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UNDERGROUND MINE REFUGE ALTERNATIVES 
A look at food, water and sanitation requirements 

BY A.G. MAYTON AND J.R. HEBERGER 

Underground coal mine explosions. such as the January 2006 
Sago mine disaster, have dramatically demonstrated the need to 

provide mine refuge altcrnaLives for miners who arc unable LO 

exit the mine and are forced to take refuge during mine disasters 
or emergencies. 

The Mine Improvement and New Fmergency Response (MTN­
ERJ Act of 2006 requires that underground coal operators include 
refuge allernatives (RAs) in their Emergency Response Plans. 
Mines presently use three types of refuge alternatives: mo bile 
steel, mobile inflatable tent and built-in-place (BTP). 

Considering the importance of equipping RAs well for emer­
gencies, this article reviews the Mine Safety and Health 
Administration (MSIIA) regulations for food, water and waste dis­
posal/ sanitation in RAs. Information received from RA ma11ufac­
turers is presented on food, water, and sanitation products and 
methods provided in their RAs. Issues that may arise from using 
these products arc also discussed, a long with possible solutions. 

MSHA Standards for Rations in Refuge Alternative 
rood, water and waste disposal requirements are stipulated in the 
mandatory mine safety standards promulgated by MSHA. The 
Code ofFederal Regulations (CFRJ Title 30, Part 75.1507, gives 
guidance un fuud, waler and sanitation fur refuge alternatives. 
The specific regulations for food and water state that the RA 
should be stocked with the following: a minimum of 2,000 calories 
(Cal) of food and 2.25 quarts (qt) of potable water per person per 
day in approved containers sufficient to sustain the maximum 
number of persons reasonably expected tu use the RA fur at least 
96 hours. These regulations specify only the amount of food and 
water ratfons that should be available for each miner per day using 
the RA, and not necessarily how much of the rations each miner 
should or will consume. Regarding waste/sanitation, the regula­
tion merely s lates that each M includes sanitation facilities. 

Refuge Alternative Supplies 
For this review, the major mine RA manufacturers were visited or 
contacted by email and telephone. Nine manufacturers provided 
information with details on food and water rations as well as 
waste disposal products. Emergency ration and sanitation prod­
uct manufacturers and distributors were also contacted to answer 
questions about their products. 

Food rations -Most of the emergency food rations supplied 
with RAs arc fortified food bars (Figure l ). The major hrands 
include Mayday. ER llar, S.O.S., Uatrcx and Mainstay. One RA 
manufacturer indicated its intention to use a ye t- lo-be-deter ­
mined liquid food product similar to consumer nuttitional food 
shakes. These bars comprise wheat-based ingredients and show 
similar texture, but vary in nutritional content. They arc ready-to­
eat, nun-thirst pruvuking, and generally described as hard, dry 
bars, similar to a thick piece of hardtack. Common flavors a re 
coconut, lemon and apple cinnamon . Some accentuate nutri ­
tiona l content with considerable deta il (100% of major dietary 
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Figure l: Five exa mp les of emergency food rations commonly used in refuge alter­
nat ives. Some rations must be broken into smaller pieces, while others are 
enclosed individually in plastic wrap. 
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Figure 2: Examples of differing nutritiona l content from the packaging of four dif­
ferent emergency food rat ions. 

requirements), while others provide a rather brief description of 
nutrients included (Figure 2). Package labels reviewed ranged in 
calories from 2,000 to 3,600. 

Water rations-A variety of water products and sources arc used 
in RAs (Figure 3). Samples of packaged water collected include: 
AquaB!ox, Datrex, ER (QuakeKare). Mainstay and S.O.S. Food Lab 
Inc. The samples include 8.5-fl. oz., juice box-type packages (v,rith 
hendable straws) and 4.2-tl. oz foiled pouch-type packages. Other 
types observed during field visits or noted from telephone conversa­
tions wilh manufacturers included: 8- to 16.9-Il. oz. plastic bottles 
and 6- to 7-gal containers from which smaller quantities of water are 
dispensed. One RA manufacturer indicated that it uses public water 
and treats it\\rith an additive to extend the shelflite to live years. 
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Figure 3: Examples of emergency water rat ions: water boxes, foi l pouches, water 
bottles and water treatment ta bs for treating water from domestic sources. 

Sanitation/Waste disposal prnducts - Chemical toilet kits 
cunsisling uf disposable plastic bags wilh Lrealing and deuduriz­
ing agents (Figure 4) are the predominant chuice fur waste dis ­
posal. Many of these products are identical to portable toilet 
systems sold for camping and other outdoor activities . Some RAs 
have interior compartments for the used bags. One manufacturer 
offers a flush toilet in the air-lock area of the RA that expels the 
waste outside the chamber. 13IP RAs usually offer, in addition to 
the chemical toilet kit selections, other waste/toilet options such 
as a camp toile r with lid and hand sanitizing gel, a mine-con­
structed urinal, and a mine-constructed separate toilet room with 
a marine-type flushahlc toilet and associated flushin g and sani­
Li:dng products (Figure 4). 

Figure 4: Examples of toilets in a bag that can be used on thei r own or with a col­
laps ible toi let (left). Separate toilet room constructed by the mine (right) with 
marine-lype flushable toilet and associated flushing and sanitizing products. 

Potential Issues With Refuge Alternative Supplies 
Food and water package instructions - Many RA manufacti.u·ers 
use food and water products intended for emergency survival and 
mostly include products manufactured to comp ly w it h 
International Maritime Organization (IMO) and International 
Convention fur the Safety of Life at Sea (SOLAS) requirements fur 
Life-saving appliances. These products meet standards that arc 
approved by the U.S. Coast Guard and the International 
Organization for Standards (ISO) 18813 and include specific 
instructions for marine use. One concern is that instructions on 
packaging for using these food and water producls may be con-
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fusing to miners taking refuge. Not all ration manufacturers pro­
vide c lear instructions for thei r products as many address use 
specifically for emergencies al sea. Fur instance, one fuod ratiun 
package slates: "Eat Lwo food bars per person per <lay." Each bar 
in this package is 400 Cal, so eating two bars would provide only 
800 Cal total. 

Water ration instructions vai1r according to the manufacturer. 
One brand states: "Drink no water the first 24 hours unless sick or 
inj1ued or in desert conditions . Thereafter, approximately two 4-
fl. oz. bags per day minimum." Another brand gives the following 
instructions: "Consume one box (8.45 fl. oz.) per person per day." 

None of the food and water ration instructions stated to con­
sume more than the MSHA regulation of a minimum of 2,000 Cal 
and 2.25 qt of water made available per person per day, and near­
ly all stated to consume less. 

Moreove r, the package labeling is complicated becau se it 
includes serving size or content information, ingredient informa­
tion, and sometimes additional instructions , which often men­
tion waler consumpliun. One food raliun indicates "Save 
drinking water. Do not drink water during the first 24 h ours 
unless sick, injured or in desert conditions. After first the 24 
hours, drink no more than 500 ml (l /2 li ter, approx. 16 oz.) per 
day. Never drink seawater, not even mixed with fresh water." 

Finally, serving sizes are different among the prudw,;ts evalu­
ated. There are no specific instructions provided for use in a 
refuge alternative, nor to indicate how much an individual should 
consume to meet the 2,000-Cal ration per miner. 

A simple solution to the possible confusion is consistent label­
ing of food and water items in a manner specific for use in mine 
Ms. The packaging could slale how much food and waler to con­
sume according to the MSHA regulations. Eliminating multiple 
directions for how to use produ cts in different scenarios could 
mitigate any misunderstandings with food and water servings. 
Additionally, placards with the minimum and maximum rations 
per person per day, supplemental training, or packaging food and 
water rations by miner per day could help with allocating rations. 

Pood ration ingredients - The ingredients in food rations could 
puse an issue if miners are knuwn tu have certain allergies ur 
require gluten-free food. Only one fuo<l ration identifies allergens 
and states "Allergens: Contains Soy and \•Vheat," and another only 
states "Contains: soy, wheat." All of the main brands ofrations con­
tain wheat and soy (as they increase shelf life), while only one 
names coconut as an ingredient. Although it may he impractical to 
outfit all RAs, it may be possible for mines to supplement with oth­
er types of food sources if miners are known Lo have allergies. 

Dehydration - TI1ere is a serious concern of heat and humidi­
ty buildup inside an occupied refuge alternative. The heat and 
humidi ty generated by the occupants and the carbon dioxide 
scrubbing sys tem could lead Lu severe discomfurl or heal sLress 
depending on the starting mine ambient temperature. The 
National Institute for Occupational Safety and Health (NIOSIIJ 
and other studies have documented that high heat and humidity 
will be present inside occupied RAs. These conditions put miners 
in RAs at an im:reased risk of heat stress. If fluids lust in sweat are 
not replaced, dehydration can occur. 

Quantity of water 
Humans would die in a few days without water, as all cells and 
organs need it to function. Total body water has a critical influ­
ence on core body temperalure, as dehydralion can increase core 
temperature. Considering the heat- and humidity-related water 
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REFUGE ALTERNATIVES CONTINUED 

Luss that may u<.:c;ur in a HA underground. miners taking refuge 
may need more than the MSIIA-recommended minimum of 
water per miner per day of2.25 qt. 

The 2005 Institute of Medicine's dietary reference intake (DRl) 
reports for water lis t cUI qt per day as the recommended daily 
average intake of water for men 18 to 50 years old and 2.9 qt per 
day as the average intake of water for women 18 Lo 50 years old. 
oms are set to optimize health and therefore are likely well above 
the amount required in an emergency situation. In the conte::..1: of 
this article, it is important to note that these guidelines account 
fur waler from foods and fluids ; the food ration bars are likely 
very low in water, but do contribute to an individual's fluid needs. 
The IMO requires l.59 qt of water per person to be stored on life 
rafts while the North Atlantic Treaty Organization requires a min­
imum 1.06 qt per person per day in distressed submarines. 

Chilean reseaffhers reported in Safety Sden<.:e that partici­
pants in a 2014 study perceived the 1.06 qt water as acceptable. 
Their study included 20 participants sh eltered in an RA for4B 
homs where humidity and temperature were controlled. 

The Army's Heat Stress Control and Heat C.asualty 
Management publication indicates guidelines for water intake 
and work/rest cycles, given various temperature ranges for sol­
diers performing easy work such as weapon maintenance or 
marksmanship training (Table l). These guidelines are for the 
average-sized and heat-acclimatized soldier wearing hattle dress 
uniform. In temperatures above 90°F, the guidelines suggest 1 qt 
of water per hour. (Nute: hourly fluid intake should nu t ex<.:eed 1.5 
qt and daily fluid intake should not exceed 12 qt.) Daily water 
requirements for heat-acclimated sedentary soldiers range from 
5 qt to 8 qt per day at apparent temperatures ofB0°F to 95°F. 

These recommendations from the U.S. Army Researc;h 
Institute of Environmental lvledicine, although not directly appli­
cable to underground mine HAs, may be considered when assess­
ing miners' needs for emergency water rations within a mine HA. 
Based on this comparison, it could he argued that the MSHA 
standard of 2.25 qt of water per day per person may not be 
enough lo prevent dehydration and heat-related disorders if the 
HA interior temperature is high. further, miners in refuge will be 
wearing their mining clothing and will also have to pe rform 
minor tasks to keer the refuge alternative fun ctioning, which will 
raise their need fur waler intake. 

Electrolytes 
Maintaining the correct balance of electrolytes affects hydration 
of the body and is extremely importanr for regulating the acidi ty 
ufbluud (pH), muscle func;tion, and other important pru<.:esses -
as electrolytes <ue critical for fluid movement between and inside 
cells. When the body sweats, water and electrolytes are lo st. 
Excessive sweating can cause electrolyte imbalances and dehy­
dration, which increases core hody temperature during work in 
hot environments. 

Normally, water alone is sufficient for hydration, however. 
electrolyte replacement may be necessary. The Anny and Navy 
both report that sports drinks are an effective source for elec­
trolyte replacement during prolonged periods of profuse sweat­
ing in hot weather. especially when a normal diet is not 
consumed. 

MSHA regulations only address quantities of emergency food 
and water. They do not take into account electrolytes or other 
nutrients and their importance for individual health . Figure 2 
shows that the information printed on the packaging of different 
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WBGT Index Water intake Work/Rest 
l°Fl lut per houri lminutesl 

78-81.9 0.5 No Limit 

82-84.9 0.5 No Limit 

85-87.9 0.75 No Limit 

88-89.9 0.75 No Limit 

9o+ I 50/ 10 

Table 1: Fluid rep lacement and wo rk/rest guidelines for warm weather tra ining 
condi t ions for the average-sized and heat-acclimatized soldier wearing battle 
dress uniform performing easy work. 

food rations varies considerably for sodium, which is the primary 
electrolyte lost through sweating. 

The samples of emergency rations have very low amounts of 
sodium, ranging from 10-69 mg per daily serving. Since the food 
rations are intended fur emergency marine survival. they con­
form to maritime emergency ration standards. which state that 
the maximum sodium content be 0.2% of the food ration. 

11.fany factors influence sweat composition such as sweat rate 
(which depends on clothing, climate and work intens ity), 
diet, h ydration and heat accl imat ion. For those p erforming 
sedentary activities in very hot climates, sodium intake is sug­
gested to be around 6 to 12 grams per day. At 6 grams, the emer­
gency rations contain 0.2% to 1.2% of the suggested sodium, 
while at 12 grams, emergency rations contain 0.008% to 0.6% of 
the suggested sodium. 

Since the emergency rations have such low electrolyte content 
and miners in refuge may sweat profusely due to the high heat 
and humidity, it is likely necessary to provide miners with some 
type of e lectrolyte replacement in order to maintain important 
bodily fundiuns. Commercially available spurts drinks are an 
effective source of electrolyte replacement, but should not totally 
replace water. Salt tablets are not recommended as they do not 
address water replacement needs and can irritate th e stomach, 
leading to vomiting, which can exacerbate fluid losses. 

Quantity of Food 
The four main criteria that affect ration levels are: aeti\'ity level, 
weight, demographic composition and environmental tempera­
ture. For miners taking refuge, the most applicahle variables are 
activity level and environmental t emperature. Miners in Rl\s will 
not be engaging in much activity; therefore, fewer calorics arc 
needed. If the HA has no cooling device, the high temperatures 
diminish the body's craving for food. lv1oreover, the aforemen­
tioned 2014 Chilean study also found that the 2,000-Cal diet was 
acceptable. Therefore, Lhe 2,000-Cal per-miner, per-day food 
re4uirement seems suffident, if nut exc;essive for the survival of 
miners in refuge. With the potential for reducing food rations, the 
amount of space required for food storage could be reduced to 
make additional space avai lab le fo r potable water. 

Sanitation 
Coal mines with sufficient vertical height (head clearance) should 
be able to accommodate HAs equipped with toilet facilities such as 
current camping or marine-type devices. But in low-coal mines, 
such devices would require awkward postures . The hest choice for 
these mines may be the simple toilet-in-a-bag products. Moreover, 
an additional liberal supply of sanitation items should be consid­
ered for use at the refuge communal toilet, including antibacterial 
liquids/sprays for cleaning up hodily fluids. 
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Some HA manufac.;turers c.;hoose a waste disposal system that 
discharges human waste to the floor environment outside the 
chamber. Discharging waste to the immediate exterior of the nA 
is undesirahle, since it will foul the immediate surroundings of 
the RA and serve as a potential source of contamination for indi­
viduals yet to arrive at the chamber, including mine rescue teams. 

Personal Factors 
An individual miner's health is crucial to howweU he or she can 
survive in a refuge situation. If miners arc fit and in good health 
before going inLo refuge, they will likely be fine as long as Lhcre 
are adequate rations. If miners have chronic diseases such as 
high blood pressure, heart disease, diabetes, or obesity when 
going in to an RA, e lectrolyte depletion can distress the heart 
and renal function, complicating existing conditions. According 
w Lhe U.S. Army Research Ins ti Lule of Environrnenlal Medidne, 
poor physical fitness, skin disorders, certain medications, alco­
hol use, tlu and fever are notable risk factors that can negatively 
impact the regulation of body temperature. Miners in refuge 
with any uf these t:unditiuns, t:umbined with hut climates and 
high humidily conditions, are at inc.;reased risk of heat -related 
disorders. 

Conclusions 
l.onsidering the information received from RA manufacturers and 
Lhe makers / disLribulurs uf emergent:y food/waler rations and 
products, NIOSH researchers fuund Lhat the fuod, water and sani­
tation products supplied by nA manufacturers meet the MSHA 
standards set forth in 30 CFR 75. 150 7. However, most food and 
water rations provided by RA manufacturers are intended for 
emergendes at sea; consequently, the instructions fur sut:h prod­
ucts may be confusing to miners taking refuge. Eliminating multi­
ple directions for how to use products in different scenarios could 
mitigate any misunderstandings with food and water se1vings. 
Also, the environment inside the RA is likely to have high humidity 
and heat; therefore, electrolyte and water loss may initiate dehy­
dration and other heat disorders. lncreasi11g water supplies and 
electrolyte replacement are worth considering. whereas l'v1SHA's 
2,000-Cal per-person, per-day food ration guideline seem s appro­
priate. Sanitation systems in RAs should he adequately supplied 
with anlibaclcrial wipes and nonloxic, antibacterial producls for 
dean up, and disc.;harge ~hould be din~l:te<l away frum Lravelways. 
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Specialized Steel Solutions for the 

Mining & Recycling Industries 

For more than SO years, Astralloy Steel Products has been 

providing innovative and cost effective wear, impact and abrasion 

resistant steel solutions. We offer su perior customer service with 

readily available inventory of proprietary and quenched an d 

tempered steel grades. 

ASTRALLOY PRODUCT LINE 

Specialized Plate Alloy Plate Round Alloy Bar 

Astrallov-V' AstraWea r 550 Astralloy-V' Round Bar 

Astra llov sooo• AstraWear SOOF 4330 V-Mod Round Ba r 

Astra llov 4800' AstraWear 4SOF 4145 H-Mod Round Bar 

EB-450' AstraWear 400F 

Trip·L·Tuff' A-514 

Roi-Man 
. 

Our cl ients also benefit from our unpara lleled experience with 

thousands of applications across various markets and industries. 

f 
Astralloy 

a NU~CJR company 

www.astralloy.com 

Toll-free: 1.866.587.6970 

AstraUay Steel Produc1s is a wholly-owried svbsidiory of Nvcor Corporation, 

the large5t producer of steel in the United States. 
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