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Janice Nguyen 

Senior Health Physicist 

Division of Nuclear Materials Safety 

U.S. Nuclear Regulatory Commission, Region I 

2100 Renaissance Boulevard, Suite 100 
King of Prussia, PA 19406-2713 

Bryan Harnett, DVM, Diplomate ACVIM 

Catamount Veterinary Specialty and Emergency Hospital d/b/a Burlington Emergency & Veterinary 

Specialists 

1417 Marshall Avenue 

Williston, Vermont, 05495 

License# 44-31369-01 

Docket No. 03038029 

Control No. 612372 

Dear Ms. Nguyen and Mr. Pfingsten, 

The following responses are given by the number of each request in the email dated August 26, 2019 
from Janice Nguyen. 

Item 10. 

Please note that in the earlier response there were two misrepresentations of the GM data. The 

background given was for cap on but all measurements are taken with cap off, which is an average of 

100 cpm. The cap off check source reading was taken from a value given on the sticker attached at 

calibration and I did not verify. This was mistyped and the value observed corresponds with that given 

in the full report. 

I am unable to directly determine the sensitivity for free (i.e. unsealed) 1-131 with available resources in 

which it would simulate the response of the open GM detector to wipe tests with iodine contamination. 
However, I indirectly compared it with the response for the Cs137 check source, which is currently 
approx 0.8 microcuries, giving a check source reading with the cap off of 3.5 x 103cpm or 4.38 x 103 

cpm/microcurie (see attached report). I measured the count rate for a calibrated 1-131 source, cap off, 

at a number of distances and and corrected by inverse square to a surface response with cap off, giving 

a count rate of 2.8 x 103 cpm/uCi. 
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The most recent calibration report dated 3/11/2019 gives a relative response for Cs137 of 11% without 

the cap (see attached report). 

Comparing the two readings gives an approx sensitivity for 1-131 of 

(2.8 X 103 / 4.38 X 103 ) X 11% = 7% 

The equation that I used for determining the MDA is 5.3 given in the attached chapter issued by Oak 

Ridge National Laboratory. The sensitivity used is that given above, 7%. The background provided in 

the earlier response was for the cap on, for the cap off I measured an average background of 

approximately 100 cpm in a low background region of the facility. 

This then gives: 

MDA = 4.65 sq rt (100/1) / 0.07 x (20 cm2/100 cm2) 

Which gives: 

3321 dpm/100 cm sq. 

3321 dpm/2,220,000 dpm/uCi gives 0.0015 uCi. 

The measurement of wipe tests will be conducted in an area outside of the rooms in which radioactive 

materials are stored and used. 

In the event there is a potential intake/thyroid uptake of 1-131 during the procedure (i.e. needlestick, 
spill, or syringe breakage), all personnel in the area will have a thyroid bioassay at the University of 

Vermont Medical Center. The availability of this was confirmed with UVMMC staff. 

Thank you, 

Bryan Harnett, DVM, DACVIM 

*responses were developed with the assistance of Marleen Moore, M.S. ABR certified Diagnostic 

Radiological Physicist. Please include/copy her if there is a need for further clarification or questions. 
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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 instru,!llentation 
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 promlce·: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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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. 

5.1.2 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 tirrie; 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 results 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. 
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TABLE 5-1 

RADIATION DETECTORS WITH APPLICATIONS TO ALPHA SURVEYS 

Detector Detector Appllcation Remarks 
Type Description 

gas proportional < 1 mg/cm2 window; probe face surface scanning; surf ace 
area SO to l 000 cm2• activity measurement; field 

evaluation of smears 

< 0.1 mg/cm2 window; probe face area laboratory measurement of 
10 to 20 cm2 water, air, and smear 

samples 

no window (internal proportional); laboratory measurement of 
probe face area IO to 20 cm2 water, air, and smear 

V\ samples . 
~ scintillation ZnS(Ag) scintillator; probe face area surface scanning; surface 

SO to 100 cm2 activity measurement; field 
evaluation of smears 

ZnS(Ag) scintillator; probe face area laboratory measurement of 
10 to 20 cm2 water, air, and smear 

samples 

Lucas scintillation flask laboratory measurement for 
! low levels of radium . 

solid state silicon s~rface barrier detector laboratory analysis by alpha 

!1 spectrometry 
• 

-
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TABLE 5-2 

RADIATION DETECTORS WITH APPLICATIONS TO BETA SURVEYS 

Detector Detector Application 
Type Description 

gas proportional < 1 mg/crn2 window; probe face surf ace scanning; surface 
area 50 to 1000 cm2• activity measurement; field 

evaluation of smears 

< 0.1 mg/cm2 window; probe face area laboratory measurement of 
10 to 20 cm2 water, air. smear, and other 

samples 

no window (internal proportional); laboratory measurement of 
probe face area IO to 20 cm2 water, air, and smear 

samples 

Geiger-Mueller 1.4 mg/cm2 window; probe area IO to surface scanning; surface 
100cm2 activity measurement; 

laboratory measurement of 
samples 

various window thickness; few cm2 probe special scanning 
face 

I 
applications 

,' 

,ti 
scintillation liquid s~intillation cocktail containing sample laboratory analysis; 

., spectrometry capabilities 

(' 

Remarks 

better measurement 
sensitivity for low 
energy beta particles 
than detectors with 
windows 

/' 
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Detector 
Type 

gas ionization 

Geiger-Mueller 

scintillation 

solid state 

, ... ,.:at~: JI, 

/ 
\ ... 

TABLES-3 

RADIATION DETECTORS WITH APPLICATIONS TO GAMMA SURVEYS 

Detector Applkation 
Desaiption 

pressurized ionization chamber exposure rate measurements 

pancake (1.4 mg/cm2 window) or side surface scanning; surface 
window (30 mg/cm2) activity measurement 

Nal(TI) scintillator; up to 5 x 5 cm. surface scanning; surface 
activity measurement 

Nal(TI) scintillator; large-crystal and "well" laboratory gamma 
configurations spectrometry 

Csl or Nal scintillator; thin crystal scanning; direct 
measurement of gamma 
radiation from plutonium 

' 
germanium semi conductor laboratory gamma 

spectrometry 
.I 

( 

Remarks 

detector and electronics 
are integrated systems 

cross calibrate with 
pressurized ionization 
chamber or for specific 
site gamma energy 
mixture 

FlDLER (Field 
Instrument for Detection 
of Low Energy 
Radiation) 

'··-



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 is: 

where 

MDA = K(2. 71 + 4.65 sb) (5-1) 

K = a proportionality constant relating the detector response (in counts) 
to an activity concentration. 

~ = the standard deviation of the background count. 

Several practical radiological survey applications of this relationship are presented 
here. 
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Surface Activity Measurement 

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

where 

MDA -
Ba -
t 
E 
A 

MDA 
== 2.71 + 4.65 {BR • t 

A 
t • E• -

100 

activity level in disintegrations/minute/100 cm2 

background rate in counts/minute 
counting time in minutes 
detector efficiency in counts/disintegration 
active probe area in cm2 

Sample Calculation: 

40 counts/minute 
1 minute 
0.20 counts/disintegration 
15 cm2 

MD.A= 2.71 + 4.65J40 • 1 
IS 

1 • 0.20 • -
100 

- 1100* disintegrations/minute/JOO cm2 

* Rounded to two significant figures. 

(5-2) 

The MDA of a ra.temeter 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): 
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where 

MDA -
Ba 
le 
E 
A 

= 

MDA = 4.65/B R /2tc 

E•~ 
100 

activity level in disintegrations/minute/100 cm2 

background rate in counts/minute 
meter time constant in minutes 
detector efficiency in counts/disintegration 
active probe area in cm2 

Sample Calculation: (for~ = 4 seconds) 

MDA= 4.6SJ40/2 • 0.0667 

0.20 • J.!. 

= 

* 

100 

2700* disintegrations/minute/100 cm2 

Rounded to two significant figures. 

(5-3) 

The ability to identify a small region or area of slightly elevated i:adiation .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 discemable 
increase in count rate for the numerator in equation 5-3. 
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Sample Calculation: 

Ba = 40 counts/minute 

E = 0.20 counts/disintegration 

A = 15 cm2 

Three times the background rate (BJ is audibly discemable as an increase in 
instrument response by the surveyor using the particular technique selected for the 
procedure. 

MDA = 
3 • BR 

0.20 • 
15 
100 

4000 disintegrations/minute/100 cm2 

Laboratoey Analyses 

Additional factors may be introduced into the calculation for estimating detection 
sensitivities for laboratory analyses. Examples of such factors are chemical 
recovery t 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: 

where 

MDA = 
2. 71 + 4.65 fB1"r (5-4) 

MDA = 
B1t 
t 
E 
s 
y 

2.22 

t • E • S • Y • 2.22 

activity in pCi/g 
background rate in counts/minute 
counting time in minutes 
detector efficiency in counts/disintegration 
samples size in grams 
other factors such as percent chemical recovery and number 
of emissions of radiation being measured per disintegration 
of the radionuclide 
conversion from disintegrations/minute to pCi. 
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Sample Calculation: 

Ba = 2 counts/minute 
t = 30 minutes 
E = 0.02 counts/disintegration 
s = 750 grams 
y = 0.25 (emissions per disintegration) 

MDA 2.71 + 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 recov_ery; and (4) increasing 
the size of the sample or the effective · probe area. - Iricr~ing . 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 

/Jt /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 ./2 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 
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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 instrume~tatjqµ for ~u~~ys~~i~-~ 
· 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. 
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TABLE 5-4 

APPROXll\fA TE DETECTION SENSITIVITIES FOR ALPHA FIELD SURVEY INSTRUMENTATION 

Detector 
Type 

proportional; 50 cm2 

probe area 

I.II . -N 

proportional; 500 cm2 

probe area 

scintillation; 50 cm2 

probe area 

(' 

; 

I 

' 
.I 

•, 

-
' • 

: 

Readout 
Device 

countrate meter 

countrate meter 

digital scaler 

countrate meter 

countrate meter 

countrate meter 

digital scaler 

Approxhnate 
Technique Detection Sensitivity 

scanning - monitoring 200 dpm/100 cm2 

audible output 

static count 150-200 dpm/100 cm2 

static count (1 min) 100 dpm/100 cm2 

scanning - monitoring 25-50 dpm/100 cm2 

audible output 

scanning - monitoring 200 dpm/ 100 cm2 

audible output 

static count 150-200 dpm/100 cm2 

static count {l min) 100 dpm/100 cm2 

(\ ( 
.. _ 
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TABLE 5-5 

APPROXIMATE DETECTION SENSITIVITIES FOR BETA FIELD SURVEY INSTRUMENTATION 

Detector Readout Approximate 
Type Device Technique Detection Sensitivity 

proportional; 50 cm2 countrate meter scanning - monitoring 1000-2000 dpm/100 cm2 

probe area audible output 

VI 
countrate meter static count 1000-1500 dpm/ I 00 cm2 

. -t.,l digital scaler static count (1 min) 400- 600 dpm/100 cm2 

proportional; 500 cm2 countrate meter scanning - monitoring 350- 700 dpm/ 100 cm2 

probe area audible output 

Geiger-Mueller; Pancake; countrate meter scanning - monitoring 2000-3000 dpm/100 cm2 

10 cm2 probe area audible output 

countrate meter static count 1500-3000 dpm/100 cm2 

! digital scaler static count (l min) 500-1000 dpm/100 cm2 

I 
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TABLES-6 

APPROXIMATE DETECTION SENSITIVITIES FOR GAMl\,fA FIELD SURVEY INSTRUMENTATION 

Detector Readout Approximate 
Type Device Technique Detection Sensitivity 

Geiger-Mueller, countrate meter static count 50 11Rlh 
!JI . - 30 mg/cm2, window tube 
~ 

pressurized ionization digital display static measurement 1 µR/h (less if 
chamber integration is used) 

scintillation countrate meter static count 1 µR/h 

' countrate meter scanning - monitoring 2-5 µR/h 
I audible output 

( ( 
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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 -

Beta 

Gamma-

Proportional detector or ZnS(Ag) scintillator with portable digital scaling 
meter. 

Proportional detector or pancake GM detector with portable digital 
scaling meter. 

Pressurized ionization chamber (PIC) is preferred for exposure rate 
measurements if portability is not a concern. Otherwise, Nal(TI) 
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.S.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 ~ 1 

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. 

5.4 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 (NIS'lj 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-ir (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) el~trQ_ni~ instp.t~pt ~e~~~gs_}vhich 
accept or reject pulses representing selected radiation types and/or energies. 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 pressurized ionization 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 3u 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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Identify radionuclides 
of concern 

Identity 
associated radiations 

ldently condition to be 
evaluated or measured 

Exposure rate 
Surface activily 
Sol1 contamination 

Determine· 
guideline values 

Calculate detection 
sensitivities required 

(Section 5.2) 

Evaluate Instruments 
and techniques, 

relative to required 
detection 

sensitivities 

Select and 
obtain 

instruments 

Calibrate 
(Section 5.4) 

Establish 
performance 

criteria 

FIGURE 5-1: Flow Diagram for Selection of Field Survey Instrumentation 
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CHECKLIST FOR FIELD INSTRUMENT SELECTION 

1. Identify principle radionuclides of concern. 

2. Determine radiations (alpha, beta, gamma) associated with potential contaminants. 

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

4. 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). 

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

6. Calculate desired detection sensitivities of measurements. 

7. Select instrument and survey techniques to achieve desired detection sensitivities. 

8. Calibrate measurement systems. 

9. Determine MDA for each instrument/technique sytem. -· · 
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AM. 
Meter Owner: Vermont Veterinary: 

Calibration Date 3/11/2019 

Calibration Due Date: 3/11/2020 
Location 

Certificate of Calibration 

Calibration 
Services 

Manufacturer: 
Model Number: 
Serial Number: 

9600 Medical Center Drive 

Rockville Md 20850 

Phone:301-379-6013 

amcalibration@aol.com 

Johnson 
GSM500 

13736 

----b~ C'.2 ~~ltv1 ~ =-0::J 
AM Calibration Radioactive Material License: MD-31-206-01 '--- ••o. r--••r~~< -

Inspection Item 
Batteries Changed no 
Internal Adjustment no 

Instrument Calibration Information 

HP265 10375 w/cap 
Instrument mR/hr Scale 

Scale I Reading I True Reading CF 
X 1000.0 145 145 1.000 0.940 

X " 42 37 0.880 " 
X 100.0 14.5 13.5 0.930 0.930 

X " 3.5 3.25 0.928 II 

X 10.0 1.65 1.5 0.909 0.954 

X " 0.37 0.37 1.000 II 

X 1.0 0.155 0.13 0.839 0.920 

X " 0.08 0.08 1.000 " 
X 

X 

Check Source Reading = 1.30mR/hr-CapOff 

This certifies that the instrument above was calibrated with a Cs-137 source, 
Exposure rate for this source has been verified with instrumentation whose calibration is traceable to 

NIST standards. Measurements were made with CNMC Company electrometer Model 206 and Capintec Model 
PM30 (30 cc) cylindrical ionization chamber. And in accordance with ANS1-N323 and as recommended by 
manufacturer. 

Calibrated By: Andrew J McAleer 

AM Calibration Services verifies all the above before shipping, not responsible for damages incurred in shipping. 



Certificate of Calibration 

Meter Owner: Vermont Veterinary 

Calibration Date: 3/11/19 

Calibration Due Date: 3/11/20 

AM Calibration Radioactive Material License: MD-31-206-01 

Inspection Item: Johnson SM500 #13736 

Batteries Changed: no 

Internal Adjustment: no 

RANGE 

XlOOO 

XIOO 

XIO 

XI 

Scale Reading 

490,000 

100,000 

44,000 

10,000 

4,400 

1,000 

440 

100 

True Readings 

400,000 

100,000 

40,000 

10,000 

4,000 

1,000 

400 

100 

A.M. Calibration Services Inc. 

9600 Medical Center Drive #300 

Rockville, MD 20850 

Office: 301-610-6001 

Fax: 301-517-3654 

amcalibration'qlao!.com 

CF 

0.908 

0.954 

0.954 

0954 

The relative response for Cs137 was determined to be 11% using the HP265 #10375 w/o cap. 

The relative response for was determined to be using the " 

The relative response for Check Source was determined to be 3.5k cpm using the" . 

Instrument described above was calibrated electronically (pulsing method), and compared with instrumentation whose 
calibration is traceable to the National Institute of Standards and Technology. Calibrated in accordance with ANS1-N323-
1997 and as manufacturer recommended. Ludlum Model 500#87211. 

Calibrated by: Andrew J McAleer 

,_,/_T-27),c ~ 
AM Calibvrifies all the above before shipping, not responsible for any damages incurred in shipping. 


