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THE FRAM CODE: 
DESCRIPTION AND SOME COMPARISONS WITH MGA 

Thomas E. Sampson and Thomas A. Kelley 
Safeguards Assay Group 
Group NIS-5, MS-E540 

Los Alamos National Laboratory 
Los Alamos, New Mexico 87545 

USA 

INTRODUCTION 
We will describe the initial development of the FRAM gamma-ray spectrometry code for ana

lyzing plutonium isotopics, discuss its methodology, and present some comparisons with MGA on 
identical items. We will also present some of the features of a new Windows 3.1-based version 
(PC/FRAM) and describe some current measurement problems. 

HISTORY 
Development of the FRAM* code began in about 1985, growing out of the need at the Los 

Alamos TA-55 Plutonium Facility for an isotopic analysis code to give accurate results for the 
effective specific power of heterogeneous (Am/Pu) pyrochemical residues. These residues present 
a difficult challenge because the americium is present mostly in a low-Z salt matrix (AmCl3) with 
fines and small pieces of plutonium metal dispersed throughout the salt. Plutonium gamma rays 
suffer different attenuation than americium gamma rays of the same energy; this makes conven
tional analysis with a single relative efficiency function inaccurate for Am/Pu ratios and affects the 
analysis in other subtle ways. 

We examined the features of other plutonium isotopic analysis codes available at that time. 
M G A 1 ' 2 was developed but not in routine use; Fleissner's GRPAUT3 code was in routine use 
and had features that allowed analysis of isotopically heterogeneous salt residues while using 
lengthy (for the computers of the day) iterative nonlinear least squares techniques4 to obtain peak 
areas. Livermore had also developed the "Blue Box" for the IAEA using simpler response-func
tion fitting techniques.^ Our own MUDPI (Multiple Detector Plutonium Isotopic analysis) sys
tem, 6 ' 7 in use since 1981, was slated for replacement by our then unnamed new code. Sampson 
has reviewed the status of the gamma-ray spectrometry measurement of plutonium isotopic com
position ca. 1985.8 

* FRAM is a word of Scandinavian origin meaning "forward" or "onward." FRAM was the name 
of the versatile sailing ship used by polar explorers Nansen, Sverdrup and Amundsen between 
1893 and 1911. FRAM is also an acronym for Fixed-energy Response function Analysis with 
Multiple efficiency, a name describing the principle details of the analysis code. 
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We chose an approach combining what we felt were the best features of the existing codes 
keeping in mind the application in a processing environment at the Los Alamos Plutonium Facility. 
We chose a response function type of analysis, similar to MGA and the "Blue Box" because of its 
robustness and relative simplicity. We adopted the heterogeneous, multiple relative efficiency 
analysis as developed by Fleissner. We also believed that a single detector system was most 
appropriate for in-plant applications because of its simplicity, lower cost, ease of use, and (at the 
time the "telescope" or "duo" detector had not been developed) smaller space requirements. Our 
knowledge of the MGA code led us to realize that we could not improve upon its capabilities in the 
100-keV region, leading us to concentrate on analysis above the K-x-ray region. This approach 
produced a more versatile code, easily adaptable without programming modifications to many 
kinds of plutonium and actinide analysis problems. 

FRAM APPROACH 
The general features of the FRAM code have been described in Ref. 9. FRAM's approach to 

the general questions that arise in plutonium isotopic analysis is described briefly below and con
trasted, where appropriate, with MGA. 

Energy Regions Analyzed 
After deciding not to analyze at 100 keV and limiting the analysis to a single detector, the initial 

deployers of FRAM in 1989 concentrated on analysis between 120 and 420 keV using a single 
planar detector taking data in 4096 channels with a gain of 0.1 keV/channel. These characteristics 
have been in routine use at Los Alamos since then. The versatility of the FRAM code allows this 
configuration to be easily changed without programming or software modifications. We have 
reported 1 0 the use of the FRAM code to measure uranium isotopic ratios using a single coaxial 
detector in the energy range from 120 to 1200 keV. Other analysis conditions that are being used 
will be mentioned later. The only restriction in the energy region(s) analyzed arises from the code 
having no mechanism to extend the relative efficiency curve across x-ray absorption edges. 

As is well known, the main feature of the MGA code is its ability to accurately analyze the 
complex 100-keV region with a single planar detector operating between 0 and 300 keV in 4096 
channels at 0.075 keV/channel. With a second detector (coaxial), MGA extends its range to above 
1 MeV. Versions of MGA are available that accommodate one or both detectors. 

Characteristics of Detectors 
To date all FRAM "production" measurements have been carried out with 16-mm-diameter by 

13-mm-deep planar detectors. We purchase these detectors with a 122-keV low-rate resolution 
specification of < 510 eV and an energy throughput rate of >10 000 MeV/s. The peak shape from 
these detectors is excellent with FW1/50M to FWHM ratios typically < 2.45 (often < 2.40) where 
the theoretical Gaussian limit for this ratio is 2.376. The single detector approach continues to be 
the most versatile and least expensive implementation of plutonium isotopic measurements. This 
author's limited observations of planar and coaxial detectors in a telescope arrangement in a single 
cryostat indicate that this configuration may have reliability and performance problems. FRAM 
measurements and developments using a single coaxial detector have been made with p-type detec
tors of 20-25% relative efficiency and low-rate resolution of <0.75 keV and <1.75 keV at 122 and 
1332 keV respectively. The characteristics of the planar and coaxial detectors used for MGA 
measurements are similar. 
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FRAM typically acquires data with a planar detector using lu.s triangular shaping at count rates 
up to 40 kHz. Coaxial detectors are used at 2 u.s triangular shaping with counting rates up to 
30 kHz. 

Relative Efficiency 
FRAM uses a relative efficiency function proposed by Fleissner4 that paramaterizes ln(Rel Eff) 

as a power series up to third order in ln(Energy) including 1/(Energy2) term and normalization 
constants for additional isotopes and additional relative efficiency curves. Separate relative effi
ciency curves are allowed for each isotope, differing from the principle relative efficiency curve by 
a multiplicative factor of exp(pYEnergy). In practice, only one additional relative efficiency curve 
has been used—for 2 4 1 A m in heterogeneous (Am/Pu) pyrochemical residues. This allows FRAM 
to measure the specific power of pyrochemical residues with biases that are reduced by as much as 
a factor often from analyses that do not use multiple relative efficiency curves. 

MGA uses a single relative efficiency function that explicitly models the absorption from con
tainers, filters, and the plutonium under measurement. It works across the x-ray absorption edges 
and requires that all isotopes in the sample reside in the same matrix. MGA will produce diagnos
tic messages if it senses Am/Pu heterogeneities but it will not correct for them. 

Peak Area Extraction 
FRAM uses response function methods to extract all peak areas. These methods are similar to 

those used by MGA. Later versions1 1 of MGA also include iterative nonlinear least squares tech
niques for analyzing data from coaxial detectors. FRAM uses a Gaussian with a single exponential 
tail on the low-energy side to model the peak shape. MGA analysis sometimes adds a second 
"long-term" tail to this basic peak shape. The new PC version (to be discussed later) of FRAM 
also has the capability to fit Lorentzian-shaped x-ray peaks, but this capability has not yet been 
used for plutonium analysis. X-ray fitting capability is, of course, one of the main features of 
MGA. 

Analysis for Isotopic Ratios 
We use the general approach of finding a least squares solution to a set of linear equations 

involving peak areas, relative efficiency, and isotope ratios as unknowns. This is similar in func
tion to the analysis done in MGA but significantly different from that done in other codes 3 ' 6- 7 that 
use peak pair ratios. The method used in FRAM allows the use of more peaks in the analysis with 
improved measurement precision as the result. 

FRAM IMPLEMENTATION 
The implementation of FRAM at the Los Alamos Plutonium Facility in 1989 was on a DEC 

Micro VAX II computer with online control of a Canberra Series 90 MCA. Over the past year we 
have been developing a version for a PC to satisfy user requirements for a more modern and 
widely used computer platform. This new software, what we now call PC/FRAM, runs under 
Windows 3.1. The basic features of the analysis are unchanged. PC/FRAM retains its user-
friendly versatility by allowing a knowledgeable spectroscopist to control nearly all features of the 
analysis through a user-editable parameter set. 

The FRAM program contains a database accommodating three types of parameters. 
• Default parameters 
• Analysis parameters 
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• Diagnostic parameters 

Default Parameters 
These parameters allow the user to specify parameters applicable to a series of measurements or 

analyses, relieving the user from manual entry for each measurement. These parameters define 
default values for 

Input data format 
Analysis Parameter set 
File Save path defaults 
Level of detail in printout 
Save spectra from live acquisition? 
No. of repeat acquisitions or analyses 

(autocycle) 

No. of data channels 
File Open path defaults 
Correlation or Operator entry for 2 4 2 P u 
Save analysis results in ASCII file? 
Acquisition time (live or true) in sec. 

Analysis Parameters 
The analysis parameters, contained in a parameter set, govern all phases of the analysis. 

The user has control over 

Initial value of energy calibration 
Peaks used for internal energy calibration 
Peaks used for internal FWHM vs energy calibration 
Peaks used for internal shape (tail parameters) calibration 
Peaks used for relative efficiency 
Isotopes to be analyzed 
Definition of spectral regions for fitting 
Definition of background function (seven to choose from) for fitted regions 
Definition of peaks to be fitted in each region with isotope, branching fraction, and 
fitting constraints 
Plutonium-242 isotopic correlation parameters 
Peaks used for relative activity calculation 

This may appear daunting but proven parameter sets exist for analysis of a wide range of mate
rials. Special or pathological cases can usually be analyzed with relatively minor changes to an 
existing parameter set. A facility with a large number of routine analyses will not have to 
address parameter set changes after the initial proof of performance of the code. 

This flexibility has allowed FRAM to analyze spectral data (without any software changes 
or reprogramming) from samples with 

2-38% 2 4 0 P u 
0.01-50% 24lAm 
Interferences from 2 4 3 Am- 2 3 9 Np 
2 3 7 N p 

2 4 4 C m 
80% 2 3 8 P u 
Lead-shielded samples 

Heterogeneous Am/Pu 
Nonequilibrium 2 4 1 P u - 2 3 7 U 
MOX, 2 3 5u/Pu from 0.005-35 
Plutonium with 80-95% 2 4 2 P u 
235TJ/238U in pure uranium (no plutonium) 
2 3 5 U : 2 4 l A m : P u = 24:1:1 
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Diagnostic Parameters 
FRAM allows the user to select peaks and limits for internal measurement control on every 

measurement. The user can check the peak position, FWHM, and tailing fraction on a user-
selectable number of peaks with diagnostic messages presented if user-selectable limits are 
exceeded. 

Another set of diagnostic functions allows the user to compare isotopic ratios to a common 
isotope from a user-selectable number of peaks. This generalized diagnostic has been used in a 
number of ways, e.g., comparing the 24ipu_237Tj/239pu ratio from peaks at 148 and 164 keV. 
If the ratios are not the same, the sample may not have attained decay equilibrium. If the 
2 4 1 Am to 2 3 9 P u ratios at 125 keV and 335 keV are not the same, the sample may have Am/Pu 
heterogeneity. 

We can also test for the presence of interferences from isotopes that may be found in 
samples but are not accounted for in a particular parameter set. Commonly these are 2 3 5 U , 
243 A m .239 N p 5 and 2 3 7 N p . 

These diagnostic parameters and tests are contained in each parameter set and can be cus
tomized to the specific application at hand, again, without software changes or reprogramming. 

FRAM - MGA PERFORMANCE COMPARISONS: SAMPLE DESCRIPTIONS 
The following paragraphs will discuss the conditions and results of several comparisons 

made between FRAM and MGA under a variety of conditions. The comparisons are not 
particularly exhaustive and in many cases are not carried out under identical conditions. This, 
however, should not cause great concern because some of the comparisons are made under the 
typical conditions of field use, considering the features of the code and the recommendations of 
the developers for data acquisition conditions. Comparisons are shown for 4 sets of samples 
described in Table I. 

CBNM Samples. The comparisons reported here have been fully described in Ref. 12. 
FRAM count times are 3600 s at rates ranging from 10-25 kHz (limited by sample size) with 
1 u.s shaping with 1.9-mm cadmium filtering. MGA count times are about 1800 s at rates 
from 14-20 kHz at 2 fis shaping and 1.1-mm cadmium filtering as suggested by Gunnink. 
The results arise from a set of 20 repeated measurements for each sample. Both sets of data 
were acquired with the same high-quality planar HpGe detector with measured resolution of 
526 eV at 2 u.s at a 50 kHz incoming count rate. 

The second set of four samples in Table I are well-characterized PuC>2 working standards in 
routine use at Los Alamos. MGA data (except CALEX) were acquired on the Lawrence 
Livermore Actinide Analysis System, 1 3 a two-detector MGA analysis system at the Los 
Alamos Plutonium Facility. The CALEX data for both FRAM and MGA are those reported to 
the USDOE Calorimetry Exchange for 1992. 1 4 The FRAM data for all samples in the group 
were acquired on the FRAM system in routine production use at the Los Alamos Plutonium 
Facility. Some measurements on these samples have been previously reported. 1 5 ' 1 6 

FRAM and MGA acquisition times were 1800 s for LA0225 and STD40. For both codes, 
data for EUPU7 were acquired for 1 hour. FRAM data for CALEX is reported to the 
Calorimetry Exchange for 1 hour measurements. The length of the MGA measurements on 
CALEX, taken at Livermore and reported to the Calorimetry Exchange, is not known. 
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TABLEI 

SAMPLE CHARACTERISTICS 

Sample 

Pu 

(g) 

Wt % with respecl to total plutonium Peff 

(mW/gPu) 

2 4 0 p U e f f 

(Wt %) Sample 

Pu 

(g) 238 239 240 241 242 Am241 

Peff 

(mW/gPu) 

2 4 0 p U e f f 

(Wt %) 

CBNM93 6 0.011 93.46 6.31 0.175 0.040 0.152 2.49 6.41 

CBNM84 6 0.068 84.53 14.23 0.809 0.358 0.436 3.55 15.01 

CBNM70 6 0.823 74.21 18.51 4.345 2.103 2.356 10.26 24.12 

CBNM61 6 1.168 63.47 25.78 5.327 4.256 2.904 13.18 35.87 

EUPU7 2000 0.014 93.78 5.86 0.276 0.066 0.023 2.34 6.01 

CALEX 400 0.0093 93.89 5.86 0.207 0.029 0.169 2.48 5.93 

STD40 875 0.064 87.25 11.78 0.710 0.201 0.551 3.53 12.25 

LA0225 875 0.059 82.12 16.51 0.952 0.354 0.643 3.86 17.22 

HUD 1-9002 422 0.423 74.94 20.78 2.158 1.70 0.088 5.49 24.70 

HUD 1-9004 653 0.422 74.91 20.81 2.150 1.70 4.352 10.36 24.70 

HUD2-6004 315 0.381 53.72 37.82 3.856 4.23 0.105 6.13 45.87 

HUD2-6005 547 0.379 53.72 37.86 3.814 4.23 8.455 15.66 45.92 

PIDIE 1 0.5 0.011 93.76 5.99 0.199 0.035 0.227 2.56 6.08 

PIDIE 2 0.5 0.023 89.34 10.10 0.446 0.094 0.265 2.88 10.31 

PIDIE 3 0.5 0.047 84.58 14.14 0.995 0.234 0.621 3.64 14.66 

PIDIE 4 0.5 0.108 77.72 19.77 1.840 0.567 1.565 5.36 20.99 

PIDIE 5 0.5 0.131 75.89 21.22 2.064 0.702 1.730 5.76 22.73 

PIDIE 6 0.5 0.930 66.34 23.89 5.281 3.556 3.762 12.73 32.21 

PIDIE 7 0.5 1.253 61.98 25.59 6.492 4.676 3.571 14.42 36.61 
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HUD Samples These samples presented themselves as "targets of opportunity" at the 
Los Alamos Plutonium Facility where they were measured with the FRAM and MGA systems 
mentioned above. They represent a higher range of burnup than is usually seen at Los Alamos. 
Some measurements on these samples have been previously reported. 1 5 ' 1 6 All measurements 
on both systems were for identical counting times of 1 hour. 

The comparisons for these first three groups of samples are made on the integral quantities 
of effective specific power, Peff in mW/gPu, for interpretation of calorimetry and on the effec
tive 2 4 0 P u fraction used to interpret neutron coincidence counting. These are the practical 
quantities of interest for accountability measurements in the United States. All comparisons are 
made with declared values entered by the operator for 2 4 2 P u , so isotopic correlations do not 
bias the results. All results arise from repeated measurements, 20 for the CBNM samples and 
15 for the second and third groups. 

PIDIE Samples. These results are from the Plutonium Isotopic Determination 
Intercomparison Exercise 1 7 conducted between 1988 and 1990. LANL submitted measure
ments from FRAM and MGA (single detector system), which we compare with Livermore 
MGA measurements. The FRAM data are reanalyzed from the preliminary results published in 
the PIDIE final report 1 7 because the FRAM code was still under development at the time of the 
original submission. The PIDIE data are compared only for bias on the individual isotopic 
fractions including 2 4 1 A m . Precision comparisons were precluded because of the widely 
varying acquisition conditions and the lack of a sufficient number of repeated measurements. 

COMPARISON RESULTS 
The first set of comparison results is for the first three groups of samples in Table I. In the 

graphical presentation, the sample numbers are in order from the top of the table. The compar
isons are broken down into four graphs: precision and bias for both Peff and 2 4 0Pu eff. Figs. 1 
and 2 show precision for Peff and 2 4 0 Pu e ff. FRAM precision for Peff in Fig. 1 is reasonably 
constant as a function of burnup while that of MGA generally increases with burnup. (Each set 
of four samples is ordered by increasing 2 4 0 P u content.) For this particular choice of samples, 
FRAM precision is better for five samples, MGA for five, and two are essentially the same. 
The precision for 2 4 0 Pu e ff in Fig. 2 is much more clear cut. MGA precision is better than that 
of FRAM for all samples. 

The bias results for Peff and 2 4 0Pu eff are shown in Figs. 3 and 4. FRAM bias is generally 
better (smaller) than that of MGA for the Peff data in Fig. 3 and the 2 4 0 Pu e f f data of Fig. 4. 
The MGA data for samples 6 and 11, which show larger biases than expected, may have been 
affected by deteriorating detector resolution as evidenced by diagnostic messages from the 
software. 

Sample 12 with 38% 2 4 0 P u and 8.5% 2 4 1 Am presented difficulties for both codes probably 
from the large continuum in the spectrum (see Fig. 5) possibly arising from (cc,n) neutrons 
from the high 2 4 1 Am content. 
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Figures 6-10 display the bias comparison of FRAM and MGA on the PIDIE samples for each 
isotope, 238PU.241PU ̂ d 241 Am. The PIDIE results show general agreement between FRAM and 
MGA. 

The data for 24lAm in Fig. 10 are particularly striking, both for the agreement between FRAM 
and MGA and for the general disagreement (PIDIE 6&7 with 3-4% 2 4 1 Am) with the accepted val
ues, an average of analytical results from several European laboratories. Because FRAM and 
MGA use different peaks and energy regions for Am analysis we thought this disagreement to be 
meaningful. We asked for and received a small (-20 mg of plutonium) liquid sample from each 
PIDIE batch. We submitted these for analysis to the Los Alamos Analytical Chemistry group, who 
performed careful double-spike IDMS measurement on the samples. The FRAM results were in 
agreement with the Los Alamos Analytical Chemistry results to better than 1% for PIDIE 6&7. 
These results led the authors of the PIDIE final report 1 7 to conclude that some of the alpha count
ing data used for most of the original analytical results may have been biased. 

PC/FRAM IN WINDOWS 3.1 
We are developing on the first PC-based version of the FRAM code. The user control of the 

many parameters governing the setup and analysis have been previously mentioned. These 
parameters are edited within a database in the PC/FRAM program that gives the user the look and 
feel of using a spreadsheet program. 
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Fig. 10. PIDIE samples: FRAM-MGA Comparison for ^4i Am. 

The initial versions analyze data from disk files and control the acquisition and storage of data 
from PC-based MCA emulators with the two processes being uncoupled. Future versions will 
couple the analysis to the acquisition so that final results are available seconds after the data acqui
sition is complete. Typical analysis times are 12 s on a 486/66 machine, 8 s on a 66-MHz Pentium 
and about 1.5 min on a 386/20 class system. 

The data entry screen for the analysis of a disk file is shown in Fig. 11. The filename is 
entered or searched for in the standard Windows manner. Several data storage formats are sup
ported with more to come as they are needed. The Parameter Set name points to the database loca
tions containing the analysis parameters appropriate for the sample at hand. Plutonium-242 can be 
handled by a simple correlation or by operator entry. Saving the results of an analysis to a file 
allows the user to view approximately 30 pages of detailed channel-by-channel fitting results in a 
text editor without a printout. This file is used primarily for development and debugging. Normal 
hardcopy output can be selected in three lengths with a short printout taking about a half page. 

NEW DIRECTIONS FOR DATA COLLECTION AND ANALYSIS 
Currently our work is centered on developing parameter sets and establishing proof of perfor

mance for analysis of a single spectrum taken with a moderate-sized (20-25% relative efficiency) 
coaxial detector operating between 0 and 1024 keV in 8192 channels with a gain of 0.125 keV/ 
channel. 
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Fig. 11. The PC/FRAM data entry window for analysis from a disk file. 

Many facilities store plutonium in shielded containers to protect workers from excessive radia
tion doses. If these containers are thick enough to block radiation below about 200 keV, an analy
sis by MGA or FRAM will be defeated. Collection of data as above will allow analysis between 
120 and 420 keV for conventional samples while simultaneously acquiring the data needed for 
analysis above 200 keV up to 800 keV for plutonium isotopic distributions from shielded samples. 

Preliminary data indicate that the coaxial detector analysis in the 120-420-keV region is com
parable to that from a planar detector. Analysis of shielded samples is more difficult, extracting 
2 4 0 Pu at 642 keV and 2 3 8 Pu at 766 keV amid strong interferences. We have successfully demon
strated a complete isotopic analysis using coaxial detector data above 200 keV (the lower cut off 
could probably be easily extended to 300 keV). We are now working to reduce biases in the 2 4 0 Pu 
analysis arising, most likely, from background continuum subtraction problems. 
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