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ABSTRACT 

Managers are often required to 
quickly and accurately estimate resource 
needs. At times, additional work can be 
absorbed without additional resources. 
At other times, threshold resource 
boundaries are exceeded requiring an 
additional quantum of a specific 
resource. Cost savings' estimates, 
resulting from a reduction in efforts, are 
also increasingly becoming a requirement 
of today's managers. 

quickly and accurately assist the manager 
in the estimate of these resources. 
These can span the scale from large 
complicated efforts such as those used by 
NASA or the National Weather Bureau 
to small and concise efforts easily accom- 
plished with the desktop tools readily 
available today. 

The modeling effort described in this 
paper was designed to estimate instru- 
mentation and manpower resource needs 
for an analytical laboratory. It was writ- 
ten using only simple spreadsheet soft- 
ware. Analysis can be readily performed 
with a minimum of input and results ob- 
tained in a matter of minutes. This 

Simulation or modeling efforts can 

model has been tuned with many years of 
empirical data yielding a high degree of 
capability. 

The model was expanded to meet 
other needs. It can be used to just@ 
capital expenditure when the ultimate 
result is cost savings; to examine proce- 
dures and operations for efficiency 
increases; and for reporting and regula- 
tory compliance. 

This paper demonstrates that 
accurate and credible estimates of 
resource needs can be readily obtained 
with a minimum of effort or specialized 
knowledge employing only tools that are 
readily available in today's business 
environment. 

INTRODUCTION 

Reliable and quick resource estima- 
tion can make or break an organization. 
Resource requirements can increase as 
new needs are identified or decrease as 
reductions in efforts arise. In an analy- 
tical laboratory, an additional sample 
load can often be absorbed with no addi- 
tional resources or, alternatively, a few 
additional samples may cross a resource 
threshold. Response to regulatory 
queries and effort reporting are other 



often needed tools in today’s environ- 
ment. This technique was designed to 
assist the manager with rapid estimation 
of these needs with minimal effort. 

Modeling or computer simulation 
comes in many levels of complexity and 
is designed for many varied purposes. 
Complexity can vary from very detailed 
simulations, requiring a significant over- 
head of computing and manpower, to the 
more simple models requiring only a 
desktop computer and associated tools. 

scenario parameters to simulate possible 
outcomes and their associated prob- 
abilities. This minimizes the cost of 
predictions by eliminating the associated 
costs, hazards, and time required by field 
experiments. The conclusions can be 
used to assist with decisions regarding 
the appropriate action given a set of 
circumstances, the estimate of material 
flow, resource allocation, efficiently, 
production, and waste production. They 
are based on “what if” questions 
(scenarios) using probability analysis and 
incorporation empirical data. Models are 
oRen dynamic, growing and gaining 
accuracy. 

The more complex and involved 
modeling efforts include systems de- 
veloped for NASA, the National Weather 
Bureau, military applications, and tele- 
communications efforts. This level of 
effort requires many man years of devel- 
opment, large computing resources, 
teams and many years to effort. These 
models are very involved, highly refined, 
and have incorporated much empirical 
data over many years. The conse- 
quences of the efforts can be dire (for 
example, human life involving the space 
program). This level of modeling is very 
involved requiring significant time, man- 

The purpose is to model and vary 

power, understanding, and dollars to 
operate and maintain. 

Intermediate efforts might include 
such efforts as transportation plans used 
by FEDEX or UPS, manufacturing and 
processing, or prioritizing scheduling 
tasks. These efforts are not as involved 
as those mentioned above, consequences 
are lower (life and limb are not a stake), 
and they are more cut and dry with less 
need for the preponderance of empirical 
data. Scenarios are simpler, and they 
are more goal oriented rather than 
exploratory. 

More simple modeling efforts can be 
readily be developed, often in a couple of 
weeks, requiring only one or two devel- 
opers, and utilizing desktop hardware 
and commercial software. The project 
may or may not be refined over time with 
additional empirical data. It may a 
“quick and dirty” effort with a limited life 
to explore a one time need or it may 
become a daily tool. These simple 
models are easy and quick to operate. 
There are little dire consequences of such 
a model and its accuracy is less that those 
described above. Examples of such 
efforts might include inventory control, 
material movement, smaller laboratory 
chemical processing, nuclear material 
inventory control, hazardous material 
needs and handling, resource needs, 
waste generation, production goals, 
costs, manpower equipment and the like. 

Many models in use today are in the 
areas of criminal and security analysis, 
medical diagnoses, military, weapons 
design, sports, biological systems, 
chemical processes, material flow, 
refineries, design, and transportation. 
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THE HPAL MODEL 

Description 

scenario (except for Figure 7 that 
required three). The model employs 
actual historical data for previous years, 
performs a linear extrapolation for the 
current year based on current quarter 
data, and projects out 5 years by a choice 
of many types of growth curves. 

The two main types of figures 
presented in this paper are representa- 

This particular modeling application 
is based on a need to provide operational 
costs, instrumentation, and manpower 
forecasting as customers require addi- 
tional radioanalytical services. It is 
designed to require a minimum of input 

Table 1 - AWreviated Sample,of Workload Data 

to alter scenario parameters. This effort 
is one of the simpler types not requiring 
complex algorithms or numerical tech- 
niques. Rather, it combines tables of 

tions of instrumentation utilization and 
personnel utilization. Figure la  is the 
baseline for instrumentation utilization. 
This figure plots instrumentation utifiza- 

Table 2 -Time Factors for Instrumentation and FTE Utilization by Category 

tion versus year for 
six different instrument 
types. For each type 
of instrumentation 
there is a plot of the 
number of operational 
instruments (on the 
right) and the associ- 
ated utilization of that 

proposed workloads, resources, and time 
requirements for each resource and 
workload type to produce resource utili- 

particular instrument 
type (on the left). For example, the 
figure shows that there is one Impulse 

zation requirements. Table 1 presents an 
abbreviated version of the workload that 
the model is based on (Figure 1 1  is a 
graphical representation of this data). 
One simply need only to alter one or two 
table entries to perform analysis. This 
data is coupled with other table such as 
Table 2 to produce the detailed utiliza- 
tion results. The scenario results 
presented below required only one 
modification of these tables for each y e  l a  -- Instrumentation Utilization Baseline 
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instrument and its utilization throughout 
the years has varied around ?h of an 
instrument. It also shows that there are 
4 spectrometers, 2 Bertholds, 4 liquid 
scintillation counters, 4 Tennelecs, and 2 
PC5/55’s. The data for spectroscopy 
instrumentation demonstrates that 
instruments are often operated overnight, 
beyond normal work hours. The figure 
also denotes that the PC5/55’s are not 
used much. 
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gure lb - FTE Utilization Baseline 

Figure lb shows the baseline for 
personnel (FTE) utilization. The bold 
line represents the number of staff and 
the dotted line their utilization for 
instrumentation operation. As this line 
exceeds the on-board staff, overtime is 
required. The data presented is 
actuarial. 

Scenarios 

The following section presents 
several scenarios to exercise the model. 
In Figure 2a & Figure 2b, an additional 
requirement of 10,000 spectroscopy 
samples was added starting in 1995. 
Spectroscopy analyses are manpower 
intensive and require long assay times 
(normally -1 hr or more). As this 
analysis shows, significant additional 
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Figure 2a - Instrumentation Utilization Additional Requirement of 

10,ooO Spectroscopy Samples Beginning in 1995 

instrumentation would be required. The 
numerical analysis shows that three 
spectrometers would be needed immedi- 
ately and one hrther additional spectro- 
meter would be needed in 1998 (the 
graphical representation tops out at 6).  
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gure 2b - FTE Utilization: Additional Requirement of 10,ooO 
Spectroscopy Samples Beginning in 1995 

It also shows that one additional staff 
would be needed immediately to meet 
this demand. 

On the other hand, Figure 3a & 
Figure 3b demonstrates a scenario where 
no additional resources would be 
required. This scenario required an 
additional 50,000 shipment swipes be 
analyzed beginning in 1995. The model 
shows that this load can be absorbed by 
the present capacity for instrumentation 
and manpower. 
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p r e  3a - Instrumentation Utilization Additlonal Requirement of 
50,OOO Shipment Swipes in 9995 

Often new regulations require addi- 
tional steps be taken that have no effects 
on analysis result but still require man- 
power to pedorm. This might entail 
additional safety precautions, shipping 
requirements, or in the case of Figure 4, 
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igure 4 - FTE Utilization: Additional Chain-ofCustody Require- 
ments Estimated at 10 Minutes per Batch 

chain-of-custody requirements. For this 
scenario it was estimated that it would 
take an additional 10 minutes per batch 
to verify the presence of samples, log 
them into the new accountability system, 
and then securely store the samples. As 
the model shows, to implement this 
regulation would require approximately 2 
more personnel in the first year. 

Figure 5 is an analysis of a reduction 
in effort. This example assumes that the 
requirement for workplace swipe analysis 
is cut by 50%. This might be accom- 
plished by decreasing the frequency of 
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Figure 3b - FTE Utilization Additional Requirement of 50,ooO 

Shpment Swipes in 1995 

sample collection, eliminating areas to be 
surveyed, or elimination of duplicity. As 
one can observe, a sample reduction, 
such as requiring only bi-weekly 
sampling (as opposed to weekly), can 
realize some real cost savings. In this 
case, a reduction in 2 staff positions 
could be accomplished in this one 
operation alone (sample collection, 
transportation, waste handling and 
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gure 5 - FTE Utilization: Reduction of workplace swipes by 50% 
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. . . . .  

several other issues are not addressed by 
this model). 

to increase efficiency. For the next 
example it was estimated that a 10% 
manpower saving could be realized in 
reporting efforts by installing a inter- 
laboratory network. This significantly 
eliminates the duplication of data entry 
between the points of sample collection, 
analysis at different laboratories, 

Another cost reduction measure is 
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gure 6 - FTE Utilization: 10% Efficiency Increase Due to 

Reporting Automation 

reporting to the customer, and data 
archive. Figure 6 demonstrates this 
scenario. 

n 

gure 7a - Instrumentation Utilization: Additional Requirements of 
98 Spectroscopy, 80 Tritium, and 120 a l p  Samples per 
Week 

The data for the scenario detailed in 
Figure 7a & Figure 7b come from an 
actual customer request. Air monitoring 
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Figure 7b - FTE Utilization Additional Requirements of 98 Spectre 
scopy, 80 Tritium, and 120 alp Samples per Week 

regulations had become significantly 
more stringent and this laboratory was 
required to analyze an additional 98 
spectroscopy samples, 120 a@ samples, 
and 80 tritium sample per week. With 
the aid of the model, it was determined 
that an additional spectrometer would be 
required as well as an increase in staflhg. 

Auxiliary Uses 
The model is designed for 5-year 

forecasting and has been used for 
reporting to regulatory agencies, meeting 
regulatory needs, and exploration of 
methods to improve efficiency such as 
new instrumentation or a change of 
procedures. Its results can be broken 
down into various categories such as 
quality assurance, reporting, analysis, and 

Figure 8 - WQC Efforts 

maintenance. Figure 8 -- QNQC 
Efforts, demonstrates the QNQC efforts 
of these laboratories. It has served to 
confirm to auditing agencies the labora- 
tory’s compliance with regulations. 

Figure 9 -- Instrumentation 
Utilization by Task and Figure 10 -- FTE 
Utilization by Task can serve as indi- 
cators when a 
task area be- 
comes unbal- 
anced relative 
others. For 
example, if in- 
strumentation 
maintenance kigure 9 -- Instrumentation Utilization 

by Task 
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significantly in- 
creased, it might 
indicate a need 
for more major 
repairs or com- 
plete instrument 
replacement. 
The case where ?sure 10 - FTE Utilization by Task 

staff effort for 
reporting grows inordinately might indi- 
cate a need for fbrther automation, secre- 
tarial assistance, or the reevaluation of 
reporting requirements. 

The model can aIso quickly provide 

individual staff It clearly shows a 
growing increase in capabilities and 
efficiency. 

SUMMARY 

Modeling efforts, such as the one 
described, can be simple, quick, and 
interactive. The importance of such an 
effort is for forecasting to assist with 
budgeting, hiring, capital requests, space 
needs, and implementation times. This 
model has also proven usell  in risk 
management assessments for the 
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Figure 1 I - Graphical Representation of Workload 

a professional looking reporting capa- 
bility for past workload, instrumentation 
and manpower efficiencies, and regu- 
latory requirements relative to newly 
proposed methodologies. 

Figure 11 -- Graphical 
Representation of Workload, is regularly 
used for progress reporting and 
presentations to senior management. 
Overlaid on this chart is a graph of 
manpower efficiency. This overlay plots 
the quantity of samples analyzed per 

proposed reduction of current operations 
or with assigning reIative importance and 
risk to new requirements. Additional 
uses, such as reporting and regulatory 
compliance issues, have grown as needs 
and efforts mature and the potential of 
modeling is more fblly realized. 
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