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LOS ALAMOS NATIONAL LABORATORY'S (LANL'S) MOBILE PAN 
(PASSIVEJACTIVE NEUTRON) SYSTEM FOR ASSAY OF TRANSURANIC (TRU) 

WASTE IN 55 GALLON DRUMS 

D. P. Taggart, S. E. Betts, E. F. Martinez, J. Mendez, 
C. D. Rael, and J. J. Vigil 

CST-7, Environmental Science and Waste Technology Group 
Los Alamos National Laboratory, Los Alamos, NM 87545 

ABSTRACT 

We describe the refurbishment, reactivation and rough calibration 
of a mobile second generation Passive/Active Neutron (PAN) assay 
system previously owned by the Carlsbad Area Office (CAO) and 
stored at the Idaho National Engineering Laboratory - Lockheed 
Idaho Technology Center (INEL-LITC). This system was transferred 
to LANL a little over one year ago. After substantial 
refurbishment for operations, including installation of operating 
software developed at INEL-LITC, we have completed a rough 
calibration of the system in preparation for the Performance 
Demonstration Program (PDP) expected to begin in the near future. 
We discuss compensation for the waste matrix neutron moderating 
and absorbing characteristics and present some data acquired 
during the calibration process which points out the possible 
waste matrix effects on the results of an assay. Future plans are 
also discussed. 

INTRODUCTION 

Over the past year (approximately) we have received, 

refurbished, reactivated and completed a rough calibration of a 
mobile PAN assay system given to us by the Carlsbad Area Office. 
The refurbished unit is shown in Figure la. It contains a second 
generation Los Alamos PAN assay system' like the one shown in 
Figure lb. At the same time that we received the mobile PAN from 
the CAO, we were given a copy of the software which INEL has 
developed to run its PAN system (a sister system to the two which 
we now own2). With relatively minor modifications, the software 
has been adapted to operate both our mobile and fixed PAN 
systems. We have developed a spreadsheet to analyze the data 
acquired during calibration runs, both to verify that the INEL 
software is working as designed and to allow us to "play backtt 

* 
our data runs to adjust parameters before modifying the PAN 
operating software. 
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The mobile PAN system received from the Carlsbad Area Office 
in August 1994 has been substantially refurbished for operation. 
Refurbishment included: 

sand blasting (the trailer was rusting and paint was 
coming off) 

painting 

new roof installation 
control room floor replacement (it had a lot of water 
damaged) 

new control room paneling installation 

repairing double doors on the rear of the transportainer 
were fixed so that they would close easily 

re-wiring electrical panel 

checking electrical wiring for compliance with codes 

replacement and certification of the overhead crane 
assembly (the old one was not certifiable) 

repair of the motor that opens the assay chamber 

addition of outside lights 

addition of a lift-gate to the back of the trailer for 
loading drums 

addition of a powered leveling system (the old system was 

hand operated and slow) 

installation of a safety railing, for personnel 

installation of new folding stairs to the control room 

protection, around the trailer 

entrance 

0 purchase of a new Zetatron (the system did not come with 
one) 

construction of a tritium tube assembly (the system did 
not come with one) 
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purchase of a new high voltage power supply for the 

mounting electronics in a vertical rack 

replacing the old XT computer with a new 486 system 

installing INEL developed Windows based assay software 

replacing 4 scalers (existing scalers would not work with 

Zetatron (again, this was missing) 

our software) 

replacing 2 dual gate generators (two were bad) 

Surrogates of fissile material were used in the rough 
calibration of the mobile PAN assay system. These are sufficient 

for many of the steps leading to final calibration. We are 
currently working with our Safeguards and Security Office to 
redefine our Material Balance Area to include our facilityts 

transportation bay so that we can bring plutonium standards to 
the mobile PAN system for final calibration, 

n 

The mobile PAN assay system can be operated in an ttactivett 
mode which uses a DT neutron generator to produce interrogating 
neutrons to detect and quantify fissile material (239Pu, 235U). It 
can also be operated in a Ifpassivelt mode, simply counting 
neutrons emerging from a waste drum as a result of spontaneous 
fissions (from 238Pu, Pu). In routine operation both modes must 

be used to measure the waste matrix neutron moderating and 
absorbing characteristics as part of the assay process. 
Calibration of the systems is described below, 

240 

CALIBRATION 

Before proceeding with calibration, the pre-amplifiers and 
amplifier settings were checked, discriminator settings were 
checked and adjusted and the INEL software raw data output was 
checked against a multichannel analyzer. 

* 
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Second generation PAN systems have traditionally been 
calibrated using homogeneous mock waste matrix drums with varying 
amounts of moderating and absorbing materials to span the range 

of neutronics properties expected for a given application. Known 
amounts of Pu, U or surrogates are placed at discrete locations 
in these homogeneous mock waste drums and an assay is made. 
Although the source locations are discrete, subsequent data 
analysis uses volume averaged results to emulate a drum uniformly 
contaminated with fissile material. The data collected is used to 
calibrate corrections for the waste's moderating and absorbing 
effects as well as to determine an overall calibration factor 
(grams of Pu or U per neutron counted). A homogeneous mock waste 
drum is schematically represented in Figure 2 showing the 
possible locations of sources in the otherwise homogeneous mock 
waste matrix. The range of moderator and absorption indices 
spanned by our homogeneous mock waste matrix drums is indicated 
in Figure 3. 

The sources used in this assessment were a 252~f source to 
emulate 238Pu or  240Pu and a bar of depleted uranium (6t1x11tx0.25t1, 
0.2% 235~) to emulate fissile material (239~u or 235U). Despite 
its bulk, the depleted uranium bar is still relatively 
from the point of view of thermal neutron absorption interactions 

( h  = (nGtotal absorption) =5.5 cm) . Based on the ratio of the 
GfissionV-ValUeS (product of thermal fission cross section and 

neutron multiplicity) for 235U and 239Pu, we calculate that this 
source represents the equivalent of 0.62 grams of PU52. 
Similarly, based on the known neutron source strength of the 

252Cf and the v-value and specific activity of the 240~u (for 

spontaneous fission), we calculate that the 252Cf source (decay 
corrected from its original activity of 10mCi) is equivalent to 
about 181 grams PU52. 

In an idealized PAN system, the number of neutrons counted 
during an assay would be proportional to the amount of fissile 
material in the waste drum and independent of where the fissile 

-1 



10123/95.834 AM. NDAERPTI.DOC 

material is located in it. In reality, because the neutrons we 
need to 'count can interact with a l l  the drum's contents, the 
exact location of the fissile material, even in a homogeneous 
mock waste matrix drum, can affect the assay result. Because of 
this, assay results have to be f8corrected8f to compensate for the 
moderating and absorbing characteristics of the waste matrix. 
Although others have tried other functional forms for these 
corrections3 , we simply used the traditional forms which are 
built into the INEL software. The correction factors for 
moderation and absorption were determined by "turning them off If 
(setting them equal to one) and then calculating the values of 
the coefficients in the correction factors required to make the 
volume averaged assay results averaged over a l l  the homogeneous 

mock waste drums independent of a particular parameter (i-e?- 

moderator or absorption index) Our current best values for the 
various correction factor coefficients (determined as described 
above) are listed in Table 1. 

Table 2 summarizes the volume averaged results obtained for 
the equivalent active and passive system mass of PU52 of our 
sources in the homogeneous mock waste matrix drums, These values 
are obtained after all of the corrections have been applied. 
Figures 4 and 5 show the effect of moderator and absorber effects 
on the volume averaged results of passive and active assays, In 
each case, the (a)-part of the figure is the volume averaged 
assay result with no correction factor. The (b)-part is the 
result after the correction factors are applied. The resulting 
scatter after applying the correction factors is less in the 
passive mode than in the active mode, 

To point out what detailed information is lost in this 
process, Figures 6 and 7 indicate the range of neutron count 
rates observed as our sources were moved throughout the drum and 
assayed for two mock waste drums. For heterogeneous waste forms, 
these spatial variations suggest that the outcome of a PAN assay 
can depend on where source material is in a waste drum. A 



mechanism such as imaging' may be needed to lllocatell source 
material in the drum as part of the assay process. 

SUMMARY AND NEAR FUTURE PLANS 

Over the past year (approximately) we have received, 
refurbished, reactivated and completed a rough calibration of a 
mobile PAN assay system given to us by the Carlsbad Area Office'. 
We are currently preparing for measurements of plutonium sources 
to complete system calibration in preparation for the Performance 
Demonstration Program, At the same time, we are examining PAN 

data acquired in 1989 and 1990 using our fixed PAN system on 
about 1000 of LANLIs TRU waste drums to determine exactly what 
the typical range of moderator and absorber characteristics is in 
LANL wastes. This will enable us to focus the matrix correction 
process more specifically to wastes. 
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Fiqure l(a1 - LANL's mobile PAN s y s t e m  

F i q u r e  l ( b l  - LANL's fixed PAN system 
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moderating and absorbing effects. 
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Fiqure 5(b)  - Active assay results w i t h  correction for matrix ' 
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Active Zero Matrix Calibration Factor 
Absorption Index Threshold 
Moderator Index Threshold 
Shielded Coincidence Zero Matrix Calibration Factor 
System Coincidence Zero Matrix Calibration Factor 
Moderator Index Minimum 
Moderator Index Maximum 
Moderator Index Coefficient 1 
Moderator Index Coefficient 2 
Moderator Index Absorber Correction Coefficient 1 
Moderator index Absorber Correction Coefficient 2 
Active Matrix Absorber Correctiion Coefficient 1 
Active Matrix Absorber Correctiion Coefficient 2 
Active Matrix Moderator Correctiion Coefficient I 
Active Matrix Moderator Correctiion Coefficient 2 

Active Mass Interrogation Background Coefficient 1 
Active Mass Interrogation Background Coefficient 2 
Self Absorption Correction Factor Coefficient 1 
Self Absorption Correction Factor Coefficient 2 
Self Absorption Correction Factor Coefficient 3 
Self Absorption Correction Factor Coefficient 4 

Self Absorption Correction Factor Coefficient 5 
Shielded Coincidence Coefficient 1 
Shielded Coincidence Coefficient 2 

System Coincidence Coefficient 1 
System Coincidence Coefficient 2 

4.057 
I 2.72 1 

. 
1.06 

IL, 
1 
0.3428 
0.3074 

0.5259 
0.5342 
0.6740 
0.8481 
0.7869 

0.0035 

0.001 3 
1 
0.01 5 
0 

0 

1 
0.8092 
0.2337 

1.3056 
-0.3056 

The boxed parameter values are values unchanged fromihe INEL software values. 

Table 1 - O u r  current best values for the mobile PAN correction 
factor coefficients. 



Homogeneous Mock 
Waste Matrix 

polyethylene pellets 
Solid Concrete 
Vermiculite 6259 kg 

none 13.71 0.42 0.64 205 
1 kg Borax 15.68 0.43 0.51 153 

polyethylene pellets 
Vermiculite $60 kg 
polyethylene pellets 

. 

29 kg NaCl 39.30 0.48 0.53 176 


