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Re: RIS 1219-AB58 

Thc National Institute fizs Qccupational Safcty and Hcalth (NIOSH) has rcvicwsd  hi: 511nt. 
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[73 FR 341 401. Our cotllnietits arc enclosed. 

Please do not hesitate to contact me at 4 13 '533-S3C52 if  I can be of further assistance. 

Sinccrcly yours, 

Paul A. Schulte, Ph.D. 
I>i~ctor 
Educstiun ard lnfonnation Division. 
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Thc Kational Institute for Occupaticrnal Safety and I-ieatth (NIOSH) bas rcviowcd the Mine Safety and 
Health Adnlinistrat :or1 CMS HA) proposal rule on Rt.firge Altt.rnativcss_(ur ISirt~~~rgrc,tr~~if C b a i  12firres 
announced in the Federal Register (FR) on Jutlc 16,2008 173 FR 341401. The pmposed rule is consistent 
with KIOSH findings as presented in its rcscarch report to C o n g a s  [KIOSFI 20071 which concluded that 
rehge altamtivtts have the potential for saving the lives of mine workers if they are part of a cornprehensivr 
escapz and rescue plan, and if appr~prlate training is provided. 

In the proposed mle, the MSEIA inrcl.ior volume rcquirctncnt of CiO A' c-tiffers h r n  the NIQSH 
mommendaion o f  85 R' [MOSII 20071. The KIQSH rewmmfndation was based on publishul research 
mndueted under the old civil defense program {OCIIM 19581, md it is difficult to apply those findings 
directly to mining applicat~cms. Given a longer peticd of time availahlc for thc research study on which the 
NTOSH recammcndations were based, NIOSH would have conducted experiments to bater quantify thls 
rquirement in mine refuge applications. Should ottxcr research findings become available during the 
conrmcnt period for the proposed rule, these findings mighr help ro define xhe space requirement morc 
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RESEARCH REPORT ON REFUGE ALTERNATlVES FOR 
UNDERGROUND COAL MINES 

Ofice of  Mine Safety and Health 
Nationrl Institute for Orcupatianrrl Ssfety nad Health 

Centers for IMseasc Cantrol and Prevention 
Depnrtmcnt of Health and tiurnan Services 

Purpose 

Section 13 of tile Mine Impro\ernet~t and New Eme~eney  Response Act of 2006 
('"MINER t2ct'"). PI, 1114-236. required KIOSE-F to conduct "research, including field tests, 
conaming thc urility, pmcticaliry, fiunivability. and ~f ~arious refug~ alternatives in 
an underground coal mine environment including coml.~iercially available ponable refuge 
chmbcrrs." This report ~ummnrixs  the findings afsueh resea&, focusing on specific 
infcrnnatiot~ that could inf'orm the regulatfily process on relbge alternatives. I.\t~~fier, gaps 
in kno\vledyt: and technology that should be addresxd to help realize thr full patential of 
rcti~gt. alternatives an: also identified. 

Seo pe 

W1OSHYs research on refuge attcrnurives was limited to undergmund coat mine 
applications. I#istclrirally, thc use of refuge chambers has bccn rntlre prevalent irz 
underground metalinonme@l mines, and some findings f h m  this research ma> be usoful 
fur mctatinmme&l application, Kotwirhscarnding, the undcrly ing ditr'ercncas hetween 
mining sectors are significant md practices in one scctor cannot be generatired rn the 
other, l'hcrefbrc. the informatinn provided here i s  not intended for rote transfor to 
metalf'nonmeral applications. 

'rliis research into refuge alternatives for unde~round coal mines has identified 
knou~lcdgc and technology gaps and thc need for new training, Whik this report 
specificatiy addresm the elements of refuge nlfcrnatives that should he considered in the 
~gulatnry prt~cesses. the campilainn of the research to fully describe and addrcss the 
above issues is ongoing. 

,411 discussion in the remainder of this m p n  applies specif'ica'lly to coal rnines and coal 
miners, unless stated othenvisc. 

Refuge Alternatives 

W iaoricallj . rninen trapped underguund by a fire or explosion halc hiill a "barricade" 
to take "refuge." i.c., to isolate: thernsetves from the ptenlislly poisonous entlirrrnrncnt 
and m a i t  ~ ~ S L ' U C ,  Yhesc barricades crjuld be cuncrerte block walls ot hratrice cloth 



Fastened to the ribs, roof, and tfiwr. and wrke  to contain a breathable annosphere hr thu 
miners while isolating them from contaminated air. Alrhougtl barricading is reported to 
have heen s useful practice in mines near the kginnlng ofrhe 20"ceentut-y. NIUSH has 
no e l  idence to support the practice of barricading in modern mining apcrarions. 
Barricading is not consisicred to be a viahle refuge aftenrative. 

Two well-known refuge alternatives an. cliambcrs, uhich can be s ta t iona~ or portable, 
and in-place shelters, such as safe havenc, s a k  mtrns, and bulkhed-based refuge 
stations. Another aItert.rative currrntly uftder developmenr is an escape vellicle that could 
also serve as a place of refuge, This report will focus an charnber.~ and in-place shelters, 
and man). of the finding& can oppl) to refuge ailtcrnathes in general. When herc is a 
need to distinguish hztwcen chambers and in-place shelters. thcn the specific refuge 
alternati~e will be named. 

C hamkrs typicttiiy consist of manufactured rigid or ir~flauble vessels that art: c~utfitted 
with supplies and equipment to sustain life fi>r a period of time. In-place she11c.r~ arc. 
dovelopelf by taking an existing port: of the mine, e.g, a crosscut, isolating it with one or 
more bulkheads, and then equipping the shelter similarly In a chamber. Chambers are 
rnilnufacturcd olT-site, delivered to the mine, and moved to appropriate locarions 
underground, whereas in-placc shelters are constnrcrtsd within the mine, ?'w,.o common 
ways of constructing an in-place shelter are: (I)  insralfiny n bulkhead at each end of a 
crosscut to create an isalatcd space: or (2) mining a cut into a block of coral and installing 
a bulkhead to isolate this cfead-end heading. 

Rtsearch Activities 

A lilrratun: survey %as p r fnmed  to identify the fhdings from any past research on 
rctkge altcmdives and topics reiatcd tcs mine refuge and r ~ i i ~ ~ e  J i ~ ~ s t e r s ,  escape, and mine 
rescue, Visits were made to mines, nationally and intcmationally. and rnectings $%ere 
held with mining experts h r n  tabor, industry. and government in tho t:.S., Australia, and 
South Africa to collect information on refuge alternatives and to discuss contemporary 
issues assr~ciatcd with refuge altlernatives. A research contract study of existing 
international practices, regu terions, and produce was conducted, and more detailed 
studies of practices in Auslmlian md South African cad1 mines were completed under 
h'cJo other contracrs. However, this work mvcaled very littlo infc~nl~ation related to ccwi 
111ining refuge applications, and sekeral knuwlcdye and technology gap areas were 
identified within the first Tour months of XIQSI-t's research into refuge altcrnaiivcs. A s  a 
result, a major research contract was deveto~d and awarded to address the gap areas, 
includiag guidance fi>r locating and posjtii~ning refuge allernarises and csrabiishing 
specifications fbr chambers and in-place shelterss. C:oncuvently, NIC3Sf-1 researchers 
exmined non-mining applications uhere sunfival in confined spaces is critical - notably 

Ihe gap arcas Mere rdentifiwl st the end of the intcrnatinnai surve? cffort. which was pcrfornid during 
July rhr~ugh Octukr 3M6. T%r technical part of the contract to address these wa9 was compieted at the 
end ~~f'f2ch~ber. 'Rc actual c4,ntract a ~ a r d ,  crtnducted in onrpiimcc ~ i t h  thc Federal Acquizltion Rules. 
\ws m d e  in Llrtrch 1007. CLoA on this nlntntcr will continue through 2008. The conrraaot wa5 ahlc to 
provide b g  inputs for thc prepamtion of $hi> report to Ccrngrcv, 



c iv i l  defense shelters, subfnarines, and space capsulcrs - in search of guidance for the coal 
mining applicatinn. Overall, NIOSH researchers studied a range of practical issues 
associated with refuge (such as movement cjf chamhers frr~rn place to place}, collected 
cost data on refuge alternatives and pcrfisnned cost analyses, and conducted testing of 
refuge chamber pcrfbnnanetz at the Lake Lynn Experimental Mine. 

Separate research projects were initiated as related gap ae9.9 wcrc uncn.rered and the 
research remains ongoing. Fur example, one project focuses on the de\,eluprnent of 
communications technology specificulfq far wsc in rcSuge alternatives, ivtlilc another 
addresses the devclopmcnt of training mudules for using refuge aitcmatites during 
escape and rescue, As a final example. a series nf uscr bnaklers arc being developed tu 
assist mine aprattvs in the loeatiim, installation, inqwetion, maintenance, and 
provisio~~ing (if refuge allcrnatives. The outputs frum these prc?iecls are expected to begin 
late in 2008 and continue through 2009. 

Rep& Format 

The remainder of'rhis ropun summari~es the findings of the research. and i t  is organired 
into rhe categories ofutility, practicality, sirrvivabiliry, costs, and testing to correspond to 
the areas specified in the MINER Acr. Training has k e n  added ta this list, as i t  is 
assessed to be criticat to the succcvsful use d ref~ige altcrn;tiives. Detailed supporting 
informalion and key references itre included in the NIOSII dcxkrt, arganixed under 
docker it1 25, 'J'he docket can be accessed at: hap: ':uu\\,q~c,&,\,ni,~?;t~-rlt~ckct. 

UTILITY 

The usefulness of refuge alternatives to help save the lives of twpped coal miners $bas 
invesrigsted as part of the research. An analysis of historical mine di.wslcrs was 
p~rformcd ra assess the cfyect that the presence of refugc chanlbers might have had in the 
outcome of thew disasters. 'Ihc results. of this analysis are mixed. Given the overall 
small number of'ctisastert; and the spccialixed and mine-specirtc circumsmccs under 
which they occumd, it is dificult to make a swong case for or against a specific refuge 
alternative, or even for or apinst  thc c f i w y  of trapped coal miners taking refuge, 
Ne~erthelers. recent mine disasters t m ~ e  again focused anenrinn on %he utility of refuge 
alternatives, and i t  hlts been argued that the availability of refuge alfemati'ues may have 
k e n  usefill in rhese disnrters. 

' f i e  usefu ulness of' refuge chambers has becn dehntrd in the I. '5. at least since the passage 
of the Coal 'Wine fi.Ica1tl-i and Safety Act nf 1969, fll. "b-I 73. Despite significant rcscarch 
by the U.S. Bureau of Mines nearl) 30 years ago. the use of refuge chambers had not 
k e n  embraced bj industq, iabor. or gowmrnent, Tke pamdigm was ta fwus on escape. 

Bwed on the tutaliry of research associated isith the utility of refuge alternatives, NlOSIf 
believes the signiticanr appfiunity todq is to recognize that refuge alteriiatives can be 
cxtremclq useful tn facilitate eseape from the mine as well as to serve as a .safe haven of 
last reson. Moxtrver. the potential of refuge alternatives to save lives will only he 



realized to the extent that mine operators ddcclop comprehensive escape and rcscue plans 
that incorporate refuge altcrnsttives- Such an approacl~ would far superior to one in 
which refuge chambers are simply placed inti? the mine to complq with a regulintion. 

liltimatelj, thc utility o f  refuge alternatives LI ill  depend upon the suitahiligq of the 
engineering specifications for the intended application, the integration of these refuge 
alkernatives into a comprehensive escape and rescue plan, and the implementation of' 
appropriate twining for mine workerg and mint. rnsnagers. The engineering 
specificarions have rcccived considerable trttenricrn over the past 1 X months, mrl are 
addressed in upcoming sections of this report-. The establishment of escape and rescue 
strategies has received less auentic%n, other than some debate i )n  appmpriatc iocaticins fur 
rcfuge chambers; notwithstanding, this area is beyond the scc)pc. of this report. Work has 
bcen initiated under 3 separate research prr?ject to examine escape and rescue strategies. 
Training is also a critical csrrlpancnt for suaess, and this reprr addresses the need Tar 
training in three areas: operaricjn and maintenance of refuge chambers, expectations for 
the use o f  chambers, and escape and rescue p r w c d u ~ s ,  3.e.. how and when to use 
ctlambers during a mine emeqency. 

The utilitj of rcfugc altcrnatives to faciliub escape, as well as to serve eflectivrly as 
rcfuge, will be greatly enhanced if twomway communications art: providcd between each 
refuge allernative artd the surfacc, The technologv to accomplish this docs not exisr 
generally, hut is expected to become available over the nest fku >ears, and should be 
incorporated into most refuge alternatives as soon as practicable. 

Refuge alternatives have been successfully installed in underground coal nines abroad 
and to a limited extent in the U.S. Refuge aolternatives arc availahlc commercially, 
Although no dscumentntion is available to illustralc thc successful use of a rcfiige 
chamber in an underground coal mitic in rtn emergency circumstance, there is 110 
evidence to suggest that refuge chambers at- alternatives are irrmpmctical, It  is well- 
understod that the ins~llatian of certain refuge altemalivcs and the moving and 
maintenance of such chmbtrrs will require an ongoing eftfort on rhc pan of mine 
operators, and the costs of these activities are examined as part of the cost analysis that 
t'olluws. There was also concern tha~  the movhg of refuge alternatives to advance o r  
retreat with mining could be dificult and possibly impractical. After a thu~wgh 
investigation c3f this issue including numerous sitc visits. it was found hat  thc movement 
af refuge altema~lves can bc done sdcly and pmcticably. Not~ithstanding, it, may ho 
impractical to implement viable refuge alternatives in the few mines that ctprate in verq 
low coal. c.g. less than 36 inches. 

Tfie finding o f  the NlOSCI research is that refuge alternatives, to facil itatc escapc and to 
senre as a retifge of last rer;urt5 are practical for use in most undcrgrtsund coal mines. 



Survivability. for the purpc~sc ofthis report, f~xuses on the required characteristics of 
refuge alternatives ro cnstrre that workers uhcr must usc thc aIrrmatives % i l l  be able to 
survite for a specific duration. Tltc rtzosr crucial spr;cifications address the following 
issues: establishing and maintaining an atmasphere that will support lik: mainuining 
suucrural integrity through ztrr initial cxplosittn and a possibfc sukquem explosion: and 
providing for the most hasic human needs, c.g. waier, food. &rid waste dispa1. Thc 
twatiun and positioning crf a refuge alternative can atTcct its sunivability as wzll. 

The engineering design criteria for acceptable performance are aptimally set based on 
experimental obsen~.r.arions andior simulations. A number of factors make optimal design 
diflicult with respect to refuge chambrrs. Tho reason?; far this arc varied sncf include the 
following: complexities of mine explosions and the interitctiol~ of the explosion with the 
physical environment; conflicting rfata in the literature; and the limited number of 
observations of post-explosion environments. Generally, there arc significant ~raJeufTs 
and potential "wnalties" when wlwting among design criteria options. i.e., optimi~itig 
one paramctcr wili i td~ersel atTect another. Ihe  design parameters for rctirgc. chambers 
and in-place shelters art: selected with the ufxderstandialg that the internal cntironmcnt 
needs to support tife for n limited time undcr emergency conditions, and not to serve as a 
routine workplace, .Accordingly, none of the values suggested for refuge alternatives are 
intended to apply tu bbarkplaces. 

Thc kc) design paramrtcn: that apply to przable or srationaq refige chambers and in- 
place shelters are summarized in Table 1 ,  Additiot~al comments on many of the 
parameters are prnvidcd in the footnotes. Except for the "'strength"' parameter, the values 
\vex chosen based an the literature, practices in other countries, and guidance obtained . w from the study of non-nzining applicatiuns. I he strength parameter is based on explosion 
exprimenis at 1-akc Lynn lab om to^ in addition to the review of lireraturt. and modern 
practices. The values listed in the table should not bc considered as absulute, but rather 
as reasanable starting points firr specifications. 

Table 1 . Design and performance speciiicatiuns, tijr refuge altcrnativcs. 

ENDED VALlJE or PRACT!CE- - 

I Must wiihstand a prasurc ularie that rises [a 15 psi in a. l0 second and then ~ o m s  to O psi after another 
43.10 second. .4ny damage to ilsc housing of at1 infl&ahle chamber muct not affect the deployanmi timr, md 
a11 asswiatcd equipment must he fully fknctionsl after the overpressure. An) damegc to the hausing af a 
rigid chmher nrust not impair operatiam or sealing o f  the access dour, 1.c. &err: can hc. nrt leakage into the 
chamber fmm an) cxtemal p i n t ,  an& all cyurpmenr inpide of the eharnbrr must remain t ry  working 
condition after the ouerprcsmrc. 
' The prasure from the initial expbsiun may cause subsmtiaf matemenr uith %rgnifkant tranrlation81 and 
mtatir>nal cr?mpnents. Studtes ofthis isgue we ongoing, but in  come S ~ F ; O Y  anc'lknr sj'itemr ct.tirtd wrrrlen 
clamagc. 



1- ire Ke~i~tmce ' 3 UO" F t a r  scc i +-,- 
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I ikploymenl Tirnr Minimix this time when establishing the locainn nfthe refiige 1 
* " 

al~rnative and c a t ~ s i d s ~  gprt of tc travel time - .. -- - - . - -- 
-- 

0 2 .  CCI 

P ~ o ~ i d e  a m m s  of egress without ccrnturnir~atrrag the intern 
envimnrnenf andi'nr n tnearrs to maintain a sak environment 

Annunciation 
-a- 

" " -- - 
C a m m u n i c a t i a n  SutF&ce1' i Suaivabnhle post-di=tr k.+- A -  - - -- --- 
M i n ~ m t m ~  Distaace to Working l00liK' 

- - - 
'This p a n u n c t ~  is  based 0x1 hI:P,.\-21 13, hut dditiclnal investigat~crn is w t d ;  a fire nsi?;rancc 
specification should k elected to protect expcbsed wrfwxs from the initiab riot a subsequent rxploziun, 
"I his ir the elapsed time beginning with the arrival of minen at the fur-atitm afthe chamber md ending 
when the environmrtnl;tl sqatems within the chamber have kgurt tn fiinction. ,Additional work is heeded to 
establish reawnable bolmdarim lor this tinw fmr.  in the interim. deployment timc shouid be considered 
as pm d t h c  travel rime needed to reach a chmnber. 
" Ihe concern here i s  CO contamination during ingmr snd egress (see purge air volume). 

Scwbbr nlateriltls mu9 not becanre drbame or o t h w i w  caw* respimturf distress or other acute 
reactions. 
a Apparent temperature i% a measure of hear stress, but orhcr indices or standards could hr: used, such rts the 
wet bulb tsrnpcrature, Rgwdlr-ss of rhe index elected, the numerical valuc must Ise assigned to prevent 
heat stroke. i'hus, if we t  bulb teinprtafurc svere selected, then a mwaponding numerical \ailuc of 84 d g  F 
would br appmpriate, orr ar~i lable  medical evidence. 
" The cxpect;lrian is  that the structure can withstand tt~r esplcaed number of moccs without kisihlc 
evidence of ~truc~ural  darnagc and without damage t h e  intemal contmts. 
I '1 I t  is unclear %herher ali commercial chamhers can purrye conttlminated air h m  rhc chamber; this will 
wquire Funher mbrestigetion. 
I' F L ~  stores should k. wlecrttd to minimixc waste and flstt~lence and tu meet basic nutritional needs 
'' This ~ o u l d  allnw r r 'sc i~  teams to concmtratc their effnrts on nfugr altematlves that MC occupid. The 
use ofthe banery in this appliceiion is wntrfsversid and itdditiorlal study 1s wmanted. 
' 3 Cy*tems are au~der devclopmrnt and should k applied as 5twn a?, hey brcome ava~lahle. Ihesc a?stcrn% 
should be independent ofthc FTIIRC'Y cotnrnnn~alinns $>stem, lo the extent practjc:~hlc. 



7 -* - - *-- -- 
PARAIMElTER -- - ~~co>i>~Eknen VALUE or  PRACTICE 

lllaximum Distance from Distance that a r n ~ e ~ c o u l d  rca\onably tr;tvel in 3 M O  rninurrs, ' 

W o r k i r ~ g F a ~ t  :tz 

h-""-- - -  I ur~der the e v ~ c t c d  travel conditions - 
Security I Visual inx&tion that a refuge altematike has 'beYen entered: 

1 I the area to be sewed hv - the - refuge alternative I 

Thc location of refuge alternatives is best established in the contest of an escape and 
rescue plan for each mine, A rcfugc chambcxr or in-place shelter should be available and 
readify aucessibie from each active working section, AdditinnrtIlq, ~ f u g  altcrnativcs 
such as in-place shelters may he desirable in more ''oiltby'" Itscilrions, e.g. betheen the 
rnourh oft  he panel and the shafi, to facilitate escape or the handling of injured miners. 
I lowever, the presence of escape shnfis or other means of exiting the rnine cuuld 
effectively eliminate the need and desimbility of outby refuge alternatives, and the 
benet?# of theqe ttdditional locations should be evaluated on a mine-by-minc. basis. 

I'he location of  t l~c  refuge al~rrnutive s e n  iny each active face i s  imp~rtiint. bur 
cstublishitlg the exact location is pmblernatic. It wotlld appear advantageous to place ihc 
refuge alternative as close tc~ the face as; possible to minimize the time and effort required 
for miners to reach it. C)n thc other hand, locating the alternative closer to a possible 
explosion m;aurc*c will incress-c: the chance that it is damaged by either the overprcssurc or 
flying debris from the initial explosiarz, It is also argued that refuge alternatives should 
be Icxatcd farther from the t'ace to encourage and facilitate escape rather than refuge. 
li:urtherrnore, thc erects of subsequent explosions, with their more varied possible 
locations, must he considered in addition tn the initial expEosi~a. 

An analysis of past disasters as well as various probable seeniwios providcs con llictjng 
evidence to support any panicuiar location for refuge alrernsttives. Nsnerheless. the 
experietice of studying mine explnsions at N1OSt;i"s Lake Lynn Experimental Mine, and 
the resulting expluslun pressurn profiles, suggests that refuge chnrnbcn should normally 
be located a minimum of 1000 feet from the working face and in some cascs as far as 

' 4  C't~nsideratiirn sftclutd be ,ewer1 $0 shon term nccdz as well,  wch a* at & i f i  chansr. 



2000 feet." Dirbncr is an appropriate measure? wit11 regard to dccay of explosion 
ot ~rpressure, fbr eeample, but the distance parameter alone csnnor account for the time it 
will take miners to tmkcl to the loearion of the refuge alternative. 1.ower scam heights. 
difficult bottom conditions, and the presence of smoke, among other Gicton, will increase 
travel times. 'I'hus. the maximum distanw from 3 working section to the refuge chamber 
or in-place shelter should be based on prqjecled travcl limc rather than actual travel 
distance. [ ;nlcss there is u compelling season othewiso, the refiige alternative shnuEd hc 
located within approximztely 30-60 minutessh h t n  the face under the expected travel 
conditionb. assuming smoke-filled entries arid a directional lifclinc. 

Arguably, ane reason for allowing a greater distance and t m ~ e l  time would he ro reach an 
in-place shelter. I !pically, an in-place sheltcr tkould havc a vastly greater volufne per 
occupnr, better environmenrni and ~anitary cos~ditions, and tnighr be cotlilectecl t c ~  the" 
surface by a bureholc nith its attendant stmices. 1 lowcter, it is impracticable to mote 
these shelters frequentll. Therctbre, if the in-place shelter i s  constructed to afkr  
significant advatitage cover a portable chamher, it may be desirable to allon greater 
distanecs that would wquin: a tra\el time crf 60 minutes cjr slightly more. 

Refuge alternatives should be? positioned in crosscuts mther than cntries, or in &ad-end 
cuts made specitically for the refuge aItenarive, and they should be positioned off of the 
int;rkc or rcturn eucapcway whenecer feasible. They should nor he located wirhin 
approximately 1000 feet OF any mifie seal, nor in or offoftrack entries whencvcr 
practicable, I.cxations near overcasts should Ire avoided; as should sources of potential 
fire such as belt driles. 

Site preparation is particularlj impc~rtant for portable inflatable rcf~rge chambers, 
?ildequatr cteawnces to the roof end ribs musk be provided to cnsure an unobstnrctcd 
volurnc: f o r  the inflation of the chamber. The area, including the floor, should be free of 
materials that could puncture the charnber, and the floor should be rasi)nably flat and 
level and tire of mud holes, ruts, and rock. Special consideration should be given tro the 
condition and stability of the rib%, ruuC and flour around all chambers. 

COSTS 

A cost analysis clfrefuge chambers was conducted, with the associated costs separated 
into three segments: ( I )  purchase. itistallation, and training: (2) maintenmcc and 
inspection: and (3) moves. 7'he costs for these segments were quantified and the 
assumptions used in the maljsis am summarized in '1 able 2. Benefits associated with the 

----- 

'' The nrosr likely l~mtions ofnn mitial explosion can be predicted with wmc uertaintq, and this 
inbarnation can k uwd 10 guide decisions nn the location lrnd chanctesistics of refuge alternative. %fine- 
wide ventiliation is oilen disrupted as e result o f  &thr: initial explr~sinn, and <wee disnrptcd, methane can 
accumulate ar any number of locations in varying quantities. if  there is m ignition wurcr. rhcrr could be 
subse~uent explosions. although the lofatton and strength of these is more difiicult to Forecast. 
Acwrdingly, the discussion hexc thcurd ~ R K ) T &  on the events that c;m bt: anticipated md therefore k used 
ta provide guidance. 
" This guidance is based on experimcc wittr traditional ~clf-ctmhrnclrl stf-rc~uers ( SC'SK ). I hc sty kc of 

SC'SK or the prcscncc of S(;'SH caches, for euampfe. cuirld bt: lose4 ia,gustify a thangc in t h c x  timci. 



costs of the refuge chamber wcrc not evaluated in this nnat>sis. Infilmation to quantify 
costs was obtained from requests frrr czrtiticution uf emergency shelter documenr:, 
submitted to the sta& of West Viginirr bq rtlc manufacturers o f  pcmahle refuge chambcm, 
from state regulations for refuge chambers. and by wntactiny rhe mant~factut-c.rs directly. 

Tablc 2. Asstjlrnptions used for quanlitking costs tbr refuge chamkrs, 

Cast Assumptions for Clne Portable Refuge Chamber 
Mine crperates 74 hour-siday for 365 daydycar 

tlisenunt mte = 9.5%. 1 0-year lifcspalan 

I" Chamber Purcbwe, Inatathtian, and Training - - - --- - - * ---- * 
I ~ ~ r c r i p t ~ t n  " Itiitiai-6&i--[-~nnur~ costs 

+---- 

lnstnilrttion (8 hours ;sing merlrmic (60.2 I houri, clcctrician 
(S30,OJthour). and @&rtr ($17 38'how) 

t 

t -- * *  -* ----=>A " -- 
' ~ & k t ~  ~rainin~;?nitiat = I houn. +\nmral atier each move - 1 



C'hemkr Mai~tenance and Ins~ection 
(Il t i i ly  and monthly perfimned by mine: all other itlsfsctions performed by mmufarturer 

im-bjgCgurrr ~ ~ ! ~ g ~ ( ~ o n  (;! i t t s ~ ; ~ # n ~ ~ ~ ~ e ~ r ~ ~ - $  t EOLdayJ - w- -* S1,OOQ 
1 Mine Pmnncl i  Insmetiuns 1110nthlv 15-minute ~ns~ecttot~ bv mine S 140 

-- -- . / Supplier (411 items have r ?-)car life. irnns uith * incur costs in 5'6r 
- - -  - +  

I 
m n *  
t 

Chamber Moves 
(60 movestyat calcutated from typical mine production r a m  and maintaining iUOO-fitot distance 

in n 3-ctltp room md pillar system) 



Net present value? calculations were perfilmed on the quantified costs, shown in I able 2. 
over a 1 (1-year life span for rhe reftrge charnhsr. using ~srious diwotlnt rates. Kestnlts of 
these calculations are summwized in Table 3, The total costs sha.rs.n in the table are more 
subsrancia1 than the initial purchase price of a charnhct. but dtese present worth costs 
include Ihc quanrificd costs fc?r the tasks of  installation, training, maintenance and 
inspctitrn, and moving. These quantified costs art: necessary in order to realize the 
potential hrtncfits of a refuge chamher. 

'I able 3. Summary of costs. for vayitlig discount mtcs. af a pwable refuge chainher over 
a 10-year life span." 

-- - -- -- --- 
3% Discount 7% Discount 9.5% Discount 

Purchase cost 
- Kate - --- ate ---- 

$XO,OOO $80.004) 
Installation $70fr $700 $700 
I mining $88.1 00 $73,000 $65.300 

Maintenance and 1nspl.ction $34,600 $28,500 $25.400 
costs 
Moving cclsts P23OAW 9.600 - -- 

Total $333,860 1200 

Moving costs art: a signillcant portion of refuge chamber expenses, and changes, to ihe 
number of moves can have 1 significant inipa~t ori cost, A sensitivity w~alysis cattducted 
on moving costs showed that, as the numtter of required rnavcs was taricd fmm 30 to 90. 
the total net present value of the costs ranged fmm $256.400 10 $426,808 ~ i t h  a 9.5% 
discrlunl race. 

An analysis of in-place shelters using rntrvable bulkheads was also conducted, and as 
expected it i s  not feasible from a cost perspectikc to advance in-place shelters H ith 
rninirt~, as tlze present ~ v n h  costs would exceed S?,OU0,000 per shelter. f iuwrver, the 
ncr present cost to EnstajE such a shelter in a location that wc.ould k moved or abandoned 
once per year is sirnitar to the present worth cost of a portable chamber; if the shulrcr 
were rnoked twice per ycar the pruscnt worth cost would increase bq aypruximatcty 75%. 
using similar assutnptions to those f-br ponuble refuge chambers. An important furaction 
of an in-place shelter is its connaiic,n to the surface with a h>r,rchale, when practicahle'8. 
t lowever. the costs of drilling this borehole and providing air and communication lines 
were not included in the analyses. 

- 
' OMB c~ruular A-94 requests agencies use discaunt mws of 3% and 7%. A diswunt rare of 9.5% 

reptesmtr thc I3cctrmher 2007 lending rate of I lRQR + 5% for a fixed rate loan 
I he mrne uuulid need to acquire su&ce rsghts, and the surface worrld have to ke acccss~ble y d  free of 

obitructictns. e.p. protected itmcrurcl; iv 1.t htldk of wtcr .  kfim a hr.rrehole: could he cncnnsidmcd. 



"l'he need fix my spccific r y p  of resting was tindefined at the &ginning nf NIOSIl's 
research on refu'ugc alternaritcs. Initially rhcrc Rere no comrncreially available chambers 
to test and none of the knowledge gaps surtounding refuge alternatives sugsestited a 
spcciiic type ofcxperirnental investigation. Appmxirnatelj I O months into t h t  study, the 
State of West Virginia mandated specitic perfbrmance standards for approval irf 
chambers for u.w in West Virginia ctlal mines. A NlOSII review ot'ahe approval criteria 
established hy the West Virginia Ol'fice o f  Miners* jleatrh, Safety, and 'l'mining Found 
them to bt: appropriate. based on a review of the literature and the application of mining 
heuristics. The Statc"s approval of individual chambers was conditioned upan 
cefiification hy a registered pmfcssiona! engineer, 

NlQSt l had concerns that the infcmnatiun needed to appmte a chatnkr could h: full3 
obtained from manufsctzrrer-submitted materials and calcu!ations, an8 that this 
information trould need to be supplanentcd with the rcsulrs of  cxprirnentai testing. 
Accordinglj, S1OSf i began to develop a protocol far testing chambers in the 1 2 I h  month 
or this study. Ptlth~~ugh an exwriment involving human subjects in the eharnkers was 
desired, the risks were deemed sutticient that a full human subjects review hoard r c v i e ~  
and approval wautd be required. 'To address Inany ofthe issues within the time 
constminrs ofthis study, the dcoisinn ta simulate human cxcupancy was made, and a 
protocol was developed. peer reviewed, nil$ then implemented. 

-. I he research goals uf the reding were limited to the areas of greatest interest in rhe 
context oi'tilne  constraint^, and these were to investigate CRr levels, oxygen flow rates, 
and the heat index (i.e., apparent temperature during chamber opemtioni, and ro obscrve 
the overail deployment and operation ol'the chambers, The prototal defined the means 
of simulating human occupancy to facilitate the evaluation uf the chrsmkr. In the 
simplest terms, the simulation of human occupancy ntts accomplished a~, ft-dlnws: the 
oxygen flow rate into the chamber was sci based on the occupancy Iimit and measured as 
a surrogate for the chamber's akilit) t o  provide aclcquatr osygen Icvels: CC)2 was ir~jected 
into the charnbcr based on the respimtor?, quotient and the CO:! level was then monitored; 
the heat from Eight bulbs %as used to mimic rhe metabolic heat load OF thc expected 
occupancy; humidified air was injected into the chamber to sirnuletc moisture froin 
human respiration and perripitation, ;tnd then the temperature mJ humidity Mere 
measured for the cltlculation of  apparent temperature, 'I%e tests were conducted 
continuouslq oter a %-hour period. Four manufacturers provided chambers for testing in 
the lfi* month of this study. 'I'he testing and prcliminnrg, analyses were completed in the 
I8* month of the siudy. Mqjcrr tindings from the experiments arc summarired in Table 4, 
and more speciiic observations are given t w l o ~ .  

Y'he innovation of the four manufacturers is eticlent in their produc~s, and their ability to 
create rxw products m !ill thc gap in the market for pomblc chambers is commendable. 



Notwithstanding, the testing did reveal shortcomings in the chambers. l hose 
shortcomings, ns outlined in Table 4, are suficienrly serious in thwe c ~ f  thc chambsrs to 
require correainn before deployment, In nwsf cases, but not all, the* shurtcumjngs 
should bc currectablc, or have already k e n  corrected, with minor technical chstngcs, the 
addition o f  clear instructio~-rs, andlor improved engineering. Major findings of the testing 
arc as lidlo\$s: 

- All four chambers had k e n  approved Ibr use in I k s t  Virginia based on 
n~anuSacturcr mprcsentatiuns and ccrzification b3 a registered professional 
engineer. Ne\.ertheless, testing revealed p~tetlfialI> serious dcficienci~s, 
undencaring the Sacr that computational morjels and other engineering analyses 
alone cannot be relied upon fur approval and ccrtificatinn of complex systems 
such as refuge chamber?, The results of dlc testing indicate the rrred fix 
independent ek atuatisns and testing twtyirnd the chamber manarlgcturers, 

Heat dissipation vlac more of a prohlem in the steel than the inflarablc 
chambers, and the ftwt umss index" in both stecl chambers esceeded the levels 
established as acccptablo by the state csf West Virginia. llespitc these findings, 
steel chamber$ are assessed to have certain inherent knefits cr\er inflatable 
ones, such as their ability to withstand subsequent ctxplosiuns, and it would he 
drsimblc to ct~rreci this ubservcd limitatirrn so that rigid steel chatnhefi can k 
approved for UFC. 'I'he heat created during the exothermic hc rubbing prilcess 
would be reduced by al lo~ing higher COz ralues as listed in Table I .  Further, 
an increase in the surface area ofthe steel chambers would allow more heat ittloss 

to the envimnment and the mted moceupancy nf the chamber could XH: decreased, 
which would nduee ihe heat generated within thc chamher. 12 should k noted 
that thc ambient air tmpraturr: far the tests was approximarcly 60 degrees F; if 
 he sleel chambcrs uerc uscd in mines with ambient temperatures closer to 70 
degrees F, as is fi~und iu snrnc deep mines, the problem would he exacerbated. 

'I'he time to deploya mch chamber t~aried from a few minutes to mure than 30 
miniltcs in two cases. *I"ken: i s  no consensus on [he amount of time that is 
reasonable. but the time to deploy a specific chamber should bo considered 
when establishing the maximum distance that a charnkr can be lixatcd from 
the fact.. 

- Three of the four chambers were unabtc to maintain CQ:! concentration be lo^ 
the level specified by West Virginia OMl4S'I'. bur the levels were within tlte 
range suggested in h b l e  1. Two of the four chamhers \yere unable ta deliver 
oxygen for the dur~tion sf  the test. 

I t >  Wrr;~ L'irginia specified "sppwmt tern per am^"' as a measure o f  hear stress and cstablishcd sn uppcr limit 
of 95" F, which is reasonable aid is con~ewati~e. 
'' %is 1s the rlaps~d trmc fmm arniving at $It cbanzber until the rit~ironmrmtal systems ~niide the chamber 
have begun to Function. '1%~ time would include the setup and infidon time for ail inilatablc chsunhr In 
addition ro the timc ri-yulwd to stari thc ou)ger.i flnu and ('0: scrubbing ins~de o f  the chamber 



Testing revealed deficiencies with the dwumentntisn provided for each chamhcr, and thi5 

information has k e n  provided to the manuf'acturers. 0pponunitic.s ibr improving the 
usabi lit) and perfonna~ce of ct~arnkrs were noted and wi El Re inveaigated further. 
t:inalI), although these research cxperirncx~is \\ere nut intendtd ta h" tests that \\uuld bc 
employed in a cenificntian process. they hake pro\ idcd insights that can bc used to 
develop indepndcralt evaluaticrns. 

'I able 4. Survivability evaluation oS four mine refuge cclrambem. 

rntiJ lcsr remdrnnf 
aw%u ( 1  tiom J 

'ltd 'TZ 6% & H 1 

'Tm +nnt ni& tnr s h  
rulur5 E.t~lrd icrhldwr 
11~11031ric1~ aid i t k ~ r  

~dsr i m c  r~rroed earl? 

-- 
?' Apparent ternwraturc ucm~putcd aca-trding to Nest Yilrgirrid Enitq~11Cy Kltlr 554-4. page 51. 2005. 



To ensurc the successful implementation of refuge alrcrnalives. mine \vorkcrs need ~ c r  he 
trained in their use, and thug involved In moving and maintaining chambers would 
require additional training. All miners md mine managers should be trained in the use of 
refuge alternatives in the context of that particular inins's escapeand regur: plan. 

KIOSH mearch indicates that motor task training, i.e. how EO U ~ F C  refuge alternntives. 
should tx; given quarterly, wssiblq in conjuncticm with the mandatory mine evacuation 
training and drills, This tvould alsx.1 be an appropriate lime to include training on 
decision-mrrking skills, i.c. ~1hit.n 10 refuge alternatives, Finally, expectations training 
would be itscful to rcduce the level of panic and anxietj asscwinted with the use of refuge 
alternatives. and should be included ivith the other training cornfxlnt.nt> described in this 
paragraph. 

The proper movement. maintenance, and inspection of refuge alternatii r s  are necessarj 
prerequisites ts saving lives with refuge altcrnatives, 1 ask training uould hc. appmpriak 
to ensure that those charged with the responsibility are equipped with tho skills to 
successfully complete refuge chamber moves, maintenance, and inspection. 

NIQSH researchers and technical sraf  are developing training materials to meet the 
needs identified here. and most nf the materials an: expected tts be eamplered within the 
next 12 ~liilnths. 

Reiisge alternatiies have the potential for w i n g  the lives of minc tvorkcrs if they art. part 
of a comprehensive escape and rescue plan, and if appropriate training is provided. 
kiable refuge alternative5 have emerged over die past 1 X months: in-place shclters and 
portable chambe& that arc: inflatable or rigid. Portable chambers arc: well-suited to 
providing a refuge alternative to workers as the active face advances or retreats. 

In-place shdters can offer a superior environment for refuge and in man) cases could be 
connected to the surface via a borehole to provide vital services. Idnfortunately, it is 
imprdctjcable to move En-place sheIters frcqucntly, and as such it would be impossible to 
keep them uithin 1000-2000 ket of the face. Ilo\~evex, their strengths compared to 
portable chamhers are sn significant that considemtion should he given to allowing 
extended distances, if in-place shelters arc used to provide refuge for hce  ~vorrksrs. 

NIOSH testing found that same cammercially available prwfable chamkrs have 
npntionrtl detkiencics that will dcla? their deployment in mines. \L'c cnnclude that 
appmal  or certification of refuge chambers bawd an labratory andior tield testing is 
ne~ssat)' for refuge chambers. In-place shelters should also be inspected and certified ti) 
meet at least the applicable requirements in Table 1 .  



There are some remaining kna~ledgc or technology gaps for the design and specification 
of nfuge altcmatives. Nonetheless, the benefits ofrcf'ugc altenlati~es and thc general 
spt.citication of  these iilternativet; arc sufliciently k n o w  ta merit their commcrcisl'tzation 
and dcploymcn~ in undergraund coal mines. NIOSE 1 research ?iuggests that any 
regulations on the spucification, Itxatir.tn. and conditions uf'l~se for refuge alternatives 
should ficearnmoda-te the rapidly changing state of knowledge and trchnutugy. 



Appendix 10 

I g 
3 
.rr TB-5-3 

EA+MIILY SHELTERS FOR PXtOTECTION AGAISST RADlQACTlVE FALLOUT 

Wir Bnlledn provide8 pidanct to engineer4 archit&, 
ersntroaors, aa3 the eaeral publie fa piaminlg family 
dtclters fur protdon against tlrt a f f a  OI ra&orCtive, fall- 
apt. 

FALLOUT 

%haover a nuclear bomb L q l o d d  atw the pourid, 
luge m o a t s  af and debris art drgwa s p w d z  by 
die agcrnding B r W  % r m l t i ~ ~  c l o d  may fie t ~ "  K 
b e i t  of ~ , O U O  f a t  or man, &GO&*YQ~~ contaminat& 
@dm which. fdI  b d  to eruth be$r tl& doud are ~mdd 
*"fdlout." Some of sa&w;ctivt ~WEJ err: rkpw&td: 
d m  to th point of bur& soon after td;: erpl&sa, while- 
o h m  may be carried mdnr1 hw&ed d m  by b win& 
More hey sazt14 ~o ear&. 

Ia any locality in tha 't!niiad States, fafiotlt  odd require 
~ p ~ t a  t o  m b  in &&r lor two mda ar morn' In 
m y  ucm, radiation ltv& may pnmit leaving j&r, for 
Ltcrmirtent mods or perrnanesdy, a h  2 or S days. Hew- 
m r ,  a h  the intensity af fdout 81 any q d E c  pkw i? 
iXnpoar%l~ to predict priar td an attack, it is dvirabk to- 
p h  .for a 2-wwk wmpmy. 

Tbcru ~ r n  m r a l  type4 cf TU-diatian itasocirlld with fad- 
aur. From the ~ d p o i n t  at d r c k ,  however, tZha mo& nig- 
l r i h r  hazrrrd k fram gamma radiation. 
Iiks X-rays, are hi&y petrating, and kt 
gmtrction h m  thann v i a l  &and=& tor &ha+ are 
*td. 

STA,TDARBS FOR FXLLOm S m m  I 
~helter J..X~imenrria~a I 

The ahelm &ouid yta* far @a& &paat at le~rst 1% 
s y w e  feet of Duur m a  gzla 80 cubic iwt of ool- In 
p r m l ,  cc$bg bi& &odd not bs lms rban 654 feet. 
* ~ h  width uf tlrr mtrwimwaj ~ h t x l d  be kept to rh;; h1ulrs 
mirrimum, usually not more &an 2 f&. 

(a) Tlbr! &M&ing rrmsr have onon& m a s  to redurn gmms 
mdiaticra to ri reIaaivdy harmbas level. The 1m den= 
tlrr mC&l d3 ffie @eater ttPd rhkkncss required for 
a given degree UI protection, - 

(b )  As o gmeral ruk a high d&&ree of pr~ttction o g d  
a radiation wiff im 1r80rded by afi earth cover of 

3 ftxt or an q u . i v u k ~  x n a s  of &r matdal  ar corn. 
bination vb-watcriak, Appr.rsximete tlricbca~cs re. 
@I?$ for O&W mgtcriolp, to afford pmtmti~ln quiva-  
Imt r~ 3 fmt of carzh we: comesc, 3% 2.5ncht.s; iron and 
&,1$ icbes; aad kid, 3 incba. 

to) The =ran-cnt of tha entraceway is i m p r t a c  
si~ice harmful mounts of radiation ma9 be scnrtanad 
around cornem Theraiurc, the c k s i p s  of the wrlrmm- 
~"inys, &own on thv oaached drstwinga, &odd not bc 
aItord, ft may Lr? n o t d  &om the &ado@ k t  the 
ra&ation mast mrkc at b t  ~ W O  ti&t.aagod r u m  
h&@rt$ d g  th =&A chasrhtar. T~C:SG ~ h a n p  of 
direction & d ~ e l y  reduce tht? i n t e t y  of rrdiatim 

( a )  la a b-mt ahthrrr a tolerable a d  safe m v i r m t  
map K ~btained by providing ihL? means for narurd 
vmarion, lmch as a grilled entrlnrc door. Uxdaz- 
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b in direction that gim the betst mtxplion, and thur 
goanding the eud of the hid-in w i m  

( t f  The &elter cectiktion system ahodd be capable of a u p  If nGitfKs of these mcthatb prova~r ? ~ u c m f d +  a l d  radio a 
an? iess &an 5 cur= fhet of itlesh air per minute @~~~ ibodd be contarxed far informtian an the maat 3 

per prme  in &a main &&er, arid meam should Lo 'FP"FG~~@ ~~~~ Vg@m .a 
pavided to exhaust the st& air. I?ls arrtud in& af 

i 
3 

nL which dwakd k sqpLitd to the &!tar 9t my &m aaawar*fSupply 
tima depends to a Xarge esicmt on ouxaida tempexaNo 

rpparxtus in the ds~lter area &vuld k avoided. 
(c) SlritaSle ventilating blowcrr~ or fans are conuncroidb for lon3hm*firaKe~ 

atailafile ot nominal cost (see A p d i *  A, page 44). 
h d . a p r r t d  centritugd t l o w ~ t i  of the type uvsi in SgDi'."ion 

blacksmith forges have approprfatr. pcw-c8pcity The sanitary &peal of hun2an wasta is n r w r g  far 
ctrara~fm&ics. At a somewhat h i g h  cwi,  d po& I~sirldh pmtarctioa. A rjmnll oontGnc, ruth as cr h o ~ i d  
tive-&splarcment rabrg blowcr~ may be o t m M  with ) 8 o d p  ar nrhu e m c r e c g  toilet- facility, ohauicf b pro- 
akmstive  hasiderank md cir?ct& moter drju~a, &a dded, Cwateac% should be diavposad of h a covered w a k -  
lstta fc&ure being ~ p t i ~ n a l .  TPhilo c o h u o w  opera- contalau, At b t  two 5-gallon holding caritaktlrs 
tion of thr. vmtiiaring blovw at ptdr q a c i r y  would ilsa required for the initial s h d ~ r  pied Foiluwin& this 
Le best, in tmdttcnt  operstion an a &ort ~ i l n ~  cy& perind i t  may be pcrs8ible to h v e  the &altm lor short 
may be uitkfadorp. However, if th bfou~t in a J w d  p d d s  far disposal, "Tw eaalginers sbouid be charged 
shelter ia not aperated for prio& c1u:f*t:ding two hours, with a mli m~ount of lime and wa~m for Orlor mntr~l. A 
hawrdotur air  mndibons may result. 1C-gallon cove& corxkirna: for %ad mfw! dso skoulb be 

(d) Dry-type p a r ~ c h b  air atera with d b  or cankbn, indud&- 
oonta io i  a pleated filter meieridl made of d l u ! o # -  
d m t m  ~ l r  fure glsris f i h  a n  preferred lot we in the kfiresUancoar Supplies 

ventahtbg eystam (w Appendix A, page 4). Other supp ib  that should Le avlrilkbla include: a tint 
aid kit; cots, bunks, or allecph he; btw~kd4; AeaPlr1kht 

&&a &pCpmcnr a d  an extra cupply of b u r i e s ,  or B hand opcretcd p n -  

A b r t t u y a g r a t d  radio is necmsasy +qvipmmt fax the Waor tYpr? of fl*hlji&; can o P e %  
&Atr, If jt &. to be at;orcd therc, prwuGan9, shrrld be ~ t e m h ;  t o b t  tissue, mweb, end soup; and hous&old looh. 
t&m to prevent its dcttriorariaa. A supply of @pant bat- Cur~thuow law Ierel li&ting rmy be provided iit t te  
&&a &@y &inr$k. b&te6a aim dcruioratIJ 8h~Ittt. bJ' of a hat shot b a l t ~  la %hi& b 
wi& time, r " p I 1 t ~ m w  should be made at least o n e  a T a r ,  **~d a 1% ~ ~ h l i g ~ * t y p e  bulb. have 

&idding rq&& for xd.i&aa p r o e o n  b&. &own rhat dc&@, with a frcrk batt~ry, will ftirzii& 
cdy c ~ i h  d d w  c q t i o n .  For rewan, li&t w t i ~ u b d ~  for at kagt 10 days. With a r p m  battery, 
ra&& ll& in &elms slay rcquira an sntcflna outs:& of a saurce of light for 2 n ~ &  or mom be a s i ~ u t d .  A 
8behr itself. Since p o d k  radios are w& w i t h  widely- f l d i g h t  ct. 4-i~ ~ ~ ~ r r i  should be avai~abla for 
diBd~ing circuit chrtr~tEtcri,ities, it Es imprdicablc te d s  tho% pcriob when a ~~r#&er l i & k  
&be a dngk t p  antcgna system suitable Sar all r;sdir~tr. 

How-ever, tna methe& that. ham proven mttfrretut-g with FAUOUT S ~ + T Z R  TYPES 
the radios testad are : Outside Kmdergwuad She-i~er 

Many dmign* m y  k. dtwelopttd far an oatside, under* 
ground, family f&ut h h r  which HilI pravida rwnab1y  

( b )  Running a lerd-in wire from an outside anbaa into adqua* protecli~n from radiation. Commt~, mwanq, 
the shder, wrapyiag. it several tima mound &e rsdio st@ p ~ u r e = h - a k d  wood, sr othes ruitable constnretr'an 
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Wcrcnk &alter typw are U- thi&a=s of materid, but a lrajsar drgrae of 
drawin@ (Appmdixm 33 aad C). protwtion must Dc amopted by the ornupaeta 

Aboveground Sheltsr 

In ahc cm&xucejnn n l  a new hnwe *i& a bwemenr, a 
family shdtar may be i*lcorporrttr:$ Es is corner of rhc 
W m c n t  in thn manner ilIurdrakd in tlre aaached 
drawing (Appendix U}. 

( b )  T$c p r w i s i m  of fdout &&er eqGt-alent to &a: b e  
rnrat shdltr dcwnbed p r ~ t r  wxiow cor.struc- 
tion diflic~~lties in cexiit&jg houses, Placmm: at the 
large :elass of shielding materid fur thn rwf of the 
h d n r e !  H the restrickd space, and the p d h i i i t y  of 
additional forstings bekg required for the extra weight 
are the primary problem A eb&w of &is type could 
be built into Lhc: busemcnt of an exisring haism using 

For aX428 of thc muntry where undcrgruyad &elters pn: 

not feasible, an davcgromd shelter &odd be built. Any 
ctF the materials s~ggwteed fat  construction of au under- 
ground stmmfo cajl aho be uxd for this aheltcr. n?c t~ td  
rnaers d Aiiclieing materid iaduding the materid c i  which 
'Gle ah*r ie c o n s ~ c ~ e 4  &auld be equivalmt to three teo: of 

em&. ThL may bs provided by caverir.g the drtaeturc with 
eank ox satrdbaga. If the arrangement of the cntranmway 
rannot met the tbendwda of paragraph c (p, 1) uxtdw 
"Shielding," the wtrance door will require ijsndhggbg from 
(he inside- 

The basic unrfergrowd &&tor, &shown kt A p ~ d b  J( with 
rhe entrance modified, could be placed sbovqround a d  
mounded uvcr as dwcribed above, 

A GLWE TO COYTRACTS AND SVEWC4TIQNS FOR USE IK EA;).III,Y FAI..L@I,, 
SEfEIaTER CONSmX:i;TTIBN 

Jf th4 m r v i c r ~  of a c~utzxtor  art to be used in &e build- 
ing of a famiiy dclter, it is generaUg advirJl; to hart: a 
wir;trn wntract md tlEchnical specifica~iocs tfi supplcn~eat 
th hawings, .4 widely usnd and convenient contract fo rm 
far wnsl;N~tion of this size i s  &a &Ale% S b r t  Form far 
Smll Construction Cantracrs,'" which js avsilnble frum Lhe 
Ammicm bstitwk A r & i r a  the ~ ~ T B ~ Q H ,  Washixrgon, 
D. C, for 25 mats. It would br irnpractiml to =*ire tech- 
t&al spr?ci&c&tjona to suit evwy 1-1 caxmdit;oa; hawever, 
tk following autnrnary of generally acecptied eaastnrhnn 
m&kriak and pram%= s h o d 3  be a wid guide: 

W m W O R P  
Tbo ~xcsviltiuu Aould have side s l a p  pad--[ enaagh 

to prevent caving, or appropriate shoring shautd be pro- 
vided. ?-be soil from tb orcavrtiaxi should ba #&piled 
rear the sib fwr later Use as backREl if suitable for tho 
purpuscr. 

Matwial rised for back511 land e a h a b c s l t  should have 
&kirk, roo& and larp stones renrot.d h f o r e  placrment. 

Bskkfill and d e h e n t  &odd be placed in boriaonM 
1Z-s 12 ixirl#.cs, tfii.c& or fm md thara;ygily tamped or solted 
%r& h a damp condition. 

The mhgradc fur tbc Boor sBb IOU@ be leveled sad 
tamped to pmvjde uniform bearing canations for &4 

s:ructw~ 
'%he. area snrrorlnding the erubankmmt &odd be &ped 

away at a minimum grade o l 2  En& per 25 feet to p r o d e  
g o ~ d  drainage. 

The required canprmsive s t r q &  of h e  wncrete in &e 
sttadicd 0CD3f dmfgn~ is  3,OCO p a  #quare .in&.. 

For ddsljlB of concrete cnn$fr~etEon~ t b ~  "BuiEdiae; C d c  
Xeq"~ken1~1tS f ~ r  Rciallford Conade AiCl 3 1 W ]  '' 
shocfd be iolioacd. This pllbDcation may be oblaind fmm 
the bmcricm C a n a t e  Insribto, P. 0. Box 4754, Rwffnrd 
Station, Dmuit 19, Mich., far uae dollar. 

DampprooFiag and .~.~~trrprocsfrng r@ficariaua may be 
obtained tram the r,ekre&t Federal Rowing Adrrri;~b.trn- 
tiua aflice, ar any cam~?erciatl*p acreptabh ~ p i f i c a t b n  nay 
be used. 

T b  OCDM family fallout ehdtem ~ w c :  Ze&pcd using 
ddamed intermediate grade t l h t  &tee1 rcinfming barn, 
Hcrwe~tt, the abeltcps may be designed asin8 oihn types of 
Mrsrmed aaad ham It i% irrtpor~ant that the 'nrd:der ctrnsure 
that ih krms tc~ Ite ma3 waimm to txe ha B ~ i b g  C d e  
rdcrmd to mder ''Cwsrae Fork" ai?a*e. 

3"hsre we man$ Eypar of e o u ~ ~ ~ ~ t t c i a l k y  prodct-sd atehd 
reof h a t c h  &at will ad.equa!dy a;rrtt: rrs deiig.r dwn. 
HOW~PW., e bfig m &C door is uwxihrrgroof and durable, 
a jshob-htade worcferi dscr nould bc suitnbIc. 



The vat&tbn pipikg in &be shelter should k i~tdI*d 
in .1xp&~1ar with act pctfcrr a t d i d  in tbe "Kaliond 
Pturnbing Code (ASA A40&1955)." This p & h ~ m  
m y  EK; ~btdillled from tbg Amcricm W e t y  of h a a d  
Engimxs, get 39th Stroet, Etw Yo& 18, K Y.* far 
$3.50. All  piping should bee grJvanized. 

The m y  in tho antrsnoa hrteh am starldrrd %4*b& d C e  

f o n d  d o f c i a g  h. mmbeddbd partian &odd 
be patrtad to PrnCXlt  Nfitisg. 

m m  EQWMENT 
!hhbh vkntilating Mowers, air filters, md roof v d k -  

tam us uv&l&h from numy splurcea af snpply, rhhough 
fcbHccroien detsik and cotwqua~tly the imt~ll&don reqdn- 
watts, vrin dkik for equipment furnished by the variow 
manufaaren. 

Pooiti~~-displecrm~ btawcn fuving bot& do&& mator 
v Roots- md wad b d a a r i k  &rives are rnanuf*md b, 

G m v i l f a  Blowun DIvE$oa, Connunr+4ile, Ind. S n d  
cfntrifugat blowers ha+g u geared hand s r d  drim am 
Blade by Ehrr fdbwing nutxdiwtararrr: 
BuBHkr Forge Ca, Chumpinn Blawer and k'orga Co., 
450 Bmrdway, Harrisbntg AZX. and Chrrl- St, 
Buffalo, N. Y. L a n ~ r ,  Pa, 

This rtinforced ronm& *firzIttr b-9 
bccn d a s i p d  to provide a hi& dc- 

of protdm from radiorrctbe 
faEoot for up to a i ~  adult omupan&. 
The drawing &ow the b i t e r  COV- 

emd by an mbankmarrt 2 fdtt. 3 inchas 
high. Sf da ird ,  thl? 
m y  be elimi~~t6cr by placing the rwrl 
of & &el& 2 feet 3 l a b  b l o w  
p o d  hcl .  Tlw! &on of whir& 
type of earth mver to 1~(: is optional 
ha b e  b ao s+Scrnt 
in the amtlnt of grotdon &ord+d. 
Zf tfK d m k d  lo us&, however, 
itr stopes &odd b sealed or treated 
lo p?weXrt wmion, 

Air &ss of the type w d  for engine or camprcwor intake 
p f p  ars wrtfrctutcd by the fohwing conoss~: 

Dolhger Car y. F r ~ m  Gorp-, 
6 Ccntn! Park, Yrovidancrt f 6, R, I, 
R A W  9, N. Y. 

Purolator Pd- hc., 
971) New BmhcEr Art%, 
Rahw5y, Pi* J* 

tam are mode by Ihe folfowhg znaaerfrcruters: 
IIPE., C. C. B s a i h  Co, 

18.5 Brdh Ave,, P. Q. Bo_r 1190, 
New Y a k  City 16, R', 'I'. k Itmado, Wf. 

Penn Vtnthtar Ca., 
32.52 Guodmm Avr, 
nilrrdctphk 40, Pa, 

The nprrzcg of spedfrc mnda&mro of bbmrs, film, 
a d  roof vosltih.tan sre givm only a5 n a m p h  md do not 
hots ir. pmfmcc: for their prdmh. Locd contradanr, 
deals- or ~'butors of hasting* ;,van&ting, aad air can- 
&Wing equtpmont m y  be comuM wtrco releding qnip- 
mant for rr protective afi*Iter. 
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SCALE Of FEET 

Appendix C 

THE BASIC L3-1D~CIIOL"Pr'D FAMILY FAU,OUT SHELTER mCOIRPORAT]ED 
INTO S'lLALL BUlmnGS 

I 

1 

, 
I 

feet 6 jliehed x 3 feet, the cab b of rmplc s h  to m~t- 

Xalser layer should contain h minimum a m o w  of mkfar* d e d  within the a d  buildiag and tb! uhaust ;fobid% a 
ing stcd required by mde. 'fhc uppr layer is; for rad.iath shown on &E drowine. 
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Appendix C, Drawing No. b.-FAWLY 1FAUOW ~JaTEE-Incorpcrrrtd fnto Guugs. I 



in thif de6ga ( d r a w i ~  KO. 1) the two wrt-erior waEr of 
the rheftrir akso rzrvs rrrr housa fowrdatian w& and dm 
aois of the rwf dab is used as the Rnor For n risorn ab~sw, 

A n y  ~ ~ a t r a c f u r  sh001d be &!c to camtrtict the bawmmt 
cortier room &&er withuu: difliculty. Special care, h*w- 
evw, sbauld bt taken ia b r i m e  thr? fonnl~ark for thc bravy 
suoi Jab. Atthou& nut abourn an tbc drawing, conwn. 
damit wall footing &odd be added under thc ktcrior wrllmt 
nf the ghdtbr, 

To meat recognized cud,: rcquiremmta ~cnnax~cirllp, the 
roof slab sItould be glared itl two 10-inch lay~rs .  The b w c r  
hyer &@aid eontain rhc mWnimurr: arnotint nl: rrinfurci~g 

required by d e .  Tkic q p r  lyer "rs Ear radiadoe 
protection ody, and ahmld h @aced and mmpacted with 
the same a r e  1~ Lhd structtxrd CO~EP&, 

Thk shelter may bc buik with eithm a rtatural ur  mechani- 
cal renGkioa system. Natural ve~ti lgiun may be Pchitlvacf 
by having two gtiilcs or Ilouvcn about 1 faat sqmm in rhe 
cneiurm door. One grille &add be near the top aad the 
erfitr near the bottum of the ddcor. 

1l a w d a n i c a l  syrtetn is wed, it d t u ~ I d  contain the same 
cnmponmta as I)w hasic undcrgramd fmdy fallout sht1.t~ 
creep& &fit a grille in the door may be suhstitmed for thb 
akaurl pipe. 


