
2013 International Nuclear Atlantic Conference - INAC 2013 
Recife, PE, Brazil, November 24-29, 2013 
ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN 
ISBN: 978-85-99141-05-2 

 

OPTIMIZATION OF DAVIES & GRAY/NBL METHOD USED FOR 

DETERMINATION OF TOTAL URANIUM CONCENTRATION IN THE 

SAFEGUARDS DESTRUCTIVE ANALYSIS 

 

José Wanderley S. da Silva, Aline Gonzalez Viana, Pedro Dionísio de Barros, Bárbara 

Fernandes G. Cristiano  

Comissão Nacional de Energia Nuclear (LASAL/COSAP/CNEN) 

Av Salvador Allende, S/N 

22783-127, Rio de Janeiro, RJ 

wanderley@ird.gov.br 

agonzalez@ird.gov.br 

pedrodio@ird.gov.br 

barbara@ird.gov.br 

 

 

ABSTRACT 

 

One important activity conducted by the Brazilian State System of Accounting for and Control of 

Nuclear Materials - SSAC is to verify inventories of the nuclear facilities by nondestructive analysis 

and destructive analysis. For destructive analysis, the Safeguards Laboratory of Brazilian Nuclear 

Energy Commission – LASAL/CNEN has been applying the “Davies & Gray/NBL” method in samples 

taken during inspections at nuclear facilities since 1984 in Brazil and Argentina. This method consists 

of the determination of total uranium concentration by potentiometric titration of uranium (IV) with a 

standard solution of potassium dichromate as oxidizing agent. This solution is prepared using a K2Cr2O7 

SRM 136e standard reference material (99.984 ±0.010) wt% certified by National Institute of Standard 

and Technology – NIST. The procedure also includes the calibration with primary uranium standards 

reference material (NBL CRM 112A). In order to reduce the consumption of  K2Cr2O7 and the other 

reagent involved in the procedure, without any loss in the performance of the method, a K2Cr2O7 

solution with half  the regular concentration was prepared and used to test the uranium concentration in 

several aliquots with a content between 30 mg to 40 mg of uranium per gram of solution. After 

optimizing the parameters and procedure, it was possible to get the same performance as well. As a 

consequence, decreasing of the cost, the amount of waste and also a reduction in the titration time of 

each aliquot was achieved. Thus, this work describes all details in this research as well as the results 

and its evaluation. 
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1. INTRODUCTION 

 

 

Since 1984, the Safeguards Laboratory of the Brazilian Nuclear Energy Commission – 

LASAL/CNEN has been providing capacities and capabilities on nuclear material assay for 

the Brazilian State System of Accounting for and Control of Nuclear Materials - SSAC. These 

activities involve training of inspectors, development and implementation of techniques and 

procedures, as well as analysis of samples by destructive (DA) and nondestructive (NDA) 

methods. These analyses are an important tool for the independent verification of either the 

throughput or the inventory of nuclear material within a facility, in support to the SSAC. 

 

For determination of total uranium concentration in samples taken during safeguards 

inspections, the LASAL has been applying  the Davies & Gray/NBL potentiometric titration 

method using a standard K2Cr2O7 solution (SRM 136e provided by NIST) with  concentration 

of about 0.05 N, according to the IAEA original procedure [1,2,3]. To establish a relation 

between K2Cr2O7 and the uranium in the sample, this concentration is expressed in titer, 

which is the ratio between equivalent uranium mass content and the weight of K2Cr2O7 

standard solution, i.e. mgU/g K2Cr2O7 solution. By using this solution, aliquots containing 

between 90 mg to 110 mg of uranium per gram of solution are titrated to determine the 

uranium concentration. In addition, uranium standard reference materials (CRM 112-A 

provided by NBL) are used for calibration of the system. According to international 

standards, this method achieves a combined standard uncertainty of 0.14% rel. or better [4]. 

 

In order to evaluate and consequently, improve its performance, LASAL has also been 

participating in the international inter-comparison programs for determination of total 

uranium content, sponsored by  several international organizations such as “Agência 

Brasileiro-Argentina de Contabilidade e Controle de Materiais Nucleares - ABACC” and 

“New Brunswick Laboratory – NBL/US-DOE” [5,6,7,8].  

 

Taken into account the cost of reagents, standards and equipment involved, as well as the 

amount of chemical and radioactive waste generated, this work presents the results of some 

investigations aiming at the  improvement of the method. Basically, it consists of a reduction 

in the amount of uranium per aliquot prepared to less than half of its original value and its 

titration by a K2Cr2O7 solution with a concentration of 0.025 N, that is also, half the original 

value.  

 

Consequently, a significant reduction in the K2Cr2O7 and uranium standards has been 

possible, as well as decreasing of the associated costs and chemical waste generation. 

 

This work also shows that the changes do not affect the performance of the method in regards 

to the maximum expected uncertainty level. 

 

 

 

 



2. DESCRIPTION OF THE METHOD 

 

The Potentiometric Davies & Gray/NBL method for determination of uranium is a selective 

method based on the reduction of U (VI) to U (IV) in a phosphoric acid medium by excess of 

Fe (II) in sulfamic acid media. This excess of ferrous ions is oxidized with nitric acid in the 

presence of Mo (VI) and sulfamic acid. Then, U (IV) is titrated with a standard solution of 

K2Cr2O7 until a preset end point potential of 130 mV. This standard K2Cr2O7 solution has its 

concentration in titer, calculated in terms of the ratio of equivalent mass of uranium in mg by 

the mass of standard K2Cr2O7 solution in g. To precise the potentiometric end-point, a vanadyl 

sulfate solution in a sulphuric acid medium is also added. In this method, it is essential to 

avoid any reoxidation of U (IV) before the titration. All reaction times must be rigorously 

controlled, including the time between the preparation of the aliquot and the titration. This 

time shall not be longer than 5 minutes. Besides, the presence of As (III), Sb (III), halides and 

organic material should also be avoided. A wire of Pt-Rh (90:10) is used as indicator 

electrode and the reference electrode is a mercurous one. This method may be applied for 

uranium analysis of samples of oxides, nitrates, ADU, AUC and also UF6 of any physical 

form. All the reagents used are of analytical grade and the water used to prepare solutions is 

purified at grade level. The most important modification of the method was the uranium 

concentration, which was adjusted to be within 30 and 40 mgU/g of solution. 

Titration of each aliquot was done as follows: 10 ml of water is added and slow agitation is 

done, 40 ml of concentrated ortophosphoric acid is added rinsing the beaker walls, 10 ml of a 

mixed solution (H2NSO3 + FeSO4) is added in the center of the solution, which is slowly 

agitated for 20 seconds. After that, 10 ml of an oxidizing reagent is added by rinsing the walls 

of the beaker and the solution is vigorously agitated until a dark brown color disappears 

(about 20-30 seconds). The agitation must continue for more 15 seconds and, after 2 minutes 

45 seconds resting, 100 ml of vanadyl sulfate solution in a sulphuric acid medium is added to 

the solution. Then, the aliquot is titrated with the standard K2Cr2O7 solution in an automatic 

Metrohm Titrando 836 until a preset end-point potential of 130 mV. The electrodes used are a 

combination of a Pt-Rh (90:10) wire as indicator electrode and an Hg2(SO4) as the reference 

one. To avoid any reoxidation of U (IV), the titration must be completed in no more than 5 

minutes after the last reagent is added. All the steps of the analytical procedure, such as 

chemical kinetics of the reaction and instrumental parameters, are rigorously controlled. 

 

A significant change to be considered is that, in this new procedure, a solution of vanadyl 

sulfate in sulphuric acid medium previously prepared is used instead of adding the solid 

vanadyl sulfate directed in the titrating solution, as usual in the original procedure. As a 

consequence, it was observed a considerable reduction in the titration time for a single 

aliquot. 

 

 

 

 

 



3. ANALYSIS OF MEASUREMENT RESULTS 

 

In order of to evaluate the performance of the new methodology it was decided to compare its 

results with those obtained from the application of the original procedure for more than 25 

years at LASAL. A sample of a standard reference material NBL CRM 112-A uranium metal 

was used to prepare 14 aliquots of concentration within 90 - 110 mg of U per gram of 

solution, and additional 14 aliquots of concentration within 30 - 40 mg of U per gram of 

solution. Then, both sets were titrated according to the corresponding methodology, under 

similar instrumental and environment conditions. 

The obtained results are compiled in two tables. Table 1 shows the results for concentrations 

within 90 - 110 mg of U per gram of solution. The first column shows the adjusted uranium 

content in each aliquot, the second column shows the results obtained after titration and the 

third column shows the relative deviation (bias). Table 2 shows the same for the aliquots with 

adjusted concentrations within 30 - 40 mg of U per gram of solution. 

 

 

Table 1: Davies & Gray Titration Results for Concentrations within 90 - 110 mg of U 

per gram of solution. 

mgUtaken/g solution 
mgUobtained/g 

solution 

Bias 

(%) 

112.0966 112.0562 -0.0360 

111.9434 111.8654 -0.0697 

112.0245 111.9847 -0.0356 

112.0696 112.0205 -0.0438 

112.3488 112.2471 -0.0906 

111.9975 111.9131 -0.0753 

112.0876 112.0443 -0.0386 

111.9885 111.9012 -0.0779 

111.9975 111.9727 -0.0221 

111.9885 111.9608 -0.0247 

112.2047 112.1755 -0.0260 

111.9344 111.9250 -0.0084 

111.9975 111.9370 -0.0540 

112.4029 112.3306 -0.0644 

Mean (rel%)   -0.0477 

Standard Deviation (rel%)  0.0246 
 

 



Table 2: Davies & Gray Titration Results for Concentrations within 30 - 40 mg of U per 

gram of solution. 

mgUtaken/g solution 
mgUobtained/g 

solution 

Bias 

(%) 

38.1099 38.0987 -0.0295 

38.1064 38.0987 -0.0203 

38.0253 38.0074 -0.0468 

38.0464 38.0379 -0.0225 

38.0676 38.0561 -0.0302 

38.0676 38.0683 0.0018 

38.0746 38.0500 -0.0647 

38.0323 38.0014 -0.0814 

38.0217 38.0196 -0.0056 

38.0323 38.0257 -0.0174 

38.0464 38.0500 0.0095 

38.0217 38.0257 0.0104 

37.9477 37.9466 -0.0027 

37.9618 37.9649 0.0082 

Mean (rel%)   -0.0208 

Standard Deviation (rel%)    0.0281 

 

 

Grubbs test was applied to the results in order to eliminate possible outliers [9], which did not 

find it. Relative standard deviations in both situations are well within the random component 

of the International Target Values for uncertainties associated to safeguards measurements, 

i.e. 0.1%rel. 

 The relative error B (bias) is calculated, for each aliquot titrated, by the expression: 

  
           

      
                               

As a quality control parameter, the bias obtained for a single aliquot must be equal or less 

than 0.14% rel. The standard deviation of the measurements of B must be 0.1% or better.  

The factor for bias correction (F) is calculated by the expression:  

   
   

 ̅     
                                                

Where  ̅ is the average bias of the 14 aliquots. This factor is applied to correct the analytical 

results. The quality of the analytical results for different types of samples is periodically 

evaluated by means of participation in intercomparison programs sponsored by international 

organizations: ABACC, NBL and IAEA. 



4. CONCLUSION 

 

Considering the obtained results, it is possible to conclude that this new methodology allows 

the reduction of reagents and reference materials due to the lower concentrations used. In 

addition, the reduction of the waste generated either chemical or radiological reduces cost and 

time to treat and dispose such a waste. The concentration of K2Cr2O7 (SRM 136e standard 

NIST) solution was reduced to 0.025 N, which represents a reduction of about 50 % in the 

consumption. Likewise, the consumption of the uranium standard reference material (NBL 

CRM 112-A) used to calibrate the system has been reduced to approximately 65 % of the 

original consumption.  

In regards to performance, the results under the new concentration were still well within the 

acceptable limits for this method, according to International Target Values 2010, this method 

achieves a combined standard uncertainty of 0.14% rel. or better. 

However, the impact of different types of uranium compounds (oxides, solutions, ores, etc) 

must be evaluated accordingly, in order to allow the estimation of additional sources of 

measurement errors, such as heterogeneity and presence of impurities. 

Therefore, considering all the advantages provided by this new methodology, it has adopted 

to be used by LASAL since this research was concluded two years ago. 
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