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What is Intractable Waste? 

• Intractable wastes are unwanted materials or structures which 
are problematic because they are highly dangerous, toxic, long-
living, expensive to store or difficult to convert to other forms, 
and whose satisfactory disposal defies current technologies. 

• Nuclear waste, toxic, non-biodegradable chemicals, and offshore 
oil platforms are examples of intractable waste. 



What is Intractable Waste? 

• Waste that is not suitable for disposal in Class I, II, III and IV 
landfill facilities (Landfill Waste Classifications and Waste 
Definitions 1996 (as amended December 2019), Western 
Australia: DWER, 2019).

• Intractable wastes (Class V), including radioactive and 
chemical wastes, need long-term permanent isolation to 
protect the community and the environment.



Why was the IWDF conceived? 

• To ensure Western Australia had a long-term solution for the 
disposal of the intractable wastes it generated and that it was 
safe for the community and the environment. 

• Before the IWDF was established there was no approved way to 
dispose of intractable wastes in Western Australia. 

• For more than 20 years prior to the IWDF, low-level radioactive 
waste were collected and stored by the State Regulator.



Why was the IWDF conceived? 

• By the late 1980s, the low-level radioactive waste store was 
approaching capacity, a solution was needed and the IWDF 
provided that solution.

• The IWDF was established in 1992 and is owned by the WA 
State Government. 

• The IWDF was Australia's first long-term disposal site and can 
only be used for intractable waste generated in Western 
Australia.



Why was the IWDF location chosen?



Why was the IWDF location chosen?
• The Code of Practice RHS35 for the near-surface disposal of 

radioactive waste in Australia (1992) defined the site selection 
criteria for near surface disposal of radioactive waste. 

• The site was chosen as the preferred location after extensive 
scientific investigations against specific criteria: 

o Geological stability
o Remoteness
o Arid climate (with evaporation exceeding rainfall by ten times)
o Lack of groundwater
o Presence of clay to limit the potential for migration of wastes



Why was the IWDF location chosen?

o Low potential for flooding
o No potential for future mineral resources
o No infrastructure to support agriculture
o Absence or potential for human population
o No special environmental features; and
o Absence of known rare species or ecosystems



Why was the IWDF location chosen?

• The Mt Walton East site was chosen as the ideal location for 
the IWDF because it met all the 1992 Disposal Code criteria.

• The remoteness of the site was chosen as much to allay 
community fears as to reduce the radiological risks from 
disposal operation.



Regulatory Framework and Approvals



Regulatory Framework and Approvals



How does the IWDF operate?
• Inquiry, initiation (WAP) and safety assessment.
• Planning, documentation and regulatory approvals (disposal permit).
• Excavation of the trench or shaft.
• Conditioning and packaging of the waste, radioactive and chemical.
• Waste loading and transport.
• Waste delivery acceptance and approval.
o Shaft burial.
o Trench burial.



How does the IWDF operate?



How does the IWDF operate?

Radiation monitoring of the IWDF:

(i) Environmental gamma radiation (pre and post disposal) 
(ii) Radionuclides in air (during disposal)
(iii) Radon concentrations in air (during disposal)
(iv) Radionuclides in soils (post disposal)
(v) Worker and public dose radiation levels (during disposal)

All data is reported to the Radiological Council. 



How does the IWDF operate?

Ongoing periodic monitoring other than for radioactivity at 
the IWDF includes: 

(i) rehabilitation monitoring; (annual)
(ii) disposal dome (capping) monitoring; (annual)
(iii) groundwater monitoring; (twice yearly); and 
(iv) flora, vegetation, and fauna surveys as required. 



Waste Acceptance Criteria

• A Waste Acceptance Proforma must be completed by waste 

owners to enable an assessment of waste suitability for 

disposal at the IWDF. 

• The acceptance of radioactive waste for disposal at the IWDF 

is dependent upon compliance with waste acceptance 

criteria and disposal permit issued by the Radiological 

Council and the approval of operational procedures by the 

Environmental Protection Authority (EPA). 



Waste Acceptance Criteria

• The disposal of waste at the IWDF is regarded as an option of last 

resort. Thus, for waste to be accepted at the IWDF, it must be 

proven that there is no readily available, or practicable option for 

reuse, recycling, treatment, destruction, or disposal in Australia.

    

• The waste acceptance criteria also details the properties and 
characteristics that deem wastes unsuitable for a near-surface 
disposal facility.  As such, these wastes are not accepted without 
prior conditioning. 



Waste Acceptance Criteria

Waste that is proposed for disposal at the IWDF must be packaged in 

accordance with the IWDF waste acceptance criteria: 

• Free liquid or sludge (except in small volumes)

• Explosive materials

• Highly flammable materials

• Highly reactive or chelating agent materials

• Compressed gases (greater than 5% by waste volume)

• Materials that may decompose

• Toxic, pathogenic, or infectious radioactive materials



Waste Acceptance Criteria



1992 Disposal Code



1992 Disposal Code

• The Disposal Code contained provisions for the development of qualitative 
and quantitative waste acceptance criteria which were based upon primary 
dose limitation and safety assessments in the form of: 

a. derived activity concentration limits for radionuclides in the waste; 
b. a restriction on the total activity of radionuclides to be disposed of at any 

near-surface facility; 
c. performance standards for waste forms and waste packages; and 
d. restrictions on public access and land use during the operation of the facility 

and during a subsequent specified period of institutional control.



1992 Disposal Code

• Activity concentration limits for 
Category B waste (recommended 
values for 100-year and 200-year 
institutional control periods)



2018 Disposal Code



2018 Disposal Code
• The international best practice framework for safety of radioactive 

waste management has been developed around the concept of 
the safety case. Through ARPANSA, Australia has adopted the 
Disposal Code.

• A safety case is the collection of scientific, technical, 
administrative and managerial arguments and evidence that 
demonstrate the safety of a disposal facility.

• It addresses the suitability of the selected site and the design of 
the facility, its construction and operation, the assessment of 
radiation risks and assurance of the adequacy and quality of all 
safety-related work associated with the disposal facility. 



2018 Disposal Code

• A safety case and supporting safety assessments provide the basis 
for demonstration of safety and authorisation. They assist and 
guide decisions on siting, design, operation and closure. 

• A safety case will also be the main basis on which confidence in 
the safety of the disposal facility will be developed and on how 
dialogue with stakeholders will be conducted. 



Operations Safety Assessment



Deterministic and Probabilistic Safety Assessment

• Design Basis Accident Analysis (DBAA) is a conservative, 

deterministic and pragmatic methodology for identifying the 

number of protective safety measures that are required 

against an internal or external hazard. These claimed 

protective safety measures will provide confidence that the 

potential dose to workers and the public is controlled. 



Deterministic and Probabilistic Safety Assessment

• Protective safety measures can take the form of engineered 
measures or operator actions that limit the development of an 
internal hazard.

• The required number of protective safety measures for an 
internal hazard is determined by the combination of frequency 
and dose, and there are four regions of classification, three 
associated with DBAA (DB2, DB1, DB0) and one associated 
with LCM (LC). 



Deterministic and Probabilistic Safety Assessment

Internal Hazard - Assessment Regions for a Worker



Deterministic and Probabilistic Safety Assessment

Internal Hazard - Assessment Regions for a Member of the Public



Deterministic and Probabilistic Safety Assessment

• A probabilistic risk assessment is a calculation based on the fault 
frequencies, doses and claimed protective safety measures as 
identified by the deterministic assessment and recorded on the 
hazard schedule. 

• The probabilistic assessment assumes that the level of risk will be 
maintained for a year (or more).

• The risk calculation is compared against defined risk limits and 
targets as defined for the IWDF site.



Deterministic and Probabilistic Safety Assessment

Worker Public

Upper Tolerable (Limit) 1 x 10-4 /y 1 x 10-5 /y

Broadly Acceptable (Target) 1 x 10-6 /y 1 x 10-7 /y

IWDF Site Probability Risk Limits and Targets



Internal Hazards

• Dropped drum during forklift movements (D1)
• Forklift drum impact during transfers (D2)
• Damaged drum due to vehicle fire (D3)
• Higher activity drum sent for disposal (D4)
• Insufficient coverage for capping layer (D5)
• Damaged drum due to consignor error (D6)



External Hazards

• Seismic event (D7)
• Erosion of capping layer due to tropical cyclone (D8)
• Damaged drums due to a bush fire (D9)
• Aircraft crash (D10) 
• Damaged drum due to lightning strike (D11)





Operations Safety Assessment

• Total collective dose was 0.164 man-mSv/year, with an 

average worker dose of 0.023 mSv/man/year and a 

maximum individual dose of 0.111 mSv/man/year. Dose 

exposures are well below the worker dose rate limit of 

20mSv/year. 

• All public dose exposures during IWDF operations are 

negligible and therefore doses are well below the 

1mSv/year limit.



Operations Safety Assessment

• The deterministic and probabilistic safety assessments 

demonstrated that for all credible internal and external 

hazards, the workers and public dose consequences and 

risks will be acceptable for the IWDF.



Post-Closure Safety Assessment



Post-Closure Safety Assessment

Fault 

No 

External 

Hazard

Initiating 

Event

Initiating Event 

Frequency (/y)

Worst Case 

Unmitigated Dose 

Consequences 

(mSv)

DB / LCM 

Class 

Public 

Passive Safety 

Features/Prote

ctive Safety 

Measures 

DBA/LCM 

Safety 

Measures 

Dose Reduction/ 

ALARA Safety 

Measures 

Assumptions 

EH1
Spread of 

contamination

Exposed 

Drums
1.00E+00 1.46E+02 DB2

Concrete 

matrix of 

drums

Several layers of 

sand, kaolin clay 

and silcrete 

material above 

packages 

(minimum of 5 

metres 

coverage)

Remote location of 

facility

Erosion

 

Human 

intrusion

EH2
Increased 

Direct Dose

Exposed 

Drums
1.00E+00 3.92E-01 LC

Concrete 

matrix of 

drums

Several layers of 

sand, kaolin clay 

and silcrete 

material above 

packages 

(minimum of 5 

metres 

coverage)

Remote location of 

facility

Erosion

 

Human 

intrusion

Fault Schedule and Design Basis Accident Analysis for Post-Closure



Post-Closure Safety Assessment

Fault 

ID

Dose 

(Sv)

(A)

Public Dose 

Risk Factor 

(/Sv)

(B)

Initiating Event 

Frequency 

(/y)

(C)

Protection Failure 

Probability, Pf

(D)

Risk per 

Fault (/y)

(AxBxCxD)

EH1 1.46E-02 0.05 1.00E+00 1.00E-04 7.30E-08

Total Risk (/y) 7.30E-08

Broadly Acceptable 

(/y) 1.00E-07

Probabilistic Safety Assessment for Post-Closure



Post-Closure Safety Assessment

• The deterministic and probabilistic safety assessments 

have demonstrated that for all external events to the 

public, dose consequences and risks will be acceptable

post-closure. 

• A  public dose constraint of less than 0.3 mSv/year has 

been set for the IWDF after the 100-year ICP, based on 

the IAEA SSR-5. The legal limit for the public will be 1 

mSv/year.

• 0.3 mSv/year expressed as a public dose rate constraint 

= 0.03 Sv/h, i.e., equivalent to a trench coverage of 

90cm of material c.f. 5 metres actual.



Facility Safety Case



Facility Safety Case

• This document presents the safety case for the 

Intractable Waste Disposal Facility (IWDF), in support of 

the site licensing requirements.

• The safety case and supporting safety assessments 

have been produced in accordance with the ARPANSA 

2018 Disposal Code.

• The safety assessments include an Operations Safety 

Assessment (OSA) and a Post-Closure Safety 

Assessment (PCSA).



Facility Safety Case

• The FSC concluded that all credible internal and 

external hazards are acceptable when judged against 

the dose consequence and risk targets set for the 

IWDF for workers, members of the public and the 

environment for the ICP (100 years).



Facility Safety Case

• All worker and public doses are judged to be As Low as 

Reasonably Achievable (ALARA). 

• Public dose constraint of 0.3 mSv/year, based on the IAEA 

SSR-5, will not be exceeded.
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