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ABSTRACT 

A technique has been developed at the Idaho National Engineering Laboratory to sum high 
resolution gamma-ray pulse spectra from systems with multiple Ge detectors. Lockheed Martin 
Idaho Technologies Company operates a multi-detector spectrometer configuration at the Stored 
Waste Examination Pilot Plant facility which is used to characterize the radionuclide contents in 
waste drums destined for shipment to Waste Isolation Pilot Plant. This summing technique was 
developed to increase the sensitivity of the system, reduce the count times required to properly 
quantify the radio-nuclides and provide a more consistent methodology for combining data 
collected from multiple detectors. In spectrometer systems with multiple detectors looking at 
non homogenous waste forms it is often difficult to combine individual spectrum analysis results 
from each detector to obtain a meaningful result for the total waste container. This is particularly 
true when the counting statistics in each individual spectrum are poor. The spectrum summing 
technique adds the spectra collected by each detector into a single spectrum which has better 
counting statistics than each individual spectrum. A normal spectral analysis program can then 
be used to analyze the sum spectrum to obtain radio-nuclide values which have smaller errors 
and do not have to be further manipulated to obtain results for the total waste container. 

I. INTRODUCTION 

Gamma-ray spectrometers used to assay radio-nuclides from a large area sample form (55 

gallon drums, large boxes, etc.) are typically configured with multiple detectors. This is usually 

done so that the radiation being emitted from all regions of the sample is measured (this is 

particular important if the source is nonhomogeneous). Of course, the same effect can be 

achieved with a single detector positioned at a large distance from the source. Sensitivity is then 

reduced unless long count times are used to compensate for the increased source to detector 

distance. 



In spectrometer systems with multiple detectors looking at nonhomogeneous waste forms 

it is often difficult to combine individual spectrum analysis results from each detector to obtain a 

meaningful result for the total sample container. Usually the individual spectrum analysis results 

are combined using some type of an algorithm which takes into account the geometry of the 

detector array. The error propagation across these spectra are very difficult to do and usually 

result in large uncertainties, particularly if the count statistics in each individual spectrum are 

poor. Another technique, sometimes employed for multiple detector arrays, utilize an analog 

summing technique. In the cases where flat spatial sensitivity and high energy resolution is 

required each detector must be fairly well efficiency matched and the gain and zero of each 

detector system must be very stable and constantly monitored. Large changes in input rates for 

these types of systems can create difficulties. 

This paper describes a software technique to sum the spectra collected from each detector 

to produce a single spectrum which is then analyzed to obtain a result for the total sample. This 

technique utilizes an INEL developed pulser system' (with subsequent removal), patent 

#4,968,889, and a spectrum analysis code VAXGAP2. The use of this particular spectrum 

analysis code is not a requirement for the spectrum summing technique, but is utilized to handle 

the data from the pulser system correctly. Briefly, pulser injection with subsequent removal 

requires the addition of a dual-amplitude pulser module to each detector. The pulser injects 

pulses into the test input of the detector preamplifier. Each Analog to Digital Converter used in 

the system has to be modified to intercept the digital address of each pulser pulse prior to storage 

in the MCA memory and route it to a high-energy region of the spectrum where the incidence of 

gamma-ray events is low and the storage of gamma-rays is forbidden. The result is a region of 

the spectrum above the normal gamma-ray region containing only the two pulser peaks. These 

two peaks can then be fit to determine their areas, widths, and centroids, all of which are useful 

indicators of spectrometer performance, but have particular importance in determining the energy 

scale of each component spectrum to the accuracy required to create a single summed spectrum. 

Another advantage of summing individual spectra is improved spectrum statistics. The 

photo-peak shapes are better defined (not distorted by counting statistics) and the analysis of the 
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sum spectrum will produce smaller fitting errors. The counting times required to obtain a 

spectrum which can be effectively analyzed can be dramatically reduced. If there are n detectors 

being used then the count times can generally be reduced by a factor of n- 1, which will result in a 

sum spectrum which has better counting statistics than any of the individual spectra. 

11. SUMMING ALGORITHM DESCRIPTION 

A series of spectra can be added together channel by channel if they have the same energy 

scale. For the technique described in this paper, the spectra collected from several detectors are 

normalized to a common energy scale and then added together channel by channel to produce a 

sum spectrum. The energy scale for a spectrum analyzed with the VAXGAP program is 

described by a parabolic energy function, E(x) where x is a channel number. 

(1) E(x) = A+B*x+C* (x)~  

The coefficients A, and B are determined for each spectrum from the pulser information stored 

with spectrum. The coefficient C is determined during energy calibration using a multi-energy 

gamma source. The summing technique uses the energy coefficient parameters values 

determined for one spectrum as the normalization values. The channel contents of the other 

component spectra will be shifted such that the energy scale of all the spectra will be identical to 

the normalization spectrum. As a further illustration, suppose we have a 1332 keV photo-peak 

present in all spectra, when the channel contents of all spectra have been shifted, the 1332 keV 

photo-peak will have the same channel centroid. 

In order to perform the shifting function we first convert the quadratic energy equation 

into a linear equation which has the same values for x=O, and x=L, where L, is the last channel in 

the spectrum. If the quadratic energy is defined by equation (1) the corresponding linear 

equation can be denoted by 

(2) E,(x) = A+(B+C*L,) *x 



Let the linear energy equation (2) be the equation to which we will normalize the component 

spectra, then for a component spectrum i with quadratic energy scale parameters of Ai, Bi, and Ci 

we can define a corresponding linear equation: 

(3 )  Ei(x) = Ai+(Bi+Ci*Lc) *x 

In order to gain and zero shift the component spectrum to match the normalization spectrum 

whose energy scale is defined by equation (2), we want to determine parameters Ri and Zi such 

that 

(4) 

then 

( 5 )  

For x = 0 we have 

therefore 

(7) 

X 
E/- -Zi> = E$x) 

R i  

A , + B ~ + C ~ * L ~ * - I ~ - + Z ~  = A + B * x + c * L ~ * ~  
Ri 

Ai+(-Bi*Zj-Ci*L,*Zi) = A 

Ai-A zi = 
B +C i*Lc 

Substituting Zi in equation ( 5 )  we get: 

(8) 
Ai-A 

Ai+(Bi+Ci*Lc) * (-- ) = A+B*x+C*Lc*x 
Ri Bi+Ci*Lc 

From which we get 



(9) 
B i+Ci*Lc 

B +C*Lc 
Ri = 

For the values of Zi and Ri (equations (7) and (9)) we then shift the component spectrum using 

the following technique: 

Define: 

y(i) = contents of original spectrum at channel i 

y’(i) = contents of gain and zero shifted spectrum at channel i 

Then for every channel, i, in the original spectrum (which when gain and zero shifted lies 

within the boundaries of the new spectrum) we determine the corresponding gain and zero 

shifted channel contents, y’(i). 

Let: 

Xn = (i/Ri) - Zi 

where Xn is a floating point number. If we then define n to be the nearest integer to Xn. 

We can then determine the channel contents, y’(i), by performing a parabolic 

interpolation of contents of the original spectrum at channel n. The following equations 

are used to perform this interpolation: 

1 
2 

A = - (y(n+l)-2y(n)+y(n-l)) 

1 
2 

B = - (-y(n +1) +4y(n) -3y(n - 1)) 

Then 

A*(Xn-(n-l))’+B*(Xn-(n-l)) +y(n -1) y’( i) = 
Ri 



111. APPLICATION OF SUMMING TECHNIQUE 

Lockheed Martin Idaho Technologies Company operates a multi-detector spectrometer 

configuration at the Stored Waste Examination Pilot Plant facility at the Idaho National 

Engineering Laboratory. The summing technique is presently being qualified to be used as one 

component of the analysis of gamma-ray data used to characterize the radionuclide contents in 55 

gallon waste drums destined for shipment to the Waste Isolation Pilot Plant. 

In order to demonstrate the use of the summing technique, a calibration source was 

placed in the center of a calibration drum and a spectrum was simultaneously collected on each 

of four detectors. The same channel regions of each of these component spectra are plotted in 4 

graphs in Figure 1. The plots are a semi-log plot of counts versus channel. The computed sum 

spectrum is then plotted in Figure 2. 
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Figure 1. Spectra taken on four detectors 



Figure 2. Sum spectrum computed from four individual component spectra 

In the above plots the spectrum denoted as A1 6 123 10 180 is the normalization spectrum 

(spectra collected on the other detectors are shifted to match the energy scale collected on this 

detector). The plot of the sum spectrum data is overlaid with the functional values of a gaussian 

function which has been fit to the data region containing three peaks. The sum spectrum plot 

illustrates two interesting facts: 

1 .  The gaussian peak shape of the large peak has not been distorted by the summing 

process. 

The third peak in each of the component spectra can not be readily identified in 

each of the component spectra, but becomes apparent in the sum. 

2. 

Further analysis of the component spectra indicates that the photo-peak resolution has not been 

significantly degraded in the sum spectrum. For example, the full width at half maximum, 

FWHM, of a gaussian fit of the large peak shown in each of the plots, (A26123 10180, 

A3612310180 and A4612310180) in Figure 1 are 9.4,9.1,9.1 channels respectively. The 

corresponding photo-peak FWHM in the sum spectrum is 9.4 channels. Our experience with the 

summing technique indicates that the FWHM of photo-peak in the sum spectrum will be no 

greater than the maximum FWHM from the corresponding photo-peak in each of the component 

spectra. 



IV. CONCLUSION 

The spectrum summing technique was developed to increase the sensitivity of a multi- 

detector spectrometer system, reduce the count times required to properly qualify the radio- 

nuclides present in the sample, and provide a more consistent methodology for combining 

individual spectrum analysis results to obtain a meaningful result for the total sample. 

The summing technique adjusts the data in each component spectrum to a common 

energy scale. The adjusted channel contents of each component spectrum are added together on 

a channel by channel basis to produce a single spectrum. The technique utilizes an INEL 

developed pulser system (with subsequent removal), to determine the energy scale of each 

component spectrum to the necessary accuracy. 
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