RADON UNDERGROUND

RADON EXPOSURE DURING UNDERGROUND TRIPS:
A SET OF GUIDELINES FOR CAVING AND MINE EXPLORATION

prepared by
the British Caving Association Radon Working Party
in consultation with
the Health Protection Agency

The British Caving Association Radon Working Patknowledges the support of
the Health and Safety Executive in producing thislgnce.

2" Edition 2012
First published: 1996



Published by:

British Caving Association
The Old Methodist Chapel
Great Hucklow

BUXTON

SK17 8RG

© British Caving Association 2012



Contents

1

Introduction :

1.1 Radon: General Information

1.2 Measurement of Radiological Impact
1.3 Health Risks Associated with Radon
1.4 Radon Risks in Context

Definitions .

2.1 British Caving Association

2.2 Underground Voids .

2.3 Persons Engaged in Underground Activities
2.4 Owners of Underground Voids and Land

Legidation

3.1 Duty of Care

3.2 The Work Situation
3.3 Abandoned Mines

Guidelinesfor Minimising Exposur e to Radon
4.1 Recreational Persons

4.2 Professional Persons

4.3 Owners

References

Annexes

A. Summary of Duties Under the lonising Radiati®egulations
B. Monitoring Radon Exposure: Guidance to

Employers and Self-Employed Instructors .

10
11
11
12
12

14

16

18



THE BRITISH CAVING ASSOCIATION is the national boagpresenting the interests of caving
in the United Kingdom. The Association was fornme@004 from an amalgamation of the
functions of the National Caving Association anthemf the functions of the British Cave
Research Association. The Association is a nati@keration comprising: individuals; caving,
mining and other related Clubs; Regional Cavingri@da and National Bodies with specialist
interests, all of whom have autonomy in their ovetdf together with any other bodies who express
an interest in caving, mining or other subterrang@nomena. The Association is recognised by
the Government as the national governing bodytfersport.

The National Radiological Protection Board was npooated in the Health Protection Agency in
2005.




1. INTRODUCTION

Research has demonstrated that the air in mos$ @gemines contains varying concentrations of
the radioactive gas radon (Rn) and its daughtedymts. The most common form of radon is
produced by the radioactive decay of uranium (Bgcause it is a gas, the concentrations of radon
and daughter products are not constant at anyoma¢idn and are controlled in a complex manner
by, for example, the amount and direction of ainfl external air pressure and the season.

The introduction in 1985 of the lonising Radiatid®sgulations (IRRs) created a new definition of
work especially to ensure that exposure to radannegulated. As a consequence, recognition of
radon in caves and mines potentially used by outdentres highlighted the need to consider the
application of these Regulations and also the piatiemealth effects to cavers in general.

Presently there is no indisputable proof that csivezalth has been adversely affected by exposure
to radon and its daughters during caving activitidewever, research in uranium mines and homes
worldwide, together with numerous animal studiegehshown that a risk clearly exists and that
smoking significantly increases this risk.

It was in response to this that the then Natioreali@) Association commissioned the preparation of
the first edition of this booklet. This secondtem, commissioned by the British Caving
Association (BCA), is an update of the text in tigihthe revised IRRs (1999), changes to legistatio
and relevant case law, as well as subsequentlysheil work on the impact of radon.

This booklet provides
» abackground to the problem;
* an assessment of the risk from exposure to radoavas and mines;
» a brief review of the legislation together with daince on meeting legal requirements.

For professionals and those in positions of regpditg, the information in these Guidelines istie
considered in conjunction with:
» the requirements of the current health and sastg;l
» the lonising Radiations Regulations 1999: and
» the requirements of the Cave Instructor Certifi¢@k) and the Local Cave and Mine
Leader Assessment (LCMLA) Schemes, both adminidteyehe BCA.

1.1 RADON: GENERAL INFORMATION

Radon is the heaviest naturally occurring gasetament and is formed mainly by the radioactive
decay of uranium, which is a naturally occurrindioactive substance present in some rocks in the
schemeuranium - radium - radon. Radioactive decay of radon leads to a sequeinaestable
"daughter products”, each one decaying into anathgkfinally reaching a stable product.

Radon, which is always present in minute quantihdie air, has three isotopes, all of which are
unstable. Isotopes are forms of the same elerhahhtive a nucleus containing different numbers
of neutrons thus giving it a different atomic wetighg. uranium exists 43U, 2°U, 2%®U. The

radon isotopé°?Rn, which has the longest half-life (3.82 dayspfipredominant concern, and
decays to isotopes of the metals lead, poloniumbgsrduth. These radon daughters have very short
half-lives of no more than 30 minutes. Radon dsdayemitting an alpha particle and its

radioactive daughter products decay by emittinigegian alpha particle or a beta particle and
associated gamma rays. These alpha and betalgmeitd gamma rays are types of ionising
radiation which cause damage to living tissues.



The sources of radon gas in Britain are very variddst caves in Britain are developed in the
Carboniferous Limestone, which is generally riclorganic material and in places has thin, organic-
rich mud layers. It is the organic matter that rfraguently contain small amounts of uranium
compounds. In addition the rocks, either beneativa (often Devonian) or above (other
Carboniferous or younger rocks), could also beitesous. As this uranium naturally decays the
radon gas produced can seep out through fissutiesy @p or down, and may collect in voids.
Similarly, in mines the source of radon remainsghme - any uraniferous compounds. Notable
uranium-rich rocks and mineral veins are associaiddthe granites located in Devon and
Cornwall. Certain parts of the Carboniferous Litnes sequence in Wales and Derbyshire are also
known to be rich in uranium and thus have high naglatential. However, other rocks, such as the
Old Red Sandstone of Caithness and the Northangdad in Northamptonshire, may have
significant levels of uranium compounds.

The concentration of radon gas in the open aieig,wery small, due to the efficient mixing of the
small proportion of radon by air currents. In amysystem the quantity of radon present depends
upon the concentration of uranium in the local rdbk atmospheric conditions and the extent of
ventilation. Thus, in enclosed spaces such aseheeitars, mines and caves, a lack of ventilation
can permit high concentrations of radon to buildrughe trapped air. In active mines this problem
is circumvented by forced ventilation that keeps¢bncentrations down below specified legal
limits. This concept has been adopted successfultyany Show Caves and Show Mines, and is in
common usage in houses in high-risk areas. Howéwedisused mines and natural caves this is
largely an unrealistic option, particularly if thave or mine has the status of a Site of Special
Scientific Interest (SSSI). Forced ventilatioraofave or mine classified as an SSSI may be a
potentially damaging operation and thus prohibit&terefore, particularly in areas of reduced
airflow, caves and abandoned mines may be sulgeeatn accumulation.

The amount of ionising radiation emitted also dejsaumpon the extent to which radon is in
equilibrium with the decay of its daughters, ddsedi by a parameter known as the equilibrium
factor. When radon daughters are formed in amesoaturally tend to attach themselves, and
remain stuck, to particles such as dust and watglets in the air, described by a parameter known
as the unattached fraction. A person breathingimhiale both radon gas and radon daughters, either
attached to particles or unattached. Most ofth@led particles will be trapped and remain within
the lungs whilst the rest, together with undecayelbn, will be exhaled. Hence the equilibrium
factor and the unattached fraction are signifigerameters in determining the amount of radon
daughters left in the lungs.

As a result of radioactive decay, radon and itgtgers emit ionising radiation that may collide

with, and damage, living cells in the body. Thermical and physical properties of the particles
themselves may also have a harmful effect upotutigs. When the radon and its daughters are
trapped within the lungs, any radioactive decay weyse the cells of the lungs to become damaged.
Damaged cells may repair themselves, die or be@ameerous, hence the importance of
understanding the radon risk. The chance of cateezloping as a consequence is related to the
extent of exposure to radon and its daughters.s Tl potential consequence of being exposed to
radon is death by lung cancer.

Field (2007) produced a paper which starts withclaen that “this paper was developed to provide
the National Speleological Society reader withraensive investigation of the potential health
effects posed by exposure to elevated levels afiram caves”. The paper provides a useful starting
point for more detailed reading on radon in caves.



1.2 MEASUREMENT OF RADIOLOGICAL IMPACT

The quantity of radon in air is normally measurgdibtecting the number of alpha particles emitted
by radon and its daughters in a given volume obaar a period of time. A useful review of
methods to measure radon in air has been compyl¢tebWorld Health Organisation (2009).

There is a very complex relationship between thengjity and the concentration of radon and its
daughters. The formal Sl unit of activity is thedguerel (Bq), a Becquerel being the disintegration
of one atom in one second. More convenientlyyvigtéoncentrations per cubic metre (B¢ hare
used to describe the concentration of radioactivitgir, based on an assumption between the
number of alpha particles measured and the nunfleoms that have disintegrated to emit them.
Examples of radon concentrations in caves, by regice given in Table 1 below.

Table1: Examples of radon concentrations (B)rmeasured in caves in various parts of the UK
in the period 1991-2011. Data from: a) Hyland @Q®) Friend & Gooding (2001), c) Taylor (pers.
Comm. 2011), d) Friend (2008), e) Friend (2010) Brichngridge et al. (2011).

Radon Concentration Bq m™

Region Min | Max Mean

Portland (a) 10 974 454
Mendip (a) 99 3,621| 1,129
Forest of Dean (c) 654 10,070, 6,167
North Pennines (a) 14 27,136| 1,116
Yorkshire Dales (f) 50 3,470 985
Peak District (a) 9 46,080 8,258
South Wales (b,d,e) 60 16,290, 3,858

The mining industry has a long-established and mpoagmatic unit, known as the Working Level,
for which measuring instruments have been developtmlvever, because of the complexity of the
behaviour of radon and its daughter products, tisene simple relationship between B and
Working Level. The Working Level is not furtherreadered in this booklet.

The potential impact of exposure to radiation isswed in terms of time-integrated exposures or
"dose". The dose of radiation received by a persdnus related to the concentration of radon and
daughters and the length of time the air is breithe. Bq nth.

Dose is measured in Sieverts (Sv), but becausesttasge, the unit more normally used is the milli
Sievert (mSv). The IRRs (1999) revised downwahgsdose limits beyond which it is illegal to
expose a person in a working situation. Theseegaduwe 20 mSyv for an employee and 1 mSv for any
other person. It is emphasised that because ofatwre of radon, the IRRs (1999) specifically

stated that the regulations apply to “any work ¢arried out in an atmosphere containing radon” so
as to ensure that exposure to radon is covereledsegulations (Regulation 3.1.b).

Because of the ubiquitous nature of radon, Keratadl Dixon (1997) of the Health Protection
Agency (HPA) have issued advice on limits for exppesn non-work situations. This includes the
advice that recreational cavers should limit tlaginual exposure to below 1,000,000 Bdm

They also noted that this value is similar to thetiédn Level for exposure to radon in homes, above
which steps should be taken to reduce radon coratemt.



Following further research on the health effectsadion exposure there has subsequently been
debate on the Action Level for exposure to radonames and the HPA (2010) have promulgated
advice that a new “Target Level” be introduced aatat a factor of two beneath the retained Action
Level.

The problem of calculating dose from radon conediuns is exacerbated as equilibrium factor and
unattached fractions need to be considered. Keadakon (1997) of the HPA have advised BCA
to calculate dose from concentration using the tdam

Dose (mSv) = (Concentration Bqnx duration in hours
254000

which includes an allowance for the equilibrium stamt. This relationship means that existing
HPA advice is equivalent to limiting annual expesto under 4 mSv.

1.3HEALTH RISKSASSOCIATED WITH RADON EXPOSURE

Vanmarcke (2008) has reviewed the health risks fraton as derived from a range of sources. He
notes there is a range of values relating expdsuerms of Bg 1 to risk of death arising from
different origins, mostly from uranium miners. Eiges a range of dose conversion factors of
between 6 and 11 (nSV}/ (Bq m°). These are based on radon in equilibrium wild@ughter
products and hence an equilibrium factor of 11®addition, he cites a computer-based model
calculation which resulted in a dose conversiomoiaof 23 (nSv H) / (Bq m°) for radon at
equilibrium with its daughter products. Field (ZQ@eports a similar value using another computer-
based model.

It is worth recalling that the impact of the edoilum factor is to pro-rata reduce the dose for a
given concentration of radon. Thus the HPA adyisionit for cavers is based on an equilibrium
factor of 0.5, as is the dose conversion factoendé the equivalent HPA-advised dose conversion
factor for an equilibrium factor of 1 is 8 (nSV) (Bq ni®), a value which fits within the range
reported by Vanmarcke (2008).

The International Commission on Radiological Protec(ICRP) (1993) recommended a value of
0.4 for the equilibrium factor in the absence @édi measurements. Hyland & Gunn (1994) have
suggested using a value of 0.5 for radon in caalésugh Field (2007) comments that “a strong
basis for this contention has not been reporté&igna (2005) reports some 1,000 equilibrium
factors measured in caves across the world rarmgghgeen 0.2 and 1.9 with an average value of
0.6. Kendall & Dixon (1997) recommend using a eadti 0.5 in the absence of direct
measurements.

ICRP (1993)note thadosimetric models lead to the conclusion that tlea¢hial dose per unit of
exposure increases as the fraction of the radogepsoattached to condensation nuclei decreases.
This is due to several factors, one of which i theattached radon-daughter products affect
different parts of the lung compared to attacheldnadaughter products. Until the past few years,
the impact of the unattached fraction has largerbignored, mainly due to the fact that the dose
conversion factor in use is founded principallyatrservations of the actual exposure of miners,
dosimetric models being used as reassurance. tB2ast one recent paper, Vaupotic & Kobal
(2004), suggests that this assumption may be iogpiate within a cave, having identified potential
enhancements of the dose due to an increased emedt&raction by a factor of three. But given the
variation in dose conversion factor already desttjlthe impact of the variation of the unattached
fraction is usually ignored.



There is some evidence to suggest that exposunigher levels of radon, as found in mines, gives
rise to different risk levels. Darby et al. (20@&jblished an analysis of a number of studiestimo
relationship between radon in homes and the incielef lung cancer. They compared their
estimate with a number of estimates arising froment®tailed analysis of the miners’ data,
including work focusing on data involving lower @gure levels by miners. They report that the
miners’ estimates “are higher than, but compatbtl, the present estimate” derived from their
work. This provides an indication of the continuadge of uncertainty in the health impact of
radon.

The most recent ICRP (2007) recommended relatiprizttween detriment (being both death and
hereditary effects) and dose gives an estimat&dfideath of 5.7 % per Sv. This represents a small
reduction on the previous ICRP (1991) figure of %a®er Sv. Using the dose conversion factor
recommended by the HPA and a detriment dose raléor of 5.7 % per Sv, gives a detriment
value of about 2 x I8 per Bq h rit. Given the range of dose conversion factors, ltyug factor of
two, it is not felt appropriate to cite the detrim@alue with any greater precision.

Darby et al. (2006) also published an analysifefilnpact of smoking on the relationship between
radon in homes and incidence of lung cancer. €hkalts of this work indicate that on average in
Europe, the absolute risk of dying from lung carimethe age of 75 is as set out in Table 2 beneath:

Table 2: Absolute Risk of Lung Cancer with increasing Radohome level and Smoking status

Radon Level Bgm™ 0 100 400
Non-Smokers 0.4% 0.5% 0.7%
Smokers 10% 12% 16 %

There are two features about these results. T$tadithat the data takes into account lung cancer
arising from causes other than radon, hence thee\afl0.4 % for a zero concentration of radon.
The second is that smoking multiplies the risk ettigg lung cancer by a factor of about 25 both in
the presence of radon and in its absence.

1.4 RADON RISKSIN CONTEXT

Caving is acknowledged as a risky activity, perhegpsivalent to outdoor climbing. Persons
engaged in recreational caving do so willingly ascsuch accept the associated hazards of their
chosen sport - which are many. Some of thesenareediately obvious, such as falling or drowning,
whilst others, such as contracting Weil's Disease jntangible. The hazards involved in entering
an underground void relate to three main souraess$; fhe individual's ability level e.g. poor

climbing skills and/or poor use of technical equgnt) second, the hazards of the void itself, sisch a
rockfalls; and third, the cave or mine environmeigt flooding or bad air.

BCA recognises radon exposure as one of the patemtangible underground hazards and will
endeavour to ensure members are updated on the reaid extent of the risks as new information
becomes available. Deaths from radon-related saargeonly likely to become apparent some years
after persons have given up active caving. Howeatgoresent, BCA is not aware of any

information to suggest that there is a high deatd from lung cancer among elderly or retired
cavers.



It is possible to compute the approximate increasdof lung cancer from exposure to radon
resulting from a single caving trip. Given a tygdicaving trip could last some four hours and tgkin
a typical radon concentration of say 3,000 Bfj(see Table 1) and using the risk relationship
computed above of 2 x TBper Bq h ¥, gives an increased risk of lung cancer from oipeof

about 1 in 370,000.

In comparison, it is possible to make an order-afymtude estimate of the actual risk from caving.
BCA (2009) reported to the AGM state that its azibaving membership for 2008 was 4,423.
Given the considerable variability in the frequetizgt this population actually goes caving, an
average of 10 trips per year is probably optimistitowever this probably more than compensates
for those cavers who do not belong to BCA.

The annual report of the British Cave Rescue Co{200D9), states that between 1983 and 2007 the
total number of underground incidents was 992 uidiclg 50 fatalities, 7 of whom were divers.

Cave diving involves a small number of people whpose themselves to hazards quite separate
from those taken by ordinary cavers. Removing tli@isdities from the figures, there has been an
average of 1.6 deaths per year over the last 25.yddis gives an estimated risk of death for a
recreational caver from an accident in a cave dusime caving trip of about 1 in 30,000.

To place these figures in a broader context, tha E@10) cite the average concentration of radon
in the air in UK homes at about 20 B¢’ nwith a range of 5 to 10,000 Bghand higher. The
Advisory Group on lonising Radiation (AGIR) (2009ates that at the average national long-term
residential radon concentration of 21 Bf,rthe cumulative risk of death from lung cancettisy

age of 75 years is 0.4 %, or 4 in every 1,000affelong non-smoker. The AGIR also estimate
that “3.3% of lung cancer deaths in the UK ardlaitable to residential radon exposure. This
corresponds to around 1,100 deaths each year autotdl of around 34,000 lung cancer deaths.”

Exposure to all radiation should be as limited @sspble but, as with anything, there is a risk. ABC
recommend that, wherever possible, individuals khou

« attempt to find out as much as possible regardkadyl exposure to radiation from radon on
each trip undertaken;

» use known values to make rough calculations optitential cumulative dose during a year;

» attempt to keep exposure within HPA-recommendedesal



2.DEFINITIONS

For the purposes of these Guidelines the follovdefinitions are adopted. The definitions include
reference to factors that are of significance wtamsidering legal matters relating to radon gas
underground.

2.1 BRITISH CAVING ASSOCIATION

The British Caving Association (BCA) is the natitiyaecognised governing body of caving and
mine exploration in the UK. BCA is constitutedritrdregional Caving Councils and specialist
groups such as the National Association of Miningtdty Organisations and the William Pengelly
Cave Studies Trust. BCA has a policy of publiggskmowledge concerning the underground
environment and conservation, and of attemptingitamise the risks involved. Several advisory,
training and assessment schemes are run througgritals Standing Committees.

2.2 UNDERGROUND VOIDS

Caves are defined by the International Speleolbgiogon as "solutionally enlarged voids, within
limestone strata that can be penetrated by humd“the purposes of this document caves not in
limestone, metalliferous or stone mines which atege&ly man-made, or those mines that have
encountered a natural cave and have enlarged alsvencluded.

1. Cave - a natural network of voids, either horizontalertical, with an entrance that may either
have been opened naturally or artificially.

2. Mine - a man-made network of voids, either horizoraalertical, working or abandoned,
created during the extraction of a mineral.

3. Show Cave and Show Mine - that part of a cave or mine which is maintaiasd business to
high safety standards enabling members of the ptdkenter. Attached to such a cave or mine
there may also be large areas that are not opie joublic, but which are sometimes made
available for others to enter.

4. Other Underground Void - any other underground void, whether naturalrofi@al, not
covered by the above definitions, such as tundetsns and fortifications.

2.3 USERSENGAGED IN UNDERGROUND ACTIVITIES

Three broad groups of people may be engaged inrgradand activities. It should be noted that an
individual may belong to more than one group ang wmsit both caves and mines, e.g. a
professional (see 2 below) may also be involveahime exploration as a recreational pursuit.

1. Recreational Users

i) Caversand Mine Explorers - persons who explore underground voids as arpastisually as a
member of a club established for that purpose,ghaot necessarily affiliated to the BCA. These
people have no contract of employment for the ugrdeind activity they are engaged in. This
category includes people with specialist local kiealge of a cave or mine who may be requested,
on a voluntary basis, to take a recreational gartyugh that cave or mine.

ii) Voluntary Group Leader - an adult leading or instructing a group, normat behalf of a
charitable organisation such as the Scouts or ygnathp. The participants will normally carry out
underground activities in both caves and minesthadeader will be in a position of acknowledged
authority. There is no contract of employment aadinancial reward.

iii) Membersof Instructed or Led Parties - anyone under the charge of a Professional lcistru
or Leader or a Voluntary Group Leader.



2. Professional Persons

1) Professional Instructorsor Leaders- persons such as holders of the BCA Cave Instructo
Certificate or Local Cave and Mine Leader Awardviong a service of instructing others in
underground exploration techniques and practicesyntype of underground void. Such persons
are normally either self-employed or are employgddr example, an Outdoor Education Centre.

i) Research Scientists - persons employed, engaged, commissioned orteldeo carry out
scientific investigations in all types of undergnduoid. As these persons will be briefed by the
Radiological Protection Advisor appointed by themployer, they are excluded from this document.

iii) Show Cave/ Show Mine Guides and other Persons - employees of a Show Cave or Mine
Owner, who either guide and assist visiting membétke public or perform other dutiestime
Show Cave or Mine. As these persons will be bddfe the Radiological Protection Advisor
appointed by their employer, they are excluded ftbisidocument.

iv) Employersand Self-employed - those who employ the people listed above, ase¢hwho are
self-employed.

v) Minersand Mine Operators - these are specifically excluded from this docotaes they have
well-understood legal obligations.

3. ThePublic

Members of the public are all those people notéefiabove and who are not a member of a body
affiliated to BCA. These are specifically excludeain this document.

2.4 OWNERS OF UNDERGROUND VOIDSAND L AND

Owners may be individuals, incorporated and unipemated bodies, lessees, licensees or other
associations within this definition. There are tlistinct types of owners. The first is concerned
with the underground void, whilst the second isaayned with the land surface. Clearly they are
not mutually exclusive, but often are in practidéhe key feature of either type is that they hdnee t
legal right to control access either within the ergtound void or across the land surface up to the
entrance of the underground void. The term "Owmeéll"be used to include all other alternatives
who may hold the legal right of access. Whilst evehip of a working mine is known, ownership of
a natural cave or abandoned mine is commonly eair @nd could reside with the owner of either
the mineral rights or the land surface. There ageobips:

1. Private Void Owners - owners of a natural cave or abandoned mineharatnderground void
or part thereof, which does not form part of thenewis business (e.g. an owner of a private estate).

2. Private Land Owners - owners who have control of access of the lamthsa that is not part of
the owner's business, exclusive of their legali@iahip to the underground void (e.g. a
householder)

3. Business Ownersof voids - owners of a natural cave or mine (working orradzmed) or other
underground void, or part thereof, which forms pditiheir business (e.g. Show Caves and Mines).

4. BusinessLand Owners - owners who have control of access of the lamthsa as part of their
business, exclusive of their legal relationshighe underground void (e.g. a farmer).

5. Mine Managers — these are appointed under The Management andnfsdration of Safety and
Health at Mines Regulations (1993). Mine Manageessaecifically excluded from this document
as they have well-understood legal obligations.



3. LEGISLATION

Deciding precisely where civil and/or criminal liety may lie and what duty of care is owed by one
party to another in the matter of entering and evpg underground voids on private land can be a
complex legal matter. Almost invariably, advicelwliépend on all ofhe facts of the case, including
specific actions and knowledge together with exgstase law. BCA understands that Health and
Safety Executive policy is that health and safetydlation should not be used to cut across the
freedom of individuals who voluntarily take riskstside their working environment. The following
should be read with these points in mind. Thoselued may also wish to check the extent of their
public-liability insurance cover.

3.1 DutyY oF CARE

In England and Wales the Occupiers’ Liability A¢957) and (1984) impose a duty of care on
owners/occupiers towards their visitors (who magide children) and all persons who might
happen to come onto their land (whether strictiyyptted, invited or trespassers). Similar

legislation exists in Scotland - the Occupiers’dilidy (Scotland) Act (1960) - and in Northern

Ireland - the Occupiers' Liability Act (Northerreland) (1957) and the Occupiers' Liability

(Northern Ireland) Order (1987). The duty is teene the land and premises are reasonably safe for
all such persons. For example, farmers shouldgtes to protect visitors from hazards which they,
the visitor, might not reasonably be expected tedee.

Over recent years case law that has been pursdadasthe Law Lords (now known as the
Supreme Court) has considerably altered this stiuathere it is clear that such visitors who know
and willingly accept the risks associated with goamto land and into caves and mines for their
particular recreational or educational purposedaagely excepted. This is a recognition of the
common-law principlezolenti non fit injuria(a willing person cannot claim for injuyy It follows

that cavers injured underground are not likelyuocged in a claim that they did not knowingly and
willingly accept the risks.

Owners may feel more protected through the erectiaigns, such d€aves are dangerous
places. Persons entering must accept risk of ynfurharm to themselves or other®ut today
these are largely irrelevant and carry little olegal effect.

3.2 THE WORK SITUATION

The Health & Safety at Work etc. (HSW) Act (19748qes duties on employers and the self-
employed to ensure, so far as is reasonably pedidicthe safety of employees and other people
who may be put at risk from their work activitie®é Sections 2 and 3). The HSW Act applies in
any place made available or used as a place of amkhence can include underground voids. The
IRRs (1999) were created under the HSW Act andltayn criteria for protecting employees and
other persons against ionising radiation arisiognflor affecting any work activity (see Annex A).

A key feature of the IRRs is that they apply to ammyk activity undertaken in an atmosphere
containing radon above a threshold value of 400rBq As underground voids have been shown to
contain radon above this threshold (Table 1), RRRd apply to the activities of professional cavers,
their employers, members of parties they instrué¢@d underground, and any other persons who
may be affected by these activities.

Any person controlling access to an underground roconnection with a trade, business or other
work undertaking there has a duty (Section 4) ke such measures as it is reasonable for that



person to take to ensure, so far as is reasonadtyigable, that the work place (i.e. the undergcou
void) is safe and without risks to health. In tbostext the HSW Act and thus the IRRs apply to
persons controlling access to Show Caves and Matdsast insofar as access to that part of the
underground void which is defined as the Show Gavdine is concerned.

Persons employing professional instructors or lesaded/or in charge of activity centres etc. have a
duty to take account of such risks to health afetgéom exposure to radon. Consequently, they
may also be deemed to control access to a voidisedhey have the authority to regulate, restrict

or deny entry to underground voids for their empkxyand their instructed parties and because they
are more likely to have relevant information withieh to make a decision as to whether a void will
be entered. Such persons will therefore also tpained to comply with the requirements of the

HSW Act and thus the IRRs.

The extent to which the HSW Act affects Land Ownsugh as farmers, who make a charge for
access across land that affords visitors entrynttetground voids (which the Land Owner may or
may not own) will depend on how far the void forpast of the Land Owner's business. There are
cases where the underground void does not formopéne Land Owner's business or, where the
Land Owner cannot reasonably be expected to knbtheahazards present in the void, or to be able
to distinguish between visitors engaged in condigca business within the void and those not so
engaged. In such cases, control of access totmeedquirements of the HSW Act and the IRRs in
reducing risks, especially exposure to radon, neagidemed to lie with whoever uses the void as a
place of work. In the absence of a work situatathin the void, neither the HSW Act nor the IRRs
will apply. However, this does not remove the Uiy of care regarding foreseeable injury to an
unsuspecting party.

3.3 ABANDONED MINES

The Mines and Quarries Act (1954) requires entramcenines that are no longer being worked,
especially ones close to a highway or place ofipubbkort, to be fitted with an efficient and

properly maintained barrier. This requirement aggphegardless of any measured radon levels or the
use of the mine for any other type of work undarigkBeing an abandoned mine, there will not be
an appointed Mine Manager arad, with other voids, control of access to meetrdiggirements of

the HSW Act and the IRRs will lie with whoever uslee abandoned mine as a place of work.
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4. GUIDELINESFOR MINIMISING EXPOSURE TO RADON

These Guidelines are designed to assist orgamsagiod individuals concerned with or engaged in
underground activities, to adopt practices thak @hance awareness of the problems of controlling
exposure to radon and its daughter products.

They are in addition tthe normal codes of practice for conducting paniegerground prepared by
BCA through its various Standing Committees and pl®vide a framework to which the Cave
Instructor Certificate and Local Cave and Mine Lexatiip Assessment Scheme can refer.

These Guidelines do not apply to underground vaigisre radon concentrations are abnormally

high, such as certain metalliferous mines. In quabhes where only respiratory protection might
provide adequate protection from radon, specifid@must be sought from a competent person
before entering them.

These Guidelines also take account of the factahgtealth risks arising from exposure to radon
are cumulative and so any unnecessary exposuréddbeavoided. Kendal & Dixon (1997) of the
HPA have proposed for recreational caving a tintegrated dose limit of £Bq mi* h per year.

4.1 RECREATIONAL USERS

1. Caversand MineExplorers

Cavers and Mine Explorers should use the informadiailable to plan trips that will minimise their
exposure to radon and avoid, wherever possibleydakhers into underground voids with high
concentrations. Individuals who spend hundredwoofs per year underground, should seriously
consider carrying a dosemeter. An alternative Jdsg effective way of estimating exposure is to
use available data on radon concentrations ineigswisited to obtain an approximate cumulative
figure. They should comply with any rules thatad or void owner imposes as a condition of entry
to an underground void. Such rules could be nebgiddde owner to protect his/her legal interests
which may or may not contain references to radon.

2. Voluntary Group Leaders

Voluntary Group Leaders are not covered by the H&\but have a common-law duty to members
of their party. As part of their leadership fulctj they should advise members of their party about
the hazard of radon and give them the best availaibrmation about the levels of risk associated
with the proposed trip. If underground voids knosvrsuspected to have high concentrations of
radon are avoided, it should be sufficient to aeltie party that radon is present, but the antiega
levels are such that the estimated risk is nobbptoportion to other risks. The party shouldals

be made aware of the cumulative risk. The Lealdeulsl ensure that the party complies with any
rules made by the Land or Void Owner (see above).

3. Membersof Instructed or Led Parties

Professional instructors or leaders have dutiegutice HSW Act to ensure that members of their
parties are provided with adequate informatiornrutdion and supervision. The principal measure
to minimise exposure will often be the choice dfedale underground voids or parts of an
underground void. Any member of such a party shéallow the instructor or leader’s instructions
relating to the parts of the void to be visitedthAugh voluntary group leaders are not covered by
the HSW Act they have a common-law duty to membéthkeir party.

11



4.2 PROFESSIONAL USERS

1. Employers

Employers are required to comply with the HSW Amd ¢he IRRs (see Annex A). Annex B
outlines a monitoring scheme based on one developea Education Authority in responding to
the duties laid upon it.

2. Professional Instructorsor Leaders

Professional instructors or leaders have legakduinder the IRRs. In the first instance they khou
either, if self-employed, consult a suitable Radiafrotection Advisor (RPA), or if employed, be
briefed by the RPA or Radiological Protection SwsaEr appointed by their employer. Annex B
outlines a monitoring scheme based on one developede Education Authority in responding to
the duties laid upon it. In addition, professiomeitructors or leaders should comply with any
conditions for entry to the underground void ttreg Land or Void Owner consider necessary to
protect his/her legal interest, including any dsiti@der Section 4 of the HSW Act.

3. Research Scientists

The work of research scientists is potentially aoable that it is not practical to give specific
guidance, other than that the advice of an RPAlv@lheeded. Comments on the HSW Act will
apply according to whether you are an employeelbresnployed.

In addition, research scientists should also comtlly any conditions for entry to the underground
void that the Land or Void Owner considers necgsaprotect his/her legal interest, including any
duties under Section 4 of the HSW Act.

4.3 OWNERS

1. PrivateVoid Owners

Private void ownerbave no duties under either the HaSW Act or thesIB&ause they are not
engaged in a business. Providing an adequateragrdischarge any duties under the Occupiers’
Liability Acts. However, if they "own" a mine, e entrance(s) to one, they have a duty under the
Mines and Quarries Act to maintain the entranceg¢slre so as to prevent a person from
accidentally entering.

2. Private Land Owners

Private land owners have no duties under eitheHH®\W Act or the IRRs because they are not
engaged in a business. If they have a mine erdrancheir land, they may have a duty under the
Mines and Quarries Act to maintain the entranceg¢slre so as to prevent a person from
accidentally entering.

3. BusinessVoid Owners

Most business void owners are Show Cave or MineeosvnThey have duties under both the HaSW
Act and the IRRs because of the foreseeable presd#madon, at least insofar as access to that part
of the underground void which is defined as thevisliave or Mine is concerned. They should have
already appointed an RPA (see Annex A). Othemass void owners should determine the extent
to which the IRRs apply and hence whether they a@elPA. The RPA should provide advice
covering all types of persons who may enter thd.véiroviding an adequate sign may discharge any
duties under the Occupiers’ Liability Acts. Howeuéthey "own" a mine, they have a duty under
the Mines and Quarries Act to maintain the entrés)cgecure so as to prevent a person from
accidentally entering.
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4. BusinessLand Owners

Although they have duties under Section 4 of th&WaAct to persons at work entering an
underground void through an entrance on their |dmeke duties are limited to taking such measures
as are reasonable. The principal duty to comptiy thie IRRs lies with the employer of those
persons (or self-employed person) who are entéh@ygoid and who should have taken advice from
their RPA.

Duties in respect of the radon hazard are unlit@xtend beyond providing any relevant
information to the employer. This duty is one of\pding such information that they hold on the
hazard from radon to the person who seeks thatnzton.

13
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ANNEX A - SUMMARY OF DUTIESUNDER THE IONISING RADIATIONS
REGULATIONS

The IRRs (1999) place a number of duties upon eyaptoand the self-employed in respect of
ionising radiation. As underground voids have bg®mwn to contain radon, the regulations will
almost certainly apply to the activities of professil cavers and their employers. Employers must
be familiar with their duties under the IRRs. Brgcular they should:

* consult a suitable Radiation Protection Advisor AiR®ho is competent to provide advice on
underground radon exposure and can advise on tiegioints below;

» write Local Rules, setting out the general prinegphnd description of the means for
complying with the IRRs;

» suitably train and appoint a Radiological Protett8upervisor to ensure that Local Rules are
followed;

» consider whether voids under their control shoddlbsignated as Controlled Areas;

» assess whether any staff should be Classified Wed®d make suitable arrangements for any
who are (e.g. personal dosemeters from an appidogdetry service);

» keep records of staff exposures required by tisIRAnnex B gives an example of a
monitoring scheme devised by an Education Authprity

* ensure that staff understand the risks of expasuradon and the relevant legal requirements,
including the need to minimise exposure;

» provide any necessary information, instruction &xading;

» take reasonably practicable measures to obtainnnatoon on radon concentrations in the
voids to be visited,

» ensure that trips are planned so as to minimisexpesure to individual employees and
members of parties under their control. This maylbne by selecting voids likely to have
lower radon concentrations and by rotating staffeduso that particular individuals do not
receive unnecessary cumulative exposures.

The identification of a suitable RPA would bestaohieved by identifying those who have already
been consulted within the region. The RPA willdide to advise on an approved dosimetry service.
The foremost body for such matters is the Healttdetion Agency.

Choosing suitable voids for led parties involvasianber of considerations, such as matching the
degree of difficulty to the experience of the par§nowledge of radon concentrations is one such
consideration. However, there may be occasionswaheid with higher than average radon
concentrations has particular features that wotlidravise make it the best option for a particular
party or activity. In this case the estimated fiskn radon exposure should be taken into account i
the overall risk assessment for the activity. llnnstances of rationalisation of the number ¢ési
used, the suitability and availability of the sieist be given due consideration. This will include
conservation and access matters because mordmfteadon sites are used, the greater the
environmental impact on that site. Increased @igaxicular sites could also lead to problems with
landowners over access.

One of the key duties placed upon employers byRIRs is to restrict, as far as is reasonably
practicable, the exposure of employees and othEns can be done in a number of ways, for
example:

* reducing the duration of exposure;

« choosing times when radon levels may be lower, sschinter;

* avoiding areas known or suspected to have highesdrations of radon, e.g. particular caves
or parts of caves;
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» reducing the concentration of radon in the void seyeral Show Cave owners have installed
fans to reduce concentrations as part of their noreago comply with the regulations.

Employers, activity centre heads etc. should candite overall package of measures they may need
to reduce individual exposures. This might includeng primarily "low-radon" caves and rotating
professional instructors' or leaders’ duties iffirgdon caves are to be visited.
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ANNEX B - MONITORING RADON EXPOSURE: GUIDANCE TO EMPLOYERSAND
SELF-EMPLOYED INSTRUCTORS OR LEADERS

Employers and self-employed instructors or leadezgeminded that they have specific legal duties
and these must be followed. A description of tleeknundertaken for one such scheme has been
published by Langridge et al (2010Jhe following steps are suggested in establishihigt@ry of
radiation-dose monitoring such that a person/cdrdseknowledge of the radon exposure in any of
the underground voids that are used. The precsetaring regime will be dependent upon
activities and will be established in consultatwith a Radiological Protection Adviser - see 2
below. Because of the variability of radon concatidns it is recommended that the monitoring of
an underground void should take place for as lotiga as possible.

1. All underground voids that have been previouslydusgould be assessed regarding what they
each have to offer. Additionally, each undergrouad should be assessed in terms of how the
total number of voids can, at least initially, la¢ionalised. Those voids that have good natural
ventilation should figure at this stage as theylikedy to have the lowest radon concentrations.
This will limit the overall costs of the monitoripggocedures. At this assessment stage it is most
important that very careful consideration of theservation aspects and access problems be
undertaken.

2. A monitoring scheme should be set up in consultatith a Radiological Protection Adviser
competent in these matters. It may be that sommi@daouncils have such a designated officer.
Otherwise it may mean going to other bodies, f@amegle the Health Protection Agency.

3. As long a period of monitoring as is possible afleaf the proposed underground voids should
be initiated. In any one underground void, momitsinould be placed in several locations along
projected trip routes and replaced every timeaths for at least a year and ideally as longrenge

as possible. This would enable a meaningful bddiata to be gathered for each underground void
used that potentially represents the changes thrdiffgrent seasons and in different atmospheric
conditions.

4. Underground, void-specific monitors might be all@chto be taken down on each trip, thus
giving a relative reading for the total numberrgis when compared with those left permanently
underground.

5. Personal dosemeters should be carried by theistafived in underground duties during this
initial monitoring period. This allows a body cditd to be accumulated for the habits of individuals
This may allow the identification of trips with l@wvradon exposure, for example.

6. When not in use all monitors should be kept initable (low-radon) store with its own monitor,
which thus gives the background radiation level.

7. All underground trips to each void must be loggedpfersonnel, duration and the passages
visited. A record of all this information should maintained allowing the calculation of individual
doses per year and providing an accumulating dagabBthe changes that might be expected within
the various underground voids.

There may be many different outcomes from such aitmang scheme. It will hopefully identify
suitable underground voids, or possibly parts eds/othat should not be visited at particular times
of the year. This means that there will need ta ldetailed record of suitable underground voids,
along with when they can be used.

This type of information will at least demonstrétat exposure to radon is being limited as much as
possible. It will also mean that staff will hawelie familiar with this extra detail i.e. some foomn
leadership scheme will be required.
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