 THE SYSTEM SAFETY APPROACH 

Current approaches to hazard ident if icat ion in mining rely heavily 
upon the study of past accident exper ience . Whereas this has provided 
valuable information to aid safety per formance , an inherent limitat ion 
i s  that the hazard must occur to reveal a fa ilure in the system or the 
program. What is  needed is an approach by which existing systems , and 
systems under des ign , can be analyzed for patential hazards . There i s  
n o  reason to be lieve that a rel iable measure o f  safety exists unless 
necessary controls have been applied to ensure that preventable hazard s 
do not occur , and unless an emergency procedure has been establi shed 
to provide for unpreventable hazard s .  

Dur ing the early 1960s , a new conceptual approach to safety known 
as " system safety • evolved . Th is  approach , developed spec ifically for 
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the space program, made it poss ible to generate safety stat ist ics 
before the deployment of new products and systems--i . e . , to ensure 
safety on the basi s  of analysis of the system rather than on the basi s  
of past history . In the space prog ram this involved ( 1 ) mak ing 
products of unexcelled qual ity and rel iability , ( 2 ) ident ifying the 
failure characteristics of each unit and the impact of the unit ' s  
fai lure on the total system , ( 3 )  increas ing system rel iabi lity by 
p roviding alternat ives to permit safe functioning of the system in the 
face of failures of ind ividual units , and ( 4 )  developing emergency 
p rocedures for contingenc ies . While the obj ectives of the space 
prog ram permitted incur ring larger costs in the interest of safety 
than may be practical in other prog rams , much of the system safety 
approach i s  applicable in  other areas , mining among them . 

The system safety approach i s  a composite of elements from a 
number of diverse disc iplines such as  systems eng inee r ing ,  stati stics , 
rel iabi lity theory , informat ion theory , control theory , management , and 
behavioral psychology . The " system approach " to the safety problem 
focuses on the system taken as a whole , and not on its parts 
separately .  I t  involves the interaction of people , mach ines , and 
environment within procedural constra ints . It  does not imply that the 
system must be r isk-free , but rather that risk can be identified ,  
managed and controlled . 

This systematic approach as applied to mine safety should include 
all phases from conceptual formulation of the system through design , 
testing , evaluation , construct ion , training ,  approval , operation , and 
maintenance . I t  requires ( 1 )  a log ical examination of all the element s 
of the system and their  interact ions , ( 2 )  identif icat ion of all sources 
of hazards , ( 3 )  calculation of the probabi lity of hazard occur rence , 
( 4 ) a search for the ava ilable options for hazard el imination or mini­

mi zation , and in  the extreme case , provisions for evacuation , escape , 
survival , and rescue , and ( 5 )  an analysis  of costs and of problems 
assoc iated with implementat ion and other procedural aspects of the 
var ious alternat ives . 

Appropr iate management and organizational structure are essential 
because overlapping tasks with unclear l imits of responsibilit ies can 
lead to confusion and system failur e .  Development of data to support 
manager ial decis ion-making is  of g reat importance . The data and 
i nformation should come from both external and internal sources . The 
external sources include the general public , government at different 
levels , other organizat ions involved in s imi lar act ivit ies , and pro­
fessional bodies which share an interest in  the system in quest ion . 
I nternal sources incl�de f ield repor ts , design reviews , per iod ic 
audits , hazard analyses , and acc ident and disaster investigations . 

There are several aspects of mining in which the system safety 
approach can be applied .  I t can be used by regulatory agencies to 
evaluate mine plans and procedures before approval , and to conduct 
"post-aud its" of disasters and acc idents . I t  can be used by research 
organi zations to unearth new sources of hazards in existing systems , 
to conduct "pre-design"  aud its for developing spec if icat ions and 
standards , and , through "post-design"  audits ,  to evaluate the developed 
product or system for effectiveness .  I t  can be used by mine operator s 
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to evaluate existing systems , suggest modifications to operat ions or 
equipment or both , and develop training programs . 

Hazard analyses , both •pre• and •post , • can be quali tative or 
quant itative . A qualitative analysis i s  a non-mathematical but log ical 
analysis of all the factor s that affect the safety of the system and 
its elements .  I t  i s  a prerequisite for quantitative analysi s .  Quan­
titative analyses are necessary to establish such thing s  as frequencies 
of occurrence and magnitude of r isks . Without d istracting from the 
value of qualitat ive analysis , quantif ication of hazard potential mus t 
have a high pr ior ity .  Unless hazards can be quantified and funds for 
safety research and development justified in terms of potential hazard 
reduction , there can be considerable outlay of time and money wi th no 
way of knowing its effect iveness and with no guidelines for future 
investment . 

4 . 3  EMERGENCY MEDICAL SERVICES 

The federal mine regulat ions* requ i re that selected persons be 
trained in  first aid , and that such training be made available to all  
m iner s .  First-aid training programs are also mandated for rescue 
teams , and the regulations require refresher first-aid training for al l 
of the aove .  Arrangements must be made by each mine for a licensed 
physic ian , clinic , or hospital to provide 24-hour emergency med ical 
assistance for any inj ured person at the mine . Likewise , arrangements 
must be made for an ambulance or other means for transporting the 
inj ured to a med ical facility ,  and for the establ ishment of communica­
tion services between the mine and the nearest point of med ical 
assi stance . Other requirements for emergency med ical training are in 
the proposal and evaluation stages . 

Emergency medical services in mines have two major functions : 
( 1 ) day-to-day response to non-d isaster illnesses and injur ies J and 
( 2 ) d i saster response where there may be a number of inj ured personnel 
and their  removal from the mine is  hindered by fire , roof fall , 
explosion , or other hazardous situation . 

The injur ies sustained in non-disaster s ituations appear to be of 
the same general type and severity as seen in non-mine med ical 
services . Most of the larger mines have •emergency room• facilities 
staffed by trained Emergency Med ical Technicians (EMTs) . Routine 
injur ies and illnesses are seen here , treated , and the miners are 
either returned to work or transferred to the local hospital . The time 
between injury and treatment is  not prolonged . Very small mine s ,  on 
the other hand , are not capable of maintaining such facilities , and 
must rely on the first aid tra ining of their supervisory personnel .  
They may also utilize commun ity ambulance services and emergency rooms . 
Treatment is still generally prompt . 

In a disaster , on the other hand , there may be delays of hours or 
even days before the inj ured reach the hands of a med ical professional , 
and survival may well depend on the emergency medical care capabilities 

* 30 CFR Chapter 1 ,  Par ts 57 . 18 and 7 5 . 1713 
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of those who happen to be nearby . Therefore mak ing adequate provisions 
for emergency med ical care in the absence of a health profess ional is  
an essent ial part of d i saster planning . 

Unavai labi lity of properly trained emergency medical personne l 
d oes not appear to have been a problem in  past mine d i sasters . Never­
theless i t  i s  worthwhile to take a close look at what is  involved in 
providing emergency med ical care in mine disasters . 

Effor ts by the federal government to upgrade the level of pre­
hospital emergency care has led to the evolut ion throughout much of the 
country of an integrated emergency response system with excel lent 
coordination , not only among emergency medical programs , but also with 
fire , police , public works and disaster response systems . Coord inated 
communication systems are evolving across the country that require only 
one radio in an emergency veh icle but allow it to commun icate d irectly 
with all  other agencies by interfac ing frequenc ies at the radio com­
munication center . Likewi se , intercommun ication with the telephone 
system is  becoming commonplace via the communication center l ink . A 
mine disaster response system that does not take thi s  modern program 
i nto account and use its component parts will inevitably be a system 
with an infer ior capabi lity for coordination and response . 

There are four maj or phases of pre-hospital care . 
First Aid : Ideally , each miner should know Amer ican Red Cross 

F i r st Aid and Advanced First Aid and cardiopulmonary resuscitat ion 
(CPR) . Such a capability on the par t of each miner would mean that 
everyone in the mine would have an elementary knowledge of how to 
prevent further inj ury while awa iting the ar rival of trained personnel .  

First Responder :  This i s  the minimum level of emergency care 
training for people who are not involved in day-to-day care of emer ­
g ency pat ients but who , because of their proximity to potent ial inj ury , 
may have occasion to stabil i ze patients unt i l  more definit ive care is  
available . The nationally standardi zed course consists of about 40  
hour s of instruction . First responder training is  appropr iate for 
employees such as mine foremen who are in positions of author ity and 
who may be immediately available to the ill  and injured .  

Ambulance Attendant : The ambulance attendant should be an 
Emergency Med ical Technician {EMT) and should have completed the 
nat ionally recogni zed 8 1-hour course and should have had at least 10 
hours of in-hosp ital experience . The EMT is knowledgeable in the 
pr imary care and transport of the patient . Th i s  level of training 
requires the knowledge of spec ific skills , and these sk i lls must be 
used or practiced frequently to be sure that they are maintained . Some 
smaller mines may find the use of miners trained as ambulance atten­
dants so infrequent that considerat ion may be g iven to the use of EMT 
personnel from the sur rounding community .  Modern day communicat ions 
make such a system feasible . 

Advanced EMT and Paramedic : The final step in pre-hospital care 
is provided by the advanced EMT and the EMT-paramed ic . The paramed ic 
has a broader base of training . The advanced EMT is  trained in one or 

a few of such speciali zed areas as  intravenous ( IV) techniques and 
cardiac care . These people are normally allowed by state law to 
per form , under the supervision of a physic ian , such invasive procedure s 
a s  starting IV ' s ,  plac i ng chest tube s ,  cardiac def ibr i llation , etc . 
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The ava i lability of such personnel will be limited to very large mines 
or communities . In most instances , thei r  services would be obtained 
from the EMS community of a nearby metropolitan area . 

There is  currently an effor t to identify other categor ies of EMT 
personnel with more limited training for spec ific functions in a 
spec i f ic setting . One such proposal is  for the EMT-M for mining . The 
8 1-hour EMT-A course curr iculum would be reduced to around 40 hours by 
elimination of sections such as obstetr ics , and by reductions i n  other 
areas with l ittle impact on mine emergencies . There is  currently no 
nationally or med ically accepted standard for such a course , but 
several g roups such as West Virg inia University and NIOSH have proposed 
suggestions for an EMT-M cur r iculum . Should such a level of training 
be accepted nationally , these people might well become an impor tant 
part  of the third level of pre-hospital care in the mining industry 
and , in  at least some mines,  serve in place of the EMT-A , or between 
the First Responder and the EMT-A. 

Several problems ar i se i n  def ining the specific levels of training 
needed for pre-hospital emergency med ical care in mines . 

1 .  Statistics for type of inj ury do not appear to be avai lable . 
Most of the statistics collected relate to prevention of injury , not 
to cause of death or disability .  Thus , a repor t will ind icate that a 
miner was inj ured or killed by a roof fall . Whether the cause of death 
was a crushed chest , a hemorrhage , or a head injury i s  usually not 
recorded . 

2 .  A very well t rained person who does not use the sk ills that 
have been learned may end up being unable to properly provide the 
needed services--or even worse , may provide the wrong services in a 
given set of circumstances .  Large mines employing many people may be 
able to provide ( 1 )  at least EMT level of training for some of thei r 
per sonnel , and ( 2 )  an opportunity for frequent use of thei r skills i n  
a nearby community .  Smaller mines may need to be satisfied with first 
aid training ,  and may have to rely on the sur rounding community for the 
EMT type of care and transpor t .  

3 .  Pre-hospital service must be economically feasible on the 
basi s  of proven need . Having paramedics trained and on hand i n  every 
mine would be an ineff ic ient use of resources . Moreover , most of them 
would be of l ittle or no use in time of need , due to lack of utiliza­
t ion of thei r  ski lls on a day-to-day basi s .  

Most mines w i l l  not be able t o  train and maintain  paramedics . 
However ,  f i rst aid training and training of f irst responders  and 
ambulance attendants is reasonable and possible . Coord ination of the 
emergency medical fac i l ities in the community with fac i l ities at the 
mine wi ll insure the availability of well-trained people , will preven t 
duplication , and will avoid reliance on people who were trained to a 
given level but , because of lack  of practice , are no longer able to 
provide the excellence of care that is expected . 

4 . 4  EMERGENCY COMMUNICATIONS 

An adequate communicat ion system , like the nervous system of the 
body , makes possible the coordination of all other systems . I t  can be 
the key to rapid detection of the emergency , early not i f ication of 
essential personnel ,  and coord inated response . Wherever possible the 
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communication system should be used on a day-to-day basi s ,  not only to 
i nsure its reliability in operation , but also to insure familiar ity 
wi th the equipment in times of di saster . 

Many communit ies have evolved consolidated emergency communication 
center s  for both day-to-day operations and d i saster response . Such 
communicat ion coordination allows each system ( law enforcement ,  f ire­
f ighting , emergency med ical services , National Guard , etc . )  to operate 
on i ts own communicat ion channels for day-to-day operations , but pro­
vides the capability for i nterconnects between the var ious systems , 
i nclud ing telephone l i nes , in t imes of d i saster . Thi s  obviates the 
need for mult iple radio systems to insure cross-channel communication s 
--for example , between police and EMS ,  police and f i ref ighters , etc .  
By tying the mine safety system into such a center (whether by tele­
phone l ine or radio) , rapid response by off-mine d i saster organi zations 
i n the event of a mine emergency can be greatly enhanced . 

4 .  5 THE FEDERAL GOVERNMENT ' S  MECHANISMS FOR RESPONDING TO MINE 
EMERGENCIES 

Whi le there are a number of Federal government mechanisms for 
respondi ng to emergencies generally ( e . g . , the Federal Emergency 
Management Agency , the C ivil Defense Program ,  the Emergency Broadcast 
System , etc . ) ,  the Mine Safety and Health Administrat ion has specific 
r esponsibi l i ty for respond ing to mine emergencies .  One element of 
MSHA ' s response is its Mine Emergency Operations group , d i scussed 
earl ier , which provides facilities and equipment for communications , 
log istics , probe and rescue d r i lling ,  gas sampl ing , etc . Other 
e lements of MSHA ' s  response are assembled , ad hoc , from the ranks of 
MSHA ' s inspector s and d i str ict managers , and from MSHA ' s Technical 
S upport division . 

The four topics d i scussed ear lier in this  chapter--disaster 
planning , system safety analysi s ,  emergency med ical services , and 
emergency communications--all have a bearing on MSHA ' s  response 
mechanisms . Ideally , i f  di saster response were treated as a complete 
system , all four would interact : emergency med ical services , along 
with emergency commun ications and other aspects of d i saster  planning , 
would be developed by mine operators under federal gu idel ines , plans 
would be approved by a federal agency ,  and the techniques of system 
safety analysis would be applied both to the operators '  plans and to 
the federal agency ' s response mechanisms . 

The g roundwork for such a systems approach to mine d i sasters does 
not yet ex ist , and will not exist unt il  a foundation is  laid through 
r esearch in  d isaster s imulat ion , d i saster plan assessment , training 
techniques ,  and the like . However ,  the techniques of systems analysi s  
could be applied , today , to MSHA ' s  d i saster response mechanisms . 

Two aspects of MSHA ' s  emergency response system are of concern to 
t he committee . First i s  the adequacy of the present arrangement , and 
particularly the ability of MEO and other elements of MSHA to provide 
the services needed in the event of a di saster . Second i s  the need for 
investigating alternative emergency response mechanisms that might be 
more effective or more economical than the current MEO . The two are 
obviously inter related . The infrequency of di sasters makes it  
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necessary to approach them both f rom a systems , rather than a 
h istor ical or statistical , point of view .  

I t  i s  clearly essential to have a capability for mobil i z ing and 
d eploying the equipment and facilities necessary to a id in  the rescue 
of miners who may be trapped underground . In thi s  respect , all the 
components of MEO--the locat ion devices,  communication equipment , TV 
probes , gas sampling systems , etc . --are impor tant and can contr ibute 
to the conduct of rescue and recovery operations . However , a systems 
approach should be taken in examining such factors as ( 1 )  the condi tion 
of  the equipment , ( 2 )  the exper ience of the crew with the equipment , 
( 3 )  the t ime requi red to mobil i ze the equipment and the crew , ( 4 )  the 
t r avel t ime to the deployment site ,  and ( 5 )  the set-up t ime for the 
equipment .  This  will aid in developing opt imum procedures , optimum 
locations for storage of equipment and supplies , and optimum means for 
transpor ting equipment and personnel to the di saster site . In 
addition , to ensure that MEO does not run into unanticipated problema 
dur i ng an actual emergency , deployment of the system under simulated 
d isaster conditions must be carr ied out .  Further , the equipment must 
be constantly updated with improved versions as they become avai lable , 
i f  they are more reliable or more quickly deployable . Financial and 
manpower requirements for all th is , in terms of both capital investmen t 
a nd operat ing costs , can be substantial . 

It  would be trag ic ,  in the event of a disaster , not to have 
available a fac ility l i ke MEO--particular ly when it is technolog ically 
feasible to have one . Because of the rarity and potential severity of 
d i sasters , j ustif icat ion of the cost of such a facility should not be 
based solely on statistical considerat ions such as the number of lives 
likely to be saved , or on purely f inancial considerations . On the 
other hand , development of d i saster  response facilities optimally 
suited to meet the needs of mine emergencies around the country must 
be subj ect to r igorous assessment of need and cost . 

The committee notes that MSHA ' s  present facilities and organiza­
tion may not be the most ideal , particularly when viewed in  the contex t 
o f  the geographical d istribution of mines and the geolog ical d iversity 
of mining conditions . Timely mobili zation of the massive rescue dr il­
l ing equipment may not always be possible if  such equ ipment i s  stored 
at only a few locations . Some other kinds of equ ipment--such as com­
munications and sampling systems--are more mobile than the rescue 
dr i lls , and are more easi ly transpor ted ( by air , for example ) and 
quic k ly deployed . 

Duplicating all emergency response facilities i n  mining d i stricts 
around the country may not be feas ible under realistic budgetary and 
manpower constraints . Even if such facilities could be duplicated , the 
requ irements for upgrad i ng the equipment and maintaining sk ills through 
s imulated disaster dr i lls could probably not be carr ied out as expedi­
tiously as is  necessary to  keep the fac i l ities and personnel in  satis­
factory operat ing cond ition .  And operat ing such a fac i lity without 
adequate maintenance and frequent dr ills may not serve the intended 
purpose , which is to respond to a •deploy• order with the most reliable 
equ ipment and personnel in the shortest possible time . 
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Another alternative would be to have available , at suitable loca­
t ions in  all mining d istr ict s ,  the sampling , communications , and other 
k inds of emergency equipment that can be readily and quickly deployed . 
These could be provided and maintained by MSHA itself , or by state and 
local governments with technical and f i nancial assistance from MSHA . 
(With regard to dri lling capability ,  MSHA ma intains a list of ava ilable 

d r illing capabi lities in each mining distr ict , and can mobi l i ze these 
fac i l i ties if the need ar i ses . This  makes it generally unnecessary to 
deploy MEO ' s  small dr ill . ) Several such decentrali zed reg ional 
f ac i l ities , established in  cooperation with state , local and reg ional 
emergency response agencies , may be a more effective response system 
than a limited number of centrali zed MEOs . 

4 . 6  RECOMMENDATIONS 

The committee ' s  recommendat ions fall into four main areas : 
di saster planning , the system safety approach , emergency medical 
services , and mine emergency operat ions . 

Disaster Planning 
Adequate d isaster plans , appropriate training of personne l ,  and 

continua l assessment of plans and training through dr ills and disaste r 
s imu lations are essential elements of disaster preparedness . 

Guidel ines should be established for use by mine operator s i n  
d eveloping disaster plans and training programs and by MSHA in  
evaluating those plans and programs . Among the critical elements of  
d isaster planning are  provisions for identifying , immediately after a 
d i saster  occurs , the i nd ividual who will • take charge • and be 
responsible for the d i saster response operation , and provisions for 
the division of responsibil i ty and accountability among the federal , 
s tate , and local agenc ies , the mine operator , the union , and other 
groups par t ic ipating in the d i saster operation . 

While this i s  clearly an MSHA responsibil ity ,  the Bureau of Mines 
should provide the necessary foundation by conducting research a imed 
a t  developing methodolog ies for testing and evaluating mine emergency 
plans using s imulation and other appropr iate techniques . These 
methodolog ies should be made avai lable to MSHA and to the mining 
industry . Similarly , methodolog ies should be developed both for using 
s imulat ion and other techniques to train miners , mine manager s ,  and 
government personnel in d i saster operat ions , and for testing the 
e ffectiveness of such training . 

The System Safety Approach 
There should be widespread applicat ion of the techniques of system 

safety analysi s  to mine d i sasters .  Thi s  wi l l require cons iderable 
research and development to develop spec ific techniques appropr iate 
for use in mine s .  

The system safety approach should be applied by the Bureau of 
Mines throughout its R&D program and in  its determination of researc h 
pr ior i ties . I t  should be applied by MSHA to i ts post-disaster aud i ts ,  
i t s  rule-making ,  its  emergency plan approval procedures , and its  mine 

-8 2 -

Copyright © National Academy of Sciences. All rights reserved.

Underground Mine Disaster Survival and Rescue: An Evaluation of Research Accomplishments and Needs
http://www.nap.edu/catalog.php?record_id=18461

http://www.nap.edu/catalog.php?record_id=18461


emergency operations . I t  should be applied by min i ng companies to the 
determinat ion of appropr iate organi zational structure for d i saster 
response . And it should be appl ied , more generally ,  to all aspects o f  
mine safety . 

S ystem safety analysis should also be applied to the development 
of systematic methods for identi fying and investigating potential 
disaster situations . I t  is  as impor tant to know why some of these do 
not develop into full-scale disasters as it i s  to know why others  do . 
Procedures for identifying and acquir ing data on such s i tuations , 
analogous to the aviation safety procedures for reporting • near misses • 
of a i rcraft , would be helpful .  

Emergency Medical Services 
A mine ' s  emergency med ical care system should be integrated with 

that of the local community in whatever manner promotes greatest 
effectiveness . No one approach will be appropr iate to all mines or 
all communities , but guidelines and standards should be provided , and 
t he plan developed should be evaluated as part of the mine ' s  emergency 
plan . Similarly ,  the mine ' s  emergency communication system should be 
i nteg rated wi th the local emergency med ical communication system ,  and 
with othe r appropr iate local commun ication systems (e . g . , the local 
c ivil defense system) . 

Emergency med ical care training for miners should be developed 
and evaluated in light of realistic assessments of need and 
u t i l i zat ion .  Ongoing refresher training must be a part o f  this system. 

In  order to accomplish this , and to identify other means of 
protecting miners f rom the consequences of serious inj ury during 
disasters ,  i t  i s  essential to collect and analyze data on the med ica l 
causes of death or d i sabi lity in mine d isasters , as well as on the 
inc idents that lead to death and d i sabi lity .  Thi s  wi ll make i t  
possible to determine the adequacy o f  the medical tra ining ,  equipment , 
and procedures in  the mine emergency response system, and to identi fy 
research needed to enhance the l ikelihood of survival for those 
inj ured in disaste r s .  

M i ne Emergency Operat ions 
The federal government ' s  mine emergency response capability ,  and 

spec if ically MSHA ' s  Mine Emergency Operations (MEO) group , should be 
e valuated in  the context of the complete emergency response system , 
and with particular regard to requi rements for the maintenance and 
d r ills needed to ensure that response is rapid and effective . 

The feasibi lity and effectiveness of mechanisms other than the 
present MEO structure should be examined to see whether other strate­
g ies  for stor ing and deploying the most potentially useful equ ipment 
( e . g . , sei smic locators and borehole probes)  would be more responsive 
to the need or more cost-effective .  
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CHAPTER 5 . CONSIDERATIONS PERTAINING TO GOVERNMENT SPONSORED 
RESEARCH AND DEVELOPMENT 

Research and development relating to escape , survival and rescue 
equipment i s probably more demanding than research for almost any othe r 
mine health and safety equipment , because wh ile the equ ipment may be 
used only rarely , when it  i s  used lives will depend on i t .  Fai lure of 
escape , surviva l ,  or rescue equipment is  worse than the absence of any 
equipment , as its presence provides a sense of secur i ty and may dete r 
the miner from seek ing other means of eg ress . The h ighest degree of 
reliabi lity must be demanded of thi s  equ ipment . 

In  mining ,  much of the R&D i n  escape , survival and rescue equip­
ment i s  done by government agenc ies , either in-house or under contract . 
The l imi ted s i ze of the market,  the uncertainties assoc iated with rule­
making , and the requirement for testing and approval by governmental 
agencies all serve as barr iers to investment in such R&D wi th in the 
pr ivate sector . Consequently , government finds itself in the role of 
propos ing and underwr i t ing the development of new technology . Market 
analysis may not play a dominant role in these dec i s ions . Moreover , 
the private sector may not share government ' s  perception of the problem 
(and the solution) and government may have to underwr ite not only the 
R&D , but implementation of the results as well , either by regulatory 
mandate or by economic means such as tax incentives or subsid ies . 
Nonetheless , mining companies , unions , equipment manufacturers , and 
other s  in  the mining community have important roles in  ensuring that 
research programs are effectively d i rected toward useful purposes . 

In assessing the contr ibution that research and development can 
make to post-di saster survival and rescue , a number of concepts must 
be def ined and clar i f ied .  First i s  the nature of the R&D path from 
initial identif ication of a need , a problem, or an opportunity , through 
the somewhat overlapping activities of broad-rang ing basic research , 
obj ective-or iented exploratory research , proj ect-or iented technolog ical 
or aPplied research , speci f ic product development , and finally ,  imple­
mentat ion of R&D results . Second i s  the difference between R&D con­
ducted by the pr ivate sector where success i s  measurable in terms of 
sales , prof its , or other economic considerations , and R&D conducted by 
government to benef it the publ ic welfare , where the obj ect i s  improved 
health and safety , environmental protection ,  or other s imi lar goals 
that are not readily measured in  economic terms . Finally , there i s  
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the d ifferent nature of the demands on escape , survival , and rescue 
equ ipment and the impact of these d ifferences on R&D programs in those 
a rea s .  

5 . 1  The Ideali zed R&D Process 

The R&D process i s  often conceived of as consist ing of a number 
of loosely defined elements such as • basic research " and • applied 
research , • • research • and "development , • or • research " and • implementa­
tion of research results . •  There have been many attempts to define 
these components of R&D : for the purpose of this report ,  the d i scus­
sion by White* is part icular ly appropr iate . 

White considers four broad bands of research act ivity that are 
different i n  nature , although they do overlap and merge into each 
other . First , i n  the sense that i t  i s  likely to precede the others in 
t ime , is  basic research . Basic research can be completely free or i t  
can be d irected toward some broad underlying mission , but it i s  not 
bound by the t ime schedule of a part icular project and i t  i s  open­
ended , in  the sense that the researcher is not striving toward some 
spec i f ic goal but i s  willing to go in whatever direction the research 
leads . Second , and closely allied to thi s ,  i s  exploratory research-­
research that i s  or iented toward a spec ific obj ective ,  but i s  never ­
theless open-ended and not t ied to specific proj ect objectives . 

Third is technological research , also called applied research , 
obj ective-oriented research , or product-or iented research . Here the 
previous research has led to an innovative idea , and further research 
is necessary to determine its feasibility and in fact to take the 
concept f rom an idea to the point where its likely viabi lity as a 
marketable product,  or a solut ion to a techn ical or soc ial problem , 
can be ascertained . Thi s  stage often includes assessment of costs and 
markets and assembly of the informat ion needed by top management in 
order to decide whether or not to go ahead with development . Develop­
ment is the f inal stage . Here research methods are used to take a 
process or product that i s  conceptually understood to the point where 
i t  can be put to practical use .  

These four phases of research activity do not necessar i ly follow 
each other in recogni zable sequence . A fundamental idea may be suf­
f ic iently complete in  i tself that it can be applied di rectly to a 
practical operat ion . On the other hand , development may be well unde r 
way before i t  i s  reali zed that there i s  a need for some fundamental 
research.  

The decision to commit resources to development is  perhaps the 
most important decision in  the R&D sequence . Before th i s  decision i s  
made , the amount of money spent i s  often relat ively small , as i s  the 
involvement of staff and fac i l i t ies outside the research department . 
Results often are not and cannot be hurr ied . With the decision to 
proceed with development the pace steps up . The development eng inee r 

* The discussion in  th is section follows that in  White ,  P . A . F . , 
•Effective Management of Research and Development , • John Wi ley & Sons , 
New York ,  1975 , pp . 5-9 . 
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enter s  the picture alongside the research scientist whom he will 
eventually replace in the management of the proj ect . Market research 
and market development , along with other considerations concerning 
implementation of the f inal result , beg in to receive attention , and 
the amount of money spent increases . In fact ,  development costs may 
be as much as 10 times g reater than research costs . 

Successful development i s  followed by a f i nal production stage , 
i n  which R&D i s  no longer involved . Here the R&D result i s  produced 
and sold or incorporated into operations or in some other way put into 
practical use . 

Prom a manager ial point of view,  it  is  helpful to consider the 
following sequence . 

o Stimulus : A company or organi zat ion i s  provoked by some need 
into expressing the requirement for a new idea , and a membe r 
of the organi zation g ives expression to a new idea potentially 
capable of meeting the need . 

o Conception : A plan of action to g ive form to the new idea i s  
conceived . 

o Proposal : A formal proposal to adopt this plan i s  developed 
and presented to management . 

o Adoption : After assessment by appropr iate spec ialists , the 
proposal i s  accepted as something for the organi zation to mak e 
i ts business . 

o Implementat ion : All the steps necessary to bring the new idea 
to the point of being a marketable product , or to put it into 
operational use , are undertaken . 

From thi s  perspectiv� , basic and exploratory research usually play a 
major role in  • stimulus , •  whi le technolog ical research and development , 
along with such non-research processes as  market development , produc­
t ion , quality control , advertising ,  sales , and service ,  all fall under 
• implementation . •  

The sequence , along wi th the relative emphasis  of the roles of the 
research scientist , development eng ineer , and production manager , i s  
i llustrated schemat ically in  Figure 5 . 1 . In its early stages , the 
process i s  subject pr imar i ly to • scienti f ic or technolog ical push . • 
Beg innning with the decision to start development , it  becomes i ncreas­
ingly subj ect to •managerial pu1 1 •  and •market • cons iderations . 

5 . 2  R&D in the Pr ivate and Public Sectors 

In  the private sector , where the ultimate goal i s  manufacture of 
a new product , the success of the R&D effor t can be measured in 
sales . Where the goal i s  improved effic iency in  an operat ion , success 
may be measurable in reduced operating costs . As long as there is  
some economic measure of the result , • success • can be quanti f ied .  
Even measures relating to health and safety , envi ronmental protection , 
and other public welfare goals may be amenable at least in part  to 
economic assessment i n  terms of time lost from work ,  costs of early 
ret irement for health reasons and of training new worke r s ,  and costs 
for legal defense in  regulatory proceedings , costs of paying f ines , 
costs of lawsuits , etc . 
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In the government sector the picture is  much less clear . While 
in  pr inciple social welfare prog rams involving health and safety and 
the environment can be measured by the cost to society of mitigating 
or compensating for the effects of problems that are not corrected , 
these are often long term costs and are not generally calculated as 
part of the •cost of doing business . •  Moreover ,  while the ult imate 
purpose of such government programs is the public well-be ing ,  the way 
in  which government achieves this purpose is usually by enacting and 
implementing laws and regulations . In allocating resources for the 
R&D needed to implement these laws and regulat ions , a leg i slative or 
administrative decis ion is made concerning the level of funding that 
will be devoted to a part icular program and thi s ,  rather than market 
considerations , dictates the economics of the effort . 

Moreove r ,  whereas in industry R&D and production are often 
internal to one organi zat ion , government R&D addressing health and 
safety usually involves government doing the research , pr ivate 
manufacturers producing the equipment , and mine operators purchasing 
and using the equipment • .  Thus there are many actors ,  all with 
different mot ives . This g ives the • implementation • part  of the R&D 
process a dist inctly different flavor from what it has in pr ivate 
industry . In  particular , funding pr ior ities are usually determined by 
the importance of the goals , rather than by economic considerations . 

A further  distinction that is useful to keep i n  mind is that 
between relatively well-bounded , sing le-discipl ine research and more 
loosely bounded , multi-disciplinary research . Development of a new 
method for radio transmiss ion may involve only electron ic eng ineer ing r 
development of a new rescue breathing apparatus may involve cbemistry , 
materials , human factors ,  mechanical eng ineering , etc . Complex safety 
systems are certain to requ i re a systems analysis approach . The 
g reater the complex ity of the task , and the more d isc iplines or a reas 
of expertise likely to be involved , the g reater the challenge to 
management . 

There are three essent ial elements in the u lt imate success of an 
R&D venture : prope r  identification of a need r successfu l research and 
development to meet that need r and successful implementation of the 
research results . The last of these i s  crucial ,  for without it  the 
previous effort will be wasted . Successful implementation requ i res 
user acceptance , which in turn depends on cost , appropriateness of 
des ign,  human factors considerations , quality control in  manufacture , 
and effective mar keting . Recognition of the var ious partic ipants i n  
the process and the i r  d iffer ing perceptions must be expl icitly 
addressed . For example , i f  the research managers in the Bureau of  
Mines , the regulatory officials in MSHA ,  the mining companies , the 
unions , and the mine equipment manufacturers do not agree on ( 1 )  the 
existence of the need and ( 2 )  the degree to wh ich the R&D addresses 
this need , there will be a g reat deal of resistance to implementing 
the R&D results . 

The steps necessary for successful transfer of R&D results into 
operational pract ice must be developed specifically for each R&D 
proj ect . Some general comments can , however ,  be made . No product can 
be successful if it does not have user acceptance . The likelihood of 
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acceptance will be enhanced i f  those who ultimately will be involved 
i n  implementation--for example , equipment manufacturers , operators ,  
unions , etc . --are involved from the beg inning . Unless the i r  views and 
the i r  economic considerations are taken into account , the necessary 
ing redients for a successful R&D effort may be missing .  

In a sense , the concern for production and implementation must 
beg i n  at the stage of problem identif ication , and be act ive throughou t 
the R&D process , rather than bei ng a f inal step that starts when 
development i s  complete . I t  is not enough for government to invite 
i nput f rom industry and labor . I t  is  government ' s  responsibility to 
reach out and actively solici t  thi s  input , and it  i s  the responsibility 
of the mining companies and unions to actively part icipate in  the 
process . 

There are a number of ways in  wh ich this can be done , and there 
is no one •correct • way . A specialist in implementation of R&D result s 
could be assigned to each proposed project from the start , before 
proj ects are ranked and funding pr ior ities assigned . Thi s  speciali s t  
can contribute a n  assessment o f  ultimate user acceptance , and can 
maintain liaison with potential users throughout the project ' s  life , 
seeking reactions , suggestions , and evaluations . Other approaches 
include advisory bod ies , boards of consultants , ad hoc meetings of 
mine safety d irectors ,  industr ial appl ications committees in 
professional societies , etc . , so long as these g roups function at the 
• nuts and bolts• level rather  than at the policy level . 

In seeking input from the • industry , • it  i s  important to recogni ze 
t hat the mining industry is  not monolithic . There are a number of 
organi zations representing , in d ifferent ways , the d ifferent points of 
v iew that arise due to the d iverse nature of the mining industry . 
These organizations include the Amer ican Mining Cong ress , Bituminou s 
Coal Operators Association , Nat ional Coal Association , National 
Independent Coal Operators Associat ion , and Nat ional Crushed Stone 
Associat ion . All of this puts still more of a responsibility on 
government to establ ish means of drawing on the expertise and 
perceptions of the industry as research is  going on . 

Within government too the picture is  not as simple as it  might 
appear . Where d ifferent parts of  the R&D sequence are the responsi­
bi lities of different agenc ie s ,  it i s  particularly important to be 
c lear about the areas of overlap so that decisionma�ing by management 
is not impaired . I n the case of mine disaster survival and rescue , 
the Bureau of Mines has much of the responsibility for research and 
development , while MSHA and NIOSH have much of the responsibility for 
i nitial identif ication of needs and , ult imately , for testing , approval ,  
and implementation . NIOSH also has some responsibility for research .  
The j oint MSHA-USBM project ranking procedure discussed ear l ier  i s  a 
formal mechanism for effect ive management at the research funding stage 
a lthough , as indicated in Chapter 3 ,  it could be improved . Mechanisms 
are also needed to foster appropr iate decisionmaking at the 
development-implementation end of the process . 

5 . 3  Design Considerations for Escape , Surviva l ,  and Rescue Equipment 

There are  important d istinctions between the equipment used for 
escape and survival  and that used in rescue operations . Escape 
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equipment must be avai lable to all miners in an  emergency , and is u sed 
to survive for a short t ime in a hostile envi ronment whi le moving to 
safer areas of the mine . Adeptness at using the equipment i s  not 
readily developed as it is  not regularly used . Furthermore , when the 
time for its  use arises , the miner may be under considerable stress , 
and t ime may be a ser ious l imiting factor . Therefore , the equipment 
must be s imple to operate , must have clearly understandable 
i nstructions , and should be deployable with considerable ease . 

From a human factors aspect , the equipment must be totally 
u nobjectionable to the miner . Frequent inputs f rom i ndustry ,  unions , 
manufacturers , and life support R&D efforts in other agencies must be 
sought and i ncorporated i n  the development effort to ensure that these 
des ign cr iter ia are met and that the resulting product i s  accepted . 
More important , the design speci ficat ions must be correctly establ ished 
for the activities involved in escape . Several designs should be 
evaluated , and the selected design should be studied in  detail  through 
pre-design tests , employing such techniques as failure mode and 
effects analysis  and fault-tree analys i s  to ensure that the product 
will  wor k under expected cond i tions , that it will meet requirements , 
and that operating procedures a re in  fact s imple and understandable . 

Frequent demonstrat ion and br iefing meetings should be held with 
all concerned parties to d i scuss developmental problems and any need 
that may ar ise for changes in research objectives and goals .  Evalua­
tion tests s imi lar to pre-design tests should be performed on the 
designed product . Thi s  should be followed by extensive tests to ensure 
that the product will perform as requ ired under worst-case conditions . 
After thi s  phase , there should be field tests , trials and demonstra­
t ions . Before full scale deployment , the deteriorat ion in performance 
character istics over time (particularly in the underground mine 
envi ronment of dust , moisture , and vibrations ) must be established , and 
on the basi s  of thi s  maintenance and replacement schedules  must be 
developed . 

S urvival equipment must enable the survivors to isolate themselves 
from the hazards posed by the surrounding envi ronment . These hazards 
depend on the type of emergency , and can be l i fe threatening due to 
toxic gases , generat ion of explos ive atmospheres , excessive heat , lac k 
of oxygen , collapse of workings , etc . Therefore the requirements and 
applicability of survival capability and equipment may be quite var i ­
able . Improved mine design considerat ions , such as the provision of 
two escapeway& from any wor k locat ion (one of which will be in  the 
fresh a i r  intake ) , greatly reduce the l i kelihood of a s i tuat ion in 
which evacuation or escape becomes impossible . Also , providing miner s 
with oxygen self-rescuers should a id i n  evacuating and escaping through 
airways that may contai n  irrespi rable atmospheres , further d imininshing 
the l i kelihood of entrapment . However ,  being trapped i s  a cont ingency 
that must be anticipated and provided for by careful evaluation of the 
alternat ives for survival . Much of what has been said above with · 
regard to the development of escape equipment applies to survival  
equipment as well . However , there are  some important implicat ions and 

difference s .  
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Refuge chambers have been suggested as  a means of enabling t rapped 
m iners to survive . The dangers of promoting a refuge chamber as any­
thing other than a • 1ast resor t •  capability should be stressed . When 
i t  has been decided that a point of no return has been reached with 
regard to the control of the emerg i ng  d i saster , evacuation and escape 
should be the f i rst alternative . It is important that miners not try 
to use prematurely a refuge chamber when there may be means to escape . 
Once inside a refuge chamber i t  may mean staying there unti l  rescued 
due to the hostility of the environment outside the facility .  It  i s  
a lso im�r tant to ensure that the refuge chamber will in fact protect 
the min.r s  in it  aga inst the ant icipated hazards for the designated 
per iod , and that the miner i nside the facility can and will be rescued 
before the end of that per iod . Nothing can be more d i sastrous than to 
f ind the facility not to have per formed as designed in an actual 
emergency , or to find that the facility cannot be approached or 
serviced as planned . 

The number of mine r s ,  their d istribution in terms of work loca­
tions , and the maximum anticipated duration of entrapment must be 
e stablished . The facilities , equipment and instructions can be more 
complex than is the case for escape equipment . Some of the considera­
t ions with regard to the equipment i tself will be such things as the 
quantity ,  location , construction , ventilat ion , communications , provi­
s ion of food and other supplies , etc . , all of which depend on the 
refuge chamber ' s  specific purpose . 

Given the diversity of mining conditions , the types of add it ional 
hazards posed during an emergency , the areal and vertical extent of the 
mine ,  and the number of miners who may be affected in an emergency , the 
need for refuge chambers and the kind of equipment with which they must  
be  supplied can be qu ite var iable . These needs should be established 
by contingency analysi s .  I t  is essential to solici t  input and feedbac k 
f rom the miners who will use the equipment , from those who have used 
s imilar  and d ifferent equipment in the past , from equipment designers 
and manufacturers , and others with relevant expertise .  

Equipment for use by rescue personnel d i ffers  from that intended 
for escape and survival . Rescue equipment is used only by specially 
t rained persons who undergo r igorous and frequent t raining . Therefore , 
considerable flexibility can be exercised in research and development . 
Several different designs and different pieces of equ ipment can be 
developed as it i s  always possible to match equipment with personne l 
or  vice-versa through training . The equipment can be designed to be 
as complex as needed to fulfill the requi rements of rescue operations . 

The most important piece of rescue equipment i s  the rescue 
breathing apparatus . Thi s  apparatus must not only be extremely 
reliable but must be generally acceptable to rescue workers .  The 
important design considerations are the physiological needs of person s  
work ing in a n  extremely hostile environment . Pr imary areas o f  concern 
are system weight , system bulk , operating t ime , human factors and 
system performance . 

R&D efforts aimed at aiding rescue teams underground must solicit 
input from those who have actually partic ipated in rescue efforts in  
mines and who have an  appreciation of  the needs . Inputs from personnel 
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who have rescue exper ience in  other f ields can be very useful J however , 
such inputs must be carefully sorted out for applications to mining . 
Other government agencies having R&D efforts in  rescue equipment and 
procedures and related psycholog ical and physiolog ical research , a s  
well as  manufacturers o f  rescue equipment , should have s igni ficant 
input . Since the research outcomes have applications to rescue and 
recovery efforts in  all parts of the world , and there are centers of 
research in many countr ies , informat ion exchange to and from such 
centers will facilitate coord inated efforts . However ,  it is worthy of 
special note here that d ifferent countr ies have different societa l 
demand s ,  and these are usually reflected in their  mine safety 
regulations . Thu s ,  foreign exper ience and development must be 
considered in the context of the applicable rules and regulations . 

5 . 4  Recommendations 

In manag ing research and development for post-d isaster survival 
and rescue , it  is essent ial to adopt a systems analysis point of view . 
The ent ire post-d isaster response system--encompasssing the roles of 
mine management , workers , equ ipment manufacturers , and federal 
agenc ies , and the functions of research , desig n ,  planning , operations , 
train ing , regulation , and enforcment--should be viewed a s  a whole . 
Specifically , within this context : 

1 .  It is  essential , in manag ing the R&D program , to d raw from the 
start of each proj ect upon the expertise ,  viewpoints , and 
economic considerations of all parties who wi ll ult imately be 
involved in  the implementation of the R&D results . Th is 
i ncludes federal agenc ies , mine operators ,  unions , and mine 
equipment manufacturers . It  is  not enough for the R&D agency 
to merely invite such i nput J i t  must be actively solicited , 
and the mining companies and unions must actively participate 
in the process . Concern for problems assoc iated wt ih produc­
tion and implementation must beg in at the stage of problem 
ident i fication and cont inue throughout the R&D process . 

2 .  Mechanisms should be developed for effective manager ial 
decisionmaking at those points in  the R&D process where 
responsibi lity passes between the Bureau of Mines  and MSHA . 
Research without an eye to implementation , or vice versa , 
cannot be effective . 

3 .  With regard to escape , survival and rescue equipment , 
realistic design cr iteria  should be established early in the 
R&D process , taking into account the nature of mine emer­
genc ies , the cond itions under which the equipment wi ll be 
u sed , and the human e lement in i ts use . R&D prog ress should 
continually be assessed in l ight of these cr iter ia . 

4 .  Among the considerations in the design and evaluation of 
emergency equipment should be the need to train miners in its  
u se in  actual or s imulated emergency conditions . This  may 
require simulation techn iques ( analogous in princ iple to use 
of the Link Trainer in  aviat ion) . The filter self-rescuer , 
for example , which heats up to mouth-blistering temperatures 
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i n  actual use i n  a carbon monoxide environment , requ i res 
development of a training s imulator that at least approaches 
the temperatures achieved in emergency use .  
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APPE NDI X I .  I NTERAGENC Y MEMORANDA OF 
UNDER STANDING BETWEEN USBM , MSHA , AND N IO SH 
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MDI>UNDUH or UNDDSTARDING 
Bl'l'WIII Till 

B1JIIAD or HilliS 
AID Till 

KID SAlin AID IIIALTB Am1IRISTRA1'IOR 

1 .  Background and Purpose 
(a) On February 8. 1 976. the Bureau 

of Mines (BOM).  Department of the In· 
tenor and the Mining Enforcement and 
Safety Administration (MESA). Depart· 
rnent of the Interior entered into a Mem· 
orandum of Understanding to insure lull 
and ettectlve u• or the capabilities and 
resources of BOM 1n managing and con· 
ctucting reaearch and of the capabilities 
and resources of MESA to assist in plan· 
ning reaearch and to assure maximum 
utiliZation of technologic developments 
rwsuHing from mine lleanh and safety ,.. 
•arch. The Federal Mine Safety and 
Health Act of 1 977 (Mine Act). Pub. L. 
91-1 73 u �mended by Pub. L 95-1 84. 
eftectlve on March 9. 1978. combines the 
protecllon of the 11ea1tt1 and safety of aH 
of the Nation's miners under a lingle law. 
trMifers MESA to the Departrnent of 
Labor, and changes the name of MESA 
to the Mine Safety and Health Adminil­
tratlon (MSHA). Departrnent of Labor. 
The purpoae of tllil revilion il to subltl­
tute MSHA for MESA and to execute the 
Memor8ndum between 10M and MSHA. 

(b) The Mine Act requireS the Secre­
.,.. of the Interior and Labor to COOl'· 
dlnate activities In the field of reaearch. 

(C) The Secr*Y of the lnllrior ttwaugh 
10M il NIPQIIIible for the management 
and conduct of mine he8lltl and safety 
r...an:tl program� under f!le Mine Act. 
lnd the  Secr*Y of l..lbor ttirough MSHA 
il *PQIIIible for !Nne ulety and healltl, 
.......-nent. and complilnce, technic�� 
IUPPOft, and eduCallon and training tunc· 
tiona under the Mine Act . 

. (d) aoih BOM and MSHA desire to 
lhllglhen their cooperation in echieving 
the goal of Improving the ufety and 
health of the Nation's miners. 

2. Management. Coorclination. and Con­
duct of Research 

10M Shill manage llld conduct the 
mine safety llld he8lltl reaearch pro­
gfMII deecribed in lhil Memorandum of 
Understanding and 1t1a11 provide overall 
coordination tor the mine safety and 
11ea111t reaearch progfMII including the 
.....amen� llld priOritization of au re­
search needa llld the formulation of a 
belanc:ed CMrlll program at projected 
budgetary levels in a standard format. 
This ac:tMty lhaJI be lpproved by the 
Oirec:tor, BOM. BOM lhal coordinate 
such activities wiltt MSHA. Such coordi­
netlon shall include: 

(a) e.r.blilhmant of explicit method· 
otogy llld criteria for defining llld ... 
lec:tlng .....-ch needed to lONe probleml 
identified from analylil of !Nne acc:l­
clentl, ufety llld healltt haurdl. llld 
ltMdardl compliance ex�; 

(b) Joint Ule of the rnelhodology to lor· 
mulate reaearch program� from infor· 
INIIion ...... from .. IOUI'Cel including 
thai IOiiclteCI from the "**"' industry. 
labor orpnizatlons. other govemmantal 
organiZatlont. llld the IICIIdemic com­
munity; (C) Joint review llld eveluatlon of on­

going progr811'18: (d) Aaurance thai � c:antriiC­
tors follow MSHA procedure� for *-in­

. 1ng III'IY ........, apptOVIII of equipment, 
material�. or proc:edu,.. to W uaed: 

(e) Joint development of llrategiel for 
the Ule of reaearch *Uitl by delineating 
requiNrnentl tor lleld telling and demo 
orlllration to validate · new technology; 
dllaernlnating poCMtiaJ Ule information 
to the "**''I community IIICl'or devef. 
oping rulel llld ,.,.tiona for ill Ule; 
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(f) MSHA repreaentatlon. at the re­
quell of the 10M or MSHA. in preparing 
RFP'a and on technical evaluation com­
mittees for mine health llld safety re­
search contracll; llld 

(g) MSHA review. at the ,.que�� of 
BOM or MSHA of draft final ...,na on 
mine he8lltl and •safety reaearch oon­
tradl . 
3. Advice llld AlliltMCe From MSHA 

MSHA t11a11 provide acMc:e and a­
liltance to 10M in 10M's � 
llld conduct of ltte nine hMith and 
ulety � program ,.,.,. to in 
.. Ulmal•ldum of Ul--dlg. Such 
acMc:e llld auiltance .,.. inClude: 

(a) lnlormatlon on hMIIh and safety 
hlurdl. ICddentl, injun.. fatally in­
�. complilnce, and � .  
,...., for ltte purpoeel of r...an:tl 
pllmlng llld ev8ludonl; 

(b) Advice on bclltl • 11-ide!llllled t. 
• llld on .. IMUal budget cycle plln­
nlng .. of hMIIh and safety prableml 
IWqUirlng �. Relelldl input wil 
be pnMded to BOM in a muiUIIIy ilgNed 
upon format; 

(C) Plrllclpatlon wlltt 10M through ltte 
lite cycle oi � project� that impeCt 
MSHA IWIPOIIaibllil- In developing and 

enlorcing ........ aoMng complience 
prablema. and �· Such .,.... 
t1on may InClude IIMIIng. morlilorll�g llld 
review hn:tionl for purpoeea of ..,mg  

8dequecy and praper tlrNng conlrol: 
(d) Coorcllllllon of ac11w11e1 of MSHA'a 

� ,.,.._ commftleel w11tt 110M's 
--- Input COiilllilleee; 

(e) Advice. at 1tte request of BOM , on 
l'lealltt ... safety aapec:ll of mining ,.. 
IHidl project� conduCted under pro­
grwnt other INn health and .. fety 

.....-rdl: llld 
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(f) MainteMnCe withen MSHA of a co­
onlination staff tor the purpose of carry· 
ing out the functions agreed to by MSHA 
,_.., (such staff to be fixed and 8d­
julled from time to time by MSHA in IC· 
� with budgetary and personnel 
�Wq�Airernents). 
4. Coordination in Standards Develop­
ment 

MSH.A shall ldvile BOM of its plans 
tor dlrwaiOpiltg and reviling standards for 
the purposes of allowing sufficient op­
portunity tor techmcal consultation be· 
�Ween MSHA and BOM priOr to publication 
of such IW1darda as proposed rulemak· 
ing. BOM shall advise MSHA of researd'l 
,._,.. whic:tt can impact existing or pro· 
110MC1 standards through input from BOM 
llendardl conwnittMS. 
5. Cooperative Assistance 

BOM shall Ulist MSHA in executing 
Its ewgu1etory �lily by continuing 
IUCf1 leboraiOry investigations and stud· 
ill on exploeive products u are needed 
by MSHA in its Approv .. lncl C.rtificatJon 
Kllviliel. MSHA shall U1iSt BOM in its 
.....-c:h programs by performing Afl­
proval and Certification procedures on 
BOM-de\elopld hardware. eo.ts for co­
operaave ll8istanCe eflotts. such as are 
ldenCIIIed llxM but not limited to theM 
two itllml. shall be peid by the receiving 
agency to the � agency on the 
bail of published t• schedules or on 
an .c1ua1 cost·rWnburUble basis u ap­
praprtate. 
.. Implementation 

To efledlvely implement ltli8 Memo­
randum of Understanding. BOM and 
MSHA ihell: 

(I) Conduct their responslbilltle put• 
.,.... eo this Memr:nndum jointly 1nc1 in 
a .....,., eo rnir*nlze cost 1nc1 time to 
..... budget and progtWft deedllnes; 

(b) Develop joint r...an:h llrategy on 
.. IOiutlon .  of !Nne health and safety 
p!ableme. Progrwn thruSts will be ..... 
.... jolnlly k!r lhOrt. intermlldlate, and 
1cJnsto11rm (5 yean or more) objediYes 
wilt! progtWft balance to be established 
by BOM; 

(c) Utilize a jointly dlrweloped meth­
odology and criteria for HleCtlng and 
IWiuatlng PIOQIIII'II and projects; 

(d) Exchange ..,.,., and long-range, 
• ... u general program planS and 

IUPPOI'IMt appropriations �; 

(e) Utilize. to the extent possible. 
meetings of peer groups from both BOM 
and MSHA, but in any event carry out 
reteard'l .., .. uations on an an� basis 
by SUCh peer groups in accordanCe with 
the established "methodology and crit• 
ria"; Incl. 

(f) Identity a percentage of available 
funds in Md'l lllcal year for Pl'"fnPtion 
in the event of conti tgeneles, including. 
but not limited to, reteard'l of opportunity 
identified by MSHA. cost overruns. 1nc1 
reteard'l neceuary to lid during mine 
rescue emergencies: 

(g) Identify key pei'IOnnet reeponsible 
for coordination of information ex· 
changed between BOM and MSHA rel­
ative to reaearch and,or standards. 
Coordnators tor reteard'l Input to BOM 
will be named by MSHA, Including ,._ 
search coordinators tor coal. me.- and · 
�. and ... IPidal areas 01 ed· 
ucation and training and technical sup­
port. Coordnators tor st.andtrdl input to 
MSHA will be named by BOM including 
ltllniWda ooordlnators tor ooal lncl  metal 
and nonmetal mining. 

(h) Hold torma1 meetings between BOM 
and MSHAc::oordMicn at 1ee1t 12 rnonlha 
In advance of the �tart of BOM's budget 
cycle eo .,..,.... llrategy papers and up­
date long-term plana; 

(I) Develop joint iuue papers, oon­
greaaional leltlmony. and Oltler docu· 
menta �  appropriate. 

Q) BOM shall acMte MSHA of deter· 
m1nat1on1 made put'IUint to a written ,. 
quest by any operator or authorized 
� 01 "**- • to whether 
any ptlylicll agent or equipment found 
or Uled In a mne haa potentially hazard· 
oul safety effects at the ..,.. time and 
In the Slime manner • submitted to the 
aperatln and "**-· 

7. Applic8billty, Modification. 1nc1 Tar· 
ninatlon 

(a) Thia Memr:nndum of Understand­
Ing and the spectflc proviliona contMied 
herein lhall govern the actMIIes 01 BOM 
and MSHA pertaining to !Nne health and 
llfety reteardl and standards fonnula­
tion affeCted by that reteard'l. 

(b) 'The Memol•ldum of Underatand­
lng dated February 8, 1 978, lhall termi­
nate u 01 March 9, 1978, at which time 
It is repl.:ed by ltli8 Memr:nndum. 
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(C) Thia Memorandum of Undlrltand­
lng llhall ....,.. in effect until modified 
or � by lftltUaf content of De­
partment of Interior and DepMment of 
Labor or by operation of law. 

AulltMf Secter.y cl ubor far 
Mine s.tefy Md HMith 
Depatfment cl l.abor  
AOBEAT B. �ATHER 
Alllarant � Md  
.,.,..,. 
De,.nment cl ftHt lmerlor 
JOAN M. DAVENPORT 
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HBMOUNDOH or URDDSTANDIHG 
BftWIIR TBI 

BURJWJ or MIRES 
AID TBI 

RAriOlW. DISTI'l"UTE lOll OCCUPATIOlW. SAliT! ARD BBALTII 

I. Background 
The Bureau of MinH (BOM) has con· 

ducted mining safety and health-related 
research Since 1 9 1 0  under autnonty of 
the OrganiC Act of the Bureau of Mines. 
the Federal Metal and NonmetalliC Mine 
Safety· Act of 1 8e6 (P.L. 88-577). and 
the-Federal Coal Mine Health and Safety 
Act of 1 919 (P.L. 91-1 73) (the Coal Act). 
The NatiOnal Institute for OCcupational 
Saf.cy and Healttl (NIOSHI hal con­
ducted health research for miMI under 
au1hority of the Coal Act and the PubliC 
Health Service Act (P.L. 78-41 0). 

The Federal Mine Safety and Health 
Arrienc:lments Act of 1 977 (P.L. 95-1 &4) 
(lhe Act) gives �uty for mine 
health reeearctl to NIOSH. through the 
s.cr.t.ry of Helllh. Education. and Wei­
In and r��PQ�IIiblllty for IYine safely ,.. 
eearch to 1lle s.cr.t.ry of Interior. who 
11M dllept8d lhll reepanlibillty to BOM . 

BOM conduda a nining tect1no1ogy 
reiNrCh program and NIOSH conduda 
a heallh reiNrCh program bolh to protect 
111e helllh of IYinerl. BOM and NIOSH 
t-. cooperated Iince !*IIIII of 1lle 
Coli Act In canduc:tlng: lhll reiNrCh 
while avalcllng un.W::IIIII'lf duplication 
of effort 

BOM and NIOSH dHirl to continue to 
cooperate, within the guidance- and 
cougrmllll-' ll*ldlle of 1lle 14 lltlm­
P"M 1lle Federal � �  for ttle­
prallc:llon of 1lle ....., and heallh of 1lle 
Jllllon'l lrinlra. 

II. Polnll of Agreement 
BOM and NIOSH 11PM en the follow­

Ing: 
(1) Generll Guidlllnel on � 

Allpollllbillllll 
BOM lhll concluc:t "*'inV � 

designed to Improve · mine llfety and to 
improve the environmental conditions in 
min•. BOM shall conduct llfety and 
health-related researcn requiring elqlel'· 
tile in engineering and the ptlyaical sci· 
enc:at and lcnOWiedgl of mining melhodl. 
equipment and conditlonl . . In lhll con­
text. heaiiiWelated researctl COftllltl of 
IIUdlel to Identify tec:IIIIOiogical aJterna. . 
tlvel wtlictt reduce the hHIIh haWda 
encounteNd by miners. IUdl • design­
ing health haWda out of 1lle mining sys­
tem. IMChine modiflc:alicnl to reduCe 
wortc• exposure to heallh IIIWda. and 
control tec:tmology related to mining 
problernl. BOM researcn shall be con­
cerned wilh improving mining melhodl 
and equipment and wortc priCIICel. Such 
� lhall eddrell· bolh ......,.,. 
of eJdltlng and cMIIOprnent of imprCMid 
control tecl'ii IOiogy to improve heallh and 
aafety In mlneL 

NIOSH shall conduct oc:c:upatlonal 
heallh researctl designed to prevent oc:­
c:upalionll .... originating in 1lle 
nining lndullry. NIOSH 111111 canu:t· 
IUdl reiNrCh . ...... ..,... In 
medlctne. lndullrlll llygilne. toxicology. 
epidlmlology, ....... IQ. ptlylaJ ICI­
... and othlr lllllltl llelds. NIOSH ,._ 
-a. ... be COiamed witt'! 1lle 
earNnallon of and prolec:tiOit of the 
helllh of miners. IVIIuallon of !heir ... 
poue 110 helllh llaDrdl and 1lle devel­
opment of lnlpiiCMCI lndullrlll llygilne. 
environmental health methodology. 
NIOitt 111111 be COiamed wlltt -­
...... of exllllng control ted'IIIOIOgy u 
� 110 make r..:ommendatlon for 
lmpiCMCI health regulallonl. 

(2) Actlvlllel Under 1M Act 
BOM 111111 canduc:l direCtly or by Qranll 

or connc:tL IUdi iiUdlel.  Nlearctl. •· 
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perlmentl. and den'lellllbationl u may 
be appropriate. 

(a) 110 imprOve working ccndlllol• and 
pr'IICiic:el, to prevent injurtoul ac:­
Cidenll. and to improve environ­
mental conditionl in !Yinel: 

(b) 110 develop.new and imprCMid cle­
vlc:ll and tec:t•IOIOgy 110 ..... 
envirolllftll'llll conditionl in "*-= 

(c) to develop new or lmprCMCI meth­
odl tor •ecower'•IQ perDII in "*­
afi• ICCidenll: 

(d) to develop new or lmpiCMCI ,_,. 
and method� of c:ommunlc:allcn 
tram 1lle IUrface to the under• 
grol.lld ... of a mine: 

(e) to develop new or lmprCMCI ,_,. 
and method� of reducing � 
lrallonl of ,.... .. dull in the 
"*- llmOiptlft of ICIIve work· 
ingl of �Nne�; 

(f) 110 develop new and imprCMid un­
derground equipment and .. 
IOurCII of power for IUdl equip­
..... wlllch .. provide gr.­
....,: 

(g) 110 dllllmllll upon 1lle wrlllln ,.. 
quell by lnY operator or ..,.._ 
!zed repruentatlve of miners, 
apec:llylng wltit ......... peltlc:­
ullrlty 1lle groundl upon wlllc:l'l 
IUdl ,.,.. .. made, ..... lfty 
llllftJ or equipriiWit bni or Uled 
In a mine pniMfttl a potentill 
IINty I'IIZirCI. and ..,.. IUIImll 
IUdl dlllrrnNIIonl 110 bolh 1lle 
QPifllln and "**' • 100ft •· 
polllble: ancf 

(h) for IUdl othlr � • nec:­
-v to carry out lhe  lnlent of 1lle 
Act. 

NIOIH 111111 canduc:l dlreclly or by 
ll'lnCI or c:ontriCia. IUdl studies. ,.. 
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lUrCh . experiments. and demonstra­
llonl u  may be appropriate. 

(a) 10 irllllrov. working canditions and 
prKIIcel 10 prnent occ:upatioMJ 
dileuel in the mining industry: 

(b) 10 develOp epidemiologic inlorma· 
!ion 10 idenllly and define poei!Mt 
lectors involved in occupatiOnal 
diaealel of fllinerS, provide infor· 
mation on the incidence and prey· 
lienee of pneumoconiaeil and Olher 
occupational diseases ol miners. 
and improve mandatory health 
�: 

(C) 10 develOp techniques and devices 
tor the prevention and control of 
OCCIII)elional diMUel ol miners. 
including, but not limited to. respi­
'*'Y protection. tests for hyper· 
•• 'libMJ and lor -tv detection: 

(d) 10 ..,.,... bodily impairment and 
occupational dilability in miners 
dllc:tM with an occupational dis-
-: 

(e) 10 develop new or impnMd meu-
urement mettlocll for the delermi­
MIIon of levels of phylical and . 
c:herltal egents ln  miMI: 

(f) 10 jnpaN and publiltl lrorn time 
10 lime ,.,_ on al ligniliclnt 
upecta of occupational diMUel 
of miners a well a on the mec:tical 
upecta of �rift: 

(g) 10 IIUdy the rMtlonll'lip between 
nine eiMrOIIIMI 111. recornmetlded 
c:harla- in work pr8CIIces and oc­
cupational diMaes of miners: 

(II) 10 determine upon the written re­
� by  an operator or adhorind 
,.._ ....... of miners, spacify· 
lng wllh reasonable particularity 
the ground upon whlc:tl IUdl ,. 
� II made. whether any sub­
.... normdy found In • nine 
hal polenllally IOllic ltr.cll in the 
CDIIC»>Itlaliolll normally found in 
the mine, or .....,_ any phylical 
-oent found or UNCI In mines has 
potentially hazardous health el· 
llda. and �hi! submit IUdl deter· 
......... 10 boltl the operators 
lnd miners u soon • possible: 
and 

(I) for IUCtl other purposes as nec­
.ury 10 carry out the intent ol the 
Act. 

(3) ..,.,..,.tion 

To effectively implement this agree­
ment, 10M and NIOSH shall: 

(I) Identity pai'IOih"'ee responsible lor 
coordination. information ex­
Change and .ctdrelling iUuel ol 
irmledlate concem . 

(b) Hold mee11ng1 at approximate e 
month intervals. but not leU than 
IMU8IIy. lor excNinge ol research 
plena and ,..,.., idelllilication Md 
dllcuUIOn of research in mine 
health and safety that may impact . 
the responsibility of the other 
-aencv. identification ol any poten· 
1111 duplication of ,....,.. effort. 
and dlacullion ol .., other mat· 
tars of concem 10 boltl �· 

(C) CoordMie in da'welopment of plena 
for IICIIvity related 10 nine health 
and safety. Coordination on re­
MM:h. hazard evaluation and Olher 
llluee of lrnl'nedlate concem may 
be through one or several persons, 
U IPPIQPriate. 

(d) Exchange annual and long range 
.,. lor nine heellh and sar.ty 
�. 

(e) Coordinate research projecta In 
IP8dll .,... where the ....,... 
bllltlel of each -aencv partially 
overtap. ,_ .... inClude: 

( 1 )  O..elapment of devices and 
� for meaurement of  
environmental conditions in 
ninee; 

(2) � of the mine 
emii'CIIment: 

(3) EtpiOIIIIcl; 
(4) A11111ment of existing control 

tech ICIIogy: 
(5) Other area which may be 

Identified later. 
AeMarctl personnel In Hdl of 
these special .... will be idenli­
lled and eflor1a will be made 10 de­
velop Improved direct 
Cl:llmUiicatlon � them. AI­
.... may be given in prepa­
ration of work statements, 
evaluation of praposaJs and moni­
toring of contracts in these special 
� .... and joint funding 
may IIIIo be -�. Such ... 
....,.. will be given at the req.-t  
ol the Other -aencv. contingent 
upon the availability of personnel 
and funds. 
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(f) Coordinate In pertarming l'llzard 
evaluation by: · 
( 1 )  ExcNnging information and 

llliltance .. appraprlale 10 
provide etrecav. ,.... 10 
l'llzard evaluation requests. 

(2) Forwarding l'llzard evaluation 
requests that tall within the 
other organization's ICOP8 of 
concern. 

(3) Coordinating responsa and 
designating the INd organi­
Ution for l'llzard evaluation 
requestS contai li 19 both safety 
and healltl upecta. 

(4) Making requella tor llliltance 
In l'llzard evaluallol1l ln writing 
except in emergetiCies, when 
an oral request will be followed 
by a written reQUell --­
�111 provide specific back· 
ground. cletaill. and purpoee 
of llliltlnce �. 

(5) ProvidiiiQ capiel ol all com­
pleted tlaanS evaluation re­
ports 10 a � pereon 
on the other organlzaliol'l. 

(4) Applicability, Modification and T•· 
I'Nnation 

The intent of ... agreement and the 
IP8CiiiC provisions contailled linin lhall 
govern the actlvllles of BOM and NIOSH 
pertaillillg 10 mine health and sar.ty ,. 
INICh. Thla agreement lhall become 
etrecav. upon ·lignature by both ...... 
and may be modllled or tennillled by 
lftiiUII c:or..-. or by either party upon 
30 day8 written notice 10 the other. 

J. MICHAEL LANE. M.D. 
Acftttg Dnclot, NIIIJottiJI ,.,.,. 
for Occupaflonal IWIIh end s.nty 
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M!MJRANDUM OF UNDERSTANDING 
BETWEEN THE 

MINE SAFETY AND HEALTH ADMINISTRATION 
AND THE 

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH 

This Memorandum of Understanding is entered into the 4th day of May 1978 , 
between the Mine Safety and Health Administrat ion , Department of Labor 
CMSHA) , and the National Inst itute for Occupational Safety and Health , 
Department o f  Health , Education , and Welfare (NIOSH) . 

The purpose o f  this memorandum is to set forth an understanding between 
MSHA and NIOSH for consultation , coordination , and cooperat ion in ef­
f ectively and efficiently carrying out their respective safety and health 
func t ions under the Mine Safety and Health Act of 1977 , P .  L .  91-173 as 
amended by P .  L .  95-164 . MSHA and NIOSH , therefore , agree to the follow­
ing : 

A .  Identif icat ion o f  Toxic Materials and Agent s Found in Mines 

1 .  NIOSH , with the assistance of MSHA , shall identify toxic 
materials and harmful physical agents used or found in mines 
and develop a program for determining if these materials or 
agents are potentially toxic or harmful at the concentrations 
or levels at which they are used or found in mines . 

2 .  MSBA shall make available to NIOSH any MSHA reliable data 
on concentrations or levels of toxic materials and harmful 
physical agent s used or found in mine s for use wi th other 
information NIOSH may obtain or evolve during its identi­
f ication program described in (1)  above . 

B .  Development of Mine Health Criteria 

1 .  NIOSB shall consult with MSHA to es tablish the priorities 
for criteria development for toxic materials and physical 
agents .  

2 .  NIOSB shall consult with MSHA on all parameters to be con­
sidered in the development of criteria for each toxic 
material and physical agent . 

3 .  NIOSB shall submit determinations with respect to toxic 
materials or subs tances and physical agents to MSBA. NIOSB 
also shall submit all pert inent criteria regarding any material 
or subs tance determined to be toxic or harmful agents as the 
criteria are developed . 
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C .  Development of Mine Health Standards 

1 .  MSHA shall advise NIOSH , a s  far in advance a s  possible , of 
the schedule of the rulemarking process for developing 
standards for toxic: mater ials and harmful physical agents . 

2 .  NIOSH shall appo int one or more coordinators to serve as 
liaison for NIOSH technical assistance to MSHA in the 
preparat ion and review of standards prior to and during 
the rulemaking process . The coordinator shall be available 
to address technical health-related issues raised during the 
rulemaking process . 

3 .  NIOSH shall provide , where possible , expert technical 
witnesses in suppor t of MSHA in public: meeting s , adminis­
trative hearings , court litigations and other legal actions 
involving toxic: materials and harmful -physical agents .  

D .  Testing and Certification 

1 .  Devices for the measurement o f  respirable dus t , toxic: 
materials and harmful physical agents , as well as personal 
protective equipment for use in the mining industry , shall 
be certified j ointly by NIOSH and MSHA. Examination , in­
spection and testing for performance of such devices and 
equipment shall be conducted by NIOSH , and examination , in­
spection and te sting for permissibility shall be performed 
by MSHA. 

2 .  NIOSH shall provide technical assis tance to MSHA in identifying 
toxic: substances and the degree of hazard of product s  sub­
mitted to MSHA for acceptance for use in mines . MSHA shall 
provide NIOSH with the necessary technical informat ion and 
chemical identification of the products and the ingredients 
of the products . 

E .  Health Hazard Evaluation and Interaction with Compliance 

NIOSH shall respond to Health Hazard Evaluation (HBE) requests under 
the authority of Section 50l (a) (ll) of the Act . Any BHE requests 
received by MSHA personnel shall be sent by MSHA to a NIOSH repre­
sentative designated by the Dir�c:tor , NIOSH . To obtain details re­
garding any request , NIOSH shall contact MSHA, the representative of 
the miner and the mine operator , as appropriate , when initiating an HBE .  
NIOSH shall coordinate f ield activities with MSHA in each mine for which 
a NIOSH BHE' has been requested . A copy of the draft HBE report shall 
be transmitted to MSHA for timely c�nt oa conflict between NIOSH rec:­
oamendations and MSHA regulations .  One or more copies of the final report 
shall be sent to a designated person in MSHA . 
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F .  Field Technical Ass istance 

NIOSH shall provide, where possible , technical ass istance and supportive 
field investigations to MSHA . Requests shall be made in writing in all 
cases , except oral requests in an emergency shall �ediately be acted 
upon by NIOSH and followed up by a writ ten request from MSHA. Each re­
quest shall contain suf ficient information for NIOSH to develop a study 
protocol which includes the basis for the request ;  the details and results 
of the MSHA inves tigation the request is based on ; the specific nature and 
extent o f  as sistance reques ted ; the purpose of the assis tance ; any con­
straints impo sed by pending or contemplated legal or quasi-legal act ions ; 
any o ther information which might aid NIOSH in developing its response to 
the request . Coordination of requests shall be made through the Assistant 
Secretary o f  Labor for Mine Safety and Health , and the Direc tor , NIOSH , or 
their designees .  

G .  Training 

NIOSH shall , depending upon the availability of resources ,  provide assistance 
to MSHA in performing MSHA ' s training and education responsibilities under 
the Act . MSHA shall provide assis tance to NIOSH in training NIOSH personnel 
for work in mines . The procedures for and form of such mutual assistance 
shall be specifically agreed to in each instance . 

H.  Research - Health Effects 

1 .  NIOSH shall conduct long-term field studies embracing 
retrospective and prospective epidemiology necessary for 
evaluating suspected causes of occupat ionally-related 
diseases in the min�ng. indus try . Such epidemiologic studies 
may include medical examination , mortality and morbidity sta­
tistical surveys and evaluations of applicable working environ­
ments .  Depending upon the availability or resources , MSHA shall 
provide assistance to NIOSH in the performance of these studies . 

2 .  NIOSH shall conduct laboratory studies on the toxicity or 
physiological effects of physical agents ,  minerals , mineral 
products , or sub stances encountered in the mining indus tries .  

I .  Meetings 

Meet ings of NIOSH and MSBA per sonnel designated by the Assistant Secretary 
for Mine Safety and Health , and the Director , NIOSH , will be held bi-monthly , 
or more often as needed , to discuss progress and direction of work related 
to the technical work group s and surveys .  

Policy level meetings will be convened on a quarterly basis or more often 
as needed . 
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The Assistant Secretary of Labor for Mine Safety and Health or his 
designee will attend · and participate in all meetings of the Mine Health 
Research Advisory Committee established under Section 102 (b) of the Act . 

The Director of NIOSH or his designee will attend and participate in 
all meetings of mine health advisory committees established under 
Section 102 (c) of the Act .  

ROBERT B .  LAGATBER 
Assis tant Secretary 
for Mine Safety and Health 
Department of Labor 

JULIUS B. RICHMOND 
Assistant Secretary for Health 
Department of Health , Education , 

and Welfare 
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AP PENDI X I I .  THE USBM-M SHA PROCEDURE FOR RANKING 
PROPOSE D  RESEARC H PROJECTS . 

Th e  f o l l ow i n g  ma t e r i a l h a s  b e e n  e x trac t e d  from a memorandum s en t 
by th e Di r e c t or ,  M i n er a l s  He a l th a n d  Sa f e t y  Te ch no l ogy , Bur e au o f  
Min e s ,  t o  th e D i rec t or s  o f  th e Bu r e a u ' s  1 0  re s e a rch c en t er s , on 
Ja nuary 4 ,  1 9 8 0 .  
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United States Department of the Interior 

Memofandum for Record 

BUREAU OF MINES 
2401 E STREIT, NW. 

WASHINGTON, D.C. 2024 1 

Subj ect : FY 1981 Proj ect . Proposal Evaluat ion 

The criteria and aetbodology used for j oint ranking of FY 1980 health and 

aafety proj ect proposals bas been reviewed . The aaj ority of the MSHA 
research chai�en and Bureau coordinators were satisfied with the FY 1980 
procedures , and onl� a very few . �o�ent s request ing changes were offered . 

These were ainor in nature and did not represent a consensus view . Thus ,  

the criteria and aethodology to b e  us ed for FY 1981 will be ident ical to 

that used for FY 1979 and 1980 . This document , dat ed January 1980 ,  will 

be used for evaluating and ranking the 'FY 1981 health and aafety proj ect 

proposals . 
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Januazy 1980 

lY 81 Procedure for lanking Proj ect Proposals 

1 .  1C11 6 HSIIA will exchange proj ect deacript iou a a  far in advance of 
evaluation aeetinaa aa poaaible. 

2 .  Heetinsa o f  evaluat ion commit tees will take place durins March and 
April . 'l'he Bureau Coordinator and MSBA Chairman will es tablish the 
dates of the •etinaa . General meet ins aaenda i• aa follows : 

a .  Collladttee diacuaa�a- proj ect a . comb ines any reaainiils duplicative 
proj ects , and arrives a t  a master proj ect liat for evaluation .  . . -

• •  !tie committee reach mutually ·�cep table definit ions for the 
•�nina of retina levels (au�h aa low , medium, high) that are 
applied to each of the 12 rat ing factors . 

c .  Usina the ratins for A, the members o f  the committ ee either in­
dividually rat e  each proj ect , or arrive at a aroup consensus 
ratina for each proj ect . 

4 .  When evaluat ions are completed , summary fora B will be completed 
to reflect the committee ' s rat ins of each proposal . If the 
commit tee members individual ly rated each proposal , the final 
ratina ia determined by averagins the ind ividual proj ect ratinaa . 
If the commit tee rated each proposal on a aroup consensus basis , 
thia arrived at ratina ia the proposals final ratina . 

•· The committee develops a priority ranked proj ect list (in de­
creaaina priority) from the group rat ing usins fora C • Prom 
�dset auidelines for Fy 81 , the cutoff point on the ranked lia t  
will be established . Commit tee members may comment on differ­
ences between the aroup rankin& and their ind ividual rankin& of 
proj ects (liaited to 1 pase per member) . Particular attent ion 
•bou14 be paid to those proj ects within ± 10 percent of the 
�aet cutoff line . 

f. The commit tee will deliver to the committee coordinator the 
foUowina it .. : 

(1) all evaluation foru A contaiDin& rav naluation data . 

(2) 8U11m8rJ for B containina aroup ratinaa . 

(3) ranked list of proj ects on form C 

(4) any writt en comments provided by committee ..mbera . 

3. lt. !a anticipated the above described evaluation •etiDaa will occupy 
one to three daya per research area . 
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4 .  'l'be evaluat ion committee is const ituted with equal representation 
fzom MSBA and the Bureau . Should memb ers be absent , separate averages 
of the MSHA representat ives and the Bureau representatives wi ll be 
uaed to derive a final proj ec t score . 

5 .  A reminder : when rat ing proj ects , examine each rat ing factor as it 
applies only to the research area und er evaluat ion , e . g .  Ground 
Control ; do � attempt to relate factors between areas , e . a .  
lesp:lrable Dus t  v�rsus Radiation . 

6 .  !be Bureau Program Ma�ger responsible for programmin& a res earch 
area , or MSHA representative , may at tend the evaluation meetings if 
he chooses .  His act ive part icipation would be in the d iscu s s ion of 
proj ects ; be �11 not rate the proj ec ts . 

7 .  While differences will always exist in personal opinions as expressed 
1D proj ect ranking ,  obj ec t ivity remains an important criter ia for all 
evalua tors .  At. the conclus ion of the FY 81 ranking , the ind ividual 
scores in areas of continuing conc ern will be standard iz ed u s ing a 
technique similar to the one used during evaluat ion of RFP proposals . 
This "after the fact" review of the ranking procedures will b e  pro­
Yided to the members of evaluat ion committees (and to Bureau and MSHA 
.anagement) and s hould serve as a measure of their members individual 
obj ec tivity . 

8 .  'l'be ranked list of proj ects result ing from the ranking meet ings is 
used as a guide in develop ing a balanc ed overall research program . 
Iu those instances where the proj ects selected for funding follow a 
priorit izat ion other than that shown on the ranked lis t of proj ects , 
a detailed rat ionale for such changes wil l be submitt ed t o  Bureau 
UDagement , MSHA res earch liaison , and the Bureau and MSHA chairmen 
of the evaluation committee . 
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January 1980 

Instruc:ticms to Evaluators 
of 

H&S R&D Project Proposals 
IY 81 

· First, each project prcposal _ _  within a progxam and �- area will 
be evaluated by cme group of evaluators. 

leaxld, each proposal will be evaluated with a nmber of criteria. '1!1e 
p%qa;a1 will be ueasured against tmse criteria and a value of 1 , 2 ,  
or 3 giVen to each factOr by the evaluat.ing team. Each value will 
represent a stated range or value- of the factor , e. g. Project 
duration 1:  • 4 years of JID%eJ 2 :  • 2-4 year&J and 3 :  • less than 
2 years. 

DU.rd, the project value will be detexmined by adding the 4 individual 
factors within each of the 3 areas evaluated, e.q.  Need for R&D, 
to obtain a sumed value for each area. 'lbese sumned values for 
each group are Dlll.tiplied together to obtain a valUe for the 
project proposal. 'lhls nunber is the value to be used in ranking · 
1be R&D proposal. The higher n\Jtlbered proposals are the nme 

· 

attractive • 

. Fourth, the ccmnittee will CXI'Iplete foms A, B and  c aocording to 
the n 81 Procedures for Ranking Project Proposals dated January 
1981. 
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APPENDI X I I I .  L I ST OF USBM PO ST-DI SA STER RE SEARCH PROJECTS ,  
1 9 70- 1 9 7 9 

Con trac t No . :  G01 2 20 2 5  
Ti t l e :  Qu an t i t a t ive measuremen t s  o f  t h e  phy s i o l og i c a l  re spon s e s  and 

me t abo l i c  req u i remen t s  of m i n e  work er s wi th re f e re n c e t o  
emerg e n c y  s i t ua t i on s .  

Con tr a c t or : Un iver s i t y  o f  Pi t t s bu rgh 

Co n tr a c t No . :  G01 3 30 2 3  
Ti t l e :  Th rough th e e ar t h  e l e c t r oma gn e t i c  t ech n i qu e s  
Con trac t or : Co l o r ad o  S choo l o f  M i n e s  

Co n t r a c t No . : G01 5 5 006 
Ti t l e :  Phy s i o l og i c a l Re spon s e s o f  Min er s 
Co n tr a c t or :  Penn s y l van i a  S t a t e  Un i v er s i ty 

Con trac t No . : G 0 1 5 5044 
T i t l e :  Th eore t i c a l  i nves t i ga t i on o f  s e i sm i c  wave s g e n er a t ed i n  c oa l  

m i n e s  
Co n t r a c t or : Penn s y l van i a  S t a t e  Un iver s i t y 

Con t r a c t No . : G01 6 6 1 20 
Ti t l e :  Ev a l u a t ion o f  e xper imen t a l  s y s t ems for th rough - t h e -e a r t h  

c ommun i c a t i on s  
C o n t r a c tor : Pe nn s y l va n i a  S t a t e  Un i v er s i t y 

Con t r ac t No . : G01 7 7 0 7 3  
T i t l e :  Di g i ta l  r e pea t er s  f or a ss ured p o s t -d i s a s t er c ommun i c a t i on 
Con t ra c t or : Un i v er s i t y  o f Mi c� igan 

Co n tr a c t No . :  80 1 0 1 2 6 2  
Ti t l e :  C o a l  m i n e  re s cue and s u rv i v a l  s y s t em 
Con trac t o r : Wes t i n ghou s e  E l e c t ri c  Corp . 

Co n tr a c t  No . : 801 0 1 3 5 8 
Ti t l e :  Unmann e d  eme rgen c y  veh i c l e 
Con tr a c t or :  Un iver s i t y o f  Ken t ucky 
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Con tra c t No . :  H01 0 1 6 91 
T i t l e : Re s e a rc h  o n  th e t r a n sm i s s i on o f  a c ou s t i c  a n d  e l e c t r omagn e t i c  

s i gn a l s b e twe e n  m i n e  work i ng s  a n d  s u r f a c e  
C o n tr a c t or :  Co l orad o S ch o o l  o f  M i n e s  

Con t r a c t No . : H01 1 8 38 
Ti t l e :  I n ve s t i ga t i on 1 n  t h e  u s e  o f  s e i sm i c  t r an sducer s for m i n e  

c ommun i c a t i on s  
C o n t r a c tor : U . S .  De p t . o f  t h e  A i r  Forc e 

Con t ra c t No . : H01 1 20 3 3  
Ti t l e :  R e s e arch a n d  d eve l opme n t o n  l i th i um-n i c k e l f l uor i de b a t t er i e s 

f o r  m i n e  l i f e suppo r t  equ i pme n t  
Co n t r a c t or : Gu l t on In d u s tr i e s ,  I n c . 

Con tra c t  No . : H01 1 2 2 09 
T i t l e : De s i gn , f a b r i c a t e  and d emon s tra t e  a n  a u t oma t ed b re a th i ng 

me t abo l i c  s imu l a t o r  
C o n t r a c t or : I BM Corp . 

Con trac t No . :  H 0 1 2 20 7  
Ti t l e : Probe d r i l l  gu i da n c e  s y s t em 
Con trac t or : Te l c om ,  In c . 

Co n tr a c t No . : H0 1 2 20 2 6  
Ti t l e : E l ec troma gn e t i c a n d  s e i smi c n o 1 s e s urvey re l a te d  t o  c oa l  m i n e  

re s c u e  c ommun i c a t ion s 
Co n tr ac tor : Arth u r  D .  Li t t l e ,  I n c . 

Con trac t No . : H01 2 2 0 6 1  
Ti t l e : Ana l y t i c a l  s t udy o f  e l e c tromagn e t i c l oc a t i on o f  t r apped mi ner s 
Con trac t or : O f f ic e  o f  Te l ec ommu n i c a t i n s  

Co n t r a c t No . : H01 2 2 0 6 3  
Ti t l e :  Deve l o pmen t o f  a manua l l y  o pera t ed re s c ue t eam veh i c l e  
Con t ra c t o r : Mi n e  Sa f e t y  App l i a nc e s  Co . 

Con tr a c t No . : H0 1 3 3 0 20 
Ti t l e :  Min e e s c ap e  h o i s t  s t an d a rd s 
Co n t r a c tor : Fo s t er -M i l l er As s oc . , Inc . 

Con t r a c t No . : H01 3 304 5 
Ti t l e : M i n a ture wave form gener a t or f or e l e c tromagn e t i c ( EM ) l oc a t i on 

o f  trapped m i n er s 
Co n tr a c tor : Co l l i n s  Rad io Group 

Con trac t No . : H 0 1 3 3 0 5 0  
Ti t l e : De s i gn o f  a port ab l e  bu l kh ead for a c ro s s-c u t  r e fuge ch amber 
Con tra c t or : Fo s t er -Mi l l e r  Assoc . , Inc . 
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Con t r a c t No . : H01 3 3 1 1 2  
Ti t l e :  Exper i men t a l  m i n e  surve i l l anc e s y s t em wi th appl i c a t o i n  t o  the 

l oc a t i on o f  t r apped m i n e r s  
Con t r a c tor : Con t i n e n t a l  Oi l Co . 

Con t rac t No . :  H0 1 5 5008 
Ti t l e : An a l y t i c a l  i nve s t i ga t i on o f  e l e c t romagn e t i c f i e l d s  i n  mine 

env i ronmen t s  
Con t r a c t or : O f f i c e  o f  Te l ec ommun i c a t i on s  

Con trac t No . : H01 5 5094 
Ti t l e :  D e s i gn o f  a por t ab l e  g a s  ana l y z er for mon i t o r i ng dur i ng m i n e  

f i re s  - Ph a s e  I 
Co n t r ac t or : M i ne Sa f e t y  Appl i a nc e s  Co . 

Con t r a c t No . :  H 0 1 6 6 0 1 5 
Ti t l e : E x p l o s i on pro o f  reu s a b l e  bu l k h e ad s 
Con trac t or : Fos t er -Mi l l e r  A s s oc . , In . c  

Con t r a c t No . : H01 66083 
Ti t l e :  Commun i c a t i on s y s t em for re fuge she l t er s 
Con trac t or : Col l in s  Rad i o  Group 

Con t r a c t No . :  H0 1 7 7 09 8  
Ti t l e : Th rou gh - th e- e ar th mon i t or i ng o f  m i n e  envr i ronmen t s  
Con t rac t or : Ar thu r D .  L i t t l e , I nc . 

Con t r a c t No . : H0 1 8 807 1 
Ti t l e : E l ec t romagn e t i c re t ran smi s s i on s y s t em for l oc a t i n g  t rapped 

m i n e  work e r s  
Con t r a c t or : Po l h emu s Navi ga t i on Sc i enc e s  

Con t ra c t No . : H0 2 20040 
Ti t l e :  On e -h ou r  s e l f-re s c u e  bre a th i ng appa r a t u s  
Con t r a c t or : Lockh e e d  Mi s s i l e s  & Spac e Co . 

Co n t ra c t No . :  H0 2 20045 
Ti t l e : De s i gn a nd d eve l opmen t o f  an improved m 1 n e  re s c u e  bre a th ing 

appa r a t u s  
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