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1. ABSTRACT 

Los Alamos has developed an advanced simulation environment designed specifically for nuclear materials 
operations. This process-level simulation package, the Process Modeling System (ProMoS), is based on high- 
fidelity material balance criteria and contains intrinsic mechanisms for waste and recycle flows, Contaminant 
estimation and tracking, and material-constrained operations. Recent development efforts have focused on coupling 
complex personnel interactions, personnel exposure calculations, and stochastic process-personnel performance 
criteria to the material-balance simulation. This combination of capabilities allows for more realistic simulation of 
nuclear material handling operations where complex personnel interactions are required. 

We have used ProMoS to assess fissile material shipping performance characteristics at the Los Alamos 
National Laboratory plutonium facility (TA-55). Nuclear material shipping operations are ubiquitous in the DOE 
complex and require the largest suite of varied personnel interacting in a well-timed manner to accomplish the task. 
We have developed a baseline simulation of the present operations and have estimated the operational impacts and 
requirement of the pit production mission at TA-55 as a result of the SSM-PEIS. Potential bottlenecks have been 
explored and mechanisms for increasing operational efficiency are identified. 

2.  INTRODUCTION 

Over the course of the past decade, we have observed a significant change in the demands on and capability of 
the nuclear weapons complex. Historically, the Nuclear Weapons Complex (NWC) functioned in a manner similar 
to other significant industrial enterprises, with commensurate levels of manufacturing, distribution, and product 
control. As the Cold-War has come to a end and the demands of the nuclear stockpile have changed, the production 
of components in support of the nuclear weapons complex have significantly decreased. Simultaneously, an 
enormous shift in the operational paradigm of the NWC with regard to environmental awareness, safety 
consciousness, and overall regulatory framework has occurred. The convolution of these activities has created a 
situation where the barriers to work (as measured by product output) are far more difficult to ascertain, understand, 
quantify, and minimize. As a result, we have begun to place a greater emphasis on the development of simulation 
capability to address these concerns in the context of traditional manufacturing modeling approaches. 

The term “modeling” can bring a large number of varied images to mind. In general, modeling is the creation of 
systematic computation abstractions of some physical phenomena and can be described in the context of a spectrum 
of knowledge as shown in Fig. 1. The most frequent use of modeling in the science and engineering fields is the 
computation of physical processes, performance, and characteristics. Frequently, physical modeling is characterized 
by methods to discretize both space and time and the formulation of solutions to complicated differential or integral 
equations. Another method of describing the modeling process is in terms of “know how” type of knowledge and 
“know what” type of knowledge. “Know how” means that all the forces which are acting on the processes are 
known, and it is possible to build a detail causal relationship of whatever form, mathematical or heuristic, which can 
tie the inputs of the process to its outputs. 

At the other end of modeling space is enterprise modeling, the simulation of business practices, which can focus 
upon manufacturing operations and/or business operations. A common thread in enterprise modeling is an inclusion 
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of assessment of information technology. At issue in enterprise modeling is the level of abstraction required to 
provide reasonable simulation times and data requirements. Individual components and personnel are not explicitly 
modeled. This abstraction level does not allow for direct mapping of physical entities to model entities and the 
determination of entity characteristic is highly coupled to the type of historical data available. In other words, 
enterprise models are inherently Iimited in their ability to be forward-looking.’ This can also be characterized as 
“know what” knowledge. A major limitation of this “know-what’’ knowledge is that it gives the user no indication of 
the internal mechanisms of the process. The underlying mechanisms for enterprise-level modeling in the context of 
supply-chain management is an area of much present research.’ 

At a level between we find process-level simulation. Today, many specialized products are available for various 
industry segments. The Process Modeling System, ProMoS, was developed as an object-oriented, discrete-event 
simulation package and has been used at LANL for a variety of nuclear-materials related analysis involving Los 
Alamos operated facilities.’ It has also been used to perform manufacturing plant simulation for other facilities, 
namely the analysis of the “Complex-21” e f f ~ r t . ~  
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Figure 1 Schematic representation of “modeling space”. 

3. THE PROCESS MODELING SYSTEM 

The Process Modeling System is an object-oriented discrete-event simulation language written in common lisp. 
Fundamentally, the system views the world as the capability to move resources through containers. This notion 
allows for a very flexible development of specialized containers such as: locations, workcenters, bulk-containers, and 
parts. All containers can contain other containers (though the physical meaning of any combination may be lost such 
as a part containing a location). Further, the notion of resources is extended such as: materials, constrained- 
resources, reusable-resources, and recycable-resources. 

process-step-descriptions which allow for the description of the work process. Work may require time, is developed 
in batches (through the consumption of parts or material from a bulk-container), can consume materials, may 
required other resources (such as operators or shift-time), and may have a variety of outputs. A unique set of 
material-distribution default rules has been developed so that outputs that need to be precisely described and 
unknown pathways (such as contaminants) can be appropriately modeled. A more detailed description of the design 
of ProMoS is available.’ 

The working agent in the system is the workcenter (a type of container). The workcenter may contain several 

Given that we have developed the ProMoS simulation language and a significant knowledge base on plutonium 
processing operations at TA-55, we choose to use this platform for simulation-capability development in the area of 
complex personnel interactions and adaptive modeling capability. We describe each of the different “types” of 
workers associated with shippingheceiving operations and provide a “stochastic” availability of resources (number 
of workers) of these types available to processes at any moment in time. Further, we allow various alarm-states to 
trigger either decreases or increases in the basis of the stochastic values. For example, we defined the number of 
shipping operators (a particular type of technical staff) as a normally-distributed random variable with a particular 
mean and standard deviation. At the beginning of each shift, the random variable is queried and the total number 
operators available for the shift is determined. We also defined a rule-base that coupled the backlog of different 
types of items, such as samples, to the mean number of items allowed per shipping vehicle. 
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4. SHIPPINGRECEIVING OPERATIONS AT TA-55 

The shipping and receiving operation is responsible for the shipping and receipt of all radioactive materials at 
TA-55. All operations in the packaging of radioactive materials must meet all DOT, DOE, and state regulations and 
DOE orders. Written procedures are prepared and utilized for the packaging and transportation of radioactive 
materials. 

As with other sites in the DOE complex, the shippingheceiving operations at LANL require the involvement of 
a large number of people, each with a variety of tasks that must be synchronized. For this model, seven different 
types of personnel were defined : accountability, shipping, BUS-SNM, MCA, other technicians, RCTs, and staff. 
Several other types of personnel exist in the simulation but are not of direct concern for this work. Not only are 
several different types of personnel involved, but the path for items and paperwork is complex. Figure 2 shows the 
modeled path for the shipment of outgoing nuclear materials via SST from LANL. Each item must be synchronized 
where connected. 

5. ANALYSIS CASES 

This effort coupled new modeling elements with a detailed material-movement model of most operations in the 
TA-55 plutonium facility that has been under development at Los Alamos for some time. The development of the 
shipping-specific elements began with the description of each process step, along with the estimated time required 
and the personnel requirements. For outgoing shipments, once a nuclear item was prepared for shipment, a request 
was made for the appropriate type of transportation (with SST, common carrier, or local truck to analytical chemistry 
or radiography operations). The number of items that could be placed upon a given truck was stochastically driven. 
During the processing of the request, a new truck would be “created” and arrive at the TA-55 loading dock. 

For incoming shipments, the build-up of a “backlog” of items would trigger the generation of a new shipping 
truck. The movements of that new truck was synchronized such that the total time to arrival could be estimated. 

Each process requires various elements for operations which may have included a particular staff schedule or a 
known amount of remaining shift time. To simulate the effects of active management of the shipping operations, a 
simplistic adaptive behavior was created using a rule-base that coupled the backlog of parts requiring shipment to the 
staffing levels. We also coupled the backlog of items to the average number of items allowed on a given truck. Our 
goal was to determine the efficacy of modeling the more complicated interaction between various staff levels and 
operational requirements and the estimated throughput of the operations. 

of shippingheceiving operations were compared against the throughput in the major programs that require regular 
item shipments, Pit Surveillance, Special Recovery, and PuBe Source Recovery. Also, the estimated number of 
analytical samples was evaluated to establish the flow of shipments to the analytical chemistry facility (CMR 
building). This provided a basis to establishing the total shipping and receiving requirements in the model. 

A number of assumptions were required for modeling purposes. The average arrival of incoming SSTs was 
assumed to be 45 days. Each SST could initially contain a maximum of up to X units (X being normally distributed 
with p=5), but may contain less. The average arrival of incoming common carriers (used for PuBe sources) was 
assumed to be monthly. Each shipment could initially contain up to 25 sources (though the average is much less). 
The average arrival of incoming analytical chemistry and radiography (on-site) shipments was weekly. Outgoing 
shipments were scheduled as described above. For modeling-purposes, it was assumed that the items were not 
batched for shipment before a request for shipment was produced. Instead, when an item was ready for shipment, a 
request for shipment commenced. As the shipment request was processed, the number of items that could be placed 
on that type of shipment (such as analytical chemistry) could grow up to a limit that varied by shipment type. 

The mission outlined in the Stockpile-Stewardship and Management Programmatic Environmental Impact 
statement (SSM-PIES), includes the potential for Los Alamos to produce up to 80 pits per year for surge capacity 
with a baseline production rate of 50 pits per year. For the SSM-PEIS case, we modeled the baseline rate with the 
receipt of feed-material pits from Pantex via SSTs as well as the shipment to Pantex of SSTs. The average 
availability of 45 days was still assumed to for SSTs, but the total number of SSTs available for the model was 
increased to 3. The simulation made use of a previously establish generic pit production model that incorporated 

The shippingheceiving model was baselined against the past three years experience at TA-55. The total number 
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metal purification, residue recovery, and component fabrication steps. These other processes generate analytical 
samples that also increase the load on the shippinglreceiving operations. 
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Figure 2 Flow of processes required for SST shipments from LANL. 

5.1. ANALYSIS RESULTS 

By developing an integrated modeling approach, we were able to evaluate a wide variety of metrics 
simultaneously. The processes associated with shippinglreceiving operations that are directly involved in nuclear 
material handling were modeled as belonging to two locations: the cage-area and the loading-dock. The particular 
process steps that occur in these locations are: unpack, pack, count, confirm, leak-check, load, transport, and depart. 
Table 1 lists the calculated number of transactions in these process areas with the present mission and as a result of 
the SSM-PEIS mission. We see an increase around 50%. The bulk of the increase is associated with the larger 
number of samples that must be shipped to analytical chemistry operations. We also computed the total number of 
kilograms of plutonium handled. We have normalized the estimated number of kilograms of plutonium handled. 

Table 1 Transactions and plutonium handled in the Cage Area and Loading Dock. 

Cage- Area ' Loading Dock 

I Today I SSM-PEIS I Today I SSM-PEIS 

Number of Transactions 2177 3651 1068 2320 

% Growth in Pu Handled 100% 260% 100% 270% 

To assess the operational impacts on part flow, we computed the maximum, minimum, and average part flow 
times for various parts through the shipping and receiving locations. In Fig. 3, we show these results for three 
different types of items: pits associated with the surveillance program (shipped via SST), analytical samples (shipped 
via on-site truck), and PuBe sources (shipped via common carrier). We find that the increasing throughput 
associated with the SSM-PEIS mission cause all three types of parts to have longer maximum and average flow times 
in the shipping areas. Since the model did not explicitly limit maximum flow time in the shippingheceiving 
operations, the impact of this type of restriction was not established. We note that the model did not prioritize 
personnel resources as a function of part or process priority. Hence, we expect metrics such as part-flow times to be 
poorly represented. A more complicated mechanism for dynamical evaluation of detailed part characteristics and 
allocation of personnel resources would be required to more accurately compute this metric. 
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Figure 3 Maximum, minimum, and average flow times through the cage-area. 

Because not all items require the same suite of process steps, differences in the distribution of the number of unit 
operations through shippingh-eceiving operations are relevant. Our analysis shows that, in general, all of the unit 
operations are performed more frequently under the SSM-PEIS mission, but that the number of request to open the 
facility door rises dramatically compared to other unit operations. This phenomenon, we attribute to the significant 
increase in cross-site shipments of items to the radiography operations. 

Finally, we examined the personnel utilization associated with shippingheceiving operations. We have divided 
the workforce into seven categories according to work performed and modeled the role of each of these personnel in 
all unit operations. We allowed 2000 productive hours per employee and “hired” each type of employee as 
necessary. We find that the overall utilization remains relatively constant, however, this is misleading because of the 
dynamic “hiring process” (see Fig. 4). The actual number of RCTs, for example, increased from 2 to 8. In total, the 
number of employee hours required for these operations increased 275%. 
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Figure 4 Average personnel utilization for shipping operations as a function of the two scenarios. 

6.  DISCUSSION 

While a variety of potential bottlenecks were identified in this modeling exercise, it is unclear as to how several 
of these bottlenecks occur. Actual operations contain built-in mechanisms for de-bottlenecking (called management) 
that are considerably more complex than described in our model. We note that the increase in number of transaction 
requires a careful evaluation of the staffing requirements associated with shipping Operations. However, the role of 

5 

. 



cross-training appears to also be important. We found a reduction in the number of personnel required could be 
achieved with a higher level of cross-training. 

This model of nuclear material shipping operations proved to be valuable not only for analysis of shipping 
operations and characteristics of personnel management, but also for the lessons learned in applying complex 
modeling practices to human operations. The modeling consistently under-estimated the throughput capabilities of 
the shipping/receiving operations if we used expert judgement to estimate process times. Furthermore, the model 
consistently over-estimated operator utilization (and hence operator requirements) on these process. Our limited 
ability to describe the rule-base by which increases in operator resources were requested was evident in the limited 
results achieved by instituting this adaptive behavior. 

have highlighted potential areas for more detailed analysis in terms of throughput limitations and the impacts of 
various rule-based mechanisms for controlling the shipping throughput. 

We find that the SSM-PEIS mission wiIl significantly effect the shipping/receiving operations at TA-55. We 
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