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Introduction

« Radiological Protection Institute of Ireland (RPII)

Responsible for the regulation and advice for the safe use of ionising
radiation (artificial and natural)

RPIl deals with all aspects of ionising radiation — practices and work
activities

Large industries dealing with NORM are usually also licensed and
regulated by Environmental Protection Agency (Integrated Pollution
control licence) - discharges are controlled from environmental
point of view, not from radiological point of view
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Introduction

« Exposure to natural radiation sources :

— covered in Part 6 of S.I. No. 125 of 2000 (Title VII of
96/29/EURATOM)

— applies to work activities involving natural radiation sources
which could result in an effective dose to workers or members of
the public in excess of 1 mSv in any 12 months (radon dealt
separately — Reference Level 400 Bg/m? over 3 month period

* RPII's responsibilities under S.I. 125 of 2000 for NORM

— Identify work activities which may be of concern

— implement regulations in work activities giving rise to doses
greater than 1 mSv/y
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Introduction

« Which work activities (identification) ?

— those involving operations with AND storage of materials not
usually regarded as radioactive but which contain naturally
occurring radionuclides, causing a significant increase in
exposure of workers and public...(mineral ores)

— those which lead to the production of residues not usually
regarded as .... (by-products, residues, waste)

e Criteria :

— recognised radiological hazards (EU Guidance Documents RP
88, 107 and 95, 122 Part 2...)

.. | Radiological Protection Institute of Ireland

An Institioid Eireannach um Chosaint Raideolaioch




Introduction

 Irish NORM industries which could potentially
lead to enhanced exposure to natural sources of
radiation and investigated so far :

— peat-fired power generation
— coal-fired generation

— natural gas extraction

— bauxite processing
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Peat-fired power generation — industrial
process
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Peat-fired power generation — Issues
investigated

« Occupational radiological hazards investigated :

— Handling of peat flyash (activity enhancement due to
volume reduction into ash 5%) and disposal (large
volumes) — external y dose rates

— Peat flyash NOT CURRENTLY re-used or recycled
but could in the future — external y dose rate + radon
exhalation

— Dusty environment - inhalation
— Radon
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Peat-fired power generation — Materials &
methods

1. Wet ash pond : 1 GDR
2. Effluent from ash pond : 2 samples

3. Bunker : 2 peat samples, 2 Rn and 2
GDR

4. Boilers : 2 GDR and 2 Rn

5. Offices and workshops : 2 Rn

6. Dry ash pile : 2 GDR and 4 bottom ash
samples

7. Ely ash : 2 samples

8. Tippler : 1 peat samples, 1 Rn and 1
GDR

9. Incoming peat : 2 samples
10. Control site (Shannonbridge church)

Ri H outside the plant perimeter : 1 GDR
IVer 11. Stack
Shannon

GDR = Gamma Dose Rate
Rn = radon in air measurement

Peat and peat ash fluxes through the process
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Peat-fired power generation - Summary
results

Based on characteristics of each work activity at the plant
Radiological Protection Institute of Ireland Assuming outdoor radon concentration of 10 Bg/m3 and F factor 0.8
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Peat-fired power generation - Summary results

External y radiation
- Radon inhalation

Peat dust inhalatio
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Peat-fired power generation -

Conclusions
- Total annual effective dose likely to be received
by a worker involved in processing and handling
of peat and peat ash at Shannonbridge is
around 150 uSv, therefore does not exceed the
Irish regulatory limit

Investigated pathways : peat dust inhalation in

bunker (no PPE), radon inhalation, exposure to
direct y radiation

Potential use of peat fly ash by building industry
(concrete additive) : negligible radiological
impact for construction workers or members of
public (less than 300 uSv)
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Coal-fired power generation

« Similar industrial process to peat (combustion)

Smith et al. (2001) : radiological impact of
industry on UK population is low except for the
use of coal ash in building materials and
potential occurrence of enhanced 2'°Pb in boiler
scales (Netherlands experience)
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Coal-fired power generation - Issues
investigated

 Handling and re-use of coal flyash by the
building industry (cement and concrete)

210Pb enriched scales deposited in low-NO,
boiler type ; could be issue for maintenance

workers and disposal if large quantities

Radiological impact from atmospheric
releases (NEB-ESB study 1986-1990)

Disposal procedures
Discharge of effluent from ash pona
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Coal-fired power generation - Materials
and methods

« v spectrometry analysis of samples : coal,
coal ash, cement, concrete, effluent, boliler
residues (TCD and RPII)

« Radon measurements (outdoor / indoor)
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Coal-fired power generation - Summary
r

esults

Significance and extent of external y doses and radon arising from building materials
(cement/concrete) containing coal ash : negligible

Boiller scales enriched in #1°Pb : ruled out due to type of boiler (changed in 2008) and
coa

210Ppb : min. 55+7, max. 366+4, mean 160+10 Bqg/kg, well below IAEA indicative
value of 1 Bg/g which may be used for exclusion (IAEA, 2004) and indicative of dose
< 300 uSvly

Radon in air : extensive survey - Outdoor radon concentrations all < 40 Bg/m3 ;
Indoor radon concentrations all < 80 Bg/m?3 - max annual effective dose = 286 uSv

ESP : retention efficiency 99.5% ; maintenance during overhauls (every one or two
years) or when required ; waste from ESP = PFA - fly ash stream

Ash transport : fly ash sold to cement industry is pneumatically transferred dry into
silos prior to being transported by road into sealed tankers to the cement plant ;
remaining fly ash is conditioned with water and transported by trucks to disposal site ;
bottom ash is hydraulically transferred into settling tanks (dewatering) and transferred
by trucks to disposal site (kept separate from fly ash) ; 10-15 truck rotations per day
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Coal-fired power generation - Summary
results

 Offsite radiological impact of Moneypoint's operations: no significant dose
exposure arising from atmospheric emissions

— Max. annual average ground level concentration in the atmosphere = 223 x 10-°
Bg/m3, 184 x 10° Bg/m3 and 4.9 x 10 Bg/m? for total a, total p and 222Rn,

respectively
— Dose from radon = 0.05 nSv/y
— Plume inhalation dose for members of public = 0.02 uSv/y

« Effluent, run-off from landfill: all radionuclides analysed below detection limit
(except for K-40) ; no analysis of groundwater (boreholes into ash disposal

site)

« no waste water ; CaSO, will be landfilled on site (120 x 103 t/y produced)
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Natural gas extraction - Issues
investigated

« Radiological issues in routine operation
— Radon levels in gas stream : radiation dose to domestic gas users

— Radon progeny plated inside equipment : external y radiation dose in
vicinity of equipment (unlikely, shielding effect)

Radiological issues during cleaning / maintenance operation
— Radon long-lived decay products plated inside equipment = “invisible

scale” potential hazard If airborne or ingested (+ disposal)

— Scales, sludges, condensates accumulated in tanks, separators :
Qzasndling, transport, discharge and/or disposal (?26Ra, 228Ra, 219Pb,
Th)

— Filter assemblies (removing 22°Rn decay products) or other disused
equipment : handling and disposal

— Discharges of produced water into the environment (becomes an issue
toward end of field’s life) : 226Ra and %28Ra, 2'9Pb

Bjornstad and Ramsoy (1999) Proceed. 10 International
~ | Radiological Protection Institute of Ireland Oil Field Chemicals Symposium, Norwegian Society of
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Natural gas extraction - Materials and
methods '
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Natural gas extraction - Summary

.r q(:?dtoln cc%centrations In gas stream : 2 years monitoring (Sept. 2003 to
ct. 2005

— Grab sampling technique - 12 measurements = 643 Bg/m3 (116 to 918 Bg/m?)

Radon not an issue for workers as they are never in direct contact with the
gas
Dixon (2001) — UK : dose to domestic gas user and commercial user

estimated 4 uSv and few tens tﬁSv respectlvely, for typical rate usage and
200 Bg/m3 (exemptlon order in UK for 5 Bqg/Q)

- Dose to Irish end-user gas consumers is approx. 8 uSv
- To reach 1 mSv/y dose limit, need 50,000 Bg/m3 of radon in gas stream

No scale : very “clean gas” (methane >94%) so no other processing than
dehydration

Sludge : sampled in 2 offshore separators ; activity concentrations well
below IAEA indicative value of 1 Bg/g which may be used for exclusion
(IAEA, 2004) - desludging operations not liable to give rise to annual
effective dose in excess of 1mSv

. |Radiological Protection Institute of Ireland Dixon (2001) Rad. Prot. Dosimetry 97(3), 259-264
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Natural gas extraction - Summary
results

Vessel maintenance (once every 4 years) : pressurized water
flushed into vessels, vessels drained, sludge left at bottom,
transferred into bags/drums brought onshore

Sludge sent ashore for disposal : 4 x 20 litres bags, half full > 60 kg
in 2003 ; liquid part thrown into drainage system ; solid part sent for
deep burial into landfill (compacted waste).

Produced water discharges : 1,830 m3in 2003 ; 1,287 m?3 in 2004

Since 2004, requirement to report all discharges from Non Nuclear
Industries into OSPAR region

External y radiation and surface contamination measurements :
carried out offshore on production equipment during maintenance
shlutdown and found indistinguishable from natural background
values

External y radiation from disused equipment stored onshore : no
NORM contamination was identified (all measurements at natural
background levels
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Bauxite processing (alumina production)

Aughinish Alumina Ltd. - largest refinery of this type in
Fulropde)— located in the Shannon estuary (West coast of
relan

90-95% of bauxite imported from Republic of Guinea

9,000 tonnes/day processed gqiving 4,000 tonnes
alumina, 2,000 tonnes red mud, heat, water effluent,
water vapour

Potential hazards :
— Bulk storage of bauxite : external radiation exposure
— Bauxite ground to fine powder : dust inhalation

— Chemical and thermal process (Bayer process) : residues such
as scales — maintenance and disposal

— Red disposal area (regulated under Landfill Directive) : effluents

naumggiﬁﬁﬁmmrWﬂqgﬂliﬂﬁ‘rm%posure (U/Th series in red mud twice
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Bauxite processing - Summary

results
 Complete dose assessment (workers, members

of the public, in operational and post-closure
scenarios) carried out by an independent
consultant on behalf of the plant’s operator for
inclusion Iinto an Environmental Impact

Statement (EIS) submitted to the Local Authority

as part of planning application to extend the
BRDA

RPIl reviewed conclusions of assessment by
KIng Iinto account measurements of y dose
rates, radioactivity levels in samples of scale,
e, sand and.water
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Bauxite processing - Summary
results

Red mud is disposed off in the 100 ha Bauxite Residue
Disposal Area (BDRA) — 31 m high

Maximum  activity concentrations measured In
residues/wastes (red mud, red sand, scale deposits in
digesters) = 400 to 500 Bg/kg Th-232 series, 150 to 250

Bg/kg U-238 series

Ambient y dose rates measured on the BRDA : ranged
from 100 to 500 nSv/h (background at a nearby
monitoring station was 85-90 nSv/h)

Conclusion : doses to workers involved in bauxite
processing work activities could be of the order of 485
uSv per year
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CONCLUSIONS

* None of the NORM industries investigated
fall under the scope of S.I. 125 of 2000

* Implementation of regulations not required

compared to other countries this is a very
positive or fortunate outcome
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Thank you for your attention

A full report of these NORM investigations
in lreland is contained in Radiological
assessment of NORM industries in
Ireland. Catherine Organo and David
Fenton. www.rpii.ie
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