5.0 RADIOLOGICAL INSTRUMENTATION

Surveys for decommissioning will typically require the collection of two types of radiological
data: (1) direct field measurements using portable instruments and (2) sample analyses using
fixed laboratory equipment or systems. For either type of measurement, the selection and
proper use of appropriate instruments will likely be the most critical factors in assuring that the
survey accurately determines the radiological status of the site. Radiological instrumentation
consists of two components — a radiation detector and the electronic equipment needed to
provide the power to the detector and to display or record the radiation events. This section
identifies and very briefly describes the types of radiation detectors and associated display or
recording equipment that are applicable to survey activities leading to license termination.
Information concerning instrument selection, application, and use is provided in this section.
A checklist to assist the surveyor in selection of appropriate instrumentation is included at the
end of this Section. Additional information on survey techniques and laboratory procedures
using instrumentation described here is available in Sections 6.0 and 7.0 of this Manual.

5.1 Instrument Types

5.1.1 Radiation Detectors

Radiation detectors can be divided into three general categories based on
the detector material with which radiation interacts to prodace’a measured
event. These categories are:

1. Gas-Filled Detectors in which radiation interacts with the filling gas,
producing ion-pairs which are collected by charged electrodes. Gas-filled
detectors are usually categorized as ionization, proportional, or Geiger-
Mueller (GM), referring to the region of gas amplification in which they
are operated.

2. Scintillation Detectors in which interaction of radiation with a solid or

liquid medium results in a small flash of light (known as a scintillation),
which is converted to an electrical signal by a photomultiplier tube.
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5.1.2

3.

Solid-State Detectors where radiation interactions with germanium or
silicon semi-conductor material create ion-pairs which are collected by

charged electrodes.

The design and the conditions under which a specific detector is operated
determine the types of radiations (alpha, beta, and/or gamma) that can be
measured, the sensitivity level for measurements, and the ability of the
detector both to differentiate between different types of radiations and to
distinguish the energies of the interacting radiations. The particular
capabilities of a radiation detector will, in turn, establish its potential
applications in conducting a survey for license termination. Lists of
radiation detectors, along with their usual applications, are provided in
Table 5-1 through 5-3.

Display and Recording Equipment

Radiation detectors are connected to some type of electronic device to (1)
provide a source of power for detector operation and (2) enable
measurement of the quantity and/or quality of the radiation interactions
that are occurring in the detector. The most common recording or display

-device used for radiation measurement is known as a ratemeter. A

ratemeter provides a display on an analog meter, representative of the
number of events occurring over some time period, e.g. counts per
minute.

The number of events can also be accumulated over a preset time period
using a digital scaling device. The resulting information from the scaling
device is also events per unit time; however, the scaler provides a definite
value whereas the ratemeter display will vary with time.  Also
determining the average level on a ratemeter will require a judgment by
the user, especially when a low frequency of events restilts in-significant _
variations in the meter reading.

Pulse height analyzers are specialized electronic devices designed to
measure and record the number of pulses or events which occur at
different energy levels. They can be used to record only those events in
the detector within a single range of energies or can simultaneously record
the events in multiple energy ranges. In the former case, the equipment
is known as a single-channel spectrometer; the latter application is
referred to as a multichannel spectrometer or multichannel analyzer.

5.2

R



sydeway

Anpwondads
eydpe £q sisAjeue K103ei0qR]

wnipes Jo S[9A3] mO|
Joj wawainseaw £10jeioqe|

sojdures
Jeawis pue ‘Ije ‘Jojem
JO juswainsesw K103e10Q8|

$IB3WS JO UONEN[RAD
PPy “uawaanseaw K)iAloe
a0ejans ‘3ujuueds aoejIns

sojdwes
Jeawss pue ‘e ‘Iolem
JO Juawainsedw K10)e10qe]

sojduwres
Jeaws pue ‘Jie ‘Jajem
JO dwaInseaw K103e10qe]

SJBAWS JO UOIIBN|BAd
PIoY ‘luswaanseaws Kjianoe
s0BlINS {Zutuueds 9deINs

uoyuoyddy

10199)2p Jal1Jeq 90BJINS UODI|IS
I
i

ySe|j UONB|INUIDS SeIN]

LW 0T 03 01
vaJe 958} 9qoid ‘oieynuds (3y)suz

W2 001 03 0S
vaJe 9oe) 9qoid ‘yoenuids (3y)suz

AWd 07 01 0] eoJe 90e 9qoxd
‘(jeuorpodoad [euajur) mopuim ou

WO 0T 01 01

eale 9e] 3qoid ‘mopuim wd/Bw 1°0>

W0 0001 03 0§ BaJE
9oe} 9q0ad ‘mopuim ,wd S | >

uondsaq
103993

J:eIs pijos

uopIR{[uIds

jeuonzodosd sed

if

adf],
10)2352q

SAJANNS YHATV OL SNOILVOI'lIddY HLIM SYOLOALId NOLLYIAVY

I-S 4149VL

N

5.3




\/

R

sMmopuim
YiM $1030933p uel)
sapoyed eiaq A319u9
Mo} 1oy Kyanisuos
JUAWAINSBIW J91Q

SHIBURY

sonijiqedes Anawosdads
‘siskjeue K103e10qR]

suonjesijdde
Suruueds [edads

sojdwes

J0 juousaanseaw K10)eI0QE|
‘juswaanseawr K31Anoe
aoejans (Jujuueds adejINS

sojdwes
Jeawss pue ‘e ‘Jajem
JO Juswainsesw £103810GR]

sojdwes
Joyio pue ‘Jesws ‘aie ‘Jalem
JO uswainseaw £101830qQe]

SJBOWS JO UONEN|BAD
pIey “iuswiainseaw K31Anoe
soejans {Zujuueds 9dejINS

uoneoyddy

sjdwes Sururejuod [1e1Y205 uone|[nulps pinby|
i

e
2qo1d ,ud M3J {SSUNDIY) MOPUIM SNOLIBA

ZW2001
01 0] ease 9qoid ‘mopuim wd 3w ']

Ud 07 03 O] ®ate 98) 9qoad
‘(reuonyodoad feusalul) mopuim ou

Wd 0T 01 0]
eaIe 908 9qoid imopuim wo/3w 170>

*Wd 000} 01 0§ eae
a0ej 9qoad ‘mopuim ,wo/8w | >

uondinsag
1039

uone[IuLoS

J9[onN-198190

reuornodosd sed

adL],
1030939

SAHAYNS VLI9 OL SNOILVIOI'IddY HLIM SHOLDJALId NOILVIavd

S 414dV.L

fSd

5.4




(uoneipey

K31oug mo jo
u019313( JOJ JUIWIIISU]
PIRLYD ¥F 1AL

AamxIw

A315ud ewured ays
sy1vads 10j J0 Joquieyd
uoneziuol pazinssaid
PIM AleIGIRD SSOID

swoysAs pajeidajug ore
SOIUOJINIA PUB J010319P

Anpwonosads
ewwed £103e10qeR|

wnjuoinjd wosy uoneipes
ewwed Jo juswainseaw
19241p ‘Bujuuess

Answonoads
ewiwed K1oieaoqe|

JuawaInseaw KijAioe
9oeJans {Zuuuess aoeyins

JuswaInsedw AjiAnoe
aoeJans 3utuuess adejins

sjuswdInseaw el sansodxs

uopedyddy

_—_—
—

¢

’

J10Jonpuod 1Was wnjuewsod

1218415 uny f101B[MUISS [eN 10 IS

suoneIndyuod

LM, pue _wau-owE oeqnuids (JDIEN

‘wd ¢ X G 0y dn fioeqnuds (LDIEN

(;wo/3w Qf) mopuim
apIs JO (mopuim wd/3w ¢*|) oyeoued

Jaquieyd UOLRZIUO! PazLinssald

uondinsaq
10)9Rq

awels pijos

uone|[nuIos

Ja[jon-198190)

uopeziuol sed

adf],
1093933(]

€S 414dV.L

e

SAFAUNS VWWYD OL SNOILYOI'TddV HLIM SYOLDALAA NOLLVIAVY

5.5




i

5.2

Instrument Detection Sensitivity

The detection sensitivity of a measurement system refers to the statistically
determined quantity of radioactive material or radiation that can be measured or
detected at a preselected confidence level. This sensitivity is a factor of both the
instrumentation and the technique or procedure being used. Typically, detection
sensitivity has been defined (EPA 1980) as that level above which there is less
than a 5% probability that radioactivity will be reported present when it is really
absent (Type I error) or reported absent when it really is present (Type II error).
This definition has been adopted for the purposes of this Manual.

Two terms used when referring to detection sensitivity are the lower limit of
detection and the minimum detectable activity (EPA 1980, CURRIE 1968). The
lower limit of detection is an a priori estimated detection capability, related to
the characteristics of the instrumentation. Minimum detectable activity (MDA)
is an a priori estimate of the minimum activity level which is practically
measureable with a specific instrument, and sampling and/or measurement
technique. Of the two concepts, the MDA is used in this Manual for radiological
survey applications. The basic relationship for estimating the MDA 1s:

MDA = K(2.71 + 4.65 s,) (5-1)
where
K = a proportionality constant relating the detector response (in counts)
to an activity concentration.

s, = the standard deviation of the background count.

Several practical radiological surVey applications of this relationship are presented
here.

5.6

< o
i

R



g

Surface Activity Measurement

For an integrated measurement over a preset time, the MDA for surface activity
can be approximated by:

(5-2)
271 + 465 /By * ¢t
MDA = X
te E-
100
where
MDA = activity level in disintegrations/minute/100 cm?
By =  background rate in counts/minute
t =  counting time in minutes
E = detector efficiency in counts/disintegration N
A =  active probe area in cm?
mple Calculation:

B: = 40 counts/minute
t = 1 minute
E = (.20 counts/disintegration
A = 15cm’

MDA<2TL * 4.65/80 < 1

102033
100

= 1100* disintegrations/minute/100 cm?
* Rounded to two significant figures.
The MDA of a ratemeter instrument for surface activity measurements can be

approximated by taking twice the time constant of the meter as the counting time
and using the relationship (KNOLL 1979):

5.7
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(5-3)

where
MDA = activity level in disintegrations/minute/100 cm’
B: =  background rate in counts/minute
t. =  meter time constant in minutes
E = detector efficiency in counts/disintegration
A = active probe area in cm?

Sample Calculation: (for t, = 4 seconds)

_4.65/40/2_+ 0.0667

020 + 13
100

MDA

= 2700* disintegrations/minute/100 cm®

* Rounded to two significant figures.

Scanning

The ability to identify a small region or area of slightly elevated radiation during

surface scanning (refer to Section 6.4.2) is dependent upon the surveyor’s skill
in recognizing an increase in the audible output of the instrument. Experience
has shown that a 25% to 50% increase may be easily identifiable at ambient
background levels of several thousand counts per minute, whereas, at ambient
levels of a few counts per minute, a two to three fold increase in the audible
signal is required before a change is readily recognizable. The detection
. sensitivity of scanning is dependent upon a number of other factors, such as
detector speed, size of elevated activity region, level of activity, detector/surface
distance; therefore, the ability to detect an elevated region of activity using a
particular survey scanning technique should be determined empirically. A rough
estimate of the MDA can be calculated by substituting the audibly discernable
increase in count rate for the numerator in equation 5-3.

5.8
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Sample Calculation:

B; = 40 counts/minute
E = 0.20 counts/disintegration
A =15cm?
Three times the background rate (By) is audibly discernable as an increase in

instrument response by the surveyor using the particular technique selected for the
procedure.

3 B,
MDA =

020 o 12

100

= 4000 disintegrations/minute/100 cm?

Laboratory Analyses

Additional factors may be introduced into the calculation for estimating detection
sensitivities for laboratory analyses. Examples of such factors are chemical
recovery, sample size, and emission abundances for specific radiations of interest
in the analytical process. An example of a calculation for a typical lab procedure
for soil analysis would be: '

MDA = 271 + 4.65 ‘/BROI (5-4)
te EeSeYe22

where

MDA = activity in pCi/g

Bx =  background rate in counts/minute

t =  counting time in minutes

E = detector efficiency in counts/disintegration

S =  samples size in grams

Y = other factors such as percent chemical recovery and number
of emissions of radiation being measured per disintegration
of the radionuclide

2.22 = conversion from disintegrations/minute to pCi.

5.9
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Samnle Calculation:

By = 2 counts/minute

t = 30 minutes

E = 0.02 counts/disintegration

S = 750 grams

Y = 0.25 (emissions per disintegration)

MDA~ 271 + 4.65/2 < 30
30 « 0.02 « 750 + 0.25 « 2.22

= 1.55 pCi/g

General Considerations

In application, the system should be capable of measuring levels below 75%, and
preferably at or below 10%, of an established guideline value. It should be noted
that many of the radiological instruments and monitoring techniques typically used
for applied health physics activities in an operating facility may not provide the
detection sensitivities necessary to demonstrate compliance with the guideline
levels for license termination. As described above, parameters which will
determine the detection sensitivity of a system are background level, detection
efficiency, measurement (or counting) time, and sample size or area.

The detection sensitivity for a given application can be improved, (i.e. lowered)

by (1) selecting an instrument with a higher efficiency or a lower background; (2)
increasing the counting time; (3) increasing chemical recovery; and (4) increasing
the size of the sample or the effective probe area. Incréising efficiency,-
recovery, and sample or area size has the effect of lowering the MDA in direct
proportion to the amount of change. For example, selecting a detector with twice
the active probe area will decrease the MDA by a factor of 2 (assuming all other
parameters remain unchanged). Changes in background rate or counting time
ffect the MDA proportional to the square root of the change. If, for example,
the background rate is increased by a factor of two and all other parameters
remain unchanged, the MDA will be increased by a factor of V2 or 1.414;
doubling the counting time has the net effect of lowering the MDA by a factor
of 1.414. Tables 5-4 through 5-6 provide information on the approximate
detection sensitivities for some of the commonly used field survey instruments
using nominal background levels and detection efficiencies as well as standard

5.10
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5.3

survey procedures. Information on detection sensitivities for laboratory
procedures is provided in Section 7.0.

Instrument Selection and Use

Radiological conditions that should be determined for license termination purposes
include total surface activities, removable surface activities, exposure rates, radionuclide
concentrations in soil, and/or induced activity levels. To determine these conditions,
field measurements and laboratory analyses may be necessary. For certain radionuclides
or radionuclide mixtures both alpha and beta radiations may have to be measured. In
addition to assessing the average radiological conditions, small areas with elevated levels
of residual contamination should be identified and their extents and activities determined.
With so many variable applications, it is highly unlikely that any single instrument
(detector and readout combination) will be capable of adequately measuring all of the
radiological parameters required to demonstrate that criteria for unrestricted release have
been satisfied. It is usually necessary therefore to select multiple instruments to ) perform
the variety of measurements required.

Selection of instruments will require an evaluation of a number of situations or
conditions. Instruments must be stable and reliable under the environmental and physical
conditions where they will be used, and their physical characteristics (size and weight)
should be compatible with the intended application. The instrument must be able to

detect the type of radiation of interest, and must, in relation to the survey or analytical

technique, be capable of measuring levels which are less than the guideline values.
There are numerous commercial firms, offering a wide variety of detectors, readout
devices, and detector/readout systems, appropriate for measurements described in this
Manual. - These vendors can provide thorough information regarding capabilities,
operating characteristics, limitations, etc. for specific equipment.

This Section provides assistance on selection of instrumentation for suryeys.associated -

* with license termination. A flow chart (Figure 5-1) and checklist to assist the ‘Manual

user in the instrument selection process are included at the end of this Section.
This section describes the primary applications of instrumentation to field radiological

measurements for license termination surveys. The reader should refer to Section 7.0
for information on laboratory applications.

5.11
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When conducting a final status survey, two basic questions are to be answered:
(1)  Is the average residual activity level below the established guideline value?

(2) Do small localized areas (elevated areas) of residual activity in excess of the
average guideline value, satisfy the established conditions
(Section 2.2)? ' ' '

This latter issue is the one that experience has shown is often inadequately addressed.
The reason is that these smaller areas of residual activity typically represent a very small
portion of the site, and random or systematic measurements or sampling on the
commonly used grid spacing has a very low probability of identifying such small areas.
For this reason a survey technique called scanning is used to locate areas of activity that
are above ambient or general site levels before actual measurements are conducted. This
scanning technique should employ the most sensitive instrumentation available.

For gamma radiation scanning, a scintillation detector/countrate meter combination is the
usual instrument of choice. A large-area proportional detector with a ratemeter is
recommended for scanning for alpha and beta radiations where surface conditions and
locations permit; otherwise an alpha scintillation or thin-window GM detector for beta
may be used. When scanning, the detector is kept as close to the surface as possible (1
cm is a distance typically considered practical) and moved at a slow speed, noting any
increases in radioactivity level by changes in the audible signal from the instruments
headphones. Additional details on scanning procedures are provided in Sections 6.4.2

~and 6.5.2.

For fixed measurements of radiation or radioactivity levels the recommended instruments.
are:

Alpha - Proportional detector or ZnS(Ag) scintillator with portable digital scaling
: meter. _
Beta - Proportional detector or pancake GM detector with portable digital
scaling meter.
Gamma- Pressurized ionization chamber (PIC) is preferred for exposure rate

measurements if portability is not a concern. Otherwise, Nal(Tl)
scintillation detectors with countrate meters, cross calibrated to a PIC or

calibrated for the energy of interest.

Additional information on performing such measurements is presented in Sections 6.4.3
and 6.5.3.
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There are certain radionuclides which, because of the types, energies, and abundances
of their radiations, will be essentially impossible to measure at the guideline levels, under
field conditions, using current state-of-the-art instrumentation and techniques. Examples
of such radionuclides include very low energy, pure beta emitters such as H-3 and Ni-63
and low-energy gamma emitters such as Fe-55 and I-125. Pure alpha emitters dispersed
in soil or covered with some absorbing layer will not be detectable because the alpha
radiation will not penetrate through the media or covering to reach the detector. A
common example of such a condition would be Pu-239 surface contamination, covered
by paint, dust, oil, or moisture. In such circumstances sampling and laboratory analysis
are used to measure the residual activity levels.

Instrument Calibration

Each instrument must be calibrated to enable the readout (usually in counts or counts per
minute) to be converted to units in which the guideline levels are expressed. Calibrations
should be traceable to National Institute of Standards and Technology (NIST) standards.
In those cases where NIST-traceable standards are not available, standards of an industry-
recognized organization (e.g., the New Brunswick Laboratory for various uranium
standards) may be utilized. The instrument user may decide to perform calibrations,
following industry-recognized procedures (ANSI 1978, NCRP 1978, NCRP 1985) or may
choose to obtain calibration by an outside service, such as a major instrument
manufacturer or one of the health physics services organizations.

Calibration for activity must be in terms of response to the 4 (total) emission rate from
the source. Calibrations for point-source and large-area source geometries may differ
and both may be necessary, if areas of activity smaller than the effective probe area and
regions larger than the probe area are present. Many instruments will have responses
which are dependent upon the energy of the radiation. This may be due to (1) the ability
of the radiation to penetrate the outer surface of the detector, (2) intrinsic interaction
probabilities for different energy regions, and (3) electronic instrument settings which
accept or reject pulses representing selected radiation types and/or energxes ‘Because of
the variables involved, calibration should either be performed with the radionuclide of
concern or appropriate correction factors developed for the different radionuclides
present. In the case of energy-dependent gamma scintillation instruments which are
commonly used to measure low-level gamma exposure rates, calibration for the gamma
energy spectrum at a specific site may be accomplished by comparing the instrument
response to that of a pressurlzed jonization chamber at different locations on the site.
If the energy spectrum varies at different site locations, calibration factors may also vary;
in such a case, a separate calibration is necessary for each such location.

It is recommended that field instruments be calibrated a minimum of semi-annually and
following maintenance, which could affect calibration. Pressurized ionization chambers
for gamma exposure rate measurement are calibrated every 2 years, as recommended by
the manufacturer.
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Periodic checks of instrument response are necessary to assure that the calibration and
background have not changed. Following calibration, the background and response to
a check source is determined and an acceptable range of levels established. For analog
readout (countrate) instruments, a variation of + 20% is usually considered acceptable.
For instruments which integrate events and display the total on a digital readout, a series
(10 or more is suggested) of repetitive measurements of background and check source
response is performed, and the average and standard deviation of those measurements are
determined. An acceptable response range of the average + 20 or 3¢ is then established.

Instrument response (background and check source) is tested and recorded a minimum
of once daily — typically prior to beginning the days measurements — to assure
continued acceptable operation. If the instrument response does not satisfy the
established acceptable range, the instrument is removed from use until the reason for the
deviation can be determined and resolved and acceptable response again demonstrated.
If repair and/or recalibration is necessary, acceptable response ranges must be
reestablished and documented.
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FIGURE 5-1: Flow Diagram for Selection of Field Survey Instrumentation
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CHECKLIST FOR FIELD INSTRUMENT SELECTION
Identify principle radionuclides of concern.
Determine radiations (alpha, beta, gamma) associated with potential contaminants.

Identify category of potential contamination (soil, building surfaces, piping and
other inaccessible interior surfaces, activated components).

Determine types of direct measurement radiological data to be collected (scans for
general conditions and identification of elevated activity levels, building surface
activity levels, exposure rates).

Establish guideline values for each radionuclide and category of contamination.
Develop site-specific guideline values as appropriate.

Calculate desired detection sensitivities of measurements.
Select instrument and survey techniques to achieve desired detection sensitivities.
Calibrate measurement systems.

Determine MDA for each instrument/technique sytem.™ -
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