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Abstract - This paper describes the U.S. Army Primary Radiation Standards Complex 
(PRSC) to be constructed at Redstone Arsenal, Alabama. The missions of the 
organizations to be located in the PRSC are described. The health physics review of 
the facility design is discussed. The radiation sources to be available in the PRSC and 
the resulting measurement capabilities of the Army Primary Standards Laboratory 
Nucleonics section are specified. Influence of the National Voluntary Laboratory 
Accreditation Program (NVLAP) accreditation criteria on facility design and source 
selection is illustrated.

INTRODUCTION

As a result of the Base Realignment and Closure Report of the Defense Secretary’s Commission, the 
U.S. Army Test, Measurement, and Diagnostic Equipment Activity (USATA) decided in 1989 to 
relocate the U.S. Army Ionizing Radiation Dosimetry Center (AIRDC), currently located at 
Lexington-Blue Grass Army Depot, Lexington, Kentucky, to USATA Headquarters at Redstone 
Arsenal, Alabama. The AIRDC would at that point be collocated with the U.S. Army Primary 
Standards Laboratory Directorate (USAPSLD) Radiation Standards and Dosimetry Laboratory 
(RSDL). Since existing facilities at USATA Headquarters were incapable of accommodating both 
organizations, the decision was made to construct a new facility, the Primary Radiation Standards • 
Complex (PRSC), now scheduled for completion in the 1st quarter of fiscal year 1995.

DESCRIPTION OF THE PRSC

The PRSC is designed to accommodate the RSDL’s three sections, Nucleonics, Photonics, and 
Radiation Safety; the AIRDC and its components, the Low-Level Radioactive Material Counting 
Laboratory and the Dosimetry Record Repository; and a data repository computer system to support 
organizational missions. The PRSC is a two-story structure of approximately 32,000 square feet. It 
will contain work areas and office space for the accommodated organizations. The lower story is
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composed of two wings: one will house the RSDL Nucleonics section and the other, the AIRDC.
The upper story is located directly above the AIRDC wing and will house the RSDL Photonics 
section as well as the mainframe computer system. Radiation Safety section offices will be located in 
the AIRDC wing.

ORGANIZATION MISSIONS

The RSDL Nucleonics and Photonics sections are the Army’s primary level calibration laboratories, 
secondary only to the National Institute of Standards and Technology (NIST). The Nucleonics section 
is responsible for the NIST traceability for the Army RADIAC (Radioactivity Detection,
Identification, and Computation) calibration program. The Nucleonics section also performs special 
calibrations of Army calibration sources and survey instrumentation. Similarly, the Photonics section 
is responsible for providing NIST traceability in the fields of lasers, fiber optics, radiometrics, and . 
photometries. The Radiation Safety section is responsible for oversight of the USATA radiation 
safety program, including review of standard operating procedures, implementation of new 
regulations, approval of users of radiation sources, and conduct of training. The AIRDC mission is 
threefold: first and foremost, to provide radiation dosimetry to all Army personnel who are 
occupationally exposed to ionizing radiation; to generate and maintain a repository of the worldwide 
automated dosimetry program (Dosimetry Record Repository); and to provide a radioactive, source 
leak test analysis service (Low-Level Radioactive Material Counting Laboratory).

HEALTH PHYSICS REVIEW OF FACILITY DESIGN

The Nucleonics section wing is composed of calibration ranges which will house (individually) high- 
activity cesium-137 (137Cs) sources, low-activity 137Cs and cobalt-60 (60Co) sources, and a high- 
energy, x-ray generator; alpha, beta, and low-energy x-ray calibration chambers; a preparation/repair 
area; and radioactive material and waste storage areas. The entire wing is considered a radiation 
control area. When a package containing a radioactive source arrives, the package is inspected for 
damage, surveyed, wipe tested, and processed in, then secured in the radioactive material storage area 
until required repair or calibration is performed. Each calibration range and chamber, as well as the 
preparation/repair area, will be equipped with cameras and monitor systems which will give the 
technician and health physics personnel the means of monitoring the range/chamber/area at any time. 
The sources to be placed in the calibration ranges will be equipped with photoelectric and door 
interlock systems for safety enhancement—they will cause the sources to return to the shielded position 
if the range door is opened during operation.

The walls of the calibration ranges will be composed of reinforced concrete. The wall between each 
range and its associated control room (located in front of the range, where remote control of the 
automated calibrator is effected) will be 8-inches thick and includes a leaded glass window to enable 
the range to be monitored. The rear wall of each range, which is the wall toward which the primary 
radiation beam is directed, will be 3-feet thick. The side walls separating the high-energy x-ray range 
from adjoining calibration chambers and the low-activity gamma range will be 2-feet thick. The wall 
between the low-activity gamma range and the high-activity 137Cs range will be 2 1/2-feet thick, and 
the remaining side wall between the high-activity 137Cs and the exterior will be 3-feet thick. For the 
sources projected to be installed in the ranges, these thicknesses are sufficient to limit exposure rates 
to the control room and "crosstalk" radiation between ranges to insignificant amounts. Maximum 
exposure rates beyond the rear walls and the high-activity 137Cs side wall are expected to be less than
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1.5 mR/h for x-ray and 0.5 mR/h for 137Cs. Skyshine is not expected to be a factor in the facility 
because of the 18-inch thickness of the concrete roof.

The Low-Level Radioactive Material Counting Laboratory, located in the AIRDC wing, will generate 
radioactive waste either as solid radioactive laboratory waste or liquid scintillation vials as a result of 
its mission. The solid waste will be collected and stored in the radioactive waste storage area until 
disposal occurs. The vials will be crushed and consolidated in waste containers, and the liquid 
collected and solidified. This waste will be similarly stored until disposal.

The counting laboratory will be under negative pressure to ensure that potential airborne 
contamination will not be released into other work areas. The laboratory will be vented through the 
roof. A fume hood will be installed to store low-level liquid and gaseous radioactive materials and to 
assist in removing airborne contamination. An underground liquid radioactive waste holding tank will 
be adjacent to the outside wall of the laboratory. It will be double-walled stainless steel, with a 
monitoring system utilizing a Geiger-Mueller (GM) tube between the double walls to evaluate the 
exposure rate of the liquid. A fluid level indicator will alarm if there is an overflow. The contents 
of the tank will be drained into barrels for solidification, storage, and eventual disposal. The 
monitoring system readout will be located in the counting laboratory. Also, all counting room sinks 
will be equipped with diverter valves between the sinks and the tank.

The AIRDC itself will not generate radioactive waste. A thermoluminescent dosimeter (TLD) 
irradiator, used for determination of relative element sensitivity (badge calibration), will be installed 
in the AIRDC wing. Exposure levels at the surface of the irradiator are less than 2 mR/h. As a 
precaution, a detector and monitoring system will be located nearby.

The Radiation Safety office will contain a consolidated monitoring station, which will include a digital 
exposure rate readout bank which will connect the office with detectors mounted in each area of the 
facility. The office will also have the capability of monitoring each of the cameras mounted in the 
calibration ranges and chambers and the preparation/repair area.

RADIATION SOURCES AND MEASUREMENT CAPABILITIES

The calibration ranges and chambers in the Nucleonics wing will contain sources which are expected 
to greatly increase the laboratory’s measurement capabilities. The high-activity 137Cs will contain an 
automated dual calibrator producing a directional radiation beam and containing sources with activities 
of 3000 curies and 200 curies. This calibrator will be used for calibration of instrumentation 
designed for high-exposure rates and special calibrations of instrumentation used in classified projects. 
The low-activity gamma chamber will contain a similar automated calibrator, this one with four 
sources: 10 curie, 2 curie, and 10 millicurie 137Cs and 5 curie 60Co. This calibrator will be used to 
support instrumentation used for day-to-day Health and Safety, as well as by the AIRDC for TLD 
evaluation and TLD reader calibration. The high-energy x-ray range will contain a fully automated, 
constant potential 320 kilovolt (kV) x-ray system, to be used to support instrumentation used 
primarily by medical units, hospitals, etc.; and by the AIRDC for TLD evaluation. The low-energy 
x-ray calibration chamber will house a 50-kV x-ray machine to be used primarily for support of 
medical instrumentation. The alpha calibration chamber will contain calibration equipment for large 
area and small area alpha sources (plutonium-238, plutonium-239, americium-241) in turn used to 
calibrate a new generation of Army survey instruments, as well as specialized instrumentation used to 
monitor spills and contamination. The beta calibration chamber will house beta irradiators (strontium-

409



yttrium-90, promethium-147, thallium-204) to be used to irradiate TLDs for the AIRDC and to 
calibrate beta sensing instrumentation. Also available will be several small alpha, beta, and gamma 
sources used as standards to calibrate medical instrumentation which senses isotopes other than those 
previously mentioned. Resulting measurement capabilities of the Nucleonics section will 
be greatly enhanced through the use of these sources and systems, in terms of both range and 
accuracy. Projected measurement capabilities are listed in Table 1.

Current gamma and x-ray detector measurement capabilities are severely limited due to the lack of 
activity range in currently available sources and space limitations in the present Nucleonics facility. 
Projected accuracy figures in all areas are substantially better than those currently quoted and reflect 
the great improvement in calibration facilities in the PRSC.

NVLAP INFLUENCE ON FACILITY DESIGN AND SOURCE SELECTION

The NVLAP is one of the main driving forces behind the design of the calibration facilities in the 
PRSC and in the selection of calibration sources to be used in these facilities. The AIRDC is already 
accredited under the NVLAP for Personnel Radiation Dosimetry, as mandated by the U.S. Nuclear 
Regulatory Commission. The Nucleonics section is not currently accredited under the new NVLAP 
for Secondary Calibration Laboratories for Ionizing Radiation due to the inadequacy of the present 
facility and available sources. However, with NVLAP accreditation criteria providing a basis for 
PRSC facility design and source selection, the potential for NVLAP accreditation of the Nucleonics 
section is significantly increased, should the Army decide to pursue accreditation voluntarily or if 
accreditation for such laboratories becomes mandatory.

The primary NVLAP guideline/requirement taken into account in PRSC facility design comes from 
the NVLAP Program Handbook for Secondary Calibration Laboratories for Ionizing Radiation (NIST, 
December 1990): "A laboratory must have adequate facilities .... This includes adequate space, 
proper shielding of areas from unwanted radiation, environmental controls, adequate measurement 
equipment and radiation sources, adequate safety systems ...." Each of the calibration ranges is 60- 
feet long by 15.5-feet wide and each of the calibration chambers is approximately 14 feet by 14 feet, 
with a sizeable preparation/repair area available. The shielding and radiation safety issues have been 
addressed previously. The environmental specifications for the PRSC will meet or exceed the 
guidelines and requirements of the Criteria for the Operation of Federally-Owned Secondary 
Calibration Laboratories (Ionizing Radiation) (October 1990). PRSC services (appropriate electrical 
power, adequate grounding, and appropriate compressed air sources) are provided in accordance with 
the Criteria.

Section 4 of the Criteria specifies that "the radiation room (or rooms) shall be of sufficient size and 
design that room-scattered radiation ... does not introduce an error inconsistent with overall accuracy 
goals." Each range is designed such that the floor is flat for the first 15 feet, has a 5° slope for the 
next 38 feet, then is flat again for the final 7 feet. This design has the effect of reducing floor scatter 
of the radiation beam. The effect of side and rear wall scatter in each range can be calculated, if 
necessary, as suggested by the Criteria. Selection of measurement equipment, especially radiation 
sources, is based on Criteria recommendations and requirements. The sources in the high-activity 
137Cs and low-activity gamma ranges will exceed the Criteria requirements for exposure rate range, 
shielding, beam collimation, source exposure, and exposure control. The Criteria requirement for a 
proper instrument/ionization chamber support and positioning system will be satisfied. The selected 
source and the source-instrument distance alone determine exposure rate, eliminating the need for
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source attenuation and therefore, the Criteria requirement for determination of effect of the 
attenuator(s) on energy spectrum. The 320 kV x-ray system meets or exceeds Criteria requirements 
for voltage and current range, voltage ripple, beam collimation, and exposure control. Filters 
required for 11 different NIST beam qualities are on hand. The requirements for .determination of the 
effect of room-scattered radiation and radiation quality will be met or exceeded. The beta irradiator 
to be located in the beta calibration chamber will contain Criteria-required radionuclides, as well as 
requirements for beam production and beam size. The large area alpha sources will meet or exceed 
Criteria requirements for isotope; source size, construction, and thickness; emission rate; and 
uniformity. Required source and detector support and positioning systems for several different 
detectors will be available. Two independent emission rate measurement systems will be on hand, 
each having the capability of measuring emission rate to within ±10% with NIST traceability. The 
selected sources will be more than adequate for compliance with Criteria requirements for calibration 
of survey instruments and personnel dosimeter irradiation.

CONCLUSION

The PRSC will greatly enhance the capabilities of the RSDL Nucleonics section, the Low Level 
Counting Laboratory, and the AIRDC. The improved facilities, and in the case of Nucleonics, 
improved radiation sources, will substantially enhance the quality of services offered by the three 
organizations. These refinements, as well as other state-of-the-art equipment and computers to be 
located in the PRSC will enable the organizations to maintain high standards for Army calibration, 
leak testing, and dosimetry well into the future.
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Figure 2  -  Floor Plan - First Floor
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Figure 3 - Floor Plan -  Second Floor
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Table 1 - Projected Nucleonics Measurement Capabilities in the PRSC

Parameter Projected Range Projected Accuracy

Alpha Sources 
(small area) 
(239Pu, 241 Am)

0 - 107 CMP 
(3 x 105 Bq)

+2.5%

Alpha Sources 
(large area) 
(238Pu, 239Pu)

0 - 107 CPM 
(3 x 105 Bq)

±5.0%

Beta Sources to 50 millicuries ±5.0%

Gamma Sources 0.05 mR/h - 06 R/h ±2.0%

X-ray Sources 0.05 mR/h - 106 R/h ±2.0%

Gamma Detectors 0.05 mR/h - 25,000 
R/h

±5.0%

X-ray Detectors 0.1 mR/h - 250 R/h ±5/0%

Alpha Detectors 0 - 107 CPM 
(3 x 105 Bq)

±5.0%
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