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Abstract 

EFFECTIVE USE OF METRICS IN AN ALARA PROGRAM. B.B. Bates, Jr. (Los 
Alamos National Laboratory, ESH-12, MS K483, Los Alamos, NM 87545) 

ALARA radiological protection programs require metrics to meet their objectives. Sources 
of metrics include; external dosimetry; internal dosimetry; radiological occurrences fkom the 
occurrence reporting and processing system (ORPS); and radiological incident reports 
(RIR). The sources themselves contain an abundance of specific "indicators". To choose 
the site-specific indicators that will be tracked and trended requires carefid review. 
Justification is needed to defend the indicators selected and maybe even stronger 
justification is needed for those indicators that are available, but not chosen as a metric. 
Historically, the many different sources of information resided in a plethora of locations. 
Even the same type of metric had data located in different areas and couid not be easily 
totaled for the entire site. This required the end users to expend valuable time and effort to 
locate the data they needed. To address this problem, a central metrics database has been 
developed so that customers can have all their questions addressed quickly and correctly. 
The database was developed in the beginning to answer some of the customer's most 
fiequently asked questions. It is now also a tool to communicate the status of the radiation 
protection program to facility managers. Finally it also addresses requirements contained in 
the Rad Con manual and the 10CFR835 implementation guides. The database uses 
currently available, "user friendly", software and contains information fiom RIR's, ORPS, 
and external dosimetry records specific to ALARA performance indicators. The database is 
expandable to allow new metrics input. Specific reports have been developed to assist 
customers in their tracking and trending of ALARA metrics. These include quarterly 
performance indicator reports, monthly radiological incident reports, monthly external dose 
history and goals tracking reports, and the fbture use of performance indexing. On-line 
access to the reports via the "net" is now available. 

... 
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Introduction 

Effective Use of Metrics in an ALARA Program 

To begin with, it will be necessary to clarifL a few terms that are used in this 
paper. The main terms that are used throughout are defined below. 

ALARA 
An essential facet of the application of maximum permissible dose limits to 

radiation-protection practices is the ALARA (as low as reasonably achievable) philosophy. 
The ALARA concept gives primary importance to the principle that exposures should 
always be optimized. An effective ALARA program requires management commitment 
and cooperation between the various groups, including health physics, maintenance and 
operational groups. The new federal regulatory guide developed by the Department of 
Energy (DOE) for Occupational Radiation Protection; Title 10, Code of Federal 
Regulations, Part 835 (10CFR835), states that ALARA is the approach to radiation 
protection to manage and control exposures (both individual and collective) to the work 
force and to the general public to as low as is reasonable, taking into account social, 
technical, economic, practical and public policy considerations. The maximum 
permissible dose limits are not to be considered as “acceptable”, but instead, they 
represent the levels that should not be exceeded. 10CFR835 specifically mentions that 
ALARA is not a dose limit but a process which has the objective of attaining doses as far 
below the applicable limits as is reasonably achievable. The DOE does not intend to 
establish ALAKA as a duty of care for purposes of tort litigation. The regulations require 
that the ALARA process be applied, but do not require that the dose levels be ALARA. 
In attempting to implement the ALARA program, limiting dose is the essential element, 
but contamination control is another key factor to an overall ALARA program. All 
radiological incidentdaccidents are examined in the hopes of learning from them and thus 
reducing dose by reducing incidents. 

Metric 
The term metric emphasizes that numbers are needed to track the performance of 

any program. In most programs a performance goal is established using historical data 
and future projections of work load. Without numbers (metrics) it would be hard to know 
when that goal has been reached. Trends in the ALARA program, either good (positive) 
or bad (negative) could not be seen. It should be emphasized that counting numbers just 
to count numbers (“bean counting”) will do nothing towards improving a process, and 
can in fact impede that process. The metrics system presented has been developed, and 
continues to be developed, with the idea that these numbers will be useful tools for 
management and not just “beans”. 
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Performance Indicator 
A performance indicator is any of various values that collectively provide an 

indication of the stability of a system. It is a measurable parameter that may be used to 
suggest the condition of, or trend in the radiation protection program. Performance 
indicators are divided into two groups; organizational and facility indicators. 
Organizational indicators are concerned with personnel exposures, while facility 
indicators are concerned with radiological conditions within buildings. One should 
remember that it is best to use the fewest number of indicators to inform management and 
to trigger improvements. It would be wise to select meaningful and measurable 
performance indicators. These indicators will be used as tools for improvement. One 
should also avoid becoming tied to “pet’’ indicators. If an indicator does not inform and 
trigger improvement, then get rid of it. Any existing performance indicators should be 
modified, deleted or added to, based upon a process of alignment to external customer’s 
needs, and afso to internal customer’s needs. Each indicator should be measurable during 
the performance period (annual, quarterly, etc.). Indicators should be selected after 
careful review of the process, and after selections are made one must be ready to defend 
the selection process. This defense will not-only include why the indicators selected, but 
why some indicators were not selected. Once the indicators are selected they should be 
used consistently. Consistency is one of the most important requirements for tracking 
and trending. 

Performance Goal ? 
A performance goaZ is a value chosen for a performance indicator to provide a 

target for improving the radiation protection program. Goals are developed in 
conjunction with the operating groups and the radiation protection group. The value, 
challenging but achievable, is based on historical experience, activities expected to be 
performed during the goal period and professional judgment. Its selection must be open 
to review and challenge for the system to be useful. 

Database 

It is a data management system. 
A database is simply a collection of data arranged for ease and speed of retrieval. 

Trigger Level 
Many procedures stipulate a frigger ZeveZ at which they require specific actions to 

be taken. A trigger level is a numerical value set “a priori”, which when met or exceeded 
requires action to be taken as required in the procedure. 

Analysis of the Problem 

What precipitates the need for a review of the way metrics in the as low as 
reasonably achievable (ALARA) program were being handled? One of the problems can 
be an old and outdated “paper” system with numerous performance indicators on 
numerous cumbersome data management systems. The reports being generated fiom 
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such a system will be crude and limited in the amount and type of information they 
provided. Other problems could be a lack of follow-up to insure that metrics are reported 
on time which can lead to an ineffective tracking and trending program. Customer 
complaints must also be listened to. These complaints can include concerns about the 
timeliness of the reports and the lack of instruction in how to interpret and use the reports. 
Maybe the first step in improving an ALARA metrics program would be to start all over 
and not even try to improve upon an old system. 

Someone must be assigned the sole responsibility of taking the lead role in 
coordinating the development, implementation and maintenance of the radiological 
performance goals program and metrics tracking. This will involve the development of 
program documents and procedures, and assisting the line organizations and senior 
management with the development of radiological performance goals. Meetings must be 
held with the radiation protection group managers. Meetings should also be held with the 
operating groups to determine their data needs. They have unique requirements in terms 
of the data that are useful to them in making changes in order to apply ALARA measures. 

A database is needed that is powerful enough to store large amounts of data, but 
that will allow for rapid query and sorting capabilities. It should also be easier to use 
(user friendly) than many of the older systems. A review will need to be conducted to 
determine the regulatory requirements unique to each site that are to be met. In addition, 
good practices in the industry must be reviewed to determine their applicability to the 
needs of the ALARA program. Lastly, it is important that up-gradability of information 
residing on the database be possible. With all that in mind the tools for the new database 
can then be selected. 

Need to Satisfy the Regulatory Requirements 

In the specific case of the Los Alamos National Laboratory (LANL) ALARA 
program there are regulatory requirements whose compliance is greatly facilitated by the 
use of the current data management system. In general the requirements set limits or 
conditions that must be fulfilled. 

Radioloyical Control Manual (RadCon Manual) 
The Department of Energy (DOE) issued a document (DOE N 5480.6) in June 

1992, titled the Radiological Control Manual. The manual established practices for the 
conduct of radiological control activities. It stated DOE positions and views on the best 
courses of action currently available in the area of radiological controls. The manual was 
not a substitute for regulations, but it would be used by the DOE in evaluating 
performance. It further stipulated that a “site-specific” RadCon manual that invokes the 
requirements be issued and endorsed by the senior site executive. On December 1,  1992, 
a site-specific RadCon manual was issued for Los Alamos National Laboratory. 

The Los Alamos National Laboratory Radiological Control Manual states that the 
radiation protection program manager should provide a summary report to the Laboratory 
Director at least monthly but no less fi-equently than quarterly. It also states that 
performance indicators should be contained in the report. Currently the quarterly 
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Radiological Protection Program Performance Indicator report is satisfjhg this 
requirement. The data for the report comes directly from the database. There may be a 
question as to the requirement to follow the Rad Con Manual now that 10CFR835 is in 
place. But, it should be kept in mind that this specific metrics database being discussed 
was developed when the Rad Con Manual was in force and prior to 1OCFR835. 

10CFR835 
The regulation, “Occupational Radiation Protection; Title 10, Code of Federal 

Regulations, Part 835 (10CFR835)”, lists the basic elements of an ALARA program in 
paragraph I.B. 1 .e. The regulation was published in 1993, to become effective January 1, 
1996. One of the stated elements is “-Records. Maintain documentation to demonstrate 
compliance.” It further states, “ALARA records are required ...” Also in the regulation in 
Subpart H - Records, it states “Records shall be maintained to document compliance ...” 
The regulation requires that the records shall be sufficient to evaluate compliance with the 
regulation and to provide dose information necessary. 

The implementation guide for 1 OCFR835 is not a regulatory document, but merely 
a guide developed to help facilities implement the requirements of the regulation. By 
following the guide a facility demonstrates its attempts to fitlly comply with the 
regulation. It states that at least annually, a formal summary of performance related 
efforts in dose reduction and contamination minimization and in achieving the site’s or 
facility’s radiological goals should be given to senior management. This requirement is 
being met at LANL by the Radiological Protection Program Pe$ormance Indicator 
quarterly report, the Summary of Radiological Incident Reports monthly report, the 
Administrative Control Level monthly reports and the External Dose History and Goals 
Tracking Report that is published monthly. All these reports derive their data directly 
from the database. 

Universitv of California Performance Measures 
University of California (UC) Performance Measures have been developed in 

conjunction with LANL and UC as a means of scoring the Laooratory’s perfomatice in 
radiation protection as well as other non-radiation areas. The database can be 
instrumental in providing data that is then reported in compliance with the performance 
measures program. 

Current Database 

Microsoft Access was the software chosen for the ALARA Metrics database 
operating system. It is powerful, user friendly and a limited amount of training was 
needed to become proficient. It can also be used in conjunction with more complex data 
management systems such as ORACLE, which require more knowledge and training to 
be proficient. With Access the ORACLE data is downloaded and is then much easier to 
query and sort using Access. The software was contained in a package of software called 
Microsoft Office. In addition to Access, the package contained Excel (spreadsheet) and 
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Word (word processing). Both of these applications are used to a great extent in the 
ALARA metrics program in conjunction with the Access program. 

The hardware includes an Intel Pentium processor computer to handle the large 
amount of information residing within the database. 16 bit RAM minimum was needed 
and has since been upgraded to 32 bit RAM due to the increase in the size of the 
database. A second large hard drive was added for additional storage (520K). Therefore 
the database currently utilizes two hard drives, one to run the software programs and one 
to store the information, A tape backup is also used and the database is backed up weekly 
in case of the loss of both hard drives. Redundancy is acknowledged as being extreme, 
but rebuilding the database in the event of its loss could take years. 

Components of the current database include dosimetry data, radiological incident 
reports and occurrence reports. All the files are protected due to their sensitive, 
unclassified status. At LANL any information containing a person’s 2-number, name and 
dose history has this classification to protect the individual’s privacy. The following is a 
list of the current sub-databases in use. Similar types of data may be available at other 
sites or businesses. Keep in mind that all this information can be customized to fit the 
particular application, and in some cases more data are needed or less data are needed. 

External Dosimetw by Groups 
External dosimetry data (deep + neutron + tritium) by group are found in the 

RDBS412a file (rdbs412,mdb). Data for the external dosimetry is obtained through the 
use of thermoluminescent dosimeters (TLD). Fields in this file iaclude; group code, 
group name, the number of individuals in the group that are monitored, the total group 
cumulative exposure, the average person exposure, the number of individuals with non- 
zero exposures, and the average person non-zero exposure. 

External Dosimetry bv Individual 
External dosimetry by individual is found in the file with the designated name of 

DDBS321a (ddbs32l.mdb). This file has monthly data for each individual monitored. 
Fields in this file include; Z-nwber (a unique six digit LANL identification number), 
name of the individual, exposure year, exposure period, exposure type, the individual’s 
group code, the individual’s group name, assembly date, disassembly date, TLD 
(thermoluminescent dosimeter) number, shallow dose, deep dose, neutron dose, lens of 
eye dose, tritium dose, total external dose and the processing date. In addition there is a 
stand alone year-to-date DDBS321a file. This file contains only the 2-number, shallow 
dose, deep dose, neutron dose and the total external dose for individuals. 

Neutron Dosimetry by Group 
Neutron dosimetry data are contained in the file designated as RDBS452a 

(rdbs452.mdb). Neutron doses at Los Alamos National Laboratory are a major portion of 
the external radiological doses and it is for this reason that a separate file is produced to 
show these doses. In this file are year-to-date data by group for each group at LANL. 
Fields in this file include; group code, group name, number of individuals in the group 
monitored, total cumulative neutron dose group exposure, average person neutron 
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exposure, maximum individual neutron dose, number of individuals in the group with 
non-zero exposures and the average person non-zero neutron exposure. 

Shallow Exposure Dosimetry by Group 
Shallow exposure dosimetry data are stored in the file with the designation 

RDBS453a (rdbs453.mdb). This file is a year-to-date compilation by group for each 
group at LANL. Fields in this file include; group code, group name, number of 
individuals in the group that were monitored, total cumuiative shallow dose for the group, 
average person shallow dose exposure, maximum individual shallow dose, number of 
individuals in the group with non-zero exposures and the average person non-zero 
shallow dose exposure for the group. 

RadioloPical Incident Reports 
And lastly, there is also a file (rir.mdb) for the radiological incident reports 

(RIRs). These are radiological incidents that exceed a specific internal LANL reporting 
trigger level. It currently contains over 1600 entries, occupying nearly 1.3Mb of disk 
space. This RIR file contains the important information taken directly from the RIR 
received from the radiation protection group. Fields include; incident identification 
number, source of exposure (Pu-238, Cs-137, etc.), technical area, building number, room 
number, date of incident, description of the incident, the individual contaminated (if there 
was contamination), the type of incident (area contamination, skin contamination, 
personal clothing contamination, procedural violation, etc.), the, magnitude of the 
exposure, preliminary cause, and the operation being performed at the time of the 
incident. Occurrence Reporting and Processing System (ORPS) is another file within the 
RIR database. Only ORPS incidents of a radiological nature are included as determined 
by DOE Order 232.1. 

All of the fields contained in each of the database files can be queried and sorted 
individually. What could take literally hours to find and calculate by hand can be done in 
minutes or seconds with a Microsoft Access query. The entire Microsoft Access database 
file occupies over 48 megabytes of the hard drive. Due to the increasing complexity and 
utilization of the database, a database procedure should be developed. This procedure 
will provide step by step directions on how to assemble the numerous reports and where 
to obtain the data necessary for the reports. 

Reports Generated from the Database 

The database will hopefilly house a large amount of metrics from several 
different sources. From this plethora of information several different reports can be 
generated. Below are listed some of the reports generated at LANL from the data 
management system. Some of the reports have overlapping information, but are 
generated to satisfy different programmatic requirements. Again, the user of this paper 
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should keep in mind their specific requirements. These reports are only listed to give the 
reader an idea of the uses of such a system. 

Administrative Control Level Report 
Administrative Control Level (ACL) reports are generated monthly. The ACL is a 

limit imposed for occupational exposure to radiation. Currently the DOE mandates that 
no individual will exceed two redyear without DOE Defense Programs secretarial 
officer approval. Part of the process of maintaining radiation exposures ALARA includes 
setting ACL’s below the regulatory limits for radiation exposure. The ACL restrictions 
do not apply to exposures received during emergencies; however, the exposure 
restrictions do apply after an emergency. It must be kept in mind that an ACL is not a 
performance indicator nor is it a performance goal. The ACL report is sent to specific 
individuals that need to know the status of exposure levels throughout the year. This 
allows management intervention before the initial ACL is reached. 

External Dose Historv and Goals Tracking Report 
An External Dose History and Goals Tracking Report is sent out at the beginning 

of each month. Individual groups at Los Alamos National Laboratory with cumulative 
exposures greater than 500 mrem for the previous calendar year must sit down and 
determine a yearly goal for the next year. Then each month an individualized report is 
generated for those groups, and that report shows their year to date exposures and how 
they are trackinghending in relation to that goal. The groups must roview historical data 
plus have a knowledge of the production status for the coming year to arrive at a 
reasonable and attainable goal. With the report, management can determine how well 
they are doing and whether they need to make adjustments to the goal because of 
unexpected production increases, or whether they need to review ALARA program. 

Summary Report of Radiolopical Incident Reports 
A Summary of Radiological Incident Reports (RIR) report is generated monthly. 

The data contained in this report is intended for internal LANL use only. It is a s m a r y  
of RIR data up to the date that the report is generated. The raw numbers are presented 
and a limited display of trending is included. The report is provided so that the health 
physics group and the operational groups can monitor their radiological incidents. 
Monthly meetings are held to review the data. The data for this report are preliminary, 
therefore distribution is limited to internal only. Any problems that are found with the 
data during the monthly reviews can then be corrected before becoming permanent. 

Radiological Protection Program Performance Indicator Report 
The Radiological Protection Program Performance Indicator (RPPI) report is 

generated quarterly. This report covers all radiological operations conducted at Los 
Alamos National Laboratory (LANL) involving radioactive sources, radioactive materials 
(including radioactive weapons materials), and machine-generated ionizing radiation. 
The majority of the information in this report comes from three sources. The dosimetry 
information is obtained from the radiation information management team. The remaining 
two sources of information are obtained from; the individual radiological incident reports 
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that are completed by the health physics group’s radiological control technicians, and the 
DOE Occurrence Reporting and Processing System (ORPS). Part of the process of 
maintaining radiation exposures ALARA includes monitoring the program objectives. 
The LANL Radiological Control Manual requires the Laboratory Director to establish, 
approve and maintain a radiological performance goals program. It also specifies that the 
status of the goals be formally reported periodically. The Rad Con manual also requires 
quarterly and yearly review of the program (also stipulated in the 10CFR835 
Implementation Guide), and it is for that purpose that this report is generated. The 
performance indicators selected for this report are in keeping with the fewest number of 
indicators to provide useful information to management and to trigger improvement. The 
performance indicators are divided into ALARA Indicators and Radiological 
Performance Indicators. ALARA indicators are; collective external effective dose 
equivalent (whole-body dose), average worker external effective dose equivalent (whole- 
body) and maximum worker external effective dose equivalent. Radiological 
Performance indicators are numbers of; skin contaminations, personal clothing 
contaminations, unplanned anti-c contaminations, contaminated wounds, positive nasal 
contaminations, airborne monitor alarms (CAM) and area contaminations. 

Performance Index 
A report that is under development is the Performance Index system. This type of 

report allows simplified review of how well the overall radiation protection program is 
functioning. > 

On-Line Access to the Reports 

One may also want to keep in mind a new form of distributing the information 
The reports mentioned before are now contained in an ALARA metrics database. 

available on the World Wide Web. The information is contained on a home page at: 

http:Nlocust.lanl.gov/esh 12/default.html 

The intent with this was to eliminate hard copy reports entirely. The report is available to 
anyone with a need to know. They have the capability to download the reports and make 
their own hard copies if needed, or they can review the report on screen. Obviously there 
can be tremendous advantages to this type of system. 

Another method of dissemination is the ability to e-mail (electronic mail) the 
reports to those on a distribution list. No longer will it be necessary to produce hard-copy 
reports that must then be mailed. The reports are available at the minute they are 
approved. Revisions are also easily accomplished with this system. 
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Future Projects 

At LANL we are currently looking at automating the entire radiological incident 
reporting (RIR) system. This will allow the health physics technician to complete the 
report “on screen” with no hard copy. The approval process will also be automated. 
When the report is generated it will automatically be cataloged into the database. 
Individuals with access to the Lab-wide database (with a need to know) can sort and 
query depending on their specific needs on a read only basis. Currently they must request 
a special sort/query from the stand-alone database, which involves time and may not 
answer their needs. The automated system will allow for the database which is the 
subject of this report to be much more efficient. Currently the RIR data must be hand 
entered into the database. With the automated system it will no longer be necessary to do 
so. This system is currently being tested at one of our sites. It is anticipated that its use 
Laboratory-wide will begin by fiscal year 1997. 

The following section of this report deals with Performance Indexing. 
Performance Indexing is definitely a future project whose use will greatly facilitate the 
flow of radiation protection program performance to managers. Anyone in the ALARA 
metrics business should take a hard look at this system. This system is not currently in 
use at LANL, but is being proposed as a unique method of reporting performance 
indicators. 

t 

Performance Indexing 

Currently this index is only a proposal for improvement in the ALARA metrics 
activities at LANL. 

Performance indexing is a technique for measuring, tracking and graphically 
displaying performance. It facilitates the consistent deployment of the performance 
indicator program throughout all levels of the business. Often it is necessary to present 
information from several related performance indicators simultaneously. And the index 
allows a manager to see “overall” trends at a single glance. It provides a statistical 
measure of how performance changes over time (trending). The performance index is 
another management tool that allows multiple sets of performance indicators to be 
compiled into one overall measure. 

The philosophy behind using performance indexes is simple. They condense a 
great deal of information, usually more than just a couple of indicators, into one number. 
An index allows one to see the overa€l trend even when some of the performance 
indicators are increasing, and some are decreasing and others are remaining the same. A 
performance index is a statistical measure of how a variable, or set of variables, changes 
over time. The purpose of an index is to give a quick, overall picture of performance. It 
is important to remember that all indexes are designed for a particular purpose, and that 
the design process involves choosing the correct (related) performance indicators and 
then combining them in a manner that supports the intended purpose of the index. 

For one thing, it allows one to focus on proactive, 
preventative measures. It can also track several measures simultaneously. Performance 

Where does it help? 
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indexing establishes clearly defined improvement goals and sets a timetable for meeting 
or exceeding those goals. It shows progress towards those goals on a simple graph. 
Comparisons of performance among different groups is achieved in an equitable manner. 
It identifies areas that need immediate attention. 

How is it used? The index uses a set of performance indicators that are assigned 
weighting factors. Each indicator will yield a score depending on the performance for the 
period in question. The performance is measured, and a score is calculated and plotted 
graphically to give the performance index for the period being measured. The steps in 
completing the index may look complicated at first because a lot of information is 
displayed on one page, but the end result is a simple graph that clearly shows progress for 
several performance indicators at once. Again, this is why a performance index is so 
useful. It takes a large amount of complicated information and turns it into an easily 
understood graph. 

The performance index is being proposed as a tool that is an extremely useful 
summary of the performance in radiation protection. It would be included in the 
Management Summary section of the Radiological Protection Program Performance 
Indicators report. By using it in such a location a manager with limited time can see how 
the overall program is performing, without having to review the entire report for each 
individual performance indicator. But the individual performance indicators would still 
be included as in the past so that those with a need to know more detailed information can 
have access to that data also. Private industry is using the performance index system and 
has found it extremely valuable in their programs. It can be usedyin any performance 
program with metrics, it does not have to be radiological. A leading proponent is 
Eastman Kodak Company, where they currently use it for their safety program. Figure 1 
below demonstrates what a completed performance index would look like. The steps in 
achieving a completed product will now be addressed. 

Pifig3Xk 

Figure 1 
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The steps for completing the Performance Index are outlined as follows. 
Following this outline will be an actual demonstration of each step. 

(1) Determine the performance indicators to be tracked and trended. Select 
indicators that are related to, and that measure progress in, the area for which you intend 
to develop an index. In this case it will be radiation protection performance indicators. 
Remember to ensure that the performance indicators that are chosen are clearly defined. 
Once the appropriate performance indicators are chosen list them down the left column of 
the matrix. 

(2) For each of the component performance indicators, determine its relative 
importance and the impact that it should have on the index. These will be called the 
respective weights (wt.). The setting of the weights is a very subjective process. Two 
things should be kept in mind: the most critical performance indicators should carry the 
heaviest weights, and the weights must remain the same throughout the period of 
comparison, no matter how long. The selection process involves all individuals for 
whom the performance index is developed. The final decision will rest with the ALARA 
steering committee. The sum of the individual weights will equal 100. Write down the 
value of the weights in the “wt.” column. 

Establish the baseline value for each performance indicator. In the matrix 
(Figure I), level 3 represents the baseline. A good baseline might be a four quarter 
average. 

(4) Determine a goal for each measure. In the matrix, performance level 7 
represents the goal. 

( 5 )  Determine a stretch goal for each performance indicator. This goal should 
be attainable, but only if your facility performs superbly. In the matrix, the stretch goal is 
represented by level 10. 

Establish intermediate goals for levels 4, 5 and 6 in the matrix. These may 
be specific milestones determined by line management, or they may be simple numeric 
increments between the baseline and the goal. 

Determine values for !evels 8 and 9. It is possible that performance can be 
better than the goal. To account for this, set appropriate values for these levels. 

Assign values to level 1 and 2. It is possible that the performance can be 
worse than the baseline. 

The matrix is now set for all the indicators and the table is ready for use. 
Input the performance numbers and determine the total score. 
(a) 

(b) 

(3) 

(6) 

(7) 

(8) 

(9) 
(1 0)  

In the “value” column, insert the actual number from the period of 
comparison. 
From the performance level columns, find the corresponding 
number that is closest to the value column. If actual performance 
is greater than the value in Level 1, then use “1” in the value 
column. If actual performance is less than the value in Level 10, 
then use “1 0” in the value column. If the actual performance falls 
between different levels, then choose the nearest Level value. 
Place that number in the “level” column next to the value for that 
indicator. 

(c) 
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(d) 

(e) 
( f )  

Perform the performance index matrix for each performance period that 
you are tracking. Plot the scores on a simple line graph to visually display the trend of the 
overall program. 

The demonstration of the performance indexing system that follows is only an 
example. 

Multiply the “level” by the “wt.” to determine the score for that 
performance indicator. 
Then repeat the process for each indicator. 
Total the individual scores to obtain the score for the period of 
comparison. 

(1 1) 

Determine the performance indicators. 
Many of these performance indicators are also suggested by the Implementation 

Guide (G-10) for Title 10, Code of Federal Regulations, Part 835, Occupational Radiation 
Protection (1 OCFR835). Only some of these indicators were deemed appropriate for 
previous Radiation Protection Performance Indicator reports. Even fewer have been 
chosen for the Performance Index demonstration here in order to not make it look overly 
complicated. The selection of performance indicators for the index has followed a simple 
guideline; the performance indicator should be meaningful and measurable during the 
performance period. It is for this reason that the indicators to be tracked must be selected 
by mutual consent among those who are the intended users. No consent was solicited for 
the purpose of this paper, whose only goal is to inform and demenstrate the process. 
Justification for inclusion, as would be required in a realistic setting, follows each 
indicator. Again these justifications are for the purpose of demonstration only. Those 
selected need not be static, as circumstances change other performance indicators may be 
included in the index, and current performance indicators may be excluded. (See Figure 
2). 

External Effective Dose Equivalent (EEDE) : It would be impossible to exclude 
this indicator from a radiological protection performance index. As a performance 
indicator its data are easily accumulated with the use of thermoluminescent dosimeters 
(TLD) that measure deep penetrating beta and gamma radiation, and neutron radiation. 
These are then summed to arrive at the EEDE. 

Average Worker Dose : The average is based upon those with non-zero exposures 
to specifically track “radiation worker” doses. It is a good indicator of ALAR4 practices. 
Normally an increase in cumulative dose would go hand-in-hand with an increase in the 
number of workers. Therefore, it is an attempt at “normalization” of the dose. 

Maximum Dose to a Worker : It is an indicator of compliance with administrative 
control levels (ACL). 

Maximum Neutron Dose to a Worker : Only with hesitation is this performance 
indicator included. It borders on redundancy at LANL where approximately seventy five 
percent of the cumulative external dose is made up of neutron radiation. It may not be as 
meaningful as the rest of the indicators, but it is easily measured and the data are readily 
available. 

This particular 
performance indicator is included because it is often requested by auditors and has been 

Number of DOE Order 232.1, Radiological Occurrences 

12 



* 

Bob B. Bates, Jr. Effective Use of Metrics in an A L A M  Program 

tracked at this facility for several years. These are incidents that have been deemed 
serious enough to be reported to the Department of Energy and information on the 
incident is made available to other DOE facilities. Therefore there is a high visibility to 
this performance indicator and it is used as a gauge to monitor the radiological protection 
program performance? other than dosimetry. There may be some redundancy in this 
indicator and later specific contamination indicators fkom the RIR system, but by taking 
that into account the weighting factors can be adjusted. 

Number of Skin Contaminations : It shows the effectiveness and use of protective 
clothing? radiation barriers and radiological protection procedures. It is indicative of poor 
training andor poor protective measures. It is measurable and meaningful. 

Number of Personal Clothing Contaminations : Was chosen as an indicator 
because it is one step before skin contaminations and one step after anti-c contamination. 
It again shows the effectiveness of the radiological protection measures, although the 
incidents themselves may not be of any great magnitude. 

Number of Nasal Contaminations: Its inclusion is obvious fiom the perspective 
of preventing contamination of personnel. 

Number of Positive (actual) Continuous Air Monitor (CAM) Alarms : It is an 
effective system to detect the presence of airborne Contamination. Airborne 
contamination could lead to multiple problems including area contamination, personnel 
contamination and internal intakes. It illustrates the effectiveness of mostly mechanical 
radiation protection systems such as; glovebox and glovebox glove integrity, ventilation 
systems, etc. 7 

Number of Negative false) CAMAlarms : Inclusion of negative alarms allows for 
a study of how well the units are maintained and calibrated. An excessive number of 
negative CAM's can also lead to a lax attitude on the part of the workers in response to an 
alarm. Negative alarms could be due to radodthoron concentrations or simply a failure 
of the unit. 

Number of Area Contaminations : This performance indicator has been 
developed to track and trend the loss of control of radioactive material. 

Figure 2 
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Determine the respective weights for each of the indicators. 
The performance indicators that are included in the performance index were 

divided into those that affect the worker directly and those that affect the worker 
indirectly. A high weight will be assigned to the indicators affecting the worker directly 
since the overall purpose of the ALARA program is to protect the worker. Keep in mind 
that the sum of all the weights must equal one hundred. The weights of the indicators 
must equal one hundred because the index is developed to achieve at the end of each 
performance period an index score of from zero to one thousand. The performance level 
for each indicator can range from one to ten. Therefore the sum of the weighting factors 
must equal one hundred, because one hundred times ten equals one thousand. (See 
Figure 3). 

The indicators deemed to have direct effects on the workers are; external effective 
dose equivalent, average worker dose, maximum dose to a worker, maximum neutron 
dose to a worker, number of skin contaminations and number of nasal contaminations. 
Due to their direct nature it is felt that their total weight should make up seventy five 
percent of the index’s total. Within the category of direct effecting indicators a M e r  
breakdown was needed to illustrate that external effective dose equivalent was most 
crucial, followed by nasal contaminations and then the remaining indicators. 

The indicators deemed to have indirect effects on the workers are; number of 
occurrences, number of personal clothing contaminations, number of positive CAM’s, 
number of negative CAM’s and the number of area contaminations. Their combined 
weights will make up the remaining twenty five percent of the performance index. 
Within this category all indicators were given the same weight because no individual 
indicator was felt to be more important than the other. 

The resulting weights are listed below. 

External Effective Dose Equivalent = 25 
Average Worker Dose = 9  
Maximum Dose to a Worker = 9  
Maximum Neutron Dose to a Worker = 9  
Number of DOE Order 232.1, Radiological Occurrences = 5 
Number of Skin Contaminations = 9  
Number of Personal Clothing Contaminations = 5  
Number of Nasal Contaminations = 14 
Number of Positive CAM’s = 5  
Number of Negative CAM’s = 5  
Number of Area Contaminations = 5  

Performance Index Total = 100 
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Figure 3 

Determine the baseline (poor performance) values. 
7 

When a yearly baseline value is determined, it is then prorated into quarterly 
baseline values. 

The external eflective dose eguivaZent could use the maximum value received in 
the past ten years. Such a value should be a good gauge of improved performance. The 
value chosen for this demonstration was 328.6 person-rem. 

was set at 178 person-mrem. 

of 2.0 rem. No individual should exceed this amount in a year, and the ALARA concept 
is to achieve doses that are below regulatory limits, so it is a good baseline value. 

In the case of the maximum neutron dose to a worker a simple rule of thumb was 
followed. The ratio of neutron to total external dose at this facility averages seventy five 
percent. So the baseline value would be seventy five percent of the DOE ACL maximum 
dose limit of 2.0 rem, which results in a value of 1.5 rem. This may seem arbitrary, but in 
almost all cases at Los Alamos National Laboratory, a neutron dose is accompanied by a 
deep (photon) dose. There is no dose that is purely neutron, so to set the maximum 
neutron dose at 2.0 rem would lead to the possibility that this indicator was below the 
goal, and yet the maximum dose to a worker goal was exceeded. 

For the number of DOE Order 232.1, Radiological Occurrences a value for the 
maximum number in the past two years prior the current could be chosen. A value for this 
demonstration of ninety nine radiological occurrences was chosen. 

For average worker dose the value from the same year was also used. This value 

The maximum dose to a worker value used the DOE Administrative Control Limit 
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All remaining performance indicators might use the maximum number of 
incidents in the previous two years. This simplistic method was used in the anticipation 
that since these are incidents, their frequency would hopefully decrease over time. They 
are real numbers, not statistically manipulated values. The values selected are; number of 
skin contaminations = 5 1 , number of personal clothing contaminations = 4 1, number of 
nasal contaminations = 1 1 number of positive CAM alarms = 18, number of negative 
CAM alarms = 76, number of area contaminations = 232. 

In summary the baseline values (see Figure 4) are being set in the performance 
index as follows: 

Performance Indicator 
External effective dose equivalent (person-rem) 
Average worker dose (rnrem) 
Maximum dose to a worker (mrem) 
Maximum neutron dose to a worker (mrem) 
Number of DOE Order 232.1 rad. occurrences 
Number of skin contaminations 
Number of personal clothing contaminations 
Number of nasal contaminations 
Number of positive CAM alarms 
Number of negative CAM alarms 
Number of area contaminations 

First 

82 
44 
500 
375 
25 
13 
10 
3 
4 
19 
58 

otr. 
SecondThird 

164 246 
89 134 
1000 1500 
750 1125 
50 74 
26 38 
20 31 
6 8 
9 14 
38, 57 
116 174 

g & Q &  
Fourth 

328 
178 
2000 
1500 
99 
51 
41 
11 
18 
76 
232 

otr. 

Figure 4 

16 



Bob B. Bates, Jr. Effective Use of Metrics in an ALARA Program 

Determine the goals (acceptable improvement) for each performance indicator. 
The external efective dose equivalent goal has been set at 229 person-rem and 

should be the actual goal that a facility has set for the year. 
The average worker dose was set using the goal for total exposure described in 

the paragraph above. Making the assumption that the number of non-zero exposures will 
remain the same from the previous year and using the above goal, a vahe of 84 mrem is 
calculated for this performance indicator. 

In setting the goal for maximum dose to a worker is was simple to accept the fact 
that the facility ACL should be used. For this example the goal was set at 1 .O rem 

The goal for maximum neutron dose to a worker uses the same argument as was 
used in setting the baseline. That is, that this value would be predicted at seventy five 
percent of the maximum total dose. Since we have set our goal for external effective 
dose equivalent at 1000 mrem, the goal for this performance indicator would be 750 
mrem. 

The goals for the remaining performance indicators will be set by statistical 
calculation. The quarterly mean for the previous year will be calculated, along with the 
standard deviation from the mean. The goals will be set at reducing these indicators by 
one standard deviation of their previous year's mean. (See Figure 5). So for the number 
of DOE Order 232. I ,  radiological occurrences, the mean was 22/quarter with a standard 
deviation of 5. The mean for the number of skin contaminations was l3/quarter with a 
standard deviation of 6. In the case of the number of personal clot+ing contaminations 
the mean was lO/quarter and a standard deviation of 4. For the number of nasal 
contaminations the quarterly mean was Uquarter with a standard deviation of 1. The 
number of positive CAM alarms was Yquarter with a standard deviation of 3. As for the 
number of negative CAM alarms, that resulted in 19/quarter with the standard deviation 
of 6. Lastly, the number of area contaminations was 58/quarter with a standard deviation 
of 14. 

In summary the goal values are being set in the perf'ormance index as follows: 

Performance Indicator 
External effective dose equivalent (person-rem) 
Average worker dose (mrem) 
Maximum dose to a worker (mrem) 
Maximum neutron dose to a worker (mrem) 
Number of DOE Order 232.1, rad. occurrences 
Number of skin contaminations 
Number of personal clothing contaminations 
Number of nasal contaminations 
Number of positive CAM alarms 
Number of negative CAM alarms 
Number of area contaminations 

First 

57 
21 
250 
188 
17 
7 
6 
1 
2 
13 
44 

otr. 
SecondThird 
otr. 
114 
42 
500 
375 
34 
14 
12 
2 
4 
26 
88 

otr. 
1 72 
63 
750 
562 
51 
21 
18 
3 
6 
39 
132 

Fourth 
C)h. 
229 
84 
1000 
750 
68 
28 
24 
14 
8 
52 
1 76 
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Figure 5 

Determine the strefch goal (best performance) for each of the performance indicators. 
The “stretch goal” should be set with what would be considered perfect 

performance in mind. It should be realistic (maybe even pushing the realm of reality), but 
also challenging. Start by asking, “if everything in the ALAR4 program were 
functioning perfectly, where would we like to be?” 

The stretch goal for external efective dose equivalent could be determined by 
taking the minimum value for the past five years. This goal is realistic because it actually 
happened. It is also extremely challenging. This method of setting the stretch goal does 
not take into account any workload or personnel changes, it is simply a goal that can be 
“stretched” for. 

The next indicator could also use the dose value from the low year for its stretch 
goal calculation. But, it should use the number of workers in the current year to be closer 
to the value for the number of workers in the year being indexed. Therefore the average 
worker dose is being set at 48 mrem. 

For maximum dose to a worker, a stretch goal of 750 mrem was chosen. This will 
provide incentive to be twenty five percent below the ACL. And, as has been the case 
before in setting goals, the maximum neutron dose to a worker follows that value with an 
additional twenty five percent reduction to 563 mrem. 

The stretch goals (see Figure 6) for the number of DOE Order 232. I radiological 
occurrences, the number of skin contaminations, the number of personal clothing 
contaminations, the number of nasal contaminations, the number of positive CAM 
alarms, the number of negative CAM alarms and the number of area contaminations, will 
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be set at zero incidents. The reason for this is that if the ALARA program were totally 
effective there would be no incidents in these categories. If training were totally 
effective, if all containment functioned properly, if all anti-contamination clothing were 
properly worn and so on, there would be no contaminations. The same cannot be said for 
the dose stretch goals above. There will always be some work, no matter how well 
designed, that will lead to exposures, just for the fact of the penetrative nature of 
radiation. 

Figure 6 

Establish the intermediate values for performance levels 4,5 and 6. 
The intermediate values for Levels 4, 5 and 6, could be known goals that fall 

between Levels 3 and 7, For this illustration the use of simple metric increments will be 
used. The calculation is simply: 

Metric Increment = MI = Level 3 - Level 7 
4 

Therefore the value for Level 6 will be equal to MI + Level 7; for Level 5 it will 
be equal to 2(MI) + Level 7; and for Level 4 it will be equal to 3(MI) + Level 7. Repeat 
this process for each of the performance indicators. If a whole number is not calculated 
(see Figure 7, number of nasal contaminations) then leave the Level blank. 
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I I 

k i j 1 I  

Figure 7 

7 

Establish the intermediate values for performance levels 8 and 9. 
Again, to establish the intermediate values for performance Levels 8 and 9, simple metric 
increments between level 7 and level 10 were used. The calculation is another easily 
utilized formula: 

metric increment = mi = Level 7 - Level 10 
3 

Therefore the value for Level 9 will be equal to mi + Level 10; and for Level 8 the 
value will be equal to 2(mi) + Level 10. Repeat this process for each of the performance 
indicators and again if a whole number is not calculated, then leave the Level blank. (See 
Figure 8). 
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Figure 8 

Assign values for levels 1 and 2. 
To assign the values for Levels 1 and 2, use the same increment values (MI) as 

determined for levels 4 through 6 above. For Level 2 the value will be MI + Level 3, and 
for Level 1 the value will be 2(MI) + Level 3. Repeat this process for each of the 
performance indicators, and one more time, if a whole number is not calculated, then 
leave the Level blank. (See Figure 9). 

21 



. I- 

Bob B. Bates, Jr. Effective Use of Metrics in an ALARA Program 

Figure 9 7 
The performance index matrix is now complete for all the indicators and the table 

is ready for use. (See Figure 10). 

Figure 10 
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Input the actual performance numbers and determine the total score. 
The index now has the performance indicators selected, the weighting factors 

assigned and all its goals and the intermediate values set, and the index is ready. Now 
actual performance numbers are input into the index and the total score is determined. 

In the “Value” column, insert the actual number from the period of comparison. 
The first performance period that is scored is the first quarter. As progress is made 
through this section it would be advisable to refer to Figure 11. For the purposes of this 
demonstration the external eflective dose equivalent performance indicator will be 
addressed first. During the first quarter the external effective dose equivalent totaled 59.4 
person-rem for the purposes of this demonstration. 

From the performance level columns, find the corresponding number that is 
closest to the Value column. The “actual value” of 59.4 person-rem corresponds to the 
Level 7 value of 57 person-rem in the index. 

Place that index number in the “Level” column next to the value for that indicator. 
As you can see in Figure 1 1, the number seven has been inserted in the “Level” column 
for external effective dose equivalent. 

Multiply the “Level” by the “Wt.” to determine the score for the external effective 
dose equivalent performance indicator. In this case the product is a score of 175 (7 x 25 = 
175). 

The index is complete for the first performance indicator. Now repeat the process 
for each of the other ten indicators. At the end the individual scores will be totaled to 
obtain the score for the first quarter. The total in this case is 470. 

Actual Corresponding 
Performance Indicator Value Level Score 
External effective dose equivalent 59.4 7 175 

Maximum dose to a worker 803 1 9 
Maximum neutron dose to a worker 777 1 9 
Number of DOE 0 232.1 rad. occurrences 20 6 30 
Number of skin contaminations 10 5 45 

Number of nasal contaminations 1 7 98 

Average worker dose (non-zero) 71 1 9 

Number of personal clothing contaminations 9 4 20 

Number of positive CAM alarms 2 7 35 
Number of negative CAM alarms 11 7 35 
Number of area contaminations 70 1 5 

Total Index Score for the First Quarter = 470 
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Figure 11 Y 

Perform the performance index for each perhrmance period being tracked. 
We are reviewing the four quarters of a year, so the following three figures 

(Figures 12, 13 and 14) show the performance index completed for quarters two through 
four. 
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Figure 12 

I 

n 
Figure 13 
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Now plot the individual performance period scores on a simple line graph to 
visually display the trend of the overall program. (See Figure 15). 
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Figure 15 

It is apparent how the chart in Figure 15 has simplified all the data and processes 
discussed in the preceding pages of this demonstration. Management has been spared the 
task of pouring over data from eleven performance indicators covering four quarters of 
the year. With a simple glance at the chart the overall trend and condition (based upon 
the setup procedures) is clearly discernible. If the trend is downward (poor), then the 
individual indicators can easily be reviewed to determine the poor performing ones. Then 
efforts can be made to correct the problem. Simple fluctuations within the acceptable 
performance area is to be expected. The acceptable performance area can be defined as 
being between your baseline and your goal, reflected in the chart as being between 300 
and 700. Below 300 indicates a severe problem that should be immediately addressed. 
Above 700 indicates an extremely well run ALARA program, if the index is properly 
setup. 

27 



2 1 L  * 
Bob B. Bates, Jr. 

CONCLUSION 

Effective Use of Metrics in an ALARA Program 

It should be readily apparent that the effective use of metrics in an ALARA 
program cannot remain static, but must be constantly changing to keep up with the needs 
of the customers and to keep up with the changes in regulatory requirements. This paper 
has taken only one example of the use of metrics. It is hoped that by using this paper as 
an outline the reader can create a similar approach to their ALARA metrics needs. One 
must be cautioned that what works at one location may not work anywhere else. It was 
apparent in the beginning of this process that the ALARA metrics used at other DOE 
facilities could not be simply copied and used at LANL. 

To set up an effective metrics program one must first determine the condition of 
their current data management system. The users of the system must be consulted to 
determine the kind of data that will be most usefid to them. Internal and external 
regulations (and guides) must be thoroughly surveyed to assure that the data management 
system will be useful in demonstrating compliance with the regulations. If need be the 
old system must be totally eliminated. Data management systems are becoming more 
powerful and changes are occurring yearly if not monthly. Use only state of the art 
systems or risk being behind the times before the database even goes on-line. Use the 
data management system to produce customized queries and easy to understand reports. 
Some of the reports mentioned in this paper where not the idea of awser or a regulation, 
but rather a service developed to provide information that the customers did not even 
know existed. 

Lastly, one must not be &aid of changing the data management system if it is not 
serving a purpose. At all times the needs of the customer and the end user must be kept 
in mind. Otherwise the current system will become just as archaic as the one that it 
replaced. Operating groups already have enough paperwork that they must wade through 
to produce their product, do not burden them with even more useless information. 
Constantly ask them for feedback and m&e the changes necessary to fit their needs. 

The effective use of metrics in an ALARA program takes time and effort and a 
commitment on the part of management. It can be made to be an extremely useful tool to 
management and the operating groups and is an integral part of the overall radiation 
protection program. 
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