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 Why we register facilities such as this
* The regulatory framework

* What is radiation and NORM

* Monitoring of radiation

* Principals of protection

* Controls onsite

* Risk Perspective



Why are we registered under regulations?

* Residue from pigment production * Residue disposal into lined cells

 Residue contains some low level
natural radioactive materials
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LEGISLATION & COMPLIANCE

The Regulatory Framework



International guidance - provided by three major bodies:

The United Nations Scientific Committee on the
Effects of Atomic Radiation

Committee established by the United Nations on 3 December 1955.
They study the effects of exposure to ionising radiation, following
international incidents and documented exposures to various
individuals and workers.

International Commission on Radiological Protection

The commission was established in 1928 to provide guidance on
radiological principles.

INTERNATIONAL COMMISSION ON They develop recommendations and standards for international

RADIOLOGICAL PROTECTION radiation protection.
y \!’ International Atomic Energy Agency
4\{ Yy I A E A The IAEA is the international forum for radiological safety.
N
"Ll..-?-q.... International Atomic Energy Agency They produce guidelines and technical reports on radiological

Atoms for Peace and Development safety.



Federal guidance are provided by

Radiation Protection Series

Radiation Health Committee

== [Darpansa
I Radiation Protection
Radistion Protectson Serses No. 6
The Commonwealth Regulator R ST et i

Provides national leadership and promotes a uniform
regulatory framework.

Promote the use and implementation of international
standards throughout Australia.

Works with state and territory regulators to promote
national uniformity in radiation protection through the

Radiation Health Committee (RHC)




State and Territory Regulators

Government of Western Australia

Radiological Council

WA Tasmania

@ Government of Western Australia
].' Department of Mines, Industry Regulation and Safety

Victoria Northern Territory

\ ACT
ACT i New South Wales

South Australia ﬂ Queensland
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Tasmanian
Government
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& NORTHERN
@ TERRITORY

GOVERNMENT

AU Queensland Government
Queensiand Health
Gewerrment
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Radiation Dose Limits

Occupational /

Designated
Radiation Workers #

A radiation worker
who has the potential
to exceed 1 mSvly.

Definition

Personal radiation
dose monitoring must
be performed.

Effective
Dose
Limits*

20 mSvly
20,000 pSvly

Single year
max dose

50 mSvly

Radiation Workers
(NOT designated)

A person who may

be exposed to
radiation arising

from their direct

involvement with
sources of radiation

in the course of their
work

1 mSvly

5 mSvly

Non-radiation
workers

Persons exposed to
radiation in their
workplace that do
not have direct
involvement with
radiation sources
during the course of
their work

1 mSvly

5 mSvly

Public

Persons exposed
to radiation from a
workplace in
which they are not
working.

1 mSvly
1,000 uSvly

5 mSvly



» What Is radiation and radioactivity?




What is lonising Radiation?
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Annual Radiation Dose in Australia

Background exposure
Medical treatments

* X-rays

* Radioisotopes
Radioactive fall out

* Nuclear weapons testing

® Cosmic (0.3 mSv)

W Terrestrial (0.6 mSv)

® Radon and progeny (0.2 mSv)

® Potassium-40 in the body (0.2 mSv)

® Uranium/Thorium in the body (0.2 mSv)

» Atmospheric weapons testing (<0.005 mSv)
# Medical (1.7 mSv)

Figure 1: Average yearly radiation exposure in Australia

Australians are exposed to 1.5 mSv each year from natural sources™ (Does not
include Occupational exposures)



Annual Terrestrial Radiation Dose Worldwide

 Uranium, Thorium
and daughters in
earth

* Radon daughters
may settle in your
lungs

USA

0.40(0.88)

/

Guarapari (Brazil)
5.5(35)

Norway 0.63(10.5)
—

Denmark 0.33(0.45)
Japan 0.43(1.26)
Germany 0.48(3,8) (hing 0,54 (3.0) ===

India O. 48(9 6)

Yangjian (Chma)
3. 51 5. 4%

Kerala (India)
3.8(35)

Ramsar (lran)
10.2(260)

Figure adapted from Health Research Foundation, Kyoto, Japan



Annual Radiation Dose in WA
]

17.92 ppmth ‘” 3.945 ppmu -M
Va ri es 7.52 ppmth 1.236 ppmu
. 7.17 ppmth T 1.112 ppmu T W
* Coastal plains 653 0pmn | [ 00Rm 1 oomom| | 4 7
¢ 1 . 2 m SV 6.49 ppmth Boso 0.868 ppmu
° 1’200 HSV 0.00 ppmth 0.013 ppmu

e Kalamunda
* 3.5mSv
* 3,500 pSv

e Southwest
e 5.0 mSv
* 5,000 puSv

Thori Uranium
e https://www.intechopen.com/chapters/49620






What is NORM?

Naturally
Occurring
Radioactive
Material

All minerals contain some natural radioactivity
Some have above average concentrations eg:
* Uranium ore

* Mineral sands — zircon, monazite, ilmenite

* NORM scale, sands, sludge in petroleum facilities

»Th

1.41e+10

Actinides
L] Aikali Metals

Alkaline Earth Metals
Halogens

Metalloids

Noble Gases

Post Transition Metals
Transition Metals

Thorium

Actinium

Radium

Francium

Radon

Astatine

Polonium

Bismuth

Lead

Thallium



NORM in mining related industries
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Where does it come from?

Condensate
and porhcukm scolo Parficulate scale
Q and "Rn,
]
« NORM concentration in most l.’l oil
natural substances is low e

Rn,""*Pb,*"*Po plates tubular

* Becomes concentrated due to oy

extraction and processing of
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» Monitoring



Monitoring equipment

: PED or Badge worn by
NORM Monitor workers as required

RADEYE B2()

a By Survey Meter
10.000cps | 2mSw/h| 200mRem/h

Info
Menu ﬂ»

oL [ .\ =
&) S

UMIVERSITY
MEDICAL CENTER

luxel




Monitoring equipment

Survey instruments are used to measure immediate radiation levels

Gamma radiation monitoring
- PED monitors — this does not protect you from radiation
- Area monitors — establish background levels

Contamination monitoring
« GM pancake probe or similar
e Wipe tests



Personal Radiation Monitors
JEEEEEN

Passive badges Direct readout mOnitoring

TLD (thermo-luminescent dosimeter) Integrating personal electronic dosimeter
(PED)

" | UNIVERSITY b))
MEDICAL CENTER 4
©
uxel+
NDAUER



Other Monitoring Equipment

Dust Sampling

* Personal Dust sampling pump

Tubing should be
passed
underneath
clothes to avoid
interference

ample head to
be placed within
breathing zone

Radon monitoring

e Dust Pumps (different methods)
* RAD7 Monitor
* Electret (E-Perm) lon Chamber

& o
PR * o N ; 0 i
}x. PRS- N 2e FOERPERL 2

Baseline Measurements



» Principals of protection



Fundamental Principal

o ALARA

AS
Reasonably
Achievable

‘Reasonably’ means with economic and social factors
considered



Controlling External Hazards

Principles of Radiation Protection
TIME DISTANCE SHIELDING

x%@

Less time spent Creater the distance Behind shielding
near source: less from source: less from source: less
radiation received. radiation received. radiation received.

4




Controlling Internal Hazards

Inhalation exposure is reduced by minimising dust and
practicing good ventilation to avoid accumulation of radon gas

=
Regular wetting down of\

Use mask_ __ where neo&aryww
3 dusty areas. Do

'smoke in forbldden .

Wash hands before ‘
meals and ‘smoko’. B

Bon't smoke in
forbidden areas.

Courtesy of Radiation Workers Handbook



» Controls



The Hierarchy of Control

The purpose of control is to minimise exposure to workplace hazards

Top 4 — minimise likelihood

PPE — minimise the effect

Most

effective

ast

effective

Hierarchy of Controls

Physically remove
the hazard

Substitution E___|Replace
| the hazard

| El lg Jine U ir l Isolate people
@}w r L ' 1 from the hazard

Change the way
people work

Administrative
Controls

Source: US CDC

Protect the worker with
Personal Protective Equipment




Controls on the site

e Separation — remote location

* RMP sets out the requirements

* Engineered, lined Cells to contain —
leachate recovery

Closed system transfer

e Maintain wet residue — dust
suppression

e Restricted access to site
* Signage

* Monitoring confirms efficacy of
controls



Monitoring on the site

 Gamma — OSL, surveys of site boundary and cell walls
* Site BG 0.18 uSv/h (0.09 — 0.20)
* Cell boundary 0.16-0.19 pSv/h

* Dust — positional and deposition
* Gravitational slightly elevated
* Radioactivity results <mdl
* Why is that?
* Disposal of wet slurry, maintained wet

* Even when clay appears dry, can maintain 40-60% water

Radon/Thoron — passive monitors

* levels are typical for area

Radionuclides in slurry, residue, leachate

Radionuclides in water

Total levels
* Not measurable above normal BG outside site

* <0.6mSv for workers (based on conservative dust and Rn/Thn)



» Putting the risk In perspective




Relative risk

> Western Australia

> Lifetime cancer risk due to | |

being alive X
» 41.6%, or roughly 1in 2 Lifeime risk
o ® 501010.9%
» Road fatalities in WA . " 1100 16%%
17.010 22.9%
. : 23.0 t0 28.9%
» 1in 16,500 20010 34.9%
W 35.0t040.9%
B 4101t047.0%

» No measurable detriment below 100mSv (or 100,000 uSv)
> |If all workers at 0.6 mSv = 600 uSv

» 1in 33,000 excess cancer

» As public dose is negligible risk is also negligible



Relative Risk - NORM

Natural Sources

* Natural background radiation comes from
three main sources: cosmic, terrestrial and
radiation inside the body.

Artificial Sources

NDT & borehole logging Sources

Density, MPFM gauges

Baggage X-Rays

Radiotherapy treatments

Where we are working at

RADIATION IN DAILY LIFE

NATURAL RADIATION

MAN-MADE RADIATION

o

EFFECTIVE DOSE (mSv)

in downtown
Guarapari, Brazil

r ™ Unusually high natural
’ radiation dose

20

Annual dose limit
for radiation

$3 Average annual dose
ﬁ to aircrew flying

800 hours per year

mj Food/drinks —
- Radon gas
from ground

@ Cosmic Rays

i

i Buildings/Soil —

worker

10 &
Average effective dosage

2.4 from CT Scan . d

Annual
natural
background
radiation

'|.° e
Annual dose limit for

general public (except Ead
medical exposure)

0.6 x
Average effective dosage from
Single Abdominal X-ray

0.4

Average effective dosage
from Mammogram

4 0.08

Air passage from Hong Kong
to North American

Average effective dosage ..
of a Chest X-ray P
-~

DRJOCKERS cow

SUPERCHARGE YOUR HEALTH




Relative Risk - NORM

1,000,000 pSv

Single Dose - that will cause acute radiation sickness

100,000 uSv Single Dose - that will increase risk of cancer
20,000 pySv. Annual Occupational Dose — Radiation Worker average over 5 year
5,000 pSv Single Dose from a CT scan to the chest
2,000 pSv Airline Pilots Cosmic Radiation of domectic pilots average per year
1,500 - 2000  Average Annual Dose from all sources (background, occupational, medical,
HSv ect)
1000usv  Non-Radiation Worker average annual over 5 years
1,000 pSv AustraliaaUranium Mining Workers 1 year _
110 pSv Air Travel | return Tignt Trom IVielpourne to London Where we are working at
15-30pSv  Single Dose from a chest x-ray
8 -10 pSv Dental Xray
0.11-0.20uSv  Average background Perth Metropolitan area = Thr

Source:www.arpansa.gov.au/understanding-radiationdiation-sources/more-radiation-sources/ionising-radiation-and-health



Questions?

Thanks for your time
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