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Slovenia and karst terrain

A Left: known caves
A Right: terrain type, regarding permeability
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Meaurements of radon in Slovenia

A Sy stem ati C researc h Karta radonskega potenciala v tleh v Sloveniji
izdelana na podlagi meritev leta 2006 in 2007
for some 20 years

A Shown: ground radon
potential

A Detailed surveys of
Indoor radon in
schools and
kindergartens
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Buildings

A Building stock
I Approx. 600.000 buildings, 500.000 single houses
I Age varies
I Building type 1 typical for Central Europe
A Influencing building parameters:
I Increase of tightness,
I Increase of indoor temperature
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Typical building stock
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Mitigation

A Serious mitigation for 20 years

A Sources
I Karst terrain
I High U content in soill
I Fly ash
A Based on EPA guidelines
A Readon prevention i new build: (only) 3 cases
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Current changes in buildings

A Energy efficiency measures cause
I Tighter envelopes
I Controlled ventilation / over- or underpressure

A Genaral situation
I Lower awareness of risks generally (radon, earthquake, flood) or
I Denial of rosk

I Mobility and real estate prices push buildings on riskier areas
(e.g. South of Ljubljana)
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Cases
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Radon source per case

Karta radonskega potenciala v tleh v Sloveniji
izdelana na podlagi meritev leta 2006 in 2007
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Cases | general workflow applied

A Blueprints analyses

A Studying Rn measurements

A Interview employees and locals
A Measurements and assessment
A Design a strategy

A Apply a pilot system

A Evaluate effect

A Correct if neccesary

A Finalize the system
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Listening to the employees

A Different sources (older
users, maintenance
personell, historic
sources)

I Ussually more reliable than
old blueprints!

A Local information
I Materials
I Debree use
I Geological data
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Knowing what you are dealing with

A Ussually needed
Intervention
I Opening the structure
I Water barrier?

A Often found critical:
knowledge 1 details on
shafts
I Unexpected difficulties (e.g.

Sealed access)

A Important: detailed
Inspection to minimize
Intrusion
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Detalls
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Evaluating planned strategy

A Permeability measurements
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Difficulties

A Sometimes no pressure communication is found
I Very tight or very loose structure

Friderik Knez | Radon protection conference , 2. -3. september 2013



Evaluation of building tightness

A Crucial in air pressurization systems

A May predict effects of energy
refurbishment
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Different strategies considered

A Local underpressure
I SSD (-f8sab depr ebafteni s ¢}
used in Slovenia |
I SMD (4dnewmlbr ane depriesit
very seldom used in Slovenia, results not so | |

good

I DTD (ndidridierdo depriemeeu
used in Slovenia as is originally designed
I Drain / shaft system i used if posible,
results are good
A Overpressurization

I Considered in latest case (not presented)
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Systems execution | different
variations

%) |
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Critical in execution (found)

A Fan selection

A Controll absence

A Change of piping material
A Caulking material
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Mitigation principle used In selected
cases

WOODEN FLOOR

FLY ASH
//SOL

FLOCR

THIN AIR LAYER ‘
//’SOL |
|
.j_.

2N
DR

NN
DL

. www.zag.si

THIN AIR LAYER|
//’SOL

WOODEN FLOOR

COLLECTING PI PE—‘

/FILLED VoID

|

LOOR

FLOOR

THIN AIR LAYER
//;’SOL

N
S
ook

Friderik Knez | Radon protection conference , 2. -3. september 2013



Results of mitigation

# | Building Basic building Radon source Cruinitial Crn.inter Cramit Mitig. Mitig. principle
description [Bg/m3] [Bg/m3] [Bg/m3] [year]

Wooden floor, fly-ash in Fly ash in the Over 1.000 less than _ 1997 SSD

S Jan] e the structure. floor structure 400

Wooden floor, beneath
large void (estimated 1,5 Soil >1.000 200-850 - 1997 New floor, SSD
m3/m? floor)

Lokev pri
Segani

Concrete floor, long shaft Soil, radon Ventilation of
< Dolenjavas network (piping, sewage) distributed by 600-4.150 100-3.165 <100 - 500 1997 shafts + SSD
shafts (part)
Prevole Concrete, inaccessible Soil 3.200 Not yet ) 2012 sSsD
walls avail.
Concrete floor on ground,
< Muljava under floor suspected Solil 4.000 380 = 2011 SSD
mixed debris
Concrete (?), stone walls,
Vavta vas under floor suspected soll 1.750 340 169 2013 SSD, sealing
debris
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Janl e

A Radon source is fly
ash in void

A Minigation: removal of
fly-ash and ventilation
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Lokev pr |

A Large void in structure

A Floor reconstructed -
I Drainage system 5000 |
introduced e

A Ventilation in chimney ¢

£3000 -
A First operation °
successful, but fan
failure due to poor fan
selection

A Secon operation very
successful (Cg, < 200
B q / m 3) Datum in Cas meritve

2008 -

L=

1000

<
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Case Dolenja Vas (1997)

A Initial: 600 - 4000 Bgm'3

A Final: 100 i 500 Bgm™
A First mitigation: shaft L
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Dolenja vas
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Case Dolenja vas (revisited)

=
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Dolenja vas - revisited

A Mitigation successful when commissioned

A Some modifications done afterwards (facade i
air feed-in due to lack of understanding)

A New floor in library
I Problems with sealed floor (seen very soon)

A Effect of modifications on mitigation system not
known

A Change of personell dilutes instructions passed
at set-up

. WWW.zag.si Friderik Knez | Radon protection conference , 2. -3. september 2013




\ 4

Di vala (Al mpossi bl e

A Railway controll room
A Radon entering via large floor opening

A Opening connected to underground signalization
system

I No modification allowed due to safety reasons

iUnderground Acol |l eéhoorfi ab
ventilation or overpressure Is possible
A Solution:

I Instant: iIncreased natural ventilation

I Discussed (but not realized): mechanical ventilation
with overpressure scheme
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Ri bnica (Al mpossi bl

A School exhibits high concentrations

A Analyzing blueprints following is found
I The building lies on 140 cm thick concrete
I Reason: pit beneath, leading into minor karst cave

A Exploring the possibilities it becomes clear:
I No SSD possible due to very high volume to be vetilated
I No overpressure possible due to central position of rooms
In question
I Sealing virtually impossible in technical rooms due to
Installations

A Solution:
I Limited access and use of rooms
I Exploring possibilities for ventilation via shafts
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Ribnica
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Case Muljava (2010-2011)

R
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Case Muljava
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Muljava i sum up

A Concentration
i Before 4000 Bgm-3
I After 380 Bgm

A The system in crucial points as designed

A Alterations in material selection
I Increased drag
I Possible issues on durability / condensation

A No monitoring has been installed to monitor pressure
I Risk of unnoticed failure

A Results of contol measurements OK
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Prevole (2011-2012)

2.2.1955 - 2.2.2005

50 Iet

Pouka v tej z¢radpi :

; 0S Prevole
l Obéina ZuZemberg
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Prevole - analyses
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Prevole
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