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Introduction oo
Two features of (n,y) reactor NAA are making its
standardization potentially easy and accurate:
1. the high penetrability of matter for neutrons

2. existence of a delayed signal (besides the
prompt gamma’s).

Hence, standard and sample can be excited
simultaneously and induced signals of both can be
measured successively after a suited time following

the end of irradiation.
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Introduction

Other consequences:

» NAA is a bulk analysis method with multi-element
capability (element concentration and measured
signal is nearly matrix-independent).

» Matrix preparation can be kept sim

nle.

» Treatment of sample (and standard) after irradiation

IS possible (enabling etching, disso
separation - RNAA).

ution, chemical

» High sensitivity (down to the 10°, 10 or even to the
1012 g/g) attainable for many elements.

» Reference method for certification of new CRMs or

RMSs.
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Introduction -

Nuclear reactions: - direct(B+a —> Y + b); ~ 1022 - 102s
- meta stable (B+a — X*—> Y +b); ~1016-101s

[ eo n+ZAU—T

A typical (n,y) reaction with 3~ decay.
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Introduction

* NAA - four techniques:

Prompt Gamma Neutron Activation Analysis (PGNAA) (usually
with energies < 0.001 eV); prompt gammy rays (y,) emitted by
the compound nucleus X* are measured

Thermal Neutron Activation Analysis (TNAA); from reactions in a
well-thermalised reactor spectrum, the decay gamma rays (y,)
are measured

Epithermal Neutron Activation Analysis (ENAA); resonance
reactions are utilised by using suitable filters to remove thermal
neutrons from the reactor spectrum and measuring decay
gamma rays

Fast Neutron Activation Analysis (FNAA); high-energy neutron
sources are used without the presence of a moderator for
slowing down the neutrons and gamma rays are measured.
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o(E), b

(n,y) reaction rate
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(n,y) reaction rate

+a) S ——
I N ™ Hogdabhl conventlon
I ] Veg

\ ja(v) @' (V) dv + ja(E) @(E) dE =R, ,, + Ry,
o0 ] Ecq
g 0% \ E - all (n,y) reactions are as follows:

\ o(Vv) o« 1/v

bl “\;g_z...lm.\ L 11(;0 ol 11é2 AT 11(\)4 | J..l%\gﬁ = ECd - 0.55 eV
E, eV

1-03)”""1 t(E) RX — GO VO r]th + gﬂe IO (a) — GO gpth + ¢e Io (Gf)
. TE) | with: o, = o(v,) at reference velocity v, =2200
3 ] ' m s, o4 = Vo Ny, fluence rate for thermal
5 osl ; neutrons, ny, — thermal neutron density and
O i E2

o(E) dE
94
lp(er) = (leV)* | =
I e el il el il E E
B T T T A T T _ cd
E. eV resonance integral for epithermal part of
Cd total cross section and Cd spectra

transmission function T(E) for 1 mm Cd
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(n,y) reaction rate 1

For better adjustment of (n,y) reaction rate in Hogdahl convention it is
necessary to introduce some correction factors:

- G, - thermal neutron self-shielding (nucleus density)

- G, - epithermal neutron self-shielding (density + resonance parameters)
- F¢4 - Cd transmission factor for epithermal neutrons

RX :Gth gpth GO +Ge (De Io(Of)

Cd-ratio:

Red = Feg R::d :1"‘(

Gt Jun f =L o Qo) = 1Y)

Ge QO (0[) gDe O-O
with R~4* - measured Cd ratio:
o0 E,
[o(E) p(E) dE [o(E) p(E) dE
Réd = =—

[TE) oE) o) F,, [o(E) () dE

ECd
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Activation equation

No — WN,© dN, _
M dt'
dN

dt'

N N, Ry, e

—N; Ry,

=N, R, ;=N (A +Ry)=R,,; N) g™ —

_RX 1 tirr

N, = N7 e !

taking into account the removal of
nuclei of the nuclide produced

N(A+Ry)

(1+R,

N _ Nf RX,l

ﬂ, of nuclei of the

nuclide produced

Burn-up factor

l e_RX,l Girr (1 —_e (Rx,l_l_RN) Giry )

not taking into
(1 —e — At ) account the removal

|:burn —
(1 + R,

Ry (1—e ')

(1 —e (Rx,l_/l_RN) Giry )

NO, - initial number of irradiated nuclei in the target
N, - number of target nuclide

N - number of radionuclide

w — mass of the investigated element

N,- Avogadro constant=6.022045 1023 mol!
M - molar mass

© - isotopic abundance

A - decay constant = In(2)/T,,

t,, - irradiation time

Ry ; - specific reaction rate of target nuclide
Ry - specific reaction rate of radionuclide
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Activation equation 26

Al ® ©
Due to radioactive decay, ~ The reaction rate of the radioactive nucleiN @
the number of radioactive nuclei dN
N decreases with time = =—AN
Nf RX 1 —At; —At o :
N = T’(l— e " )e IS proportional to the count rate measured by

the detector.

The result is the number of counts in the full-energy peak (N,) with the start of
detection at time t, after the end of irradiation:

Nlo Ry 1 ~ Aty \ a—Aly Aty
Ny =—— 5 (e M )e™ (e ™) y e,
_ 2 t... Factor for saturation
J S =1- e " during irradiation
N (1_9‘/“m) _ a4 t3  Decay factor
0 Aty At —
P = NCR, , (1—e ) g7 -
t At o
(1_ e_ " ) € 2]
C = Measurement
At factor
10
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Activation equation .

0.0
Full-energy peak detection @

N W N @ E efficiency, including gamma
D — A RX 1 S D C }/ Sp P attenuation
tm ¥ Probability of y emission

Activity, A [s'!] or the total count rate in the detector:

WN,®
MA I:QX,lygp

Specific count rate (st g?)

A=N; Ry17 €, =

Np/tm
SDCw

11

N,®
A‘sp: I\A}I I:\)X,lj/gp of Asp
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Activation eguation

Specific count rate (st g?)

N, ® 1
A, === = (Gy 00 05 +Go 2. 1o(@) 7 &,

burn

Specific count rate under Cd activation (st g%1)

N, ® 1

(Asp)Cd = M FCd C-:'e De Io(a’) /4 gp

12
ICTP-IAEA Workshop, 20.-24. April 2015, Trieste, Italy



— .-
Lo

a0 Pulse
Logarithmic T Safety

channel 0O channel

Nuclear research reactor
TRIGA Mark I (250 kW)

- Short and long irradiation in
the CC: 0%
¢ ~ 10-1022 cm2 s

- Short irradiation in the PT and in
the FPTS (up-to 30 min.)
Oy ~ 3.5-1012 cm=2 st

- Long irradiation in the 1C-40 Sl
. Linear Start
(typ|Ca”y 20 hOUI‘S) channel channel
(Pth - 1 1 . 1 012 Cm_z S_l O Fuel elements 20 % U-235 ti:ﬁtsferlesuyn;fet:ﬁ

Pneumatic transport
O Control rods tube channel

@ Neutron source @ Central channel
@9

@ Irradiation channels
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Nuclear data of the target and

nuclide formed

El. | Nuclide T, o, b | Lot b| oon, b Ion. b
Ru| '""Rh | 3536h | 032 | 43 | 16000 | 17000
Eu | '"“Eu | 13.516v | 5900 | 1510 | 12800 | 1580
Eu | ™"Eu | 9.113h | 3304 | 1790 | 70000 | 1580
Gd | 'PGd | 2404d | 735 |2020] 36000 | n.d.
Au | "PAu | 2.695d | 98.65 | 1550 | 25100 | 31031

n. d.: no data
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Burn-up factor (F, ) In irradiation channels ‘:0
of the TRIGA reactor (calculations) 0.‘
El. | Nuclide T — Four (20 1) —
IC-40: ¢4 ~ 1.0-10%? cm—2s T — 1(_.-4() _PT ,("("
PT: Py ~ 3 5.1012 cm-2s-1 Ru 1“Rll 33.:36 .h Q..‘)?.Q (‘)..(.)98 Q..‘)?-I-
CC: O ~ 10-1012 cm2s-1 | Eu ) “Eu | 13.516v | 0.999 | 0.998 | 0.993
Eu | "™ Eu | 9.113h | 0.998 | 0.993 | 0.980
Gd | "WGd | 2404d | 0.999 | 0.995 | 0.987
Au | "PAu | 2.695d | 0.999 | 0.997 | 0.991
Bl Nuclide Fpm In the CC channel
1h 10 h 20 h S50 h 100h | 200h
Ru 1"Rh 1.000 | 0.997 | 0.994 | 0.988 | 0.980 | 0.973
Eu P Eu 1.000 | 0.997 | 0.993 | 0.983 | 0.967 | 0.935
Eu | “"™Eu | 0999 | 0988 | 0980 | 0966 | 0.958 | 0.946
Gd 9Gd | 0999 | 0993 | 0987 | 0968 | 0.937 | 0.879
Au = 1.000 | 0.995 | 0.991 | 0978 | 0.961 | 0.938
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(n, y) Activation Analysis:
Principles of standardization

N, /t,
The mass of M SDC ),

the element: W, = 2

NA ®a 7a (Gth,a (Dth,a Go,a T Ge,a (De,a IO,a (a))gp,a

Relative standardization: Concentration

In relative
N /t standardization:
e
Wa — DC a Gth,s f +Ge,s Qo,s(a) gp,s ( DpCVr\T;ja
[Np/tm] Gra T +GeaQua(@) 850 A= 7
DG S DCw .

16
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(n, y) Activation Analysis: o2

Principles of standardization  ®e®

Single-comparator standardization: use of k-factors (experimentally determined)

Aps
k (S) = P
() A

Mc ®s 7/3 GO,S Gth,s f +Ge,s QO,s(a) gp,s
Ms ®c yc O-O,c Gth,c f +Ge,c QO,c(a) gp,c

Np/tm
SDCWa 1

o= ( N/t J Kk (3)

k. (8) =

SDCw

C
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(n, y) Activation Analysis:
Principles of standardization

Absolute (parametric) standardization:

[N/t )
\S DCW/a Ma ®m 7/m Go,m Gth,m f +Ge,m QO,m(a) gp,m

Pa =
/ Np/tm \ Mm @a ya GO,a Gth,a f +Ge,a QO,c(a) gp,a
\S DCW/m

a - analyte

m — flux monitor
Condition that ¢, f and a remain constant during irradiation
Parameters M, O, y, o, for both taken from literature (accurate known !)

18
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ko-standardization: KAYZERO/SOLCOI ¢2®
C P
@

Thermal and epithermal activation:

( N /t, ]
SDCw o 1 C-:'th,Au f +Ge,Au QO,Au (O!) gp,AU

SDCw

Only epithermal activation:

LPa =
( N, /t, ] Kons (@) Gpo f+G,, Q) &,
Au

( N, /t, ] '
D == SDCw Cd__a 1 I:Cd,Au Ge,Au QO,Au (0[) gp,Au
a N p /tm kO,Au (a) |:Cd,a C-:'e,a Qo,a(a) gp,a
SDCw)_,
— 1 Au

19
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Ko-Standardization

M AU ®a ]/a GO,a Compound nuclear
kO, AL (a) — constant

M. O 7a O au

Tabulated constant;

k01 QO! Er

Q,(x) = Q, —0.429 n 0.429 (experimentally measured)
: [E_ T (2 +1)(0.55)“ go-_f?;:tor:

Opa, 98.65 % 0.09 b (+0.09%)

. loaw 1550 + 28 b (+1.8%)
(¢ Epithermal fluence rate

deviation from 1/E O, 100%

mh

r Effective resonance energy Qoau  15.71£0.28 b (+1.8%)

20
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Ko-library info:

J Radioanal Nucl Chem (2014) 300:589-592
DOI 10.1007/s10967-014-3085-2

http://www.kayzero.com/kOnaa/kOn aa/News/News.htmI‘Q‘

The 2012 recommended &k, database

R. Jac¢imovi¢ - F. De Corte - G. Kennedy -
P. Vermaercke - Z. Revay

Received: 31 October 2013 /Published online: 16 March 2014
© Akadémiai Kiadd, Budapest, Hungary 2014

Abstract Many overview papers have been published with
recommended nuclear data for use in the £, method of NAA
and made available in scientific journals or in the form of a
downloadable database. In September 2009, the ky-Interna-
tional Scientific Committee formed the ky-Nuclear Data
Committee (ko-NDC) whose first task was to collect all these
data at a single place to facilitate updating and to correct any
evident errors. This task of the ko-NDC was successfully
completed in March 2012 when the 2012 recommended kg
database was published in the form of an Excel file.

Keywords k&, method of NAA - k, database - Nuclear
data - The TUPAC ko database

[1], whereby absolute nuclear data were replaced by kg factors,
which were experimentally determined. Compared to the rel-
ative method, the ky method greatly reduces the need for the
preparation of standards. It uses gold as the standard and
composite nuclear constants for analytically interesting nuc-
lides are normalised to gold nuclear data. During the last
30 years the ko, method has been introduced in many labora-
tories around the world for multi-element NAA and the method
is continuously improving, along with its nuclear data [2-7]. In
2003, these data were made available by the International
Union of Pure and Applied Chemistry (IUPAC) in the form of
the Access database (http://www iupac.org/home/projects/
project-db/project-details.html?tx_wfgbe pil%5Bproject
nr%5D=2001-075-1-500) created by Kolotov and De Corte
[8, 9]. In the process of validation of the consistency of the

ICTP-IAEA Workshop, 20.-24. April 2015, Trieste, Italy

21



Ko-library info: % 5

http://www.kayzero.com/kOnaa/kOnaa/News/News.htm I...

d The ky,-Nuclear Data Committee (k,-NDC) s
responsible for reviewing all new developments
In the nuclear data used with the k, method of
NAA, which includes ensuring the consistency
In the k, database.

d The latter task was successfully fulfilled In
March 2012 when the 2012 recommended Kk,
database was published in the form of an Excel
file dated 2012-03-14.

22
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Periodic table of the elements 8@

(elements in the ky-library)  ®e®

10
Ne

18
Ar

15
1B
36
Kr

54
Xe

86
Bl Po At Rn

Tl

Pb

100 101 102 103
Np Pu Am Cm Bk Cf Es Fm Md No VLr

O Westcott factor g = 1
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Type Activation-decay scheme Type Activation-decay scheme
n,y ;».: " " SR n
] e 2 —» Special case: iy <<, and 3
| 0 0 Vh
le.g. As (n, 7)™ As| [e.g. " Au from "*Au (n, )]
| ny > 2 F:.).:; 3 )-.: 2 : . i .
Ia oy 1y Special case: 3 <<, and #a,
[e.g. ""'"Te from ""'Mo (n, )] Ve D> =Dy=0
- Special case: 2>>>7%3; and D:=0 [e.g. "™In from 'Sn (n, )]
[e.g. **Pa from ***Th (n, 7))
llc | Special case: %;<%i: and D;=0 Special case: 1248} [from '*'Sb (n, y)] A Ct I V at I O n
Special case: measurement of the 140.5 keV after long decay time
Id | ; i o (D;=D3=0)
line of Mo /*"Tc [from ?*Mo (n, v)]
“.I"I-lm =70 2 mi
g - Vake o Pads. 5 VI o ‘3o (T, =202 min) an d d eC a.
B S R Gt S o I ! B =1 :
ITla o> 1o | Faqlz T |—ny—220, '””“bib (T,.=935) H
9T 967 (v n £ 18 2a,.F=0.75
[e.g. "Nb from *°Zr (n, )] o, 1§ 243p (T, = 60.2 d) eS I n e
111b | Special case: F.i =0 P4
Special case: A;>> %Ay and As, D3 =0
Fy=1,Fs+ Fas=1 % Lo, 5 Fasho k 'm ethOd
Ilc & Al )
i i Vila nﬁ lF> Japd e O
[e.g. " Rh from '""Ru (n,y)] N\ ,
l) m G”‘ II) FJ"“
L
IVa \"_" g Vil Special case: Fo=
o 1§ ’“-‘,\ [e.g. '*5Sb from '**Sn (n, y)]
[e.g. ®Br from "Br(n.v)]
Special case: »>>>ky and D;=0 Fass
IVb ) ) =
[e.g. ®Co from *’Co (n. V)] 002 16) 3 Fass
IVe | Special case: A>< 2y andD; =0 N
m m \/I]I
o s Iy 5 e
va |1 ny [Fade Fisha
3—>4—> 17 16 .
of. Iﬁgh. Fahs 4 T [e.g."In from "“"Cd (n, y)]
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o0
Decay scheme of the radionuclide 3%

2505.765 () 30 s

2158.64 () 59 e

1332.516 743 ps

0 stable

o
52714 y $ .
Sl 0 w&' %
L 60 o Bis A S
¥ VO &
g oy g8 @
Qg =2823.9 e W &
$O8 Do &
99.925% 75, 4% VO & R
<0.0022% >13.3 , 2% o@“—q@
®)
O
0.057% 15.02, 2% ] >
o* v ¥ [
60n::
28N|
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Decay scheme of the radionuclide

2919.71

0 stable
26

[4¥h

35.30 h
5% ____>7.6

<0

a 88 g a
N~ @ O )
0 o 2 <
s TS 9 <
o [~+] «© o
- o~ ” ~N
SN0 ) 0
B8 = o
(=] -+ - ~
N ™|~ -
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<e, %
%8 569 o
_ Cn! >
&l |
%4 <t "
NQN.Q,Q Ly
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. i
=]
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| %
T [
T H +
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d 44 B 4+
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ATAT  ATA|A! Al X
1500 1 I ] I
e [ ! “
O, o 1]l ' “
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e Bl bl (R =
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36Kr
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— 1 “"HPGe detector eeq

o °
) ®
1T
® 84.0
plexiglass ®70.0 b FE
PVC tube || — < 1
s HPGe closed end coaxial
picigass [ i 8 e P detector (O R4)
e il 40% relative efficiency
: at 1332.5 keV (°°Co)
Crystal (G (“fine tuning” dimensions
2 om0sme  are in mm)
Al
8.8
® 58.0 .
‘ ® 65.7 '| !

' 27
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Full-energy peak detection efficiency:::

. Point sources at reference distance (20 cm’:
— Am-241, Ba-133, Bi-207, Cd-109, Co-57, Co-60,
Q f Cr-51, Cs-137, Eu-152, Mn-54, Na-24, Ra-226, Sr-85
re

Fitting curve:
loge, =a,+a,(logE,)+a,(logE,)* +a,(log E, )’ +...+a,(log E,)"

gp,x — gp,ref

0.00s I
k Regilomn 1 Reglom 2 Reggilom B
T - f// "H"\»\’k
LHY n
&
@
A S0.0 =re.2 B0
20 180 1660 20
vEroE) m Bosfd
m -
= E
- *E " e 2 e g
- o ; o * b :#‘xﬂ - = me ,:
v = F P x x® *
¥ _E
—1G
B0 160 1660 <0
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P/T (OR4)

Peak-to-total ratio (P/T)
1.0
- IOKI JrI PI
& c 1K + P
Ny e
N oI
%47 %\Q&R LK 4 p
s
RN
\\Q\iiér
\\-
TN
0.1

R Energy (keV) 1000

Coincidence free point sources:

Am-241, Cd-109, Co-57, Hg-203, Cr-51, Cs-137 and Zn-65
ICTP-IAEA Workshop, 20.-24. April 2015, Trieste, Italy
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True coincidence correction factors ¢%®

® O
True coincidence effects occur when two or more cascading radiations give rise ®

to a total or partial energy deposition in the HPGe detector

1. y-y coincidence summing 2. y-y coincidence loss
A B M B
e 7l :
‘ C y &
| 0 ML
f il ‘

|

|

L(A-D)=a,c, €D

S(A=B+C)="Ba_c, “pe Spc

7/A gp,A
y - absolute gamma-intensity,

a - branching ratio,

g A
e =D Total efficiency
OPIT
¢p - full-energy peak efficiency

3.7-KX(IC) Caincidence loss CO' — [1-L(A)][1+S(A)]

4.y-KX(EC) Coincidence loss N*
5.9-511 keV (B") Coincidence loss p,A

6.511 keV(p")-511 keV(p") Coincidence loss p.A CO'
ICTP-IAEA Workshop, 20.-24. April 2015, Trieste, Italy

¢c=1/(l+ay), o= total internal conversion coefficient (= ayta  t...),
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Effective solid angle

Gamma attenuation caused by
Incoherent interaction in the
absorbing material interposed
between source and detector body

Probability for a photon with E, to
interact incoherently with the
detector material

Ry RdR
d+Ddl {rdr |d® att” eff
(@+1) j j j[R2—2chosd>+r “+(d +1)?1¥°

o= 47
0

31
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COl factors for OR4 detector

®=8 mm
Wolume monsterhouder = 25701 cm3
Aantalposities =5 rF—5 mm
Colncidentiefactoren voor SPRONE AR 0905 SEDIMENT
Detector or4d
Pulse shaping time = 4.000 microsec. p :1 g Cm'3
Matrix materiaal = #CaCo3

fantal isotopen in het bestgnd 139
coe - Icm  3cm  5cm 7cm  2lcm
1173 .2 ke -B4z29 93254 -Ha304 .97584 .99504
1232 .5 ke -B3B50 53095 - HAaZlog Bs30 99400
BREEZ 1a
02 .2 ke 11242 -Baalh .9=4dah e NP .9BR9A
221 .3 keW -7la4da -BavTZh 92514 .9h05a 99013
273 .5 keW .hAazel FRT R .BB=15 R e .984da’
554 .3 kev 04272 .83524 o077 939028 98791
al6a.3 ke .55354 78808 .a808a 82162 98494
Bl1Y .1 keV Bl0Z2Z2 .B1808 .8¥78aA SB3EETO .98a7T4
BEIE .4 ke .ha30l FR" DR B .BR3Ez29 92303 .9g497y
TIE.H ke -B4971 .B3B83 .90991 94074 .98A31
827 .8 kev -BYa18 .Ba3is 92427 .9h021 .9opgol
952 .0 keV 59131 .8085a =R 92980 .9BaTE
1007 .5 ke -BI403 .0aZal . HZ2EAa09 94987y .OBSUA
1044 .0 ke -BT4d35 .B5Z5A 81804 Bda4pzl .9ee4s
1081 .3 ke 59743 .B1057 .B9503 JU3E2Z .98R11
1217 .5 ke .74287 .BgE45 .8=841 .B5911 .991aH
1474 .8 ke 753 H0533 54805 -UahZa .99X8l
1650 .3 ke 75026 .B953a 5435320 Bakdl .99l aH
32
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e®
k,-standardization: KAYZERO/SOLCOIS:Q

K,-standardization method of NAA was launched in the
1970s

SINGCOMP program: 1987 written for VAX

KAYZERO/SOLCOI program: 1994, 1996, 2003 written
for DOS and in 2004 written for Windows

Current status: Kayzero for Windows (KayWin®) ver.
2.42 from March 2011

KAYZERQ library - 144 nuclides (68 elements)

Ko-NAA became widespread as a practical analytical tool
used to analyse different sample matrices

33
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KAYZERO/SOLCOI (KayWin) software 33:

¥ Kayzero for Windows V2.42 = | OfX .
File Samples Manitors  Library  History  Reports  SOLCOI  Archive  Tools  Window  Help

ES About Kayzero for Windows

This progiam is the Windows
aquivaient for the DOS programs
Kayzero/ Solcoi developed by

Rohbert van Sitifs.

This DOS software was developed
— from 1987 to 2002 at
DSM Resaarch (NL).

Kavzeroe for Windows was developed by
KO-ware (NL) in 2002-20032 and
distributed by Prof. F. De Corte until
June 2007

All data from previous
Varsions can be used.

The library Is equivalant
1o the 2002 IUPAC
database,

Kavzeroe for Windows is
now supported and distribated
by KO-ware, Heerlan
The Natherlands.
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KayWin: http://www.kayzero.com/ 3:0
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Ko-INAA analytical procedure oo’

- Sample and standard are
prepared in sandwich form and
irradiated in the carousel facility
—_— of the TRIGA Mark Il reactor (250
— KW)
- Measurement on an HPGe
absolutely calibrated detector
- Evaluation of the spectrum by
HyperLab program
- Calculation of the effective
solid angle between sample and
HPGe detector
- Calculation of element
concentration by KayWin®

PE container

R
B
aos e 82
i

rre
Ry

SPRONK vial

o gy BT |
e L e w
et A ]
(SRP system) —
\ S —
[+ ST St
e e 8 O 2 .
L x I
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ko,-IAEA software oo

® O
®
* A new kO_IAEA software for k,-NAA appeared in 2004
In collaborations between the IAEA (M. Rossbach), M.

Blaauw, M. Bacchi, beta testers (L. Xilel, R. JaCimovic,

G. Kenedy and M.C. Freitas) and additional programmer
A. Trkov

* Current status: kO _|AEA software ver. 7.16 from June
2013

« From ver. 4.01 of kO_IAEA software the Kayzero library

has been updated. The new data have been obtained
from:

— [DECORTE2003]: Recommended nuclear data for use in the kO-standardization of neutron
activation analysis, Atomic Data and Nuclear Data Tables 85 (2003) 47-67

— [DECORTE2003b]: The updated NAA nuclear data library derived from the Y2K kO-
database, J. Radioanal. Nucl. Chem., 257 (2003) 493-499

— [IUPAC] Compilation of kO and related data for NAA, V. P. Kolotov and F. De Corte, ver. 4,
1.10.2002

37
ICTP-IAEA Workshop, 20.-24. April 2015, Trieste, Italy



o-lIAEA software
http://www.tnw.tudelft.nl/index.php?1d=34350&L=1

1Y

=B ES
~
w| €2 N
Ho open series %
Applied Sciences > Cooperation > Facilities > Reactor Instituut Delft > Organisation =
& kO_IAEA Version 716 K.
Personal pages of Menno Blaauw Copyricht (] 2003 - 2013 x|
W ko-TAEA software downloads
The latest version of the kO-IAEA program is 7.16, as of June 2013,
To install that from scratch, you will need to install version 4.04 first from a nice .msi file, and then do ¢
the update towards 7.16.
If you are already running version 4,04 of higher, you will only need to install the update. V
If you are moving to Windows Vista of Windows 7, you will need the Microsoft driver for the help files.
The all-singing and dancing tutorial for the software is too large For the TUD server, but the IAEA A
provides it here,
Here are some other useful downloads: -
Credits |
Subject Author(s)
The ko-Consistent IR Gamma-ray Catalogue For INAA M. Blaauw Credits
The 1995 JAEA gamma-ray test spectra M. Blaauw e
~ Initiator — The team

The 1997 IAEA alpha-ray test spectra M. Blaauw W atthias Posshach r Original programmers
The 2002 JAEA gamma-ray test spectra for low-level gamma-ray spectrometry M. Blaauw Menn_o Blaauv‘.‘

Marcio Bacchi
True coincidence summing corrections for gamma-ray spectrometry of voluminous 5.3 - Godfathers
samples (PDF, 2.3 Mb) Gelsema Frans De. Cort.e — Additional programmers ————

_ Andraz Simaonits
Andre] Trkaw
— Responsible IAEA officer
Enrique Macif - Beta testing
Lin &ilei
Radojko Jacimovic
Greg Kennedy
Carmo Freitas
< l 1l [ ™

For Help, press F1 |Nm OpEn SEries
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CERTIFICATE OF ANALYSIS
SMELS

ASSIGNED VALUES [1]

Assigned Value '+ U2[1]

SMELS Element mg/kg Number of withheld fabs
Type | Au 827 £1,7 8
Cl 4330 £ 170 8
Cs 897 + 37 8
Cu 3930 + 120 8
| 152+ 5 7
La 265+10 8
Mn 1139+33 8
i | 39+16 | ¥ 8
Type Il As 923+36 ! 9
Au 3,93+0,07 9
Br 157 £5 7
Ce 15600 + 800 4
Mo 5170 +.250 8
Pr 1193 + 37 8
Sb 17248 9
Th 3670 + 180 9
Yb 187 £ 10 9
Zn [, . 6570+200 8
Type Il Au ! 0,901 £ 0,016 8
Co | 243+0,33 9
Cr 4 867126 9
Cs 20,80 + 0,34 8
Fe 8200 + 190 9
| In 462 £ 19 9
| Sb o1,2+13 7
Sc 1,140 £ 0,031 9
| Se 1316 9
| Sr 8150 + 200 9
Th 2622+0,9 9
Tm 233107 7
Yb 20,7+0,5 9
Zn 618 + 11 9
Zr | 4580 + 100 9

T The assigned values, as determined after a characterisation exercise [1), represent total contents
These values are not traceable to S| and are not certified

2. Estimated expanded uncertainty U with a coverage factor k=2, corresponding to a level of
confidence of about 95 %, as defined in the Guide to the Expression of Uncertainty in Measurement
(GUM), ISO, 1995. Uncertainty contributions arising from characterisation as well as from

homogeneity and stability assessment were taken into consideration

SMELS page 1 of 3

P. Vermaercke, et al.,
Nucl. Instr. Meth. A 564
(2006) 675-682
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KayWin .
vs. KO_IAEA *"

SMELS Type | - JSI

kO_IAEAver 3 (n=3)
The same input spectra (Area)

Au Cl Cs Cu | La Mn

——SMELS @ KayWin A kO _IAEA

Ratio

—=SMELS @ KkO_IAEA

1.10

1.05

1.00

0.95

0.90

SMELS Type | (n=3) in the PT of the TRIGA reactor
kO_IAEA ver 4.04 (all lines)

Jr——— |
=@
==y
—0=—11

==

Au Cl Cs Cu | La Mn V
Element
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SMELS Type Il - JSI

e kO_IAEA ver 3 (n=3)
- » The same input spectra (Area)
KayWin SN E RN B S S A A
vs.KOIAEA [V T+ T T T 11

As Au Br Ce Mo Pr Sb Th Yb Zn

——SMELS @ KayWin A kO_IAEA

SMELS Type Il (n=3) in the IC40 of the TRIGA reactor
kO_IAEA ver 4.04 (all lines)

HIEEREEREEE
NiEEREEREREE
¢ 5 ¢ )

0-90 i i i T T T T T T
As Au Br Ce Mo Pr Sb Th Yb Zn
—SMELS @ KkO_IAEA Element
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SMELS Type IIl - JSI

120 KO_TAEA ver 3 (n=3)
The same input spectra (Area)

T%Iil%w%?

1.10

KayWin ¢ i
vs. kO_IAEA 1
1

Ratio
H— P+
i

0.80

070 T T T
Au Co Cr Cs Fe In Sb Sc Se Sr Th Yb Zn

——SMELS @ KayWin A kO_IAEA

SMELS Type Il (n=3) in the IC40 of the TRIGA reactor
kO_IAEA ver 4.04 (all lines)

1.30
1.20 {

= 1.10 T
g ¢
100 | i } i i S | i 3§
1 1 1 I t é 1 1 t
0.90 T T T T T T T T T T T T T T
Au Co Cr Cs Fe In Sb Sc Se Sr Th Tm Yb Zn Zr
——SMELS @ kO_IAEA Element
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Practical exercise:
KayWin
and

Ko-lAEA software
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