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foduction

i
l d?c;ay data for plutonium isotopes (LNHB, 200%

L 'I

.\ Nuelide \ \\ \‘*“B Alpha-energy Emission probability
‘\\ .‘k ..I. .‘ - 3 keV
\ i \" < y i
. e 5499.03 0.7104 (6)
WM P 5456.3 0.2885 (6)
p 2410 (3)-10 5155.8 0.730 (4)
LY A 5143.1 0.151 (2)
/\V | 5105.1 [ DE=12.3 keV 0.117 (2)
\ \ . 6.561 (7)-10 5168.13 0.7274 (11)
\‘u }v 5123.64 0.2716 (11)
3.73 (3)-10 4902.2 0.7648 (18)
4858.1 0.2349 (18)

rum deconvolution can be used for sources withctivities higher than 5 to 10 Bq
(Bortels et al., ARI 46, 1995).
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Introduction

L X-ray decay data (Lépy and Debertin, NIM A 349, 194)

Energy range: 11.62 keV — 21.73 keV (22 lines separd)e

Nuclide L, (total)
23%Pu 0.0463 (5)
240Py 0.1032 (15)
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Principle of the method

Method developed by Komura et al. (Health Physics 46.984)
further developed by Arnold et al. (ARI 46, 1995)

Step 1 Alpha-particle measurementwith a calibrated PIPS detector
Results: sum activity A, of 23%Pu and 24%Pu

acivity ratio b = A(Z%Pu)/A,
acivity ratio ¢ = A(>*Pu)/A,
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Principle of the method

Step 2 L X-ray measurementwith a nuclid-specific calibrated Si(Li) detector
Calibration with four activity standards (238Pu, 23%Pu, 24%Pu, 2424Pu)
Calibration factors k. = N,/ A, ; 1=8,9,0,2

Results: Count rateN, of L X-rays

N, consists out of four “unknown” contributions
N, = kg A(Z%Pu) + Kk, A(?*Pu) + Kk, A(?3BPu) +k, A(?4Pu)

Step 3 calculation of the fractionf = A(Z%u) /A,; [(1-f) = A(®*Pu) [ A]
[R=A(%*%Pu) /A(%3%Pu) = (11) / ]
N, =k, fA+ K, (IF) Aj+ kb A+ Kk, C A

F =[N/ A) - (kg + Kb+ 0] 1 (kg - k)
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Principle of the method

Step 2 L X-ray measurementwith a nuclid-specific calibrated Si(Li) detector
Calibration with four activity standards (238Pu, 23%Pu, 24%Pu, 2424Pu)
Calibration factors k, = N,/ A ;1=8,9,0,2 r=N,/N,

Results: Count rateN, of L X-rays

N, consists out of four “unknown” contributions
N, = kg A(Z%Pu) + Kk, A(?*Pu) + Kk, A(?3BPu) +k, A(?4Pu)

Step 3 calculation of the fractionf = A(Z%u) /A,; [(1-f) = A(®*Pu) [ A]
[R=A(%*%Pu) /A(%3%Pu) = (11) / ]

N, =k, fA +k (L) A+ k. b A +k, cA
f =[N /A -tk b+k, o]/ (k- k)
f=[(NJ/N)-(o+r.b+r, 0]/ (r5-1p)
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Alpha-particle detectors
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L X-ray detector

Si(Li)
detector \

crystal volume: 1.57 cnmi, diameter: 2cm
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Measurements on synthetic sources
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L X-ray spectrum of &%°Pu calibration source
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Measurements on synthetic sources

Measurements on synthetic sources of known f = A(239Pu)/[ A(239Pu)+(A240Pu)] fraction

fk known activity fraction

fm activity fraction determined by a-particle and X-ray measurements
fk Nas NX rS:leNaS fm fm - fk

(17,2 keV) fi
s-1 s-1

0 42.3 0.431 0.0102
1 27.9 0.122 0.00435
0.109 2.50 0.0238 0.00950 0.116 +7%
0.259 3.29 0.0285 0.00866 0.260 + 0.5 %
0.490 3.05 0.0224 0.00732 0.491 +0.3 P
0.752 2.52 0.0145 0.00575 0.760 +1.1P%
0.888 3.12 0.0155 0.00497 0.895 +0.8 Yo

N gs measured with a grid ionization chamber
Ny measured with a Si(Li) detector
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Measurements on synthetic sources

Nas- NaO
y
"""" V4
N NxO Nx9
WR) N N N u(N), u(N,)
R Ne N, N, Ny N
N9 N Nas NaO
0.002 0.004 0.006 0.008 0.01 0.012

r

lllustration of the systematic factors y and z (as fiomst of the ratio=N,/N_/)
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Measurements In the Asse salt mine

490 m level

925 m level
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Measurements In the Asse salt mine
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Measurements In the Asse salt mine
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Si(Li)-Detector; Background

Above ground

i

Energy in keV
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Measurements In the Asse salt mine

The detector background is reduced by a factor of L

Decision threshold: 4.5 mBq forz3%Pu
(ISO 11929) 2.0 mBq forr4%Pu

New publication: Arnold (ARI ?7?, 2006)
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Measurements on environmental samples

Plutonium content and activity ratios of the soil and sediment samples.
The relative expanded (k = 2) uncertainties are given in brackets.

Sample

Ag=A(239+240py)

mBqg/g

A(%38py)

a- )=

A(240 Pu)

Sediment 0S32
Sediment OB
Soil PL82

Bourikovka BkA1l
Bourikovka BkB3
Bourikovka BkC3

Tygish Ty

Musacajevo Mcl
Musacajevo Mc2
Musljumovo MjSt
Musljumovo M;Sd

Sellafield Sf1
Sellafield Sf2

Thule-V
Thule-X

2.93 (2%)
3.04 (2%)
0.77 (2%)

119  (3%)
303  (3%)
402 (2%)

3.02 (2%)
146 (2%)
33.3 (2%)
48.0 (4%)
4.64 (7%)

224 (2%)
1009 (2%)

0.041 (5%)
0.054 (5%)
0.057 (3%)

0.45 (4%)
0.53 (5%)
0.53 (4%)

0.022 (4%)
0.010 (4%)
0.008 (27%)
0.018 (10%)
0.071 (18%)

0.20 (3%)
0.22 (2%)

0.013 (3%)
0.016 (1%)

0.46 (31%)
0.31 (33%)
0.36 (80%)

0.49 (10%)
0.58 (8%)
0.57 (5%)

0.20 (70%)
0.16 (32%)
0.20 (45%)
0.25 (60%)
0.43 (100%)

0.50 (12%)
0.43 (10%)

0.074 (110%)
0.087 (30%)
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Measurements on environmental samples

238pu/239py activity ratios of the soil and sediment samples.
Values from the literature for - fallout: 0.072

- Sellafield: 0.5
- Chernobyl:  1.17
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Measurements on environmental samples
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L X-ray spectra of a plutonium source (countingdinF 57 d) produced by the radiochemical analysiagroéir dust sample
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Measurements on environmental samples

Uncertainty budget for the determination of theatgtratio f = A(?*%Pu)/Asfor a
plutonium source produced by the radiochemical amalyf an air dust sample.

Quantity Value Standard uncer- Uncertainty Index
tainty Contribution

No 0.2279 8 0.0006 8 0.52:1C0° 0.0 %
Ao 59.18 Bq 0.15 Bq -0.51-10 0.0 %
N 0.1003 & 0.0004 & 2.7-10° 0.0 %
Aq 60.20 Bq 0.20 Bq -2.2.10 0.0 %
N 0.3117 8 0.0012 & 0.47-10° 0.0 %
Ag 73.8 Bq 1.0 Bq -1.7-10 0.0 %
N, 0.00725 8 0.000118 0.017 0.4 %
A, 2.100 Bq 0.032 Bq -0.017 0.4 %
N, 26.4-10° st 3.1.10°s? -0.25 92.3 %
As 5.63-10° Bq 0.15-1¢ Bq 0.056 4.6 %
b 0.065 0.006 0.011 0.2 %
c 0.723 0.024 0.037 2.0 %
f 0.89 0.26
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Conclusions

The determination of plutonium activity ratiosgesially for>%Puf*°Pu) in
environmental samples by measuring the L X-ray emigsgiative to the
alpha-particle emission is a simple technique, amapawed with mass
spectrometry also a cheap one.

The present results for the analyses of synthetiomplum sources and
environmental samples demonstrate the reliabilithisfiethod.

The sensitivity of the method is not as good asahatass spectrometry for
239Pu and®*%Pu but sufficient in many cases. Mass spectrometry hastibet
limits for 22°Pu and?*%Pu in the order of 1®Bq (corresponding to 0
atoms).

In the case o®%Pu, alpha-particle spectrometry is more sensitive thass
spectrometry because of the relatively short hadfoif 88 years.

Combining L X-ray and alpha-particle measurembatsthe advantage that
both measurements can be done with the same soulw@®as in a
combination of mass spectrometry and alpha-particletispeetry different
sources must be used.
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