
ofl8rn Technical Note

1 Recommendation

Combined drit[ cuttings from the Amungee NW-1 (verticat)and NW-1H (horizontat)wetts do not require

speciat offsite disposal based on the measured NORMs content and calcutated activity concentrations.

2. Basis

2.1 lntroduction

Minimum waste management requirements are set out in the Beetatoo Project Environmentat Ptan (EP)

(reference 4/. Tabte 27 (section 5.7) of the EP detaits requirements retating to dritl cutting NORMs.

"NORlvls is not |ikely to be generoted, however, if NORlvls does occur o separate waste monagement plan

will be developed for handling of NORlvls materiol at an appropriate licensed waste disposol facility."

This technicat note provides a summary of monitoring results and lists catculations used to determine

the [eve[ in att dritt cuttings, which were found to be below prescribed levets that woutd otherwise

trigger additionaI waste management requirements.

2.2 Exemption Criteria:

Paragraph 7, part 2, of the Northern Territory of Austratia Radiation Protection Regulations (see

reference 2) states:

For section 8 of the Act, radioactive material that is a mixture of radioactive materiats is material

to which the Act does not appty if:

(a) The sum of the fractions obtained by dividing the activity of each material present by the

appropriate activity value from the National Directory, Schedute 4, does not exceed 1; or

(b) The sum of the fractions obtained by dividing the activity concentration of each material

present by the appropriate activity concentration value from the Nationat Directory, Schedule 4,

does not exceed 1.

That is; if the threshotd (<1) is not exceeded, then the Act does not appty and the materiat is effectivety

of such a low activity that it is not considered radioactive.
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As per ARPANSA Regutations:

"2.7. The limits in relotion to U(nat) and Th(nat) are to be opplied ín terms of the parent

radionuclìde ie. U-238 and Th-232 respectively."

Table l. Northern Territory Exemption criteria for exempt radioactive materíat. #Un.t and Thnat âssurr€s that the
parents (U-238 and Th-232) are in equitlbrium with the progeny.

2.3 Determining concentration of radionuclides ln cuttings

Testing was carrÍed out using a GeoFtex portable X-Ray Ftuorescence (XRF) machine on the wetlsite.

Each test was carried out on a representative sample prepared from regutarty sampled dri[[ cuttings at

5-3m intervats.

Resutt summary for two wetls: Amungee NW-1 (verticat) and Amungee NW1-H (horizontat). The

distribution of individuat radionuctide abundances, cotoured by stratigraphic formation, are shown in

Figures 1-6 in the Appendices.

Amuncee NW-l (Undifferentiated Cretaceous to the tower Velkerri member):

Uranium: 0.6 - 15.55ppm (p5 - p95 range), maximum result 23.1ppm

Thorium: 8 - 29 ppm (p5 - p95 range), maximum resutt 44.9ppm

Potassium: 0.76 - 3.92% (p5 - p95 range), maximum result 4.8%

Att dritt cuttings samptes containing Uranium in excess of 10ppm occur in three discrete intervals of

organic rich shate within the Middte to Lower Velkerri members:

Table 2. List of stratigraphic intervals at the Amungee NW-1 location containing greater than 1Oppm of Uranium.
The lnftated background levels are considered to be tinked to the depositional environment, as these zones atso

contain abundant organic matter, up to 5% by weight, which is a proxy for a marine environment as evidenced by
the main macerat type Atginate.

Unat <1

Thn", <1

K-40 < 100

Zone 1 2214.8 2286.48 71.68 23.1 22.74 15.6

16.8ToneZ 2417.64 2463.15 45.51 23.0 22.86

Zone 3 2536.9 2559.5 17.482 17.7 17.58 13.05
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Amuneee NW-lH (upper Velkerri to lower Velkerri members):

Uranium: 3 - 21.5ppm (p5 - p95 range), maximum result 25ppm

Thorium: 9.86 - 22.2ppm (p5 - p95 range), maximum result 25.5ppm

Potassium: 1.2 - 3.2y" (p5 - p95 range), maximum result 3.ó%

2.4 Activity Concentrations Calculations

Activity per gram was catcutated by converting the measured mass ratio determined by XRF (represented

by ppm and % notation) to percent and muttiptyrng by the specific activity (reference l) for the

radionuclide in Bq/g, assuming atl are naturatly occurring (i.e. no isotopic fractionation of the element

has occurred in the specimen and the parent radionuctides are in secular equitibrium with their decay

progeny).

Note: regutations on the activity concentrations are written with respect to the parent U-238, which

takes into account the presence of the U-234. Therefore, when the activity concentration limit is given

as 1 Bq/g for Unat, that is worked out by the ICRP and IAEA with the assumption that it witt be in

equilibrium with the decay progeny inctuding U-234. Thus, the specific activity quoted in Tabtes 3 and 4

of 12,370 Bq/g is the IAEA total activity of U-238.

Results shown in the tables below, indicate observed p50, p95 and maximum observed numbers.

Table 3. Measured abundance of radioactive etements in dritl cuttings in Amungee NW-1 and activity [eve[ per
gram in Becquerel's. Etementat Activity's per gram values - see reference 1.

Table 4. Measured abundance of radioactive elements in drill cuttings in Amungee NW-1H and activity tevel per gram
in Becquerel's. 'Etementat Activity per kg values' sourced from Royal Society of Chemistry on 31 October 2015.

Amungee NW-1
(vertical) Elemental concentrat¡ons in tested cuttings

Specific
Activities

Calculated Activity
per gram of samole

XRF abundance (Bq/ e)

Uranium fnat) oDm 23.t0 15.55 3.54 2.38-05% 1.6E-05% 3.5E-06% 0.286 0.L92 0.044

Thorium (232) PPm 44-90 29.05 17.40 4.5E-05% 2.98-05% t.7E-05% 0.183 0.118 0.071

Potassium l40l % 4.79 3.92 2.65 4.79% 3.92% 2.65% 30 L.450 1.188 0.802

Amungee NW-IH
(horizontal) Elemental concentrat¡ons in tested cuttings

Specific
Actlvities

Calculated Activity
per gram of sample

XRF abundance (Bq/ e)

Uranium lnatl oDm 2s.00 21.55 13.60 z5E-05% 2.28-OS% L.4E-Os% 0.309 0.267 0,168

Thorium (232) ppm 25.50 22.23 12.04 2.68-05% 2.2E-05% 1.28-05% 0.104 0.090 0.049

Potassium 140) lo 3.62 3.19 1.43 3.62% 3.19% 7.43% 1.096 0.957 o.434
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The sum of activity concentrations (Tables 3 and 4) were catcutated by dividing the catcutated activity

of each material by the retevant activity vatue in Tabte 't.

Activity Concentrat¡ons Versus Exemptions

Dividing the activity of each moteriol present by the appropriote octivity value from the

Notionol Directory (Schedule 4)

Activity values (Bq/g )
(from ND schedule 4)

ANW-1 ANW-IH

Uranium 0,286 o.L92 0.o44 0.309 o.267 0.168

Thorium 0.183 0.118 o.07L 0.104 0.090 0.049

Potassium 0.015 o.otz 0.008 0.011 0.010 0.004

SUM 0.483 o322 o.L23 o.424 0.367 o.22L

Exemtplon threshold 1.0 1.0 1.0 1.0 1.0 1.0

Classification Exempt Exempt Exempt Exempt Exempt Exempt

Table 5. The sum of activities for atl radioactive fractioned must be totatted and be below'1', to classify as

normal waste, as per reference 3.

The combined activity concentrations of the three radioactive elemental fractions (Uranium, Thorium

and Potassium) were catcutated to be 0.12 Bq/g and 0.22 Bq for ANW-1 and ANW-1 H, respectively, using

the p50% mean abundance, as per Table 5. The 95% of the atl dritt cuttings brought to surface have a

combined activity concentration betow 0.37 and 0.32 Bq respectivety.

The combined activity concentrations of the three radioactive etemental fractions were calculated to

be 0.483 Bq and 0.4248q for ANW-1 and ANW-1H respectively, using the maximum abundance from att

samples brought to surface.

2.5 Conclusions

The dritt cuttings from Amungee NW-1 and NW-l H are betow the Northern Territory's NORMs exemption

levets: tess than 1 Bq as per section 7, part 2 of the Northern Territory Radiation Protection Regulations

(see reference 3).
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3. References

Document Document Number

1 IAEA Safety Standards Series - Advisory Materiat for the
IAEA Regulations for the Safe Transport of
Radioactive Material Safety Guide. No.TS-G-1.1 (ST-2)
htto://www-
oub.iaea.orslMTCD/oubtications/PDF/Publ 109 scr.odf

nla

2. Nationat Directory for Radiation Protection. Repubtished February
2014, inctuding amendments 1-6. Radiation Protection Series
No.6. Austratian Radiation Protection and Nuclear Safety Agency.

n/a

3 nla

4. Beetatoo Project Environmentat Ptan (EP) NT-2050-15-MP-0005
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4. Appendices
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Figure 1. Frequency distribution of Potassium (0-5 weight %) as measured by XRF on 5m sampled
drill cuttings in Amungee'NW-'l . Colouring of data by geologic formations.
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Figure 2. Frequency distribution of Thorium (0-50ppm) as measured by XRF on 5m sampted dritt
cuttings in Amungee NW-1. Colouring of data by geotogic formations.
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Figure 3. Frequency distribution of Uranium (0-25ppm) as measured by XRF on 5m sampled dritl
cuttings in Amungee NW-1. Cotouring of data by geologic formations.
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Figure 3. Frequency bution of Potassium (0- as on sampted
dritl cuttings in Amungee NW-1H. Cotouring of data by geotogic zones recognised in the Velkerri

Formation.
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Figure 4. Frequency distribution of Thorium (0-50ppm) as measured by XRF on 5m sampted drill
cuttings in Amungee NW-1H. Colouring of data by geotogic zones recognised in the Velkerri

Formation.
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Figure 5. Frequency distribution of Uranium (0-30ppm) as measured by XRF on 5m sampted dritt
cuttings in Amungee NW-1H. Colouring of data by geotogic zones recognised in the Vetkerri

Formation.
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