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Abstract - Under the Federal Civil Defense Act of 1950, as amended, the Federal 
Emergency Management Agency (FEMA) is charged with maintenance of a nationwide 
inventory of 4.3 million radiological instruments procured and granted by the federal 
government to state and local governments. These instruments are used by trained state 
Radiological Response Team Members, first responders, and critical workers to support 
the population from a national security or large-scale peacetime radiological disaster, 
e.g., Chernobyl, Three Mile Island, Satellite Reentry, etc. The inventory is maintained 
through a network of 100% federally funded state maintenance and calibration facilities, 
with overall technical guidance and standardization provided by the FEMA Radiological 
Instrumentation Test Facility. The system used to support maintenance and standardized 
calibration of the inventory consists of CDV-794 Radiation Calibrator (High Range),
CDV-765 Model 2 Gamma Transfer Standard, CDV-790 Model 1 Calibrator (Low 
Range), and Dosimeter Transfer Standards. Past studies have indicated the "Readiness" 
and "Reliability" of the inventory to meet mission requirements based upon a 
standardized system of maintenance and calibration. FEMA has just initiated a new 
instrument Readiness and Reliability study with the State of Ohio Radiological Instrument 
Maintenance and Calibration Program to provide data to reassess the capability of the 
current inventory to support all types of peacetime and national security missions.

INTRODUCTION

Under the Federal Civil Defense Act of 1950, as amended, the Federal Emergency Management Agency 
(FEMA) is charged with developing plans and procedures for protection of the public and providing 
radiological instruments to support the population from a national security or large-scale peacetime 
radiological disaster, e.g., Chernobyl, Three Mile Island, Satellite Reentry, etc. The need for 
specialized radiological instruments for civil defense/emergency management was recognized in the early 
1950’s. The federal government procured and granted a sizeable inventory of radiological instruments to 
state and local governments in the 1960’s. Even though the majority of these instruments were
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manufactured in the 1960’s, these instruments are still operational and, in some cases, due to retrofit 
procedures developed by FEMA and standardized maintenance and calibration procedures, these 
instruments perform and are in better operational condition to support mission requirements than when 
they were originally procured and delivered to the government. Today, the nationwide inventory of civil 
defense/emergency management radiological instruments consists of over 4.3 million radiological 
instruments, a national treasure and an essential resource for national preparedness. FEMA is considered 
to be the largest user of radiological instruments and provides a system to the states for standardized 
maintenance and calibration of the nationwide instrumentation inventory.

MAIN TEXT

The national inventory of radiological instruments is currently maintained through a 100% federally- 
funded program administered by FEMA and funded through a Comprehensive Cooperative Agreement 
executed between FEMA and 48 individual States or territories. Today, approximately 117 full-time 
state personnel annually inspect and calibrate one-quarter of the instruments in the national inventory.
One of our state shops, the State of California Radiation Instrument Calibration Laboratory, is a 
Regional Calibration Laboratory accredited by the Conference of Radiation Control Program Directors 
(CRCPD). The instruments are processed in specially equipped state shop facilities. Overall program 
direction is provided by the FEMA Radiological Instrumentation Branch, with technical management 
provided by the staff of the FEMA Radiological Instrumentation Test Facility (RITF) located at 
Berryville, Virginia. The RITF is responsible for: R&D, dosimeter repair for FEMA and DoD, 
standardization, quality assurance (QA), technical support, overall support to DoD for special programs 
and/or initiatives dealing with radiological instrumentation. The FEMA instrumentation program is a 
cooperative joint effort with participation from other federal and state agencies, wherein FEMA has 
overall responsibility for instrumentation support from the cradle to the grave.

Since 1965, FEMA’s RITF has conducted instrument performance testing and provided guidance to state 
personnel for standardization of a nationwide radiological instrumentation maintenance and calibration 
program. The FEMA RITF is currently in the process of completing the necessary documentation for 
application to become certified as a Secondary Calibration Laboratory For Ionizing Radiation under the 
National Institute of Standards and Technology (NIST) National Voluntary Laboratory Accreditation 
Program (NVLAP).

The nationwide inventory of CD instruments consists approximately of 600,000 survey instruments and 
2.8 million dosimeters. The survey instruments are composed basically of two types:

• CDV-715 (0-500 R/h) High-Range, Gamma Detection and Measurement 
Ionization Chamber Type Instrument

• CDV-700 (0-50 mR/h) Low-Range, Beta Detection and Gamma Detection and Measurement 
Geiger Muller Type Instrument.

The dosimeters primarily consist of self-indicating, quartz-fiber electrostatic dosimeters.
The four ranges of dosimeters used for gamma radiation detection vary accordingly: CDV-138 (0-200 
mR), CDV-730 (0-20 R), CDV-740 (0-100 R), and CDV-742 (0-200 R).

The nationwide inventory of instruments are used by trained State Radiological Response Team 
members, first responders, and critical workers.
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We use the standard roentgen for instrument calibration. The system used to support maintenance and 
standardized calibration of the inventory in each of the state shop facilities consists of the following 
equipment: CDV-794 Radiation Calibrator, CDV-765 Model 2 Gamma Transfer Standard, CDV-790 
Model 1 Calibrator, and Dosimeter Transfer Standards.

CDV-794 Radiation Calibrator (High-Range)

This device is used for calibration of the CDV-715 High-Range Gamma Survey Instrument and 
dosimeters. There is one or more in each of the state shop facilities. The CDV-794 calibrator contains 
approximately 130 curies of 137Cs-137Ba in a sealed source. The gamma radiation from this source is 
collimated into a lead-lined box containing the instrument in a fixed geometry. Four discrete gamma 
exposure rates are produced in the calibrator: 0.4; 4.0; 40; and 400 R/h. Overall precision and 
accuracy for this system which serves as the primary secondary standard for all FEMA gamma 
calibration is within ±4% of the NIST values for the roentgen.

CDV-765 Model 2 Gamma Transfer Standard

The CDV-765 Model 2 was designed by Oak Ridge National Laboratory to transfer the RITF roentgen, 
traceable to the NIST for the CDV-715 rate meter. The CDV-765 Transfer Standard provides calibrated 
exposure rates from the CDV-794 calibrator and various other gamma radiation sources used in the 
FEMA maintenance and calibration program in the field (at each state shop facility location) against the 
primary gamma standard located at the FEMA RITF. This ensures that the calibration of instruments is 
standardized throughout the CD/Emergency Management system. The CDV-765 Model 2 is a special . 
electrometer that has been designed to measure the current from an ion chamber. Previous test data 
obtained shows that the true roentgen is probably being provided to the 48 state shop facility locations 
via the CDV-765 Transfer Standard with an accuracy of better than ±6%. This is based upon a 
variation of 2% between standards and ±4% for the precision and accuracy of the primary field. CDV- 
715 instruments can be calibrated to within +14% of the true exposure rate at one point on each 
detection range.

The CDV-765 Transfer Standards are returned to the FEMA RITF by the states annually for 
recalibration. The CDV-794 calibrators in the field are recalibrated using the CDV-765 Transfer 
Standard annually.

CDV-790 Model 1 Calibrator

The CDV-790 Model No. 1 Calibrator was developed for calibration of the CDV-700 GM-type 
instrument and designed to be operated from a workbench and provide ease as well as speed in 
calibrating instruments with minimum gamma exposure to operating personnel. The CDV-700 survey 
instrument is widely used to measure low intensities of gamma radiation and detect the presence of beta 
radiation. In order to obtain correct readings of radiation intensity, the survey meter must be calibrated 
against a standard radioactive source whose output is known. The calibration set point is approximately 
45 mR/h from a 137Cs radioactive source. An additional seven (7) points are obtained by observing the 
instrument’s meter response at different ranges while positioning the various attenuator slides of the 
calibrator in the gamma beam. A slide positioning mechanism is located which allows three (3) circular 
disk-shaped, tungsten alloy attenuators to be positioned axially over a 2.5-inch hole which contains a 
pinned 16-mCi 137Cs source providing a collimated gamma radiation beam. These attenuators are 2.5 
inches in diameter and were machined to a thickness that will provide a 2/3, a 1/2 and a 1/10 value
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attenuation disk for 137Cs gamma radiation. Each attenuator is on a separate guide so that any or all of 
the attenuators can be moved in or out of the gamma radiation beam in multiple configurations as 
follows: 1.5; 2.25; 3.0; 4.5; 15.0; 22.5; 30.0; and 45.0 mR/h. The calibrator output exposure rates are 
known to be within +5% of the NIST roentgen at a predetermined point. The output ranges are 
provided by the FEMA RITF.

Dosimeter Transfer Standards

States must use the dosimeter Transfer Standards and fixtures provided with the CDV-765 Transfer 
Standard to obtain the times required for mid-scale exposure of dosimeters to be calibrated. Dosimeters 
are calibrated mid-scale since dosimeters are not completely linear. FEMA specifications require that 
dosimeters should respond to within ±10% of true dose. FEMA realizes that the CDV-794 is a box 
calibrator and absolutely precise Transfer of Calibration may not be possible due to geometry 
(positioning) and radiation scatter components. Therefore, FEMA allows a deviation of ±15% from 
true exposure as related to the FEMA RITF’s free air gamma range which is within ±2% of the NIST 
Roentgen. We do know however, that most states maintain their inventory of dosimeters within ±10%.

Dosimeters which do not meet the ±15% criteria are returned to the FEMA RITF for repair or 
refurbishment. The FEMA RITF has a process to adjust the accuracy of dosimeters to within +10% 
tolerance.

Table 1 provides the recommended limits for the crucial tests affecting all dosimeters.

In order for FEMA to determine whether our instruments meet their mission requirement for today, we 
periodically gather data and reassess the "mission readiness and reliability" for the inventory. FEMA 
conducted a nationwide Readiness and Reliability study of Instrumentation in the field in 1977 primarily 
centered around the high-range survey instruments. In 1991, FEMA conducted a limited analysis of 
state dosimetry calibration. The results of these studies reaffirmed the "Readiness" and "Reliability" of 
the inventory at that point in time. During the years between 1977 and 1991, we conducted regular on
site quality control inspection visits to individual state shop facilities. We have just initiated an 
Instrument Readiness and Reliability Study with the State of Ohio Radiological Instrumentation 
Maintenance and Calibration Program (RERP) to provide us with data to reassess the existing capability 
of the instrument inventory to support all types of peacetime (Radiological Emergency Response 
Program) and national security missions. Instruments used to support the RERP in Ohio are exchanged 
on a semiannual basis. The non-RERP instruments are exchanged on a 4-year cycle. Data gathered will 
be analyzed by the RITF to determine how well these instruments hold calibration, and if there is a 
statistically significant difference in those instruments calibrated annually, versus those calibrated on the 
4-year cycle. The Ohio study is intended to include a statistical sampling of instruments on a nationwide 
basis. A follow-up report will be provided based upon the Ohio study. The Ohio study will include all 
the instruments in the inventory with the following minimum evaluation criteria: radiation response, 
months since last calibrated, operator test, and storage/operational environment.

The FEMA radiological instrument program is one of continuous reassessment of requirements and needs 
at the state and local level of government. It is FEMA’s long-term objective to have sufficient 
instrumentation available to every state and local jurisdiction with standardized calibration to support 
development and maintenance of a multi-hazard radiological instrumentation response capability.
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Table 1 - Required Calibration Dose and Accuracy Limits for Dosimeters

Model Number Required Dose Accuracy Limits + 15% True Dose

FEMA-200 mR 100 mR 85 - 115 mR

CDV-138 100 mR 85 - 115 mR

CDV-730 10 R 8.5- 11.5 R

CDV-740 50 R 42.5 - 57.6 R

FEMA-200 R 100 R 85 - 115 R

CDV-742 100 R 85 - 115 R
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