
-429 · 

NEW DEYELOPMEJCTS FOR MINE RESCUE 

Richard L. s,tein. Harry Dobroski. Jr •• an<# John N. lllrphy 

Pittsburgh Mfriing and Saftety Research Center 
.- . . Bureau of llff nes 

U.S. Department of th' Interior 
Pittsburgl). · Pennsylvania. USA 

INTRODUctlOII 

r,_, 

. Since 1969 the Bureau of Mines has been actively ef!gaged in research to enhance 
the detection and rescue of miners t_rapped 1mderground following a disaster. In 
many cases. miners who were fortunate enough to escape the primary- disaster (fire, 
explosion. roof fall. etc.) often-fell victiim to se_condary effe_cts such as toxic 
gases or lack of."oll)'gen·. For this reason, iit is imperative that they be located and 
rescued as quickly as possible. 

The Federal Coal Mine Health and Safet:i• Act of 1969 included prOvisions for 
such postdisaster detect.ion and rescue. and ·since then the Bureau of Mines has pur"'. 
sued research in this direction . This resea1rch concerns .methods ,of detecting and 
locating trapped miners by seismi c and electromagnetic me·ans ,· the · development of , 
self-contained breathing . apparat us for miners. and specialized breathing apparatus 
and coolir.g garment s for rescue teams. 

THE DETECTION OF TRAPPED MINERS 

The Seismic System 

The seismic system uses an array of sens i tive geophones that are placed over 
an area where trapped miners are thought to be. The miners have been t rained to 
strike the roof or wal l of the mine in a certain manner to generate seismic signals. 
Because of the pat tern of the geophone arrays . the sei smic signals arrive at 
indi vidual geophones at different t imes. These signals are stored on magnet ic 
tape i n an instrumentat i on truck brought to the mi ne site. The truck also conta ins 
other sophisticated equipment for processing the signals. By analyzing these 
signals , either by small local computers or by connecti on to more powerful com­
puters over the tel ephone lines, the location of the source of the seismic signals 
is determined . Figure 1 illustrates the com:ept. 

Tests to date have shown the system to be quite effective. Under condi t ions 
of low natural seismi c acti vity , det ections up to 800 m are possibl e if t he geo­
phones are di rectly over the signal source. At mines up to 300 m depth, detection 
is possib le if the geophones are offset by 300 m. Additiopal testing has shown 
that geophones placed in the mine, rather than on the surface , may be even more 
effective. This is important because often iit is possible for rescue teams t o 
safely enter the mine for great distances soon after the disaster that t rapped the 
miners. To exploit thi s advantage , it will be necessary to develop a portable 
seismic sys tem that the rescue t eams can use in t he mine itself. This wi l l be 
investigated in the future. 

The seismic syst em described here i s kept in readiness by the Mine Saf ety and 
8ealth Administration (MSHA) , U.S . Department of Labor, and is being constantly 
improved. 



·1 Tepe 
recorder 

(7-cho- 11 

T • G1ophoo1 __ .....,_..,_~....., 
Chart 

recorder 
. (7-chonotll tub-array , 

Cantrel 
prOC IHOf 

Figure 1.--The seismic s.vs tern 
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. 11le _tlecb ..... tfc s,Stai for -~ ~1111!1" detec.t1CIII IS l!Ual.Cl!ll tile fact . 
·tat. low-frequency l"ld1~·s1glillls can penetr;1te .CQllduc_ttng-aeclt- SIICII utile- ,, · 
;artll~ -w1tli ret,ttnly.' saill . ,;~tfon.-_ If til!e cond1tfons are fawanble • . fol> . · 
a· g1"9 COftductfY1ty O.f artlt above I ll'lne (ttle OYffllUl'den), Sf~l penetratfQO · 
illpoves. w1tfl dec:l'el51ng trallSllbsfon fre+p.!ency. ltcM!wer, other facturs cw · 
·llltD. pl-, that •• ft fllpossible to· lower the fteque1q beyond • certain 1«-i' .. ·. 

; lt.lt. · Tiiesa facton •re pr-tiiart1Y. atmsphleric; and aa....-ele elecbcwguetfc inter...' 
.,--.,~ · For tllese re1sons;; .·1t appears that ~ elec:bC111116911&tf.c cle~ion systa · 
· ~ :~t1cal size and power C011S1111Ption is Hatted to ii. frequency r19 of·6CJCF· .· 
·. to · :t,000 .Hzi · Lo.er frequencies encounter_ t!'ie ataospllerfc/aln__. noise regions. -·. 

1111;1 lligher frequencfes became att<!)ftuated by the overburden very quietly·.- · . lfftli ·• 
· tllilse l~tations in ll'lnd, , tbr; Bu · :.ai: of Mines has: developed a practical sfgnalfng · 
·c1ev1ce (the trlnsaftter) that -_1.s S11111l enough to carry on a afner's belt. It 1s · . · 

. ca111letely self-contained such.· th;:t t~~tter and antenna are in one -integrated ·: 
: package: Sensitive seerch e.guipaent ~ developed so ~t surface search teas -. · . · 
-:COl!ld locate the .underground transmitters • . Once lgcated~ tw-way ~icattqns : · 
·· with_ the trapped miners. can be establ 1shed. Figure 2 illustrates tbfs systell. · 
. . . . . . . . ·. . .. . t . . . . : . ' . . : . ·. 
· .· · The transmitter consists of cfrcuitry that produces discrete -fnquencfes in · . .. 
-tbe 600 Hz to 3 ktlz _Mmge- nie traJisllli tter ·is used with an antenna consisting of · · 
: 100 • · of wire deployed in- the· laTgest a rea possible-. · Each tran,..itter produces 
only; one frl!9uency and can. therefore. be i ~lentified. by its frequef!!;)' al~~- Th& 
coding techmque is that of pulsed. continuous wave {QI) with a duty cycle cf 10 

· percent (100 ms on/900 11S off). T)tis P!,llsed. ·QI makes it easier to detect under · 
poor signal .· to noise (S/1l_) conditions:· . · · · 

- , The transmi"tter receives power fl'QIII, a special-· power- connection on top of the 
cap . .lamp- battery. · Figure 3 shows· the · actual .. configuration ·of the transll'ltter, .. 
antenna. and battery in operation. A fully charged :ea.)) lamp bat tery can operate , 
the tranS111ftter for about · 40 hours. A battery partially discharged. after ·an 
8-hour·~rk .shfft can operate· the transajtter f'pr about 16 hours. . 

. ~~-~dd_i.ti~n 'to~ b"~~itt~r-. ~ :d~vice ai~ ~~i;,; ·a--bas•niv~i~·-. 
receiver. a 'button. ·anc1 a switch. Tiiis rece1m penrits the trapped miner tQ . . . 
receive voice messages fna the surface. These Yciice ..ssages are produced by , · 
amplifiers ' that ar:e connected to large loop antennas laid oa the surface of ·the ·.· . : . 
earth. The reception of voice lli!Ssages by tlhe trapped- atner ts extreaely · .. ,. _ ,; 
flll)Ortant. Because ft gives confidence and lhopil of rescue, ft is a sure ·1nd1':' 
cation that :a location has been' made, · lt al :so perwfts ,.the rescue tea to c-.n,. ·. 
tcate with the miner. to extract infoniat10ftl -eonceming 'his or tier conditto_n.<_, '' , 
As an example, if ·the surface teaa instructed the trapped miner to signal . •yes• · ,. :: 
to certain questions by a certain · lltlllber of :signals fna ttie· trlilsllitter, 'or·· . 
•no• .'by another !Ulber of signals. thi-s could ne: dane with the button provided. 

Speci~l receivers have been developed tl> detect the signal~ frm the trappe4 
llfner's transaitter. These receivers are of tllO types: One is designed tD JJe 
carried by helicopter and can scan up to six ~1es siailtaneously. The . 
other is designed to be carried by a person on foot •. The lielfc:i>pter. unit 1s ·useif 
far rapid searches over vast areas when ft is unknown whether or not any trans­
aitters have been activatecj. Its primary fu,iction is to· •ke a fast search and 
a rough estimation of sf.gnal loca.t1on. If s11pls are detected. the helicopter 
personnel inform the ground search team where these signals are and en what 
frequencies. Thus infol'lled. the ground searc:h tellis go ·to the area . 
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Using the portable search receivers, the ground search teams perfona a pre­
cision location. Once they are within range of the signals, they can locate the 
source of the signals by seeking out characteristics in the field pattern. By 
holding the search antennas vertically, i t i s possible to locate a null in the 

-signal due to th~ fact that there is no coupling of the magnetic field into the 
receiver antenna wi th this orie.ntation. By moving about and perfonning this 
procedure several times in the vicinity of the signal, intersecting lines can 
be drawn t hat l?cate the position of the underground antenna. 

The ulti ma te success of this system depends on what percentage of coal mines 
can use it. This, in .turn, depends on mine depth , overburden conductivity, and 
noise. Except for knowing the range of probable depths at a given mine, these 
parameters are unknown. During 1977-78, this problem was addressed experimentally. 

The t ransmitters were taken to 93 .coal mines in various areas of the United· 
States. TIiey were deployed in the mines and signal strength was measured on the 
surface. From calcul ations based on actual signal strength, the apparent earth 
conductivity (aA) was obtained at each mine site; this value of aA could not be 
obtained by any other method. It represents the apparent conductivity of ,the 
overburden as seen by the system when deployed under actual operating conditions. 
Thi s apparent conduct ivity ranges from about 0.01 MHOS/m to Q.:_ l MHOS/m. 

The general results from the 93 mines were favorable·. The system worked very 
-well to depths up to 500 m (about 90 percent of U.S. coal mines are presently 
under 350 m). In almost all cases, the underground transmitters succeeded in 
sending signals to the surface, and receiving voice signals from the surface. 
In 1979 a new generation of these devices will be built, and in 1980, more long­
tenn testing will begin. This testing will be to detenni ne both· the operational 
and .. ~,:han ical integri ty of the transmitters. 

SELF-CONTAINED BR;ATHING APPARATUS 

The 10/60 Oxygen Self Rescuer 

The self-rescuer currently worn by miners provides protection against carbon 
monoxide but does not provide protection i n atmospheres deficient in oxygen or 
conta ini ng other gases and vapors. Because of this limitation, there is a need 
for a self-contained escape device capable of providing respiratory protection 
in any atmosphere. Two such devices were recently developed under Bureau of Mines 
contracts (1). One device was lightweigh t and small enough to be worn . by a miner 
continuously, but it was capable of providing only 10 minutes of protection. The 
second device provi ded respiratory protection for 60 minutes. Although both devices 
provide the desired type of protection, the necessity of discarding the 10-minute 
unit 'in order to don the 60-minute unit while in a contaminated environment was 
considered to be a severe drawback. 

The 10/60 device combines the concept-of a small and lightweight short­
duration (10-minute) belt-worn device with a larger and heavier long-duration 
(60-minute) device than can be safely "plugged int o" the 10-minute device while in 
a contaminated environment. The 10-minute device will be carried by the miner at 
all times and the 60-minute device will be stored near the miner. In the event of 
a disaster, the 10-minute device would be donned immediately . The miner would then 
proceed to the stored 60-minute units and plug t he 60-minute device into the 10-
minute unit. This system was develo ped by Mine Safety Appliances Company, 
Pittsburgh, Pennsylvania, under contract to the U.S. Bureau of Mines. The final 
system weight, volume, and size are given in Table 1. 
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Table 1. .:Li"''~'! oxt9en an:! -self- escuer systefl 

·· Device. 
· Size· 

Can> 
ol " · 
(cc) 

. Weight 
(kg) 

· . Service ' life ~in/i_ . 
Light .work HecUID WO vy work 

.10 min .· 18.1x18.1x7. :!JI! ·; . 77 pac~aged ·' t°4-1~ .10-14 (7-10 
/'·· 

l. 20 used 
. . 

··60 mfn · · 26~7xzi.2x10. 3900 ·1 ""I!: 

. '~" ll., .::d 75-9Q. ·. 65-75 .. 55-65 
. . 

,j0/60 system , .46_used 89-100 · 75-89 .52..;75 

. . ' . 

c· Fot_the TO-minute un;t, the ;ystem chosen . to meet th' requireaents for: under-
.· ground use is a -~reathinJ circuit where air .h passed .. ~rough a 'chenical bed·: twfce · 
):per:respfration;".:'. ,The 'i:.he1, !car bed cont 3ins-.alt,out. 250', gm .. of. p0tassf.1111. $_u_pef"9xide :. ; 
'. (KOz) ~ . The _(>Q:.atinute can~ster differs from the 10-minute u,i1f' 1n. that .atr is:_: · · 
· drawn only once · through t ne chemfca.J bed per respj-ration. . Approximately 1 kg . ~ . 
. · of K02 is used. Although the do:uble-pass system-allows -more efficient bed util-

ization, its use· i.n a long,-duratioh devi.ce results in excesstve ·heat buHdup. 
:· tn which case .a ·complex and cumbersome heat- ei<changer woli.ld be· necessary." Since . 
. : the 60-mf:nutl;l: ~~nister.wiU · be in ~torage until needed,· ,tM miner does riot .have ,to . · 
\ carry . . thfs ·. targ~r; 'h·eav.{er. devi'CEf 'durfog: a . n01"11!81 "· work, -day . ..:., Jjoth · C8[!1 sters·. "~-.: .'/ :i. 

equipped wfth. a chlorate candle to supply 100 per.cent oxygeil -durfrig ini'tial use"·· · 
·· since ·the .K02 cherrii~l reaction requires about. 1 minute to generate· enough Of to · · . 
.. meet escape needs. : . ;, ·: . -~ . .. . . . . . ..•. .. . . . . .. . . . . . . 

. -The inha.lation gas temperatur.e ~St be r1!duce<i tQ a comfortable level and the. 
USer .miJSt ·be protected froni physical CQntact ~lith any hot areas on· the apparatus • . 

,·Botti ·devices ·.employ separate ·heat-management techniques; A 6 cm ·finned aluminum . 
· tube . l.ocated in the breathing tube acts as a heat exchanger in the lOAn,nute · 

./:device , .. .: location of .the hea·t exchanger. ,irr thii breathing .. t11be a11iO pr-events the. 
breathing t _ube from closf-ng . : . . ' .. :·:· . : . '·; · •, . ' : ·. ··· .'•: ··: . 

.. ,. .., 
. The br.eathfng bag .and a ·manifold ·in the EiO-minute -.W)it are used as the -primary 

heat exchanger • . The a.luminum heat exehanger located .. i.n tbe br.eathing tube of the 
10-minute unit remains. part of .the 60-minute s;ystem. ·· ln~alation temperature is 

-. reduced .t .Q about 43° -C, a temperature that fs easily tolerated by a wearer. · . 
· Canister wall temperatures reach approximately 120° C. TO protect the user from · 
-bums, .both -canisters have a felt protective cover. . · 

. . 

Operation of the' system involves connecting the 10.-'minute canister and ihe . 
· 60-minute canister in a hazardous environment while minimizing trapped gases. 
Since the package size of the TO-minute unit i_s limited, the additional hardware . 

. required to couple the two canisters is housed in the larger 60-~inute unit. After 
connecting the 60-minute device, the breathing circuit is switched from a pendulum 
system to a loop system. Two check valves are required, one at the inlet and one­
at the outlet of_ the 60-minute canister. A thf.rd {shutoff) valve is required in . 
order to disassociate the 10-minute canister from the system. If this 'were not · · 
done, a bypass of the 60-minute device would occur. To el'iminate pressure· buildup 
in the 10-minute canister after the coupling has been made, one side of the 
canister is left ope~ to the breathing bag. Thus, any further oxygen generation 
from the 10-minute bed will be utilized. 

The 10-minute container has a belt clip that allows the wearer to remove 
that unit from the belt quickly. The 10-minut,e unit is donned over the head, and · 
the breathing bag acts as the neck sling to support the complete apparatus. Inser~ 
tion of the mouth bit and firing of the candle activates the unit. When the nose . 
Clip is securely in place, the wearer is prote1cted for escape. Placin~ the goggles · 
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---- Inhalation 
- Exhalation 

Figure 4.--Detafled schematic of flow path in 10/60 system 
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· ·..,., till "91 •• atucMng ~ stllple str1ilg ai._. tlle.......,. tD ....- 11it 1111ft 
fll91J tD Illa c:tmt c~,.,,iii tff tile ....... tt.. Attac:111 .. ud 1""1 .. ettlllr -
1Hllllte .. tile ..,_.irluta dewice requtns len um 30 ...... · (S.. ,1..,. 4) 

. Atr:tlien.re~ add1t10M1 · tests fflOllllld that .- esa,1., 111111r c:auld travel 
Oftl" 7 bi. (4.3 1111es ,ncluding inclines} 111tth1 ustwg Ille 10/fO systa. S111ce 
1!Dz produces <>i d1r.ctly 1n response to a ... , •• , ... .tllii travel dtftlla · 
is nearly independent of wort rate. _ · . . ... : . ·· . . . ·. · . 

A . ;a, r.£SCU£ BR::'\l1tt11& AF'PARAlUS <•> ·- · · · . 
. . ' . 

Following a aine disaster, rese1:e tNm frequantly 111ft to ..- secttans 
of a liine that are ftll c; llr1 th . trras i:· :!>le or• toxfc gases tn order to loeate 
and rescue trapped 11iners, to con·;,,ro1 · fires , and to rei!stabtish venttlatton. 
Presently, there are ·t,«> 4-lmi.; : c, .1lJ)ressed-o~gen bruthing apparatus that c:u IMr 
used. Both of these devices h.:11,.. been certified for a rated servfce life' of 4 boul'I 
under Phase 11. S1!bc"-Ptar a. Chapter 1, Title· 30, U.S. Code of Fec:!eral ,Regul&ttlllll 
(30 CfR. Hh) ~ · ·· . · . · , · .· · · · · 

· After surv~1ng tlie ex1sti"9 technology~ the Bureau of Mines concluded t11at·a · 
4-hour positive pressur.ed compressed ~ 111ne RBA could be designed which -e1ghs .· . · 
less than the devices currently availa61e. In addition to an overall ·reduction 
1n weight·, .a simple cooling system could be integrated with the RBA to provtde for. . 
cooler inspired air tenperatures and· a me1ns to remove .hea~ f1'0III the rescued miner. 
Th.is -would represent a major 1111prpvement .over 1i,xisting systel!IS and -significantly · 
1ncrease · the effectiveness of the ·m1ne rescue ·team. Mine Safety Appliances has 
been developing this new RBA under Bu.reau .conttract . 

The appal'atus · 1s a posi·tfve-pres~ure. clo1sed:,-efrcuf t, compressed oxygen 
systen. The weight of t he appal'atus .. i ncluding· a cooler, fs about 13~5 kg, 

. The two major areas for weight reduction are the compressed Oz cyHnder and 
the C02 scrubber. The ava11abjlity of a composite oxygen cylinder consistillg of 
an al umi num ·liner shell -wrapped with glass f1bl!r· resul ted in a weight reduction 
of 2 kg . The use of 11thiu!l1 hydroxide (LiOH) iln an aluminum canister resulted 1n 
a weight savings of 1 kg over the more COlllnOnly used alkali or soda-lime used for 
C02 scrubbing. Thus, 3 kg was reduced in theSE! areas alone . An additional weight 
reduction of about 1 kg was accomplished by simplifying t he oxygen flow circuit 
and using a li ght.weight~ yet hi ghly impenneable, breathing bag. 

,· Positive pressure is flla i ntained in the brEiathing circuit at all times.' The 
positive ·pressure is created by providing a constant, external' force to the breath­
·ing .bag so that a hig~r pressure exists in thei face mask relative to .ambient 
pressure. This means ·that all leaks due to poo,r face.;piece fit are out of the mask. 
and not into the mask as is possible with demand-type apparatus such as the McCaa · 
and Drager units. Positive-·pressure ap_paratus have protection factors of 10,000 
and are reconmerided for use when. the wea.rer is entering air that contai ns toxic gases 
of unknown concentration. Such situations occu,r. underground, a11d this. is the major · 
reason for use of such ~uipnent. · 

.A simple ice cooler was .·de'f'.eloped to reduce inhaled-air temperatures. The -ice 
cooler is plac::ed adjacent to heat exchangers bufl t 1ilto the apparatus. · Breathing . .. 
a'ir is cooled mostly by conduction ." The 'cooler is .easny · removed from the appar­
atus .. so that its use is optional for the wearer. It weigh·s about 2.3 kg and pro-
vides about lOO kcal of cooling , . · 
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INSIDE VIEW OF JACKET (SPREAD OPEN) SHOWING LOCATION OF COOLANT CEU.S 

Figure 5. --Inside view of jacket (spread open) showing 1ocation of coolant cel ls 
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. . . , Some inachfne ar,::; ,, ;.;an tests of the apparatus have been coiapletecl • .. Perfo~ · · 
. ance characterfstfcs ·featured: that -have been demonstrated fn ·these tests are . 
. (lJ hfgl\ protecti on factor due to ·posit:lve pressure, (2) safe Ilse of ttie apparatus:. 
at temperatures down to -32° C {-25° 'F) -because of-the excellent co2--absorbtng:· · ·. 

·.characterfstfcs of the _ LiOH canister. (3) ~e of the apparatus at hfgh. temperJtures · . 
. by attaching_ ,a replac.eable cooler which pro1ddes both . low temperature breathing gas _ 
and ·body cool :Ing·, (4) 12- to 14,-hour service: 1 ffe when breathing at-a· sedenta'ry ·-- · _ 
rate, -and (5) improved wearing ·comfor-t based -!>n repositioning the weight of the · · 
a~paratus QJI the hfps: ~Olllllen:ially available .units are expected withfli a year~ 

Coolf.ng Gann~ 

. To protect rescue' 'pel"SOf!nel f rom heat d1~riilg rescue oper.ations, new coci}fng.'- · ·. 
garments have been .deve)-oped . ·· One is a lfqui~ cooled _vest_,. the. other._ is .an . ice . · _ 

-jacket. · · · · --

The . l :I quid cooling system -consifu, of- Hquid cfrc\ilation ganients and i . ~lt'.,. · 
·WOm hea.t sink unit. · A· ·special mixture of alcohol and water flows through the · · 
heat sink unit where it is cQOled by co_ntact with· a frozen ·1c:e canister. lt then -
flows through tubes to the · head and_ chest gar,nents where .the wearer is cooled • . 
The water and a lcoho 1 mfx·tures _ that· have p:lclr.ed up heat fT'OII the · wearer f'iows -- -
t,ack . to .the .fee cani_ster where l_t 1s· r~oled. . _ . _ . . . _ -. 

th~-he~t' sfrik '~~ft. ''cbnsfsts--~f a ;ftozen ci°n'lster, ·; a ~ -~·and a' n!ehargeat,Ui,-- ·: • 
battery. It weighs about 4.3 kg and provi des about 2 hours of cooling. The ·. · · -­
freezable cooling .. ca,rtridge and recharge.able battery are repl,ceable in a few 
seconds. ·· The unit i.s .belt mounted so there is no umbilical . tQ hinder the miner.--"· 

The ' head liner ·co0ling ga'rment h ·designed to wear with a face 11asL_ >111us • .. 
there is ito face seal leakage when the unit :·is worn by rescuers. · The cooling 
gannerits are modular so that a head _ganne!lt could be worn in moderately hot con­
ditions, but the complete head and vest ganne11t could be worn during severe heat. 
Total system weight is about 4.8 kg . using the head garment and 5.2 kg using the 
head and vest gannent. e • 

. Testing in control led- hot environnents indicates the effectiveness of this . 
system. Thennal strain on the wearer is .cut 1n half, heart rate is lowered 30 to 
50 beats per minute, and body temperature .is lower than the uncooled ·subject._ , · · 
This means increased safety ·for miners who must work 1n a hot enviroment, 
especially for those miners unaccl :!mated to heat.. · · · 

Successful field tests on the· 11qufd cooling system have also been .carried 
out in steel mills, by race car drivers, in sugar refineries, and in .aircraft 
carriers . 

The s~ond cooling system is an ice coolfog jacket. The jacket liolds· a total 
of 44 individualized Jee packets. wtiich are hel d finnly near the wearer's skin. 
These packets remove heat from the wearer, reducing heat stress and keeping 
rescuers cOR1fortable during work. 

The jacket is constructed in three layers. The outer layer is an alUilinized 
ffberglass cloth. The aluminized surface reflects any radiated heat during fire,­
fighting; the f'iberglass cloth provides fire re,sistance and strength to the . 
Jacket. The middle layer is a 3 11111 thick polyester felt for insulation ff'O!I_I the 
hot mine air. The inner layer is a tightly knit nylon. The nylon surface 1111kes 
the jacket easy to slide on and off, and it ·also protects the felt fT'OII 111>isture 
and abrasion. The sleeves, neck, and waistband are made of a stretch knft inaterial 
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to provide an air. seal about the upper. tor.so. Ice pockets are attached to the 
inside of the jacket by conventional snaps located in the chest and back area. 
Straps on t he sides of the jacket provide adj ustment for. various si ze workers and 
to keep the ice packets close to the worker 's body. 

The ice packets are a ganged group of water. cells about 5 x 8 x 2 cm each. 
There are four. 8-cel l packets and two 6-cell packets providing .a total of 44 cell s 
to the jacket. Total wei ght of the ice packets i s about 3.5 kg whi ch will pro­
vide about 400 kcal of cooling capacity. Totll wei ght of the jacket with ice 
packets is about 5 kg . · 

The individual ice packets can be frozen in a freezer. over.night. When cooling 
fs required the packet can be easily snapped into place on the jacket and used for. 
about 1-2 hour.s, depending on the heat and work l evels involved. Since each cel l 
is small, a broken cell will not materially effect cool ing capacity. This system 
allows the wear.er. to replace i ndividual packets rather. t han the whole jacket, 
keeping the over.all cost of using the system low. The j acket is shown in Figure 5. 

Both of these cooling systems are now c01111Jer.cially_ avail able . 

CONCLUSIONS -
Over. the ·past sever.al years, the Bur eau of Mines developed sever.al systems t o 

assist i n the post disaster. detection and rescue of trapped miners. These consist 
of seismic and electr.Qmagneti c location and conrnuni cation systems , self-contained 
oxygen generating breathi ng apparatus, and special breathing apparatus and cool ing 
garments for. rescue teams. The location and conrnunication systems have been thor­
ougt, ly t ested, and the results are very favor.able. The breathi ng apparatus and 
coc~:-g garments have also .been tested with good results. 
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