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Nuclear materials measurements using the ISOCS technique play an increasing role in 

IAEA verification activities. This methodology provides high uranium/plutonium 

sensitivity and a low detection limit together with the capability to measure items with 

different shapes and sizes. In addition, the numerical absolute efficiency calibration of 

a germanium detector which is used by the technique does not require any calibration 

standards or reference materials. 

ISOCS modelling software allows performing absolute efficiency calibration for 

items of arbitrary container shape and wall material, matrix chemical composition, 

material fill-height, uranium or plutonium weight fraction inside the matrix and even 

nuclear material/matrix non-homogeneous distribution. Furthermore, in a number of 

cases, some key parameters such as matrix density and U/Pu weight fraction can be 

determined along with analysis of nuclear material mass and isotopic composition. 

These capabilities provide a verification solution suitable for a majority of cases 

where quantitative and isotopic analysis should be performed. 

Today, the basic tool for uranium and plutonium mass measurement used in 

Safeguards verification activities is the neutron counting technique which employs 

neutron coincidence and multiplicity counters. In respect to the neutron counting 

technique, ISOCS calibrated detectors have relatively low cost. Taking into account 

its advantages, this methodology becomes a cost-effective solution for nuclear 

material NDA verification. 

At present, the Agency uses ISOCS for quantitative analysis in a wide range of 

applications: 

 Uranium scrap materials; 

 Uranium contaminated solid wastes; 

 Uranium fuel elements; 

 Some specific verification cases like measurement of Pu-Be neutron 

sources, quantification of fission products in solid wastes etc.  

 

For uranium hold-up measurements, ISOCS the only available methodology for 

quantitative and isotopic composition analysis of nuclear materials deposited in 

process equipment. 

With U.S. support program funding, together with the ISOCS developer Canberra Inc, 

the IAEA manages a task on development of “Advanced ISOCS software” to provide 

new functionality with self-modelling capabilities for absolute detection efficiency 

calibration (software self-calibration) and simplifies the usage of the technique, 

reducing the required level of expertise necessary for ISOCS analysis. In the 

framework of this task, the IAEA is also planning to conduct a pilot training course on 

the technique for IAEA inspectors. 
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Scope  

 

Quantitative analysis of nuclear materials using gamma-spectroscopy measurements 

becomes possible if detector absolute efficiency has been established for the gamma-

lines of interest. The ISOCS software brings the possibility to establish absolute 

efficiency curve for desired energy range based on numerical simulation with use of 

known or guessed geometry and chemical composition of measured item. The 

software provides variety of geometry templates which covers wide range of possible 

item shapes: cylinders, pipes, boxes as well as more complex geometries. 

This approach saves resources eliminating the need to purchase, transport, track and 

dispose calibration sources and saves time in the field avoiding calibration 

measurements.  

 

Measurement and Analysis Principles 

 

Normally, the modelling and numerical calibration takes several minutes. 

Once the measurement geometry is defined, values for the appropriate geometry 

template can be set and absolute calibration be done. For example, for the item which 

represents uranium dioxide powder in a cylindrical container the template input 

parameters are: collimator material and dimensions, relative position between the 

detector and container (distance between detector end-cap and container wall), 

container material and its dimensions as well as nuclear material chemical 

composition, fill-height and density. 

 

After the calculation of the absolute efficiency curve, it is used for the quantitative 

analysis of the isotopes of the interest using peak intensities derived from the acquired 

spectrum. At the same time Uranium/Plutonium isotopic composition can be obtained 

from processing of the spectrum with MGAU/MGA isotopic analysis codes. It is 

especially useful in the case of uranium measurements, since U-235 and U-238 have 

basic gamma-lines in different energy regions with significantly different intensities. 

If by certain reasons one of uranium isotope mass is not well defined (poor statistics 

or high self-shielding) it can be calculated from uranium isotopic analysis result and 

mass of another isotope which is defined with higher accuracy. 

 

Figures below visualize step-by-step an example of verification of an uranium item 

starting from spectrum acquisition through the ISOCS modelling and  efficiency 

curve simulation, ending with the final results on uranium isotope masses and 

uranium isotopic composition. 
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Analytical optimization procedure 

 

In some cases the information about uranium weight fraction and matrix density 

inside the container needed for the modelling is not available, what introduces high 

level of uncertainties due to unknown input parameters for the simulation. At the 

same time knowledge of matrix weight and result of isotopic composition analysis 

allow to perform a step-like optimization of the item model and determine not only 

uranium isotope masses but also matrix fill-height, its density and uranium weight 

fraction inside the matrix. 

Upon the spectra analysis using ISOCS calibration, U-235 and U-238 masses are 

calculated; therefore uranium enrichment and matrix weight can be derived from 

these data. 

The optimized model should be so that ISOCS derived enrichment and matrix weight 

hit the values of uranium enrichment given by MGAU and known matrix weight 

correspondingly. Once the ISOCS values coincide with those verified with MGAU 

and weighing measurement, the model is optimized and data on uranium isotope mass 

is derived from the final model. 

Scheme below illustrate stepwise optimization process. 
 

Step 1 Model 1- Model 2: Variation of material matrix density (ρ) in the item model. 

Step 2 Model 1-Model 3: Variation of uranium weight fraction (Uw%) in the item model. 

Model 4: Item model with optimized ρ and Uw% parameters. 

ISOCS quantitative analysis reporting (usually isotopic 

analysis is possible along with ISOCS) 



 
 

Table below contains the data on the quantitative analysis of spectrum taken from 

reference uranium sample (CBNM standard) using optimization procedure described 

above. 

 

 Optimization Steps Initial step 2 step 3 step 4 step 5 step 6 Final Declared 

Matrix density 5.00 4.00 5.00 2.67 3.00 2.67 3.01 2.75 

Fill Height (mm) 10.45 13.06 10.45 19.59 17.41 19.59 17.38 19 

Uranium Weight (%) 98.00 98.00 70.00 82.00 82.00 74.00 79.58 84.70 

Modelled Matrix Weight 201.00 201.00 201.00 201.00 201.00 201.00 201.00 201.00 

 Quantitative Analysis      

U-235 mass (g) 13.16 10.89 9.74 6.60 7.30 6.04 7.14 7.59 

1sigma 0.47 0.39 0.35 0.24 0.26 0.22 0.25  

U-238 mass (g) 204.29 180.32 197.09 145.20 153.04 143.88 152.77 162.65 

1sigma 6.33 5.59 6.10 4.49 4.74 4.45 4.73  

Total Uranium Mass (g) 217.45 191.21 206.83 151.80 160.34 149.92 159.91 170.24 

error 6.35 5.60 6.11 4.50 4.75 4.46 4.74  

U-235 (% wt) 6.05 5.70 4.71 4.35 4.55 4.03 4.47 4.46 

1sigma 0.28 0.26 0.22 0.20 0.21 0.19 0.20  

Derived Matrix Weight 221.89 195.11 295.47 185.12 195.54 202.59 200.94  

1sigma 6.48 5.72 8.73 5.48 5.79 6.02 5.95  

Declared Data         

U-235 (wt %) 4.46 4.46 4.46 4.46 4.46 4.46 4.46  

         

 

Factors 

A 0.603  A 0.449   

 B 0.295  B 0.376   

 C -1.161  C -0.967   

 D 0.777  D 0.752   

Matrix density Rho x 2.666 ±0.19 Rho x 3.006 ±0.22  

Uranium weight fraction Uw % x 82.165 ±2.95 Uw % x 79.582 ±2.70  
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In the example above the optimization started from the Initial model with guessed 

values for the matrix density and uranium weight fraction of 5g/cm
3
 and 98% 

respectively. 

The ISOCS results on uranium enrichment and matrix mass for the Final model match 

corresponding values obtained from MGAU analysis and weighing measurements 

within 1 Sigma uncertainty.  

 

Examples of ISOCS application 

 

Uranium Scrap Materials Measurements 

 

For the past decades the main NDA instrument for U bulk form material verification 

was AWCC neutron counter. Due to high variation of uranium isotopic composition, 

its mass fraction and U-235 mass even inside single stratum, the task of the 

instrument calibration becomes problematic, since the number of calibrations needed 

to cover all materials variety is high. Furthermore, to select proper calibration the 

inspector needs to use operator’s declaration. 

 

As shown in previous section of the article, some parameters such as matrix density 

and uranium mass fraction inside the matrix can be derived together with a result of 

optimization procedure and geometry adjustment. Therefore all items characteristics 

necessary for ISOCS modelling are defined. 

Graph below shows the cross-comparison of the results of clean scrap (homogeneous) 

material verification using AWCC neutron counter and ISOCS system. Both 

measurement systems showed agreement in the obtained results and comparable 

uncertainties. However, measurement experience shows that the accuracy of the 

analysis decreases when the measurement item has high heterogeneity of matrix 

composition and/or uranium enrichment throughout active volume of the sample. 

 

 
 



Measurements of uranium wastes in drums 

 

NDA measurements of uranium wastes stored in drums is complex and nontrivial 

task. Big container/drum volume and wide range of uranium isotopic composition and 

mass arise requirements to the size of measurement system cavity and detection 

sensitivity for neutron instruments. 

 

Active neutron systems have high sensitivity and good accuracy, but at the same time, 

big size and very high price. 

Transmission gamma-source measurement systems are also quite expensive and 

requires some time for setting-up and placement of transmission sources before 

measurement. As an example, IQ3 system employs 6 high-purity germanium 

detectors and several sets of transmission sources dedicated for different matrix 

densities. The complexity of the system also affects reliability of its routine operation. 

 

ISOCS system takes advantage of simultaneous quantitative and isotopic analysis and 

has measurement accuracy comparable to transmission gamma-source systems. 

Applying different post-processing methods of the measured results, it is successfully 

used for wastes with high and low matrix density containing highly-, low-enriched 

and even depleted uranium and meets the requirements of high sensitivity for a 

reasonable measurement time. 

 

The example of the results of quantitative analysis of uranium waste drums using 

ISOCS system is shown in graph below. The declared values were determined by IQ3 

system. 
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Uranium Fuel Elements Measurements 

 

Usually, design, geometry and material composition of fresh fuel elements are well 

known what significantly simplifies ISOCS modelling and makes modelling very 

quick. Unified fuel design allows to establish single calibration and perform 



quantitative analysis with “click the button – get the result” approach. An additional 

correction applied removes possible systematic biases, what brings accurate 

quantitative results with uncertainty of U-235 mass in the range of 2-4 rel. % 

depending on fuel element type. 

 

Conclusions 

 

The ISOCS technique was introduced into the Agency’s Safeguards activities just a 

few years ago, and this methodology is being expanded to more and more NDA 

measurement techniques. 

There is no NDA technique which is capable to verify as wide range of nuclear 

material types with different matrixes, chemical and physical forms, isotopic 

compositions and container shapes as ISOCS technique. Fresh and slightly irradiated 

fuel elements, inventory items, clean and dirty scraps, wastes and hold-up materials  

Due to limitations of knowledge of item characteristics, ISOCS does not pretend to be 

the most precise and accurate NDA method, however it gives quite low measurement 

uncertainty when item geometry and matrix content is known. 

One of substantial disadvantage of the considered technique is relative complexity of 

the modelling which requires certain user experience, however in some cases, proper 

software setup and detailed measurement procedures allow performing the 

measurements and analysis without special training on the ISOCS usage. 

With U.S. support program funding, together with the ISOCS developer Canberra Inc, 

the IAEA manages a task on development of “Advanced ISOCS software” to provide 

new functionality with self-modelling capabilities and simplifies the usage of the 

technique. 
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