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Amy Selvaraj (DELWP)

From: Andrew Helps 
Sent: Saturday, 30 January 2021 10:06 AM
To: Amy Selvaraj (DELWP)
Cc:

Subject: The use of centrifuges
Attachments: US EPA Slpe Factors Document BFN.pdf; 8319Rev4.pdf

 
 

EXTERNAL SENDER: Links and attachments may be unsafe. 
 
Good morning Amy, 
 
I notice that KALBAR are now proposing to use centrifuges in their process chain. 
There is currently no technical data on how these centrifuges will be used – will be they be dry or wet? 
 
What is the manpower requirement to load and unload these centrifuges and how will the involved staff be protected from the 
radiation.  
 
Over the last 40 years I have performed technical due diligence on a number of rare earth element (REE) mine proposal for the 
World Bank, MIGA and the IFC. 
A number of proposal have initially proposed using centrifuges as a part of the ore processing chain.   
 
In all cases the problem has been  the inconsistency of the input ore stream and issues with clay in that ore stream. 
 
These ore bodies are all capable of  releasing large amounts of RADON during the mining a processing operations. 
 
A further issue with the KALBAR ore body is that there a number of Radionuclides (RADNUC’S) within the ore body. 
 
To be fair to KALBAR, I am unsure if KALBAR lack the skills to address this issue with  RADNUC’s or that they are engaged in 
various acts act of wilful blindness. 
 
I have been waiting for 2 years for KALBAR to publish a Radionuclide Carcinogenicity Slope factor table for their orebody. 
 
This type of Table would be one of the first documents produced for any similar proposal in Asia, Africa, South America, USA and 
Europe.   
 
I have now come to the conclusion that KALBAR lack the skills to formulate a Slope Factor Table for their ore body.  
 
I have assembled  this table as it is now obvious that KALBAR are not going to create this type of complex document. 
 
I am happy to come into the City and go through the implications of Slope Factor spreadsheet. 
 
Kindest Regards 
 
Andrew Helps 
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IMPORTANT PLEASE READ: This email may contain confidential and or proprietary information and may be protected by the rules of legal privilege. If you 
receive this email by mistake, or are not the intended recipient you must not use it or the information in any way. If this is the case, could you please inform the 
sender by return email or by telephoning  and delete any such email from your computer. This email and any attachments, has been scanned 
for computer viruses but you should also perform your own scan. No liability is accepted for any loss or damage, whether caused by our negligence or 
otherwise, that results from a computer virus or a defect in the transmission of this email or the attached file. 

 

 

 
 
 



































































































































































































































































































































































Radionuclide Table:  Radionuclide Carcinogenicity - Slope Factors
Data Source US EPA Federal Guidance Report No. 13 Morbidity Risk Coefficients, in Units of Picocuries

Revision #2 NOTE:

The curie (Ci) is the customary unit of activity and is equal to 3.7 x 10
10 

nuclear transformations per second. US EPA Regulates radium in drinking water to 

File: 8319.xlsx HBTOM Handbook of the Toxicology of Metals (Nordberg ET AL ) 4th Edition no more than 5 pCi of combined  radium-226 and

20/08/2020 Slope Factor Morbidity Risk Coefficient radium 228 per litre of water.

Lifetime excess Total Cancer Risk 

Element Kalbar Analysis Element HBTOM * Isotope Radioactive ICRP Gi

(Atomic Number) Reference Half Life Lung Type Absorption Water Food Soil Inhalation External 

Pagess (Years) Factor (f1)
g

Ingestion Ingestion Ingestion Risk Exposure

(Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/y per pCi/g)

Aluminium 260-4500 mg/kg 13 549-560 Al-26 716000 M 0.0100 0.001730 2490 0.47000 0.000000000069 0.0000133

Al-28 2.240 0.0000092

Antimony <0.5 mg/kg 565-572 Sb 115 31.80 M 0.1000 0.000000000000051 0.0000000000001 0.11600 0.00000000000002 0.0000039

Carcinogen Sb 116 15.80 M 0.1000 0.000000000000051 0.0000000000001 0.11600 0.00000000000002 0.0000105

51 Sb-126 12.40 M 0.10000 0.00000000001 0.00000000002 0.29 0.0000000000115 0.00000649

Sb 127 3.85 M 0.1000 0.00000000001 0.0000000000147 0.00000000003 0.000000000008 0.00000307

Arsenic 61-491 mg/kg 33 582-610 As-69 15.20 M 0.50 0.000000000000105 0.00000000000015 0.2390 0.00000000000004 0.00000443

Carcinogen As-70 52.60 M 0.50 0.000000000000320 0.00000000000045 0.000000000001 0.00000000000014 0.0000196

As-71 64.80 M 0.50 0.000000000000320 0.000000000003 0.00000000001 0.00000000000152 0.00000237

As-72 26.00 M 0.50 0.10 0.00000000001 0.00000000003 0.00000000004 0.0000082

As-73 80.30 M 0.50 0.000000000002 0.000000000002 0.000000000004 0.000000000004 0.000000006

As-74 17.80 M 0.50 0.000000000007 0.000000000010 0.00000000002 0.00000000001 0.0000034

As-76 26.30 M 0.50 0.000000000010 0.00000000001 0.00000000003 0.0000000000 0.0000020

As-77 38.80 M 0.50 0.000000000003 0.000000000004 0.00000000001 0.000000000002 0.000000036

As-78 90.70 M 0.50 0.0000000000006 0.0000000000009 0.000000000001 0.0000000000003 0.0000061

Thorium 1.0 -120 mg/kg 90 Th-226 30.90 m  S 0.001 0.000000000001 0.000000000000923 0.0000000000016 0.00000000016 0.00000002

Carcinogen Th-227 18.70 d  S 0.0005 0.00000000005 0.00000000005 0.00000000007 0.00000000014 0.0000004

Th-228 1.91 y  S 0.001 0.0000000001 0.0000000001 0.00000000029 0.00000013 0.00000001

Th-228+D 1.91 y  S 0.001 0.0000000003 0.0000000004 0.00000000081 0.00000014 0.00000776

In Kalbar ore body Th-229 7340.00 y  S 0.001 0.0000000002 0.0000000003 0.00000000050 0.00000018 0.00000023

Th-229+D 7340.00 y  S 0.001 0.0000000005 0.0000000007 0.00000000129 0.00000023 0.00000117

See pages 38-40 of TENORM  Handbook Th-230 77000.00 y  S 0.001 0.0000000001 0.000000000119 0.00000000020 0.00000003 0.00000000

Th-231 25.50 h  S 0.001 0.0000000000 0.000000000003 0.00000000001 0.000000000002 0.00000002

Decays to Radium 228 Unstable Th-232 14 Billion Years y  S 7340.00 0.0000000001 0.000000000133 0.00000000023 0.00000004 0.0000000003

Th-234 24.10 d  S 0.001 0.0000000000 0.000000000034 0.00000000007 0.00000000003 0.00000002

Tin 1.7 mg/kg 50 1242-1276 Sn-110 4.00 h M 0.020 0.0000000000019 0.000000000003 0.000000000005 0.00000000000067 0.000001130

Sn-111 35.30 m M 0.020 0.0000000000019 0.00000000000008 0.000000000000 0.00000000000003 0.000002290

Sn-113 115.00 d M 0.020 0.0000000000019 0.000000000006 0.000000000012 0.00000000001000 0.000000020

Sn-117m 13.60 d M 0.020 0.0000000000019 0.00000000001 0.000000000013 0.00000000000884 0.000000469

Sn-119m 293.00 d M 0.020 0.0000000000019 0.000000000003 0.000000000006 0.00000000000781 0.000000001

Sn-121 27.10 h M 0.020 0.0000000000019 0.0000000000015 0.000000000004 0.00000000000102 0.000000000

Sn-121m 55.00 y M 0.020 0.0000000000019 0.0000000000023 0.000000000007 0.00000000001540 0.000000001

Sn-123 129.00 d M 0.020 0.0000000000019 0.0000000000140 0.000000000040 0.00000000003030 0.000000039

Sn-123m 40.10 m M 0.020 0.0000000000019 0.0000000000001 0.000000000000 0.00000000000006 0.000000462

Sn-125 9.64 d M 0.020 0.0000000000019 0.0000000000201 0.000000000058 0.00000000001410 0.000001530

Sn-126 100000.00 y M 0.020 0.0000000000019 0.0000000000256 0.000000000071 0.00000000009950 0.000000100

Sn-127 2.10 h M 0.020 0.0000000000019 0.0000000000008 0.000000000002 0.00000000000044 0.000009250

Sn-128 59.10 m M 0.020 0.0000000000019 0.0000000000004 0.000000000001 0.00000000000023 0.000002620

Titanium 44-154 mg/kg 22 Ti-44 47.30 S 0.01000 0.000000000026 0.00000000004 0.0000000001 0.0000000003 0.0000002

Carcinogen Ti-45 3.08 S 0.0100 0.0000000000006 0.0000000000009 0.0000000000018 0.0000000000003 0.00000379

Tungsten <1 mg/Kg 74 W-176 2.30 h F 0.3000 0.0000000000004 0.000000000001 0.0000000000011 0.0000000000001 0.00000032



W-177 135.00 m F 0.3000 0.0000000000002 0.000000000000 0.0000000000005 0.0000000000001 0.00000363

W-178 21.70 d 0.3000 0.0000000000012 0.300000000000 0.0000000000033 0.0000000000004 0.00000002

W-179 37.50 m F 0.3000 0.0000000000000 0.000000000000 0.0000000000000 0.0000000000000 0.00000006

W-181 121.00 d F 0.3000 0.0000000000004 0.000000000001 0.0000000000011 0.0000000000001 0.00000005

W-185 75.10 d F 0.3000 0.0000000000029 0.000000000004 0.0000000000084 0.0000000000009 0.00000000

W-187 23.90 h F 0.3000 0.0000000000037 0.000000000005 0.0000000000103 0.0000000000011 0.00000204

W-188 69.40 d F 0.3000 0.0000000000140 0.000000000021 0.0000000000400 0.000000000005 0.00000001

Uranium 3-9 mg/kg 234 U-230 20.80 d M 0.0200 0.0000000002090 0.0000000002980 0.0000000005660 0.0000000455000 0.000000003

U-231 4.20 d M 0.0200 0.0000000000018 0.0000000000026 0.0000000000050 0.0000000000018 0.00000016

U-232 72.00 y M 0.0200 0.0000000002920 0.0000000003850 0.0000000005740 0.0000000195000 0.000000001

U-233 159000 y M 0.0200 0.0000000000718 0.0000000000969 0.0000000001600 0.0000000116000 0.00000000

U-234 245000.00 y M 0.0200 0.0000000000707 0.0000000000955 0.0000000001580 0.0000000114000 0.00000000

U-235 704000000 y M 0.0200 0.0000000000696 0.0000000000944 0.0000000001570 0.0000000101000 0.00000052

U-235+D 704000000 y M 0.0200 0.0000000000718 0.0000000000976 0.0000000001630 0.0000000101000 0.00000054

U-236 23400000 Y M 0.0200 0.0000000000670 0.0000000000903 0.0000000001490 0.0000000105000 0.00000000

U-237 6.75 d M 0.0200 0.0000000000049 0.0000000000071 0.0000000000139 0.0000000000064 0.00000038

U-238 4470000000 y M 0.0200 0.0000000000640 0.0000000000866 0.0000000001430 0.0000000093200 0.00000000

U-238+D 4470000000 y M 0.0200 0.0000000000871 0.0000000001210 0.0000000002100 0.0000000093500 0.00000011

U-239 23.50 m M 0.0200 0.0000000000001 0.0000000000001 0.0000000000002 0.0000000000001 0.00000012

U-240 14.10 h M 0.0200 0.0000000000070 0.0000000000103 0.0000000000202 0.0000000000030 0.00000000

Vanadium 17-130 mg/kg V-47 32.60 m M 0.0100 0.0000000000001 0.0000000000002 0.0000000000003 0.0000000000001 0.00000436

Carcinogen V48 16.20 d M 0.0100 0.0000000000081 0.0000000000117 0.0000000000213 0.0000000000093 0.00001400

V49 330.00 d M 0.0100 0.0000000000001 0.0000000000002 0.0000000000004 0.0000000000001 0.00000000

Zirconium 6,250-42,750 mg/kg 40 Zr-97 16.90 m 0.0100 0.0000000000125 0.0000000000183 0.0000000000375 0.000000000005 0.0000008620

70kg Male Inhalation of 17800 M
3

Per Day



(Risk/y per pCi/g)




