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ABSTRACT

An accurate knowledge of the neutron fluxes in M&N&Re after any reconfiguration is of paramounpartance

to achieving reliable results in RNAA regardless tbé methodology used for determining the elemental
concentrations. A plethora of reliable analyticalsults can therefore be exclusively linked to #ffruassessment

of the stability, reproducibility and the extenttbérmalization of the neutron fluxes for RNAA. eertwo different
matrix standards NIST SRM 1571, Orchard leavesasgmting a biological standard and NIST SRM 1632IC
representing an environmental standard, were arlyin order to test the performance of GHARR — dtme
fluxes after configurational changes to the coreaha single comparator mode. The precision andrtess of the
results were generally found to be within 6% at 98®&tmfidence interval of certified values - confingithe
suitability of GHARR — 1 neutron fluxes in RNA&r#fiore changes.

Keywords: Single comparator method; nuclear research resgcftux parameters; GHARR — 1; Activation
Analysis.

INTRODUCTION

It is well documented that reactor neutron actoratanalysis (RNAA) which occupies a prominent posiamong
the various analytical methods, is a nondestrucexeeedingly selective, flexible and simultaneaudtielement
analytical technique for precise elemental analjisi®, 3].The analytical advantages of this powerful techaigte
also well discussed elsewhere [4, 5, 6]. Althouigére are several types of neutron sources (Ra mikeires,
accelerators, radioisotopic neutron emitters @t} one can use for this analysis, nuclear rebe@actors with
their high fluxes of neutrons from uranium fissidffer the highest available sensitivities for melements [7].

One of such neutron research reactors is the Mirgdleutron Source Reactor (MNSR) that is extehsidesigned
as an excellent source of neutrons for RNAA. MNSIRs classified as low power reactors [8] even thouigey
have a very high power density in the core prirgadilie to their very low thermal power output of ab80 kW at
maximum nominal operations compared to nuclear pgents (power reactors). The guiding principles the
design of these reactors are to produce long-teproducible, highly stable, and well thermalizedtnan flux with
a large flux to power ratio for analytical and atperposes. Thermalization in the extremely comgaétank — in —
pool” MNSR core is effectively attained by surrourglit with annulus beryllium reflectors. These atas also
have bottom beryllium plates and sets of top bienyllshims [9]. The design considerations, techrépalcifications
and inherent safety features of Ghana’'s MNSR knasvGhana research reactor — 1 (GHARR — 1) is aigitadle
in literature [10, 11, 12].
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Even though MNSRs are noted to possess long —gtable and reproducible neutron fluxes, nevertselése to
the small size of the core which aids neutron legkloss of reactivity from fuel burn up, accumidatof fission
products and various poisons buildup, the neuthaxe$ in the core reduces over time (aging lifetiofieche core)
[11]. For instance the excess reactivity of theiftak research reactor -2 (PARR -2) was reduceah #ank to
approximately 2.96nk after 10 years of operation [13]. Similarly, GHARR core was reconfigured after over 10
years of operation [14]. Therefore, regardlesshefrmethodology (absolute, relative or single corajmarmethod)
used for determining the elemental concentration®RNAA, the reduction of neutron fluxes sampleseiee
directly affect the accuracy of the results [15padn, with the current international interest imeerting Highly
Enriched Uranium (HEU) fuels of MNSRs to Low EnmechUranium (LEU) fuels, efforts aimed at increasihg
thermal neutron fluxes of LEU fuels are vigorousging pursued. Hence monitoring of neutron fluxeMINSRs is
of utmost importance in neutron dosimetry, fasttr@uphysics, radiation damage, production of rasdimpes and
achieving accurate results in RNAA.

For these reasons, preliminary studies on the pedoce of Ghana’'s MNSR neutron fluxes in reactastnos

activation analysis after the addition of a bewytli shim to the top aluminium tray of the core istified. The main
aim of this work therefore, was to experimental§sess the performance of Ghana's MNSR neutron dluxe
RNAA after configurational changes in the core. Tetron fluxes and spectrum shaping factors &f teactor
have previously been done [16]. Hence, anothera&s to validate these parameters for routine RNAAhe

single comparator mode. Also, the precision andui@ay of the analytical method after the additidnttoe

beryllium shim was reassessed.

MATERIALS AND METHODS

About 200 mg of two accurately weighed matrix multielement stamdl reference materials (NIST SRM 1571,
Orchard Leaves and NIST SRM 1632, coal) both obthinom the National Institute of Standards andhhetogy
(NIST), USA, were wrapped in clean polyethylenenfiland encapsulated in pre — clean 7 mL polyetbyléals
obtained from Olympic Plastic Company, USA. Theinudtte comparator, gold solution, was transferreth wi
calibrated eppendorf tip ejector pipette obtairednf Brinkmann Instruments, Inc. Westbury, New Yadritp a pre

— clean and pre- weighed 1.5 mL polyethylene wialsbtain a mass of about 20 pg. All the polyethgleials were
pre — cleaned by thoroughly washing with distilledter before soaking them in 1:4 reagent grade flCh day.
The vials were then rinsed with distilled de-ioniagater and then air — dried in fumehood. Quadcapdis of each
standard were similarly prepared for irradiatiofi.\Aals were stack with cotton and heat-sealedr@diation.

All standards were irradiated in the inner pneumatiadiation site 2 of GHARR — 1 facility with thesactor
operating at half thermal power, 15 kW. Irradiatischemes were chosen depending on the half — df¢ke
elements of interest present. The induced activitfethe standards after appropriate decay perieds ascertained
using a PC — based gamma — ray spectroscopy syételatailed description of this system has preVipleen
presented by Osae et al. [17] and Adotey et al. [LBe activities of the standards were ascertaateal constant
detector — to — standard distance of 7.2 cm by tiogia plexiglass support system at the top ofdéector. As a
way of improving the counting statistics, care waleen to reduce the pile-ups and random coincidérgses by
keeping the dead time around 10%. To ensure quickaxcurate spectral analysis without personalrgrithe
spectral data were collected and then loaded irttygermet — PC version 5.12 program for automatealyais
[19]. The detection efficiency for the- ray spectrometer was calibrated with an IAEA rdisgandard radionuclide
solution containing®Co, **!Am, *°°Cd, **Mn, ®°zn, #sr, ?®*Hg and®'Co. The measured detection efficiencies were
fitted by a polynomial function [16, 20].

RESULTS AND DISCUSSION

The results of mean elemental concentrations of tiypes of standard reference materials (NIST SRM115
Orchard Leaf - a biological standard and NIST SRA32, Coal — an environmental standard) analyzeddrsingle

comparator mode based on Hogdahl convention [Zpegsented in Table 1 and Table 2 respectivelg.rigutron

flux parameters (thermal to epithermal neutron fiatio and the neutron shaping factor) were preslipu
determined by Sogbadiji et al [16]. Other parametisesd in this quantification method are presentsewéere [5,

7, 22, 23, 24]. The uncertainties associated withrhean measured concentrations were ascertainexpasded
uncertaintiesi =2).

The addition of beryllium shims to the top alumimiutray of MNSRs core is grounded in reactor design
understanding that, these shims have very goodesicat but poor absorption cross section abilif@sthermal
neutrons — an outstanding feature of a reflectdera. In the realm of neutron physics, this aidditiargely affects
the degree of neutron leakage, the reactivity waththe core for sustaining a chain reaction, tlkeem of
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thermalization of fast neutron produced from fissamd the overall neutron flux levels of the reaciderefore, the
performance assessment of the suitability of GHARRneutron flux spectra in reactor neutron acivaanalysis
after configuration changes [25] to the core fartiee analysis cannot be over — emphasized.

Table 1. Analysis of NIST 1571, Orchard Leaf in mdig unless stated otherwise by RNAA.

Element This work Reported Values
Measured RSD¥(%) Errof (%) Z— Scores
As 10.53+0.63 5.98 -159 -2.84 10.7x25
Br 9.91 + 0.56 5.65 1.12 1.95 9.8+0.9
Ca (%) 1.78+0.09 5.06 -6.32 -2.37 1.9+£0.02
Cu 12.99+0.74 5.70 -0.84 -1.93 13.1+2.2
K (%) 1.53+0.08 5.23 2.00 0.57 1.5+0.02
Mg (%) 0.53 £0.02 3.77 1.92 0.27 0.52 £0.02
Mn 90.38+5.85 6.47 -0.13  -1.85 90.5+35
Na 83.11+498 5.99 0.13 1.84 83+5
Rb 11.61+0.81 6.98 0.96 1.58 11.5+0.9
Sb 3.29+0.03 0.91 -0.30 -1.10 3.3+0.2
Sc 36.00+2.43 6.75 0.56 2.96 358+15
Zn 26.05+1.41 541 0.19 0.92 26 +3.2

3Mean measured elemental concentratiofelative standard deviatiohRelative error

Table 2. Analysis of NIST 1632, Coal in mg/kg unlasstated otherwise by RNAA.

Element This work Certified Values
Measured RSD(%) Errof (%) Z — Scores
Al (%) 0.954+0.0172 1.80 4.26 2.16 0.915 £ 0.0137
As 6.07 £0.34 5.60 -1.78 -1.96 6.18 £0.27
Br 18.63 +0.61 3.27 -0.37  -2.14 18.7+x0.4
Ca (%) 0.139 +0.004 2.88 -4.14 -0.21 0.145 £ 0.03
Cd 0.076 £ 0.005 6.58 5.56 0.06 0.072 £ 0.007
Cl (%) 0.11 £0.0054 4.91 -3.42 -0.08 0.1139 £ 0.0041
Co 3.51+0.21 5.98 0.86 0.50 3.48 £0.20
Cu 6.13+£0.43 5.55 2.00 2.16 6.01£0.25
Fe (%) 0.765+0.019 2.48 4.08 1.21 0.735+ 0.011
K 0.105+0.0041 3.92 -455 -0.13 0.11 £ 0.0033
Mg (%) 0.0406 +£0.002 4.93 5.73 0.04 0.0384 +0.0032
Mn 1298 +0.41 3.16 -0.46 -1.90 13.04 +0.53
Na 298.75 +5.2 1.74 -0.02 -2.87 298.8+4.8
Ni 9.51+0.61 6.41 2.04 2.96 9.32+0.51
S (%) 1.53+0.078 2.7 7.4 1.33 1.462 +0.051
Si 1.582 + 0.04 2.53 -4.35 -2.85 1.654 +0.034
\% 23.79 £ 0.60 2.52 0.30 2.78 23.72+0.51
Zn 12.25+0.76 6.20 1.24 2.42 12.1+1.3

3Mean measured elemental concentratiofelative standard deviatiohRelative error

For these reasons, the stability and reprodugilolitthe neutron fluxes of the GHARR — 1 and theusacy of the
single comparator analytical method were re — etell for internal quality control. The stability can
reproducibility of the neutron fluxes were calcelhias the percentage relative standard deviatté®RSQ) for both
standards. A least value of 0.91% in Sb to 6.98%brwas recorded in NIST SRM 1571, Orchard leahilarly,
these values were 1.74% in Na to 6.58% in Cd f@TNERM 1632, Coal. Thus it is evident that, moshefvalues
were within 6% suggesting high order of precisidroor data. Thus, confirming one of the hallmarkdViNSRs
neutron fluxes for activation analysis [26]. Alshe accuracy of the analytical method was alsoutatied as the
relative errors for both standards. A critical exaation of Table 1 and Table 2 shows that excepC® (- 6.32) in
NIST SRM 1571, Orchard leaf and S (7.4) in NIST SR682, Coal, all elements were within + 6% confmmihe
accuracy of the analytical method used in the daficuns.

However, Serfor — Armah et al. [27] found the psem and accuracy of GHARR — 1 in RNAA using NISRNS

1571, Orchard leaf in relative comparator modegavithin + 10%. But these values were assessedppgiteng et
al. [28] using the same standard and method toitlenwt 5%. This discrepancy can largely be expdirby the
configurational changes in the core of GHARR - at fbrobably led to better thermalization of neusréor much
more precise analysis. Thus, our results were adgmgreement with the latter.

Notwithstanding, in order to elucidate the confidendevels of the mean measured elemental concenisatz —

scores which was previously developed for compar@fanterlaboratory results were calculated asashim Table
1 and Table 2.
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Fig. 1. Z — Score values obtained for the elemendetermined in NIST reference materials

Pictorially, most of the elements determined wertedi away from the zero mark of the Z score agisteown in
Fig. 1. This phenomenon can patrtially be attributethe neglect of correction factors such as euelf-shielding
factors, gamma — ray attenuation in the standandscaincidence summing effects, that might have udatively

led to questionableqd < |Z| < 3) results for some of the elements. Nevertheldstheaelements analyzed had Z —

scores values with‘Z| < 3, which means that the results obtained are in9®% confidence interval of the
certified or reported values [29].

CONCLUSION

The performance assessment of Ghana’s miniaturé¢ramesource reactor neutron fluxes in reactor rmgutr
activation analysis was found to be excellent vatlyeneral slight deviation of about 6% at a 99%fidence
interval of certified or reported values. We theref wish to categorically state that, even though ¢ore of
Ghana’s MNSR had been critical for nearly two desadt is still an excellent source of neutronsré@ctor neutron
activation analysis if regular configuration change the core are made. The renaissance of differemron flux
parameters in the core after the addition of theyllhem shim led to a much more precise determovatdf
elemental concentrations in the reference matesiadgesting better performance of GHARR — 1 neutitotes. It
is therefore expected that, these fluxes will dyeameliorate the sensitivities of elements in skEmp
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