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ABSTRACT

DOE facilities are required to offer for sale to the public items of salvageable value
when they are no longer required by the facilities. These items have to be surveyed
to ensure radioactive contamination levels do not exceed the values listed in DOE
Order 5400.5. Most facilities use portable contamination monitoring equipment with
probe areas between 20 and 100 cm2 to check for fixed contamination. This
procedure is very labor intensive and results in survey costs that often exceed the
costs recovered from selling the items. A solution would be to use large area (>100
cm2) detectors to find and quantify contamination. Large area scintillation detectors
that can be used for beta and alpha detection simultaneously are becoming available
commercially. Combining these with a rate meter that can differentiate between
alpha and beta events can result in a survey that takes considerably less time to do
and will save a proportional amount of money in doing so. The use and limitations
of this combination of detectors and rate meters will be discussed.

Oak Ridge National Laboratory is a multiprogram, multipurpose laboratory that conducts
research in the physical, chemical, material and life sciences; in fusion, fission, and fossil energy; and
in energy conservation and other energy-related technologies. For over 50 years radioactive materials
of all types have been created, used, and disposed of at the Laboratory.

Of the 632 structures at ORNL, approximately 80 contain areas posted for radioactive
contamination, totaling 297,000 square feet or about 6% of the total area. These figures do not
include outside areas. Isotopes involved are varied and include most known long-lived species.
Predominant are H-3, Co-60, S-90, Cs-137, and various isotopes of uranium, plutonium, and
americium.

The contamination control program at ORNL has been recently enhanced. Portable radiation
protection instrumentation was upgraded in 1989 providing a several times higher contamination
detection sensitivity . Contamination control practices have been improved within the last five years
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through training and increased oversight, thereby lowering the chances of contamination leaving
posted areas undetected. All buildings in the Laboratory have been classified by contamination risk
and all high to medium risk buildings have been completely surveyed to determine contamination
levels and isotopes involved. There still may be a slight chance that contamination may be present
in low risk areas or on equipment in those areas because of either past contamination control
practices or the inability to detect the contamination with the instruments previously used. There
remains the possibility that equipment, assumed to be clean but not, and therefore not surveyed, was
transferred from high and medium potential buildings to low potential buildings. The bottom line
is: It cannot be assumed that items released from controlled areas for unrestricted use by the general
public are free of contamination even if they have never been in radiological areas or in a building
that did not contain radiological areas.

The public relations consequences of releasing contaminated material to the public are
potentially great. Even materials with levels of contamination slightly over background give the public
a poor perception of our contamination control practices. Since the assumption is that nothing is
guaranteed to be free of contamination, all salvage material goes through the following process:

1. Survey at the originating facility.

2. Transport to the Salvage Holding Area and resurvey.

3. Transport to Property Sales where 10% is surveyed.

4. Release to the general public.

The penalties for releasing contaminated materials increase at each step ranging from no
action at all for items found contaminated at the facility to a DOE 5000.3B Emergency Occurrence
Report for items exceeding 100 times the release limit found outside of Controlled Areas17-1. A
corporate policy has also been established that requires the return and resurvey of an entire shipment
from Property Sales if one item on the shipment is found to be contaminated.

Surveys consist of a 100% surface scan and a smear survey using disk and large area smears.
All surveys are for beta/gamma and alpha contamination. Because of the many types of isotopes
potentially present, the limits used are those for S-90 and Pu-239, the most limiting in Table 2-2 of
DOE N5480.16, the RadCon Manual^.

To scan a typical desk with a surface area of 4m2 using a pancake probe for beta and a
100cm2 ZnS detector for alpha takes about two hours and costs about $150 for the 2.1 times it is
surveyed. Salvage records indicate that such desks sell for seven to 12 dollars. A more efficient
method needs to be established to facilitate this process without decreasing the safety of the public
or creating poor perception of our contamination control practices.

Large surface area detectors can decrease survey time while maintaining a high confidence
level. The current use of large area contamination detectors is limited. There are no clear guidelines
on their use or limitations such as scan speed and background limits. The most common application
now uses 500 cm2 detectors with ratemeters to monitor floor areas. Even in this application they are
used only as indicators of contamination. If the readings increase, quantifiable measurements are



taken with instruments having smaller probe areas, typically a pancake probe. This is still very time
consuming. The goal is to use large area detectors for detection and quantification of contamination
levels.

When an item is scanned, and the background increases at a certain area, the scanning is
stopped and a static reading is taken and levels are determined by the meter readout. The Lower
Limit of Detection can be approximated by the following equation:^

LLD(dpm/100 cm2) =
4 . 6 6 x Background

2 x (meter time constant)
Efficiency x ( Probe Area

1 0 0

( 1 )

LLD for static measurements with a portable instrument

Using this formula, the approximations for the LLD are shown in Table 1. These are
obtained for static measurements or scans of uniformly distributed contamination of Co-60 and S-90
with a pancake probe. A background of 50 cpm or less is used in the calculation so the LLD would
be near the release limit for S-90 of 1000 dpm/100 cm2 per Table 2-2 of the RadCon Manual. The
time constant of .15 minutes is for a Bicron Surveyor M-X count rate meter in "slow" responsef5J.

Isotope

Detector size (cm2)

Background (cpm)

Efficiency

Time Constant (min)

LLD (cpm/probe)

LLD (dpm/probe)

LLD (dpm/100 cm2)

limit (dpm/100 cm2)

Co-60

20

50

10%

0.15

60

602

3008

5000

S-90

20

50

30%

0.15

60

201

1003

1000

Table 1. Calculated LLD for a pancake probe under static conditions or scanning evenly
distributed contamination.

Radiological Control Technicians are taught to use the audio response to detect contamination
by listening for an increase in the count rate while scanning, usually at a rate of 5 cm/sec for a pancake
probe. When a rate increase is heard, the probe is then held over the area for 10 -15 seconds and the
meter display is used to quantify the activity. The factor that makes it take such a long time to obtain
a value is the meter time constant, which is proportional to the time it takes for the meter dial to reach



and maintain the correct count rate. But, while surveying, technicians seldom look at the meter; they
look at what they are surveying and listen to the meter. The minimum detectable activity is then
dependant on the amount of time it takes the technician to realize there is a significant increase in
counts over background. This is the "Human Time Constant." Table 1 shows a calculated LLD for the
probe area is 60 cpm or 1.2 times the background. Since the response of an increase in the audible
count rate by a technician is quicker than the meter dial response, an assumption will be made that
an increase in audible clicks equal to the background rate during a one second period can be detected
by a trained surveyor. This assumption will be used to help determine optimum detector size and scan
speed.

The term Minimum Detection Level (MDL) will be used to denote the calculated minimum
amount that can be detected by scanning. This term is used instead of LLD because it is more of an
empirical formula where LLD calculations are based on counting statistics. The normal speed for the
use of a pancake probe is about 5 cm/sec (2 in/sec). For a small source, the probe would be over the
contamination for approximately one second. If the count rate doubles while over the source the
MDLs can be calculated for Co-60 and S-90 by the following equation:

(2)

MDL (dpm/100cm2) = Background

Efficiency x ( Probe Area
100

Table 2 shows MDL calculations for Co-60 and S-90 using a pancake probe.

Isotope

Detector Size (cm2)

Background (cpm)

Efficiency

MDL (cpm/probe)

MDL (dpm/probe)

MDL (dpm/100cm2)

Co-60

20

50

10%

50

500

2500

S-90

20

50

30%

50

167

833

Table 2. Minimum Detectable Levels for a Pancake Probe using Audio Indication.

The calculated MDL gives the same relative minimum detectability for scanning as for a static
measurement. A single probe-size area at the MDL would have a higher probability of being missed
because the variation in the number of counts in any one given second for such a low count rate may
be unnoticeable. The limits, though, are based on an average reading with the maximum no greater



than three times the limit. In this case, the three times the limit number can be applied requiring that
a four fold increase in the count rate be detected. If the contamination were distributed, this would
result in a longer count period, increasing the chances of detection.

The next step is to apply the scan speed criteria to detectors with a larger surface area. Table 3
shows the Minimum Detectable Level for a 100, 250 and 500 cm2 proportional detectors for both Co-
60 and S-90.

Detector Size (cm2)

Background (cpm)

Co-60 Efficiency

S-90 Efficiency

MDL (cpm/probe)

Co-60 MDL (dpm/probe)

Co-60 MDL (dpm/100cm2)

Co-60 limit (dpm/100cm2)

S-90 MDL (dpm/probe)

S-90 MDL (dpm/100cm2)

S-90 Limit (dpm/i00cm2)

100

200

10%

50%

200

2000

2000

5000

400

400

1000

250

500

10%

50%

500

5000

2000

5000

1000

400

1000

500

1000

10%

50%

1000

10000

2000

5000

2000

400

1000

Table 3. Minimum Detectable Levels for Various Large Area Detectors using Audio Response.

The three large area detectors shown operate with a high enough background count rate to
enable the technician to easily discern a doubling of the count rate in a one second period. Also, the
increased efficiency that proportional detectors have for S-90 provide the same cc-jnt rates at the
release limit for both Co-60 and S-90.

In the case of the 100 cm2 detector, the MDL is 40% of the release limit tor a 100 cm2 area
and detection of contamination equal to or less than the probe areas would be possible. The 250 cm2

detector has MDL of 40% of the limit if the contamination was evenly distributed across the surface,
but if the contamination was limited to a 100 cm2 area the MDL would be at the limit. If the
contamination was in the form a discrete particle, it would be detectable at 1/3 of the limit. A 500 cm2

detector would have an MDL under the limit if the contamination was evenly distributed. But, if the
contamination was limited to a single 100cm2 area, it would not be detected until the levels reached
twice the limit. Realize, that the limits are for an average and this detection limit would still find
contamination less than limit, but the ALARA philosophy and the difficulty in explaining that perceived
high levels of contamination are within the limits to the general public would probably prohibit using
this detector.



The release limits are expressed in units of dpm/100 cm2. Though this is an average it is more
desirable to express contamination levels for single 100 cm2 areas. Any positive indications from a
detector with a surface area of greater than 100 cm2 will have to be measured with a smaller sized
detector to quantify the contamination in units of dpm/100 cm1 adding additional time to the survey.

Besides a radiological technical basis to select a detector, other variables have to be factored
in. The most important would be ergonomics. The larger a detector is, the heavier and bulkier it is.
A large percentage of Radiological Control Technician's duties include material release surveys. Many
sites, including ORNL, have Radiological Control Technicians assigned full time to material salvage
areas. Lifting too large a detector for a long time could eventually take its toll in decreased technician
performance and health. A 500 cm2 detector also would be limited in use because the number of large,
Hat, surface areas is much more limiting than small or medium sized surface areas such as desk drawers
and the insides of filing cabinets.

Based on the above, a 100 cm2 detector is the optimum size for material release surveys. The
use of this detector cuts the beta/gamma survey time of a desk to approximately 25% that of a pancake
probe. (A direct proportion is not achieved because there are still areas that will need to be surveyed
by a smaller detector.) The use of a 100 cm2 also provides a reasonable cushion between detectability
and contamination limits.

Applying the same criteria to alpha detection also could lessen the survey time for that type of
contamination. Electronic count rate meters also could be developed that use a stored background and
integrate one second counts to provide an alarm. Once this is accomplished, count rate meters with
inputs for both beta/gamma and alpha channels could be combined with the new generation
beta/gamma/alpha scintillation detectors to cut survey time down even further making it less expensive
to surplus material while still ensuring the public is not at risk.



DOE 5480.6 Table 2-2 Summary of Contamination Values

NUCUDE
(See Note 1)

U-natural, U-235, U-238 and associated
decay products

Transuranics, Ra-226, Ra-228, Th-230,
Th-228, Pa-231, Ac-227, M25,1-129

Th-nat, Th-232, S-90, Ra-223, Ra-224, U-
232,1-126,1-131,1-133

Beta-gamma emitters (nuclides with decay
modes other than alpha emission or
spontaneous fission) except S-90 and others
noted above. Includes mixed fission
products containing S-90.

Tritium organic compounds, surfaces
contaminated by HT, HTO and metal tritide
aerosols

REMOVABLE
(dpm/100 cm2)

(See Notes 2 & 3)

1,000 alpha

20

200

1,000 beta-gamma

10,000

TOTAL (FIXED +
REMOVABLE)
(dpm/100 cm2)

5,000 alpha

500

1,000

5,000 beta-gamma

10,000

Notes:

1. The values in this Table apply to radioactive contamination deposited on, but not incorporated into the Interior of the contaminated item. Where contamination by
both alpha- and beta-gamma-emitting nuclides exists, the limits established for the alpha-and beta-gamma-emitting nuclides apply Independently.

2. The amount of removable radioactlva material per 100 cnr2 of surface ana should be determined by swiping the area with dry filter or soft absorbent paper whil*
applying moderate pressure and then assessing th* amount of radioactive material on the swipe with an appropriate instrument of known efficiency. For objects with
a surface area less than 100 cm2, the entire surface should be swiped, and th* activity per unit area should be based on the actual surface area. Except for
transuranics, Ra-228, Ac-227, Th-228. Th-230, Pa-231 and alpha emitters, It Is not necessary to use swiping techniques to measure removable contamination levels
if direct scan surveys indicate that the total residual contamination levels are below the values for removable contamination.

3. The levels may be averaged over 1 square meter provided th* maximum activity In any area of
too cm2 is less than three times the values in Table 2-2.
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