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INTRODUCTION

 The Fissile Material Monitor Waste Screener 
(FMM-WS) in use at the Accelerated Retrieval Project 
(ARP) is a radioactive waste assay system suitable 
for the rapid assay of highly-contaminated transuranic 
wastes immediately after retrieval and prior to pack-
aging. Since initial testing began in April 2008, the 
FMM-WS has provided data on transuranic (TRU) 
wastes with a range of material types, volumes, and 
densities. That data, combined with a waste blend-
ing process, has reduced Waste Isolation Pilot Plant 
(WIPP) rejection rates of ARP waste drums based on 
radiological content from approximately 12.5 percent 
to approximately 0.1 percent as of February 2010.

 The FMM-WS is part of an integrated waste 
assay system that was initially developed for rapidly 
characterizing small amounts of radioactive waste 
being removed from the Subsurface Disposal Area 
(SDA) at the Radioactive Waste Management Com-
plex (RWMC), a portion of the Idaho National Labo-
ratory (INL).  Subsequent applications that have been 
developed include quantification of the 239Pu fissile 
gram equivalent (FGE) and TRU waste contents of:

Drummed wastes1. 
Bagged wastes in the drum packaging station 2. 
(DPS)
Bagged waste placed in standard waste boxes 3. 
(SWBs)
Tray assay in the ARP facility4. 
Sample bottles.5. 

Additionally, the system(s) provide the ability to 
quantify a range of other radionuclide wastes such as 
235,238U containing waste, and to perform scaling for 
radionuclides where no direct gamma emissions are 

produced.

 The FMM-WS is sufficiently automated that 
all assay operations are performed by facility opera-
tors. Because of the analysis protocols used, there is 
limited need for subsequent data analysis and valida-
tion.  Verification measurements have been performed 
with NIST traceable plutonium sources and correlated 
with the FMM drum assay system, and with correla-
tion data from the Central Characterization Project 
(CCP) assay systems.  

RWMC WASTES
 
 Beginning in 1954, the Rocky Flats Plant 
(RFP) in Colorado was authorized to send waste 
to RWMC for disposal. RFP was a nuclear weapons 
production facility with peak operations during the 
Cold War. A variety of radioactive waste streams 
including process waste (e.g., sludge, graphite molds 
and fines, roaster oxides (RO), evaporator salts), 
equipment, and other waste incidental to production 
were buried in the RWMC SDA. RFP waste contains 
transuranic isotopes, uranium, and various volatile or-
ganic compounds (VOCs). Remediation of the buried 
waste in the SDA is being performed by CH2M-WG 
Idaho, LLC as part of the Idaho Cleanup Project (ICP).

 Specific wastes from the RFP which are visu-
ally discernable from other waste streams and are 
highly contaminated with VOCs, transuranic elements, 
and/or uranium are targeted for removal.  The Targeted 
Wastes (TW) are RFP Series 741 sludge, Series 742 
sludge, Series 743 sludge, graphite, filters and deplet-
ed uranium roaster oxides (RO).  Retrieval, processing 
and offsite shipment of these TW is ARP’s focus.



FMM-WS SYSTEM OPERATIONS

Waste at ARP is exhumed inside large nega-
tive pressure tent-like buildings. After safety-related 
waste handling operations and removal of deteriorated 
drum carcasses, the TW fraction of the waste is placed 
in 55-gallon drum equivalent waste handling trays for 
further possessing.  Depending on operational condi-
tions, waste is transported within the retrieval facility 
to the FMM-WS for an assay screen.

To perform a screening assay, a loaded waste 
tray is placed on the FMM-WS lift table assembly. 
Operators raise  the tray using the lift table to a des-
ignated  measurement position, measure the waste 
weight, estimate the average waste thickness (for den-
sity calculation), and then proceed with the  screen-
ing assay. Once the screen is complete, the lift table 
is lowered and the tray is removed. Figure 1 shows 
the FMM-WS collimator assembly that extends out 
into the ARP contaminated excavation area inside an 
enclosure. Figure 2 shows the lift table assembly on 

which 3 ft x 4 ft waste trays are lifted to the measure-
ment distance below the enclosed collimator assembly.

On a typical day, 20 to 45 drum equivalent 
waste trays are assayed with the FMM-WS although 
considerably more could be measured. Figure 3 pro-
vides a daily output summary of a typical production 
day with the FMM-WS. Specific parameters listed 
include the measurement tray identification, stored 
spectrum identification, the FGE content with the 2 
sigma uncertainty added to the value, the TRU con-
tent, the 239Pu equivalent curies and the tray fill weight 
and height (average waste thickness in tray).    

FMM-WS CAPABILITIES

The purpose of the ARP FMM-WS  is to en-
sure that unpackaged TRU wastes  do not exceed the 
operational control limit of 200 FGE of fissile material 
per container (as measured in a waste tray), and to as-
sess whether the wastes being assayed are below 100 
nCi/g. Specific capabilities include: 

Figure 1 Collimator Assembly in the Airlock.
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Measure the radionuclide content of waste materi-• 
als in waste trays and provide suitable uncertainty 
data (random and systematic) for the measure-
ments to provide assurance that the measured and 
summed quantity of fissile material would not 
exceed 200 FGE and is greater than 100 nCi/g for 
wastes transferred to the DPS.
Provide multiple analysis methods for each spec-• 
trum and two methods to correct the measurement 
data for density effects.  These analysis models 
provide accurate data for a range of debris thick-
nesses, densities, and material types and also 
minimize the need for expert review and provide 
improved accuracy and precision.
Allow operation by facility operators and provide • 
immediate waste tray measurement results that can 
be used to make criticality or waste handling deci-
sions. 
Perform high speed (<4 minutes) TRU assays at • 

less than 100 nCi/g with an actual measurement 
time of <90 seconds depending on the waste activ-
ity.    
Provide the capability to calculate FGE and tran-• 
suranic content based on WIPP/TRAMPAC pa-
rameters (CH TRAMPAC DOE/WIPP-02-3122, 
Rev 4). 

FMM-WS PERFORMANCE RESULTS 

The FMM-WS has become a key part of the 
success of ARP, providing a rapid means for tran-
suranic and fissile content evaluations (screens) prior 
to packaging the waste. TW is screened in a highly-
contaminated environment within the retrieval facility, 
though the actual assay instrumentation is protected in 
a clean airlock, separated from the waste by a fabric 
containment barrier. Data from the FMM-WS is used 
to determine if up- or down-blend is appropriate for 

Figure 2 Contaminated side Lift Table Assembly for 3 ft. x 4 ft waste trays and load cells 
for weighing (uncontaminated, prior to going operational).

Lift Table Assembly in the 
Airlock



the wastes to ensure the wastes meets acceptance 
criteria at the downstream disposal facilities. High 
fissile content wastes such as graphite scarfings from 
plutonium molds and high 241Am content process slud-
ges are identified with the FMM-WS and then down-
blended with other wastes to ensure waste streams 
meet downstream receiving facility waste acceptance 
criteria. Since the initial operation of the FM-WS and 
implementation of the blending process, reject rates 
based on radiological content have decreased from ap-
proximately 12.5 percent to approximately 0.1 percent 
(February 2010 status).

 The FMM-WS has been in operation since 
April 2008 and has processed over 7200 trays of TRU 
waste that were subsequently drummed and reassayed 
using a drum monitoring system.  Correlation testing 
has demonstrated that the system is accurate within 
uncertainties at 1 S.D. on the order of 25 percent that 
includes both systematic and random error with vari-
able count times depending on the source activity. The 
FMM-WS has demonstrated the ability to quantify 
TRU waste activities in wastes ranging from contami-
nated HEPA filters through relatively dense roaster 

oxide debris containing depleted uranium. FMM-WS 
measurements have also been demonstrated to be with 
acceptable uncertainties for debris depths ranging 
from essentially no debris to the nominal operational 
limit for the FMM-WS of about 7 in. (i.e., the tray 
height).      

SUMMARY 

 The FMM-WS is a developed, mature technol-
ogy for the characterization of TRU radioactive wastes 
that can be operated by facility personnel with little 
expert data review or assessment. The analysis models 
incorporated in the FMM-WS provide accurate and 
precise TRU characterization data for a wide range of 
material types, densities and debris thicknesses. The 
FMM-WS can also be easily adapted to other mea-
surement platforms such as conveyor systems, other 
waste types, and other radionuclides. Since the initial 
operation of the FM-WS and implementation of the 
blending process, reject rates based on radiological 
content have decreased from approximately 12.5 per-
cent to approximately 0.1 percent.

Figure 3 FMM-WS Daily Summary Report.


