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SUIVIMARY

Pacific Northwest Laboratory and Westinghouse Hanford Company tested six models of commercially
available alpha continuousair monitors (CAMs): the CanberraAlpha Sentry, Eberline Alpha 6A-l,
Merlin Gerin A-CAM, NE America CAM1A, SAIC/RADeCO Model 452, and Victoreen Model 758.
The CAMs were tested for calibrationandworkmanship, performance in various environments, and

" human factors for field use.
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1.0 INTRODUCTION

Pacific Northwest Laboratory(PNL)(a)and Westinghouse HanfordCompany (WHC) recently
evaluatedsix models of commercially available alpha continuous air monitors (CAMs): Canberra
Alpha Sentry, Eberline Alpha 6A-l, Merlin Gerin A-CAM, NE America CAM1A, SAIC/RADeCO

- Model 452, and Victoreen Model 758 (see Figure 1.1). The evaluationwas conducted in three
phases: a calibrationandworkmanshipevaluation, environmentaltesting, and field and human factors
evaluation. The first two phases were completed by PNL, the third by WHC. This report
summarizesthe results.

Since the CAMs were prototypical and were, at the time of the evaluation, undergoingfairly
continuous design changes, more exact descriptionsof the models evaluated are given in Sections 3.0
through 8.0. The tests were performedto examine several new developments in alpha CAM
technology, includingmicroprocessor-basedCAMs with backgroundsubtraction algorithms, radial
inlet sample heads, and menu-drivenuser interfaces. The results of the testing were used to develop
purchase specifications for procuringsecond-generationalpha CAMs for use at Hartford.

This project did not include evaluatingparticle size collection characteristics of the sample head or the
network capabilities of the CAMs. These two areaswere evaluated by InhalationToxicology
Research Institute (ITRI) andEG&G Rocky Flats, respectively.

The CAMs evaluated underwentfairly constant design changes before and duringthe course of the
evaluations. Some modifications were extensive. The design changes made it difficult to maintain
currentand accuratecalibrationand evaluation procedures. In addition, changes to the CAM
technical manuals typically lagged considerablybehind changes to the CAMs. Modifications to the
CAMs were allowed until the startof the environmentalevaluation, at which time no further
modifications were accepted. The CAMs have continuedto evolve, so the test results presented in
this documentmay not reflect the CAM models currentlyavailable.

None of the CAMs met all the criteria. However, the extent of noncompliance varied widely from
CAMs that failed to comply primarily because of information lacking from the manufacturer's
literatureto CAMs that suffered functional failures during testing.

When practical, the tests began with three CAMs of each model. The consistency or lack of
, consistency in performance among the three CAMs of the same model indicates a related consistency

or lack thereof in instrumentmanufactureand design.

(a) The PacificNorthwestLaboratoryis operatedfortheU.S. Departmentof Energyby BattelleMemorial
InstituteunderContractDE-AC06-76RLO1830.
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One of the more important criteria, minimum detectable activity (MDA), could not be evaluated
because the vendors and the test manager could not agree upon an acceptable method for testing
MDA. As a default, the MDA was calculated using the equation given in ANSI N42.17B (see
Equation 2.1). Further information on the MDA calculations is provided in the appendix.

The basis for comparison to standards and method of analysis are described in Section 2.0. Then, the
evaluations of each CAM are summarized in Sections 3.0 through 8.0. The appendix contains more B

detailed information on the environmental evaluation. Data sheets used to record the test information
are not included.

a
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FIGURE 1.1. Four of the CAMS Tested -- (l. to r.) Victoreen Model 758, SAIC/RADeCO Model 452,
Eberline Alpha 6A-l, and NE America CAM1A (Canberra Alpha Sentry and
Merlin Gerin A-CAM not pictured)



2.0 BASIS FOR AND SUMMARY OF EVALUATIONS

This section provides the bases and summaryof the evaluations. With the exception of the
workmanshipevaluation, niore informationon each evaluation can be found in the applicable s_ction
for each CAM model.

4

2.1 CALIB]hATION EVALUATION

I

The bases for the calibrationevaluation were the manufacturers'calibrationprocedures and ANSI
N323, Rad/ation Protection Instrumentation Test and Calibration. The instrumentswere also
evaluated on operational and maintenancecharacteristicsand system documentation In compliance
with ANSI N323, CAMs were calibrated with NIST-traceablesources. The calibrationevaluation
was performed on all the CAMs except the CanberraAlpha Sentry, which was available for only a
short period that did not allow time for a full evaluation.

Several factors of the CAMs were notable in conductingthe calibration evaluations. The most
significant observationwas that several of the instrumentsuse radonprogeny collected by the filters to
verify the gain. Although the use of radon progeny to establish the system gain duringcalibration is
an acceptable practice, using radonprogeny activity on the filter to verify the system gain during
operations is unacceptablesince the filter may have confusing and/or interfering activities. Moreover,
the use of thoronprogeny for calibrating the system gain is difficult to implement since it requires a
thoron generating source.

One of the CAMs evaluated could not be calibratedwith a NIST-tr_le source since placing ti;e
source over the filter location put the CAM into a fault mode, disabling the detector. This occurred
because the CAM required correct air flow to operate properly, a condition that cannotexist when an
electroplatedsource is in the filter position.

A typical characteristic of the CAMs evaluated (with the exception of the Canberra CAM) was that
the source-to-detectordistance was shorterthan the filter-to-detectordistance because of the thickness

of the source. Several were not designed to use calibrationsources of standarddesign. The filter
holder opening on the SAIC CAM sample head was too narrowto readily accept an electroplated
source. Also, the SAIC CAM uses a nonstandard-sizeddetector (44-ramdiameter). The
NE America CAM requires a doped filter. Use of either of these CAMs would requireprocuring

• nonstandard calibrationandperformance check sources.

2.2 WORKMANSHIP EVALUATION
I,

The basis for the physical and electronic workmanshipevaluation was ANSI IPC-S-815A, General
Requirements for Soldering lnterconnections, and ANSI IPC-CM-770B, Printed Board Component
Mounting.
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The workmanshipevaluation was completed on the Eberline Alpha6A-1, Merlin Gerin A-CAM,
NE America CAM1A, SAIC/RADeCO 452, and the Victoreen 758. All five CAMs exhibited
workmanshipdeficiencies that would be cause for rejection (e.g., poor solder flow, inadequatesolder,
contaminatedsolder connection). Withthe exception of the Eberline CAM, there was evidence of
engineering alterationson the CAM circuit boards. This is expected in a prototypeinstrument but
is unacceptablein a standardproductionmodel. )

2.3 ENVIRONMENTAL EVALUATION

The environmentalevaluation was performed on the Eberline Alpha 6A-l, NE America CAM1A,
SAIC/RADeCO 452, and Victoreen758. The CanberraAlpha Sentry CAM and Merlin Gerin
A-CAM were not received until after the testing was completed.

The purposeof the environmentalevaluation was to test the alpha CAMs against the requirements
given in ANSI N42.1713, Performance Specifications for Health Physics Instrumentation -
Occupatiop.al Airborne Radioactivity Monitoring Instrumentation. Though ANSI N42.1713does not
have a requirementfor vibration, a vibration requirementfrom ANSI N42.17A, Performance
Spedflcations for Health Physics Instrumentation - Portable Instrumentation for Use in Normal
Environmental Conditions, was adaptedto the CAMs. The vibrationrequirement developed was that
the CAM response shall not vary by more than 15% from the reference value after the CAM has been
exposed to vibrations of 2 G for 15 minutes in a frequency range of 10 to 33 Hz. Since alpha CAMs
at Hartfordare frequently transportedrelativelylong distancesby truckto a central calibration
facility, the vibrationtesting was judged applicable.

The CAMs were tested to the criteriagiven in ANSI N42.17B with the following exceptions. The
CAMs were not tested to the air in-leakageor filter pressuredrop criteria(ANSI N42.17B,
Sections 9.2 and 9.4, respectively). No practical mt._.hodof connecting the air flow meter to the
radial air inlets of the Eberline, Merlin Gerin, or SAIC/RADeCO CAMs could be devised. The

Victoreen and NE America CAMs also use nonstandardair inlets that preventeda reliable connection
between the air flow meter and the CAMs. The CAMs were not subjectedto the 100-kHz ring wave
transient, the 400-Hz radio frequency (RF) field, or magnetic fields (ANSI N42.17B, Sections 5.5,
7.1.2.1, and 7.4) since the capability to generate these conditionswas not available. In addition, the
CAMs were not test_t to the criteria applicable to direct current (DC) or battery-poweredinstruments
nor to the particleand gas collection requirements (ANSI N42.17B, Sections 4.7.2, 4.8, 9.7, and 9.8,
respectively). Particle collection testing was conducted by the ITRI andis not addressed in this
report.(a)

(a) Informationon particlecollectioncharacteristicsof alphaCAMscan be obtainedby contactingMark
Hoover,InhalationToxicologyResearchInstitute,Albuquerque,New Mexico.
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Table 2.1 lists the specific tests conducted and the ANSI N42.17B section from which the test was
derived. The tests are listed in the approximate order in which they were conducted.

Table 2.1. Tests Conducted for Environmental Evaluation

i

" Applicable Section of
Test ANSI N42.17B

..... , i i i,., i -- -a i, H I I I I I i,,|,i,

" Flow rate meter accuracy 9. I

Microwave fields 7.2

Radio frequency fields 7.1

Flow rate meter stability 9.3

Sampler design 4.2

Units of readout 4.3

Markings 4.4

Alarm threshold 4.5

Protectionof switches and 4.6
controls

AC supply voltage 4.7.1.2.1 and9.5

AC supply frequency 4.7.1.2.2 and 9.6

Minimum detectable activity 6. !

Response time 5.3

Stability (24 h) 5.2

Coefficientof variation 5.4

Alarms 5.1 (except 5.1.1.2, Alarm Threshold Drift)

Ambient pressure 8.3

Temperature 8.1

. Humidity 8.2

Response to unwanted radiations 6.5

" Electrostatic fields 7.3

Vibration (criteria derived from ANSI N42.17A)

Accuracy 6.2
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Table 2.1. (continued)

ApplicableSection of
Test ANSI N42.17B

,i _l iH .,,, ii

Radiationtype andenergy 6.4

Line noise susceptibility 5.5 .

Stability (500 h) 5.2
lull i i i| ii ,ll. i,| i i,ll

A majority of the environmentaltesting was performed by comparing a CAM's reference responseor
flow rateto the CAM's response or flow ratewhen subjectedto an environmentalinfluence. The
reference values for response and flow rate were obtained by establishingstandardtest conditions
(see Table 2.2), placing an appropriatesource (_9pu) in the filter holder, establishing air flow, and
allowing the instrumentresponse to stabilize. Small-diametersources were used to preventthe source
from completely obstructing the air inlet.

Table 2.2. Standard Test Conditions

InfluenceQuantities Acceptable Range for Standard Test Conditions

Warmuptime
Electronic devices > I0 minutes

Air or gas circuit > I0 minutes

Relative humidity Ambient + I0%, up to a maximum of 75 %

Ambient temperature 20°C to 24°C

Atmospheric pressure 70 to 106 kPa

Line voltage Nominal :l:1%

Descriptions of the test proceduresare given in the appendix.

All CAMs were noncompliant with two of the criteria. ANSI N42.17B requiresthe manufacturerto
provide informationon response time and MDA ot tile instruments. None of the vendors provided
the required information. Wherepossible, empiricalMDAs were calculated for each of the CAMs.

Empirical MDAs could not be calculated for the Eberline CAM because it reports, at times, negative
background. The MDA for the NE America CAM could not be calculated due to an inability to
calibrate the CAM and determine its efficiency. The results are given in Table 2.3.
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Table 2.3. Measured Minimmn Detectable Activities in Disintegrations Per Minute

MDA (dpm) MDA (dpm)

Group 1 Period 1 Period 2 Group2 Period 1 Period 2

SAIC/RADeCO SAIC/RADeCO

CAM 1 730.0 350.0 CAM 2 740.0 1020.0

• Victoreen Victoreen

CAM 2 18.0 8.0 CAM 1 72.0 90.0
CAM 3 117.0 56.0

Empirical MDAs were calculatedusing the following equation from ANSI N42.17B:

4.65 Sb (2.1)MDA =
k

where Sb is the squareroot of the backgroundand k is the efficiency. The backgroundcount rates at
the end of two 24-h periods were obtained during the flow rate meter stabilitytesting. .

A summary of the test results for each instrumentis shown in Table 2.4.

Table 2.4. Compliance of the Alpha CAMs with the Individual Requirements of ANSI N42.1718

i

Elmrline SAIC/RADeCO Victomen NE America

Alpha 6A-I Model 452 Model 758 CAMIA •
lUll roll II I

CAM CAM CAM CAM CAM CAM CAM CAM CAM CAM CAM CAM
1 2 3 1 2 3 1 2 3 1 2 3

Test

Sampler d_ip P P P P P P P P P P P P

Units of readout C C C C C C C C C C C C
i

Markings C C C P P P P P P P P P

Alarm threshold P P P P P P P P P P P P
tt

Protection of C C C C C C P P P C C C
switchm and _Im

AC supply voltage C C C C C NT C NT NT C N C

AC m_pplyfrequm_'y C C C C C NT C NT NT C N C
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Table 2.4. (continued)

Eberline SAIC/RADeCO VictorNn NE America

Alpha 6A-I Model 452 Model 758 CAMIA

CAM CAM CAM CAM CAM CAM CAM CAM CAM CAM CAM CAM
1 2 3 1 2 3 1 2 3 1 2 3

Alarms C C C C C NT P NT P P NT P .

Stability C C C C N NT P NT NT P N P

Response time N N N N N N N N N N N N ,.

Coefficient of C C C P P NT C NT NT C C C
variation

Line noise C C C P N NT NT NT NT C NT C

.e.u_bU_

Minimumdetectable N N N N N N N N N N N N

Accuracy C C C C C _ C NT NT NT NT NT

Radiationtype and C C C C C C C C C C C C
enmlw

Response to C C C C C NT C N'r l_r c NT C
unwantedradiations

Fields

Radiofrequency NT NT N P NT N N NT NT NT N NT

Microwave NT NT C NT P NT C NT NT NT NT NT

Electmmtic NT NT C NT C NT C NT _ C NT NT

Temperature C C P P C wr P NT NT P NT N

Humidity C C C P P NT P NT NT C NT C

Vibration C C C P P N'r P NT NT C NT P

Ambient pressure C C C C P NT P NT NT P NT NT

Flow rammeter N P C N N N C N N N C N

a_umcy

Flowrotemeter C N C C C NT C N N N N N

mbnity

C ffieomplhmt

P = partiallyormarginallycompliant
N = noucompliam
NT = nottemed
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2.4 FIELD AND HUMAN FACTORS EVALUATION

Requirementsfor alphaCAMs were identified early in the project andwere compiled in WHC-SD-
GN-FDC-301, Functional Requirements for Alpha CAMs. This document included calibration,
maintenance,design, and humanfactors requirements. The purposeof the field and human factors
evaluationwas to address those requirements thatwere not covered in the calibrationand

. environmentalevaluations.

The field evaluation was conductedon the EberlineAlpha 6A-l, SAIC/RADeCO Model 452,
4

Victoreen Model 758, and Merlin Gerin A-CAM. The NE America CAMIA was not field tested
because, as a wall mountedunit, it is not easily transported. The evaluation was performedby
placing the CAMs in an operating facility for four weeks andhaving the facility technicians perform
filter changes, alarm responses, and performance tests on the instruments. Though the large amount
of information available from the CAMs was initially confusing, the technicians preferred reviewing
the CAM's operating history in the field rather than using separate computers or other equipment to
obtain information. There was generally a distrust of CAMs that provided minimal information
locally or that alarmed frequently.
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3.0 CANBERRA ALPHA SENTRY

The CanberraAlpha Sentry CAM evaluated was a beta test version. The CAM has two components:
an electronics chassis and a sample head. The electronics chassis monitors for chronic releases,
provides trendingdata, and monitors multiplesample heads. The sample head has a radial inlet with

• a diffusion screen to remove unattachedradondaughters;the sample head also performs the calcula-
tions necessary to monitorfor acute releases. This CAM uses a cartridge-mountedfilter. The cart-
ridge is provided with a notch to align the filter barcode with a barcodereader inside the CAM. The
barcodereader was not provided on the beta test version provided.

The Canberra Alpha Sentry is available with a 450-mm2 or 1700-mm2 passivated implantedplanar
silicon (PIPS) detector. The model evaluated had the 1700-mm2 detector.

The CanberraCAM Uses a diffusion screen to remove unattachedradondaughtersfrom the sampled
air. At Hanford, CAMs are operated in relativelydusty (nonlaboratory)environments, which results
in only a small fraction of unattacheddaughters. Since the screen offers no benefit in an environment
with primarily attacheddaughters and because there is a potential for the screen to become contami-
nated during use, a diffusion screen is not recommendedfor use at Hanford. Consequently, the
screen was removed from the CAM during the testing.

The Canberra Alpha Sentry was available for only a limited evaluation. The evaluation focussed on
human factors requirementssince the CAM's software was not fully developed. The evaluation
produced the following observations:

• The use of inexpensive, reusable filter cartridgesm_e filter changes a relatively easy
operation.

• During the evaluation, the CAM's display scrambled and the CAM became
unresponsive to keyed entries. After being turnedoff for a few minutes, the CAM
responded normally although all the calibrationdatawere lost. The cause of the
incident was not apparent;however, the facility where the CAM was operated has
"dirtypower" so the incident may have been caused by a power spike or switching
transient.

. * The operating manual for the Canberra Alpha Sentry was incomplete. This is
expected for a preliminaryrelease. The vendor was receptive to suggestions on
informationthat should be included in the final version of the manual.
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Because of the potential for the CAM to lose all calibrationdata, the Canberradesign evaluated is
unacceptablefor use at Hartford. However, Canberrahas continued to develop the Alpha Sentry
CAM andits software. Only a full environmentalevaluation would indicate if the potential memory
loss was an anomaly of the beta test version or characteristicof the CAM design.
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4.0 EBERLINE ALPHA 6A-I

The Eberline CAM evaluated was an Alpha6A-1 with Vl.0 software. The "6A" designates a radial
inlet sample head. The model numberwas changed to 6A-1 when the original flash analog-to-digital
(ADC) converter was replaced with a Wilkinson-typeADC. The model evaluated was one

" componentwith the sample head and electronics sharing the same chassis.

. The Eberline Alpha 6A-1 is a lightweight (15-1b)unit. A 25-mm-diameter silicon diffused junction
alpha detector is used to monitora 25-mm-diameteractive area on a 47-mm-diameter filter paper.
Air enters the sample head from 360 ° and makes a right-angle turnto pass through the filter paper.

Eberline also manufactures an Alpha6A-1 with an inline head; however, that model was not
evaluated.

4.1 SUMMARY

The Eberline Alpha 6A-1 was compliant with a majorityof the test criteria. Most concerns could be
resolved with software modifications. Specifically, it should be possible to performancetest the CAM
and review history files without accessing the calibrationparameters. The calibration procedure
should be revised to requirestandardelectroplated sources rather than radon progeny.

4.2 CALIBRATION EVALUATION

The Eberline Alpha6A-1 requiresthe use of naturalradonprogeny collected on a filter to verify the
system gain duringoperations. This presents quality assurance problems since the composition of
operational air filters is not fixed and may contain interferingactivities. It is recommendedthat
Eberline develop a method for verifying the system gain with a standard electroplatedsource.

The flow calibrationof the Alpha6A-I uses a mechanicallyadjustedorifice to regulate a low but
proportionalair flow to the flow ratesensor. The physical characteristics of the orifice may change
when subjected to corrosives or aerosols if a defective air filter is used. This method of sensing air
flow may be less reliable than submerging the air flow sensor in the main flow stream and using
software to correct for changing system characteristics.

• A number of errors were noted in the technical manual (which was stamped "PRELIMINARY").
These errors were communicated to the vendor.

4.3 ENVIRONMENTAL EVALUATION

During the environmentalevaluation, it was noted that undernormal operating conditions, the
Eberline CAM backgroundsubtractionalgorithm frequently calculated negative values for the 239pu
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activity. This could cause the CAM to underestimatethe 239pu activity. The use of negative values
prevented calculating the MDA for the Eberline CAM.

The Eberline CAM was at least partiallycompliant with all requirementsin the standardwith the
exception of the response time, MDA, flow rate meter stability, flow rate meter accuracy, and RF
interferencerequirements.

ANSI N42.17B requires the manufacturerto state the instrume,_response time and MDA in the
instrument's literature. Since the informationwas not provided, the CAM was noncompliant with the
requirements. The estimatedsource response time of the Eberline CAM was approximately
55 seconds. An empirical MDA for the Eberline was not calculated since a significant numberof
backgroundcount rates displayed by the CAM were negative.

Over a period of 100 hours, the flow rate readingson two of the Eberline CAMS remained within
5 % of the nominal value. The third Eberline CAM had a maximumdeviation of 5.9% which did not

comply with the standard.

The accuracyof the flow rate meters of the EberlineCAMs was evaluated at five points within the
specified range of the CAM. The three Eberline CAMs had maximum deviations of approximately
-20%, -15%, and -12.5 %. Only the third CAM complied with the requirementsin the standard.

O_ly one CAM was tested to the interfering RF field criteria. The CAM performed well under all
conditions except when exposed to RF fields of 0.3 to 1.0 MHz. During this period, the CAM
displayed 0.0 cpm. The CAM's response returnedto normal at 2.0 MHz. The flow ratereading
remainedstable until 25.0 MHz, where it increased steadilyto a maximumincrease of approximately
60% at 35 MHz.

4.4 1_ EVAJ._UATION

The Eberline CAM appearedto operate without fault during the entire field evaluation. Two
observationswere made:

• The aerosols collected on the filter were not conf'medto the active filter area. The CAM uses

47-mm filters with a 25-ram active area. After a week of sampling, the area between the
retainingring and the active area was a uniform light brown color. The center 25-mm-
diameter active area had collected a majority of the aerosol but the edges of the active area
were irregularand not clearly defined. Discoloration of the filter indicatedthat some aerosol
had been collected over the entire 47-mm diameter of the filter.

® Toward the end of the test period, the Eberline CAM alarmed on high concentration. An
analysis of the filter paper showed that there was about 30-cpm long-lived alpha on the filter
paper. A second count of the filter performed two weeks later indicatedno long-lived alpha
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activity. None of the other filter paperspulled that day had indicationsof long-lived alpha.
A review of the laboratorydata concludedthat the relatively short sample time (24 hours)
and statisticalerrors in counting the sample may have caused an erroneous reportfrom the
laboratory. A second possibility was that the filter contained a hot particle that was dislodged
from the filter between counts.

• During both the environmentaland field evaluations, it was noted that the Eberline Alpha 6A-1 does
not have a clearly labelled alarm acknowledge button. This presentedsome confusion during the field
testing when the Eberline CAM alarmed and the technicians were unclear on how to silence the

• audiblealarm.
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5.0 SAIC/RADeCO 452

The SAIC/RADeCO Model 452 CAM with a remote head uses a 44-mm-diameterion-implanted
silicon detector. The model purchased from SAIC had a mass flow meter that was a separateunit
from the electronics chassis and the sample head. Priorto the evaluations, the CAM was returnedto

• SAIC for modifications. The mass flow meter was replaced with a meter that was an integral
componentof the sample head. In addition,SAIC updatedthe CAM's firmware and installed a
postproductioncollimator in the sample head. The new software was version 452_G3.

The CAM uses a radial inlet head. Air flow enters the head from all 360 °, parallel to the filter. At
the filter, the air flow makes a right-angle turnand passes through the filter.

5.1 SUMMARY

The SAIC 452 Alpha CAM presents some unusualcalibrationchallenges. First, the manufacturer
recommends calibratingthe instrumentgain with thoron progeny collected on a filter. Hanford does
not have the capability of generatingcalibration-qualitythorondaughters. Second, the active area of
the SAIC filter is smaller than the active area of standard alpha-calibrationsources. Use of this CAM
would requireprocuringspecial, nonstandardcalibrationsources.

Two of the tests given in ANSI 42.17B (RF and line noise) permanentlydamaged two of the test
CAMs.

The SAIC 452 was preferredby several of the technicians who performed the field testing. The
menus are generally easy to understand,and instrumentoperations proceeded fairly smoothly. The
default menu was confusing to some since it does not include units for the various parameters that are
displayed.

During the field testing, the SAIC 452 exhibited a high false alarmrate.

5,2 CALIBRATION EVALUATION

The SAIC Model 452 requires the use of short-livedthoronprogeny to calibrate the gain and to verify
the system gain during operations. The use of thoronprogeny to calibratethe gain is acceptablebut

• not preferred since Hanford does not have a facility for generatingthoron sources. A calibration
procedure requiringradonprogeny or electroplatedsources is preferred. The use of thoron progeny
for verifying system gain duringoperations is unacceptablesince the composition of operationalfilter
samples is not fixed and may contain confusing or interferingactivities.

The active area of the SAIC filter was not compatiblewith the active area of standard alpha
calibration sources. The active area of the SAIC filter is about 42.5 mm in diameter (the active area
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of standardalphacalibrationsources is about45 nun in diameter). To correctly reproducethe filter
to detector geometry, special-size sources would have to be manufacturedfor performancetesting the
CAM.

$,3 ENVIRONMENTAL EVALUATION

The environmentalevaluationbegan with three SAIC Model 452 CAMs. One of the three was
permanentlydamaged duringthe RF testing. This CAM was removed from furthertesting, so a
majorityof the environmentaltests were conducted on only two CAMs. A second CAM was
permanently damaged duringthe line noise susceptibility testing. Since this test was performed Jast,
the CAM was included in all of the other tests.

Because the 0.3 to 35 MHz RF testing destroyed one SAIC Model 452, the remainingtwo CAMs
were not tested to the full extent of the RF testing. One CAM was tested in 60-Hz and 140-MHz

fields andcomplied with that portionof the criteria.

Of the two CAMs subjectedto the temperaturetesting, one was fully compliant. The flow rate on the
second CAM remainedwithin the allowed variation of the referencevalue but the count rate did not.

This CAM was judged partiallycompliant. The same two CAMs were judged partiallycompliant
with the humidityrequirementbecause the count rate stayed within the allowed variation butthe flow
rate did not.

The SAIC CAMs were only partiallycompliant with the vibrationand ambientpressure criteria. The
flow rates, after the CAMs were vibrated, were within the allowed range. However, the count rate
on one CAM increased approximately55% after the vibration. The second CAM was only partially
compliantbecause a circuit board and the mountingnutfor _e detector bias adjustmentcame loose.
The CAM operated normally after the board was reinsertedand the nut tightened. The ambient
pressure testing generated flow rates within the allowed deviation but the count rate on one CAM was
outside the allowed variation.

None of the SAIC CAMs complied with the flow ratemeter accuracyrequirement. The measured
flow rate versus the actual flow rate was tested under standardenvironmentalconditions at six points
over the rangeof the flow rate meter. The measured flow rate deviated from the actual flow rate by
greaterthan 20_ for at least one point on each CAM,

ANSI N42.17B requiresthe manufacturerto state the instrumentresponse time and MDA in the
instrument'sliterature. Since the information was not provided, the CAM was also noncompliant
with these requirements. The estimated source response time of the SAIC CAMs range from
approximately 8.4 seconds to 8.8 seconds. Empirical MDAs were calculated based on the CAM's
efficiency and the backgroundcount rate for two 24-hour periods. The calculated MDAs are listed in
Table 2.3.
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The SAIC Model 452 was noncompliantwith the coefficient of variationcriterionalthough this was
attributedto the short count times used for collecting data. The CAM has two fixed count times:
6 seconds and 720 seconds. Because of time constraints, the 6-second count time was used. A lower
coefficient of variation would be expected if the longer count time were used.

The CAM was compliant with the low-voltage transientsgiven in the line noise susceptibility
• criterion. One of the CAMs failed during the high-voltage transientsand was judged noncompliant.

To prevent damaging a second CAM, no other SAIC CAMs were subjected to the high-voltage
transients.

.t

5,4 _ EVALUATION

The SAIC/RADeCO CAM was run with three differentfilter assemblies. The first had a membrane

filter permanently mounted in a card. A second similar assembly had a pelion backing for the
membrane filter. The third filter assembly had two layers: the bottom layer of cardboard and the top
layer of _ spongy, gasket-like material. The two layers were glued together at one end so the gasket
could be lifted up and a filter placed between the two layers, allowing users to load the card with
their own filters. The hole over which the filter was centered was backed with pelion.

When removing the card with q gasket, there was a tendency for the gasket to catch and bunch up on
the collimator.

Several problems were noted with the card-mountedfilters. Pinhole defects were apparent in several
filters and appeared to be caused by large particles getting pulled throughthe filter. Also, some
filters had scrapes and small tears when removed from the sample head. The scrapes and tears
appeared to be formed when the filter was removed since the pelion backing was not discolored. The
cause of the scrapes was not immediately apparent. Later, it appearedthat the scrapes were caused
by a post-productioncollimator installed by SAIC. Finally, the filters exhibited nonuniform
deposition. The deposited materialformed a starfish-shapedarea of greater (darker)deposition off-
center on the filter. This was also attributedto the collimator.

The CAM will alarm if the scatterexceeds normal limits (e.g., if the spectral resolution exceeds
normal limits) andwill alarm on filter defects. A paper-punch-sizehole was torn in one filter on
insertion, The CAM alarmed within just a few minutes. However, the CAM did not alarm on the
filters that developed pin-prickholes.

4b

The SAIC head has a thin metal filter clamp that is operatedby a knob on the side of the head.
Operationof the filter clamp and control knob are not immediately clear. Several technicians

" attempted to insert the filter card on top of the metal clamp instead of underthe clamp. Also, at least
one technician inserted the source on top of the clamp. The tight fit caused the collimator to scrape
the source, damaging the source and potentially contaminatingthe CAM. These actions loosened the
top of the head so there was quite a bit of play between the top and the bottom of the head.
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The SAIC 452 CAM does not readily accept a standard47-mm electroplatedsource. The head could
not accommodate a source fitted in the hinged (gasketted) filter card. The source could be inserted
into the head by cutting an open area larger than the source in a filter card andtaping the source in
the opening. Even then, the source thickness interferedwith easily insertingthe source into the head,
and there was potential for activity to be scrapedfrom the source by either the collimator or the filter
clamp. It was not possible to source check the CAM with a source-to-detectordistance that was equal
to the filter-to-detectordistance due to the thickness of the source.

There was a 3-hour power failure during the second week of the test. After the power failure, the
SAIC CAM alarmed repeatedly. The manufacturersaid that the problem was characteristic of a
sudden step increase in backgroundactivity. Since the ventilationto the room was shutoff during the
power failure, a significantconcentrationof radoncould have built up. It was postulatedthat the
CAM respondedto this dramaticincrease in radon activitybetween the time the CAM lost power and
the time power was restored as a sudden increase in backgroundactivity. After several hours, the
CAM settled down and performed normally.

The first SAIC CAM installed in the test facility failed because of unstable gain. This fault was noted
before the CAM left the calibrationfacility, but the project manager was not told of the problemuntil
after the CAM was installed. A second SAIC CAM was installed on the second day of the test.
After installations, the audiblealarm (bell) was disconnected and, on powering up the CAM, the
liquid crystal display (LCD) was dead. The instrumenttechnician repaired the CAM and it appeared
to function correctly for the remainderof the test.

After the first three weeks of testing, three of the CAM models were returnedto the field for a fourth
week of testing. The SAIC appearedto function normally for the first five days of the test period
(Monday through Friday). Over the weekend, the CAM r_tedly went into alarm. On Monday
(the seventh day of the test), the CAM was in alarm and would not clear. The history file indicated
that the calculatedairborneconcentrationvaried between 158 and 11050 DAC-h. The vendor

representativecould not immediately explain the inordinatelyhigh readings. Later, he suggested that
the high readingsmay have been caused by unusuallylow air flow readings although the air flow
meter appearedto be functioning correctly. There was an EberlineCAM operatingwithin 2 feet of
the SAIC CAM during the period of the high readings. The EberlineCAM's history files did not
indicate any diurnal increasesgreater than those noted on previous days.
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6.0 MERLIN GERIN A-CAM

Merlin Gerin manufactureslarge, installed alpha air-monitoringsystems, commonly referredto as
EDGAR, for use in France. The Merlin Gerin A-CAM evaluated was a portableversion of the
EDGAR system and is sometimes referredto as a Mini-Edgar. The portableCAMs are configured

• for alphadetection (A-CAM), beta detection (B-CAM), or noble gasses (NG-CAM). The A-CAM is
a small, relatively lightweight CAM with an integralpump. The remote head is equipped with a
22-mm-diameter detectorthat is insensitive to ambient light. The unique characteristicof the Merlin.L

Gerin CAM is the 1l-ram gap between the detector and the filter. A combinationof the relatively
large gap and a collimator degradesthe CAM's efficiency but improves spectral resolution.

The sample head is essentially two small boxes separated by a 1l-mm gap. The upperbox contains
the detector and electronics; the lower, smaller box is connected to the vacuum hose. The filter,
which is placed on top of the lower box, is essentially open to the environmentin all directions. The
detector, located on the bottom of the upperbox, is also fully exposed to the environment.

The firmware version was HSCU 079 IA.

6.1 S_Y

It was not possible to perform a defensible operationalcheck of the Merlin Gerin CAM. This was
because the CAM would not operate with a standardelectroplatedsource in the source holder without
placing a paper clip or similar device underan edge of the source to allow air flow. The CAM also
does not positively position the source in the correct place under the detector, so the source-to-
detector geometry may vary.

The CAM provides little information to the user. The instrumentoutput consists solely of an
uncalibratedanalog scale with three regions: green, yellow (alert), and red (alarm). The amount of
informationprovidedto the user was judged unacceptablesince it was insufficient for evaluating
alarm conditions. More information is availablethrough a RS-232 pon, but this requiresconnecting
the CAM to a network or carrying a computer to the CAM. Unfortunately,during the course of the
testing it was difficult to establish the computerlink with the CAM. Consequently, little information
could be collected duringsome of the evaluations. Merlin Gerin later upgradedthe communications
software; the upgraded software seemed more reliable. A preferablesolution would be to allow the

• user to gain informationfrom the CAM without using an external computer.

This Merlin Gerin CAM used a carbon vane pump with an unfilteredexhaust. When used in a
confined area or with the sample head near the pump, the filter paper clogged rapidlywith carbon
particles emitted by thepump. The use of HEPA filters on vane pumps is preferred.
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The Merlin Gerin CAM does not measurethe air flow rate. Instead,the nominal air flow rate is

entered in the software duringcalibration. The air flow rate is monitoredthrough the use of two
preset differentialpressure switches which initiatea fault alarm if the flow rate exceeds the high flow
limit (e.g., a broken filter) or falls 10% below the calibrated flow rate value. A preferablemethod is
to have the CAM measureand integratethe air flow rate so the concentrationis calculated from the
actual sample volume collected.

6.2 CALIBRATION EVALUATION

The original Merlin Gerin CAM requiredan external count rate meter to calibratethe gain and
efficiency. The count rate meter was connected to a 9-pin porton the sample head. The firmware
was later upgradedto version 2592A BETA and software was provided to calibratethe CAM through
the serial port.

Calibrationstill requirestrickingthe CAM into believing that the air flow is within the range of the
low- andhigh-differentialpressure alarms. The vendor representativerecommendeddisconnecting the
vacuum hose andplacing an air filter over the free end. It is preferableto place the CAM in a test
mode that would allow the detectorto operate without air flow and wire the pump with a separate
power switch.

The CAM head does not provide for positive positioning of the calibrationsource. The active area of
the source must be visually aligned with the detector.

6.3 ENVIRONMENTAL EVALUATION

The Merlin Gerin CAMs were received after the environmentalevaluations on the other CAMs were
completed so were not tested.

6.4 FIELD EVALUATION

During an attempt to perform an efficiency check on the Merlin Gerin CAM by inserting a 5000-dpm
239pusource under the collimator, the CAM's alert and high radiation alarmsboth tripped. The
source was then removed. Twenty minutes after removing the source, the alarmshad not cleared.
The CAM was shut off, power restored, and the alarmsstill did not clear. The CAM was left on

and, apparently, remained in alarm overnight since it was still in alarm the following morning.
Again, the CAM was shut off for a minute andpower restored. At this time, the alarmscleared.

The inability to establish communications with the CAM preventedany analysis of the CAM's
response.

The vacuum hose must be disconnected from the sample head when performing the efficiency check.
The pump does not have a separate power switch andplacing the source in the filter's position blocks
all air flow through the samplehead (potentially destroyingthe pump)• However, with the vacuum
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hose disconnected, the CAM activates a fault alarm (high flow) and the detector no longer counts
activity. In order to get the detector to count the source, the air flow through the vacuum hose has to
be artificially constricted(we used a thumb) to keep the CAM out of the fault mode. This was not an
easy task since too little air flow caused a fault alarm for low flow. The vendor representative
initially recommendedleaving the vacuum hose connected and placing a small object (i.e., a paper
clip) under one edge of the source to allow air flow underthe source. This is not acceptable since it

. does not provide a fixed repeatablegeometry and the source-to-detectordistance then does not equal
the filter-to-detectordistance. The vendor later recommendedremoving the vacuum hose and placing
an extra filter paper over the inlet, which constricts the air flow to within the acceptable range.

i

Given the location of the pin that is provided to hold down the edge of the filter paper, a source
cannotbe insertedinto the head with the activity centered underthe detector unless the sot:rcehas a
significantly off-center active area. If sources with off-center active areas were manufactured,there
would then be the problemof assuring that the active area was centered underthe detector.

The thin metal collimator presents a hazard to the surgical gloves worn by technicians. This is
significant since the surgicalgloves are protectiveclothing for entering surface contaminationareas,
andthe CAMs are frequently located in surface contaminationareas. The sharpedges of the
collimator may also damageelectroplatedsources placed in the sample head.

It was not possible to obtainany informationof value from the CAM without connecting the CAM to
a computer. Given the potential for contaminationwithin the test facility, a portable computerwas
not used to collect test data. Following the field testing, the Merlin Gerin was connected to a
computer in an attemptto download the historicaldata andverify the operating parameters. The
computer program VD4S supplied by Merlin Gerin was used but it was not possible to establish
communicationsbetween the CAM and the computer. The _X)4S program scans a matrixof CAM
identificationnumbersand attemptsto locate CAMs that may be connected to the computer. Despite
numerousattempts, the VD4S program would not recognize the Merlin Gerin CAM. Therefore,
there is only limitedtest datafor the Merlin Gerin CAM.
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7.0 NE AMERICA CAMIA

The NE America CAM evaluatedwas the model CAM1A. It is a large unit (19.5-kg, 43-1b)designed
as a wall-mounted CAM and not intended for use as a portable instrument. The CAM1A uses a
22-mm-diametersolid-state alphadetector monitoringa 25-mm-diameteractive area on a card-

- mounted filter.

This CAM uses a nonradialinlet sample head. The air flow enters the sample head through a short
section of pipe (7.5 mm long, 4.5 mm in diameter). A solid tear-drop-shapedpiece, concentric with
the pipe and placed in front of the filter, is used to control the air flow turbulenceand achieve even
deposition on the filter.

The NE America CAM design was relatively stable with only one modificationduring the course of
the evaluation. NE America recommended installingan augmentertube in the air flow inlet to
provide a more laminar flow. The modification was made althc,ugh it was later learned that it
preventedcalibrating the instrument. Therefore, the evaluated units were calibratedwith default
parameters.

7.1 SLr/VI_Y

The immediatelyobvious disadvantage of the NE America CAMIA at Hanford is that it is not

designed for use as a portable CAM. Hanforduses CAMs as portable instrumentsthat are frequently
transportedbetween the field and a central calibrationfacility. Both the weight and the components
that project from the electronics chassis make lifting and can3/ing the CAM a difficult and awkward
task.

None of the NE America CAMs survived the environmentalevaluation and so were not included in
the field evaluation.

7.2 CALIBILATION EVALUATION

Due to the modification of the CAIVlsampling head, it was not possible to electronically align the
flow sensor. NE America was unable to provide a solution, so the CAM flow sensor was configured
with its default settings.

The manual as written is unacceptableas a user's guide since it provides little informationon
. operating the instrumentand too much informationthat the user would not need.

The NE America CAM uses a card=mountedfilter. The CAM readscoded holes on the cards to

determine if the card carries an operational filter or a source (doped filter). Performance tests for the
CAM would require specially configured, nonstandardalpha sources.
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7.3 ENVIRONMF.2CrAL EVALUATION

The NE America CAM was not calibratedprior to performingthe environmentalevaluation due to a
postproductionmodificationmade to the samplehead. The NE America representativeclaimed to be
developing a procedurefor calibratingthe instrumentbut failed to produce a workable procedure.
Consequently, the NE America CAMs were not calibratedbut were instead set up with the default
settings.

During the AC supply voltage and frequencytesting, one of the NE America CAMs exhibited an
abnormally fluctuatingcount rate. The cause of the fluctuationscould not be determined and the
CAM was removed from the testing. A second CAM failed duringthe RF testing. The NE America
CAMs were noncompliant with requirementsfor alarms, AC supply voltage, and frequency
fluctuation,stability, accuracy, RF interference, temperature,and flow rate meter accuracy and
stability.

ANSI StandardN42.17B requires differentaudible alarm signals for fault and high concentration
alarms. The NE America CAM does not comply since it uses the same annunciatorfor both alarms.

One NE America CAM overrespondedby 77% when the AC power supply was adjustedfrom a
nominal 120-V AC to 135-V AC (in 5-V increments). The same CAM underrespondedby 36_ when
the frequency of the power supply was adjusted from 60 Hz to 57 Hz in l-Hz increments.

The count or count rate stability of the alpha CAMs was evaluated over two separate periods. The
durationof the first test period was 24 hours and the durationof the second test period was

500 hours. The NE America CAMs had variations of approximately+6.1%, +52.1%, and +6.7 %
over the 24-hour period. The compliance of the first and third NE America CAMs with the 24-hour
requirementwas marginal. The second CAM did not comply with the 24-hour requirement. The
first and third CAMS complied with the 500-hourrequirementwith maximumvariations of
approximately12.8% and 10.4%, respectively. The second CAM was not evaluated over the
500-hour period because of failure of the CAM prior to the test.

Because the NE America CAM could not be calibrated, its accuracycould not be measured and it was
judged noncompliant with the ANSI N41.17B accuracyrequirement.

During RF testing, the count rate of the NE America CAM increased by approximately 175% above
the reference value at 7.5 MHz. The count rate returnedto a value nearthe reference at 15.0 MHz.

The count rate increased again to approximately 245% and 196_ of the reference at 30.0 MHz and
35.0 MHz, respectively. Normally, the count rate from a 239pualpha source is displayed in the
2.5- to 5.0-MeV window on the CAM. At 0.3 MHz, the count rate shifted to the adjacent window of
5.0 to 6.0 MeV. The flow rate reading decreased to approximately62% and 71% of the reference at
5.0 MHz and 15.0 Ml-lz, respectively. The flow rate readingdroppedbelow the low end of the scale
at 7.5 MHz and 10.0 MHz.
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During the temperaturetesting, the maximum changes in count and flow rate readingfor one of the
NE America CAMs occurred at 30°C and -20°C, respectively. The changes in the count and flow
rate reading at these temperatureswere approximately+43.6_ and -92.1 _, respectively. The
maximum change in count rate for the second NE America CAM occurred at 30°C and was
approximately +4.3_.

. The maximumchange in flow rate readingoccurred at -20°C and was approximately -95.0%. For
both NE America CAMs, the flow rate readingsdecreased steadily to their minimumvalues from 0°C
to -20°C. Large changes in flow rate readingwere also observed at 40°C for both NE America

" CAMs. One of the CAMs had a chan_ of approximately+24.7%; the other a change of approxi-
mately +21.8%. The former CAM does not comply with the requirementsin the standardin either
temperaturerange. The count rate of the latterCAM complies with the standardin both temperature
ranges while the flow rate readingdoes not comply in either range.

While testing the influence of ambientpressure on the flow meter, the NE America CAM flow meter
had a maximumoverresponseof 29% over the pressure range of 100 kPa to 106 kPa (air flow meter
readings were corrected for changes in air density as allowed by ANSI N42.17B).

The accuracyof the flow meter was checked at three points over the stated range. At one data point,
one the CAMs displayed a flow rate reading approximately60.8 % greater than the actual value. At
the remaining datapoints, the flow rate readingdisplayed by the CAM went off the high end of the
scale.

ANSI N42.17B requires the manufacturerto state the instrumentresponsetime and MDA in the
instrument'sliterature. Since the information was not provided, the CAM was noncompliant with
these requirements. An empirical MDA for the NE America CAM was not calculated since it was
not possible to determine the CAM's efficiency. An attemptwas made to measure the response time
but it could not be measured because the display on the CAM would revert to the fault display when
the source was insertedor removed. The display would remain in this condition too long to permit
an accurate measurementof the source responsetime.

The HE America CAM was not tested to the microwave field criteria because it was too large to fit in
the test chamber.

7.4 I_ET.D EVALUATION

After completing the environmentalevaluation, the HE America CAMs were returnedto NE for
repair and modifications. The CAMs were irreparablydamaged during the shipmentto NE America

" and were removed from any furthertesting.

Although not included in the formal field evaluation, some observations on the human factors design
were made during the calibrationevaluation. The primaryconcerns were the CAM's size, weight,
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andconfiguration. At Hanford, CAMs are used as portable instruments;they are routinely moved
abouta facility and are calibratedat a central facility. The weight and size of this CAM would make
transportdifficult. Also, the NE America CAM1A must be wall-mounted; it cannot standon a table
or cart.

In addition, otherfeatures of the NE American CAMIA would make its use problematic:
s

• The functionof the menu keys on the NE America CAM is not clearly identified. It was not
clear how to advance throughthe menus or how to return to the defaultdisplay.

o

• The alarm threshold on the NE America CAM is adjustedthrough an external computer.
This protects the alarm threshold from inadvertentadjustmentbut also makes field adjustments
of the thresholddifficult.

• The NE America CAM flow rate indicatorhad a fullscale readingof 50 lpm even when the
flow rate exceeded this value. There was no overrange indicator, high flow alarm, or
indicationof actual air flow rate when the flow rate exceeded 50 Ipm.
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8.0 VICTOREEN 758

The Victoreen CAM evaluated was composed of two components: a sample head and an electronics
chassis. Victoreen offers two detector sizes, 450 mm2 or 1700 mm2. The evaluated CAM had a

1700-mm2 silicon-dioxide passivated ion implantdetector. Originally, the CAM head had a filter
- drawer thatwas removed from the CAM for filter changes. A metal retainingring mated with

magnets in the filter drawerto hold the filter in place. The difficulty of removing the filter drawer
from the sample head and of removing the metal retainingring from its magnetic grip promptedt

Victoreen to redesign the filter holder. The modificationinvolved removing the handle from the filter
drawer and cutting a slit in the drawerface. The filter, mounted in a sheet-metalholder, is slid
through the slit into position under the detector. A gasketted door was provided to hold the sheet-
metal holder in position.

Victoreen also upgraded the firmware. The modified firmware, Rev. F, requiresthe use of a stand-
alone software package for calibrating the air flow sensor.

8.1 SUMMARY

The testing of the Victoreen CAM was largely inconclusive. Only one CAM was subjected to the
environmentalevaluation due to early failures, and it failed to meet nearly half the performance
requirementsgiven in ANSI N42.1713. The Victoreen CAM used during the field evaluation failed to
collect a valid sample during the entire 4-week test period due to sloppy design andconstructionof
the air sample head. In spite of the inabilityto collect a sample, the CAM frequently alarmedon
high airborneactivity even though air samples pulled in the area had no indicationsof airbornelong-
lived alpha activity.

8.2 CAIJBRATION EVALUATION

The calibrationprocedurefor the Victoreen758 requires the use of radon progeny collected on an air
filter for adjusting the system gain. This presentsquality assurance problems since the composition of
operational air filters is not fixed andmay containconfusing and/or interferingactivities.

During the calibration evaluation it was noted that the sheet-metalfilter holder was difficult to use and
presenteda safety hazardbecause of the sharpedges. It was also noted that replacing the filter

• drawer with a source drawerwas a task better suited for an individualwith three hands rather than

one with only two.
t

During the calibration, the instrumentwas operatedwith no air flow. The low-flow alarm tripped
repeatedly even when the trip point was set for 0 cfm. It was also noted that the instrumentdoes not
have a power switch, an omission which creates operationaldifficulties.
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The technical manualomitted importantinformationsuch as performanceand accuracy limits and
failed to address size-dependentparticle collection efficiencies. Several errors in the technical manual
were communicatedto the vendor.

8.3 ENVIRONMENTAL EVALUATION

A majorityof the environmentalevaluationwas conducted on only one Victoreen CAM. To allow
access to the CAM while it was in the environmentalchamber, a remotekeypad was added. During
attemptsto interface the remote keypad to the CAMs, the displays on two CAMs malfunctioned. One
of the two CAMs could not be repairedand was removed from the testing. The second CAM was
repairedand appearedto be functional, but upon checking it with a 239pu source, no counts appeared

in the appropriateregion of interest. Because of uncertaintiesin operatingthis CAM, it too was
removed from the testing. The third CAM failed duringthe line noise susceptibility test, so was
tested neither to that criterion nor to the long-term stability criterion.

The Victoreen CAM will send data over a serial communicationsline in response to certain
commands entered at the front panel of the unit. The capability of the CAMs for remote
communication was exploited where possible to simplify the collection of data during the testing.
A remote keypad was assembled and interfaced to the Victoreen CAMs to permit the operator to send
data from the CAM to a computerfrom a remote location. The data sent by the Victoreen CAM
include the times that collection of data startedand stopped, cumulative air volume, and a channel-by-
channel listing of the alphaenergy spectrum. The count rate over the measurementperiod can be
calculated from the startand stop times and from the spectral data. Flow rate could not be accurately
calculated from the data transmittedby the Victoreen CAM to the computer. Because of this
difficulty, only the Victoreen CAM's count rate data was recorded duringtests where the computer
was used to record data.

The Victoreen CAM was either partiallycompliant or noncompliantwith the following criteria;
sampler design, markings, alarm threshold, protectionof switches and controls, alarms, stability,
RF fields, temperature,humidity, vibration, flow rate meter accuracy, flow rate meter stability, and
ambient pressure.

The Victoreen CAM failed the requirementfor sampler design becauseof the loose filter holder that
allowed the filter to slip from position and sampled air to bypass the filter.

The connections on the back of the Victoreen CAM were not identified, causing confusion when
connecting the CAM to a computer or printer. This was noncompliant with the requirementthat all
controls, etc., shall be labelled according to function.

The alarm threshold on the VictoreenCAM is easily adjusted from the CAM's front panel. There-
fore, the CAM is noncompliantwith the requirements that the threshold and other controls shall be
protected from inadvertentadjustment.
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The fault alarmon the Victoreen CAM used the same annunciatoras the high radiationalarm.
Therefore, it was noncompliantwith the requirementthat the fault alarms shall sound different from
radiationalarms.

The count or count rate stabilityof the alpha CAMs was evaluated over two separate periods. The
durationof the first test period was 24 hours and the durationof the second test period was

. 500 hours. The Victoreen CAM was marginally compliant with a variation of approximately +6.5 %
over the 24-hour period. The Victoreen CAM could not be tested over the 500-hour period because
of failure of the CAM prior to the testing.

At a frequency of 0.3 MHz duringthe RF testing, the elapsed time displayed on the Victoreen CAM
incrementedonly 1 second for every 10.5 seconds of real time. The count rate calculated using the
time displayed on the CAM was 22% below the referencevalue. The CAM became unresponsive
between 0.3 and 0.543 MHz. The count rate returnedto near reference values for the remainderof

the test. The flow rate readingdroppedto 34 % of the reference between 30.0 and 35.0 MHz. The
alarm on the CAM sounded between 25.0 and 35.0 MHz.

Due to failures in two of the Victoreen CAMs, only one was subjectedto the temperaturetesting.
During the testing, the Victoreen CAM count rate changed approximately +4.5% at 40°C. The
count rate changed approximately-36.5 % at -30°C. The flow rate reading could not be determined
using the computer. The count rateof the Victoreen CAM is in compliance with the standard in the
temperaturerange of 10°C to 40°C but not in the rangeof -20°C to 50°C.

The Victoreen CAM was only marginally compliant with the humidityrequirementfrom ANSI
N42.171} because the flow rate on the CAM could not be measured during the testing.

The vibration testing was conducted in two stages. The Victoreen CAM indicateda maximumchange
in response of approximately-2.1% after the first vibration. After the second vibration, the ribbon
cable connected to the display board became loose. The CAM did not function after the cable was
reattached. Apparently, permanentinternal damage to the CAM had occurred. Compliance with the
requirementcould not be determined.

The accuracy of the flow rate metersof the Victoreen CAMs was evaluated at three points. The
maximumdeviation in flow ratereading of the first CAM was approximately-11.4 %. The flow rate
readingof the second CAM deviatedby as much as +61.2 %. The maximum deviation in flow rate

• reading of the third CAM was approximately-30.6%. Therefore, the first CAM complied with the
requirements in the standardwhile the remainingCAMs did not.

" During the 100 hour flow ratestability test, two of the Victoreen CAMS had maximumflow rate
deviations of 9.4% and 6.1% and did not comply with the requirement.
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During ambientpressure testing, the flow rateon the Vicmreen CAM dropped249t even after
correctionswere made for changes in air density as allowed by ANSI N42.17B.

ANSI N42.17B requiresthe manufacturerto statethe instrumentresponse time and MDA in the
instrument'sliterature. Since the informationwas not provided, the CAM was noncompliant with
these requirements. Empirical MDAs were calculated based on the CAM's efficiency and the
backgroundcount rate of two CAMs for two 24-hour periods. The calculated MDAs showed a wide
variation, from 8 to I 17 dpm. Further informationis included in the appendix.

The Victoreen CAM complied with the units of readout, AC supply voltage and frequency, coefficient
of variation, accuracy, radiationtype and energy, response to unwantedradiations, microwave fields,
and electrostatic interference.

8.4 FIELD EVALUATION

There were two primaryobservations from the field evaluation. First, on the Victoreen 758
efficiency checks cannot be performed in the field. Even if two people are availableto remove the
filter drawer (a minimum of three hands is required), the detector voltage is shut off when the source
drawer is in place, making it impossible to check the CAM's efficiency. Since one technician at the
test facility has only limited use of one hand, that technician could not, underany circumstances,
perform an efficiency check on this CAM. Second, the CAM evaluated would not collect a valid
samp!e since the filter paper would not stay correctly positioned in the filter paper holder. The filter
would slip out of position either while being inserted in the CAM or vibratedout of position by the
vacuum pump. When the filter was out of position, there was a l-nun to 3-ramgap between the filter
and the filter holder along one edge of the filter. Consequently, during the entire 4-week test, it was
not possible to collect a valid sample with the Victoreen CAM. The same filter paper was used for
the first 3 weeks and the dirton the filter at the end of 3 weeks was barely discernable.

In addition, variousother observations made duringthe field evaluation:

• Although the Victoreen CAM is designed to alarm if the filter door is open, this alarm does

not operate as expected and prevents efficiency-checkingof the instrument. When the sample
door is opened and the filter holder removed, the door-openalarm should tripbut does not.
When the filter holder drawer is removed, the door-open alarm is activated, as expected, and
the detector voltage is shut off. Whenthc source holder drawer is inserted, the drawer-open
alarm does not clear, voltage to the detector remains off, and the detector will not count,
making it impossible to check the detector efficiency in the field.

• The techniciansare required to wear surgical gloves when performing efficiency checks.
They also wear protectiveclothing, including surgical gloves, when enteringmany of the
areas that have alpha CAMs. Consequently, the CAM's sheet-metal filter holder is
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unacceptablesince there is a high potential for tearing surgical gloves on the sharp edges of
the holder.

• Victoreen also provided a card-mountedfilter with a bid submittedon a separate procurement.
When the card-mountedfilter was insertedin the sample head without using the sheet-metal
holder, the card fit too loosely to prevent inleakage. The accompanying literatureillustrated

, the card placed in the sheet metal holder. When this approachwas tried, the size of the card
preventedcentering the filter paperover the hole in the filter holder.

q

• The Victoreen CAM generally reported 1.00E-14 t_Ci/mLof activity in region A (the region
of interest). On the last two days of the test, the CAM was reporting 3.7E+04 t_Ci/mL of
activity in region A, and the CAM was in alarm. However, there was still no discoloration
on the filter and the filter paper was not correctly positioned in the filter holder (indicating
that a valid sample had not been collected). Later analysis of the filter showed no long-lived
alpha activity on the filter.

• The flow rate indicatedon the CAM display decreased slightly when the filter was removed,
which is the opposite of what was expected.
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APPENDIX

TF_STINGOF CONTINUOUS ALPHA AIR MONITORS
AGAINST CRITERIA IN ANSI N42.17B

m

" This appendixdescribes the procedures used for evaluatingcontinuousair monitors for alpha radiation
(alphaCAMs). The testing was performed in accordancewith American National StandardsInstitute
(ANSI) StandardN42.1713Performance Spect$cattons for Health Physics Instrumentation -
Occupational AirborneRadioactivity Monitoring Instrumentation. The instrumentsevaluated in this
testing were microproceuor-based CAMs configured for measurementof workplace air concentrations
of 23s_u. The testing was performedon commer¢iaialpha CAMs from four manufacturers: an
Eberlinemodel ALPHA 6A-I, a Victoreen model 758, a SAIC/Radeco model 452, and a
NE America model CAMIA. Three of each model of alpha CAM were available for testing. The
testing included all applicable tests listed in the standard. The following tests were performed:

* samplerdesign ,, accuracy
. units of readout * radiationtype andenergy
. markings • response to unwanted radiations
, alarm threshold • radio frequency fields
• protectionof switches and controls * microwave fields
* power • electrostatic fields

• alteration and modification • temperature
• alarms • humidity
• stability • vibration
• response time • ambientpressure
• coefficient of variation * flow or flow rate meter accuracy
• line noise susceptibility * flow rate stability.
• minimumdetectable activity

The standardalso states requirementsfor filter pressure drop and air in-leakage. The ability of the
alpha CAMs to meet these requirementscould not be verified. No practical method for connecting
the flow meter to the radialair inletof the Eberline and SAIC/RADeCO alpha CAMs could be deter-

" mined. The air inlet of the Victoreen and NE America alpha CAMs was also nonstandard and a
reliable connection could not be established.
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A.I METHODS AND MATERIALS

Testing of the alpha CAMs was performedin accordancewith procedures draftedprior to the testing.
This appendixdoes not give the proceduresbut instead provides a general descriptionof the some of
the test methods. Tests that were conducted, but are not listed in this appendix, used the procedures
given in ANSI N42.17B. In general, except for the inspection tests, the reference response of the
CAMs was measuredprior to the test after a sufficient stabilizationtime, as requiredby the standard.
Response data was then measuredduring the test and/or after the test and compared to the data
measured prior to the test. Changes in response are calculated as a percentage change from the
reference response. A positive change indicates an increase from the reference response while a
negative change indicates a decrease. Compliance with the requirementsin the standard was
determinedby comparing the responses measuredduring and/or after the test to the reference
response. Response of the alphaCAMs refers collectively to the count or count rateand flow rate
reading. Both quantities were recorded where possible and applicableand both were interpretedto
determinecompliance with the requirements in the standard. For example, if the count rate of an
alpha CAM remainedwithin the limits stated in the standardand the flow rate reading did not, the
CAM was judged noncompliant.

All of the units, except for the Victoreen CAM, are capableof bidirectionalcommunication to a
remote computervia a serial communications line. The units can be interrogatedfrom the remote
computer to obtain count and flow rate information. The Victoreen CAM will send measured data

over a serial communications line in response to certaincommands entered at the front panel of the
unit. The capabilityof the CAMs for remote communicationwas exploited where possible to
simplify the collection of data during the testing. A remote keypad was assembled and interfacedto
the Victoreen CAMs to permit the operatorto send data from the CAM to a computer from a remote
location.

A.2 AC SUPPLY VOLTAGE

The alpha CAMs were connected to a variable AC power supply. The voltage supplied to the alpha
CAMs was varied :i: 20 Volts in 5-V increments with respect to the nominal operation voltage. The
mean response at each voltage was compared to the mean response at the nominal operatingvoltage.
The standard allows a maximum variation in response of 5 %.

A.3 AC SUPPLY FREQUENCY

The AC supply frequency was varied from 57-61 Hz in l-Hz increments;voltage remained constant
at approximately 115 V. The mean response at each voltage was compared to the mean response at
60 Hz. The standard allows a maximum variation in response of 5 %.
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A.4 AJ.,ARMS

The alarm activationdelay was measuredwith a 20,000-dpm 239pualphasource because a 50-dpm
source (as required by ANSI N42.1713) was not available. With the NE America CAMs, the source
area was reduced so that the detector was exposed to only a small portion of the source.

f A.S STABILITY

The count or count rate stability of the alpha CAMs was evaluated over two separateperiods. The
durationof the first test period was 24 hours and the durationof the second test period was

500 hours. The requirementsin the standard allow a variation in counts or count rate of not more
than 6% over the 24-hour period and a variation of not more than 15% over the 500-hour period.

A,6 _NSE TIME

None of the operating manualsfor the CAMs statedthe response time of the CAM. Therefore, the
CAMs do not comply with the requirementsin the standard. Response time is the time it takes the
CAM response to increasefrom 10% of the nominal response to 90% of the nominal response. The
count rate and flow rate response time were measured. The former is termedthe source response
time and the latter is termed the flow response time. The activity of the 239pusource used to
measuresource response time was approximately20,000 dpm. The SAIC/RADeCO CAM displays
concentrationin DAC-hours instead of displaying a count rate. The 10% and 90% source responses
were difficult to determinefor the Eberline andSAIC/RADeCO CAMs because the CAMs update
their source response every 5 and 6 seconds respectively. As a result, the source response will
change in relatively large, discontinuousjumps when a source is first placed in the CAM. Attempts
were made to estimatethe source response time. The Victoreen CAM does not display a real time
count rate. The only other indicationof response to a source is the concentration. However, the
displayed concentration does not reflect the actualvalue until at least 1 hour of steady state operation.

A.7 COEYFICIBNT OF VARIATION

The meaanrmnentof the coefficient of variation of the alpha CAMs was performed with two 239pu
alpha sources with activities of 1,110 and 20,000 dpm. The requirements in the standardallow a
coefficient of variation of 15_ for alpha sources below 2,000 dpm and 10% for sources at or above
2,000 dpm.

A.S LINE NOISE SUSCEPTIBHATY

• The requirenw.ntsin the standard dictate that the response of the CAM not vary by more than 15%
when the CAM is exposed to the power transients listed in the standard. In addition, the system
alarms cannot be triggered by the transients. In this test, the CAMs were exposed to all the transients
listed in the standard except the 100-kHz ring wave. The capability to generatethis transientwas not
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available. The CAMs were first exposed to the low voltage transientsand then exposed to the high
voltage transient.

A.9 MINIMUM DETECTABLE ACTIVITY

To determineMDA, the CAMs were run continuouslyfor at least 24 hours with filters and no check
sources. Backgrounddatawas acquiredafter this 24-hour period and after a second period of at least
24 hours. The data was acquired during the flow rate staVilitytest, for which the CAMs were split
into two groups and one group was tested at a time. Each group consisted of at least one CAM from
each vendor. The formulafor calculatingMDA is given in ANSI N42.17B as

4.65 SbMDA - (A.I)
k

where Sb is the standarddeviation of the backgroundcount rate in counts per minute and k is a
conversion constant in units of counts per minute (cpm) per disintegration per minute (dpm). The
conversion constant, k, is equivalentto the efficiency and is obtainedfrom calibration. The standard
deviation of the background count ratewas approximatedby the square root of the average
backgroundcount rate.

A.10 ACCURACY

The requirementsin ANSI N42.17B dictate that the indicatedvalue be within 40% of the
conventionally true value. In this test, only the accuracyof the count rate was evaluated. The testing
was performed with three 239pusources of the following approximateactivities: 2,380 dpm;
20,000 dpm; 40,000 dpm. The sources were approximately7/8 in. in diameterand were originally
uncalibrated. To certify the sources, the sources were counted in a 21rgas flow proportional counter.
The measuredcount rate from the sources was compared to the count rateof a calibratedstandard.
The activities of the sources were calculatedbased on the comparison. The calibratedactivities were:
2,421 + 18 dpm; 21,546 + 311 dpm; 44,770 + 303 dpm, respectively.

The count rates measured by the CAMs were convened to dpm using the efficiency factors
determinedduring calibrationof the CAMs.

A.I1 _NSE TO UNWANTED RADIATIONS

The alpha CAMs were exposed to gamma rays (t37Cs) at approximately 100 mR/h andneutrons
(2.s_ at approximately300 mrem/h to determine their response to unwanted radiations. A
requirementin ANSI N42.1713states that any sensitivity to unwanted radiations be noted. The
operatingmanuals for the CAMs made no statementsas to the sensitivity of the CAMs to unwanted
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radiations. However, the methodsused to subtractfor backgroundwere discussed in the manualsof
all the vendors.

A.12 RADIO FREQUI_CY FIFJ_S

One alphaCAM from each vendor was tested for radio frequency sensitivity. The CAMs were tested
in unison for the fields of 60 Hz and0.3 to 35.0 MHz. The RF fields had a strength of
approximately 100 V/m. The 140-Mhz radio frequency field was generatedwith a hand-held
transceiverand applied to the CAMs individually. The capability to generate a 400-Hz field was not

" available.

A.13 MICROWAVE FIELDS

The CAMs were tested in a 2,450-MHz microwave field of approximately 100 mW/m2.

A.14 TEMPERATURE

The requirementsin ANSI N42.17B allow a change in responseof not more than 1596 between 10°C
and40°C and a change of not more than 20% between -20°C and 50°C. The CAMs were allowed to
stabilize at room temperature(nominally 22°C) and reference readings were recorded. The
temperaturewas then increased at a rate of 10°C/h until the temperaturereached 30°C. The CAMs
were allowed to stabilize for 1 hour at the new temperatureand then the responses were recorded.
The temperaturewas again increasedtO40°C and 50°C allowing a l-hour stabilizationat each
temperaturebefore recordingthe instruments' responses. The CAMs were then returnedto room
temperatureand allowed tostabilize. The process was repeatedfor the temperaturerange of 22°C to
-20°C.

A.15 HUlVRDITf

The requirementsin ANSI N42.1713the standardstate that the change in response of the CAM will
not exceed 15% over the relative humidityrange of 40% to 95% at 22°C with respect to the
reference response at 40 % RH (22oc).

A.16 VIBRATION

ANSI N42.1713does not include requirements for vibration. The requirements for vibrationfor this
study were adapted from ANSI StandardN42.17A, Performance Specifications for Health Physics
Instrumentation- Portable Instrumentation for Use in Normal Environmental Conditions. This

" standard states that the CAM response will not vary by more than 15% from the reference response
after the CAM has been exposed to vibrations of 2 G for 15 minutes in the frequency rangeof
10 to 33 Hz. Vibration testing was performed near the end of the testing sequence in case the CAMs
were physically damaged by the vibration. The proceduresrequire vibration along three orthogonal

A.5



axes. However, the Eberline andVictoreen CAMs were only vibratedalong two axes to prevent
damage to the external surfaces by the mountinghardware.

A.17 AMBIEWr PRF_,SSURE

The requirementin ANSI N42.17B allows a change in responseof not more than 159; over the
pressure range of 70 to 106 kPa with respect to the response at 101 kPa. q

A.18 ]glX)W RATE METER ACCURACY

The standard states that the CAM air flow ratemeters be accurate to within + 159; of the actual

value. The accuracyof the flow rate meters of the Eberline CAMs was evaluatedat five points
within the specified range of the CAM, of the NE America CAMs at three points, of the
SAIC/RADeCO CAMs at six points, and of the Victoreen CAMs at three points.

A.19 lq_W RATE STABELITY

Requirementsin ANSI N42.1713dictate that the manufacturersstatethe nominal flow rate for the type
of filter that is used. In addition, it is required that the flow rate reading of the CAMs must not vary
more than 5 9; from the nominal flow rate. Except for the Victoreen CAMs, the nominal flow rates
were stated in the vendors' operatingmanuals. The nominal flow rate of the Victoreen was assumed
to be 50 liters/minute. The test period was 100 hours.
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