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ABSTRACT
Los Alamos National Laboratory maintains one of the premier plutonium processing facilities in
the country. The plutonium facility supports several defense- and nondefense-related missions.
This paper describes process-modeling efforts focused on the operations related to the
Radioactive Source Recovery Program, which recovers the plutonium from plutonium-beryllium
neutron sources. This program’ accomplishes at least two goals: it is evidence of good
stewardship of a national resource, plutonium, and destroys a potential health hazard, the neutron
source, by separating the plutonium from the beryllium in sources that are no longer being used
in various industries or the military. We examine the processes related to source recovery
operations in terms of throughput, ionizing radiation exposure to workers, and mass balances
using two discrete-event simulation tools: ExtendTM, which is commercially available; and
ProMoS, which is
operations.

INTRODUCTION
The Department of

in-house software specifically tailored for modeling nuclear-materials

Energy assigned the mission to recover the plutonium from Pu-239/Be
neutron sources to Los Alamos National Laboratory (Los Alamos) in the late 1970s. Since 1979,
Los Alamos has recovered the plutonium from over 1,000 neutron sources from various licensees
[1]. In recent years, approximately 100 sources have been recovered per year; however, given
the number of sources that are currently categorized as high risk or moderate risk (about 5,000
sources), a more thorough examination of potential throughput and related issues is warranted.
The recovery program at Los Alamos has been discontinued, but analysis of operations can help
in making future decisions regarding potentially restoring these operations. Currently,
processing of Pu-239/Be neutrons sources occurs in a special glovebox line in the Plutonium
Facility at Los Alamos Technical Area-55.

Los Alamos also maintains the capability and expertise to model and analyze manufacturing
systems and processes. A true understanding of any process is required for programmatic
planning to provide adequate resources (money, personnel, equipment) to meet a given schedule.
In addition, process models that include modules for calculating personnel dose are useful to the
line organization that actually performs the work to ensure that meeting a given schedule will
results in regulatory violations from exceeding exposure limits.
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In this paper, we discuss two of the models that we use for modeling nuclear-materials
operations and how they are applied for analyzing the recovery of plutonium from PuBe neutron
sources. Results from the model include information regarding equipment utilization and
personnel dose based on a given throughput.

SIMULATION MODELS
Discrete-event simulation modeling is used throughout several industries such
silicon microchip manufacturing and in transportation analyses. Only in the

as automobile and
past several years

has there been a significant effort to use such tools for analysis of operations involving nuclear
materials. Some of the advantages of using a discrete-event simulation over a more simplistic
spreadsheet model include the ability to explicitly include stochastic processes and schedules in
the model as well as recycle and failure loops for which a deterministic spreadsheet model is
inadequate. They are especially useful when examining system behavior at large throughput
rates, where component interactions can become problematic. We use two discrete-event
simulation tools to analyze a given process: ProMoS and ExtendTM.

Los Alamos has developed the Process Modeling System (ProMoS) primarily for performing
detailed process analyses of nuclear operations. ProMoS is an object-oriented, discrete-event
simulation package that has been used to analyze operations at Los Alamos [2] and proposed
facilities such as the new fabrication facilities for the Complex-21 effort [3]. The input to the
model comprises a library of over 250 plutonium-based unit process operations, including
analytical chemistry, oxide operations, recycle and recovery, waste management, and component
fabrication.

The power of ProMoS quickly becomes evident when we consider the subtleties of process
modeling. Fundamentally, ProMoS views the world as the capability to move resources such as
materials, tools, and people, through containers, such as locations (a room or facility),
workcenters (such as a glovebox), and bulk containers. Central to the ProMoS construct is the
concept of material balance. Because it was designed to model nuclear operations, ProMoS has
strengths in both part-based and bulk-material-based operations. Furthermore, the notion of
resources is extended to allow for constraints on the resources. Given a schedule of operations
and the resource pools, a detailed time history of part movement can be constructed. Given also
dose information, worker dose can be accumulated during a specified time.

The second simulation tool that we employ, ExtendTM (version 4), is also a discrete-events-
capable package that uses a graphical object-based interface. The structure of an ExtendTM
model is manipulated through a graphical interface that contains icons representing the functions
of the process being modeled. ExtendTM has the capability of imbedding its components
hierarchically, so that complex functions can be displayed as visually simple model components.
The icons, commonly called “blocks,” require input such as process time, scheduled downtime
information, unscheduled downtime information (e.g., breakdowns), and item flow information.
In addition, ExtendTM uses an attribute system where material form and mass can be tracked
through the system. As mentioned above, process models are used in many industries, and
having the models perform a mass balance is of particular interest to nuclear materials processing
operations. We have used ExtendTM for modeling many nuclear-materials operations at Los
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Alamos, including weapon-component production [4] and analysis for the mixed-oxide fuels
lead-test-assembly fabrication [5].

Both discrete-event simulation tools can use the results of a simple point-kernel dose model [6],
which provides a mass-normalized dose equivalent (dose) rate, to determine an overall dose to
the operators. In general, the model uses a simple algorithm to calculate the integrated dose
based on the dose rate, the time that a given operation is manned, and the number of times the
operation is performed given a processing schedule. The details of the dose model are discussed
below.

We specifically apply this modeling capability to the processes related to recovering the
plutonium from returned Pu-239/Be sources at Los Alamos. The PuBe DIAPER (Dissolution
and Integrated Aqueous Processing for Environmental Responsibility) model includes the
following processes: receiving/unpacking operations, which use very little shielding and are
therefore potentially high-dose operations
Pu/Be material.

SOURCE UNPACKING OPERATIONS

and disassembly; and, aqueous processing of the

Relative to other operations, unpacking operations take very little time; however, the actual
source removal and inspection operations occur without the benefit of any significant shielding.
No flowsheet figure is provided because the steps are purely serial in nature. Preparatory
operations for source unpacking ensure that all equipment and documentation is available and
configured for source unpacking operations. The unpacking personnel arrange for Radiological
Control Technician (RCT) support and move the shipping container from the loading dock
storage room to the unpacking area. The number of sources in the shipment is determined from
associated documentation and all required equipment and personnel are verified as being
available (step SU- 1).

Once the unpacking area is prepared, the tamper-indicating device (TID) is removed from the
drum, and the removal is recorded on the TID and drum verification form. The lock ring is also
removed from the drum (step SU-2). Before unsealing the drum, all team members don
respirators. The drum lid seal is cracked and an RCT swipes the area to ensure that no
contamination is present. The drum lid is then removed, as is the Celotex overpack (disk and
plug) so that the top edge of the inner container lid is exposed (step SU-3). The inner container
is lifted out of the shipping drum and its cap lid is removed using specialized tools. The
polyurethane liner in the inner container is removed (step SU-4) and opened. The lid and plug in
the polyurethane liner are removed (step SU-5) and it is tipped to allow a single source to roll out
of the container and into the hand of an unpacking team member (a drum can hold up to three
sources). The neutron source is visually inspected to verify the serial number against
accountability records (step SU-6). If the source is old or the surface has been corroded, the
surface of the serial number may have to be brushed to obtain an accurate reading. The RCT
performs contact neutron measurements and records the results on the accountability records.
The source is transferred to a Bisco-shielded storage container and temporarily sealed (SU-7).
Identification information is placed on the container. A second neutron count is taken at the
surface of the Bisco container. The Bisco container is marked with appropriate source

3



.

information and unpacking data. Finally, the Bisco containers in which the neutron sources have
been placed are transferred to the vault or to the processing line (SU-8).

PLUTONIUM RECOVERY OPERATIONS
As mentioned, this paper focuses on the plutonium recovery operations related to processing
neutrons sources. To date, Los &unos has processed only Pu-239Be sources. Some Pu-238Be
and Am-241Be exist, but processing these sources would require special analysis and facilities
for these extremely high-strength sources. The Pu-239Be sources are usually 1- to 3-Ci sources,
but sources up to 10 Ci can be processed. The processing operations effectively remove
plutonium from the PuBe matrix and convert it into a stable oxide for storage, programmatic use,
or disposal. The generic flowsheet for processing the PuBe sources is shown in Figure 1 [7].

We presume that all neutron sources are stored in Bisco containers (provides moderation plus
boron absorption) in the PF-4 vault until they are ready to be processed. The source is removed
from the vault and transferred in a cart to the processing floor. The container is placed in an
entry hood adjacent to the processing line and subsequently transferred through an airlock into
the glovebox line (step SR- 1). The source is usually made of a PuBe13 alloy encapsulated in
tantalum and stainless steel. The stainless steel/tantalum jacket is then removed (step SR-2) with
a special cutting tool designed for this purpose. Approximately 10% of the time, the jacket
cannot be readily removed (taking the time to remove the jacket in these cases would result in an
unacceptable increase in worker exposure). The removed jacket is discarded as transuranic
(TRU) waste. The source is then transferred to the. dissolution glovebox (step SR-3). The source
is dissolved in hydrochloric acid (step SR-4). The dissolution step does not require a worker to
monitor the process. Upon dissolution, the intense neutron source is eliminated, and any residual
neutrons are from spontaneous fissions and the minor (a,n) reactions that occur between the
a-emitting isotopes and low-Z elements present in the solution, such as oxygen. The liquid is
then transferred to a storage location, step SR-5, where it is kept until a batch of 800-900 g Pu is
accumulated.

Once the dissolved sources are collected in a 800 g Pu batch, the plutonium is processed like any
other batch to be sent through the aqueous chloride line for plutonium recovery. The liquid is
first filtered to remove any large particulate matter that remains undissolved (steps SR-6 and
SR-7). The oxidation state of the plutonium is changed to +4, and the liquid pH is adjusted (step
SR-8) to ensure that it is in an appropriate range for a subsequent ion exchange operation. To
this point, all operations have occurred in a single glovebox line. Now the solution is piped to
another glovebox line for aqueous processing (step SR-9).

The first step in the aqueous processing is ion exchange (SR-1O). The feed stream is run through
the column, onto which the plutonium adsorbs. The effluent, which contains approximately 2?’ZO

of the feed plutonium, is then sent to the hydroxide precipitation glovebox. The eluate, which
contains most of the plutonium is sent for oxalate precipitation (SR- 11). Oxalic acid is added to
the liquid, and the precipitated plutonium oxalate is allowed to settle. Approximately 99% of the
plutonium precipitates out. The filtrate is sent to the hydroxide precipitation glovebox and
combined with the effluent from the ion exchange step (SR- 19). KOH is used to precipitate the
remaining plutonium. The filtrate from the hydroxide precipitation step is measured to ensure
that the liquid is below discard limits, whereupon it is sent to the liquid waste treatment facility.
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The precipitates from the oxalate and hydroxide precipitation steps are canned and transferred
via trolley to the calcinations glovebox (SR- 12). The can is placed in the calciner, the plutonium
is converted to oxide, and the calciner is then unloaded (steps SR- 13 through SR- 15). The can is
weighed, labeled (SR- 16), transferred via trolley to a bagout glovebox (SR- 17), bagged out, and
sent to the vault (SR- 18). The process times for each step in the unpacking and chemical
processing operations are shown in Table 1.

Table 1. PuBe Source Recovery Process Times.

SU-2
SU-3
SU-4
SU-5
SU-6
SU-7
SU-8
SR-1
SR-2
SR-3
SR-4
SR-5

SR-6
SR-7
SR-8
SR-9
SR-10

DescritXion
Removal Prep.
Remove TID, Lock
Remove Lid, Inner Cont.
Remove Lid, Liner
Remove Plug
Remove Source
Source in Bisco
Transfer
Intro Source
Remove Jacket
Prep. Dissolution
HC1 Dissolution
Transfer Source

Prep. Filtration
Filtration
Oxidation
Solution Transfer
Ion Exchange

Process Time (h)
0.25
0.1
0.1
0.1
0.1
0.05
0.1
0.25
0.25
3.0 (+ 1.0 for >2Ci)
0.1
4-O*

0.25

0.2
O-5*

1.0
0.5
8.0

SR-11 Oxalate Precip. 4.0
SR-12 Trolley Transfer 0.25
SR-13 Load Calciner 0.2
SR-14 Calcination 16.0/6.0 (Ox precip./OH precip.)
SR-15 Unload Calciner 0.5

SR- 16
SR-17
SR- 18
SR-19
SR-2Q
SR-21

Weigh, Label
Trolley Transfer
Bagout
Hydroxide Precip.
Measure Activity
Transfer to LW

0.25
0.25
1.0
16.0
1.0
--

4.77 .- , ,.

‘. unmannea operauon.
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DOSE MODELS
A key component of nuclear processing models is the ability to estimate the exposure to ionizing
radiation that a worker receives. A spreadsheet-based tool, LAMPSHADE (the Los Alamos
Model for Process-Specific High-speed Administrative Dose Estimation), has been developed
that calculates the dose equivalent received during specific plutonium processing operations in
gloveboxes. Standard techniques based on attenuation physics and photon buildup are used to
calculate the dose equivalent. LAMPSHADE is based on an earlier model developed at
Lawrence Livermore National Laboratory, called the PuDoC (Plutonium Dose Calculator) [8].
The PuDoC provided relatively fast calculations of process doses by using simple, yet standard,
approximations for neutral particle transport. The entire calculation is controlled by ExcelTM
macros that copy and paste data and calculated information. Originally, PuDoC was written in
ExcelTM 4.0. LAMPSHADE uses similar spreadsheets to those in the P-uDoC, but
LAMPSHADE has since updated to the latest ExcelTM version and the macros have been
rewritten in Microsoft Visual Basic for ApplicationsTM. We have also made additions and
improvements to the calculational strategy in the model. LAMPSHADE consists essentially of
two worksheets: the process information sheet contains all the pertinent information about a
given process for the dose calculator; the calculation sheet performs the dose calculations. The
macro copies the information from the process information sheet to the calculation sheet,
performs the calculation, and then pastes the back into the process information sheet.

Given a specific process, the individual steps that occur during that process are listed in the
process information sheet. This information can be coarse estimates of the key tasks required to
complete the process, or it can be very detailed lists of the steps, such as placing hands in the
glovebox and moving sources. For each step in the process, the sources to which a worker is
exposed are listed, along with whole body and extremity distances, times of exposure, and the
shielding that is provided by the source, the gloves, and the glovebox. When the doses for each
step in the process have been calculated, they are summed to provide an overall dose for that
process.

The key component of LAMPSHADE is clearly the calculation sheet. The primary physical
assumptions that drive the dose calculations are housed in this spreadsheet. Only a brief
overview of the dose calculational strategies will be discussed here. The two components of the
dose that are calculated are the doses from decay photons and neutrons.

The majority of calculational effort in the calculation sheet is devoted to determining the photon
dose. The photon energy spectrum is separated into 21 energy bins corresponding to the bins
listed in ANS17ANS standards for fluence-to-dose conversions and buildup factors from 0.01
MeV to 1 MeV [9]. The source strength per unit mass of each photon for each isotope maybe
determined given the half-lives of the various isotopes present in plutonium materials, the decay
mode branching ratios (i.e., the percent of decays that are alpha- or beta-emission), and the
photon abundances. These photon source strengths for each isotope are listed in the calculation
sheet. With the photon source strengths, a cumulative photon source maybe calculated using the
following formula

so= “u
[
~W4 +f.rnd..

1+.f,4m i
7 (1)

where
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SO = volumetric photon source strength [~cm3-s],

~U = plutonium density [gPu/cm3],

~*m = fI_aCtiOn of plutonium mass that is ‘lAm,

Mi = mass fraction of the ith isotope of plutonium, and

di = mass-normalized source strength for the ith isotope [+s-g].

In all cases, the source is assumed to be a sphere with the plutonium uniformly distributed
throughout the sphere. Integral expressions for the flux at a point outside of a solid spherical
self-absorbing source have been derived. [10] The original version of the PuDoC used a
numerical fit to the integral expression for the photon flux, which we use as well. This fit is
within 10% for several orders of magnitude in the attenuation and distance parameters [11]. The
actual scalar flux is determined using buildup factors as

@(Ej) = @[a,R,p, (Ej)lB(Ej)Nfl e-pi(’’)’i , (2)
tzl

where
B(Ej) = the photon buildup factor at energy Ej [-],

a = the distance from the surface of the source to the detector [cm],

AEj) = the source Photon attenuation coefficient at energy Ej [ llcml,
~i(~j) = thephotonattenuationCoefficient Of the ith shield at energy Ej [1/cml>
N$hi~ld = the total number of shields between the source and detector [-], and

Ai = the thickness of the ?’ shield [cm].

The photon flux at the detector is easily converted to a dose by using the ANSI/ANS fluence-to-
dose factors [12]. Summing over the energies yields the total photon dose as

(3)DY = ~@(Ej )h~ (E,j ) >
j=l

where hE(Ej) is the fluence-to-dose factor for photons at energy Ej.

We calculate the neutron dose using standard diffusion theory analysis for a multiplying
medium. The diffusion theory analysis for a solid sphere (unit source strength) results in the
following equation:

R+d sin BR– BRcos BR
. @(R+a)= ‘2 —

(R+a)2 B2R2
(4)

sin B(R + d) ‘

where the material buckling, diffusion coefficient, and extrapolation distance are expressed in
terms of the macroscopic cross sections (xi, i =f fission; a: absorption; tn transport):

Vzf –Eu
B= =

1
, D=— , d=? .

D 3X,,
(5)

tr

The neutron dose is calculated by using the ANS17ANS fluence-to-dose factors, with some minor
energy separation for spontaneous fission and (a,n) neutrons: spontaneous fission and (a,n)
neutrons are assumed to appear at 2 MeV and 5 MeV, respectively. The source strength is
determined in a similar fashion to Eq. (1). The equation for the neutron dose is written as

D. = [S~Fh~(2MeV) + S ~~,~)h~(5MeV)l@(R + a)e415AH , (6)
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where an additional factor for neutron loss through thermalization is included. The removal
“cross section” was determined via a transport code analysis.

The results of process dose analysis for the PuBe source unpacking and processing operations are
shown in Table 2. Once the sources are dissolved and accumulated in a batch, the dose is based
on an accumulated batch of 900 g. Some assumptions about the amount and type of shielding
available are that a glovebox provides 0.635 cm of stainless steel shielding, and the cutting and
dissolution steps are performed behind an additional 10.2 cm of hydrogenous shielding.
Aqueous operations are modeled such that the liquid form provides 2 cm of hydrogenous
shielding.

Table 2. PuBe Source Recovery Process Dose Rates.

Step

Su-1
SU-2
SU-3
SU-4
SU-5
SU-6
SU-7
SU-8
SR- 1
SR-2
SR-3
SR-4
SR-5
SR-6
SR-7
SR-8
SR-9
SR-10
SR-11
SR-12
SR-13
SR-14
SR-15
SR-16
SR-17
SR- 18
SR-19
SR-20
SR-21

Batch
ox

XE.!ll_

8.17
--

8.17
8.17
8.17
8.05

0.074
1.66
1.66
1.66
1.66

0.074
4.19

--
--

Batch
OH l-Ci 2-Ci 3-Ci 4-Ci

Precip. (mrem/h) (mrem/h) (mrem/h) (mrern/h)
-- .- -- --

0.139 0.274 0.409 0.542
-1.84 3.65 5.44 7.22
4.14 8.11 12.0 15.9
4.14 8.11 12.0 15.9
9.54 18.5 27.2 35.8
6.51 12.7 18.8 24.8
2.96 5.82 8.64 11.4
6.36 12.9 18.5 24.5
406 8.00 11.9 15.7
4.06 8.00 11.9 15.7

-- -- -- --

0.237 0.399 0.540 0.668

0.005
0.132
0.132
0.132
0.132
0.005
0.408
0.403

--
--

5-Ci
(mrern/h)

-.

0.675
8.99
19.7
19.7
44.3
30.8
14.2
30.4
19.5
19.5

--

0.787
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RESI.JtTS
The results of the ExtendTM and ProMoS models are quite similar. As discussed above,
ExtendTM is generally used for the simpler analyses of a specific process, like PuBe source
processing, where the power of ProMoS is realized by integrating the PuBe source processing
operations with the other operations that occur in the facility. The top-level of the ExtendTM
DIAPER model is shown in Figure 2.

Cal,:inatior, EJa@l.lt&

-frawfzrto Vauii

Figure 2. DIAPER model top-level interface.

The model is fed barrels of PuBe sources at a specified period (“DIAPER Service” icon), with
three sources in each barrel. The sources strengths are randomly assigned according to the
following distribution: 50% l-Ci; 25% 2-Ci; 10% 3-Ci; 1O$ZO4-Ci; and 5% 5-Ci. The barrels are
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sent to the source unpacking area, where they are removed from the barrels and placed in Bisco
containers, and then sent to a vault. Operations that occur in gloveboxes are signified by the
glovebox icons. Also included are icons to signify piping and trolley transfers.

The DIAPER model also uses personnel constraints to model actual operations in the plutonium
facility. The schedule is established such that work occurs in 10-hr shifts for 4 days/wk. The
first and the last hour of each workday are consumed with nonproductive operations (e.g.,
dress-in/out, obtaining work orders, clean-up). Thus, there are 32 working hours per week, per
personnel resource. At Los Alamos, when vacation, sick, training, breaks, holidays, etc. is
figured into a technician’s available working time, the overall utilization of a single person for
performing glovebox work is approximately 5090. Thus, if the DIAPER model includes five
personnel resources for actual work, there are actually 10 people in the worker pool.

Table 3 contains the results from the DIAPER model for two runs. Both cases assume a strong
source recovery program. The first case assumes that one barrel (containing three sources)
arrives each week. This schedule presumes an optimistic program that receives approximately
150 sources/yr. The second case assumes that one barrel arrives each day. This case is intended
to push the processing operations as much as possible to estimate the maximum throughput in a
given year. The number of sources in the vault for the two cases indicates the two extremes of
operation. For the 1 bbl/wk (-150 sources/yr) case, there is essentially no holdup in the vault,
i.e., there is a good match between how often sources are unpacked and how many sources the
processing area can receive. For the 1 bbl/day case, there is an unrealistic buildup of sources in ‘
the vault; however, the number of sources dissolved, -195 sources/yr, is not substantially greater
than those in the 1 bbl/wk case. This indicates that given the current suite of equipment, the
absolute maximum number of sources that can be processed in a year is about 200. Again, an
aggressive program of processing -150 sources/yr seems realistic.

Table 3. Five-Year Selected Results.

I CateQorv 1 bbl/wk I 1 bbl/dav
Total Sources In 774 5400
Sources in Vault 2 4395
Sources Dissolved 771 977
Batches Through Recovery 29 37
Pu Recovered (kg) 23.5 29.9

I Pu in Liquid Waste (g) 7.00 8.91.

The dose results for these two cases are shown in Table 4. Given the baseline aggressive case of
processing 1 bbl/wk (150 sources/yr), we see that the total dose for five years is 27.6 rem.
Presuming a 50% personnel utilization, this is the accumulated dose for 10 persons over 5 years,
or about 550 rnrem/yr-person. We can see the large increase in dose for unpacking with the
1 bbl/day case, as would be expected for the large number of sources unpacked (5400). As
expected, the jacket removal step dominates the exposure that the workers receive, even behind
the additional shielding provided by the polyethylene shielding. This indicates that the jacket
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removal step might be an excellent candidate for engineering analysis for some automation.
(Such analysis is always tempered by the realization that automation inside gloveboxes presents
an entirely new set of problems related to repair, maintenance, and on-the-spot troubleshooting.)

Table 4. Five-Year Cumulative Exposure for Two Cases (rem).

O~eration
Unpacking
Remove TID
Remove Lid
Remove Liner
Remove Plug
Remove Source
Source to Bisco
Bisco to Vault
Total
Processing Operations
Intro Source
Remove Jacket
Dissolution & Filtration
Transfer Solution
Ion Exchange
Oxalate Precipitation
Hydroxide Precipitation
Trolley Movement
Calcination
Bagout
Total

1bbl/wk

0.0203
0.270
0.599
0.599
0.681
0.939
1.074
4.18

2.30
20.2

0.942
0.119
1.90
0.940
0.186
0.00160
0.842
0.133

27.6

1 bbllday

0.144
1.92
4.26
4.26
4.84
6.68
7.64

29.7

2.99
26.1

1.21
0.152
2.43
1.20
0.237
0.00204
1.07
0.170

35.5

To see an example of the detail in the ProMoS model, we have included a material balance chart
for the hydroxide precipitation process (Fig. 3). The data was taken after 150 neutron sources
had been processed through dissolution. Relatively little plutonium passes through this process.
Recall that operations in ProMoS occur at workcenters in locations. The closest analogy is that a
location relates to a glovebox, where a workcenter relates to a piece of equipment. The mass
balance in ProMoS is much more comprehensive than that modeled in ExtendTM, with process
chemistry included in the process description. For example, some materials like HC1 enter the
hydroxide precipitation location (all masses in Fig. 3 are in kg), but none leaves as it has
chemically been converted to other materials. From the data for the chloride liquid waste, we see
that a little over one gram of plutonium was sent to the liquid waste facility for the 150 sources
processed (this amount is a little low because ‘some plutonium is still held in the liquid batch
after dissolution). To compare some of the dose information from ProMoS with ExtendTM, we
see that processing the 150 sources through the aqueous line resulted in doses of 3.4 rem and 6.6
rem for jacket removal and the entire aqueous processing operations, respectively (compare to
3.9 rem and 5.35 rem from ExtendTM). These differences are accounted for by the slightly
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different format of the dose model and the different level of detail (the ProMoS model contains
some extra personnel-related operations) in the two models.
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Figure 3. ProMoS hydroxide precipitation process information.

CONCLUSIONS
We have described the various processes related to recovering the plutonium from PuBe sources
and applied two process models to these operations. We can make many obvious observations
from the results such as where the significant contributors to dose are and where we can add
equipment to improve throughput, and we can make some less obvious ones such as what the
maximum throughput is given the current suite of equipment. The power of process modeling is
quickly seen in terms of understanding an existing operations and in speculating about process
improvements with a technical quantitative basis.

The utility of a process model is most readily seen when we examine the types of parametric
surveys that are possible. Some of these parameters include the target worker dose
(contemporary dose targets can be as low as 500 mrern/yr), restrictions on the number of
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technicians, possibilities regarding increased throughput with additional equipment, and the
effects of additional shielding or process automation. For example, given the data seen above, it
is clear that a second cutting/dissolution line would increase the potential throughput by almost a
factor of two. However, this would also potentially require additional personnel to avoid
violating dose limits from the high-exposure operations of introducing and removing the jackets
from the sources. As mentioned above, use of such models has only recently been applied to
operations with nuclear materials, but the prospects of further use in this arena are good.

Current work at Los Alamos has focused on Pu-239/Be sources. This paper and the modeling
efforts to date do not address the special requirements to process Am-24 I/Be and Pu-238/Be
neutron sources. However, such analyses could be required in the near future as these sources
remain in the field and are hazardous from both perspectives of external exposures to neutrons
and potential breach of the encapsulating material and subsequent internal uptake of alpha- and
beta-emitting materials by the public. Analysis of processing the higher exposure sources may
need to use other dose models (such as MCNP) for the dose work given that the high-dose
operations might be performed inside of hot cells.

Finally, it was mentioned in the introduction that this program is no longer being supported at
Los Alamos. Currently, the prefened disposal path is direct shipment to WIPP for defense-
related sources or to a similar repository for nondefense-related sources. Even for this option,
some high-exposure operations may be required for packaging/unpackaging/verification where
process modeling can be used to help quantify the pertinent factors such as dose to personnel and
the amount of plutonium being interred. In any case, we have found process modeling very
important to our understanding and integration of nuclear-materials operations.
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