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G I S  as a Tool for Man zjinq R diological Areas in Los lamos 

By: Steve Johnson, Steve Lloyd, and Jay Wenzel 

In fifty-two years the Los Alamos National Laboratory (LANL) has 
evolved from a few log cabins nestled in the foothills of the Jemez 
mountains in North-Central New Mexico (formally the Los Alamos Ranch 
School for Boys) to a 43 square mile sprawl of more than 1800 
buildings -- seven million plus square feet of facilities housing over 
12,000 employees. LANL's initial success in Weapons R&D (The Atomic 
Bomb) supplied the momentum which has expanded and evolved over the 
years into a mission of serving science in many diverse fields: 
Lasers, Accelerator Technology, Mechanical & Electronic Engineering, 
Space Technology, Life Sciences, Computing & Communication, Nuclear & 
Particle Physics, Nuclear Materials, Nuclear Weapons Engineering, 
Human Genome Studies, Geophysics, Planetary Physics, Magnetic Fusion, 
and Earth & Environmental Sciences to name a few. The international 
scientific contributions LANL has made in multiple areas are indeed 
astounding, and have been possible with the best scientific minds in 
the world working in the finest facilities. The enormous facility 
infrastructure at LANL dictates that quality facility management has 
become nearly as important to achieving project goals as the 
scientific process itself. 

management model, reflects upper management concerns of keeping 
facility management techniques in sync with current technology. The 
nature of this model combined with recent DOE mandates in facility 
policy set the stage for the implementation of a labwide GIS driven 
radiological area inventory initiative. 

complex: Radioactive calibration sources, plutonium, uranium, and 
tritium processing, neutron scattering facilities, X-ray machines, 
contaminated facilities, and particle accelerators. The list goes on! 
Each radiological area has a variety of radiation protection concerns: 
Worker training requirements, entry and exit requirements, waste and 
equipment removal requirements, nuclide inventory and area monitoring; 
Perimeter, entry, and exit signs and verbiage; Entry control and exit 
monitoring; and personal protection requirements. A comprehensive and 
efficient lab wide inventory of radiological concerns is a true 
challenge. Today's regulations maximize public and worker safety by 
strictly detailing radiation protection policy in all areas of 
radiological endeavor. 

DOE 10 CFR 835 is the latest regulation designed to elevate 
public and worker safety. 10 CFR 835 (in addition to many other 
things) specifies entry and exit posting requirements for each work 
area involving radiation and radioactive materials, prompting the 
inventory and management of Areas Controlled for Radiological purposes 
(ACRPs). ACRPs can be nested. For example, a structure housing a 
particle accelerator could be categorized as a CONTROLLED AREA and the 
area in the immediate vicinity of the accelerator (within the 
CONTROLLED AREA) could be categorized as a RADIATION AREA. The 12 
classifications of ACRPs correspond to the types of access control 
requirements that are posted for each type of radiological hazard. 

A recent labwide reorganization, including a distributed facility 

Radiation protection concerns at Los Alamos are numerous and 
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They are: 

CONTROLLED AREA: Any area where access is managed to 
protect personnel from exposure to radioactive material or 
radiation fields. 
RADIOLOGICAL BUFFER AREA: Established within a Controlled 
Area to provide a secondary boundary to control the spread 
of radioactive material contamination. 
RADIATION AREA: Any area accessible to individuals in which 
radiation levels could result in an individual receiving a 
deep dose equivalent in excess of 0.005 rem in 1 hour at 30 
cm from the source of from any surface that the radiation 
penetrates. 
HIGH RADIATION AREA: Any area accessible to individuals in 
which radiation levels could result in an individual 
receiving a deep dose equivalent in excess of 0.1 rem in 1 
hour at 30 cm from the source of from any surface that the 
radiation penetrates. 
VERY HIGH RADIATION AREA: Any area accessible to 
individuals in which radiation levels could result in an 
individual receiving an absorbed dose in excess of 500 rad 
in 1 hour at 1 meter from the source or from any surface 
that the radiation penetrates. 
HOT SPOT: 
material, normally within a facility piping or equipment, 

Any localized source of radiation or radioactive 

which results in radiation levels that exceed the general 
area radiation level by more than a factor of five and are 
qreater than 100 mrem per hour on contact. 
CONTAMINATION AREA: 
greater than the values specified in Appendix D of 10 CFR 

Any area where contamination levels are 

835,  but less than or equal to 100 times those levels. 
HIGH CONTAMINATION AREA: Any area where contamination 
levels are greater than 100 times the values specified in 
Appendix D of 10 CFR 835. 
FIXED CONTAMINATION AREA: Any area with no detectable 
removable contamination and fixed contamination at levels 
that exceed the total contamination values of Appendix D of 
1 0  CFR 835.  
SOIL CONTAMINATION AREA: Any area where radioactive 
material contamination exists in a a matrix (e,g. soil) at 
levels exceeding natural background and has not been 
released for unrestricted use in accordance with DOE Order 
5400.5, Radiation Protection for the Public and the 
Environment (DOE, 1990). 
RADIOACTIVE MATERIAL AREA: An area where radioactive 
material is used, handled or stored. 
AIRBORNE RADIOACTIVITY AREA: Any area where the measured 
concentration of airborne radioactivity, above natural 
background, exceeds of is likely to exceed 10 percent of the 
derived air concentration (DAC) values listed in Appendix A 
of 10 CFR 835. 

10 CFR 835 can be broken down into institutional and facility 
elements that are interrelated in such a way that facilitates 
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development of an overall information support system. The Policy and 
Program Analysis Group (PPAG) within the Environment, Safety, and 
Health Division has developed a DBMS/GIS based system to manage some 
of the information required to demonstrate compliance. The GIS tool 
uses existing radiological data bases and LANL meta data along with 
new analyses and information access techniques to deliver the 
information to the end users -- facility and institutional managers. 
almost profound implications when said in a Geographic Information 
Systems (GIs) sense. Let us consider LANL radiological areas. Some 
are rooms. Some are fenced yards. Some are entire buildings. In one 
case a good portion of a Technical Area (a physical location of dozens 
of buildings) is bounded and classified as an area "Controlled for 
Radiation" when certain conditions exist. No matter what the case by 
case specifics, all radiological areas have two components that make 
them candidates for G I S  management; GEOGRAPHIC areas (with physical 
dimensions and locations), and INFORMATION; some of which is unique to 
a particular radiological area, some of which is shared by more than 
one, and all of which can be utilized in structured query language 
analysis techniques to search the radiological database, answer 
questions, and add value to related data and information. 

anywhere from 0 to 100 or so radiological areas. When referring to 
any or all of those areas it is convenient to utilize a map. G I s '  
takes it a step further and allows FMs to access data via the graphic 
representation of the room, building, yard, or Technical Area. This 
allows comprehensive investigation of the overall "Safety Envelope" 
for employees. 

makes for quicker and more informed decisions. This translates 
directly into increased public and worker safety -- the driving force 
behind 10 CFR 835. Consider the following recent occurrence which 
demonstrates some of the difficulties in documenting and posting 
complex radiation work areas. (From OE Weekly Summary 95-06) 

Everything is something somewhere! This obvious statement has 

LANL has 21 Facility Managers (FMs). Each FM might steward 

This is the essence of GIs. Ease of data access and analysis 

A Radiological Control Technician (RCT) assigned to 
cover a radiography job had placed radiation area control 
barrier ropes and signs in two areas. Later, as the RCT was 
doing a final sweep of the area and closing the entrance 
gate to the area, an employee who was delivering a welder 
control foot pedal to the job location passed unseen under 
one of the two barrier ropes and signs. After the RCT 
closed the entrance gate and finished his sweep of the 
outside areas, he returned to his office where he observed 
the employee and asked him how he got there. The employee 
said he had entered the facility from the East side. The 
RCT asked him if he had noticed the barrier rope and sign 
and the employee replied that he had read the sign and noted 
the phrase, "when light is on." He further explained that 
since he did not see a light, he assumed it was safe to pass 
under the rope and enter the building. 

''when light is on" because there was no warning light. 
However, that portion of the sign was still readable. The 

The RCT had marked over the area of the sign stating 
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radiation area barrier sign was also marked "Grave Danger" 
and "Very High Radiation Area" and listed a possible 
radiation field of greater than 500 rad/hr. The radiograph 
Xray tube head would have to be touching a person's body to 
achieve that dose. The run time for the radiograph 
operation was approximately two minutes for each pass with 
the radiograph machine. The employee was never closer than 
35 feet from the machine and would not have been in the area 
for more than a single two-minute pass. consequently, 
facility personnel determined that the employee could have 
received a radiation dose of approximately 200 millirem had 
the machine been running when he was 35 feet away. 

The RCT made a second sweep of the area before the 
radiograph operation was allowed to proceed. Facility 
posted new radiation warning signs after completely removing 
the statement "when light is on" and changing the potential 
dose rate to 500 rem/hr (versus rad/hr). 

A user friendly interactive inventory and analysis tool would go 
a long way towards preventing this kind of mistake by providing a 
Facility or Operational manager instant access to all documented data 
for the ACRP which, in this case, would assist management in 
determining non-ambiguous posting. 

employs has evolved from past procedures which were often times unique 
to individual operating groups and their radiological concerns. 
Previous implementation of the radiological documentation process (See 
figure 1.) consisted of a Radiation Control Technician (RCT) surveying 
and documenting a radiological area. As 10 CFR 835 didn't exist, 
there were no labwide policies in place, and therefore no centralized 
direction regarding inventory and documentation of radiological 
policies. The advent of 1 0  CFR 835 proved to be the catalyst for the 
next echelon of radiological inventory and documentation at Los 
Alamos. The previous process consisting of an RCT documenting 
radiological areas for individual Operating Groups was standardized 
and absorbed into the 1 0  CFR 835 compliance driven process and 
expanded to include the DBMS/GIS initiative and distributed facility 
management model. (See figure 2 . )  

radiological area, inventorying information, and submitting it to a 
GIS specialist who is responsible for updating the DBMS/GIS system. 
The GIS specialist inputs and rectifies the radiological area figures 
to LANL meta data, including facility and building footprints, 
original construction plans, and accurate As-built floor plans. It 
should be noted that without the accurate As-built floor plans that 
the Facility Safeguards and Security Division's As-built group 
provides, much (if not all) of ES&H's DBMS/GIS initiative would be 
impossible. Reliable As-builts, including floor plans, equipment, and 
utilities, are the foundation that accurate GIS based radiological 
management (and much of facility management for that matter) is built 
on. The GIS specialist assigns all relevant radiological 
characteristics to the ACRP by populating and maintaining the attached 
database. The power of utilizing radiological data in this way is 
that it can be accessed through a Structured Query Language (SQL). 

The radiological area documentation process that Los Alamos ' 

The present day process consists of an RCT surveying a 
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This is where the 'magical' qualities of a GIS based system reside. 

However, other information is best represented in words. A Geographic 
Information System consists of a data base that handles both. The 
Structured Query Language allows simultaneous analyses of graphics and 
the data. 

The full potential of the DBMS/GIS system will be realized in the 
future model (See figure 3 .1 ,  in which two way information access will 
take place between the DBMS/GIS system and other users. More 
information such as personnel, maintenance, and dosemetry data, will 
add value to both the users and the systems data. And, again, new 
information will be generated to assist managers in reducing radiation 
exposure in radiation work areas. 

model is on the end user. Providing Facility, Operational, and 
Institutional Managers with a tool that is easy to use is essential in 
maintaining radiation exposures to workers in radiological areas that 
are as low as reasonably achievable in an installation as enormous and 
complex as Los Alamos. The future radiological area inventory system 
will operate with the GIS specialist residing on the periphery of the 
process. A s  figure 3's future process illustrates, RCTs, FMs, and 
other end users will be responsible for updating and maintaining 
radiological information. The ultimate goal of the PPAG is not to 
provide radiological support to end users, but to provide them with a 
tool which they can utilize to efficiently manage radiological 
concerns and increase public and worker safety -- the DBMS/GIS system. 

The final DBMS/GIS version will be very user friendly. G I S  
training for the existing process is somewhere in the neighborhood of 
a half dozen weeks for rudimentary figure and data maintenance skills, 
and many months to actually become proficient. Future tool training 
requirements will be more in the neighborhood of a week, and will be 
similar to existing tools with minimal user training requirements such 
as popular word processing programs and menu driven X window type 
systems. The tool will utilize networks and be available labwide. It 
will be inter-operable with other tools to allow higher level analysis 
of DBMS/GIS system generated information. 

Additional tool specifications and requirements -- who knows? 
The future is never entirely predictable. Radiological concerns can 
change, regulations can change, and facility management requirements 
and methods can change. The knowledge that future Los Alamos 
radiological concerns may be slightly (or drastically) different than 
today's is powerful. It lets us know that our focus and process 
design must be flexible. 

One thing is for certain -- GIS will make facilities at Los 
Alamos with radiological concerns safer places to work! 

Graphics based information (such as ACRPs) consists of pictures. 

The focus of the present day and especially the future DBMS/GIS 
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