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Abstract: The Health Physics Instrument Calibration Facility at the Savannah River Site in Aiken, SC was 
expressly designed and built to calibrate portable radiation survey instruments. The facility incorporates 
recent advances in automation technology, building layout and construction, and computer software to 
improve the calibration process. Nine new calibration systems automate instrument calibration and data 
collection. The building is laid out so that instruments are moved from one area to another in a logical, 
efficient manner. New software and hardware integrate all hc t ions  such as shippinglreceiving, work 
flow, calibration, testing, and report generation. Benefits include a streamlined and integrated program, 
improved efficiency, reduced errors, and better accuracy. 
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INTRODUCTION 
In recent years, the Department of Energy (DOE) laboratories have undertaken extensive changes to 
enhance the radiation protection program, which includes the calibration of radiation survey meters. At 
DOE’S Savannah River Site (SRS), a new Health Physics Instrument Calibration Laboratory was designed, 
constructed, and placed into operation to meet new federal guidelines for radiation protection and instru- 
ment calibration. 

The design of the calibration laboratory began in 1988, with construction commencing in 1995. The 
building was completed in June of 1996, and the move of the calibration program into the new building 
was substantially completed by the fall of that year. The facility was expressly built for the calibration of 
radiation survey meters, and many innovative approaches were incorporated into the design and construc- 
tion of both the building and its equipment. 

The facility has the capability to calibrate most types of nuclear radiation survey instrumentation. Nine 
irradiator systems are operating at the new facility. Each irradiator consists of a radiation source, shield- 
ing, a track to position the instrument to be calibrated, a control panel, and ancillary equipment such as 
safety interlocks, radiation monitoring, environmental monitoring, and video cameras. 

One of the key elements in making the new calibration laboratory a success was the automation of much of 
the calibration procedure. New automation software was developed to control the irradiators and step the 
operator through the calibration procedure. Database programs were updated so that calibration results 
would be input directly from the control computer. 



Figure 1. Health Physics lnstrument Calibration Laboratory 

The result of all this work is a new instrument calibration facility that is one of the most advanced and 
automated calibration laboratories in the United States. The facility processes approximately 14,000 
instrument calibrations annually. 

HISTORY OF PROJECT 
In 1988, two of the authors (Wilkie and Polz) began designing a new calibration facility. As part of this 
process, they visited several other instrument caiibration laboratories throughout the United States. Discus- 
sions and tours at existing laboratories afforded a comprehensive design overview that led to many im- 
provements in both the physical plant and equipment at the SRS facility. As part of their research, Wilkie 
and Polz also contacted several equipment vendors for information on the latest available calibration and 
support equipment. One of the authors (Rushton) was designing a new type of irradiator that employed 
computer control to automate much of the calibration process. Many of the ideas for automated control and 
automation of the calibration process were incorporated into the design of the new facility. 

By 1992, the project was entering the final stages of design and the technical specification was being 
prepared, One decision that helped expedite completion of the project was to have both the building and 
calibration equipment supplied under one contract. At other DOE laboratories, these two items had been 
purchased separately, and in some cases the result was a delay of over 2 years in opening a fully equipped 
and operational laboratory. 

The contract was awarded in September 1994, and construction began early in 1995. The portion of the 
building housing the irradiator equipment required the longest time for construction because of shielding 
concerns. The equipment section of the building contains over 4000 cubic yards of concrete, Most walls, 
floors, and ceilings are made of 2' thick reinforced concrete. The low scatter room, used for neutron 
irradiations, is a 40' cube and has 4' thick concrete walls. The remaining two thirds of the building houses 
administrative and repair functions and is of a more traditional type of construction. It was built in conjunc- 
tion with the radiation equipment section. By June 1996, the building was ready for occupancy. By 
September 1996, calibration of instruments had begun. Today, the entire instrument calibration program is 
being conducted in this facility along with the external dosimetry program. With a few minor exceptions, 
all calibration procedures have been implemented in the new facility. 



BUILDING DESIGN 
The building was designed specifically for the calibration of radiation measuring instrumentation. Based 
on the research conducted early in the design phase of the project, many innovative design approaches were 
incorporated into the facility. Some of these include: 

Rooms sufficiently sized for.current and future needs. Several calibration laboratories visited 
by the authors had small control and irradiator rooms that had become cramped and crowded. 
Large control center containing a computer floor for running cables. The computer floor has a 
4' space under the floor where cables are routed along cable trays. There is adequate room 
around the instrument racks for maintenance and upgrades. 
Indirect lighting with dimmer control to reduce glare on instrument readouts and computer 
screens. 
High stability W A C  system to precisely control temperature and humidity. Temperature is 
controlled in each room with fluctuation controlled to 1 O F change per hour. 
Conduit and services laid out to match installed equipment. Extra conduit was installed for 
hture needs. Conduit was run directly from the control room to the irradiator, and typically 
placed in the floors or walls. The result is a clean, attractive appearance with cabling going 
directly to the irradiators. 
Calibration systems use a common user interface. Training is minimized because all computer 
controlled irradiators have a single, common user interface. 
Equipment designed for ease of use and maintenance. Maintenance capability was a signifi- 
cant design concern. Specifications were drawn up to mandate that equipment and systems 
have easy access, common interchangeable parts where possible, and comprehensive mainte- 
nance manuals. 

The overall layout of the building and location of rooms for proper work flow was also carefully consid- 
ered. The calibration program provides over 14,000 calibrations annually, so efficient movement of 
instruments through the facility is essential. As seen in Figure 2, instruments are received at the rear of the 
buiIding at the loading area. A covered loading area with a hydraulic lift allows material to be unloaded 
from ground level or tractorkrailer level in all kinds of weather. Instruments are checked in at the receipt 
and inspection room adjacent to the shipping and receiving area. They are then distributed to either the E 
& I shop for repair or the well rooms for calibration. Because over 90% of the calibrations are performed 
on the well irradiators, these rooms were placed closest to the shipping and receiving area. Instruments that 
require calibration on the other irradiators are taken to the appropriate room for calibration. 

Offices and administrative areas are located in the front of the building. All of the radiation areas are 
segregated and situated on the western side of the building. The external dosimetry program is on the 
eastern side of the building, away from the radiation areas. 

CALIBRATION EQUIPMENT 
The building contract required that almost all equipment for the building be supplied as part of the agree- 
ment. Workbenches, desks, shelving, irradiator calibration systems, as well as the computer network 
system, repair and test equipment, and even such items as hand tool kits were included in the, building 
contract specifications. One of the major benefits of this approach was that there was a close integration 
between the building services and the integration of equipment. Conduit and electrical power was sized and 
placed where required to meet the requirements of the calibration equipment. Shelving and workbenches 
were located so that instruments could be processed smoothly and efficiently. 



A computer network was installed throughout the building to improve operations efficiency. Multiple 
network nodes were typically installed at each workstation and irradiator control panel. Computers were 
installed at certain workstations to meet current demand, but additional network nodes are available for 
future expansion. Barcode readers are used throughout the building to record receipt of instruments, log 
instruments at each calibration station, and ship out instruments. 

One of the major innovations in the new calibration facility is the use of automated irradiator calibration 
systems. In the past, these systems either had no automated features, or limited computer control. The 
irradiator systems for this facility provide full computer control as well as the capability to run an auto- 
mated sequence that takes the irradiator through a complete sequence of steps for an entire instrument 
calibration. Sequences are set up for each type of instrument Calibration. When an instrument is bar-coded, 
the proper sequence is automatically loaded into memory. The operator presses a button to begin the 
sequence, and the computer configures the irradiator and prompts the operator to enter the instrument's 
reading. 
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Figure 2. Building Layout 



A typical irradiator consists of: 

Control computer with control software. 
A control panel of input/output mod- 
ules. 
Radiation sources. 
A transport system for exposing these 
sources or opening shutters. 
A linear positioning system for placing 
instruments or dosimeters a specific 
distance from the source. 
Shielding. 
Safety interlocks and indicators. 

The irradiator calibration systems consist of the following: 

Figure 3. Control Center for Irradiators 

X-ray beam irradiator. 
Low scatter neutrodgamma irradiator. 
Gamma beam irradiator. 
Panoramic irradiator. 
Beta beam irradiator. 

Neutron well irradiator. 
Tritium calibration system. 
Alphaheta calibration systems. 

Gamma well irradiators (quantity of 3). 

X-Ray Beam Irradiator Figure 4. X-Ray Beam Irradiator 

This irradiator (Fig. 4) uses an industrial grade X-ray system capable of 320 kV at 13 mA to produce X- 
rays of varying voltages or beam codes. A high speed shutter and safety shutter control exposure of the 
beam along the positioning track. An aperture and filter wheel control both the size and condition of the X- 
ray beam through selection of the proper aperture and filter. This irradiator is used to calibrate instruments 
and expose dosimeters to ionizing radiation in the range of 20 to 320 kV. 

Low Scatter Neutron/Gamma Irradiator 

The low scatter irradiator (Fig. 5 )  houses seven radioactive sources in an underground shield. A source is 
transported to the exposed position via compressed air and held in place with suction. The room, which is 
large to help reduce neutron scatter, houses four position tracks so four instruments can be calibrated at the 
same time. Depending on the source selected, either a neutron or gamma radiation field is generated. 



Gamma Beam Irradiator 

The gamma beam irradiator (Fig. 6) produces a 
collimated beam of radiation that shines along 
the position track. Six gamma radiation sources 
are housed in an underground carousel. A 
source is moved to the exposed position by 
compressed air and held in place by suction. 
The exposure rate can be changed by moving 
the instrument on the track and/or by selecting a 
different strength source. Exposure rates can 
range from 10 mR/hr to 10,000 R/hr. 

Panoramic Irradiator 

The panoramic irradiator is used primarily for exposing 
dosimeters. A single 1 Ci Cesium radioactive source 
exposes dosimeters mounted on a rotating disk. The disk 
allows multiple dosimeters to be placed the same distance 
from the source. 

Beta Beam Irradiator 

This irradiator (Fig. 7) houses four beta sources that rotate 
on a disk to select a source. A shutter controls total expo- 
sure time. A positioning track is used to place dosimeters 
the proper distance from the source to achieve the desired 
exposure rate. 

Gamma Well Irradiators 

The well irradiators are housed in a well that is about 35' 
deep. The source travels up and down inside the well to 
change the exposure rate at the top of the well. The well is 
surrounded by lead above grade and the top is 4' above the 
floor. Because the radiation beam is shining straight up in a 
tightly collimated field, an operator can stand beside the 
well without being exposed to radiation. Unlike the other 
irradiators, which require the operator to leave the room, 
the operator can stay close by to adjust the instrument as 
required for calibration. As a result, calibrations can be 
performed quickly with this type of irradiator. The vast 
majority of calibrations are done on the well irradiators. 
Three gamma wells are provided, one 1 Ci Cesium, and 
two 20 Ci Cesium irradiators. 

Neutron Well irradiator 

The neutron well irradiator is similar to the gamma well 
irradiators but houses a neutron source of Californium. 
Concrete shielding is used in lieu of lead shielding. 

Figure 5. Low Scatter NeutrodGamma Irradiator 

Figure 6. Gamma Beam Irradiator 

Figure 7. Beta Beam Irradiator 



Tritium Calibration System 

Tritium calibration is performed using a calibrated tritium gas. Calibra- 
tions take place inside a fume hood. Data are entered on a computer 
linked to the network database. 

Alpha/Beta Calibration Systems 

Alphaheta calibrations are performed using slab sources that produce 
alpha and beta radiation. Several sources are used to give a range of 
exposure rates. Data are entered on a computer linked to the network 
database. 

In addition to the irradiator systems, several ancillary systems support 
the calibration process. A video monitoring system allows operators to 
view the instrument’s response to the radiation field and view the room 
for safety monitoring. An environmental monitoring system records and 
displays the pressure and temperature in the calibration rooms. Jigs and 
laser alignment are used to quickly and accurately position instruments 
for calibration. Two environmental chambers provide for environmental 
testing of instruments over a broad range of temperature and humidity. 

AUTOMATION SOFTWARE 

Figure 8. Instrument in Calibrate 
Position 

An essential element of the automation of the calibration process is the automation software. These soft- 
ware programs can be divided into two broad categories: calibration automation software and database 
software. The calibration software controls the irradiators, shows system status, and provides automated 
operation. The database software records instrument data, tracks calibration progress, and generates 
reports. 

Instrument Calibration Software 

The authors reviewed existing approaches to calibrating instrumentation and irradiating personnel dosim- 
etry badges. From this research came the conclusion that the basic paradigm for calibration equipment 
needed to change. Current requirements in calibration laboratories call for high volume processing; in 
short, a production line approach to calibration services is now necessary. High volume, tight budgets for 
personnel, and extensive record keeping all combine to necessitate the automation of these processes. 

A new software design was developed that pIaces most irradiator operations under computer control to 
create a system that vastly improves overall performance, reduces errors, and increases efficiency while 
still leaving full control with the operator. Because routine operations are more automated, the operator can 
focus on areas where his expertise is required and let the computer perform the redundant, mundane tasks. 
With a computer as an integral part of the irradiator, many functions are integrated seamlessly into the 
system including automatic calibration sequences, radioactive decay correction, network communication, 
temperature/pressure logging, data entry into databases, and calibration report generation. 

In addition to the main control software, two additional software programs were developed. A calibration 
and characterization program automates much of the data collection and provides necessary analysis for 
calibrating the irradiators. The system diagnostic program identifies mechanical and software problems. 



The goal of the new irradiator control software is to increase calibration throughput while reducing poten- 
tial data logging errors. The software accomplishes this by: 

1 .  
2. 

Presenting a clear, concise control screen to the operator, 
Automating much of the calibration process, and 

3. Providing data entry screens that write data directly to the calibration database. 
The control screen, as shown in Fig. 9, presents the operator with a concise display of the irradiator system 
and provides him with complete control. Selection of options is clear and unambiguous. Status of all 
system components is shown at all times. The information is illustrated in simple block layout that clearly 
and simply shows selection options for such things as source selection, exposure time, platform position, 
etc. Graphics show quickly and concisely the state of the system. Configuration of these items is made via 
mouse or keyboard. 

GAMMA BEAM IRRADIATOR SYSTEM 
by Hopewefl Designs, Inc. 
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Figure 9. Typical Control Screen for the Irradiator Control System 



An automatic sequence is created in a database as a series of steps for different states of the irradiator. The 
sequence, which is initiated by the operator, typically moves the positioning track platform to a specified 
exposure rate, exposes the source, and presents the operator with an input screen to record the instrument’s 
response. The sequence then continues through additional steps until the calibration is complete. In the 
case of an automatic sequence for dosimetry, the dosimetry badges are exposed to a number of different 
radiation sources for a specified exposure. 

To enhance efficiency and reduce potential data logging errors, data are entered directly on the computer 
screen during the calibration process. Data are written directly to the instrument database, typically located 
on the network server. Once a calibration has been completed, the calibration report is printed and signed 
by the operator. 

Irradiator Calibration Software 

A second software package, the Irradiator Calibration and Characterization System (C&C), is designed to 
automate much of the process of calibrating and characterizing the irradiators upon installation and also on 
a periodic basis, typically annually. This process requires the collection, recording, and analysis of a large 
number (upwards of several hundred) data points. The irradiator must be re- configured many times 
throughout the process. Previous methods required tedious manual tending of the electrometers, irradia- 
tors, and laborious data collection and processing. With the introduction of the automatic C&C, the labor 
required to calibrate a gamma beam irradiator was reduced from 2 man-weeks to 1 day. One of the major 
advantages of the C&C is that all data are directly collected and downloaded to a database or spreadsheet. 
No manual entry of data is required. 

The equipment for the irradiator calibration consists of a computer that houses the C&C, an ionization 
chamber that measures the radiation field, and an electrometer. The equipment is interfaced to the irradia- 
tor control computer via a serial port. The C&C provides a number of measurement options and features 
for the irradiator calibration, summarized below: 
. 
. 

. 

. 

. 

Reset System - Reinitializes the configuration and data values. 

Calibration I.D. - Identifies authorized operators and specifies which irradiator is connected to the 
C&C system. 

Update Environmental Data - Updates current temperature, pressure, and relative humidity via the 
network or manually. 

Specify M&TE - Allows selection of measurement and test equipment and associated calibration 
values to be used for the calibration. 

Configure Irradiator - Selects the relevant irradiator configuration information. The distances from 
the radiation source along the X-axis at which exposure rate measurements are to be made are deter- 
mined with this module. 

Configure Electrometer - Specifies measurement options for the electrometer. 

Measure Current - Initiates a single measurement of ionization current and returns the exposure rate 
corrected for air density variations. The corrected exposure rate, standard deviation value, and plot of 
the individual current samples are also provided. 

Reposition Irradiator - Moves the detector to any valid point with the three-dimensional space acces- 
sible to the irradiator’s linear positioning system and rotates the instrument platform for irradiators so 
equipped. 



, 

. 

. 

. 

. 

Manual Sequence - Allows measuring and documenting an arbitrary number of values which are not 
necessarily physically or logically related. Corrected exposure rate, standard deviation, and measure- 
ment description are recorded for each measurement point initiated by the operator. The exposure rate 
and standard deviation values are plotted sequentially on a chart graph as the series progresses. 

Manual Beam Y -Z - Provides the capability for unattended, multiple measurements along the X-axis 
for fixed settings of the X and Y-axes. 

Automatic Beam Y - Sequentially measures the exposure rates in the crossbeam direction to deter- 
mine such things as beam size and uniformity. 

Automatic Beam Y-Z - Provides the capability for unattended, multiple measurements in the Y-Z 
plane. 

Automatic Sequence - Calibrates the irradiators. The automatic sequence provides the capability for 
unattended, multiple measurements along the X-axis on the beam centerline for developing the 
functional dependence of exposure rate on X position. 

Review Data - Displays all the C&C information for the operator’s inspection prior to writing data to 
the history file. 

Document Results - Triggers a write to the history file of relevant information needed to specify each 
C&C session. All of the auditable information needed to document the measurements is captured. 
The equipment configuration data for the electrometer and irradiator are also included. 

System Diagnostics Software 

Another software package, the System Diagnostic and Monitoring Program, is designed to help trouble- 
shoot the system when problems arise. The program consists of two parts: control of the inputs and 
outputs, and control of the linear positioning system. The control screen displays a series of lights and 
buttons that represent the inputs and outputs, respectively. The outputs can be operated by depressing the 
respective push-button. The push-button and lights change color to indicate a change of state. Parameters 
for the linear positioning track can be adjusted and the track can be operated on a per-axis basis. 

Databases 

When the calibration program was moved into the new building, the instrument calibration program was 
upgraded to work with the new equipment. This program is interfaced to the irradiator control software 
program so that data can be linked directly to the irradiators without having additional operator screens for 
data entry or query. New interfaces were developed for the alphaheta and tritium calibration systems so 
that the operator interface is similar to the irradiator systems. 

The instrument database completes tracking of the instruments and includes data for calibration records 
and results, repair data, calibration dates, and source data. Reports are generated for calibration of instru- 
ments, calibration due notices, status summaries, and historical trending. 



CONCLUSION 

The new Health Physics Instrument Calibration Facility substantially improved the instrument calibration 
program at the Savannah River Site by incorporating logical building design, automated systems, and a 
streamlined, integrated program into the calibration process. Work flow is now smoother and more effi- 
cient. There is adequate space'for processing instruments, as well as the capacity for program expansion. 
Staff at SRS quickly became proficient at operating the new irradiators. The simple graphical user interface 
common to all the irradiators improved training time and allowed operators to be easily cross trained on the 
different systems. 

Significant time savings are being realized by using an automated approach to calibrations. Calibration of 
instruments has become more efficient. The automated sequence routines are being implemented on 
several of the irradiators and have proved to be an efficient way to perform instrument calibrations. One of 
the most significant economic benefits is the time savings for calibrating and characterizing the irradiators. 
Time required for this process has been reduced to around 10% of that required for manual calibration. 

The potential for errors in data collection and processing has also been substantially reduced. Automatic 
sequences download information directly to databases, thus eliminating much of the need for data verifica- 
tion. The automation of calibration and irradiation procedures frees up the calibration staff to accomplish 
more work in less time. The use of database entry directly from the computer controller speeds calibration 
and reduces potential data logging errors. 


